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SUMMARY AND CONCLUSIONS 

I. The arduous construction of the 1:250,000 Tectono-Stratigraphic base map for 
the western Arizona study region has proved useful in various ways: 

a. I t  has provided a means for regional correlation of l ike tectono- 
stratigraphic units resulting in a coherent fami l iar i ty with the region. 

b. Map construction has forced the systematic review and collation of all 
available l i terature (maps, journals, reports, books, etc.) on the geology 
of the study region. This work process faci l i tated the writing of a 
comprehensive review on the tectonic evolution of western Arizona into 
which to integrate precious metals mineralization. 

c. In a general way, the map has led to the recognition of regional 
stratigraphic and structural controls on metallization. This resolu- 
tion was made possible largely because of the extra pains that were ~ 
taken to capture stratigraphic and structural detail from all scales 
of geologic reference material (including theses and low-altitude air 
photos) 

d. The maps (plus overlays) provide clients with a unique data base 
which can incorporate in-house f ield data and be applied as a useful 
reference guide while conducting prospect reconnaissance. 

2. CRIB, MILS and regional geochemical data (l ist ings and map overlays) have 
faci l i tated the merging of metallogeny in general and gold-silver in particular 
with the regional geologic framework. Within time-cost constraints of this 
project, these metals data have been adequate to meet objectives of the project. 
They are, however, less than complete in some areas ( i .e. CRIB-MILS not updated; 
certain elements from NURE not available). Future efforts to improve these 
data bases might improve the regional correlation between specific geologic 
structures and metals occurrences. 

3. An overview of metals distribution in the study region reveals someun- 
usually large areas barren of occurrences. The region south of the Gila River 
lineament, including the Ajo volcanic f ield is the most obvious, with several 
smaller gaps existing between known mineral distr icts scattered through the 
map area. The major causes for these deplete areas are probably cultural 
(bombing ranges, indian reservations) and geologic (post-mineral cover). In 
contrast, areas anomalously abundant with metals locali t ies show large-scale, 
pre-mineral, geologic controls. Examples include: 

a. Nertheast-trending intrusive-metals belts distributed through the 
southern Bradshaw Mountains. 

b. Mineralization concentrated around the margins of the large Harcuvar 
metamorphic core complex. 



c. Metals associated with broad zones of prominent WNW-trending faults 
which break across the study region just  to the south and to the north of 
the Harcuvar MCC. 

d. Metal d i s t r i c t  c luster ing along the southern Colorado River region 
which have in common outcrops of well mineralized Mesozoic sedimentary- 
metamorphic rocks and substantial Tert iary,  volcanic-related mineral izat ion. 

d. A long, NNN-elongate zone of metal l izat ion dist r ibuted the length of 
the Black Range in Mohave County at t r ibutab le to volcanic-subvolcanic, 
epithermal, Tert iary mineral izat ion in an upper-plate detachment struc- 
tural sett ing. 

f .  The Cerbat-Wa~lapai trend of NNW-direction, which appears largely con- 
t ro l led  by Laramide intrusive events (porphyry systems) forming a more 
mesothermal, polymetall ic vein character to the bel t .  

4. A comprehensive District Focus section makes up the bulk of this report and 
should prove to be its most valuable asset. I~ a virtual encyclopedia of data 
for some 78 precious metals distr icts or areas, considerable geologic detail, 
past and recent historical information, competitor activity news, assay and 
production figures and bibliographic data are summarized. The Mines of Interest 
sections lay out innumerable exploration-acquisition targets that warrant 
immediate follow-up activity, They may occur within or outside of broader 
areas of favorability described at the end of the report. 

5. The following deposit types have been recognized and are thought most 
favorable as precious metals exp?oratio~ targets: (a) detachment fault,  <b) 
lower-plate, microdiorite dike, (c) thrust fault, (d) Mesozoic stratiform, 
(e) hotspring~volcanic, (f) Vincent-ChocoTate Mountain allochthon, (g) Precam- 

• brian lode (s~ratiform-metamorphic), Less favorable, porphyry-related veins 
and simple vein deposit types are also recognized. 

A par t icu lar  mineral assemblage (earthy and specular hematite, copper s i l ica tes 
and carbonates, ca lc i te ,  quartz and gold) appears diagnostic for the detached 
environs of metamorphic core complexes with mylonit ic upper plates. Carbonate 
breccias are commonly represented in the deposit areas. Such provinces as the 
Harcuvar and neighboring Whipple MCC terranes are characterized by a pro l i fe ra-  
t ion of these kinds of mineral occurrences which are not usually found in other 
detachment l oca l i t i es .  We acknowledge the presence of upper plate type detach- 
ment terranes ( i .e .  Black Range) elsewhere, but these appear to be shallow, 
rather "dry" zones of extensional disruption rather far  removed from zone.s of 
duct i le deformation. They have served as "well prepared," receptacle sites for 
happenstance hydrothermal events linked to epithermal, subvolcanic processes. 
At these loca l i t i es ,  variable mineral assemblages (even lead, z inc-s i lver  
dominant) are commonly present. Mineral ization circumscribing or lying above 
mylonit ic zones, on the other hand, is believed more pervasive and w i th ,  
consistent mineralogical c~aracter largeTy because of immense, c i rcu la t ing,  
metals-bearing fluid fronts derived from sources in the mylonitic lower plate, 
Mineral deposition/replacement has occurred within middle- and upper-plate 
positions influenced by rapid, compressed temperature and chemical gradients. 
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The close spatial association between gold-quartz veins and fa i r ly  primitive, 
basic, microdiorite dikes is noted regionally. This relationship is best 
exemplified in the Harcuvar metamorphic core complex (lower plate) where the dikes 
are calc-alkaline, of mid-Tertiary age, and are most abundant. 

A to ta l ly  new emphasis is placed on a complex, poorly understood Mesozoic 
setting for gold-silver mineralization - one characterized by syngenetic, 
stratiform controls and thrust fau l t ing .  The model is founded on the thesis 
of acid hotspring act ivi ty and exhalite deposition during Jura-Cretaceous 
sedimentation and volcanism but embodies superimposed processes of meta- 
morphism, plutonism and regional thrusting to redistribute and upgrade 
i n i t i a l l y  anomalous gold concentrations. Unusual, stratiform sequences 
of alumino-silicate alteration and exotic mineral associations (scheelite, 
kyanite, andalucite, dumortierite, tourmaline) typify some of these Mesozoic 

occurrences. Precambrian terranes are also found permissive for hosting 
primary, exhalative concentrations of base and precious metals. This 
Proterozoic basement has, l ike the Mesozoic basinal deposit, seen precious 
metaV remobilized and reconcentrated by subsequent magmatic, metamorphic or 
deformational events. 

The Vincent-Chocolate Mountain allochthon model is the "grand" example of the 
thrust fault-gold association. Its favorability stems from the intr insical ly 
high gold character of the lower plate (Orocopia Schist) coupled with struc- 
tural preparation along and above the fault zone (perhaps augmented by Tertiary 
extensional reactivation). Of course, plutonic incursion through this stacked 
sequence is imperative. 

6. Although regional NURE geochemical stream sediment data are not completely 
available for al l  desired elements or in all areas, many anomalies of interest 
exist throughout the study region. Those for gold are most extensive. In 
addition to affirming the presence of major distr icts or areas of production, 
the anomalies illuminate some grass roots localit ies rather deplete in known 
mines/prospects which may have been under-prospected. 

7. From the regional populations of precious metals, a number of districts 
and areas have been highlighted as the most favorable "ball parks" in which to 
focus exploration. Clients wil l  find numerous mines or prospects as specific 
targets which are described within these broader areas. Target areas are 
listedbelow under appropriate deposit models. 

I. Detachment fault 

. 

a. Cienega dist r ic t  
b. Northern Plomosa dist r ic t  
c. Eastern Ha~quahala d ist r ic t  
d. Big Eye area-Castle Dome distr ict  
e. Black Range terrane 
f .  Gold Basin distr ic t  
g. Miscellaneous areas 

Lower-plate, microdiorite 
a. Cunningham Pass dist r ic t  



. Thrust fau l t  
a. L i t t l e  Harquahala d i s t r i c t  
b. Harquahala d i s t r i c t  
c. Southern Plomosa d i s t r i c t  

4. Mesozoic strat i form 
a. Ellsworth .distr ict  
b. Dome Rock d i s t r i c t  
c. Southern Plomosa d i s t r i c t  
d. Gila City d i s t r i c t  
e. Si lver and Northern Trigo areas 
f .  Miscellaneous a r e a  

. Hotsprin~s-vol'canic-related 
a. Resolution (Sheep tanks) mine 
b. Eastern Vulture d i s t r i c t  - Western White Picacho d i s t r i c t  
c. Papago mine (Cimarron Hi l ls )  
d. Castle Creek d i s t r i c t  
e. New Water-Alamo Springs-Sheet Tanks region 
f .  Big Horn-Osborne d is t r i c ts  
g. Kofa d i s t r i c t  
h. Boulder Creek property (McConnico) 
i .  Miscellaneous areas 

. Vincent-Chocolate Mtns, allochthon 
a.. Eureka (southern Trigo Mtns) 
b. Other areas 

7. Precambrian lode-exhalative 
a. White Picacho d is t r ic t  
b. Castle Creek d is t r i c t  
c. Orizaba mine 
d. Black Canyon d is t r i c t  
e. French Gulch d is t r i c t  
f .  Eureka-Bagdad area 
g. Webb d is t r ic t  
h. Gold Basi~-Lost Basin d is t r i c ts  
i .  Pine Grove-Tiger area 
j .  Miscellaneous areas 

In conclusion, we have l e f t  t~e explorat ienist with a bountiful assortment of 
favorable deposit models, target areas and specif ic locations upon which to 
focus gold-si lver exploration. They have f i l te red out of a laborious and 
comprehensive geologic-metallogenic analysis. Some of the s i te-speci f ic  
targets are obvious and immediately ready for follow-up. Concepts put forward 
here and larger areas of favorabi l i ty  wi l l  required a systematic, longer-term, 
grass roots approach before bearing f r u i t  as discrete discoveries. 
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RECOMMENDATIONS 

1. Data from this project should be reviewed and f i l tered as soon as possible 
to arrive at a priori t ized l i s t  of specific targets f i t t i ng  the objective 
cr i ter ia of eachclient. 

2. Longer term, broader areas of favorabil i ty may be suited for second-pass 
enlargement of geologic-metals map bases (to 1:125,000 or 1:62,500 scales) to 
allow for incorporation of greater detail and field-acquired data (geologic and 
geochemical). 

3. Selectivity of the "ball park"-sized areas for further focus should be 
guided by, among other things, host rocks displaying original ly high precious 
metals character ( i .e. Orocopia or Mesozoic meta-sedimentary/volcanic rocks, 
portions of Yavapai schist terrane), coincident with subsequent, polycyclic 
intrusion, metamorphism and deformation. 

4. For mid to late Tertiary mineralization, gold-silver seem closely aligned 
with both felsic and mafic (microdiorite) dike-si l l  bodies in upper- and lower- 
plate positions. Specific geologic and geochemical research is advised to sort 
out and add perspective to these magmatic associations. 

5. Specific interactions and sequencing between quasi-associated(?) syngenetic, 
metamorphic, magmatic and thrust aspects of Mesozoic gold are as yet far from 
resolved. For example, are the gold-related areas of stratiform alumino-silicate 
rocks products of original, syndepositional, leaching and alteration, or are they 
related to dynamo-thermal processes of deep-seated thrusting and attendant 
metamorphism? I f  t ru ly syngenetic, where in the stratigraphic section do they 
occur? I~ there a direct relationship with Mesozoic volcanism? Volcanic rocks 
are more common westward into the Mojave province of California. Concerted 
f ie ld and laboratory research should focus on these and related questions. 
Answers are paramount to effective exploration in this environment. 

6. We recommend aerial surveillance of areas targeted for containing hot- 
springs, epithermal types of deposits. Advanced a rg i l l i c ,  pyr i t ic  alteration 
characteristic of these kinds of deposits would bereadily identified from the 
air or from color photos. 

7. Because of the smaller size and close-spaced nature to some areas of MCC- 
related detachment fault gold-copper occurrences ( i .e. Cienega, Northern 
Plomosa dist r ic ts) ,  we recommend a multi-property acquisition strategy whereby 
reserves can be cumulated and unitized to one mill-leach processing fac i l i t y .  
Even some concentrated vein locali t ies l ike the Dutch Flat (Mohave Mtn. 
d is t r ic t )  may be amenable to this approach. 

8. We recommend watching for outcrops of Orocopia Schist which may exist in 
poorly mapped terranes adjacent to newly recognized exposures of the schist. 
The margins of the schist terranes would be especially prone to containing 
gold-dominant deposits, especially of a grass roots nature. 



DESCRIPTION OF TECTONO-STRATIGRAPHIC UNITS 

The following section is a ful l  description of the tectono-stratigraphic units 

which were used in the preparation of the geologic base map (plate 11. This map 

forms the fundamental base sheet for the series of metals and exploration overlays 

which accompany the Western Arizona Project report. The Tectono-stratigraphic map 

is the most comprehensive compilation ever assembled at this scale for Arizona and 

i t  probably wil l  remain so for some time to come. A thorough understanding of i t  

will be facil itated by the following unit descriptions and bibliographic 

references. 

PGsy- Yavapai Series 

The Yavapai Series in central and northwestern Arizona consists of two groups of 
volcanic and volcaniclastic rocks totaling more than 40,000 f t  {12 Km) in 
thickness. These two groups, the Ash Creek and Big Bug Groups, constitute a 
time-stratigraphic sequence in a provincal sense (Anderson and Silver, 1976). 
Istopic dating of zircons places the depositional period of the Yavapai Series 
from at least 1,775 + 10 m.y. to 1,820 + m.y. but a more realistic general 
interval is 1700 toT850 m.y. (Silver, in Anderson and others, 1971). Rocks of 
both groups are generally metamorphosed to greenschist facies with preservation of 
re l ic t  depositional textures. Locally, near younger intrusive bodies, or 
regionally, such as in northwest Arizona, the rocks are metamorphosed to 
amphibolite grade. 

Exposures of Yavapai Series rocks are concentrated in a northwest-trending zone 
from near Wickenburg on the south, to Bagdad on the north. Rocks of the Yavapai 
Series make up a large part of the Hieroglyphic, B radshaw, Rew River, and 
Wickenburg Mountains (Plate i ) .  

The Ash Creek Group is approximately 20,000 f t  C6 Km) thick though neither the 
top, nor the bottom, of the sequence is exposed. Anderson and Creasy (1958) 
divided the Ash Creek Group into seven formations based upon lithology and 
stratigraphic position. The lowest exposed section of the Group consists mainly of 
basaltic and amygdaloidal pillow lavas of che Gaddes Basalt overlain by rhyol i t ic 
tuffs and flows of the Buzzard Rhyolite. Three intertounging formations overlie 
the Buzzard Rhyolite; they are the Burnt Canyon Dacite, Bridal Pup Andesite, and 
the Shea Basalt. These units are overlain by approximtely 3800 ft (1200 meters) of 
rhyolite flows, ruffs, and breccias of the Deception Rhyolite. Capping the entire 
sequence are volcaniclastic cherty-sediments and intercalated dacite flows, domes 
and breccias that comprise the Grapevine Gulch Formation (Oonnelly and Hahn, 1981; 
Anderson and Silver, 1976) (Figure I } .  
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An isotopic age determination on a zircon taken from the Deception Rhyolite near 
the United Verde massive sulfide deposit yields an age of 1,820 + 15 m.y. 
Therefore, the lower part of the Ash Creek Group is at least somTwhat older 
(Anderson and Silver, 1976]. 

The rocks of the Big Bug Group are generally more deformed than those of the Ash 
Creek Group, particularly in the area between Prescott and the Shylock fault(?) 
zone. In that region the rocks are overturned, isoclinally folded and generally 
well foliated. East of the Shylock zone, rocks of the Big Bug Group are much less 
foliated and isoclinal folding is not well developed (Anderson and Silver, 1976). 

The Big Bug Group, like the Ash Creek Group, ~s approximately 20,000 f t  (6 Km) 
thick, but is broken into only three formations. The Spud Mountain VoIcanics 
separate the older Green Gulch Volcanics from the younger Iron King Volcanics 
(Figure i) .  The Iron King and Green Gulch VoIcanics consist essentially of pillow 
and amygdaToidal basalts. The Spud Mountain Volcanics consist of a complex, 
intercalated sequence of andesitic and rhyolit ic volcaniclastic horizons, flows, 
tuffs, and tuffaceous sandstone and siltstone (Donnelly and Hahn, 1981; Anderson 
and Silver, 1976). 

Zircons from rhyolites in the upper part of the Spud Mountain Volcanics and 
plutons intruding the Big Bug Group yield similar isotopic age dates. A rhyolite 
flow in the Big Bug Group gave an age of 1,775 + i0 m.y. (Silver, in Anderson and 
others, 1971), Two localit ies in the Brady But~Granodiorite yielded an isotopic 
age of 1,770 + 10 m.y. (Silver, in Anderson and others, 1971). The overlap of 
ages between the volcanics and intrusive rocks indicates the close temporal 
association of Volcanism and plutonism during that time (Anderson and Silver, 
1976; Donnelly and Hahn, 1981). 

Donnelly and Hahn (1981) have reconstructed the volcanic stratigraphy of both the 
Ash Creek and Big Bug Groups. They believe that the Ash Creek Group represents a 
single mafic to felsic volcanic cycle, while the Big Bug Group comprises at least 
two such cycles. Both cycles clearly show a calk-alkaline differentiation trend 
and reflect a b~modal or basalt/andesite to rhyolite assemblage. The exact nature 
of the tectonic environment under which the Yavapai Series was deposited and 
subsequently metamorphosed is uncertain as is the case with most Precambrian 
"greenstone" belts. Despite uncertainties many workers believe that volcano- 
stratigraphic successions that comprise the Yavapai Series are an ancient analog 
to modern island arc terranes (Anderson, 1978; Anderson and Guilbert, 1979; 
Stensund and More, 1980). What does seem to be certain, is that the entire cycle 
of deposition, plutonism and metamorphism of the Yavapai Series lasted from pre- 
1,820 + 15 m.y. to about 1,720 + 15 m.y. (Anderson and Silver, 1976). 

Where possible, Donnally and Hahn (1981) separated various lithologic phases of 
the Yavapai from one another; we have followed this convention. PGsy designated 
with the subscript "e" is a group of undifferentiated coarse-to-fine-grained 
epiclastic sediments and exhalite deposits. Those Yavapai outcrops denoted with a 
"v" are undifferentiated subaqueous and subaerial felsic lavas and ruffs including 
associated hypabyssal intrusive rocks. Units designated with an "m" include mafic 
to intermediate turfs and lavas (cf. Donnelly and Hahn, 1981). 
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PGsp- Precambrian Pinal Schist 

The Precambrian Pinal Schist is made up of fine- to medium-grained, brownish- 
gray-green, highly contorted, bioti te and muscovite quartzofeldspathic schist, 
quartz-mica schist, and amphibolite that crops out in the extreme eastern parts of 
the study area generally east of a line south from Wickenburg. The best exposures 
of the Pinal Schist are located in the Vulture, Big Horn, and Vekol Mountains of 
southwestern and west-central Arizona (Plate I ) .  In these areas, outcrops are 
often strongly foliated with fol iat ion coincident with primary layering. A 
penetrative, streaky mineral lineation is found in the plane of fol iat ion in 
southwestern Arizona, but generally, i t  is weakly developed in other areas. 
Locally, well-developed fracture cleavage cuts layering at a high-angle (Briskey 
and others, 1978). 

The Pinal Schist is thought to have some volcanic and volcaniclastic protoliths. 
Sediments appear to dominate the section, but andesite, dacite, rhyodacite 
porphyries and rhyolites do make up parts of the sequence in some areas (Silver, 
1978). Silver (1978; 1963) believes that his studies of pre-deformational 
volcaniclastic sediments and intrusive rhyodacite sheets place Pinal deposition at 
between 1680 and 1700 m.y. ago with deformation/metamorphism ending at about 1625 
m.y.B.P. 

Thicknessof the Pinal Schist varies, but i t  can be as thick as 20,000 f t  (6 km) 
(Silver, 1978). The nature of the depositional environment in which the Pinal 
accumulated is not well known. Silver (1978) believes that a large part of the 
sequence is the product of turbidite deposition; Condie (1982), believes that at 
least part of the section reflects shallow marine and fluvial deposition. The 
metavolcanic rocks in the sequence indicate volcanic sources nearby. 

PGm - Precambrian Metamorphic Rocks, Undifferentiated 

Several varieties of Precambrian metamorphic rocks, excluding most schistose 
rocks, are found in western Arizona. The majority of these rocks crop out in the 
eastern and northern parts of the study area particularly in the Hualapai, 
Harcuvar, Harquahala, Cerbat, Black Mountains, and along the southwestern margin 
of the Colorado Plateau. Few Precambrian rocks are found in the southern and 
western parts of the study area where they presumably exist but are undated or are 
covered by younger rocks. (Plate 1). 

The high-grade metamorphic rocks consist mainly of quartzofeldspathic gneiss, 
amphibolite, mica schist and minor quartzite. Foliation in these rocks is 
generally steeply dipping and strikes mainly north-northeast. These rocks are 
often intruded by s i l l s ,  dikes, and lenses of Precambrian granitic to d ior i t ic  
rocks (Reynolds, 1980). 

In the metamorphic core complex terranes of western Arizona (Harquahala, !~arcuvar, 
and Buckskin Mountains) rocks of a presumed Precambrian age have been overprinted 
by late Mesozoic deformation and a mid-Tertiary mylonitic fabric whose fol iat ion 
defines east-northeast-trending arches (Rehrig and Reynolds, 1980). Rocks which we 
have mapped as Precambrian in the Harcuvar and east part of the southern Buckskin 
ranges are generally composed of bioti te rich, quartzofeldspathic gneiss and 
schist, migmatite, and amphibolite that display a low-dipping mylonitic fol iat ion 
and a smeared, cataclastic mineral lineation that trends dominately northeast. 
Within the Harcuvar core complex, i t  is extremely d i f f i cu l t  to sort out 
Precambrian protoliths from amphibolite-grade, Mesozoic(?) paragneisses which are 



thought to exist through much of the eastern Buckskin ranges (See Mesozoic 
Metamorphic Rocks section). 

Rocks, therefore, labeled PGm on Plate I may consist of any number of 
metamorphic rock types, but are dominated by quartzofeldspathic gneisses. In and 
around metamorphic core complexes, the rocks are overprinted by Tertiary or late 
Mesozoic deformation that imparts to the rocks a low-dipping foliation and a 
low-plunging mineral lineation. 

In summary, our P~m unit may in fact represent Yavapai-like rocks; but they have 
suffered greater structural and metamorphic overprints than normal Yavapai Series 
rocks. 

PGs - Precambrian Schistose Rocks, Undifferentiated 

This generic term is used to designate those schistose rocks, of probable 
Precambrian age, that are not known to be correlative to either the Yavapai Series 
or the Pinal Schist, or those sequences with too l i t t l e  information available to 
assign them to specific stratigraphic sequences. This unit may contain a variety 
of schistose rocks derived from many proto~iths, and can be found throughout the 
study area. The majority of these rocks are concentrated in the northern and 
southern parts of the study region. 

PGd - Precambrian Gabbr0 and Diorite 

Gabbro and related rocks, anorthosite, ~iorite and diabase are found near Bagdad 
as small irregular masses that intrude a variety of rocks. The gabbro is dark, 
fine- to coarse-grained, and composed of hornblende, augite, plagioclase and 
quartz. The diorites are granular, hypidiomorphic rocks composed of quartz, 
plagioclase, biotite, and hornblende. Locally some of the rocks have a gneissic 
texture (Anderson, SchoTgi, and Strobell, 1955). These rocks are probably of a 
similar age to those quartz diorite plutons that form the roots of the Yavapai 
Series volcanic terrains. 

P~g, PGgo- Precambrian Granite and Oracle Granite 

A large part of the study area is underlain by Precambrian granitic to 
granodioritic plutons (PGg). These rocks crop out mainly in the northern and 
northeastern parts of the region while a younger porphyritic quartz monzonite 
suite, Oracle Granite (PGgo), crops out over a large portion of southern and 
southeastern Arizona (Plate I ) ,  (Peterson, 1938; Silver and others, 1977). 

The granitic to granodioritic p]utons (P~g) of the northern half of the study 
area are thought to be the older of the two Precambrian granitic suites. These 
rocks constitute large parts of the Aquarius, Date Creek, Arrastra, and Hualapai 
Mountains (Plate I);  the plutons also make up a large part of the Precambrian 
terraine of the "Transition Zone" northeast of Iqickenburg. These rocks often 
intrude the Yavapai Series and have been dated at 1760 + 10 m.y.B.P. (Anderson and 
Silver, 1976). This age places them nearly contemperane~us with Yavapai Series 
volcanism, probably making them roots of this Proterozoic volcanic belt. 
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These precambrian granitic plutons (PGg) contain a variety of facies but are 
dominated by granular, hypidiomorphic, locally gneissic diorites and quartz 
diorites. The rocks are composed essentially of quartz, plagioclase, biotite, and 
hornblende. The more gneissic facies generally have a medium-grained texture and 
foliated structure composed of quartz, lagioclase, orthoclase, biotite, and sphene 
(Anderson and others, 1955). 

Peterson (1938) coined the term Oracle Granite (PGgo) for pinkish, coarse- 
grained, porphyritic quartz monzonite found near Mammoth, Arizona. Silver and 
others (1977) later included the Oracle Granite as part of a large suite of quartz 
monzonitic plutons that perforated the North American continent about 1.4-1.5 b.y. 
ago. Because of the distinct age differences and compositions, the two Precambrian 
granitic suites have been mapped separately on Plate 1. In the study area, Oracle 
Granite outcrops over large parts of the White Tank, Sierra Estrella, Maricopa, 
Spring, and Vekol Mountains, and Buckeye Hills (Plate 1). I t  is also found as a 
deformed phase in the Harquahala and Li t t le Harquahala Mountains. 

Typical Oracle Granite of the study area is a coarse-grained porphyritic quartz 
monzonite. I t  is characterized by tabular potassium feldspar phenocrysts (up to 
3 Cm) in a coarse groundmass of orthoclase, plagioclase, quartz, biotite, and 
muscovite. The Oracle Granite is generally only locally or weakly foliated except 
in areas overprinted by Mesozoic or Tertiary deformation. 

PGag- Precambrian (Upper Proterozoic) Apache Group 

Strata of the Upper Proterozoic Apache Group consist of three diverse rock types, 
which reflect varying tectonic conditions. The basal unit of the Apache Group is 
the Scanlon Conglomerate, a coarse debris-flow deposit that is composed of a 
red-brown, clast supported boulder and pebble conglomerate that grades laterally 
into coarse-grained, braided stream deposits. Upward, the Scanlon Conglomerate 
grades into reddish-pink, fine-grained, alternating sequences of volcaniclastic 
mudstone and sandstone of the Pioneer Formation. The Pioneer Fonnation reflects a 
decrease in stream competence and increased basin stabil ity. The Pioneer is 
succeeded upward by the Dripping Spring Quartzite, a nearshore marine and coastal 
plain deposit reflecting stable basin conditions. The Dripping Spring Quartzite 
consists of well sorted, cross-stratified, quartz arenite with interbedded 
mudstone and siltstone. Overlying the Dripping Spring Quartzite and capping the 
Apache Group is the Mescal Limestone; the Mescal is a mixed si l ic ic last ic- 
carbonate representing nearshore to open-marine deposits that consist of 
interbedded light blue-gray, micritic to coarsely crystalline, algal limestone and 
fine-grained, sandy limestone and l imey sandstone. 

Middleton and Blakey (1984) believe that the Apache Group reflects the evolution 
of a tectonic depositional basin from inception to stabil i ty. The Apache Group, 
though prevalent throughout most of central and southeastern Arizona, is only 
found in the extreme southeastern part of the study area, in the Vekol Mountains 
(Plate I) .  

Paleozoic Sedimentary Rocks - General Statement 

Exposures of Paleozoic sedimentary rocks are not extensive but occur scattered 
throughout western Arizona becoming more numerous in southern Nevada and 
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northwestern Arizona. Paleozoic strata of the study area represent shallow shelf 
to continental depositonal systems. These rocks consist of interbedded limestone, 
sandstone/quartzite, dolomite, shale and siltstone that locally may be 
metamorphosed to various degrees (Hardy, 1984). 

In west-centra~ Arizona the best exposures of Paleoz0ic rocks are found in the 
Little Harquahala, Harquahala, and Plomosa Mountains (Plate I). Depending upon the 
mountain range and geologist, these rocks have been correlated to either the Grand 
Canyon-Colorado Plateau section, or to the southeast Arizona Paleozoic section 
IReynolds, 1980}. Perhaps a more realistic interpretation of the Paleozoic strata 
in west-central Arizona is that the lower Paleozoic (Psl) section is correlative 
to the southeastern Arizona section, while the upper Paleozoic (9su - 
Mississippian and younger) more closely resembles the Grand Canyon-Colorado 
Plateau sections (Miller, 1970; Shackelford, 1976; Varga, 1977; Richard, 1983; 
Hardy, 1984). For west-central Arizona, this convention will be followed. 

Paleozoic strata along the southern edge of the Colorado Plateau, northeast of 
Kingman, and in the Las Vegas-Lake Mead region have no such discrepencies between 
their lower and upper sections. The entire Paleozoic section correlates closely 
with the classic Colorado Plateau section. However, iR order to keep lithotectonic 
unit nomenclature consistent, the lower Paleozoic is separated from the upper 
Paleozoic here as elsewhere. Note that the Psl designation does not necessarily 
imply rigid rock stratigraphic equivalence between the central and northern parts 
of Plate I, only rough time-stratigraphic equivalence l i .e . ,  Cambrian to Devonian 
in age). 

Lower Paleozoic strata of northwestern Arizona and southern Nevada consists of a 
sequence similar to that in west-central Arizona. The basal unit consists of pale 
yellow to reddish quartz sandstone and i nterbed~ed sandy siltstone of the Cambrian 
Tapeats Sandstone. The Tapeats may be as much as 50 meters thick, but is typically 
20-40 meters in thickness. The Tapeats is overlain by the Bright Angel Shale, an 
interbedded sequence of sandy shale, sandstone and dolomite. I t  typically has 
thicknesses of 100-150 meters. The Muav Limestone overlies the Bright Anger Shale; 
near Las Vegas, the Muav is correlatable to the lower part of the Bonanza King 
Formation. The Muav Limestone and Bonanza King Formation are comprised of 
limestones and dolomites; the sequence may be up to 200 meters th ick .  The Muav 
Limestone is in turn over la in by up to 330 meters of und i f fe rent ia ted  strata 
thought to be Cambrian in age. This un i t  is a th ick sequence of interbedded 
l imestone, dolomite, shale and calcareous sandstone. Capping the lower Paleozoic 
section in northwestern Arizona is the Devonian Temple Butte Limestone which is 
roughly equivalent to the ~artin Formation to the east and south (?) and to the 
Sultan Limestone to the west in Nevada. The Temple Butte Limestone attains 
thicknesses 140-150 meters in places. 

Maximum thickness of the Cambrian through Devonian strata in the northwestern part 
of the study area is close to 900 meters. These thicknesses increse to the west 
near Las Vegas as the deposit ional environment changes from the shel f  to the 
Cord i l leran miogeocli~e. 
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Psl - Lower Paleozoic Sedimentary Rocks (Cambrian-Devonian) 

In west-central Arizona the basal Paleozoic sedimentary unit consists of the 
white, brown, or maroon quartzite of the Cambrian Bolsa Quartzite. The Bolsa has a 
maximum thickness of 100 meters but is generally much less. The Bolsa is overlain 
by a sequence of interbedded calcareous sandy shale and fine-grained quartzite. 
This unit has been correlated with the Abrigo Formation. I t  may be up to 50 meters 
thick but commonly may be tectonically thinned to several meters or less. The 
Devonian Martin Formation, a sequence of dolomitic limestone and dolomite, 
overlies the Abrigo. This unit is always less than 100 meters thick, but averages 
20-30 meters thick (Richard, 1983; Hardy, 1984). Maximum thickness of the lower 
Paleozoic strata in west-central Arizona is about 250 meters. I t  is commonly much 
less due to structural and tectonic thinning. 

Lower Paleozoic strata of northwestern Arizona and southern Nevada consist of a 
sequence similar to that in west-central Arizona. The basal unit is a pale yellow 
to reddish, quartz sandstone and interbedded, sandy siltstone of the Cambrian 
Tapeats Sandstone. The Tapeats may be as much as 50 meters thick, but is typically 
20-40 meters in thickness. The Tapeats is overlain by the Bright Angel Shale, an 
interbedded sequence of sandy shale, sandstone and dolomite. I t  typically has 
thicknesses of 100-150 meters. The Muav Limestone overlies the Bright Angel Shale. 
Near Las Vegas, the Muav is correlai~able to the lower part of the Bonanza King 
Formation. The Muav limestone and Bonanza King Formation are made up of limestones 
and dolomites; the sequence may be up to 200 meters thick. The Muav Limestone is 

i n  turn overlain by up to 330 meters of undifferentiated strata thought to be 
Cambrian in age. This sequence is made up of interbedded limestone, dolomite, 
shale and calcareous sandstone. Capping the lower Paleozoic section in 
northwestern Arizona is the Devonian Temple Butte Limestone which is roughly 
equivalent to the Martin Formation to the east and south (?) and to the Sultan 
Limestone to the west in Nevada. The Temple Butte Limestone attains thicknesses of 
140-150 meters in places. 

Cumulative thickness of the Cambrian through Devonian strata in the northwestern 
part of the study area is close to go0 meters. These thicknesses increase to the 
west near Las Vegas as the depositional environment changes from shelf to the 
Cordilleran miogeocline. 

Psu - Upper Paleozoic Sedimentary Rocks (Mississippian-Permian) 

Stratigraphic units representing the Upper Paleozoic sedimentary rock designation 
(Psu) are essentially the same in both northwestern and west-central Arizona. The 
Mississippian Redwall Limestone is the lowermost rock unit in this sequence. In 
western Arizona the Redwall is composed of 115-125 meters of homogeneous~ medium 
to massive bedded limestone and dolomite which is light-gray to reddish-pink in 
color (Hardy, 1984). The Redwall Limestone in northwestern Arizona generally 
consists of 165-185 meters of olive-gray to red-brown and yellow-brown, massive, 
fine- to coarse-grained, medium to finely bedded, limestone and dolomite (McKee 
and Gutschick, 1969). 

The Redwall Limestone in west-central Arizona is overlain by the Pennsylvanian- 
Permian Supai Formation, while in the northwest i t  is overlain by the Supai and 
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i ts equivalents - the Cal lv i l le  and Pakoon Limestones and the Esplanade Sandstone. 
The lat ter  three are to be found near Las Vegas. Rocks correlated with the Supai 
in west-central Arizona consist of white, pink and maroon sandstones with inter- 
calated limestones and mudstones. Thicknesses range from 165 to approximately 200 
meters (Richard, 1983; Hardy, 1984). The Supai and i ts equivalents in northwestern 
Arizona consist of interbedded calcareous sandstone, mudstone, limestone, and 
conglomerate. Thicknesses vary but are generally between 300 and 400 meters. 

The Permian Coconino Sandstone, famous for i ts large tubular-planer 
cross-stratif ication, overlies the Supai Formation in west-central Arizona. The 
Coconino is a homogeneous, thin-bedded, fine-grained, vitreous quartz arenite. 
Coconino thickness is nearly a constant 200 meters throughout the region (Mil ler, 
1970,; Richard, 1983). The Supai is overlain by the Pennsylvania-Permian Hermit 
Shale in the northern part of the study area. The Hermit is a thick (300 + m) 
sequence of red siltstone and calcareous sandstone that is in turn overlain by a 
relat ively thin sequence of Coconino Sandstone. The Coconino can be up to 120 
meters thick, .as in the Grand Canyon, or as thin as 12 meters on Wheeler Ridge 
near the eastern edge of Lake Mead (Plate I } .  The Coco nino is everywhere composed 
of white to pink, well sorted, cross-stratified, massive quartz arenite. 

Between 200 and 335 meters of varicolored limestones of the Permian Kaibab and 
Toroweap Limestones overlie the quartzites of the Coconino in west-central Arizona 
(Mil ler,  1970; Richard, 1983). Typically, the units are l ight  tan to blue gray in 
color with numerous chert masses and fossils enclosed in a fine-grained, massive, 
medium bedded, dolomite and limestone (Hardy, 1984). To the north, the Kaibab and 
Toroweap consist of between 150 and 200 meters of massive white, yellow, medium 
bedded, banded, fossil i ferous sandy, cherty limestone. 

Ps Paleozoic Sedimentary Rocks, Undivided 

This designation is used for those expsoures where structural and/or stratigraphic 
complexities do not allow break out of lower or upper units at the scale of Plate 
1. The unit is also used for those exposures that cannot be placed in the more 
specific units due to limited information. The majority of rocks mapped as Ps on 
Plate I contain both upper Paleozoic (Psu) and lower Paleozoic (Psl) sedimentary 
rocks juxtaposed in complex fashion by faulting. 

PMs - Paleozoic/Mesozoic Sedimentary Rocks, Undifferentiated 

This unit designation is used solely in those locations where structural and/or 
stratigraphic complexities do not allow Paleozoic and Mesozoic rocks to be 
separated from one another at the scale of Plate i .  This unit is used only rarely 
and is not meant to imply that the rocks so designated are of an unknown 
character; rather, this unit may contain Mesozoic sedimentary rocks {Ms} and 
either lower Paleozoic (Psl) or upper Pa~eozoic {Psu) sedimentary rocks. 

Mesozoic Sedimentary Rocks - General Statement 

Exposures of Mesozoic sedimentary rocks are found throughout the study area. The 
Mesozoic strata can be conveniently grouped into northern and southern assemblages 
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based upon their dissimilar stratigraphy and presumed depositional environments. 
The boundary between the two assemblages is approximately the southern edge of 
Lake Mead (Plate 1). 

The northern assemblage consists of those Mesozoic rocks of the Las Vegas-Lake 
Mead region. These strata are essentially of Colorado Plateau and Great Basin 
af f in i t ies with well-defined North American correlations and cratonal- 
miogeoclinal facies. The southern asemblage, west-central and southwestern 
Arizona, consists of strata that are l i thological ly dissimilar from the northern 
assemblage and represent distinct, but yet poorly understood, depositional 
environments. Deposition may have been into tectonically active, lateral ly 
discontinuous basins (Richard, 1983), possibly as a result of r i f t ing .  

Recent work (Harding and others, 1983) has suggested that there is perhaps some 
time-stratigraphic correlabi l i ty between the two assemblages, but this by no means 
implies rock-stratigraphic correlation; much work needs to be done before any 
stratigraphic correlations between the northern and southern asemblages can be 
made. In all probability, no real ist ic correlations are feasible. 

Southern Assemblage 

Ms - Mesozoic Sedimentary Rocks 

A thick sequence of interbedded arkosic sandstone, graywacke, conglomerate, 
siltstone, quartzite, shale, and minor limestone define the Meoszoic sedimentary 
sequence in west-central and southwestern Arizona. The sequence is best exposed in 
the Granite Wash, L i t t l e  Harquahala, Plomosa, Dome Rock and Harquahala Mountains 
and has been studied by Mil ler (1970), Crowl (1979), Marshak (1979), Robison 
(1978), Harding (1978), Richard (1983), and Hardy (1984). On Plate 1, the rocks 
along the western flank of the southern Plomosa Mountains are designated as Ms, 
but in this area are mainly volcanic (Miller, 1970). In other areas, Ms also 
includes variable proportions of volcanic constituents. 

Recent work by Harding (1982) and Harding and others (1983) has correlated the 
major i ty  of the Mesozoic section in the Plomosa, New Water Mountains and 
Livingston Hil ls to the 7.3 km thick McCoy Mountains Formation in the Mojave 
desert. The McCoy Mountains Formation consists of an interal ly coherent 
stratigraphy of sandstone, conglomerate, siltstone, and mudstone. Paleocurrent 
indicators show southward directed transport in a f luvial environment suggested by 
cross-strata, ripple marks, channels, fining upward sequences, and fossil wood 
(Harding, 1982; Harding and others, 1983). Paleomagnetic data suggest that the 
sequence was mildly metamorphosed during the Jurassic; thus, deposition was 
somewhat earl ier than that time, but later than underlying Jurassic felsic 
volcanics. 

The McCoy Mountains Formation appears to have occupied a unique tectonic 
environment during the Jurassic in that i ts apparent depositional basin is now 
bounded by large scale thrust faults or suture zones (Figure 2). Harding and 
others (1983) take this present structural configuration to indicate that the 
McCoy Mountains Formation and underlying Jurassic volcanics were deposited next 
to, and then deformed between, the North American craton and an outlying 
allocthonous terrane during the Jurassic. 
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The coarsely detrital and conglomeritic Mesozoic rocks of southwest Arizona are 
perhaps best characterized by their heterogeneity ( interstrat ial  and clast 
content), poor sorting, "dirty" character, association with volcanism and inferred 
sedimentational environment of active tectonism. As discussed by Harding (1978) 
and Marshak (1979), correlatable sections are not known and the rocks are devoid 
of fossils. As exemplified by the Livingston Hil ls and Apache Wash sections 
(Harding, 1982), gross sequences of conglomerate, graywacke or siltstone are 
recognized yet extreme interstratal variations occur within the units. Abrupt 
l i thology changes from red-brown, matrix-supported boulder conglomerate with 
clasts from several centimeters to several meters in diameter, to dark gray, 
thin-bedded, graywacke and siltstone occur numerous times through short intervals 
( i .e . ,  <30 m). In the Granite Wash Mountains, cyclic, alternations from dirty, 
arkosic sandstone to siltstone-shale forms a section of at least 1000 m thick. 
These rocks are interstrat i f ied with Jurassic volcanic rocks at the northwest end 
of this range. 

Thick sections of coarse-grained sandstone and quartzite occur in the Dome Rock 
Mountains and the h i l ls  to the south of the L i t t le  Harquahala Mountains (just 
north of Interstate 10). Commonly these clastic rocks carry orange-brown calcite 
rhoms or iron oxide pseudomorphs after pyrite crystals up to a centimeter or two 
in size. 

Of special interest as hosting mineralization, are unusual stratigraphic intervals 
of highly aluminous or carbonate-rich character which appear interbedded with 
thick graywacke sections. As these intervals have been observed in metamorphosed 
sections, the exact nature of the protoliths, whether sedimentary or volcanic, is 
somewhat conjectural. Their outcrop distribution is included under Mm, Mesozoic 
metamorphic rocks. 

Thecorrelation of Arizona Mesozoic(?) sedimentary rocks with stratigraphically 
similar McCoy Mountains Formation is problematical; but overall, is probably 
valid. For the most part, formal nomenclature is lacking for Mesozoic(?) 
sequences outside of the McCoy Mountains Formation. In addition, age is mainly 
assumed from stratigraphic position and relationships to late Cretaceous 
deformation (Richard, 1983; Hardy, 1984). This is especially true in the L i t t le  
Harquahala, Harquahala, and Granite Wash Mountains where a sequence of arkosic 
sandstones, conglomerates and shale overlies Paleozoic sedimentary rocks and are 
deformed by late Cretaceous deformation (Richard, 1983; Hardy, 1984). I t  is not 
known specifically how these strata correlate to other Mesozoic(?) sections in the 
region, or to the McCoy Mountain section. Permissible age brackets for any of 
these sediment packages extend from the Triassic to middle Cretaceous. 
Thicknesses of these isolated sections vary but generally where well exposed and 
not severely faulted, many hundred meters thick (Richard, 1983). 

A very similar sequence of Mesozoic(?) arkosic sandstone, conglomerate and 
graywacke is found in southern Arizona (Briskey and others, 1978). These rocks are 
best exposed in the Sheridan Mountains of the Papago Indian Reservation. The 
majority of these rocks display a moderate degree of metamorphism and are, 
therefore, discussed in the section on Mesozoic metamorphic rocks. 
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Northern Assemblage 

Js, Trs - Jurassic Aztec Sandstone; Triassic Moenave, Chinle, and Moenkopi 
Formations. 

The four units that make up the northern I,lesozoic sedimentary section represent a 
complex sequence of continental, f l uv ia t i l e  and shallow, nearshore marine to 
subaerial deposition. The Jurassic Aztec Sandstone (Js) is a red to buff colored, 
well-sorted, moderately well-ind~rated, quartz arenite with distinctive, large 
scale, tabular-planar, cross-strati f ication (Marzolf, 1982). The upper Triassic 
Moenave and Chinle Formations along with the middle to lower Triassic Moenkopi 
Formation are grouped into the Trs designation. The Moenave and Chinle Formations 
are a sequence of red, f l uv ia t i l e ,  gypsiferous sandstone, si ltstone, and 
conglomerate. The Moenkopi Formation represents a nearshore marine to 
subaerial-marine sequence of limestone, sandstone, siltstone and gypsum. 

Ks - Cretaceous Conglomerate 

Red-brown, matrix supported, boulder conglomerate and fanglomerate, red arkosic 
sandstone, volcanic breccia, quartzite, and volcanic andesite and rhyol i te flows 
are found in the Vekol Mountains of the Papago reservation in southwestern 
Arizona. As mapped on Plate I ,  the unit  includes the Vekol Formation, Chiapuk 
Rhyolite, and the Phonodoree Formation (Heindl, 1965; Dockter and Keith, 1978). 
Datable Cretaceous sedimentary rocks are not known elsewhere in the study region. 
I t  may be that the McCoy Mountains and Livingston H i l l s - l i ke  rocks in western 
Arizona become as young as mid-Cretaceous age, but this has not been firmly 
ascertained. 

Jr, Mi, Ji - Mesozoic Volcanic and Granitic Rocks 

Exposed in the western half of the study area is a heterogeneous assemblage of 
intermediate to s i l i c i c ,  volcanic and plutonic rocks of probable Mesozoic age 
(Mil ler,  1970; Shackelford, 1975; Crowl, 1979; Marshak, 1979; Reynolds, 1980; 
Rehrig and Reynolds, 1980; Richard, 1983). On Plate 1 this assemblage is broken 
into three units dependant upon age: Jurassic volcanic rocks (Jv), Mesozoic 
intrusive rocks (Mi), and the more precisely dated Jurassic intrusive rocks [J i ) .  

The volcanics (Jr} are best exposed in the Dome Rock, Plomosa, and L i t t l e  
Harquahala Mountains (Plate I ) .  Locally, Jurassic volcanic rocks comprise a fa i r  
amount of Mesozoic sedimentary sections (Ms), such as in the Granite Wash and 
southern Plomosa Mountains. The Jv designation is only broken out where volcanics 
make up pract ical ly all of the sequence. Jurassic volcanic rocks range from 
dacit ic and quartz l a t i t i c  to rhyol i t ic  compositions and include ash-flow tuf fs ,  
flows, and coarse breccias. The volcanics are often interbedded with volcani- 
c last ic rocks and mudstone. The volcanic sequences may be as much as 5 km thick, 
but unmapped thrusting may have thickened the section (Crowl, 1979). The volcanic 
sequence in the Dome Rock Mountains has yielded a late Triassic-early Jurassic 
U-Pb age date and a 176 m.y. K-Ar age (Silver, as reported by Crowl, 1979). I t  
should be noted that variable degrees of metamorphism and cleavage fo l ia t ion have 
affected the volcanic rocks in some areas. 
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Granitic plutons (Mi, Ji) are exposed in several locations in southern Arizona, 
such as the Dome Rock Kofa, Plomosa, Li t t le Harquahala and Comobabi Mountains and 
the Kupk Hills (Plate 1). These plutons may represent magmas that are roughly 
synchronous with the volcanic rocks that they locally intrude (Reynolds, 1980). 
Haxel and others {1980) have dated much of the Mesozoic plutonic activity on the 
Papago Indian Reservation as Jurassic. I t  is assumed, but not str ict ly known, that 
the Mesozoic plutonic rocks in west-central Arizona are of a similar age. Recent 
U.S. Geological Survey mapping in the Kofa Mountains region shows many Jurassic 
plutons. In the northern Kofa and Eagle Tail Mountains, reconnaissance mapping by 
Rehrig indicates K-spar rich, megacrystic, quartz monzonite to granitic bodies 
intrude Mesozoic-like clastic rocks. Contacts are characteristically diffuse 
through a broad zone of metasomatism in the sedimentary hostrocks where detrital 
textures appear granitized. Where plutonic rocks are known to be Jurassic in age, 
they are designated as Ji on Plate 1; otherwise, where age dates are inconclusive 
or are not known, the rocks are designated Mi. 

For the most part Mesozoic plutonic rocks consist of relatively quartz-rich, 
alkali-feldspar granite to granodiorite. Locally, synenitic and diorit ic phases 
occur, particularly in the southern parts of the study area (Haxel and others, 
1980). A particular common porphyritic granite, megacrystic in Kspar, occurs in 
many regions. This rock closely resembles the 1.4 b.y. Oracle or Ruin granite, but 
age dates in the 160 + 10 m.y. range have been found (unpublished data, Silver; 
Rehrig). Examples occ'ur in the Buckskin, Granite Wash, Li t t le Harquahala, Eagle 
Tail and Kofa Mountain areas. 

Mm - Mesozoic Metamorphic Rocks 
I 

A large part of the Mesozoic sedimentary and volcanic rocks in west-central and 
southwestern Arizona have been at least partially metamorphosed. Those rocks that 
have been more strongly metamorphosed we have elected to place in a separate 
category, herein designated Mm (Mesozoic metamorphic rocks). The majority of these 
rocks are located in the Buckskin, Harcuvar, Granite Wash, Castle Dome, Dome Rock 
and Trigo Mountains in west-central Arizona and the Agua Dulce and Cabeza Prieta 
Mountains in southwestern Arizona (Plate 1). 

The unit may be composed of a variety of rock types but is dominated by 
lithologies of quartzofeldspathic schist and gneiss, metavolcanic rocks, 
staurolite-cordierite schist, epidote-quartz schist, calc-silicate paraschist, 
granofels, metaconglomerate, and quartzite (Crowl, 1979; Haxel and others, 1984; 
Hardy, 1984). Metamorphic grade varies widely from place to place and locally even 
within the same sequence (Hardy, 1984). An example of this variation occurs along 
the western margin of the Harcuvar metamorphic core complex in La Paz County 
(Plate I). In the Granite Wash and Buckskin Mountains, Mesozoic sedimentary rocks 
become progessively metamorphosed eastward through an interval of 2-3 miles 
approaching the Hercules thrust (Rehrig and Reynolds, 1980). These transitions 
toward the core of the Harcuvar metamorphic core complex suggest that the 
protolith or "lower-plate" original lithology for parts of the complex in the 
Buckskin Mountains may be metasedimentary in origin and of possible Mesozoic age 
(Rehrig and Reynolds, 1980). This might also apply to lower-plate mylonitic gneiss 
in the Rawhide Mountains, and perhaps at the west end of the Harcuvar Mountains 

19 



{Plate i ) .  The fair ly common occurrences of tectonized marble interlayered with 
quartzofeldspathic mylonitic gneisses in the lower plate of the Rawhide Mountains 
(Shakelford, 1976) and the Buckskins (Rehrig, unpubl, f ield notes) reinforces this 
possibility. Local variation in metamorphic grade may be due to differing 
protolith reactivity. Larger scale variance may be a function of tectonically 
juxtaposed slices of variably metamorphosed Mesozoic terranes along 
Cretaceous-early Tertiary thrust faults (Hardy, 1984), or to the position of 
Mesozoic pl utons. 

Certain lithologic intervals within the Mesozoic metasedimentary sections appear 
to host syngenetic or metamorphic mineral Czation. Commonly the host strata are 
quartz muscovite schists which bear disseminated sulfides (pyri te and 
chalcopyrite). Exotic minerals such as kyanite, dumortierite, andalucite and 
tourmaline are found associated with these potash and alumina enriched horizons. 
They are the focus of considerable discussion in the la ter  parts of this report 
and should be of interest to precious metals exploration. 

The age of metamorphism appears to be constrained to middle and late Mesozoic 
time. In the Granite Wash Mountains, the 85 m.y. Tank Pass pluton cuts across 
metamorphic isograds (Rehrig and Reynolds, 1980). Harding and others (1983) report 
a Jurassic age for deformation and mild metamorphism of the Jurassic McCoy 
Mountains Formation, Haxel and others (1984), Haxel and Dil lon (1978), and Haxel 
and others (preprint) propose that metamorphism occurred during the Late 
Cretaceous in southern Arizona. These models propose that overthrusts of 
crystal l ine rocks resulted in an overthickened crust; this overthickened crust 
along with crustal heat f lux from the mantle together created a thermal regime 
that resulted in regional metamorphism of rocks beneath a regional allochthon 
(Haxel and others, 1984). U-Pb and K-Ar age datimg indicates that this deformation 
and metamorphism took place about 60 to 80 m.y. ago (Haxel and others, 1984; 
Hardy, 1984). 

JKs - O r o c o p i a  Schist 

The Orocopia Schist is part of a regionally extensive package of metamorphic rocks 
(Pelona-Rand-Orocopia Sch is ts )o f  lower-greenschist to lower-amphibolite facies 
with a probable Cretaceous/Paleocene metamorphic age. The Orocopia Schist forms a 
discontinuous belt, exposed through structural windows, east of the San Andreas 
Fault in Cal i fornia, that extends southwestward into Arizona through the southern 
Trigo, Castle Dome and Middle Mountains and as far east as Neversweat Ridge in 
central Yuma County (Plate I ,  Figure 3) {Haxel and Di l lon, 1978). 

Haxel and Dil lon (1978) describe the Orocopia Schist as a 3500 meters thick body 
of schistose rocks whose chief characteristics are a uniform textural and outcrop 
character; a medium to dark gray colored, flaggy, quartzofeldspathic schist and 
interlayered b iot i te  schist with l i t t l e ,  i f  any, compositional banding. Fuchsitic 
carbonate horizons have been noted in the ~Iojave terrain, some of which contain 
sulfides (Dillo~, 1975; Hulim, 1925; Haxel, 1977). The base of the 0rocopia Schist 
is nowhere exposed thus, 3500 meters must be considered a minimum thickness. 

Protoliths of the Orocopia are thought to be predominately arkosic sandstone 
(graywacke), siltstone and claystone with lesser amounts of basanite(?), 
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fenomanganiferous chert, limestone and interstrat i f ied mafic to ultramafic rocks. 
The lower part of the sequence contains well preserved sedimentary structures, 
including graded bedding, which suggest distal turbidite fan or basin plain 
deposition (Haxel and Dillon, 19,78; Walker, 1967). Haxel and Dillon (1978) explain 
the presence of limestone and c~ert in a basically clastic depositional 
environment as re~ated to submarine volcanism represented by the basanites. The 
spatial association of basanite, marble, and chert suggest that the chert and 
limestone accumulated above the reach of clastic sedimentation, presumably on 
topographic highs (Ganison, 1974; Haxel and Dillon, 1978). 

Rocks of the Orocopia Schist are structurally overlain along the Vincent-Chocolate 
Mountains Thrust by allochthonous Precambrian to Mesozoic crystalline rocks. ~ 
Locally, metamorphic grain size within the schist increases toward the thrust 
indicating an inverted metamorphic zonation. Lineations along the Vincent- 
Chocolate Mountains thrust, in both upper-plate crystalline rocks and lower-plate 
schist, are generally coparallel in a north-northeast/so~th- southwest direction. 
These relationships indicate that metamorphism occurred beneath the thrust plate 
of the Vincent-Chocolate Mountains fault system and was generally coeval with 
movement along t~e thrust. Haxel and Dillion infer a n0rtheast direction for 
overthrusting based upon fold vergen.ce data. 

The upper plate of the Vincent-Chocolate Mountains Thrust fault contains Mesozoic 
plutonic rocks as young as 80 + 10 m.y. which are cut by the thrust. The plutons 
have not been dated in the schi'st (Ehlig, 1981). Based upon K-At and Rb-Sr 
isotopic ages obtained from thrust zone mylonites and lower-plate metamorphic 
rocks, movement on the thrust may have taken place between 50 and 60 m.y. ago 
(Ehlig, 1981). 

Recent work by Haxel and others {in press) casts doubt upon the currently accepted 
metamorphic ages of the Orocopia Schist and the Vincent-Chocolate Mountains thrust 
zone. Detailed mapping in conjunction with structural and stratigraphic relations 
with the Jurassic {?) Winterhaven Formation suggest that several major events 
intervened between the metamorphism of the Orocopia Schist and the setting of K-At 
dates at 60 m.y.B.P. Haxel and others (in press) believe that the 60 m.y. dates 
represent post-metamorphic cooling ages and that the primary metamorphic age of 
the Orocopia Schist is older than 60 m.y, perhaps as old as early Late Cretaceous. 

Ki - Late Cretaceous Plutons 
1 

Mid- to late Cretaceous or "Peninsular-age" plutonic rock crops out over a large 
part of the Granite Wash-Harcuvar 1,~ountain region (Plate I) .  The best exposures 
are near Granite Wash Pass and Tank Pass in the Granite Wash Mountains. The Tank 
Pass pluton is equigranular to slightly porphyritic and varies from quartz 
monzonite {adamellite) to granite and is locally 2-mica bearing {Reynolds, 1980; 
Rehrig, 1984 personal commun.). The pluton varies from completely undeformed to 
penetratively foliated and lineated as i t  is traced east~vard into the Harcuvar 
metamorphic core c0mp3ex (Rehrig and Reyno3~s, 1980). 

Although K-Ar age dates for this batholith range from $5 to 44 m.y.B.P. (Rehrig 
and Reynolds, 1980), Rb/Sr dating establishes an 87 m.y. age for the pluton 
{Rehrig, 1984 personal co~m~un.). Unpublished K-At data (Rehrig, 1984 personal 

1 . 

I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 

I 
I 
i 

I 

I 
I 

22 1 



commun.), shows Cretaceous dates (80-90 m.y.) for granodioritic bodies in the 
Bullard Peak and areas of Maricopa County (Plate 1). Although specific age data 
for pre-Laramide (>75 m.y.), Cretaceous plutonism is rare in Arizona, the few 
recently retrieved dates suggest that "Peninsular" plutonism may be more common 
than thought. The meager evidence to date indicates that the composition of 
Cretaceous and Laramide plutons are similar: granodiorite or quartz monzonite. 

TKv - Laramide Volcanic Rocks 

Laramide volcanic rocks are found only in small isolated outcrops in southwestern 
Arizona. In particular, they are found near Ajo and in the Vekol Mountains (Plate 
1). These volcanic rocks are comagmatic with Laramide plutonism that is widespread 
throughout southern and southwestern Arizona. 

The majority of Laramide volcanic rocks consist of rhyolite, rhyodacite, and 
dacite or basalt flows. Gray to pink felsite flows with K-feldspar and bioti te 
phenocrysts generally make up the major portion of the Laramide volcanic rocks in 
southwestern Arizona. Dacites are normally porphyritic with phenocrysts of 
hornblende, feldspar and biot i te in a dense gray groundmass (Dockter and Keith, 
1978). Basalts, which are rare, usually occur as dikes but occasionally are found 
as dark-gray to black, locally porphyritic flows (Rytuba and others, 1978). 

TKi - Laramide Intrusions 75-50 m.y.B.P. 

Intrusive rocks of Laramide age are a suite of generally calc-alkalic to locally 
a l k a l i c  rocks that occupy a unique position in the tectonic history of the 

southwestern United States. Rocks of this age can be found throughout western 
Arizona, locally as small isolated plutons, or as in the case in extreme 
southwestern Arizona, a large pluton known as the Gunnery Range batholith. Smaller 
batholiths and stocks such as those in the Wickenburg region, at Ajo, and in the 
Granite Wash Mountains, also occur (Plate 1). 

Most Laramide age rocks in western Arizona are generally medium to coarsely 
crystall ine, locally porphyritic, biotite quartz monzonite to granodiorite. 
Groundmass mineralogy consists of an holocrystalline mixture of potassium 
feldspar, plagioclase and quartz; phenocrysts are generally of subbedral to 
euhedral crystals of quartz, plagioclase, potassium feldspar, and biot i te.  
Pegmatitic and apl i t ic  phases are common in many areas and may intrude all other 
Laramide age rocks (Briskey and others, 1978). 

For this report, we have chosen Damon and others' {1964) definition of the 
Laramide. This model defines the Laramide as an epoch of intense calc-alkalic 
magmatism that flared up about 75 m.y. ago and continued until about 50 m.y. ago 
when magmatism abruptly ended. Damon and others' (1964) model easily allows 
placement of dated rocks within specific time constraints; this is as opposed to 
Coney and Reynolds (1977) model for the Laramide which is bui l t  upon tectonic 
considerations that cannot always be identified in western Arizona. 
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Ts - Tertiart~ Sediments Undivided 

Map units labeled Ts on Plate 1 are nearly al l  products of non-marine 
sedimentation in f l uv ia t i l e  and lacustrine environments. The Tertiary sedimentary 
sequence is dominated by reddish-brown, coarse boulder and cobble conglomerate and 
fanglomerate with a sand and s i l t  matrix; the sequence also includes s i l t y  
sandstone, sandy si l tstone, fine-grained bedded tu f f ,  evaporites, and intercalated 
volcanic and pyroclastic rocks. In the Yuma area, Ts includes marine 
l imestone/claystone of the Pliocene Bouse Formation. 

Eberly and Stanley {1978)have divided the Tert iary section in southwestern 
Arizona into two units based upon their  stratigraphic relationship to a major 
unconformity. This boundary delineates a fundamental change in the style of 
extension and accompanying magmatism during the Tert iary. These workers date the 
unconformity at about 12-13 m.y.B.P, after which typical Basin-and-Range block 
fault ing predominated. Although not designated on Plate I ,  i t  should be noted that 
those Tert iary sedimentary rocks deposited pr ior to the onset of Basin and Range 
style extension are of a fundamentally d i f ferent  character than those deposited 
afterward. Extreme southwestern Arizona wasthe locus of marine sedimentation 
associated with the proto Gulf of Cali fornia during the Pliocene. 

Pre-late Miocene, continental sedimentary rocks vary from coarse, poorly sorted, 
arkosic sandstones to conglomerates and slope breccias. They tend to be red-brown 
in color, and the sequences are characterized by numerous angular unconfomnities. 

In the Las Vegas-Lake Mead region, the Ts designation is applied mainly to the 
Muddy Creek Formation and its equivalents. The southern tw0-thirds of Plate I have 
several formations representing the Ts designation; these incTude, but are not 
l imited to, the Bouse Formation (marine), Daniels Conglomerte, Chapin Wash 
Formation, and the Locomotive Fan glomerate {Figure 4). 

Tsl - Tertiary Lacustrine Sediments 

This unit,  a subdivision of Ts, is used exclusively for those Tert iary sedimentary 
sequences that are predominately of lacustrine facies. In western Arizona, they 
occur in only two areas: {1) adjacent to Lake Mead; and, (2) in the Date Creek 
Basin and adjoining areas (Plate 1). 

Tertiary lacustrine sediments in the region are composed essentially of si l tstone, 
claystone, tuffaceous sediments, s i l t y  sandstone and interbedded evaporites. Those 
lacustrine sediments found near Lake Mead are part of the highly variable, and 
regionally extensive, Muddy Creek Formation. The lacustrine facies are presumably 
found in the more basinward parts of the depositional basins while the coarse 
clast ic facies of the Muddy Creek Formation occupy positions near the basin 
margins. 

Facies relationships are much the same for the lacustrine sediments of the Date 
Creek Basin area (Plate I ) ,  though these rocks have not been correlated to any 
regionally extensive formation. This unit, in the Date Creek Basin area consists 
of a heterogeneous assemblage of algal, tuffaceous, and micr i t ic  freshwater 
limestone, si l tstone, s i l t y  sandstone and loca l  conglomeritic horizons; much more 
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limestone is present in the Date Creek Basin lacustrine section than in the 
lacustrine facies of the Muddy Creek Formation. 

Tv - Tertiary Volcanic Rocks, UndCvided 

Although Tertiary volcanic rocks cover large parts of western Arizona, their ages, 
composition and source areas are not completely known. Consequently, some of the 
volcanic rocks within the study area have had to remain undivided on our map. The 
majority of these rocks are located in the Kofa, Tank, Mojave and Aguila Mountains 
of southwestern Arizona (Plate I ) .  Units mapped as Tv on Plate 1 may occur as 
mafic to felsic volcanic flows, turfs, domes, or pyroclastic deposits. Except for 
those rocks in the southern Trigo-northern Tank Mountains region, areas of 
undivided Tertiary volcanic rocks (Tv)are scattered and small. 

Tof and Tom - Older Tertiary Felsic and Intermediate Volcanic Rocks 

Cenozoic volcanism began in western Arizona about 32 m.y. ago accompanying the 
beginning of early crustal extension in the region. A major pulse of calc-alkaline 
volcanism occurred in the region between about 30 and 24 m.y.B.P., but lasted 
somewhat longer in the western and northwestern parts of the study area (Otton, 
1982) {Figure 5). The onset of volcanism was i n i t i a l l y  accompanied by widespread 
alkalic rhyol i t ic  ash flow ruffs subsequently superceded by basaltic andesites, 
dacites and high si l ica rhyolites. Otton (1982} suggests that these rocks were 
extruded through a warm, plast ical ly extending crust with a b r i t t l y  extending thin 
skin in a manner similar to that proposed by Eaton (1979) for the Basin and Range 
in general. 

Older volcanism (i.e. 20-30 m.y.B.P.} is concentrated in the southwestern parts 
of the study area, particularTy in the Kofa and Castle Dome Mountains. Although 
detailed mapping has only recently taken p~ace in most of the volcanic terranes of 
western Arizona, several possible calderas have been postulated (Plate I). They 
are located in the Date Creek Mountains and parts of the Castle Dome, Chocolate, 
Middle and Kofa Rountains. The Kofa caldera is defined by a steep, negative 
residual Bouger gravity anomaly (Gutman, 1981; 1982}. 

On Plate 1, unit designation Tom represents rocks of intermediate and minor mafic 
compositions { i . e . ,  andesites, dacites, and basalts). Although the term "m" 
(mafic) is used for this calc-alkaline association, i t  should be noted that 
these rocks are mainly andesites and dacites and, therefore, dist inct from the Tym 
unit. normally, these rocks consist of dense, pink to gray, locally porphyritic 
flows of andesite/trachyandesite and dacite that are intercalated with breccia and 
reddish-brown, volcaniclastic sediments. Some flow rocks have tabular phenocrysts 
of pyroxene, and plagioiclase encased in a f inely-crystal l ine groundmass of 
plagioclase, pyroxene and opaque minerals {Briskey and others, 1978). 

Tof l i thologies are essentially of felsic voTcanic rocks of rhyodacite to rhyolite 
composition. Large exposures of Tof are limited mainly to the Kofa, Caste Dome, 
Sand Tank, and Sauceda Mountains regions of southwestern Arizona (Plate I ) ;  the 
aerial ~ extent of this unit may be co~trolled by the position of inferred calderas, 
particularly in the Kofa Mountains {Gutman, 1981; 1982). 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 

I 
I 

26 | 



O- 

10- 

,o! 

! 
I 

NO eulcanlS*~ recor~e ~ . :~ [ 
w~st-cemtra I Arizona 

40 ' 
• ~t} 5'0 6'0 7"! 8*n 

SiO 2 (weiant Percent~ 

Tectonic ; t a b i l i ~ y '  

Pos~:bIe jnI~?~ su~ge~efl 
by ret-ea: ~ 6ui~ a? Cal~- 
Cornla ~.na)~.nt ()ouse 
Fo~-at~on; 

Cessat'cp : f  e~te,,siml 

Ba~n-~ar~e ~nas~: 

Block fa~It~n 5. r~1Or41 
fOl=S 
= ~  r a ¢ { ' v  ; ~ . . .  e ~ cooler, mo?e 
r l g ~  : r : s t .  minor tatai 
e)te~s:)n. : ro l ress lve}y 
lo.e- magma sources ta?pen 

~a~ ex~enslOnal ~ase: 

Thln, br~tt)e uDDer Crus: 
Ore" wa~,~l~s::C mtc~!e 
~n~ lower :ru~t 

nOrm~I fau I t i .~  

Figure ~ - Relation between si l ica composition, time 
of eruption, and struczural events associated 
with volcanism in wesz-central Arizona. Approach 
here suggested by Elston and~Bornhorst (ig7g). 
Time of inception of eruption is approximate. 
Older volcanic rocks: I-  basaltic andesite; 2- 
dacites and low-silica rhyolites; 3- pozassic 

rhyol i tes.  Younger volcanic rocks: 4- s i l i c i c  
basalts; 5- basalts and basaltic andesites; 
6- potassic rhyolites; 7- low-silica basalts. 

(From Otten, 1982) 

27 



Compositional ly, rocks of the Tof unit are most commonly porphyritic quartz 
lat i te,  rhyodacite, and rhyolite flows with intercalated breccia and tuffaceous 
rocks. Representative samples consist of plagioclase, potassium feldspar, quartz 
and hornblende phenocrysts in an aphanitic to cryptocrystalline groundmass of 
potassium feldspar and quartz (Briskey and others, 1978; Rytuba and others, 1978). 

Tyf-Tym - Younger Tertiary Felsic and Mafic to Intermediate Volcanic Rocks 

Volcanic and tectonic styles throughout nearly the entire western United States, 
including western Arizona, underwent a profound change during the mid-Miocene. 
Subduction along the western edge of California ceased and by about 19-20 m.y. ago 
all collision related c~pressional tectonism had been replaced by a crustal 
extension regime and associated strongly bi-modal basalt-rhyolite assemblages 
related to Basin and Range tectonism. 

Volcanic rocks younger than about 19 m.y.B.P, have been subdivided into two 
catagories on Plate i :  Younger Tertiary Felsic rocks [Tyf), and Younger Tertiary 
Mafic rocks {Tym). Unit Tym consists of rocks of basalt to andesitic basalt 
composition. The majority of these rocks are made up of numerous flows of 
dark-purplish-gray to dark gray basaltic andesite lava and breccia with lesser 
amounts of true basalt. Interbedded with these mafic rocks may be thin beds of 
white to red tuffaceous sediments and coarse clastic rocks (Anderson, 1978; 
Suneson and Lucchita, 1983). Locally, these rocks are porphyritic with phenocrysts 
of plagioclase or quartz in a finely-crystalline groundmass of plagioclase, 
pyroxine, quartz, biotite, hornblende, and olivene (Suneson and Lucchita, 1983). 

Rocks of the Tym designation are located predominately in the Black, L i t t le Horn, 
and Growler Mountains and the Castaneda Hi31s (Plate 1). Younger mafic volcanic 
rocks in western Arizona are generally between 5.4 and 19 m.y. in age, with major 
pulses of mafic volcanism at about 16-18 m.y. and 5-10 m.y. ago (Anderson, 1971; 
Otten, 1981; Suneson and Lucchita, 1983). 

In general, younger felsic volcanic activity CTyf) took place between about I0 and 
17 m.y. ago in most of western Arizona. This places the majority of the volcanism 
between the two major pulses of mafic activity. Younger Tertiary felsic volcanic 
rocks were mainly errupted from isolated volcanic centers scattered throughout 
western Arizona. The most notable of these centers is that near Oatman in the 
Black Mountains. Other centers of rhyolitic activity occur in the Date Creek- 
Arrastra Mountain region, the Castaneda Hills, and the Ajo Range in extreme 
southwestern Arizona (Plate I) .  

The felsic volcanic rocks that make up the largest part of the Tyf unit are 
generally rhyodacitic to rhyol i t ic  in composition. They occur as interstrat i f ied,  
lobate to lenticular shaped bodies consisting of domes, flows, breccias, tuffs, 
and pyroclastic deposits. Norm.ally, flows form short, stubby masses that are 
intercalated with turfs near rhyolite domes. Lavas are generally l ight colored, 
massive flows composed of quartz, sanidine, oligioclase, biotite and hornblende; 
locally, some lavas may be topaz-bearing (Anderson, 1978; Burr and others, 1981; 
Suneson and Lucchita, 1983). 
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Ti, Tui, Tmi, Tli - Tertiary Plutonic and Hypabyssal Rocks 

Several designations of Tertiary intrusive rocks are used on Plate 1. These 
designations are based either upon composition, texture, or upon age in the case 
of holocrystalline rocks. An attempt was made to label Tertiary hypabyssal rocks 
with a subscript to denote composition. Thus, Tertiary intrusions with a subscript 
"r" (Tir) signify rocks of rhyodacite to rhyolite composition; those with an "a" 
(Tia) subscript are dacitic to andesitic in composition. Units designated Ti are 
of unknown character and may be of plutonic or subvcolcanic character. 

Tertiary hypabyssal rocks can be found throughout most of western Arizona; large 
areas of intrusive rhyolite are located in the Sand Tank-Sauceda Mountains region 
south of Gila Bend. Scattered, smaller exposures are located virtually throughout 
the study area with perhaps the best exposures being in the Arrastra Mountain-Date 
Creek Basin area northwest of Wickenburg; in the Castaneda Hills-Buckskin 
Mountains region northeast of Parker; and near Oatman in the Black Mountains 
(Plate 1). Intrusive rocks of a mafic composition are relatively insignificant and 
are located mainly in the northern half of the study area. 

Compositionally, Tertiary felsic intrusive rocks are generally composed of finely 
crystalline, hypidiomorphic to porphyritic rhyolite and rhyodacite. Phenocrysts 
are of mainly euhedral to anhedral quartz, potassium feldspar, plagioclase, 
hornblende, biotite, and magnetite. Groundmass mineralogy is composed 
predominately of microcrystalline quartz, potassium feldspar, plagioclase, 
biotite, apatite, and magnetite. 

Plutonic rocks are designated str ict ly by age, not composition. These rocks are 
generally granodiorite to quartz monzonite in composition. Unpublished chemical 
data by Rehrig comparing mid-Tertiary and Laramide plutonic rocks in the southwest 
has shown essentially no major differences between the two suites of magmatic 
rocks. Generally, both are calc-alkaline rocks of intermediate composition. Age 
brackets for Tertiary plutonic rocks are as follows: (1) Upper Teritary (Tui), 
less than 20 m.y.B.P.; (2) Middle Tertiary (Tmi), 20-40 m.y.B.P.; and, (3) Lower 
Tertiary (Tli), 2-mica-bearing plutonic rocks, 40-50 m.y. in age. 

Tertiary plutonic rocks crop out throughout western Arizona. More specifically, 
they are generally comagmatic with the volcanic rocks with which they are 
spatially and temporally(?) associated. The best example of this may be near 
Oatman where the Times Porphyry (Tui) intrudes i ts coeval volcanic rocks (Clifton, 
1980). Spatial, but not necessarily temporal, association is found between 
volcanic and plutonic rocks in the El Dorado-Black Mountains south of Lake Mead, 
the Newberry Mountains of southernmost Nevada, and several areas in southwestern 
Arizona particularly in the Chocolate, Kofa, Big Horn, and Vekol Mountains (Plate 
I). 

Lower Tertiary 2-mica plutonic rocks display a distinctive mineralogy that makes 
them unique in the framework of Arizona Phanerozoic magmatic history (Keith and 
others, 1980). These rocks are normally granite to quartz monzonite in 
composition, but are distinctive in that they are biotite, muscovite, and 
garnet-bearing. Often the 2-mica granites are medium to coarsely crystalline 
(commonly rich in pegmatite phases), locally porphyritic and consist of quartz, 
plagioclase, and potassium feldspar in addition to biotite, muscovite, and garnet. 
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These 2-mica granites are thought to be part of a regionally extensive plutonic 
event. These rocks underlie approximately 65% of the area of the Santa Catalina- 
Rincon-Tortolita complex near Tucson and large parts of the Harquahala and White 
Tank Mountains in west-central Arizona (Plate I) (Keith and others, 1980). Age 
dates by Keith and others (1980) from 2-mica granites in the Santa Catalina 
Mountains are remarkably concordant at 44-50 m.y.; Rehrig (unpublished data) has 
constrined the age of the 2-mica pluton in the Harquahala Mountains as between 
40-55 m.y.B.P. A similar age may be inferred for other 2-mica granites in western 
Arizona as well. 

QTb - OTi - Quaternary and/or Tertiary Basalt and Vents 

This unit is reserved exclusively for those basaltic rocks 5 m.y. in age or less. 
These are found exclusively in the Sentinel and Pinacate volcanic f ields near Gila 
Bend and the Mexican border (Plate I ) .  Basalts of these fields are typical ly 
black, local ly vesicular or amygdaloidal and generally megacryst, bearing flows 
and vents. The rocks are characterized by large megacrysts of plagioclase, 
p yroxene, and ol ivine in a dense, fine-grained groundmass. 

Vents for many flows are small, eroded spatter or scoria cones, steeply dipping 
dikes, or small domes. The rocks often are seen as large, desert varnish-coated 
bo.ul ders. 
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TECTONIC OVERVIEW 

(WITH NOTES ON REGIONAL METALLOGENESIS) 

Introduction 

The preceding section of the report has described tectono-stratigraphic units for 

Plate 1 and should provide an adequate famil iarity with the kinds of rocks which 

occur in western Arizona. I t  now becomes the task of the present chapter to weave 

these descriptions into a coherent tectonic history. Such a summary containing 

brief comments on known, major mineralization events, w i l l  set the stage for the 

rigorous treatment of metallization and target areas, resulting from 

interpretation of the map series and mine-district analysis. 

Precambrian 

The oldest known rocks in western Arizona are the 1700 to 1850 m.y. volcanic and 

volcaniclastic rocks of the Yavapai series which occur in the central- northeast 

portion of the study region. Equivalent rocks to the northwest are the Vishnu 

Series; and to the southeast, the Pinal Schist. Basement rocks exposed elsewhere 

in the region are more strongly metamorphosed (amphibolite-grade) than the 

dominantly greenschist facies of the Yavapai series. I t  is suspected that many of 

these higher grade rocks are derived from Yavapai-like protoliths, especially in 

the northwest part of the state (personal commun., Phil Anderson, 1982). 
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The apparent general absence of Precambrian rocks south of Interstate I0 should be 

noted. This gap may be an art i fact of insuff icient dating and the d i f f i cu l ty  in 

sorting out variably metamorphosed Mesozoic rocks from true basement. The isolated 

1.7 b.y. date reported by L. Silver (in Dillon, 1975) on the gneissic granite of 

Pilot Knob just west of Yuma and a recent 1.7 b.y. date on gneisses in the 

Mohawk Mountains south of I-8, Ajo sheet (personal commun., G. Haxel, 1984), 

suggests a poorly recognized presence of Precambrian rocks in the southwest corner 

of Arizona. 

Precambrian pl~tonism can be roughly subdivided into periods from about 1650 to 

1760 m.y., 1400 to 1500 m.y. (becoming as young as about 1350 m.y. in the 

northwest part of the state),  and the less extensive 1000 + I00 m.y. diabase event 

associated with Apache Group sediments. Unpublished work by Rehrig in southcentral 

Arizona suggests a 2-mica pTutonic event pre-dating the Apache diabases and 

post-dating the Oracle granite, but i t s  presence in western Arizona has not been 

validated. 

The oldest plutonism tends to be basic in i ts  composition (gabbro and d ior i te)  and 

is related ei ther to the Mazatzal Orogeny (Wilson, 1939) or to Yavapai magmatism. 

Many of these plutons are variably fo l ia ted with trends paral lel  to those in the 

hosting metamorphic rocks {Reynolds, 1980). The most widespread magmatic event is 

post orogenic and includes the 1.4 to 1.5 b.y. equivalents of the Oracle or Ruin 

granites in so~thcentral Arizona. Rocks of th is epoch are character is t ica l ly  

megacrystic in Kspar a~d are porphyr i t ic quartz monzonite to quartz monzonite 

porphyry. These plutons have invaded vast expanses of the Hudsonian basement in 

middle North America and the petrogenetic mechanisms for such volumes of uniform, 



atectonic magma generation, especially in terms of plate tectonic schemes, remains 

unresolved. 

Late Proterozoic, Apache Group sediments are not common in western Arizona. In 

most of Arizona, thicknesses of these rocks are less than about 1500 f t .  

Equivalent rocks of the Grand Canyon Series in extreme northwest Arizona are 

10,000 to 12,000 f t  thick. In nearly all localit ies, the Apache sediments are 

intruded by 1150 m.y. diabase s i l l s  and dikes. 

Tectonism in the Precambrian was concentrated in the 1600 to 1700 m.y. Mazatzal 

Orogeny or "Revolution" (Wilson, 1939) during which Yavapai sediments and 

volcanics were variably metamorphosed, intruded and folded about NNE- to 

NE-trending axes. Actually, two and perhaps more distinct phases of folding 

affected these rocks and deformation may have been polycyclic at different times 

and in different places. Any plate tectonic ideas regarding primary rock 

generation or subsequent orogeny are purely speculative. Since the nearest 

pre-Proterozoic crust to the Yavapai of central Arizona occurs in central Utah, a 

subduction history is  d i f f i cu l t  to piece together. What remains fa i r ly  certain is 

that the setting consisted of an oceanic island arc or immature arc marginal to 

some Archean continent. The tectonic setting for late Proterozoic sedimentation 

throughout North America is r i f t-related, which also appears to be the case in 

Arizona. The Grand Canyon disturbance subsequent to sedimentation resulted in 

diabase intrusion and normal fault development (Moore and Wilson, 1965). 

Major metals mineralization in the Prcambrian occurred during deposition of 

Yavapai rocks resulting in polymetallic, stratabound deposits of volcanogenic and 
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exhalative origin. These deposits, some with carbonate facies gold, appear 

associated with terminal felsic phases of mafic to felsic volcanic cycles; 

evidence suggests that at least four of these mafic to felsic cycles occurred in 

the Proterozoic of Arizona (Donnelly and Hahn, 1981). Minor synsedimentary 

mineralization CU + base-metals) is known from dark, fine-grained, arenaceous 
m 

rocks of the Dripping Springs Quartzite along the Mogollon Rim area north of 

G~ obe-Miami. 

PaTeozoic 

Strata which have been correlated with Paleozoic rocks of southeastern Arizona or 
[ ]  

the Colorado P~ateau sequence exist in small scattered exposures through western 

Arizona. The sequence is best exposed in the Plomosa, Harquahala, and Li t t le  I 

Harquahala Mountains (Plate 1). The Section is thin, less than a few thousand feet [] 

thick, with carbonates, shales and sandstones displaying a cratonic or shelf 

environment. Sediment transport is assumed to have come from the transcontinental ' I  
mm 

basement arch to the northeast. Dramatic thickening into the miogeocline occurred 

just to the northwest of Arizona into what is now southern Nevada. I 

! 
Arizonan PaTeozoic rocks display essentially no effects of the mid-Paleozo~c B 

Antler Orogeny as is evidenced in Nevada, nor any other structural deformation of I 
mm 

consequence at t r ibutab le  to Paleozoic or terminal Paleozoic disturbances elsewhere, 

in North America. I t  is not uncommon in the western part of the state to find l 

severely deformed and metamorphosed outcrops of Paleozoic rocks; however, their [] 
condition is believed a consequence of Mesozoic or Laramide tectonism. Although []  

Paleozoic rocks, particularly carbonate sections, have served as good hosts for I 
m 

younger metallization, no metal deposits of Paleozoic derivation are known. 
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Mesozoic 

Mesozoic supracrustal rocks through the middle part of western Arizona are 

significantly distinct from the cratonic sections described on the Colorado 

Plateau and from the thick, mainly marine accumulations of southeast Arizona. 

These distinctive lithologies have also been described through large portions of 

the Papago Indian Reservation (Haxel and others, 1980). Equivalent rocks in the 

southwest corner of the state are suggested by the early work of Wilson (1933, 

1962), but definitive study has been inhibited by the presence of restricted 

bombing and gunnery ranges. 

Unequivocal Triassic age rocks are not known in western Arizona. Some red bed 

sequences in the Alamo and Quartzite areas may be of this age (Reynolds, personal 

commun., 1985). The Mesozoic sedimentary sequence where mainly studied (the Dome 

Rock, Plomosa, Harquahala, L i t t le  Harquahala, Granite Wash Mountains, and adjacent 

areas of the Mojave Desert) (Figure 6), appears to start with continental rocks 

overlying volcanics of Jurassic age or similar strata deposited directly onto 

Paleozoic carbonate rocks (Reynolds, 1980; Marshak, 1980; Harding, 1980). The 

Mesozoic rocks are red beds, arkosic sandstones to conglomerates and graywackes of 

extraordinary thicknesses (2-6 km). They are essentially devoid of fossils, with a 

clast character suggestive of in i t ia l  Paleozoic source areas followed by sources 

made up of volcanic and granitic rocks (Harding, 1980). Both provinces are 

probably representative of North American continent (Robison, 1980). 

The beginnings of this sedimentary sequence in many areas appears coeval with 

Jurassic volcanism consisting commonly of felsic flows and shallow intrusive 

equivalents. Granitic plutons, typically megacrystic in Kspar, somewhat alkalic in 
35 
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chemistry, and closely resembling 1.4 b.y. Oracle-like rocks, are found intruding 

Paleozoic and Mesozoic sedimentary and volcanic sections. These intrusive bodies 

are important because in some areas, dark, clastic sedimentary sequences appear to 

overlie the plutons unconformably (Reynolds, 1980; Rehrig, unpubl, observations in 

the Granite Wash Mountains). The few dates available for the plutons fa l l  in the 

early- to mid-Jurassic interval and suggest contemporaneity with volcanism. This 

volcanism is part of a major Jurassic magmatic arc which existed both off- and 

onshore, marginal to the North American craton. This arc marked the emergence of 

the modern circum-Pacific subduction system (Dickinson, 1981). 

As indicated above, some of the "dir ty",  immature (poorly sorted, feldspathic, 

l i th ic - r i ch) ,  Mesozoic sedimentary rocks appear to post date Jurassic magmatic 

act ivi ty. There are, however, indications in some ranges, both in SE California 

( i .e . ,  Dillon, 1975) and SW Arizona ( i .e . ,  Crowl, 1979; Richard, 1983; Rehrig, 

unpubl, data), that considerable thicknesses of metagraywackes are intruded by 

Jurassic plutons ( i .e . ,  Cargo Muchacho Mountains, Dome Rocks, t i t t l e  Harquahala 

Mountains, and possibly the Eagle Tails). These graywackes may be of early 

Mesozoic age or are related to Jurassic tectonism. In an overall sense, i t  

appears logical to loosely associate much of this sedimentation in the region of 

interest to Jurassic arc tectonism and interior, probably fault controlled 

continental basins that were closely associated with calc-alkaline to alkaline 

volcanism and plutonism. A back arc setting with extension along WNW to EW trends 

has been suggested (Bilodeau, 1978, Robison, 1980). Paleocurrent data indicate a 

north to south sediment transport (Harding, 1980; Robison, 1980). 
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As cited by Robison (1980), the fault-boundedbasin through middlewestern Arizona 

may have been bounded by a continental terrane on the north and a 

volcanic provenance on the south. 

Cretaceous sedimentation cannot be specifically confirmed; however, i t  seems 

l ikely that deposital environments inherited from the Jurassic continued into the 

Cretaceous (Robison, 1980). Placing a tectonic cap on this orogenically active 

sediment deposition are mid- to late-Cretaceous 90 m.y. plutons { i .e . ,  Tank Pass 

batholith in Harcuvar-Granite Wash Mountain area) which intrude the Mesozoic 

sections. Curiously, major sedimentary accumulations resulting directly from 

Laramide tectonism and upl i f t  at the end of the Mesozoic have not been delineated. 
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Mesozoic along with Pa~eozoic supracrustal rocks have been intensely deformed 

through western Arizona. I~ some areas, this condition is accompanied by varying 

degrees of metamorphism. The recognition of this tectonism, and the close ties 

between deformational fol iat ion, folding, metamorphism and profound thrust 

faulting has only emerged d~ring the last few years by means of reconnaissance and 

detailed mapping by a number of workers {Miller, 1966; Varga, 1977; Crowl, 1979; 

Rehrig and Reynolds, 1980; Reynolds, 1980; Reynolds and others, 1980; Hardy, 

1984). Miller's mapping of the Quartzite 15' Ruadrangle in the early 1960's gave a 

preview of the structural complexities. Subsequent work has established large 

areas cut by pervasive cleavage or foliation at wide angular discordance to 

bedding; isoclinal, sma~l-scale to nappe-like folds; and stacked thrusts involving 

aTlochthonous slices of crystalline and gneissic basement. Mylonitic fabrics 

commonly occupy considerable thicknesses {up to 100 m) along the fault structures 

and into the upper plates, The overall deformation is penetrative and ductile with 
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considerable attenuation of stratigraphic units. The deformational style is 

similar to that documented in the Big Maria Mountains of SE California by Hamilton 

(1982). Reynolds (1980) cites evidence for southward-directed tectonic transport. 

Dillon (1975) and Haxel and Dillon (1978) suggest a close temporal and spatial 

association between thrusting and metamorphism. Unpublished work by Rehrig and 

Wilson in the southeast Mojave region and by Rehrig and Reynolds (1980) in the 

Harcuvar metamorphic core complex suggests that areas of higher grade 

(amphibolite-facies) metamorphism may be related to centers of deep-seated 

Mesozoic plutonism and thrusting. 

The most profound and least understood thrust structure in western Arizona is the 

Vincent-Orocopia overthrust which appears to extend from the Chocolate Mountains 

of southeast California across the Colorado River to as far east as the Neversweat 

Ridge area on the mil i tary reservation (Figure 3) (Haxel and Dillon, 1978, and 

Plate 1). In isolated exposures, this structure generally separates Orocopia 

Schist in the footwall from North American crystall ine rocks (Mesozoic plutons or 

basement gneisses) of the upper plate. The Orocopia rocks represent a relatively 

uniform oceanic or trench assemblage of metagraywackes with subordinate, 

interbedded intervals of metachert, metabasite, metaultramafic rocks and a few 

carbonate (exhalite?) horizons. The Orocopia has been likened to the Franciscan 

subduction complex of western California (W. Hamilton and G. Haxel, personal 

commun., 1984). New age data, however, refutes this connection. Concordant U-Pb 

zircon ages of 163.2 and 160.9 m.y. (Mukasa and others, 1984) from a 

pre-metamorphic pyroxene-hornblende diorite dike that intrudes the graywacke and 

basalt protolith prio to thrust-related metamorphism in late Mesozoic time, 

provides a minimum age for the protolith of the Orocopia schist. This minimum age 
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indicates that the Orocopia could not be related to the compositionally similar, 

but younger, Franciscan complex. The discovery of Orocopia rocks and their 

inferred thrust relationships within Arizona establishes a tectonic connection 

with the Mojave province of California. This connection may have extremely 

important tectonic and metal logenic significan, ce. 

In general, age constraints for the intense compressional tectonism and 

metamorphism are well established between the age of youngest rocks affected, the 

Jura-Cretaceous supracrustal rocks, and dates on the oldest cross-c~tting 

i~trusive rocks, which are of Laramide age. In detail and from place to place, 

t~ese constraints differ. For example, Harding (1980) cites paleomagnetic and 

structural evidence suggesting that metamorphism and deformation inthe McCoy 

Mountains Formation, a SE California equivalent to the "dirty," orogenic sediments 

of Arizona, is no younger than late Jurassic and that the protolith is, therefore, 

older (mid-Jurassic to Triassic ?I. In the Granite Wash Mountains along the 

western margin of the Harcavar metamorphic core complex, the 87 m.y. Tank Pass 

batholith appears to cross cut metamorphic isograds in the Mesozoic rocks, yet 

there is circumstantial evidence that metamorphism may be roughly associated with 

this plutonism (Rehrig and Reynolds, 1980). Either way, this would place this 

phase of tectonism as mid-Cretaceous in age or older. As much of the Tank Pass 

pluton is deformed (foliate with subtle lineation), tectonism continued after its 

emplacement. In the HarquahalaMountains, Reynolds and others (1980) have 

documented an amazing thrust geometry with at least two major plates of 

a~lochthonous Precambrian rocks and subjacent plates of strongly deformed 

Paleozoic and Mesozoic metasedimentary rocks. The thrusting discordantly cuts 

recumbent, southeast-vergent folds; and kinematic indicators suggest southward 
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fault transport (Hardy, 1984). The time of thrusting is bracketed by the Mesozoic 

rocks affected and undeformed cross cutting dikes of 2-mica granite with Rb/Sr 

ages of 40-55 m.y. (Rehrig, unpubl, geochron, data). One of these thrusts, the 

Hercules fault, is intruded by the Tank Pass (80-90 m.y.) pluton in the Granite 

Wash Mountains (Reynolds, 1985, pers. comm.) which dates the structural event as 

pre-mid-Cretaceous. Haxel and others (1980) describe relationshps in the Papago 

Reservation indicating that thrusting and metamorphism are closely related and 

that anatactic 2-mica granites (dated at 58 m.y.) were intruded during the waning 

stages of this tectonism. Haxel and Dillon (1978) argue that the major 

displacement on the Vincent-Orocopia thrust culminated in late Cretaceous time. 

In summary, the Mesozoic is marked by a dramatic change from the relatively placid 

conditions of the Paleozoic. Although Sonoman (Triassic) orogenic events are not 

recognized, certainly by early Jurassic time, the southwest cratonal margin of 

North America was experiencing major fault-controlled basinal development with 

actively eroded margins. Much of this sedimentation was coeval with volcanism and 

establishment of a continental magmatic arc (possibly of WNW-trend) in ti l is 

region. Closely following sedimentation, Jurassic continental sediments and 

volcanic rocks were overprinted by severe folding, thrusting and metamorphism. 

Some of this tectonism may be associated with the Mule Mountain suture zone as 

described by Tosdal (1982). Orogenic-style sedimentation may have continued into 

the Cretaceous, as did the orogeny i tse l f  in the form of supracrustal and basement 

deformation, metamorphism and plutonism. Mylonitic and low-angle tectonic or 

metamorphic fabrics commonly transposed on basement and Mesozoic rocks were the 

results. The tectonic fabrics exhibit highly ductile and penetrative structures, 

l i t - p a r - l i t  injection, amphibolite-grade metamorphism (?), and the involvement of 
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basement cored thrusts are suggestive of fa i r l y  deep-seated, high temperature 

conditions. The termination of this orogenic setting did not occur until latest 

Cretaceous time, as evidenced by the fact that most of the Laramide plutons are 

unfoliated epizonal bodies which discordia~t~y cross cut the deformed and 

metamorphosed fabrics, 

Late Cretaceous to earliest Tertiary Larami~e plutonism was responsible for 

porphyry copper deposits, base meta~ replacement deposits and copper skarns 

through much of Arizona. The Ajo, Bagdad and Ithaca Peak copper mines are the only 

examples of major porphyry deposits in the western part of the state, although 

other, uneconomic systems exist (see overlay 4). For a number of years, 

exploration efforts attempted to determine why porphyry deposits were not as 

numerous in the west as in the southeastern part of Arizona. Precious metals 

occurrences are known spatially related to the copper deposits but some of these 

may be the resuits of superimposed, later events. Curiously, more gold has been 

produced from porphyry copper deposits in~ Arizona ( i .e . ,  Ajo - 1.6 million oz., 

Bisbee - 2.8 mill ion oz.) than from most other types of metals occurrences (Keith 

and others, 1983a). 

Although largely unsubstantiated in the l i t e ra tu re ,  we feel that there are highly 

s ign i f i can t  precious metals associations to be found wi th in the Mesozoic 

sedimentational-metamorphic sett ing of western Arizona. These associations, which 

w i l l  be f u l l y  described la te r  in this report, are control led by primary, 

gold-bearing, l i t ho log i c  factors; metamorphism; intrusive ac t i v i t y  and thrust 

fau l t ing.  Many gold-bearing, tungsten associated deposits in these rocks are found 

control led by major and minor thrust faul ts.  
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Tertiary 

The catastrophic, compressional and plutonic events of the Laramide Orogeny 

continued into the Tertiary until about 40 m.y.B.P. We know of scattered 

occurrences of Laramide-age volcanic rocks through the Sonoran province, but major 

accumulations of sedimentary rocks, have not been delineated. Perhaps the 32 m.y. 

old Whitetail Conglomerate described in the Superior-Ray area (Cornwall and 

others, 1971) comes as close as is currently possible to being called a product of 

Laramide tectonism and erosion. There is, nevertheless, a conspicuous gap in the 

sedimentary record in western Arizona from about mid-Cretaceous time until the 

mid-Tertiary at about 30 m.y.B.P. 

Originally, the Laramide Orogeny in Arizona was defined by a widespread burst of 

• plutonism ranging from 75 to 50 m.y.B.P. (Damon and others, 1964). The widely 

recognized plutons of this magmatic eventare typically high-level, commonly 

zoned, calc-alkaline bodies of quartz diorite to quartz monzonite composition. 

Granodiorite is a good average characterization. A similarly spectacular magmatic 

epoch occurred from about 30 to 20 m.y during mid-Tertiary time. Spaning the 

Tertiary, therefore, are two major magmatic peaks separated by what has been 

called a magmatic gap from about 50 to 30 m.y. (Figure~). 

Recently, a distinct, Eocene plutonic event has become recognized which appears to 

f i l l  the magma gap at least from 50 to about 40 m.y. (Keith and Reynolds, 1980; 

Keith and others, 1980). The Eocene intrusions are peraluminous, alkali-rich, 

2-mica, garnet-bearing granites or monzogranites with common pegmatite 

aff i l iations. They would be characteristic of S-type magmas and, as clearly 
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demonstratable in the field, are not associated with biotite-hornblende-bearing 

plutons. They are not, therefore, part of any normal differentiation sequence, as 

has been evidenced by Haxel and others (1980) for equivalent rocks in the Papago 

Reservation ("Presumido-type"). As indicated above, these Eocene magmatic bodies 

are of special interest because they bear a close temporal relationship with the 

end of Laramide Orogeny. In addition, their peculiar chemistry, high ini t ia l  

strontium ratio(>O.71) and disassociation with any I-type, subduction associated 

magmas suggest a crustal source for their generation. The absence of other types 

of Eocene plutonism is taken to mean that tectonic or plate tectonic conditions 

were significantly different from those of the preceding "classical" Laramide 

Orogeny. In fact, as suggested by Keith (1984, personal commun.), this Eocene 

plutonism may have accompanied the most severe phase of Laramide compression and 

crustal shortening. 

Traditionally, the presence of muscovite in plutonic assemblages has indicated 

crystallization at substantial crustal depths ( i .e. ,  >10 km). A high proportion of 

the muscovite-biotite plutons occur in the highly deformed, metamorphosed, and 

mylonitic hostrocks of the metamorphic core complexes ( i .e. ,  Harcuvar, Harquahala 

White Tank, Picacho, Catalina-Rincon), which also is suggestive of deep seated 

tectonism. The complete story is not yet in on this unique period of magmatism 

with its differences from the earlier (75-50 m.y.), shallower, hornblende-biotite 

plutonic suite. 

Through much of the region of study, Oligocene-Miocene (mid-Tertiary) rocks are 

characterized by continental volcanic and associated sedimentary deposits of the 

so called "ignimbrite flareup" (Coney, 1980) or mid-Tertiary orogeny. Volcanics 
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include abundant welded and non-welded ruffs, lava flows, pyroclastic deposits, 

and numerous hypabyssal dikes, plugs and stocks with both volcanic and 

holocrystalline textures. Compositionally, these magmatic products are of 

intermediate to felsic, calc-a~kaline character and, curiously, vary l i t t l e  from 

the average composition of Laramide magmatic rocks {Rehrig, unpubl, data). The 

time span of this volcanic and plutonic act iv i ty extended from as early as about 

30 m.y. to perhaps 18 m.y. (Figure 7). Toward the end of the epoch, more mafic 

and quartz alkalic rocks were erupted or intruded. 

Mid-Tertiary, elastic sedimentary rocks include locally thick deposits of 

red-brown colored, arkosic, fanglomerate; Sandstone to mudstone; slope breccias 

and fine-grained sequences of l ight- or vari-colored shale, siltstone, limestone 

and tuffaceous rocks (Reynolds, 1980). In the Buckskin-Rawhide Mountain region 

(Plate I ) ,  the iron stained, terr iginous rocks are commonly carbonate r ich with 

interbedded lacustr ine horizons. There, a re la t i ve l y  thick composite section is 

represented by the A r t i l l e r y  and Chapin Wash Formations (Laskey and Webber, 1948, 

Shackelford, 1976; Otton, 1980) which spans the mid-Tert iary period from perhaps 

as early as 40 m.y. to 16 m.y.B.P. As reviewed by Reynolds, s t rat igraphic study 

( i . e . ,  Laskey and Webber, 1949; Eberly and Stanley, 1978, and others - refer to 

Reynolds, 1980, p. 11) indicates variable thicknesses of ferruginous, arkosic 

conglomerate at the base of mid-Tertiary sections with basalt or basaltic 

andesites at the top. Between these boundary litho~ogies, the relative 

stratigraphic positions and abundances of andesite dacite to rhyolite and 

intercalated, epic~astic rocks vary widely from place to place. Commonly, this 

variance is dependant upon the location of major volcanic centers. In the study 

region, volcanic centers may occur in the Kofa-Castle Dome area, Ajo volcanic 
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f ield, Palo Verde-Gila Bend Mountain area, Eagle Tail-Bighorn Mountains, McClenden 

Peak Area (east of Alamo Dam), Castle Hot Springs area east of Wickenburg, and 

within the Black Mountains of northwest Arizona. 

Diametrically opposed to Laramide tectonism of compression and crustal 

contraction, the mid-Tertiary is typif ied by extension and crustal expansion. This 

deformation involved the dynamic stretching, normal shear, and pull apart 

processes obviously more extreme than can be attributed to mere relaxational 

rebound from the previous orogeny. Structural features resulting from the 

extensional orogeny include NNW (+ 20")-trending dike and vein swarms (Rehrig and 

Heidrick, 1976); upper crustal blocks (generally including the mid-Tertiary 

volcanic and sedimentary cover) variably rotated and t i l ted on l i s t r i c  normal 

faults; and shallow-dipping detachment faults in places occurring on subjacent 

zones of mylonite. The mylonitic rocks exhibit profound ductile flattening, 

extension and shear (Crittenden and others, 1980; Reynolds, 1980; Rehrig, 1981). 

In most areas, the extensional deformation was shallow and br i t t le .  I t  was 

accommodated by intrusive dilation, and low-angle normal faulting. At certain 

local i t ies,  chiefly represented by the metamorphic core complexes, the orogenic 

strain was ductile, resulting in the mylonitic zones. In these areas, older, 

pre-existent low-angle metamorphic, mylonitic or thrust fabrics inherited from 

Mesozoic tectonism are observed as is the occurrence of mid-Tertiary plutonic 

bodies, occasionally of near bathoiithic proportions. 

Genetic models have been proposed for the metamorphic core complexes. They vary 

from crustal boudins to ductile shear zones (Davis and Coney, ~ 1979; Rehrig and 
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Reynolds, 1980; Wernicki, 1981; Hamilton, 1982; Davis, 1983). Whatever the 

explanation, their origin must be made compatible with the Cordilleran-wide burst 

of calc-alkaline, magmatism, crustal heating and attenuation, and the dramatic 

reduction or cessation of subduction processes along the continental margin from 

about 30 + to 18 2 m.y.B.P. 

As is now well substantiated, both tectonic and magmatic regimes changed 

significantly during the interval 19 to 15 m.y.B.P. The change varied from place 

to place, so the interval is fair ly broad. Structually the transition involved 

low-angle, l is t r ic  faulting with relatively large horizontal displacements 

changing to steeper, p~anar{?), normal faulting with predominant vertical throw. 

Petrologically, ~ntermediate, calc-alkaline magmatism changed to bi-modal, largely 

basaltic volcanism {Anderson, 1971; Rehrig and others, 1980; Reynolds, 1980). 

Tectonics later than 15 m.y.B.P, should be thought of as basin- and range-style 

and responsible for the elongate physiography which presently typifies much of "the 

study region. 

Metal deposits of Tertiary age are largely associated with processes of volcanism 

and extension. Curiously, the deposits appear to be more precious metals dominant 

than the base metal-ores of Laramide time. Tertiary mineralization occurs mainly 

as discrete, epigenetic veins cutting volcanic or older rocks. From cross cutting 

relationships, age dates on host volcanic rocks and a few mineralization dates 

(see Meta~lizatio~ sectio~ of report), the general impression is that most 

mineralization corresponded to the interval 30 to about 16 m.y.B.P, and is 

probably related to late stage, fe ls ic(?) ,  intrusve phases of volcanic cycles. An 

exception to this time scheme may exist in the Black Mountains area of Mojave 



County and in the Searchlight-El Do~ado area of Nevada where mineral-related 

intrusive rocks are younger than 15 m.y. 

As wi l l  be dealt with in substantial detail further in the report, some Tertiary 

gold metallization is closely associated with copper in the setting of the 

metamorphic core complexes and their detachment faults. Although we wi l l  argue 

that some of the metallization and alteration in the detachment zone setting may 

be derived from processesof ductile deformation at depth (mylonites), the 

presence of gold appears enhanced in those occurrences where felsic intrusive 

bodies have invaded the faulted and brecciated horizons. Some of these intrusions 

may be relatively young (18 to 15 m,y.) and of rhyolit ic composition. Elsewhere, 

mineralization is commonly structurally controlled by shallowly dipping l i s t r i c  

faults, formed on the fragmented upper plates to possible detachment-like faults 

at depth. In lower-plate positions, copper-gold deposits in veins and fracture 

zones appear commonly associated with microdiorite dike swarms of 21 to 27 m.y. 

age. 

With the possible exception of the Black Range-El Dorado area, there is l i t t l e  

mineralization associated with post-15 m.y. volcanism. In other areas of the 

southwest Cordillera ( i .e . ,  the Mojave Province), gold mineralization is 

frequently found in hot spring of subvolcanic settings associated with <15 m.y. 

felsic intrusive centers. In the study region, however, volcanism of this age is 

generally basaltic and lacks much mineral occurre,ce or potential. 
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METALLIZATION 

The discussio~ in th is ,  the major sections of the report, deals with the 

regional d istr ibut ion of precious metals in western Arizona, the detail of 

the various d is t r i c ts  and mines, and the formulation of ore deposits models. 

Our regional conclusions come from an a~alysis of the geologic base map 

(Plate 1) with metals overlay sheets and the derivative "Metals-Related 

Structures and Lithologies" overlay. 

Metals overlays were derived from a combined pTotting of available CRIB-MILS 

data. Unfortunately, only Yavapai County has received an update for CRIB 

entries, thus leaving other counties with less than complete occurrence in- 

ventories. Combining available MILS precious metals local i t ies with CRIB has, 

however, produced a su f f i c ien t ly  rigorous data base for the study. Combining 

precious ~etals with the "Other Metals" overlay, gives a comprehensive picture 

of mineral d ist r ibut ion t~ro~gh the study region and a~lows general associa- 

tions to be made between mineral d is t r i c ts  a~d tectonic elements or l i thologies. 

The Distr ic t -n ine Focus section represents the results of an exhaustive l i te ra -  

ture analysis of precious metals, mines, prospects and d is t r i c t s .  Because of 

the lack of regional assessment reports such as exist for Yuma County (Keith, 

1978), considerable work was expended seeking out unpublished reports and 

records on occurrences in other counties (Arizona Dept. of Mineral Resources, 

f i l e  data). The authors ~ own f ie ld notes and personal experience were relied 

on in a number of areas. We fee~ confident that the d is t r i c t  description 
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section is the most updated and comprehensive inventory available under one 

cover which treats precious metals, their geologic setting, historical produc- 

tion, competitor act iv i ty,  etc. I t  should prove a highly useful reference for 

explorationists. 

The formulation of deposit models was largely objective, fa l l ing out of our 

d is t r ic t  and mine analysis. Some new insights regarding detachment fault 

mineralization are offered and a fascinating new Mesozoic deposit type 

characterized by syngenesis, metamorphism and thrust faulting is described. 

Overview and Regional Distribution 

This section br ief ly describes the most widespread distribution of metals popu- 

lations through the study region. These distribution patterns are best seen 

using the tectono-stratigraphic base map in conjunction with the Metals-related 

Structures and Lithologies map (Overlay 4), the metals overlay sheets and the 

d is t r ic t  map (Overlay 5). I t  can be noted in introduction, that few specific 

structures, such as individual faults or dike zones, can be correlated directly 

with metals deposits on the basis of the regional maps alone. The same can be 

said of specific l ithologies. Such resolution does exist, however: its recogni- 

tion has come largely as a result of the in-depth and comprehensive mine- 

prospect-district focus part of the overall project. The d i f f icu l t ies in 

seeing specific mineral controls from regional map data alone can probably be 

attributed to two main causes: (1) the lack of decent mapping ( i .e. 15', 7½' 
i 

quadrangle) throughout most of the study area, and (2) the relatively incomplete 
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status of CRIB-MILS computerized metal occurrence f i le  data. Only one county in 

Arizona (Yavapai) has been recently updated by CRIB and one can obviously see 

from the metals overlays the results as a significantly increased population of 

occurrences, 
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Despite these encumbrances, study of the regional map series does permit some 

interesting general observations regarding the overall d ist r ibut ion of metals. 

Areas of Metal Depletion 

I .  Southeastern part of study region (Lukevil le, most of Ajo and south- 

east portion of the Phoenix ~ x  2 ° sheets): Generally the lack of metall ization 

may be due to several factors: ( I )  the relativeTy extensive tracts of ground 

ef fect ive ly  closed to mineral entry (bombing ranges and indian reservation), 

(2) large areas covered by mafic volcanic flows of re lat ive ly  young age, (3) a 

bathol i thic sized body or bodies centered in the Maricopa Mountains, of barren 

Oracle, 1.4 to 1.5 b.y. "granite." There are a few isolated base and precious 

metals occurrences scattered through the Ajo sheet. I t  is d i f f i c u l t  to say 

whether or not umi~hibited prospecting during the last 40 years would have led 

to a larger population of known prospects and mines. The total absence of 

mineral local i t ies in the Ajo volcanic f ie ld  north and northeast of the Gunsight 

HilTs and Ajo, is not easily explained. Most of these rocks are not post- 

mineral (as is Tum and Qtb) and there are numerous small intrusive centers 

scattered through the fie~d. 
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Of undetermined s igni f icance is the observation that the general northern 

boundary of the barren region corresponds rather c losely with the Gila River 

lineament, a subt le,  undefined, ENE-trending l inear  element which has been 

recognized for  a number of years .  

2. Gap between the Dome Rock and Castle Dome d i s t r i c t s :  Part of the 

mineral occurrence sparseness may be owed to thepresence of m i l i t a r y  w i th -  

drawals. Mafic and f e l s i c  Ter t ia ry  (Oligocene-Miocene) volcanics make up most 

of the area. They are intruded by numerous dikes probably s imi la r  to those in 

the major Castle Dome d i s t r i c t .  I t  is thus curious why the northern Castle 

Dome Mountains and adjacent areas are so barren. 

3. Gap between the Mohave and Cienega-Santa Maria-Rawhide d i s t r i c t s :  The 

southern part of th is  gap may be due to post-mineral volcanic and sedimentary 

cover. The Precambrian g ran i t i c  and gneissic rocks to the north in the B i l l  

Williams Mountains are anomalously barren of prospects as i f  the Crossman Peak 

detachment f au l t  j us t  to the north. 

4. Southernmost Black Range (south of Oatman d i s t r i c t ) :  A f a i r l y  extensive 

post-mineral,  basalt cover hides much of the mid-Ter t iary  volcanic rocks in th is  

area. AlsO, whereas the Oatman and Union Pass d i s t r i c t s  represent volcanic 

centers with numerous vents, subvolcanic stocks and dikes, there appears to be 

much less of these features wi th in  the barren area to the south. This apparent 

barrenness should be qua l i f ied  due to a few mine symbols (on topo maps) not 

recorded on CRIB-MILS maps plus the presence of a few NURE geochem anomalies 

f lanking the very south end of the range. 
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5. Gap between Go~d Basin and Wallapai d i s t r i c t s ,  Cerbat Mountains: The 

Precambrian rocks of th is  r e l a t i v e l y  barren area occur with outcrops of Mt. 

Davis and Patsey mine volcanics. Contacts are deposit ional and low-angle 

fau l ts  or detachment st ructures.  Although known metal occurrences are few, 

there are numerous RURE anomalies scattered through the area. 

6. Barren areas along the northeast mar~in of the study re~ion in elevated 

Precambrian basement te r ra in :  Much of the wide gap between the Cottonwood and 

Eureka-Bagdad may be partly owed to the extensive cover of post-mineral 

Tertiary volcanic rocks, The Precambrian exposures west of this cover, however, 

are also usual ly deplete in minera l iza t ion.  When compared to basement te r ra in  

to the south which is well mineral ized, the cause of the gap may be the lack o f  

Phanerozoic in t rus ion .  These possible causes appear to also apply to the 

narrower :gap in minera l iza t ion between the Crosby and Martinez,Weaver-French 

Gulch d i s t r i c t s .  

Areas of Metal Concentration 

1. Southern Bradshaw Mountains (east ha l f  of Prescott 1 x 2 ° sheet): 

This regional has a greater conce~trati0n of base/precious metals than any 

comparable-sized area in the study region. Some of th is enhancement may be due 

to the updated CRIB status in Yavapai County; however, much of the populous 

nature is f e l t  to be geologic. Within the well mineral ized area, there appear 

to be several d i f fuse belts of northeast trend where meta~ occurrences are most 

concentrated. The southern of these bel ts includes the Pine Grove-Tiger, 
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Minnehaha and Black Rock d i s t r i c t s .  A paral lel  belt may be present from Tip 

Top to White Picacho. Although Precambrian age, stratibound occurrences are 

present, i t  is of interest to note that the majority of the metals occurrence 

population is probably of Mesozoic-Tertiary derivation. Inspection of Plate I 

reveals that Phanerozoic plutons and dikes are also concentrated along these 

metal l i ferous bel ts,  and are probably the cause for the belts de f in i t ion .  I t  

is also evident that these belts roughly correspond with s imi lar  trending bel t  

of Yavapai schist,  suggesting that the metals are possibly being leached from 

this older source. Note that thePine Grove-Black Rock belt  can be extended 

to the southwest through the numerous occurrences in the Vulture and northwest 

Big Horn d i s t r i c t s .  This same southwest extension hosts the Laramide Wickenburg 

bathol i th bel t  with associated, northeast trending dike swarms. 

Perhaps a s imi lar ,  en echelon belt is present from the Martinez d i s t r i c t  on the 

southwest to the French Gulch d i s t r i c t  and beyond to the northeast. Certainly 

the NE-trending, Laramide belt  through the Eureka-Bagdad d i s t r i c t  has had i t s  

ef fect  on the populous d is t r ibut ion of metals loca l i t i es  in that area. From a 

very regional perspective, there may be some fundamental t i e - i n  between these 

NE-trending intrusive metal belts through the basement and the anomalously NE- 

elongate fo l i a t i on  arches of the Harcuvar MCC. Note par t icu lar ly  the alignment 

of the Bagdad zone with the mineralized belt  through the Rawhide and western 

Buckskin ranges. 

2. Harcuvar metamorphic core complex (MCC): Nearly circumscribing the 

complex are populations of metals l oca l i t i es  and d i s t r i c t s .  As is usual for  

MCC, the i n te r io r  core portions, in this case represented by the Harcuvar and 
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southeasternmost part of the Buckskin ranges, are relatively barren whereas the 

detached margins are rich with occurrences {i.e. Cienega, Santa Maria, Alamo, 

Rawhide, Bullard and eastern part of Harquahala districts) The detachment 

fault or fragmented upper plate copper-gold mineralization extends into the 

Mojave region just west of the Cienega distr ict where i t  is part of a broad 

zone of over 200 occurrences around the Whipple MCC (Ridenour and others, 

1982). The scattered mineralization which is present in the core (Cunningham 

Pass) Is related to swarms of Tertiary microdiorite dikes trending northwest 

through the metamorphic-mylonitic crystal l ine rocks. These dikes have exerted 

mineral (Cu-Au) inf luence in conjunction with Mesozoiq thrust  structures 

elsewhere in the lower p la te ;  fo r  example, in the Harquahala, El lsworth and 

possibly L i t t l e  Harquahala d i s t r i c t s .  

Mote should be made of other probable MCC in the study region, p r i n c i p a l l y  the 

South Mountains and White Tank Mountains. Why are these so deplete in metals 

occurrences? Actually the South Mountain MCC has produced signif icant gold 

(Salt River Mountains district) but from lower plate rocks intruded by abundant 

Tertiary dikes. These dike swarms are pro l i f i c  in the White Tank Mountains, 

but few metals occurrences have been noted. A major reason for the overall 

mineral scarc i ty  in the South Mountain and White Tank MCC may be a t t r ibu ted  to 

the ~ack of outcropping exposures of  the detachment zones for  these complexes. 

3. Southwest quarter of Phoenix 1 x 2 ° sheet: A concentration of 

d i s t r i c t s  including the Gila Bend, Eagle T a i l ,  Sheep Tank, Alamo Springs, Kofa 

and Tank Mountain areas are singled out mainly because ~f t he i r  general 

location along a broad, diffuse zone of W~W fault ing. The faults def ini tely 
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have latest expression in the Tertiary, controlling dike emplacement and having 

lateral motion in the southern Plomosa Mountains (Mil ler, 1970). They appear 

to most closely relate to mineralization in the Sheep Tank and Alamo Springs 

areas. Although as late as Tertiary, a fundamental WNW structural direction 

is present through southern Arizonan basement which has been called the Texas 

Lineament. The fault zone appears to cross through the south end of the Plomosa 

and Dome Rock Mountains, but any ties in these areas with mineralization is 

undocumented. 

4. Districts along the Colorado River from Plomosa Mtns. to Yuma: There 

appears to be no linear features of noteworthy regional extent thatcharacter- 

izes mineralization in the Plomosa, Dome Rock, Trigo, Silver-Eureka, Castle 

Dome, Laguna, Muggins, Laguna-Gila City, Fortuna or La Posa distr icts.  In all 

these areas, Mesozoic metasedimentary/metavolcanic and plutonic rocks are 

present and Jura-Cretaceous mineralization related to syngenetic, metamorphic, 

plutonic and thrust-fault aspects of the rocks has occurred, as documented 

in the Plomosa and Dome Rock distr icts.  There is, in addition, substantial 

Tertiary mineralization which commonly is lead-zinc-silver rich and related to 

subvolcanic (dike) or volcanic processes ( i .e.  Castle Dome, Eureka-Silver 

distr icts) .  

5. Black Range of Mohave County: The long, NNW-trending s t r ing  of 

d i s t r i c t s  and deposits st retching from Oatman on the south to the Minnesota 

d i s t r i c t  in the north are general ly part of a Ter t ia ry  mineral iz ing event 

a t t r ibu tab le  to volcanic and subvolcanic processes. The Black Range block 
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represents a highly fragmented and l i s t r i c a l l y  t i~ted upper plate to detach- 

ment fault-metamorphic core complex terrain west of the Colorado River in 

southernmost Nevada. Mumerous, low-angle l i s t r i c  structures commonly contain 

the mineralization. Curiously, the mineralization suites in the Black Range 

are s ign i f icant ly  d i f ferent  from those surrounding the Whipple-Harcuvar RCC to 

the south. They are not hematite or copper r ich. They have quartz-carbonate 

gangues with gold-si lver ratios in the 1:1 to 2:1 range. Crossing the belt 

of d i s t r i c t s ,  through the southern Oatman area is a strand of WNW-trending 

fau l t  zones possibly continuous from the Bagdad-Diamond Joe trends to the east. 

Vein trends at Oatman ref lect  this WNW structural trend (Rehrig and Heidrick, 

197.6) along with the regional NNW-vein trend for the mid-Tertiary. 

6. The Cerbat trend, Mohave County: From the Greenwood d is t r i c t  on the 

south, through the Pine Peak, Diamond Joe, Maynard, McConnico and Wallapai 
J 

dis t r ic t  on the north, there is a dist inct NRW-alignment. This overall trend 

parallels many of the veins found in the various dist r ic ts.  In the southern 

distr icts,  the veins may be of mid-Tertiary age; however, to the north, 

Laramide aged mineralization appears to dominate. The heavy concentration of 

metals occurrences in the Wallapai d is t r i c t  are thought to be a result of 

metal zoning around the Mineral Park porphyry copper-moly system of Laramide 

age (Thomas, 1949; Wilkinson, 1981). The Maynard and Diamond Joe d is t r i c ts  

constitute further examples of metals associated with Laramide porphyry-related 

hydrothermal systems. There is therefore a mesothermal, polymetallic vein 

character to this NNW mineral belt. 
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7. Districts along the eastern boundary of the Ajo 1 x 2: sheet: A 

population of metals occurrences is distributed through the Vekol, Cimarron 

Hil ls and Quijotoa distr icts on the Papago Indian Reservation. Although some 

of the mineralization in these distr icts is of mid to late Tertiary age, the 

striking, nearly total absence of metals locali t ies to the west through the Ajo 

volcanic f ie ld is particularly d i f f i cu l t  to explain. Mineralization in the 

various distr icts is variable as to type and age. Jurassic, Cretaceous and 

Tertiary plutonism and metal deposits are probably in the Quijotoa d is t r ic t  

and the Vekol d is t r ic t  is chiefly a result of Laramide porphyry copper and 

polymetallic carbonate replacement deposition. Tertiary hydrothermal sites 

may be superimposed in certain areas. 
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District Focus 

In th is section of the report we have dealt  with speci f ic  mining d i s t r i c t s  and 

areas where gold has been produced or where in terest ing clusters of prospects 

and occurrences ex is t .  Al l  of these d i s t r i c t s  are iden t i f i ed  on Overlay 5. 

We have attempted to provide b r i e f  descr ipt ive summaries of these areas in 

terms of their ~0cation, geology (includin~ aspects of mineralization) and 

his tory  ( including production f igures) ,  mines of in te res t ,  and pert inent 

references. Mention is made of exploration concepts thought to be deserving 

of at tent ion in many of the individual d i s t r i c t s .  

The mines of in terest  part of th is  section has been considerably expandedfrom 

previous formats used in our RE Washington, Chal l is and Mojave projects.  While 

not every d i s t r i c t  has properties described, we have made an earnest e f f o r t  to 

include such data in the lesser know~ d i s t r i c t s .  D is t r i c t s  where we have 

excluded these data were usual ly ones which had abundant mine descriptions 

published in previous works. In such cases we f e l t  that i t  would be as easy 

for  the reader to refer  to those references as to duplicate i t  herein. The 

exception wou]d be where we may have come across a pa r t i cu la r l y  in t r igu ing  

property which we fe l t  displayed unusual potential or f i t  a particular model. 

Mines described under the mines of interest section may not all be "interesting" 

in an explorat io~ sense. So l i t t l e  information is known about many of the gold 

producing d i s t r i c t s  in western Arizona that we adopted the pol icy of simply 

including descriptions of most, or afT, of the mines where any information 



was available in order to present the cl ient with as much data as possible in 

these areas. While many of the described mines or prospects wi l l  not be of 

prime exploration interest, we feel that these data wi l l  be useful in toward 

understanding the nature of mineralization in these areas. This format should 

also prove useful during reconnaissance f ie ld studies by providing descriptions 

of properties that might otherwise be merely unknown prospect or mine symbols 

on topographic quad maps. 

Because of factors which include past production, structure, mineralization 

and a l tera t ion,  or strat igraphic c r i t e r i a ,  many of the mines described in this 

section, do indeed possess charBcterist ics warranting exploration interest .  

Since this project has been subscribed to by both small and large companies, 

small targets, or mines with small to moderate size potent ia l ,  are described 

as well as areas which might be favorable for larger sized targets. The reader 

is encouraged to review al l  the mine l i s t ings  to ascertain which might best 

f i t  individual company's target c r i t e r i a .  Many of these mines deserve reconnais- 

sance examination and sampling during any systematic future regional exploration 

program. We feel we have provided enough target data to fuel a follow-up 

program for at least several seasons. 

Certain distr icts or areas displaying the most geologically favorable or 

permissive terranes for precious metals are discussed under the Exploration- 

Target Delineation section of this report. These areas are also identified on 

Overlay 5. I t  is in these areas where exploration efforts should be maximized. 

61 



ALAMO DISTRICT 

Location" 

The d i s t r i c t  is rather i l l  defined geographicaTly, but includes mineral 
occurrences in the easternmost Buckskin Mountains of La Paz County just  south of 
the B i l l  Williams r iver  near Alamo Dam. Most of the occurrences fa l l  in R!2 and 
13W, TIO and IIN, within the Ires Peak 15' quadrangle. 

Geology and History: 

The Buckskin Mountains const i tute part of the Harcuvar metamorphic core complex 
(Rehrig and ReynoTds, 1980) with individual ranges being low-amplitude fo l i a t i on  
arches of northeast-trend. The arches expose cores of mylonit ic and migmatitic 
metamorphic rocks (quartzofeldspathic gneisses) and fo l ia ted plutonic rocks with 
gently dipping fo l i a t i on  and northeast s t r ik ing l ineat ion.  A lask i t i c ,  pegmatoid, 
2-mica intrusive bodies are common to the gneisses. These rocks have been 
mapped previously as being Precambrian i~ age, however, reconnaissance mapping 
by Rehrig has shown that Mesozoic sedimentary rocks (arkose, greywacke) along 
the western boundary of the metamorphic core complex appear to become progres- 
sively metamorphosed possibly converting to gra 0di0ritic migmatized gneisses 
eastward into the core of the complex. In the area north of Ires Peak, the 
gneisses contain lenses and beds of tectonized marble, the less metamorphosed 
counterparts o f  which are found in "d i r ty "  terrigeno~s sedimentary rocks 
occurring in the Mesozoic sections exposed in the Granite Wash Mountains and 
extreme southwest portion of the Buckskin ranges. 

Bordering the my~onitic fo l i a t i on  arches in the eastern Buckskin Mountains is 
the classic mid- to la te-Ter t ia ry ,  low-angle detachment fau l t  zone upon which 
t i l t e d  and disrupted redbed, cong~omeritic and voTcanic rocks of the Miocene 
Chapin Wash and Oligocene-Miocene A r t i l l e r y  Formations are found (Lasky and 
Webber, 1944, 1949). Chlor i t ic  breccias derived from the mylonit ic rocks of 
the lower plate occur beneath the detachment zone. The Buckskin detachment 
fau?t flanks the Buckskin ranges on both margins of the Lincoln Ranch basin as 
well as outcrops very sparingly around the eastern nose of the arch (Figure ). 
Rorthwest-trending, reverse-oblique s l ip  faul ts such as the Lincoln Ranch fau l t  
post-date detachment fau l t ing (Shackelford, 1976). 

Mineral ization in the Alamo d i s t r i c t  consists mainly of low-grade manganese 
deposits within the Chapin Wash Formation and small precious metal-copper 
deposits closely associated with the Buckskin detachment fau l t  system. The 
gold-s i lver  occurrences were worked as early as the late 1800's where shipments 
of ore running as high as 50 ogt Ag and 0.26 opt Au reportedly were processed 
in a small mi l l  in Reid Valley (LincoTn Ranch basin). Total estimated produc- 
t ion from the d i s t r i c t  is about 824 tons containing 27 tons Pb, 22 tons Cu, 
984 oz Ag, a~d 66 oz Au. In the area southwest of Alamo Dam, precious metal 
copper,occurrences are found in brecciated or fau l t  zones within mylonit ic 
metasedimentary rocks of Mesozoic-Paleozoic (?) age. 
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Although production has been quite Small from the d is t r i c t ,  the presence of 
the regional detachment fault  in the Alamo area which has been occasionally 

prospected along its trace, upgrade the area as a grass roots exploration 
target. Mineralization associated with the metamorphosed Mesozoic-Paleozoic (?) 
sedimentary-volcanic section may also be present. 

Mines of Interest: 

Montana-Arizona mine: (TION, RI3W, Sec. 18) Oxidized copper-silver-gold 
mineralization in several fissure veins cut Mesozoic-Paleozoic (?) schists, 
gneisses and carbonate beds. Local high-grade gold pockets are reported, with 
ores generally averaging about 6% Cu, 0.8 oz Ag, and 0.1 oz Au. 

Mystery Hi l l  mine 9roup: (TION, RI3W, Secs. 17 & 18) A cluster of workings in ~ 
Mesozoic-Paleozoic (?) schist and thin carbonate beds cut by fissure veins along 
a s i l i c i f i e d  faul t  zone. One report cites the occurrence as a 5 f t  wide blanket 
vein traceable for 400 f t .  Copper carbonates and si l icates are dominant with 
gangue of quartz, calcite and f luor i te .  Group produced over 500 tons averaging 
3% Cu, 2 opt Ag and 0.1 oz Au. 

Bernarde mine: (TION, R13W, Sec. 19) Oxidized copper with precious metals 
values is concentrated along the Lincoln Ranch reverse faul t  which places 
mylonitic/gneisses above Chapin Wash redbeds. Mine produced some 138 tons of 
~re running about I% Cu, 0.1 oz Ag, and 0.1 oz Au. 
eTerences: 

Keith, 1978; Arizona Dept. Mineral Resources, f i l e  data. 
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ALAMO SPRINGS DISTRICT 

Location: 

The Alamo Springs d is t r ic t  covers the northern part of the Kofa Mountains where 
they straddle the La Paz and Yuma County lines. Past references often refer to the 
d is t r ic t  as the Alamo d is t r ic t  which lends confusion with t~e Alamo d is t r ic t  in 
northern La Paz County near the Bi l l  Williams River. Most of the d is t r ic t  is 
located in TIN and N 1/2 TIS, R16W. I t  l ies within the boundaries of the Kofa Game 
Range and, thus, prospecting is restricted to patented claims and claims valid in 
1974. 

Geology and History: 

The d is t r ic t  is poorly known and has received l i t t l e  study. Jones {1916) visited 
part of the d is t r ic t  and Wilson (1933, 1934) br ief ly studied the area. The oldest 
rocks exposed in this portion of the range consist of Mesozoic sediments that have 
been intruded by large bodies of granite which are currently thought to be of 
Jurassic age. The Mesozoic sedimentsare part ia l ly  metamorphosed and consist of 
shale, sandstone, conglomerate and minor limestone {Keith, 1978). A thick section 
of mid-Tertiary volcanic rocks of andesitic to rhyol i t ic  composition ~nconformably 
overly the Mesozoic rocks. These volcanics are part of the Kofa volcanic f ield. A 
large, northwest-southeast-elongate, subvolcanic plug of intermediate to 
rhyodacitic composition intrudes the volcanic rocks in TIR, RI6Wo Gently t i l ted  
to f la t  lying basaltic mows of late Miocene age cap the section. 

The d is t r i c t  l ies along a pronounced structural zone that trends west-northwest 
through t~is region. T~is zone appears to consist of several separate strands that 

merge to form a zone from !0 to 20 miles wide. This feature must certainly 
represent a zone of fundamental weakness in the underlying basement; we would 
suggest i t  represents part of t~e Texas Lineament. This feature appears to control 
mid-Tertiary diking and intrusion, as well as the localization of mineral 
distr icts.  The Alamo Springs d is t r ic t  l ies to the northwest and along the same 
strand of this zone as does the Sheep Tank mining d is t r ic t .  

Mineralization discoverd to date in the d is t r ic t  has been relat ively 
insignif icant; mostly associatd with fault or shear zones or with the Jurassic and 
Tertiary intrusions. Oxidized copper mineralization has been prospected in 
numerous placs in the plutonic rocks. Keith (1978) l is ts  the Alamo and Alonak mine 
groups as examples of this type of mineralization. In 1957 and 1964 some 65 tons 
of ore averaging 1.4% Cu and minor Ag was shipped from these prospects (Keith, 
1978). The mineralizaion reportedly consisted of small seams and veins of 
chrysocolla, malachite and copper oxides accompanied by sericite, epidote, 
chlorite alteration and magnetite. Numerous shallow prospects containing fine- 
grained free gold occur in major shear zones cutting the volcanic rocks and 
warrant investigation. While l i t t l e  actual gold production has occurred in the 
d is t r ic t ,  some small amounts of ore were very high grade (7 opt Au) and placer 
gold occurs in spots attesting to the disintegration of auriferous lodes. The 
northwest-trending shear zones that cut this region could offer an ideal setting 
in which disseminated gold deposits might form. Areas of s i l i c i f i ca t ion ,  
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arg i l l i za t ion,  dike swarms and shallow intrusion should al l  be examined for any 
associated gold mineralization in this setting. A geochemical reconnaissance 
covering the entire transverse shear system displayed in this part of Arizona 
would be worthwhile. Ascertaining exactly what areas are open to mineral entry, 
however, must be the f i r s t  order of pr ior i ty  in this d is t r i c t  and contiguous 
areas. 

Mines of Interest: 

Geyser Prospect (Silent King): (NW 1/4 Sec 25, TIN, R17W; protracted). A N80" W 
trending brecciated zone in andesite porphyry that dips 45"S, can be traced on the 
surface for about 1.5 miles. On the Geyser claims the lode ranges in width from a 
few feet up to 60 f t  wide, and forms a prominant ledge as much as 30 f t  high for a 
distance of some 2000 f t .  The ledge consists mainly of brecciated country rock 
replaced by s i l ica.  Calcite is abundant in the lode part icularly on the footwall 
where many stringer and veinlets occur. Pseudomorphic quartz after calcite occurs 
in the hanging wall. Gold occurs free and is more abundant along the hanging wall 
where i t  is associated with FeO x stained Kaolinized material. An iron-stained 
breccia streak reportedly carried high grade values. Developed by an inclined 
shaft 300 f t  deep with workings on the 140 f t  and 200 f t  levels. This vein system 
should be explored using modern vein exploration techniques. 

Rand Prospect: (NE i /4 Sec 26, TIN, R17W; protracted). Located on the west end of 
same vein-fault system as the Geyser Prospect. At this local i ty ,  the lode is about 
5 f t  wide and consists of brecciated biot i te andesite cemented by calcite with 
some iron-stained material from which gold reportedly can be panned. Breccia 
fragments are typical ly s i l i c i f i e d  and contain small nodules and veinlets of 
chalcedonic quartz. Some FeO x after pyrite. Prospected by shallow shaft and 
d r i f t .  

I.X.L. Prospect: (W. Cen. Sec 36, TIN, R17W; protracted). Located near eastern end 
• of the same system that contains the Geyser lode. Prospect developed by shallow 

inclined shaft driven on FeOx-stained breccia zone in volcanic rocks cemented by 
fine-grained quartz. At this location the breccia zone is cut by la t ter  calcite 
veinlets. Exploration of this prospect should be part of larger program to 
evaluate the entire "Geyser" vein system. 

Regal Claims: (NE I/4 Sec 36, TIN, RI7W; protracted). Claims located on the south 
side of Red Raven Wash. Country rock of andesite porphyry and tu f f  is here cut by 
numerous gold-bearing veins and stringers of quartz and calcite that display steep 
dips. In places, quartz displays pseudomorphic replacement of calcite. Manganese 
oxides abundant in places. On Regal No. 1 claim an inclined shaft about 35 f t  deep 
is driven on a 6 f t  wide iron-stained and brecciated zone in andesite that trends 
N80"W and dips 45"S. This zone said to assay $8 per ton Au (1933 prices). 

Cemitosa Prospect: (W. Cen. Sec 12, TIN, RI6W; protracted). Located in Cemitosa 
Wash, a short distance from Cemitosa Tanks. Ten f t  wide brecciated fault(?) zone 
trending NSO'W, with a vertical dip, cuts andesite porphyry and can be traced for 
1500 f t  along strike. Brecciated zone displays FeOx-staining and is cut by 
numerous veins and stringers of calcite. Fine gold reportedly could be panned from 
part s of the lode. Low-grade gold assays. 
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Ramshorn Claims: (N. Cert. Sec 31, TIN, RITW; protracted}. Light colored ruffs and 
brown andesites intruded by an elongate body of andesite porphyry. The area is 
strongly cut by two sets of joints trending N35W and one that trends a l i t t l e  
north of east. Breccia zones cut bedrock and are apparently gold-bearing in 
places. FeOx-stained calcite occurs in some of the breccias. Showings are 
developed by shallow cuts, several shafts and tunnels. 

C.O.D. Group: (SW I/4 Sec 32, TIN, R16W; protracted). Gold-bearing(?) breccia zone 
in andesite porphyry trending RTO'W exposed in several places along Red Raven 
Wash. Zone ranges betweeR 10 and 40 f t  wide and is partly s i l i f i f i ed .  Dump 
material on shallow workings display silicified andesite fragments, calcite and 
gouge. 

Kofa Queen: (NW I/4 Sec 8, TIS, RITW; protracted). Keith (1978) reports that in 
1921 this property produced some 100 tons of ore averaging 0.8 ogt Au and i opt 
Au. 

References: 

Jones, 1915; Keith, 1978; Wilson, 1933 
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BIG HORN DISTRICT 

Location: 

The Big Horn Mining Distr ict as used in this report essentially covers the 
Big Horn Mountains and the northern portion of the Belmont Mountains. I t  is 
contiguous with the Osborne d is t r ic t  to the southeast and at times has been 
referred to as the Aguila d is t r ic t .  

Geology and History: 

Like the Osborne d is t r ic t  to the south, the Big Horn d ist r ic t  has received 
l i t t l e  detailed geologic study. Much of the region is composed of low, 
rol l ing, pediment covered hi l ls  that separate local patches of rugged 
topography. Much of the western portion of the d ist r ic t  is underlain by 
Precambrian gneisses that resemble similar rocks from the nearby Vulture 
Mountains. This western portion of the d is t r ic t  is separated from the 
Harquahala Mountains by a valley that roughly coincides with the projected 
trace of the Harquahala detachment surface. Most of the range is covered by 
mid-Tertiary volcanic rocks that range from andesite to rhyolite in composi- 
tion. In places, the Volcanics display considerable hydrothermal alteration. 
The volcanic pile is generally believed to be of a more felsic character 
towards the northeastern part of the d ist r ic t  and of a more intermediate 
character in the central and southern portions of the distr ic t .  A northward- 
trending septum, 1½-2 miles wide, of Precambrian schist generally separates 
the two areas. The exactnature of the volcanic f ield, however, is so poorly 
known that detailed study might considerably change the current geologic 
picture. The d is t r ic t  is cut by pronounced, northwest-trending faults and 
Tertiary dike swarms. In places the dikes appear to be related to minerali- 
zation and probably mark exhumed source regions that fed the volcanic deposits. 
Low-angle Tertiary faults are also common in parts of the d ist r ic t  and in 
places are mineralized with either Mn or Au. Portions of the Laramide 
Wickenburg batholith (see Vulture d is t r ic t ,  this study) poke out through 
windows in the younger volcanic rocks. These outcrops form a general northeast 
trend similar to, and on strike with, the batholith in the Wickenburg Mountains. 

Mines in the d is t r ic t  have been exploited for both gold and manganese. While 
both types of mineralization must in part be of Tertiary age, they seem to 
be mutually exclusive in any given mine. The manganese ores are the typical 
low temperature replacement and vein deposits that are so common to this part 
of Arizona. Several gold properties have had production in the d ist r ic t  and 
some sampling was being conducted by a small Canadian firm in February, 1984, 
on the U.S. (Big Horn) mine. Keith and others (1983a) credit the d ist r ic t  
with 12,000 tons of gold-bearing ore that contained 2,800 oz Au; 1,000 oz Ag; 
20,000 Ibs Cu; 6,000 Ibs Pb; and 65,300 tons of manganese ores that contained 
42,457,000 Ibs of Mn. 

Access to many parts of the d ist r ic t  is very poor and thus i t  would seem that 
the area could hold some potential for undiscovered ore deposits. The volcanic 
rocks in particular, appear to be of prospecting interest for low-grade 
disseminated deposits. Reconnaissance geochemistry and aerial surveillance 
for alteration zones is recommended. 
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Mines of Interest :  

U.S. (Big Horn, Furlough, Hauxhurst) Mine: (Sec. 1, T4N, RSW) This is a very 
interest ing mine that has had some early production. Mineral izat ion consists 
of gold-bearing, quartz-specular hematite-copper oxide veins and veinlets that 
form a ribbon stockwork across parts of a major north-northwest-trending dike- 
l i ke  int rusive body of r h y o l i t i c  composition. Most of the early exploration 
and mining ac t i v i t y  appear to have concentrated along the margin of the dike 
with the Precambrian basement. Much of this dike (which is over I mile long 
and I00 f t  wide} is highly fractured, s i l i c i f i e d  and mineralized, and a large 
tonnage, low-grade target can be easi ly  envisioned. The deposit was located 
in 1900, and ten claims (Furlough 1-I0) were patented in 1916. 

During' th is time a substantial tonnage of gold ore is reported to have been 
shipped to the Humboldt smelter. This early ore apparently occurred as enriched 
streaks and bands that varied between 2 and I0 f t  in width, that were separated 
by less intensely mineralized material. The old workings exploited two main 
brecciated zones that were about 300 f t  apart. Each zone ranged in width 
between 10 and 50 f t .  The zones are highly s i l i c i f e d  and thus provide excellent 
outcrops that can be traced for abo~t 1 mile. 

Development consists of two ver t ica l  shafts, 480 and 500 f t  deep, respectively, 
that are about 300 f t  apart. From these shafts n u m e r o u s  crosscuts and d r i f t  
were run, mainly on the 100 and 200 f t  levels. Both shafts reportedly remained 
i~ oxidized material to the i r  bottoms. Additional short shafts and tunnels 
also dot the area. Just before the Vulture mi~l closed down at the beginning 
of WW I I ,  a Wickenburg resident trucked and mil led about 4,500 tons of dump 
material from which $4.50/ton Au and 0.50-0.75% Cu were recovered. At this 
same general time, 16 carloads of dre were shipped to a smelter and reportedly 
returned a net of $5.50-$12.00/ton. A small bench where a 8 f t  wide band of 
ore was mine-d--in the 1950's, reportedly averaged 0.68 opt Au. Although the 
shafts have been inaccessible for  a long time, a U.S. Bureau of Mines engineer 
report dated in 1943, indicated that sampling along a 100 f t  d r i f t  on the 150 f t  
level produced averaged results of 0.16 opt Au and 1.3% Cu. Unsubstantiated 
reports from old miners indicated that the gold content increased s l i gh t l y  with 
depth, This writer has briefly examined the property 0~ the ground and there 
is obviously potential for several million tons of low-grade material present. 
According to a Mining Record a r t i c le  62-8-84} the patented claims are presently 
held by a joint venture between a Canadian firm, Roddy Resources Inc., of 
Vernon, B.C., and Black Consulting Inc. of Parker, Colorado. Roddy conducted 
prel iminary sampling and mapping early in 1984. A l imi ted d r i l l i n g  project 
was supposedly planned for  May, lg84. The mineral izat ion is interest ing as i t  
is very s imi lar  in character ( i . e .  quartz-specular hematite-FeOx-oxide copper) 
to that which is associated with nearby metamorphic core complexes. Sampling 
by Roddy (S. Bel ik,  personal commun., 1984} indicated that the mineral izat ion 
was strongly anomalous in tungsten (up to several hundred ppm). 

Watson (1968) reported that SW of the mine, Precambrian schist is criss-crossed 
by a large number of tuffaceous dikes which were believed to be feeders for the 
ignimbrites that cap the geologic section in the area. This would be an 
interest ing area to geochem for  low grade gold values. 

681 



El TiBre Mine: (Secs. 27 & 34, T5N, R9W) At the Tigre mine, a f l a t ,  lensoida-I 
quartz vein occurs which pinches and swells, and is surrounded by highly 
sheared material from Precambrian host rocks. The Precambrian gneisses are 
granitic and amphibolitic much like those that occur in the Vulture Mountains. 
The quartz vein appears nearly conformable to the fol iat ion in the gneisses. 
This fol iat ion strikes northeast, and dips variable up to 40 ° to the northwest. 
The quartz vein and adjacent sheared gneisses contain considerable iron staining, 
occasional Cu oxide stain, and apparently carry considerable gold. The geometry 
of the vein is shallow dipping (nearly f l a t ) ,  apparently in arch form, and out- 
crops near the top of a ridge. I t  has been eroded off  on two sides. Prospecting 
in deeper shafts at N and S ends of the vein beneath the shallower mineralized 
zone reportedly cut two separate veins, but l i t t l e  or no production was made 
from them. 

The deposit was discovered in 1914 and was reportedly most active between 1918 
and 1924. During 1921, Wilson and others (1967) report that some bullion was 
produced in a 10-stamp mill located about 3.5 miles west of the mine. Ore Was 
also run in 1922. The production for 1923 was reported as $14,454 in gold 
(±725 oz). Total production figures are not available. 

Ore consists of massive to coarse-grained quartz with abundant specularite and 
limonite. Wallrock alteration consists mainly of sericit ization. Wilson 
reports that most of the production came from dr i f ts  and stopes which extend 
for a few tens of feet into the vein. The orebody was thought to have had a 
maximum width of 5 f t .  A 1925 mining engineer report housed in the ADMR, 
estimated blocks of probable ore in the mine as follows: I block of 26,300 tons 
average $20/ton, 1 block of 12,000 tons averaging $49.00/ton and another block 
of 3,500 tons averaging $30.O0/ton. I f  these figures are anywhere close to 
being correct, then i t  seems that a small tonnage of fa i r l y  high grade ore could 
remain in the ground. A few hundred yards to the east, the gneisses are marked 
by occasional sulfide quartz stringers, some cutting fol iat ion at low angles and 
some conformable to fol iat ion. A composite sample taken through this iron- 
stained side of the h i l l  indicated anomalous gold. 

Pump Mine: (Sec. 21, T5N, R9W) Country rock consists of schist and granite 
that form relatively level to rol l ing pediment surface. The vein strikes 
approximately east and west and dips to the north at about 46 ° . The granite 
host rock is said to contain bands of schist running about parallel with the 
vein. Upper workings display oxidized ores while ore in the lower levels is 
not oxidized and the gold is associated with sulfides of iron, copper, lead and 
zinc. The main development is a 320 f t  incline shaft with levels at 18, 75, 
100 and 175 f t .  A total of 390 f t  of dr i f t ing has been done from the shaft. 
Shafts to the east and west of the main shaft show a strong, well mineralized 
vein. Ore reportedly breaks well with strong walls. The vein has been 
prospecting for 4,000 f t  on the surface by a number of shafts and numerous open 
cuts. Up to 1936, very l i t t l e  systematic mining had been done. The mill was 
run for a short time in 1936-37 and then closed because of poor recovery when 
sulfide ores were run. During the five months the mill operated, i t  was esti-  
mated that the heads ran about $12/ton. The mine was examined during the war 
years by the U.S. Bureau of Mines engineers, who granted a DME loan on the basis 
of indicated or proven reserves. The loan was spent establishing a 4.5 mile 
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long pipe l ine ,  storage tanks, pumps, etc. The RFC took over the property in 
1942 to protect i ts  loan. Only a small part of the ore reserves were 
reportedly mined. 

Big Horn Copper: (Sec. 36, T4N, Rgw) A group of 43 was claims staked around 
1968 and prospected in the early 1970's. Claims cover an area of sheared, 
coarse- to medium-grained, gray to reddish granite. Sparse copper oxide 
mineral izat ion occurs in N45°E f l a t  dipping shears and fractures. Veins range 
from several inches to 2.5 f t  in widths. South of an east-west r idge, some 
th in,  f i s s i l e ,  carbonaceous schist and reddish quartz i te reportedly crop out. 
Schist reportedly is cut by copper bearing pegmatite and jasper veins. Area 
is prospected by dozing. Assays reportedly range from 10% to 30% Cu and from 
trace to 38 opt Ag (must be high grade sample). 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Keith and others, 19831; Metzger, 
1938; Watson, 1968; Wilson and others, 1967; Wilson and Rehrig, unpubl, data 
and f i e l d  notes. 
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BLACK CANYON (KAY) DISTRICT 

Location: 

The Black Canyon d is t r ic t  covers a N-S elongate area that is about 18 miles 
long and 8 miles wide in E-W direction. The area occurs between the eastern 
foot of the Bradshaw Mountains and the Agua Fria River; and stretches from the 
Maricopa County line northward to the v ic in i ty  of Cordes. 

Geology and History: 

Much of the d is t r ic t  l ies to the north of the project area. Only part of i t  
wi l l  be discussed here. The d is t r ic t  follows a narrow N-S trending belt of 
Yavapai schist that is intruded on both i ts west and east sides by Precambrian 
granite. The eastern edge of the schist is separated from the granite by a 
2000-5000 f t  strip of diorite thought to be a border phase of the granite. 
Tertiary volcanic flows cover much of the eastern and southwestern margins of 
the d is t r ic t .  Lindgren (1926) discussed 5 types of mineral deposits occurring 
within the d is t r ic t ;  these include: (I) Precambrian base-metal massive sulfide 
deposits, (2) Precambrian iron formation, (3) Precambrian gold-quartz veins, 
(4) younger low-angle precious metal veins believed to be related to rhyolite 
porphyry dikes, and (5) gold placer deposits. 

The Yavapai schist in the Black Canyon d is t r ic t  straddles the Shylock fault 
zone; a highly controversial feature that juxtaposes contrasting protolith 
lithologies within the schist along its length. Some people suggest that this 
zone resembles a "growth" fault or major "break" l ike those that occur in the 
greenstone terranes of the Canadian Shield. The fact that stratiform massive 
sulfide deposits ( i .e.  Exxon's Kay deposit) occur in the d is t r ic t  along with 
Precambrian gold-quartz veins, add ~nterest this concept. This would seem like 
a logical place to search for stratiform, pyr i t ic  gold deposits. 

The Precambrian quartz veins are described as occurring in both the schist and 
the granite. These veins consist of glassy quartz containing some sulfides, 
free gold and tourmaline. 

The " f la t "  gold veins are interesting in that they are described by Lindgren 
(1926) as being very f la t  veins that cut "squarely across" the schistosity of 
the hosting Yavapai Series. Yet Anderson and Guilbert (1979) indicate that one 
of these deposits, the Golden Belt, is a distal sulfide-facies iron formation 
deposit. These " f la t "  veins carried from $5-$40/ton in Au (1926 prices) and 
from 1-10 opt Ag. The ores are oxidized near the surface; carrying abundant 
FeOx, some lead and free gold. At about 50 f t  depths, galena and pyrite become 
abundant and gold occurs mainly in the galena. 

The cross-cutting nature does not rule out their  possible stratiform deposits. 
DeWitt (1979) showed that stratigraphy in similar Yavapai schist in the Mayer 
area cut across metamorphic schistosity. I t  is thereby possible that these 
glassy, cross-cutting quartz veins could be remobilized stratiform deposits. 
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The character of these deposits is a probTem that needs to be resolved. 
these deposits are distal stratiform exhalites, this region may indeed 
hold potential for economic stratiform lode g oTd mineralization. 

I f  

Within the study area, however, the main lode gold mineral izat ion consists of 
Precambrian veins that occur about 4 or 5 miles south of Bumblebee. Lindgren 
b r i e f l y  mentions the Bianchiana, Nigger Brown and Gi l lesp ie properties as 
examples. High grade ores were treated in arrastres at the Bianchiana property; 
while the Nigger Brown mine was said to be developed by a shaft with ore 
shipped. The Gi l lesp ie mine produced about $80,000 in gold during the early 
days (Lindgren, 1926). 

While the " f l a t "  gold veins occur mainly 8-12 miles north of the project 
boumdary we w i l l  b r i e f l y  describe several of them because of the i r  
controversial nature and potent ial  explorat ion s igni f icance.  

Mines of Interest: 

Golden Belt mine: (See. I ,  TION, RIE) The Golden Belt was originally located 
in 1873 and produced a few hundred tons of shipping and m i l l i ng  ore pr ior  to 
1916, The property was largely idle between 1916-1930. In 1931 to 1934, the 
property was reopened and the mill refurbished. In 1931, 134 tons of concen- 
t rates from 1,345 tons of ore were produced and 107 tons of smelting ore were 
shipped. Operations were continued through 1932 and 1933. The Golden Belt 
vein str ikes approximately N60°E and dips from 10 ° to 23: SE. Host rocks 
consist of Yavapai schists that have been intruded by dikes of both f e l s i c  and 
mafic compositions. Lindgren (1926) suggested the vein probably f i l l s  a thrust  
f au l t .  The vein ranges in thickness from a few inches to about 3 f t  in width 
and carr ied from $5 to $40 in A~ (1934 prices) and 1-10 opt Ag per ton. 
Oxidized portions of the vein contained FeOx, lead and some free gold. Below 
about 50 f t  depth, galena and pyr i te  predominate, and the gold occurs mainly in 
the galena. S i lver  is said to decrease with depth. In 1934, the property had 
been developed by an 800 f t  incl ined shaft and several hundred feet of 
horizontal workings. 

S i lver  Cord mine: (Sec. 12, TION, RIE) The Si lver  Cord vein dips south or 
southeast at a dip of less than 20 ° , and is traceable through six claims. The 
vein contains gold, s i l ve r  and some pyr i te ,  galena and chalcopyri te.  Wilson 
and others {1967) state that the deposit was operated for  several years, and 
twenty or t h i r t y  carloads of shipping ore was produced. In 1912, 224 tons of 
ore containing $40.67 a ton in Au, Ag, Cu and Pb was reportedly shipped. The 
Old Brooks (American Flag) mine, one of the property on the Si lver  Cord vein, 
shipped 12 carloads of ore that ran $75-$18 per ton. A small production from 
the Silver Cord was a~so obtained between 1925-1930. 

Golden Turkey mine: (Sec I. TION, RIE) The Golden Turkey mine is located a few 
hundred feet south of the Golden Belt property and may be a continuation of the 
same. Bedrock consists of Yavapai schist  whose sch is tos i ty  str ikes northward 
and dips nearly ve r t i ca l l y .  The Golden Turkey vein str ikes northeastward and 
ranges in dip from 30 ° to less than IO°SE. The vein is described by Lindgren 
(1926) as occupying a f issure zone that probably resulted from thrust ing.  On 
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the surface the vein ranges from a few inches to more than a foot in width and 
in places forms a branching lode several feet wide. Vein f i l l i n g  consists of 
coarsely crystal l ine, glassy quartz together with abundant irregular masses and 
disseminations of pyri te, galena and sphalerite. Chalcopyrite occurs local ly.  
Gold accompanies the sulfides, part icular ly the pyrite. Alteration in the 
vein's wallrocks consist of intense ser ic i t izat ion,  s i l i c i f i ca t i on  and in 
places contain disseminated metacrysts of pyrite. 

By 1934, the mine was developed by a 500 f t  inclined shaft and about 2000 f t  of 
horizontal workings. Most of the ore was said to have been taken from below 
the 350-1evel, part icular ly where the vein flattened in dip. Oxidation extends 
to about 250 f t  on the incl ine. No production came from the mine unti l  1933, 
when more than 4,000 tons of ore were run through the Golden Belt mi l l .  The 
mine was more or less in continuous production from 1933-1942. An unpublished 
report by old-time mining engineer J. S. Coupal in 1942, states that net 
smelter returns for the Golden Turkey up to 1941 were $1,148,053, and that 
production from the Golden Turkey extension (Ex. Golden Belt) had been about 
$300,000; for a total of $1,448,000 for the combined properties. Metal values 
from the Golden Turkey were the following percentages: Au 60%, Ag 35%, and Pb 
5%. In 1939 and 1940 when much of the ore was coming from lower levels of the 
mine, the Pb and Zn content in the mil l  concentrates ran as high as 24% and 
25%, respectively. Coupal described the vein as a "blanket" type with a normal 
dip of about 14°SE. The vein was reportedly continuous throughout the 
property's 60 acres. The very f l a t  nature of this deposit makes one wonder i f  
modest tonnages could be bulk mined from surface pits following the trace of 
the vein. 

In the late 1970's and early 1980's a small Canadian (?) company (Alanco, Ltd.) 
was evaluating the potential for processing the Golden Turkey rai l ings. Their 
work indicated that some 171,144 tons of material averaging 0.027 opt Au and 
0.44 opt Ag were contained in the ta i l ing pi le. The property is presently held 
by Minerals Trust Corp. of Phoenix, Arizona (100 W. Clarendon, Suite 1260, 
85013). 

References: 

Arizona Dept. Mineral Resources, f i l e  data; DeWitt, 1979; Lindgren, 1926; 
Wilson and others, 1967. 
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BLACK ROCK DISTRICT 

Location: 

The Black Rock mining d i s t r i c t  covers an area of approximately 30 square miles 
centered on the ghost town of Constellation (Monte Cristo mine) in extreme 
southern Yavapai County. The major portion of the d i s t r i c t  covers the northern 
part of TSN, R3W and the southern part of TgN, R3W. ° The area is accessible by 
13 miles of d i r t  and gravel roads from Wickenburg. 

Geology and History: 

The geology of the Black Rock d i s t r i c t  is re lat ive ly  compTex and poorly 
studied. The only geologic study of any consequence in the d i s t r i c t  is a 
master's thesis by Nichols (19.83) who mapped several square miles surrounding 
the Monte Cristo mine. This d i s t r i c t  discussion is drawn largely from her 
work. 

Deeply weathered Precambrian granit ic gneiss and mafic schist make up basement 
in the d i s t r i c t .  The granit ic gneiss produced a whole rock rubidium-strontium 
age of 1734 Ma {Nichols, 1983). Nichols believed the gneiss had an igneous 
protolith. The black schist is an enigmatic rock type and occurs as lenses 
and pods up to several hundred meters in length in the mafic schist. This 
schist local ly grades into amphibolite and is also thought by Nichols to have 
an igneous proto l i th .  Nichols interprets these rocks as a granit ic pluton 
that prior to metamorphism had been intruded by mafic dikes from surrounding 
volcanic centers active during mid Proterozoic time. 

The basement gneisses and schist are cut by a regional-scale pegmatite diking 
that occurred in late Proterozoic time (Jahns, 1952). These pegmatites 
have been mined for rare-earth metals in the nearby White Picacho d i s t r i c t  
several miles to the south. 

Northwest-trending dikes of Tert iary (?) microdiorite and rhyol i te cut the 
Precambrian basement and are believed to be feeders te mostly eroded volcanic 
rocks similar in age and petrology to those found in the nearby Hieroglyphic 
and Vulture Mountains. The dikes were intruded along a zone of paral le l ,  
northwest-trending faults that mimics the trend evident in many other mid- 
Tertiary vein and dike systems found across western Arizona. Nichols (1983) 
believes a rhyol i te vent occurs in Slim Jim wash, north of the Monte Cristo 
mine. 

Epithermal quartz veins containing copper, gold and some si lver  have been 
emplaced a~ong the same faul t  zones as the microdiorite dikes. Veins commonly 
contain brecciated dike material and the richest veirs are usually those that 
evidence the greatest dike involvement (Nichols, 1983). In addition to the 
epithermal quartz veins, an unusual si lver-nickel-cobalt-arsenide deposit 
occurs at the Monte Cristo mine (Bastin, 1922; Nichols, 1983). This deposit 
saw much promotion in the early 1900~s because of discovery of a small, but 
very high-grade, lens of ~ative s i lver  in 1911. Bastin (1922) compared i t  to 
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the native si lver ores of Cobalt, Ontario. Nichols (1983) study indicated 
that the Monte Cristo deposit is unrelated to the other ore deposits of the 
d is t r i c t .  Its ore petrology, mineralogy and trend are completely different 
from the other veins in the d is t r i c t  and are suggestive of a Precambrian 
origin. 

Intense ser i c i t i ca l l y  altered quartz monzonite porphyry of unknown age was 
encountered at 268 meters in a d r i l l  hole on the Monte Cristo property (Nichols, 
1983). What relationship, i f  any, this rock has to the mineralization in the 
d is t r i c t  is unknown. 

Mining act iv i ty  was carried on in the Black Rock d is t r i c t  as early as the 1870's, 
but most production apparently occurred in the early 1900's. Keith and others 
(1983a) l i s t  recorded production between 1902 and 1976 as amounting to 40,000 
tons containing 9,700 oz Au; 110,000 oz Ag; 400,000 Ibs Cu; and 444,000 Ibs 
Pb. Hewett and others (1936) noted the d is t r i c t  was worked as early as the 
1870's and had produced about $400,000 prior to 1904. Based on figures 
cited by Wilson and others (1967) this writer would estimate total gold 
production from the d is t r i c t  as about 11,125 oz; the Gold Bar (O'Brien) and 
Oro Grande mines being the largest producers. 

Mines of Interest: 

Oro Grande Mine: (Sec. 24, T8N, R5W) Located about ! mile east of the 
Hassayampa River and 4½ miles by road north of Wickenburg, the area was 
prospected for copper and si lver in the 1870's. In 1900, a 10-stamp mil l  was 
instal led, 340 f t  shaft sunk and several thousand feet of development work 
completed. The workings produced 8,600 tons of ore averaging $5.32 in gold 
(± 27 opt) in 1904. Mineralization occurs in fractured and brecciated nearly 
vertical faul t  zone that strikes N37°E. In places this zone is greater than 
100 f t  in width and is cut by transverse, narrow and irregular veins and 
stringers of white quartz along which occur pseudomorphs of limonite after 
pyrite. The principal orebody mined was apparently irregular in shape and 
several tens of feet in maximum widths. This zone was discontinuously stoped 
between the 200 f t  level and the surface. Ore consists of brecciated country 
rock cemented by brown to black limonite, calcite and coarse glassy quartz. 
Free gold occurred as ragged particles mainly in the limonite associated with 
the quartz. Wilson and others (1967) report that considerable amounts of 
low-grade, gold-bearing material was exposed by the dr i f ts  that explored the 
breccia zone E and NE of the stoped area. This property appears to hold good 
potential for considerable low-grade (±.10 opt Au) tonnage remaining across 
the wide breccia zone. I t  should be thoroughly examined and sampled. 

O'Brien (Gold Bar) Mine: (NE~ Sec. 33, TgN, R3W) About 15 miles northeast of 
Wickenburg the deposit was located in 1888; a lO-stamp mil l  was erected in 1091 
and reportedly treated some 4,000 tons of material that yielded $60,000. In 
1907-08, Inter ior Mining and Trust Co. reported to have erected a 100-ton mil l  
and mined the orebody from the surface to 385 f t  level on the incline. The 
1907 production was l isted as $33,402 in bull ion and concentrates; 1908 
production from the d is t r i c t  is reported to have been $91,749 in gold; the 
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largest producer being the O'Brien mine. Shaft was eventually sunk to the 700 
f t  level. The O'Brien vein occurs within a fissure zone that strikes N70°E 
and dips shallowly (30 °) NW. Vein f i l l i ngs  consist of coarsely crystall ine 
quartz that in the upper oxidized zone is rather cel lular,  containing cavities 
f i l l ed  with hematite and limonite after pyrite. Pyrite is present in the 
deeper levels. Go~d occurs as fine to medium coarse particles both in the 
quartz and in the iron minerals. Wallrocks supposedly display intense se r i c i t i -  
zation. The main orebody was chimney shaped, about 40 x 50 f t  in cross section 
at the surface and plunged 30 ° SW. During war years, U.S. Bureau of Mines 
engineers noted 10 shafts, 37 cuts, 19 tunnels, and one winze on a 100 f t  wide 
vein about 3,000 f t  long containing gcod surface showings of copper. The good 
gold ore apparently occurs as shoots in the larger vein structure. This wide 
structure should be looked at in terms of low-grade ore or addit ional smaller 
high-grade reserves. 

Groom (Milevore Cop~er Co.) Mine: (Sec. 12, TSN, R3W) The property was 
prospected for  copper in the early 1930's by means of a 500 f t  shaft and con- 
siderable diamond dri l l ing. Mineralization occurs in two parallel trending 
veins, some 250 f t  apart that strike N20°W and dip near vertical. Veins are 
traceable on the surface for more than a mile. Vein f i l l i n g s  consists mainly 
of hematite, limonite, quartz, lecaTly abundant chrysocolla, malachite and 
copper pi tch. The easternmost vein displays the strongest mineral izat ion and 
is general ly 3 to 6 f t  or greater in width. I t  pinches out in places and is 
accompanied by an altered dike of intermediate composition. Some si l iceous 
gold ore was produced from the property in the lg30's. Fine grinding was 
required for  adequate recovery. The ra t io  of gold to s i l ver  in bul l ion produced 
was about 7 to 3. 

George Washington (Loncar): (Sec. 33, TgN, R3W, about 13 miles northeast of 
Wickenburg) Property consists of seven unpatented claims. A vein up to 5 f t  
wide, dipping about 62 ° is traceable over several c3aims by i ts  bold quartz 
outcrop. Workings consists of a 150 f t  crosscut tunnel to the vein, a 55 f t  
incTine shaft, a 65 f t  raise and a la tera l  on the tunnel level.  This work is 
on the George Washington #3. Faulting with some displacement has taken 
place. As of 1936, there was nothing that could be called ore reserves. Only 
gold values are considered in this occurrence, although there is some Ag and Pb 
present. At the time the property was examined by USBM engineers in 1936, i t  
was believed that 7500 tons of $14.70 ore (@ 1936 prices) could be developed 
over a width of 4 f t .  Considerable work was done on the vein. Where worked, 
the vein narrowed and was as a whole uncommercial. There are occasional con- 
centrations of Pb ore. 

Unida: (Sec. 8, T8N, R3W) In granite cut by andesite, a vein up to 4 f t  wide 
follows a small andesite dike. This vein dips about 60 o and has spotty gold 
values with small amounts of copper near the surface. Development consists of 
three adits connected by raises, totalling about 1,575 ft .  Lowest tunnel is 
inaccessible. Some stoping has been done on the two upper adits. Five 
samples taken by USBM engineers {1943) over an average width of 28 inches gave 
weighted averages of 0. I I  Au, 2.25% Cu, 62.5% s i l i ca .  When examined by USBM 
engineers, i t  was estimated that no more than 500 tons of ore existed in the 
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mine. Owner later claimed he had developed 15,600 tons of ore. Small 
production is recorded. Ore consists of malachite, chrysocolla, some dark 
gray copper sulfide, probably chalcocite, and traces of chalcopyrite, 
together with minor values in gold. 

Black Rock Mine: (SW~ Sec. 33, TgN, R3W) This property discovered about 1900 
was developed by a Canadian concern as a gold property. Some years later when 
Canadian currency was frozen for operations outsidethe Dominion, work stopped. 
Principal workingsare an inclined shaft with side dr i f ts .  Ore is oxidized 
material in a porphyry dike which shows some sulfide at the bottom level 
435 f t  down. I t  is reported that 20 samples taken prior to 1943 from the 
mineralized porphyry dike averaged $18.00 in Au and 5% to 15% Cu. Width was 

l iven as 46 inches. A 1,000 ton test mill run in 1907 gave $3.36 per ton 
gold at $20.67). L i t t le  information is available onthe character of the ore. 

The group consists of three patented and several unpatented lode claims. 

MGM No. 1: (Sec. 25, T8N, R4W) Barite occurs in a low-angle fault zone with 
volcanic breccia on the hanging wall and altered granite on the footwall. 
USBM engineers visited the property in the 1940's (?). The following 
information is based on their report. The zone strikes north-south and dips 
20°W. The known length is 50 f t ,  the width 4 f t ,  and the depth 25 f t .  I t  has 
been explored by a 60-foot bulldozer cut, 8 f t  deep, along the outcrop, and a 
50 by 100 f t  bulldozer stripped area above the outcrop. No production has taken 
place and no ore reserves could be estimated. No work was being done when 
visited. Barite may form 20% of the material within the fault zone (no 
mention made of any assays run for Au or Ag). 

Selle: (Sec. 26(?), T8N, R4W) From Wickenburg, the property is reached 
4.5 miles up the Constellation Road, then right one mile, then f i r s t  road to 
le f t  for 15 miles. A vein reportedly is traceable on the surface for 1,800 f t  
and is 10 inches or so wide. I t  parallels a hornblende dike 40 to 50 f t  Wide, 
carrying copper minerals. An assay from the bottom of a shaft on the vein 
showed 6.1% Cu and $14.60 in Au (@$35/oz). Three lode claims make up the 
group with chalcocite, chalcopyrite and malachite carrying gold. 

Keystone: (Secs. 9 and 10, T8N, R3W) A vein 1 to 2 f t  wide reported to be 
developed by a 400 f t  shaft with levels at each 100 f t .  Examined by USBM 
engineers in 1943. Ore is said to be about 2% Cu carrying some gold and silver. 
Workings are inaccessible but there is nothing to indicate that a worthwhile 
tonnage of copper can be produced. I t  should be noted, however, that USBM 
engineers were looking for war scare metals and l i t t l e  attention was paid to 
Au and Ag. 

Garcia (Pearl) :  (Sec. 12, T8N, R3W) Ore occurs in a vein about 1 f t  wide. 
Prospect was worked for  i t s  gold content but owners claim ore shipped went 3~ 
Cu. A 30 f t  shaft near the edge of the wash has been f i l l e d  with wash mater ia l .  
There is also a 40 f t  tunnel on the vein. In 1943 there was apparently nothing 
that could be classed as shipping ore in s ight .  Two claims make up the group. 
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Arizona Copper Belt Mining Company Mine: (Location inexact; a short distance 
northwest of Monte Cristo mine) Workings include three shafts, 200 to 300 f t  
deep with some several hundred feet of workings on a narrow vein that str ikes 
S65°W and dips 45°N. Smal~ production of gold-bearing copper ore in 1912 and 
attempts were made to develop gold ore on the property in the 1930's. 

Monte Cristo Mine: (RW~ Sec. 4, TSN, R3W) Rather extensive workings explore 
3 to 6 f t  wide vein that trends N2°W and dips 52°W. Nichols (1983) reports 
that coarse-grained bar i te ,  quartz ~nd calc i te ( in decreasing order of abun- 
dance) const i tute the major i ty of the vein material .  Bastin (1922) notes 
three ore types in the mine: chalcopyrite ores (containing chalcopyrite and 
some tennanti te, s ider i te ,  ca lc i te  and pyr i te ) ;  chalcopyrite ore with 
magnetite and hematite (and some s ider i te ,  ca lc i te ,  quartz and pyr i te ) ;  and 
rich s i l ve r  ores which contain cobalt, nickel and arsenic. The deposit 
(vein?) trends considerably d i f fe rent  from other veins in the d i s t r i c t  and is 
considered for  this reason and i ts  unusual mineralogy to be possibly as old as 
Precambrian. I f  this is true, then one must wonder about the possibil i ty of 
i t  being syngenetic with its Precambrian host rocks. In 1974, the mine was 
dewatered and retimbered by Southcan Mining Ltd. of Vancouver, B.C. This 
company conducted a program of underground mapping, sampling and diamond core 
dr i l l ing through 1979, Nichols (1983) reports this data to be very incomplete, 
ambiguous and not of much use. Callahan Mining Corp, of Phoenix 
reportedly relogged some of Southcan's core. The present status of the 
property is unknown. 

References: 

Arizona Dept. Mineral Resources, miae f i l e  data; Bastin, 1922; Nichols, 1983; 
Wilson and others, 1967. 
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BLACK ROCK HILL DISTRICT 

Location: 

The area consists of low hil ls forming a near connection between the Lit t le 
Harquahala and Eagle Tail Mountains in La Paz County (T3N, RI3W). The 1-10 
freeway passes through the area. The Black Rock Hills are found in the central 
part of the Hope 15' quadrangle. 

Geology ~nd History: 

Predominant rock types include Mesozoic sedimentary and variably metamorphosed 
rocks, Jurassic (?) or Precambrian porphyritic quartz monzonite, and Tertiary 
lamprophyric dikes. The porphyritic quartz monzonite is highly sheared, 
chloritic and resembles the probable Jurassic pluton in the Sore Fingers area 
of the southeastern Li t t le Harquahala Mountains (Rehrig, unpubl, field notes). 
On Hill 1597, approximately 1½ miles west of the Salome Emergency Airfield 
(see Hope 15' auad), the quartz monzonite forms the footwall of a low-angle 
fault (thrust ?) which places a Mesozoic (?) sedimentary sequence of poorly 
sorted arkoses and slope breccias on the hanging wall. The sedimentary beds 
dip northeastward toward the west dipping thrust. The granitic rocks of the 
lower plate are cataclastically deformed for 5 to 20 f t  below the fault 
(Rehrig, unpubl, mapping). 

The long, northwesterly-trending ridge of the Black Rock Hills is a hogback of 
Clastic Mesozoic rocks dipping southwest. They may be faulted eastward onto 
the arkosic-slope breccia mentioned above. 

in Section 18, T3N, R13W, the porphyritic quartz monzonite is cut by numerous, 
high-angle, quartz veins ranging in width from a few inches to 2 f t .  The veins 
carry copper as chalcopyrite. Their gold content is not known. The veins 
trend NNE to NE, similar to the prevailing strike of copper-gold veins in 
quartz monzonite porphyry at the Rio del Monte mine in the Li t t le Harquahala 
distr ict .  In the northeast quarter of Section 18, the Hilltop mine produced a 
small tonnage of lead-silver ore. 

References: 

Arizona Dept. Mineral Resources, f i le  data; Rehrig, unpubl, field notes. 
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BOUSE DISTRICT 

Location: 

The metal occurrences east and northeast of the small community of Bouse on 
State Route 78 in La Paz County have been t rad i t iona l ly  included within the 
larger Plomosa mining d i s t r i c t  to the west. In this report we spli% o f f  those 
mineral occurrences in the Bouse Hi l ls for separate discussion. Actually, there 
are no precious metals occurrences on our map overlay falling in the Bouse 
Hi l ls .  The d i s t r i c t  is described here merely because of what we feel may be 
favorable geologic factors. The Bouse d i s t r i c t  is covered by RI6 and 17W, 
T7N, and is mapped as part of the Utting 15 ~ quadrangle. 

Geology and History: 

The geology of the Bouse Hi l ls is very poorly known. The Arizona county maps 
show the northeast portion of the h i l l s  to be made up of Mesozoic grani t ic  
rocks. These are d io r i t i c  to granodiorit ic in composition. A b iot i te  K-Ar 
age of 16 m.y. was obtained for the granodiorite (Shafiqullah and others, 1980), 
but is possibly a reset or cooling age. A large area of mid-Tertiary andesitic 
volcanic rocks occur west and southwest of the pl~tonic rocks. Recently the 
contact between volcanics and the granit ic rocks has been found to be deposi- 
tional {Spencer, 1985, personal commun.). A single traverse through the range 
by Rehrig a few years ago indicated that there are small exposures of 
Mesozoic (?) sedimentary rocks poking out from beneath the Tertiary volcanic 
cover. 

A number of prospects and small mines occur within the volcanic rocks of the 
Bouse Hills, Most appear to be manganese occurrences.such as the Black Bird 
or Black Hills mine groups, where manga~ite, psilomelene and pyrolucite occur 
in fractures and breccia zones with calc i te.  A few of the prospects, such as 
the Barber Ge~e mine (Sac. 13, T7N, R17W) produced barite and fluorite from 
northwest-trending, high-angle fau l t  and fractures zones. Copper oxide 
mineralization is reported, but no data is available as to any precious metals 
values. Despite this lack of precious metals in the Bouse volcanic rocks, the 
poss ib i l i ty  of detachment or low-angle structures and possible exposure windows 
into Mesozoic rocks make the e~vironment favorable as a grass roots exploration 
a r e a .  

References: 

Arizona Dept. Mineral Resources, fi~e data; Keith, 1978. 
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BULLARD PEAK DISTRICT 

Location: 

Bullard Peak-Bullard Pass area is located in southwest Yavapai County at the 
east end of the Harcuvar Mountains. The Bullard mine, the most noted property 
in the area, is found in Section 11, T8N, RIOW (Smith Peak 7½' quadrangle). 
Access to the area is via d i r t  roads from U.S. Highway 60 in the Aguila area. 

Geology and History: 

The Bullard mineralization occurs within a fa i r l y  thick sequence of mid- 
Tertiary volcanic and epiclastic rocks which have been highly t i l ted on 
l i s t r i c  faults and a basal detachment fault wrapping around the southern and 
eastern flank of the Harcuvar Mountain fol iat ion arch Ca portion of the 
Harcuvar metamorphic core complex, Rehrig and Reynolds, 1980). These supra- 
crustal rocks strike WNW obliquely into the ENE-striking, shallowly south 
dipping detachment surface. The Bullard volcanic sequence dips steeply 
southward and vertical attitudes can be measured in places. 

The Tertiary volcanic-sedimentary section has been radiometrically dated 
at various places along the prominent northwest-trending range running from 
the Harcuvar range to the Aguila Valley. Dates range from 24 to 17 m.y. 
(Brooks, W.E., 1984, unpubl, data). Dates less than 20 m.y.B.P, are fe l t  to 
represent thermal and metasomatic resetting with eruption ages probably fal l ing 
into the range 20-25 m.y. The rocks consist of interlayered, ferruginous 
arkosic sandstones, boulder conglomerates, basaltic andesite to lat i te lava 
flows, and an occasional rhyolite or rhyodacitic welded tuf f .  Metamorphic 
rock beneath the detachment surface consists of strongly mylonitic qu~rtzo- 
feldspathic gneiss, intruded by pre-deformational leucocratic-pegmatoid s i l l s  
and dikes and post-mylonite microdiorite bodies (Rehrig, 1982). In the 
immediate area of Bullard Pass, the thick., t i l ted ,  red-brown conglomeratic 
rocks of the upper plate rest in unconformable contact against non-mylonitic 
Precambrian basement which is separated from the mylonitic lower plate by the 
s i l i c i f i ed  and brecciated detachment fault dipping 35 ° south (Rehrig, unpubl. 
mapping). 

Mineralization in the area is typical of that found regionally controlled 
by detachment and l i s t r i c  faulting in upper plate Tertiary rocks adjacent to 
the metamorphic core complexes. The mineral assemblage is quartz, carbonate, 
hematite, manganese oxides, and production has been for copper and gold. This 
assemblage occurs in relatively simple fissure f i l l i ngs  or horse ta i l  struc- 
tures emplaced either in l i s t r i c  faults dipping north or nearly bedding 
conformable, antithetic structures dipping south. The host rocks consist of 
iron- and manganese-stained clastic or volcanic rocks of mid-Tertiary age. 

The Bullard deposits were worked prior to 1912 as is evident from early 
consultant reports (see references below). Bancroft (1911) referred to the 
Bullard mine as having been mined earl ier by the Yuma Copper Company, but the 
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property was id le  when he examined i t .  A 1944 notat ion from Arizona Dept. of  
Mineral Resources refers to 60 years of sporadic production and USBM dr i l l i ng  
in which three of four d r i l l  holes i~tersected the ore zone. Two thousand 
feet of mine development are cited at the time. 

At the Bullard mine, the copper-gold deposit is a simple faul t- f issure vein 
cutting a basaltic andesite or basalt flow. The width of the structure varies 
from 1½ to 9 f t  and i t  is traceable on the surface for several hundred feet 
along str ike. Early reports indicate ore averaged 3-4% Cu and $7-$8/ton gold 
(@ $20/oz). Reserve estimates ranged from 5,000 {USBM, 1944 as "indicated') to 
34,000 tons. From 1935 to 1944, the mine is reported to have produced 17,792 
tons. Vein mineralogy consists of quartz and calcite with minor hematite and 
epidote. Past production was mainly from oxidation products of copper 
(chrysocolla, tenorite, cuprite) which carried gold. Vein material shows 
brecciation and cementation by s i l ica.  

From a modern perspective, i t  appears that occurrences i~ the Bullard area 
are of a detachment-listric faul t  setting and are s t r i c t l y  of rather small 
scale vein dimensions with limited tonnage potential. At the Bullard mine, 
grades ia gold were in the range of I/3 oz so, i t  might pay to investigate 
structural or l i thologic factors which might contribute to the delineation of 
larger  tonnages than would be represented by s ingle veins say of  1-5 f t  ore 
widths. In the Bullard Peak area, brief inspection of the main detachment 
f a u l t  showed s i l i c i f i c a t i o n ,  brecc ia t ion,  superimposed quartz veining and 
evidence of sparse, disseminated sul f ides i~ a few exposures (Rehrig, unpubl. 
mapping). Possible explorat ion target  strategy therefore in th is area 
consists of mapping out the mineral ized upper p]ate structures and pursuing 
favorable in tersect ions,  e i ther  in ~pper plate pos i t ion or at the detachment 
zoRe i t se l f .  

Mines of Interest: Bullard mine (see description above). 

References: 

Bancroft, 1912; Spurr f i l es ,  Univ. of Wyoming archives; Arizona Dept. Mineral 
Resources f i les .  
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CASTLE CREEK DISTRICT 

Location: 

The Castle Creek d is t r ic t  is located in southern Yavapai County and historical ly 
covers the drainage area of Upper Castle Creek (mainly T8N, R2W). For purposes 
of this report i t  wi l l  be extended to the southeast to encompass the area 
surrounding the Castle Hot Springs down to the Maricopa County border. 

Geology and History: 

Like much of the southern border of the Bradshaw Mountains, the Castle Creek 
d is t r ic t  has limited published geologic information available. Lindgren (1926) 
described the major mines in the d is t r ic t  and Ward (1977) reported on the 
geology in the Castle Hot Springs region. Wilson and others (1967) br ief ly 
mention the d is t r ic t  and the Golden Aster mine in particular. Satkin (1981) 
evaluated the geothermal potential of the Castle Hot Springs. Jahns (1952) has 
described the geology in the nearby White Picacho pegmatite d is t r ic t .  

The Castle Creek d is t r ic t  straddles the transition zone between the Basin and 
Range and Colorado Plateau physiographic provinces. The general stratigraphic 
sequence in the d is t r ic t  consists of a basement of Yavapai Series schists 
derived from a protolith of volcanic and sedimentary rocks. Proterozoic 
granites and pegmatites intrude the schists and in places make up most of the 
exposure. Ward (1977) notes that highly altered dikes of andesitic composition, 
probable Cretaceous or early Tertiary age, in places cut Precambrian basement. 
The Castle Hot Spring volcanic f ield of Miocene age (Ward, 1977) unconformably 
overlie the Precambrian rocks. The volcanics are thickest in the Castle Hot 
Spring area south to the Maricopa county border. These rocks l ie  within a 
~NW- to NW-trending graben that is believed to be volcano-tectonic in origin 
~Ward, 1977; Satkin, 1981). The graben consists generally of a faulted and 
t i l ted series of volcanic rocks that separate Yavapai Series schists to the 
southwest from Precambrian Bradshaw granite to the northeast (Ward, 1977; 
Sheridan and others, 1979). The graben structure in the Castle Hot Spring 
area is controlled by regional NW-SE-, NE-SW-, and NS trending normal fault 
sets (Ward, 1977). Steeply dipping, en echelon normal faults trending NW-SE 
are contemporaneous with graben formation and suggest NE-SW Tertiary extension. 
Minor NE-SW trending faults are believed to reflect inherited fabric in the 
underlying Precambrian basement. The NS-trending faults are youngest and Cut 
both older fault sets and may be related to Basin and Range tectonism (Ward, 
1977). 

The lowermost part of the Castle Hot Spring volcanic f ie ld consist of a sequence 
of basalts and rhyol i t ic  ruffs, 300-450 m thick, that unconformably overlie 
the basement rocks. Alkali olivine basalts form the lowest member of this 
volcanic sequence. As basaltic volcanism waned, rhyol i t ic volcanism took its 
place producing lava piles and widespread ashflow tuffs. The rhyol i t ic lavas 
are generally confined to the southern portion of the f ie ld (Ward, 1977) where 
dome complexes are recognized. A thin basalt flow caps rhyol i t ic  section and 
marks the end of the basalt-rhyolite volcanism in this area. A sequence of 
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interbedded lahars and la t i t e  flows overl ie the basalts and tuf fs  and are the 
youngest igneous rocks in the d i s t r i c t .  Thick accumulations of these la t i tes 
occur near vents s~ch as Hells Gate, Crater Canyon, and probable vents at Four 
Tanks Canyon, Buckhorn Mountain and Garfias Mountain. 

Structural ly ,  the region is characterized by normal faul t ing and t i l t i n g  with 
a consistent rotation of blocks toward the northeast (Satkin, 1981). This 
rotational faul t ing with blocks repeatedly downdropped to the southwest is 
consistent with the regiona~ NW to NNW structural graben in this part of the 
transi t ion zone. Faulting and t i l t i n g  extend with progressively less effect 
toward the northeast from the Vulture Mountains through the Castle Hot Spring 
area nearly to the Bradshaw Mountains (Satkin, 1981; Rehrig and others, 1980). 

A rg i l l i c  and sul fatar ic alterat ion is widespread in these volcanic rocks and 
Ward (1977) describes several such areas in his study. In the southern portion 
of the d i s t r i c t ,  the most severe alterat ion occurs immediately west of Big 
Hells Gate and Cedar Basin a~d is local ly referred to as Bi t ter  Creek altera- 
tion (Ward, 1977). At this loca l i ty ,  the rocks are complexly faulted and have 
been severely altered by hydrothermal f lu ids.  Ward notes the Bi t ter  Creek 
area is pock-marked by prospect pits and l i t te red with old claim posts. In 
Garfias Wash near Cedar Basin the la t i tes display much a rg i l l i c  alteration and 
contain disseminated pyri te. Low topography developed along AD wash has 
resulted from di f ferent ia l  erosion of altered volcanic rocks in this area. 
Fountain-like deposits of opaline s i l i ca  and chalcedony occur at several 
localities on Hells Gate Mountain. A large dike of silica si ter is reported 
by Ward to extend from Ramon Tank for about 0.4 km northwest along Bi t ter  
Creek. In p~aces this "dike" stands 12 m above the topography and is in excess 
of 30 m wide. I t  apparently f i l l s  a faul t  zone. These areas should be looked 
at and sampled with the idea of possible disseminated gold mineralization in 
mind. 

Shafigullah an4 others {1980) noted that b iot i te  l a t i t e  porphyry dated by K-Ar 
methods at 17.98± 0.43 in the Buckhorn Mountains is hydrothermally altered and 
sulf ide bearing in several areas. 

Economic mineralization in the d i s t r i c t  is largely restr icted to veins cutting 
the Precambrian rocks. Lindgren (1926) notes that several types of veins occur 
in the d i s t r i c t ,  including: I) gold-copper veins, deeply oxidized, with 
chrysocolla and specularite and in places carrying gold and s i lver  { i .e .  
Swallow, Whipsaw, Jones and Copperopolis mining properties); 2) gold-quartz 
veins such as the Lehman (Golden Aster) mine; and 3) lead veins exemplified by 
the long vein that trends westward from Copperopolis. Lindgren also notes that 
a few placers were also worked in the d i s t r i c t ,  the best occurring in American 
Gulch north of Brigg's ranch. The gold-copper veins are notable in that they 
character ist ical ly  contain bright blue chrysocolla intergrown with radiating 
plates of specularite. Dale {1961) describes several tungsten properties 
hosted by Yavapai schist in the Castle d i s t r i c t .  While there is no mention of 
gold with the tungsten occurrences, Dale's description of the schist host rock 
is interest ing. In at least two of the prospects this schist is described as 
magnetite-rich and at the Joyce K Group the host rocks are banded, magnetic, 
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dark-colored schist which in the mineralized zone consists of "altered" bands 
of schist composed of epidote, quartz and calcite which carried some 
scheelite. This particular local i ty would seem to warrant some attention to 
determine whether the schist represents some form of metamorphosed chemical 
sediment ( i .e.  iron formation) which may also carry gold. 

Lindgren (1926) suggests that gross production up to that time amounted to less 
than $500,000. Keith and others (1983) credit the d is t r ic t  with some 2,500 
tons of ore that contained 1,400 oz Au; 1,500 oz Ag; 115,000 Ibs Cu and 12,000 
Ibs Pb. 

Mines of Interest: 

Lehman (Golden Aster) Mine: (Sec. 27, TgN, R2W) Property is located on a 
granite ridge about I-1/8 miles north of Copperopolis (Wilson and others, 1967). 
A low-angle vein system strikes NIO°W, dips 25°W, cutting Precambrian granite. 
The deposit is made up of at least three closely spaced parallel and branching 
veins containing glassy quartz with limonite, tourmaline and in places coarse 
gold. Early ore was packed by burro to a 5-stamp mill on Spring Creek. Small 
production was achieved in the early 1930's. The deposit was developed by 
shallow shafts and at least 1,000 f t  of tunnels and raises. This occurrence 
should be investigated. The branching parallel vein network could possibly 
have resulted in development of a low grade situation outward into the wallrocks. 
I f  this has happened, then the shallow dip of the vein might lend i t se l f  to 
surface mining. 

Swallow (Buzzards Roost)Mine: (SW¼ Sec. 6, T8N, R2W) Geology near the mine 
consists of Precambrian granite cut by dikes of andesite and granite porphyry. 
Several gold-bearing veins on property contain chrysocolla and hematite. 
Main vein strikes NIO°W, dips 70°E and has been developed by a 225 f t  shaft. 
Best ore consisted of copper stained rusty mass with chrysocolla and copper 
pitch and was reported to have contained 1 to 3 opt Au. This material was 
milled on the property with a 10-stamp amalgamation mi l l .  The f i r s t  1,000 tons 
mined, plated $60/ton Au (±3,000 oz Au). Gold values got lower with depth. 
Water was hi t  at 225 f t  depth and hampered development below this level. 
Assays at this depth were claimed to have run $21/ton Au (± I oz). Ore ran 
3-15 f t  in width but averaged closer to 6-8 f t .  Typical vein material was said 
to average 2% Cu and $5/ton Au (@ $20/oz Au). In some places, ore shoots con- 
tained 5-8% Cu associated with bands of specular hematite and calcite. Gold 
is mostly associated with red hematitic material. Footwall of the vein is 
granite with a hanging wall of porphyry. The ore is reportedly contained in 
the hanging wall. Work in the late 1930's and early 1940's indicated erratic 
gold values ranging from $2-$300/ton. A northern vein was said to be developed 
by a 300 f t  shaft with much ore stoped over a 200 f t  length. This vein strikes 
N33°W, and dips 60°E. Another vein located 100 f t  north of this vein carried 
oxidized and platty specularite with chrysocolla, quartz, calcite and f luor i te 
over a several feet width. This particular vein has been mined for i ts gold 
ore with free gold occurring in the well oxidized material. Lindgren reported 
that a specimen of bismuthinite was taken from this vein. ADMR f i les indicate 
that considerable gold ore was mined and shipped from the Moonlight mine lying 
south of Buzzard Roost Gulch. This was considered a southern extension of the 
Swallow vein and carried high copper with $22/ton gold values. 
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Whipsaw Mine: (Sec. 8, TSN, R2W) A narrow vein system 1-3 f t .  wide str ikes NS 
and dips 45°-60°W. Vein has a porphyry footwal l  and schist  hanging wa l l .  Vein 
carried chrysocol la, copper pi tch (brown oxide), specular hematite and l imonite. 
Gold occurs with copper in the oxidized mater ia l .  Good ore ran about 12% Cu 
and 0.48 opt Au. Gold is reportedly v is ib le  in some ore. Highest gold val~es 
are thought to be confined to t i ny  str ingers or pockets with average grades 
probably run much lower in gold. The country rock is mainly a mica schist  with 
local intrusions of porphyry and patches of volcanic cover consist ing of 
rhyo l i te  and andesite f lows, breccias and tu r fs .  Old reports in ADMR also 
mentions a coarse feldspar rock which may be a l a t i t e  which occurs in th is  
region. The vein is developed by a shaft a few hundred feet deep. A smelter 
was b u i l t  in 1890 on Whipsaw Creek to t reat  ore from th is  property. 

Joyce K Claims: (Sec. 14, TgN, R2W) The property is located on upper drainage 
of Ryland Gulch, a tributary to Castle Creek. This is a~ old scheelite property 
in banded, magnetic schist described i~ places as consisting of altered bands 
of schist composed of epidote, quartz and calcite containing sparse schist. 
This may represent a metamorphic skarn of an exhalative protolith. We would 
suggest some exploration in the narrow belt of schist exposed in the Castle 
Creek dist r ic t .  

Unnamed Prospect: (Location inexact, 1,000 f t  north of Copperopolis on 
Copperopolis Creek) Lindgren's (1926) b r ie f  descript ion seems to describe a 
stockwork deposit f i l l i n g  a zone (shear?) s t r i k i ng  N60°W and dipping SW that 
is I00 f t  wide. The ore reported3y consists of l imonite and br ight-blue 
chrysocolla. Some ore was shipped. Shaft and workings were developed in 
1880, but were largely caved when Lindgren v is i ted the property. There is 
no mention of any gold values in th is  deposit. Simi lar chrysocolla veins in 
the area, however, often contain good gold values. I f  th is zone also contains 
low-grade gold, i t  could represent a bulk tonnage target .  

B i t t e r  Creek area: (N~merous prospect p i ts  in area covering Secs. I ,  2, i i ,  12, 
T7N, R2W) Ward (1977) describes the area as displaying hydrothermal a l te ra t ion  
in the volcanic rocks covering th is  area. The gold and copper mineral izat ion,  
he states, may or may not be related to th is  a l te ra t ion .  Area should be 
examined for  possible hot spring type gold deposits. Also, the long "s in ter "  
dike described by Ward near Ramon Tank on B i t t e r  Creek should be examined with 
respect to i t  possibly representing an upper barren zone of a productive 
epithermal vein system. 

Dahlia Group: (Sec. 2, TSN, R2W; west side of Walker Gulch) Group consists of 
tungsten claims staked in the 1950's. Bedrock coasists of brown, thinly 
f iss i le,  micaceous schist. A series of lenses or a single vein, composed of 
quartz, tourmaline, and sparse schee]ite cuts the schist. The vein appears to 
be discontinuous. Masses of quartz and tourmaline crop out at two other spots 
not on s t r ike  of the vein. 

C and W Claims: (Sec. 25, TgN, R2W; on saddle between Walker and Banty Creeks) 
Highly magnetic Precambrian schist  (sedimentary proto l i th?)  comprises 
basement. Schist is a few hundred feet wide and str ikes NE. Some crosscutt ing 
fau l ts  have been prospected for  tungsten. 
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Jonell Group: (Secs. 30 & 31, TgN, RIW) Sparse, sporadic scheelite occurs in 
short, narrow, discontinuous Quartz stringers in a NE-trending belt of 
Precambrian Yavapai schist that is approximately 2 miles wide. These stringers 
are typically conformable with the strike of the schist. Only a few such 
stringers have been prospected. 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Lindgren, 1926; Wilson and others, 
1967; Ward, 1977; Jahns, 1952; Satkin, 1981; Rehrig and others, 1980; 
Shafigullah and others, 1980; Dale, 1961. 
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CASTLE DONE DISTRICT 

Location: 

The d i s t r i c t  is located in the southern portion of the Castle Dome Mountains 
in Yuma County. Most of the mineral occurrences, mines and prospects are 
clustered t igh t l y  in an area southwest of Castle Dome Peak along the western 
margin of the range (T4S, R18 and Igw). This area l ies just  outside the U.S. 
Army A r t i l l e r y  Range, but within the Kofa ~ationa7 Game Refuge. Generally, 
metals exploration in this d i s t r i c t  is severely hampered because of these 
land rest r ic t ions.  

Geology and History: 

The Castle Dome Mountains are similar in gross character to the Kofa Mountains. 
Both ranges contain extensive outcrops of thick (2000-3000 f t ) ,  mid-Tertiary, 
volcanic rocks dating in the 20-25 m.y. range {Logan and Hirsch, 1982; Dahm and 
Hankins, 1982). The si l icic to intermediate ruffs and ]avas of the Castle Dome 
range may represent outflow units from vents or caldera sources within the Kofa 
Mountains. The Tert iary volcanics cover a "basement" of probable Mesozoic 
metasedimentary and metavolcanic rocks. The contact of Tertiary rocks with 
metamorphics may be depositional in places but has been recently mapped as a 
low-angle detachment faul t  (see Plate I) (Logan and Hirsch, 1982; Haxel, 1984, 
pers. coBm~un.). In TSS, R17W, a small area of Orocopia schist has been 
recognized (Haxel, pers. commun.) which is also in detachment contact with 
Tertiary volcanics. 

Specif ical ly,  the geology of the Castle Dome si lver d i s t r i c t  is dominated by 
an intense NRW-trending dike swarm mapped in detail by Wilson, 1933 (Figure ~ ). 
The dikes are of dacit ic (d io r i t i c )  and rhyol i te compositions, the la t te r  
being somewhat younger. Age of dikes are 19 to 20 m.y. Note from Figure , 
that the volcanics of the main range are t i l t ed  moderately westward, 
presumably into the detachment contact with older rocks. 

The mineral deposits of the d i s t r i c t  are chief ly argentiferous galena, 
f luor i te ,  barite f issure veins cutting Mesozoic rocks and the abundance of 
Tertiary dikes. The veins are richest where hosted by the dacit ic dike rocks 
in close association with quartz porphyry intrusive bodies. The veins trend 
parallel with the many dikes and are steeply dipping. They lense from a few 
feet to over 10 f t  in width. At the surface, veins are marked by oxidized 
cappings of lead minerals along with weathered fluorspar, calcite and barite. 
The vein deposits are rich i~ galena with depth a~d contain l i t t l e  or no 
copper. Si lver ores were extracted from individual ore chutes along the veins 
and workings were seldom taken below about 300 f t .  Other minerals found in the 
deposits include hydrozincite, smithsonite, w~Ifenite, vanadinite, mimetite, 
quartz, calcite and aragonite. 

• Southwest of Thumb Butte a small d i s t r i c t  (Thumb Butte or Old Montezuma) 
yielded copper, zinc and lead mineralization with quartz-calcite veins. 
Copper Glance mine was the principal producer, 

The 
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Fig. ~o Geologic map of the Castle Dome Disuric=, Arizona• 
(Redr=wn from Eldred D. Wilson, 1930) 

(From Logan and Hirsch, 1982) 
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Three mites east of the main cluster of Castle Dome workings, a deep canyon at 
the head of Big Eye Wash is the s i te of numerous, but small, gold-copper veins 
and veinlets with quart z . These deposits are the source for  small gold placer 
deposits in adjacent washes. This mineral izat ion occupies a probable detachment 
fau l t  zone between Tert iary andesites and rhyo l i te  dikes and shattered Mesozoic 
quartzi tes. A small stock has intruded the fau l t  zone. 

Total metal production for the d is t r ic t  through 1974 would be estimated at 
121,000 tons of ore yielding at least 10,697 tons Pb; 498,000 oz Ag; 2,000 oz 
Au; 38 tons Zn and 36 tons of Cu. 

Mines of Interest :  

Bi~ Eye, Outlook and Lookout mines (T4S, R18W, Sec. 34) Gold, s i lver  and 
oxidized base metal mineral izat ion occurs in shattered Mesozoic quartzi te along 
a detachment (?) shear zone with hanging wall of steeply t i l t e d  and arg i l l i zed  
mid-Tert iary andesites intruded by rhyo l i te .  Note is made of a pre-mid-Tert iary 
syenite body occurring along strike of the mineralized zone. Properties 
produced about 2,370 tons averaging 0.9 opt Au, 8 opt Ag, and minor Cu and Pb. 
Mineralized zone produced smal~ gold placer deposits y ie ld ing a minimum of 
7,000 oz gold. 

Copper Glance mine (T5S, R18W, Sec. 19) Chalcocite, copper carbonates, minor 
lead-zinc and si lver-gold in i r regular  calc i te-quartz veins and veinlets 
cutt ing Mesozoic schist,  share, limestone and arkoses. Zone of mineral izat ion 
is NS-trending and 20 f t  wide. Si lver enriched capping is found at the surface. 
Property produced only about 135 tons of ore averaging about 7% Cu, 11 opt Ag, 
and 0.1 opt Au. 

MabTe mine 9roup (T4S, R18W, Sec. 31) Base and precious metals in pockets, and 
i r regular  masses in gangue of c rys ta l l ine  ca lc i te ,  f l uo r i t e  and minor bari te 
occur in mult iple f issure veins cutt ing Mesozoic shales intruded by d i o r i t i c  
and rhyo l i te  dikes. Property only produced 200 tons from the 1880's, but ore 
averaged 0.2 opt Au and 8 opt Ag with 20% Pb. 

Sheep claim (T6S, R17W, Sec. 15) An area in the southeastern end of the Castle 
Dome Mountains formally known as the Mof i t t  d i s t r i c t  exhibits numerous quartz 
veins y ie ld ing gold and, reportedly, lead. Only a few carloads of ore (unknown 
grade} have been shipped. The veins cut an altered b io t i t e  granite and there 
is extensive yellow brown iron oxides noted over the mineralized area. 

The property l ies rather isolated, several miles to the southeast of the Castle 
Dome d i s t r i c t  boundary on Overlay 5. I t  is #071 on the Precious Metals overlay. 
I t  is included as of interest because of the notable co lor -a l terat ion anomaly 
seen by Rehrig on a recent plane t r i p  between Yuma and Phoenix. Unfortunately, 
the property is current ly on the Yuma Proving Ground. 

The reader should note that the major Castle Dome mine group of workings of lead, 
zinc, s i lver  have not been singled out for  descript ion. This is mainly due to 
the negl ig ib le gold content of the ores. Unfortunately, the location of the 
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overall d is t r ic t  within the Kofa game range and its status as a Wilderness 
Study Area, severely downgrade the favorabil ity of the region as a current 
exploration target region. Although the Big Eye mine area looks quite 
attractive and the nearby Orocopia schist and bounding thrust (?) detachment 
settings equally prospective, the overall land status of the Castle Dome region 
may prohibit any further metals exploration activity. 

References: 

Dahm and Hankins, 1982; Logan and Hirsch, 1982; Wilson, 1933. 
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CIENEGA DISTRICT 

Location: 

The numerous mines and prospects of the Cienega region occur in a relat ively 
small area along the Arizona side of the Colorado River between the town of 
Parker and Parker Dam in northernmost La Paz County . The area could be 
considered in the westernmost part of the Buckskin Mountains. The area fal ls 
in TION, R18 and 19 W, within the Black Peak 15' topo quadrangle. 

Geology and History: 

The geologic setting of the Cienega d i s t r i c t  is extremely complex st ructura l ly  
as well as l i tho log ica l ly .  The complexities are due largely to the jumbled or 
chaotic conditions resulting from the superposition of Laramide thrusting and 
metamorphic effects with Tert iary l i s t r i c  and detachment faul t ing.  Rock types 
include pre-Tertiary higher-grade metamorphic rocks and lower-grade metasedi- 
mentary assemblages, and small patches of p~utonic or metaplutonic rocks. The 
gneisses and schists have previously been assigned a Precambrian age. They may, 
however, be a package of more intensely metamorphosed Mesozoic supracrustal 
rocks. The less metamorphosed carbonates and Quartzites with recognizable 
Carboniferous fossils (Darton, 1925) are of Pa~eozoic age. Small exposures of 
a coarsely porphyritic, partialTy deformed (augened), quartz monzonite is 
complexly juxaposed against the metamorphic rocks, It  is either of Precambrian 
or Jurassic age. Tert iary rocks include an older sedimentary (volcanic} 
sequence of Chapin Wash (mainly redbeds; named Copper Basi~ Fm. i~ California) 
which are complexly t i l t ed  on l i s t r i c  structures or angularly unconformable on 
older rocks, and a younger f l a t - l y ing  sequence of <15 mi l l ion year old 
fanglomerates and basalt flows (Osborne Wash Formation). Tertiary subvolcanic 
dikes, plugs, and irregular intrusions of pro- and post-Osborne Wash ages cut 
al l  l i thologies in the area. 

Structural ly the area constitutes an upper p?ate assemblage above the Whipple- 
Buckskin detachment surface. Consequently, the rocks are shattered and 
brecciated everywhere and are cut by a myriad of normal and l i s t r i c  normal 
faul ts.  Pre-Tertiary structure consists of a more ducti le style of deformation, 
imparting fo l iated,  metamorphic and thrust or fol~-induced fabrics to the rocks. 
Low-angle contacts between Paleozoic and Mesozoic l i thologies are in part 
thought to be thrust or fo~d controlled. 

Minera~ deposits, chief ly of copper si?icates, carbonates or oxides that 
usually contain gold and minor si lvers were discovered and worked prior to 1900. 
Production records for mines such as B i l l y  Mack, Sue and Quartz King date from 
1870 to 1884. The d i s t r i c t  has produced intermi t tent ly  through recent times, 
but no recorded production has been recorded since 1969. The Cienega d i s t r i c t  
is noted for the rather consistent gold content to i ts copper ores, averaging 
about 0.6 opt (Keith, 1978}. Total estimated and recorded d i s t r i c t  production 
is some 19,000 tons containing 917 tons of copper, 11,707 ounces of gold, and 
3,364 ounces s i lver .  
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There has been l i t t l e  reliable data with which to fu l l y  assess the mineraliza- 
tion in the d is t r ic t .  The several theses from the University of Missouri at 
Rolla which were done in the Cienega d is t r ic t  do not supply the necessary 
perspective (Zambrano, 1965; Osborne, 1965; Al Hashima, 1965). Certain 
generalizations, however, do appear valid. Copper-gold-hematite mineralization 
occurs in a variety of lithologies ranging from the metamorphic gneisses and 
schists to Paleozoic (?) carbonate, to the Miocene Chapin Wash fanglomerates 
and intermixed volcanic rocks. The mineralization appears to favor the 
carbonate units, where replacement type deposits occur, commonly accompanied 
by considerable s i l i c i f i ca t ion .  Mineralization in nearly all cases exhibits 
r igid structural control exerted by faults and fracture zones or their 
intersections. 

Descriptions by Keith (1978) indicate that many deposits in the d is t r ic t  are 
localized along one or more thrust faults. These structures appear to separate 
predominantly carbonate facies along the easternmost margin of the d is t r ic t  
from Precambrian (?) schists and metamorphic rocks farther west. Specifically 
the controlling structure places metamorphics, commonly referred to as 
schistose, micaceous quartzite on the upper plate from Paleozoic - Mesozoic 
rocks of the lower plate. The thrust fault(s) commonly strike northeast and 
dip northwest. 

In summary and as noted from mine descriptions (below), we have a close-spaced 
cluster of deposits displaying remarkable similari t ies in mineralogy and 
structural character. The copper-hematite association is consistent and gold 
along with the commonly abundant presence of quartz is always present. Most 
all properties produced ore with gold running > 0.2 opt. The frequent 
reference in Keith (1978) to occurrences occupying thrust zones is of great 
interest because these structures are important ore localizers in many other 
distr icts of the study area ( i .e.  Harquahala, Ellsworth, L i t t le  Harquahala). 
Although the mineralization suite is typical of the detachment fault setting, 
i t  is curious that the low-angle structures have been called thrusts. Field 
checking is recommended to determine the specific nature of these structures, 
as well as to determine the size or size potential of the numerous showings. 
Descriptions of mines do not give sufficient details as to the size of overall 
mineralized zones, although i t  is assumed that higher grade bodies previously 
mined were rather small and discontinuous. There may be, however, considerable 
merit to the d is t r ic t  i f  clusters of occurrences are considered collectively 
(see exploration section of report). 

Mines of Interest: 

Arizona McGinnis mine (TION, R18W, Secs. 9, 16, 17) Oxidized copper mineral i- 
zation that is gold-bearing occurs in stringers and replacement zones in 
metamorphosed Paleozoic (?) carbonates. The deposit occurs along and in the 
footwall below a f l a t  shear zone (thrust ?) with hanging wall of quartz schist. 
Limited production of about 170 tons averaged 9% Cu, 0.6 opt Au, and 0.1 opt Ag. 
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Ea~le Nest mine (TION, R18W, Sec. 16) Copper-goTd mineralization occurs in 
calc-si ] icated Paleozoic (?) and Mesozoic metasedimentary rocks along a thrust 
(?) structure with hanging wall of schist (Precambrian ?). S i l i c i f i ca t i on  and 
quartz veining is said to be prominent. Property produced some4,000 tons of 
ore averaging 3.5% Cu, and 0.2 opt A~, with only minor silver. 

Carnation mine: (TION, R18W, Sec. 21) Mine occurs just  below unconformity 
with Osborne Wash basalts. Mineralized zone projects beneat~ the post-mineral 
volcanic cover. Chrysocolla, malachite, azurite and hematite, with gold occur 
in irregular vuggy, siliceous replacement bodies in Paleozoic {?) carbonate 
lenses and along a well developed s i l i c i f i e d  thrust (?) zone of considerable 
width separating a 
footwall of Paleozoic-Mesozoic metasediments from a hanging wall of quartz mica 
schist (referred to as Precambrian by Keith, 1978). Thrust structure appears 
to be the same as that comtrolling mineralization at Eagle Nest and possibly 
Arizona McGinnis mines. Both properties show strong quartz. Carnation produced 
some 8,000 tons of 4% Cu, 0.2 opt Au, and 0.05 opt Ag ore. 

Golden Ray mine group (TION, R19W, Sec. 24) Another thrust (?) controlled 
copper (oxides-carbonates)-gold occurrence along shear structure separating 
Precambrian (?) metamorphic rocks from footwall Paleozoic (?) rocks. Minerali- 
zation occurs mainly as stringers and replacement pods in the deformed footwall 
carbonates. Mine produced about 175 tons running 1.5% Cu, 0.56 opt Au and 0.2 
opt Ag. This productioR came from only about 2 years work. 

B i l l y  Mack mine group (TION, R19W, Sec. 14) Irregular pockets, seams and 
disseminations of oxidized copper minerals, specular and earthy hematite and 
free gold in cellular quartzose zones along a RE-striking, 45 ° northwest 
dipping contact between Paleozoic (?) carbonate and chlorit ic, micace0us 
schist. Contact reported to be a thrust fau l t  by Keith (1978). Abundant 
sideri te veinlets cut the carbonate footwall,  Ore mineralization is said to 
be spotty and discontinuous (Bancroft, i911), however, the mine produced 3,000 
tons of material averaging abo~t 4.5% C~, 0.6 opt Au, and 0.2 opt Ag. 

Lion Hi l l  mine group (TION, R19W, Sec. 25) Hematite, copper oxides and 
si l icates and gold occur in highly fractured and folded carbonate and calc- 
s i l icated carbonate of Paleozoic (?) age. Mineralization is'developed as 
bedding replacements and along normal faults which folTow the axis of an ant i-  
cl ipal structure. Production noted as 700 tons averaging about 0.4% Cu, 
0.2 opt Ag, and 2.4 opt Au. 

Sue mine (TION, R19W, Sec. 23). Copper-iron and gold mineralization in 
brecciated, quartzose zone cutting Paleozoic - Mesozoic limestones and schists. 
Chalcopyrite is reportedly replaced by supergene bornite, covel l i te and 
chalcocite. Hematite veining cuts the sulfides with the latest minerals being 
malachite, azurite and chrysocolla. Mineralized zones possibly localized by 
low-angle faul t ing (thrusts ?). Nanganese a~so reported. Production reported 
as 400 tons averaging 3.5% Cu, 0.2 opt Au, and 0. i  opt Ag. 
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Capilano and Rio Vista Northside and Southside mines (T10N,°R19W, Sec. 26) 
Gold, copper, hematite, mineralization with quartz along the fractures, faults 
and in brecciated s i l i c i f i ed  zones along faulted (thrust ?) contact between 
Paleozoic carbonate and overlying schistose quartzite. At the Rio Vista 
Southside property, parallel vein-like bodies of mineralization occupy a wide, 
near vertical shear zone in Paleozoic - Mesozoic metasediments, along an 
anticline. Rio Vista properties produced several hundred tons of material 
averaging about 5.8% Cu, 0.4 to 0.5 opt Au, and 0.1 to 0.3 opt Ag. 

Mammon mine group (TION, R18W, Sec. 34) Hematite, oxidized copper and minor 
gold occurs in a siliceous, quartz flooded zone along a high-angle shear zone 
between micaceous schists (Mesozoic ?) and a late Tertiary intrusive body. 
Some mineralization occurs as veinlets and replacements within the schist. 
The mine is surrounded by post-mineral sediments and basalts of the Osborne 
Wash Formation. Production from the proper~, amounted to about 800 tons 
averaging 4.5% Cu, 0.07 opt Au and 0.16 opt Ag. U.S. Bureau of Mines report 
states that 6,000 tons of 3-4% Cu were shipped and that 1,200 to 1,500 tons of 
5% Cu and $2 gold (~ $35/oz) are on the dump. 

Arizona Pride mine (TgN, R17W, Sec. 4). Oxidized copper, hematite and gold in 
irregular veinlets, clots, breccia f i l l i ngs ,  tabular bodies in lensoidal 
marble layers. Mineralization is controlled by fractures and faults along a 
low-angle thrust (?) placing Paleozoic carbonate over Precambrian (?) 
metamorphic rocks. Mine produced intermittently from the early 1900's, but 
with only a few tens of tons production averaging about 0.2 opt in gold. 

References: 

Bancroft, 1911; Darton, 1925; Keith, 1978; Osborne, 1965; Al Hashima, 1965; 
Zambrano, 1965. 

95 



CIMARRON HILLS (SALT WELL, GREENBACK) DISTRICT 

Location: 

The Cimarron H i l l s  d i s t r i c t  encompasses an area ly ing south of the Vekol H i l l s  
that covers the Copperosity H i l l s ,  Cimarron Mountains and the Sheridan Mountains. 
The northwestern portion of the d i s t r i c t  l ies  in the extreme southwest corner 
of Pinal County. The major i ty  of the d i s t r i c t  extends southward into northern 
Pima County. A l l  of the d i s t r i c t  Ties within the Papago Indian Reservation. 

Geology and History: 

The oldest rocks in the d i s t r i c t  consist of Precambrian Pinal Schist exposed 
in the northern and southern portions of the Cimarron Mountains. Rocks once 
mapped as Precambrian schists in the southern Sheridan H i l l s  are new believed 
to be Mesozoic in age (see Plate I } .  Paleozoic sediments occur in the Sheridan 
H i l l s ,  faulted against the Mesozoic metamorphic rocks. During the Late 
Cretaceous-Early Ter t iary  Laramide orogeny, the area was p a r t i a l l y  covered 
by volcanic flows and turfs and intruded by a large composite (?) plutonic 
complex that ranges from quartz d io r i t e  and granediori te to quartzmonzonite and 
granite. Rocks of th is igneous complex are widespread in the northern and 
eastern Cimarron Mountains. 

Large portions of the district are covered by lavas and ruffs that are part of 
the widespread Ajo volcanic field of mid-Tertiary age (Floyd and Miller, 1984). 
These rocks are mainly andesit ic to rhyodacit ic in composition in this 
portion of the f i e l d ,  except for the northeast trending belt of volcanics in 
the Copperosity H i l l s  which are basalt ic to fe ls ic  in character (see plate I ) .  
Numerous dac i t ic  to l a t i t i c  plugs, dikes and s i l l s  intruded the older rocks 
penecontemperaneous with the Ter t iary  volcanic ac t i v i t y .  This int rusive 
ac t i v i t y  is related to mineral izat ion in the Greenback mine area. 

The character of mineral izat ion in the d i s t r i c t  is f a i r l y  diverse. A large 
amount of the mineral izat ion,  pa r t i cu la r l y  in the Cimarron H i l l s  and Sheridan 
Mountains, consists of scattered, generally weak, base and precious metal 
showings along faul ts and fracture zones in both the older recks and the 
Ter t iary  volcanics. These showings have only been productive for gold and 
s i lver  in near-surface, secondarily enriched zones. Some of this mineral iza- 
t ion may in part be of Laramide age. 

Deposits in the northern end of the Cimarron range are more interest ing and 
appear to be epithermal in nature. At the Greenback mine, go ld-s i lver  plus 
minor amounts of copper, tungsten, f luor ine and molybdenum (?) mineral izat ion 
is believed to be related to daci t ic  plugs and dikes of mid-Tert iary age 
(26 m.y., Theodore, personal commun., 1981). At both the Greenback and the 
Papago mines, low-grade gold mineraTization is associated with shear or fau l t  
zones that display much s i l i c i f i c a t i o n  and abundant FeOx. Mineral izat ion at 
both properties is dispersed across zones ranging between 40 to 200 f t  wide. 
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In addition to the precious metals, the d is t r ic t  has produced a considerable 
amount of manganese from replacement deposits of manganese oxides in brecciated 
Paleozoic limestone along fault zones and in fault breccia cutting Laramide 
intrusive rocks. Keith (1978) estimates manganese production of some 9,500 tons 
worth about $250,000. 

Recorded precious and base metal production for the Cimarron Mountains part of 
the d is t r ic t  amounted to some 120 tons of ore which yielded about 80 oz Au, 400 
oz Ag, and about 11 tons of Cu (Keith, 1978). The Greenback mine area is 
credited with a production of 800 tons of ore which yielded 100 oz Au, 3200 oz 
Ag, and 2000 Ibs Cu (Keith and others, 1983a). 

For the company wi l l ing to attempt work on the Papago Indian Reservation, both 
the Greenback and Papago mines appear to be worthy of further examination and 
sampling. 

Mines of Interest: 

Papago Mine: (TIOS, R2E, Sec. 8) The Papago mine was located in 1902. In 
!926, the Papago Gold Mining Co. of Casa Grande was organized to test the 
property. This company did considerable surface trenching and shaft work which 
was s t i l l  in progress in 1934 (Tenney, 1934). Basement in the mine v ic in i ty  
consists of coarse-grained granitic rocks. Mineralization occurs in a large, 
prominent vein that is exposed on the surface for over a mile. This vein cuts 
the granite and consists of highly brecciated and s i l i c i f i ed  granite with 
numerous later veinlets (stockwork ?) of manganese and iron-stained calcite. 
The vein or shear zone strikes E-W, dips 40°-60°S, and is 40 to 150 f t  wide. 
The quartz is reportedly much stained by FeOx and all samples indicated the 
general dissemination of f inely divided gold and some silver mineral (Tenney, 
1934). At the time of Tenney's writing, over 657 f t  of exposure, surface 
trenching and sampling had been completed and trenching demonstrated continuity 
of values extending 1242 f t  west and at least 1000 f t  east of the proven ground. 
In the 657 f t  of proven ground, a geometrical average value over an average 
width of about 48 f t  of the footwall portion of the vein averaged $1.73 in 
gold and $1.05 in silver (Tenney, 1934). For the 1242 f t  to the west, the 
average of scattered samples yielded about $1.81 in gold and si lver, and the 
eastern portion of the vein yielded values from $1.28 to $3.86 in gold and 
silver from scattered samples. Several areas contained higher grades. In one 
spot, sampling across 40 f t  averaged $5.42; in another area trenching over 50 f t  
in width averaged $4.08. (Note all samples were calculated using $35 per oz Au 
and 64½ cents per oz Ag). 

The strength and width of this vein offers a very good bulk tonnage target. 
seems l ike ly that because of the relatively low gold-silver values that this 
mine probably never produced any material. Current prices could make this 
prospect highly attractive. 

I t  

Greenback Mine: (TIOS, R2E, Sec. 33) The Greenback mine is a highly interesting 
occurrence. Basement consists of Pinal Schist that has been intruded by a 
series of porphyry plugs, s i l l s  and dikes. Tenney (1934) states that the 
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porphyries vary widely in composition from dior i te to quartz monzonite. More 
recent mapping of the area by the USGS (cf. Oockter and Keith, 1978)describe 
this rock as dacite porphyry ranging to diori te. Theodore (unpubl. data) has 
obtained a 26 m.y. age date on this rock. The mineralization is closely related 
to the porphyritic intrusions, Tenney describes two types of mineralization. 
The first type occurred after intrusion of the por~ihyries and involved partial 
shatterin~ of this rock type. Hydrothermal solutions invaded the brecciated 
rock depositing veinlets of se r i c i te  and sul f ides,  Sulf ides were also dis- 
seminated in the rock. Oxidation has produced a l imoni te-sta ined,  kao l in iz ied,  
s l i g h t l y  copper-stained mass containing veinlets of chrysocolla. The f i r s t  
locations were made on outcrops of th is  mineral izat ion.  

The second type of mineralization succeeded the f i r s t  and consists of s i l ica 
flooding of a major fault  zone that cuts the porphyry and strikes N70°W. The 
s i l i f i ca t ion  contains some pyrite and copper sulfides and low-grade gold 
mineralization. This mineralization is characterized by a network of quartz 
veins which strikes NW in a zone of intensely brecciated porphyry. The quartz 
is somewhat FeOx and CuOx stained and contains sporadic pockets rich in free 
gold (Tenney, 1934). Fractures cutting the quartz are f i l l ed  by calcite with 
some MnOx and FeOx. This zone is about 3000 f t  long and varies between 50 to 
200 f t  in width. The general dip is about 60°S. Individual veins within this 
zone range from i to 50 f t  in width. 

It is on this second type of mineralization that the Greenback and Pinal shafts 
(the two major workings in the area) were sunk on gold rich outcrops. The rich 
ore, however, was quite shallow, bottoming at 35 and 50 f t  in the respective 
workings. The pr incipal  working is the Pinal shaft which was sunk to a depth 
of 688 ft on a 50 ° incline with levels driven east and west on the 50, 150, 300 
and 500 f t  levels.  The Greenback shaft was sunk to a depth of I00 f t  on a 40 ° 
inc l ine .  A small amount of d r i f t i n g  was done on the 100 f t  ~evel. In the 
Pinal shaft the gold seems to have been associated with pyr i te  and FeOx. The 
vein was probably faul ted o f f  in the Greenback shaft.  The iO0 f t  level was 
driven en t i re l y  in country rock cut by numerous ca lc i te  veins dipping at 
various angles. 

We would suggest that both the f i r s t  type of mineralization and the wide fault 
zone should be tested for low-grade, bulk mineable Au-Ag values. 

Unnamed Site: (Sec. 8, T11S, R13E; protracted) Briskey and others (1978) 
describe an ovoid breccia that crops out about I mile northeast of the town of 
Ventana. The breccia consists of angular to subangular, small to large 
fragments of Precambrian Oracle granite and Precambrian Y Apache Group rocks 
local ly enclosed or surrounded by dense mats of a~astomizing, milky-white 
quartz veins; some fragments are Tertiary intrusive trachite. Clasts and 
quartz veins are intruded by small dikes of Tertiary trachyandesite porphyry. 
The area display sporadic bleaching, clay alteration, and FeOx staining. No 
mention is made of any associated metals. The area should be checked for 
low-grade gold mineral izat ion.  
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COTTONWOOD (WALKOVER) DISTRICT 

Location: 

The Cottonwood mining distr ict  is located in Mohave County about 9 miles southeast 
of Hackberry along the edge of the Cottonwood Cli f fs (T23N, R12W). 

Geology and Hi story: 

The distr ict  lies along the northern portion of the Cottonwood Cli f fs which are a 
continuatior of the Grand Wash Cliffs and mark the western margin of the Colorado 
Plateau. In this region, the plateau is floored by Precambrian dark colored 
schists and gneisses that are intruded on the northwest part of the distr ict  by 
granites of Precambrian and Laramide age. The Precambrian rocks are overlain by 
lower Paleozoic sediments to the southeast of the distr ict and by nearly 
horizontal volcanic rocks within the d is t r ic t .  A northeast-trending dike swarm 
cuts the volcanic rocks and some of the Precambrian metamorphic rocks. Two strong 
fault trends are exhibited in the Precambrian basement rocks; one strikes 
northwest and the other strikes north-northeast generally parallel to the large 
normal faults ( i .e.  Grand Wash fault) that cut the Colorado Plateau. 

The mineral deposits of the distr ict  consist of gold-bearing quartz veins in the 
granitic gneiss and schist. The distr ict was not discovered until around 1907 
and l i t t l e  detailed information about the deposits is known. The Walkover mine 
which has been the major producer of the distr ict  has been described by Wilson and 
others (1967). Their description of the mine indicates a mineralized vein 
occurring in medium foliated, dark-colored schist. No mention is made whether the 
vein cuts, or is enclosed by, the schist. This consideration is important as the 
mineralization is described as consisting of abundant banded sulphides (mainly 
pyrite, arsenopyrite and chalcopyrite) below the water table. This description 
makes one suspicious that the Walkover Mine might possibly be a massive sulfide 
occurrence. The ore ran quite high in gold (several carloads in 1934 ran between 
1.00 to 1.29 opt Au) and makes the mine and surrounding area worthy of some 
additional i nvesti gation. 

Hewett and others (1936) described the distr ict production to that date as 
amounting to some $70,000 in combined metals. Keith and others (1983a) credited 
the distr ict  with some 13,500 tons of ore containing 3000 oz Au, 6,000 oz Ag, 
457,000 Ibs Cu and 500 Ibs Pb. 

Mines of Interest : 

Walkover Mine: (Sec 30, T23N, R12W.) Vein strikes S25°E and dip~ 750W in 
dark-colored Precambrian schist. Ore is oxidized to the lO0-ft level and is 
accompanied by much iron oxide and some copper stain. Below the water level, ores 
consist of abundant banded sulfides consisting mainly of pyrite, arsenopyrite and 
chalcopyrite. Gangue of the vein is brecciated, glassy, gray quartz and altered 
fragments of schist. The vein is cut by several southwest striking faults and is 
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developed to a depth of 365 f t  and for a maximum length of 200 f t  south of main 
shaft. The vein has been largely stoped from the surface to the I00 foot level. 
Wilson and others {1967) indicated the width of the ore shoot ranged from 8 inches 
to 5 f t  ard averaged about 2 f t .  The "vein" displays some characteristics of 
being a massive sulfide body syngenetic with the Precambrian schist. The high 
go~d content of i ts ores indicate that this property should be looked at. 

Big Ledge (Helen Claims): (Sec 33, T28N, R2OW.) The Big Ledge claims cover a zone 
of red, brecciated and recemented, jasper. Mineralization is said to be chiefly 
Pb, Z~ a~d Fe sulfides and carbonates that carry some gold an~ silver. 

References" 
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CROSBY DISTRICT 

Location: 

The Crosby d is t r ic t  covers a northeast-trending belt of scattered gold 
occurrences that l ie immediately south of the Eureka-Bagdad dist r ic t  and 
west of Grayback Mountain in western Yavapai County. 

Geology and History: 

Like many distr icts in this part of Arizona, we have l i t t l e  information about 
the geology, mineralization or early production of the Crosby d is t r ic t .  I t  
appears that at one time i t  was considered part of the Eureka-Bagdad dist r ic t  
which we have discussed separately. Metzger (1938) described the geology and 
mining activity at the Oro Bueno and Arizona-Homestake mines, and Wilson and 
others (1967)have discussed the Crosby mine. 

From the meager descriptions i t  appears that the d is t r ic t  is floored by a 
complex of granite, gneisses and schist of Proterozoic age (see Plate 1). Much 
of the granite is probably equivalent to the 1,400 m.y. old Lawler Peak granite 
which is widely exposed in the Eureka-Bagdad dist r ic t  to the north. Foliation 
in the Precambrian rocks mainly trends northeast and usually displays steep to 
vertical dips. 

Descriptions of several of the mines in the d ist r ic t  indicate that mineraliza- 
tion is mainly confined to narrow (?), northeast-trending, quartz veins that, 
in two of the three cases we have information for, dip at shallow angles to 
the east. Keith and others (1983b) suggest that the mineralization may be in 
or near a detachment fault. This suggestion undoubtedly comes from the descrip- 
tions of the low-angle veins. We are not aware of any detachment fault that has 
been recognized in this area. Core complex related detachment faults, however, 
do occur in the nearby Rawhide Mountains to the west and in the Harcuvar 
Mountains to the south, and so the possibil ity of a detachment in this area 
cannot be completely ruled out. 

The veins were mainly gold producers although some silver, copper and lead was 
also produced. Wilson and others (1967) report that a small shipment of ore 
mined from the Crosby in 1931 averaged more than 1.7 opt Au. Metzger (1938) 
noted that assays at the Arizona-Homestake property ran up to $47/ton and that 
a considerable tonnage of $8-$10 ore appeared to exist at the property. 
Recorded d is t r ic t  production between 1901-1957, from USBM f i les (Keith and 
others, 1983a) amounted to 9,800 tons of ore which yielded 5,000 oz Au; 4,700 
oz Ag; 21,000 Ibs Cu; and 8,500 Ibs Pb. 

Mines of Interest: 

Crosby (Nieman) Mine: (TI3N, R8W, Secs. 4 & 9) Narrow quartz vein (1-18 inches 
wide) strikes NIO°E and dips 20°-30°E in banded gray schist that is intruded by 
pegmatite, rhyolite-porphyry and mafic dikes. Vein f i l l i n g  consists of coarse- 
textured, grayish-white quartz with bunches and disseminations of pyrite. 
Upper ores are oxidized and rich in gold. Wallrocks contain considerable 
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se r i c i t e .  Workings include a 350 f t  inc l ine and associated" d r i f t s .  Vein is 
reportedly largely stoped out for  a distance of 325 f t  from the surface to the 
165 f t  leve l .  Vein is cut o f f  on the south by a f a u l t .  The property recorded 
production in 1906-1907, 1911-1916, 1927-1931. Lessees obtained $1,870 from 
22 tons of ore in 1927, and 100 tons of ore mined in 1931 averaged more than 
1.7 opt Au. 

Arizo~a-Homestake Mine: The property consists of claims on both sides of Santa 
Maria River. Country rock consists of granite and schist. The "Homestake" 
claims on the south side of the river cover two well-defined, subparallel 
veins that strike about S30°W and are about 300 f t  apart. The vein nearest 
the river dips 30°E while the other vein dips about 55°-60°E. The claims 
north of the river (Weepah) cover a vein that strikes about MS and dips about 
80°E. Metzger (1938) noted that development on the vein nearest the river on 
the Homestake claims included a 200 f t  shaft on the dip of the vein with 300 f t  
of dr i f t ing at the bottom. The other vein on the Homestake claims is developed 
by a 140 f t  shaft with some 200 f t  of drift ing on two levels. A stope on the 
I00 f t  level of this vein was 4 to 8 f t  in width. The vein north of the river 
was developed by an adit d r i f t ,  connected to a winze on the dip of the vei~ 
and by a shallow shaft with a small amount of d r i f t i n g .  Metzger (1938} notes 
that an assay map of the properties show a large range of gold and silver 
values from $1.50 to $47.00 a ton. He indicated that the assay map indicated 
a "considerable': tonnage of $8-$10 ore. A 35-ton/day f l o t a t i on  mi l l  was 
completed early in 1936 processed about 1500 tons of material (mostly low-grade 
dump material)  between March and Apr i l  worth about $4000. The mi l l  burned in 
July and the mine has been apparently id le  since. 

Oro Bueno Mine: The Oro Bueno vein st r ikes about NS and dips about 45°W. 
Country rock is mainly granite although Metzger (1938) notes that a schist  belt  
roughly para l le ls  the vein. The mine was said to have been id le  for  many 
years pr io r  to 1938. Development by the ear ly miners consisted of two 500 f t  
adi t  d r i f t s  that are connected by a raise. Considerable stoping was done above 
the upper level ,  A cyanide mi l l  was b u i l t  in 1936, but had not yet been put 
into operation at the time of Metzger's (1938) v i s i t .  

References: 
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CUNNINGHAM PASS DISTRICT 

Location: 

The d is t r ic t  is located in the western part of the Harcuvar Mountains, La Paz 
County in T7N, R12 and 13W. Workings are mainly concentrated in Cunningham 
Pass along and just west of the paved road connecting the town of Wenden to the 
south, with Alamo Dam to the north. The d is t r ic t  is plotted in the northwest 
quarter of the Salome 15' quadrangle. 

Geology and History: 

The d is t r ic t  occurs in the middle of the Harcuvar fol iat ion arch, one element 
of the Harcuvar metamorph4c core complex (Rehrig and Reynolds, 1980). For the 
most part, rocks west of Cunningham Pass consist of the Tank Pass plutonic 
complex, a mid-Cretaceous batholith with pendants of migmatite gneiss of either 
Precambrian or Mesozoic age. East of the pass the rocks are mainly migmatitic 
and mylonitic gneisses strongly intruded by leucocratic, muscovite-bearing 
granite and pegmatite bodies. The topographic pass through the Harcuvar 
fol iat ion arch appears to roughly form an eastern contact to the Tank Pass, 
plutonic terrane and may be an expression of a prominent NW-trending zone 
of faults and Tertiary basic dikes which transects the foliated rocks. 

The d is t r ic t  was active around the turn of the century withthe Crit ic mine 
(Cunningham Pass Copper Company) being the principal producer. The Cunningham 
d is t r ic t  has also been described as part of the Ellsworth or Harcuvar 
distr icts.  Bancroft (1911) cites production of the Cunningham Pass Copper Co. 
through 1909 as 600-700 tons averaging 12% Cu and from i/2 to I opt Au. 
Consultant reports refer to 6 carloads (1912-13) averaging 12% Cu and $29/ton 
Au (@ $20/oz) with numerous assay results ~0.2 oz in Au. The Crit ic mine, 
northwest of the Centroid mine, shipped at one time 1,772 tons of ore averaging 
11.5% Cu and 0.75 opt Au (Arizona Dept of Mineral Resources f i les) .  Keith and 
others (1983a) cite total production from the d is t r ic t  as 4000 oz Au and 
2600 OZ Ag. 

Ore deposits in the immediate Cunningham Pass area consist of variably dipping 
(35 ° to 80°), northwest-striking fissure or fault veins which cross cut the 
f la t - ly ing fol iat ion in host gneisses and interlayered aplite-pegmatite lenses. 
At least 7 individual veins are mentioned. Veins vary considerably in width 
from a few inches to 50 f t .  Thickness changes occur in both dip and strike 
directions. One consulting report (mid-1950's) cites a 100 f t  wid~ vein at the 
300 f t  level in the main shaft of the Crit ic mine. 

A prominent swarm of basic dikes trend roughly parallel to the veins. These 
are probably the regio~ally occurring mid-Tertiary microdiorite bodies dated 
elsewhere (Rehrig and Reynolds, 1980; Rehrig, 1982) at from about 21 to 28 m.y. 
B.P. At Cunningham Pass, the basic dikes are noted as carrying very l i t t l e  
mineralization (post-ore?), whereas fe ls i t i c  or "quartz porphyry" dikes appear 
associated more closely with mineralization. 
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The mineral suite typical of the d i s t r i c t  consists of specularite, quartz, 
magnetite, chrysocolla, chalcopyrite and some s~pergene chalcocite. Bancroft 
(1911) notes calc i te and barite veinlets f i l l i n g  post-mineral fractures. Other 
sources report s ider i te in the ores. Secondary enrichment appears to be an 
important aspect to upgrading ore zones i~ both copper and gold. 

Southwest of the Cunningham Pass area, isolated quartz, copper, gold veins 
occur at the Bonanza and Doland mines. At the Doland property (Sec. 5, T6N, 
RI3W), a James Yovell (Rainbow Mining Co.) in 1982 was reported (ADMR f i les)  to 
have a leach operation treating material running 0.18 to 0.05 opt Au with con- 
siderable copper oxide content. The Bonanza mine (Sec. 26, T7N, R13W) worked 
spotty Cu, Au and Ag from irregular,  lensing veins associated with a wide zone 
of diorite-diabase dikes along a probable NW str ik ing shear zone (713 tons 
averaging ± 2% Cu, 0.22 opt Au, 0.2 opt Ag). 

Mines of Interest: 

The Cunningham Pass area appears to of fer  the most favorable exploration environ- 
ment in the overall d i s t r i c t .  Val~es of go~d in previously mined ore are good 
(> 0.! opt). Size potential and consistency to ore in veins is,  however, l imited 
because of lensoidal nature of pay zones. Consulting reports from the mid-1950's 
note that open-pit, low-grade ore potential is focused in the area of the Horse 
Whim shaft (ADMR f i l es ) .  A major, gossaned, Cunningham Pass faul t  zone is also 
mentioned in the report which has not produced in the past but which may not 
have been adequately explored, 

The mineralization appears to be rigidly controlled by faults, veins and perhaps 
by the distribution of dike zones. We would think that careful mapping and con- 
siderationof structural factors might delineate zones where mineralization may 
increase. A favorable target projection may be where the NW-trending feeder 
structures intersect a NE-striki~g, detachment zone flanking the Harcuvar foliation 
arch on either its northwest or southeast sides. 
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DIAMOND JOE (CEDAR VALLEY) DISTRICT 

Location: 

The Diamond Joe d is t r ic t  is located in the east-central portion of the Hualapai 
Mountains about 12 miles northwest of Wikieup. For purposes of this discussion 
we have also included the contiguous area that Keith and others (1983a) refer 
to as the Cedar Valley d is t r ic t .  In actuality, the Cedar Valley d is t r ic t  was 
histor ical ly referred to as a poorly defined area that embraces the western 
flank of the Hualapai Mountains. 

Geology and History: 

There is precious l i t t l e  published information on the Diamond Joe mining 
d is t r ic t .  This part of the Hualapai Mountains is underlain mainly by 
Proterozoic metamorphic rocks. In the Diamond Joe d is t r ic t ,  these rocks have 
been intruded by the Late Cretaceous (72 m.y.; reported in Keith and others, 
1983b) Diamond Joe quartz monzonite pluton and related (?) dikes. Much of the 
mineralization in the d is t r ic t  appears to be related to this intrusion. Keith 
and others (1983b) state that mineralization in and around the stock consists 
of genetically related veins and disseminations. During the late 1970's the 
area was prospected as a porphyry copper play because i f  i ts surface exposures 
of copper-molybdenum mineralization. Hess (1924) describes some of the molyb- 
denum mineralization and makes reference to the operations at the Leviathan 
mine. Hansen (1977) conducted a surface mapping and soil sampling program 
that suggested that the d is t r i c t  overlies a porphyry system. One d r i l l  hole 
was put into a molybdenum soil sample anomaly in the Precambrian rocks near 
the contact with the Laramide intrusion. Lost circulation resulted in the 
hole being abandoned short of i ts proposed depth and before i t  cut the proposed 
intrusive target. No ore grade mineralization was found. Mineralization in 
the southern part of the d is t r ic t  (Cedar Valley) may be of a different character 
than that found spatially near the Diamond Joe intrusion. Keith and others 
(1983b) identify this mineralization as being NW-striking middle Tertiary veins. 

Hewett (1936) states thatpre-1904 production from the Cedar Valley d is t r ic t  
was about $100,000. Keith and others (1983a) indicate that production from the 

Diamond Joe portion of the d is t r ic t  between 1916-1981 amounted to 6,000 tons of 
ore that yielded 100 oz Au; 30,000 oz Ag; 60,000 Ibs Cu; 40,000 Ibs Pb; and 300 
Ibs Zn; production from the Cedar Valley portion of the d is t r ic t  from 1903 to 
1936, amounted to 1,300 tons of ore which yielded 700 oz Au; 6,600 oz Ag; 
and 600 Ibs Cu. 

So l i t t l e  is known about this region that no statement can be made concerning 
its exploration potential. Even though much of the mineralization may be 
porphyry copper related, there is enough uncertainty about the d is t r ic t  wide 
metallogenesis that a brief geologic reconnaissance of the d is t r ic t  is probably 
warranted. 
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Mines of Interest :  

Cedar Mine: (Location inexact; some 28 miles from Yucca by t r a i l ,  in the Cedar 
mining camp) A 1912 report in J. E. Spurr's records in the mining archives at 
the University of Wyoming make mention of this property. Geologically, the 
setting consists of granite (Precambrian ?)and eruptives (Tertiary ?) con- 
taining quartz veins. The property was reported on as early as 1894, The two 
largest mineralized structures were cal led the "east" and "west" veins. East 
vein averages 2 f t  wide a~d consists of quartz carrying s i l ve r  and g01d with 
some zinc and pyr i te .  The West vein averages 4 f t  wide and also carries gold 
and s i l ve r .  The property consists of 16 claims, 7 of which are patented. The 
Arnold claim, on the East vein (?), was developed by a 200 f t  shaft and workings 
on two levels. In 1903 the mime was flooded below the 100 f t  level .  Ore was 
reported stoped out above the 100 f t  level .  On this level the vein averaged 
2-5 f t  wide with the ore shoot running 400 f t  along s t r ike .  Average of 
14 samples taken at various places ran $49 in Ag and $13 Au. An average of 
12 other samples averaged 56.7 opt Ag, 0.63 opt Au, 2.4% Zn, 3.2% Fe and 5.7% S. 
In 1912, the property had a 15-stamp mil%, compressor, assay of f ice and equip- 
ment. Al l  ore mined was said to average %20, only 10% of which was recovered 
on the plates. Spurr's group rejected the property because the veins were too 
small and the ore was believed ref ractory because of zinc. Their report 
stated that previous workers had expended $400,000 on the property. 

References: 
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DOME ROCK DISTRICT 

Location: 

This d is t r ic t  is located in La Paz County west of the community of Quartzite. 
We have arb i t rar i ly  designated the area to be that between the Colorado Indian 
Reservation on the north and the Yuma Proving Grounds on the south. Our 
boundaries take in the La Paz, Middle Camp, Oro Fino and La Cholla distr icts 
of Keith (1978). Most of these mineralized areas fa l l  within the Dome Rock 
Mountains located in T3, 4 and 5N and R20, 21W. U.S. Interstate 10 from 
Quartzite to Blythe passes east-west through the central part of the d is t r ic t .  

Geology and History: 

The geologic setting of the d is t r ic t  can be summarized br ief ly as consisting of 
Mesozoic sedimentary and metamorphic rocks that are intruded by one large 
Jurassic pluton and a number of smaller Laramide or mid-Tertiary intrusive 
bodies. Although not shown on the Yuma County geologic map (Wilson, 1960), 
there are small outcrops of probable Paleozoic rocks such as in the Boyer Gap 
area northwest of Quartzite (Rehrig, unpubl, f ie ld notes). Generally, these 
rocks have been so tectonized, attenuated and metamorphosed that their age 
designations are most d i f f i cu l t  to determine. 

The Mesozoic rocks are mainly metamorphosed, poorly sorted, l i th ic - r ich 
sandstones, siltstones and conglomerates correlated tentatively to the McCoy 
Mountains Formation of eastern California and the Livington Hil ls Formation 
of the southern Plomosa Mountains, Arizona (Tosdel, 1982). This terrigenous 
section rests depositionally (?) and is part ia l ly  interstrat i f ied with 
siliceous to intermediate metavolcanic rocks common td the northern part of the 
Dome Rock Mountains (Crowl, 1979). These volcanics have been dated as early to 
middle Jurassic age (L. Silver in Crowl, 1979). 

The largest pluton in the d is t r ic t  is the Middle Camp quartz monzonite, a 160 m.y. 
old, coarse-grained, porphyritic body with leucogranite phases. This body makes 
highly irregular, complex and metasomatic contacts with metamorphic host rocks. 

All rocks older than the undeformed Diablo quartz monzonite plutons are deformed 
tectonically (Crowl, 1979). There is a rumored 85 m.y. date on, this pluton. A 
pervasive cleavage or structural fol iat ion is discordantly developed to varying 
degrees through the Jurassic sediments, volcanics and plutons. I t  trends WNW 
and dips shallowly northward. Although details are lacking because of insuff i -  
cient mapping, i t  is suspected that major internal thrusts and isoclinal folds 
exist in the range and that a picture as complex as that mapped by Mil ler (1970) 
in the neighboring Plomosa range wi l l  emerge in the Dome Rocks as well. 

A variety of mineral occurrences have been prospected in the Dome Rock d is t r ic t .  
These include numerous, small gold-quartz showings; extensive shallow placer 
gold deposits, a large advanced arg i l l i c  alteration area containing shows of 
molybdenum, t in and tungsten, a porphyry copper prospect, small scattered 
copper prospects, and occurrences of mercury, lead, magnetite and specular 
hematite. The overall distribution of gold mineralization and placer gold 
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deposits to be crudely marginal to the large Middle Camp quartz monzonite 
suggests a possible genetic t ie to Jurassic plutonism. Additionally, early 
reports by Jones (1916) mention a predominance of gold-quartz veining in the 
La Paz subdistrict restricted to the lower, metavolcanic rocks ( i .e. the quartz- 
albite schist of Crowl, 1979). Veining is concordant with metamorphic fol iat ion 
(EW to WNW strikes) and is also cross cutting (tvN-S strike). The concordant 
veins are the largest and most persistent. Even exotic, non-metallic occur- 
rences such as kyanite, dumortierite, andalucite and si l l imanite are reported 
from Mesozoic sediments at several local i t ies. These characteristics suggest 
to us a strong influence of l i thologic control or stratibound effects on 
metallization. All in al l  the geologic setting characterized by Jurassic 
plutonisin, stratibound-like gold and alumino-silicate alteration appears much 
l ike that in the Cargo Muchacho Mtns. of southeastern California where three 
large gold discoveries have been developed. 

The two major placer gold operations, the Farrar Gulch (T4N, R21W, Sec. 36) and 
La Paz Wash workings (T4N, R2OW, Sec. 26), together produced over 100,000 oz 
gold; largely prior to 1900. This large placer production plus the numerous 
smaller workings throughout the d is t r ic t  emphasize the overall favorabil i ty of 
the area. The interesting mercury-bearing prospects around a local i ty called 
Cinnabar at the southern end of the Dome Rock range is also described with this 
d is t r ic t .  

Mines of Interest: 

Apache mine (T6N, R21W, Sec. 35, Colorado River Indian Reservation) Gold- 
si lver in lensing quartz vein cutting Mesozoic metasediments intruded by rhyolite 
plug. Produced very high grade gold (330 tons of 2.4 opt), but probably low 
tonnage potential. Added negative factor is location on reservation ground. 

Darlin 9 mine (T5N, R2OW, Sec. 33) Weak copper and pockets of scheelite associ- 
ated with contact metamorphism (?)(epidote, calcite, biot i te,  quartz) along a 
sheared contact between carbonate and dark, micaceous schist. Mineralization 
may also be of the stratiform type. Gold is mentioned as occurring with the 
mineralization but no assays or production are mentioned. The Tungsten Hil l  
mine nearby (TSN, R2OW, Sec. 27) also produced scheelite (4000+ tons of 0'.4% WO 3) 
from a garnetized, epidote-bearing tacti te zone along a schist-limestone contact. 
Numerous quartz veins cut the mineralized zone. 

The Goodman mine 9roup (T4N, R21W, Secs. 23-25) Reported as the richest gold 
deposit in the Dome Rock region, the Goodman workings span 2 to 3 miles along 
a WNW strike. Production was from a long, lensing, massive (1 to 40 f t  thick) 
quartz vein in a north-dipping shear zone cutting mylonitized Middle Camp 
quartz monzonite. Mineralization is spotty free gold, auriferous pyrite and 
minor copper-lead. Strong epidote is mentioned as well as rare earths. The 
occurrence is said to be the source for the large placer deposits in La Paz 
Wash (T4N, R2OW, Sec. 26) and Farrar Gulch (T4N, R21W, Sec. 36). The Goodman 
workings produced some 11,000 tons of ore that averaged 0.33 opt Au and 0.02 opt 
Ag. Copper was not recovered. 
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Maraquitta mine (T4N, R2OW, Sec. 22} Gold and s i lver  with minor base metals 
occurs in a lensing quartz vein (N20°W, 20 ° NE dip) cutt ing considerably 
altered Middle Camp and Diablo quartz monzonite plutons. Host of mineralization 
at the mine is quartz mica schist. 

Strong chlor i te,  epidote and ser ic i t izat ion are mentioned in the mineralized 
area. Where the productive quartz zone is hosted by metasediments, i t  f i l l s  a 
possible thrust that is fau l t  nearly conformable to bedding fo l ia t ion .  The mine 
produced some 180 tons of one averaging about 0.6 opt Au and 0.3 opt Ag. 
Scheelite was reported. 

Note that the Oro F~no placers jus t  south of the mine (T4N, RZOW, Sec. 27) 
produced about 6,000 oz Au. The adjacent Middle Camp placers (T4N, R2OW, Secs. 
21 & 28) also produced about 6,000 oz Au. The source of the placer gold is 
said to be numerous small gold-bearing veins and stringers on Middle Camp 
Mountain. 

Julian mine group (T4N, R19W, Sec. 30) Gold-silver and minor base metals in 
multiple veins and stringers along fracture zones in Jurassic granite with 
pegmatite dikes. Produced about 350 tons of 0.55 opt Au material. 

Sugarloaf Peak area (T3N, R2OW, Sec. 3) Centered over several square miles 
surrounding Sugarloaf Peak is an area of intense hydrothermal alterat ion 
(sericite, argil l izatio~, alunite). The altered zone appears to be suddenly 
faulted off to the south and southwest of the peak; and to the north and 
northwest, i t  extends nearly to the interstate highway. The property has 
attracted much moderR exploration interest starting as a moly porphyry play 
by Congdon and Carey in the 1960's. Most recently the property is under option 
from Westworld Resources of Houston to Amselco. Although numerous high-leVel 
geochemical anomalies (Pb, Mo, Bi, W, TI) are reported over the altered area, 
d r i l l i ng  and trenching have thus far fai led to delineate any economic minerali- 
zation. Anomalous geochemistry at the surface typical ly  disappears within 50 f t  
of depth suggesting mechanical or chemical enrichment in oxidized rocks. On 
Sugarloaf Peak and adjacent h i l l s  where the alterat ion is most intense, a 
s i l i c i f i e d  fe ls ic  rock occurs which looks l ike either erosional remnants of a 
rhyol i te flow or shallow intrusive plugs. Although the fe ls i te  occurs within 
an overall area of bleached, argi l l ized and pyr i t i c  Mesozoic metasediments and 
could be in te rs t ra t i f i ed  with them, i t  is possible that the fe ls i te  represents 
a shallow Tert iary subvolcanic hot springs system having l i t t l e  to do with the 
gold-dominated Mesozoic mineralization elsewhere in the d i s t r i c t  (Rehrig, 
unpubl, f ie ld  notes). 

In Section 4, T3N, R20W, a property called the Leadville (Hartsi f)  is described 
as an 80 by 150 f t  e l l i p t i ca l  gossan containing disseminated galena and rhyol i te.  
Ore running 6% to 17% Pb, about 5% Bi and .18% t in .  Deposits believed hosted 
in fe ls ic  breccia or tuffaceous pipe. 

Copper Bottom, Yellow Do 9, and Yum Yum mine area (T3N, R2OW, Sees. 23, 28, 14 & 
15) The mines and prospects occur in the La Cholla mining d i s t r i c t  of Keith, 
1978, in which he describes ~umerous quartz veins and stringers carrying gold, 
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copper and si lver.  Crowl (1979) notes a syngenetic character at least for the 
copper, which is apparently restricted to the noses of folds within certain 
stratigraphic horizons of the Mesozoic metasedimentary sequence. Bedding plane 
quartz-copper-gold veinlets are mentioned at the Yum Yum deposit. The Copper 
Bottom produced about 100 tons of 19% Cu, 1.6 opt Au and 27 opt Ag ore. The 
Yum Yum property yielded 176 tons of I opt Au and 0.2 opt Ag. 

Note that in this area the La Cholla placer deposits produced some 9,500 oz Au 
and 900 oz Ag. 

Cinnabar mine area (T2N, R2OW, Sec. 3) Although this area, located in the 
southern Dome Rock Mountains about 8 miles southwest of Quartzite, is within 
the Yuma Proving Grounds, i t  is of suff icient interest to describe as part of 
the Dome Rock d is t r i c t .  The old Cinnabar mine worked a N47:-55°W near vertical 
faul t  zone in highly brecciated Mesozoic metavolcanic rocks. Parallel faul t  
strands widen the main vein from about a foot to several feet. In addition to 
disseminated cinnabar, copper carbonates are conspicuous within the gangue of 
s i l i ca ,  calcite and siderite. The mineralization is reported to contain gold 
and si lver.  The appearance of magnetite near the vein was noted by Bancroft 
(1911). A Hg production of 540 flasks is reported for 1916. 

Approximately 1½ miles west of the Cinnabar mine, old prospects in T2N, R2OW, 
Secs. 4 or 5 (up a steep narrow gulch at about 1,600 f t  elevation) explore 
quartz, ser ic i te,  tourmaline, copper and free gold which as described by 
Bancroft (1911) occurs in a zone str iking N55°W with a f l a t  dip (15 ° ) to the 
southeast. Siderite and cinnabar is reported to also be in the shallow-dipping 
structure. The fine-grained, quartz-sericite schist and impure carbonate beds 
which host the mineralized zone are described as being extensively tourmalinized 
and s i l i c i f i e d .  

In this general area (S.Cen. Sec. 9, T2N, R2OW), an antimony occurrence of 
st ibnite has been noted in Arizona Dept Mineral f i l e  data. A reference source 
for this prospect is Arizona Bur. Mines Bull. 122. 

References: 

Bancroft, 1911; Jones, 1916; Keith, 1978; Crowl; 1979; Arizona Dept Mineral 
Resources, f i l e  data; Rehrig, unpubl, f ie ld  notes; Tosdel, 1982; Wilson, 1960. 
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EAGLE TAIL DISTRICT 

Location: 

The Eagle Tail district or area as described by Keith (1978) essentially covers 
the Eagle Tail Mountains and Cemetery Ridge in the extreme southeast corner of 
La Paz County. The southeastern portion of the Eagle Tail Mountains extend 
into Maricopa County. 

Geology and History: 

The Eagle Tail Mountains are a NW-trending range composed mainly of Oligocene(?)- 
Miocene volcanic rocks. The range appears to be a fau l t  block that has been 
rotated to the southwest as the Miocene volcanic rocks dip in that d i rect ion.  

Pre-Tert iary gran i t ic  and metamorphic rocks occur at lower elevations along the 
NE f lank of the range. These rocks include Precambrian or possibly Jurassic 
porphyr i t ic  gran i t ic  rocks that display variable amounts of weak f o l i a t i on ,  and 
Mesozoic metasedimentary rocks. The metasediments vary from well-bedded, mica 
schists, quartzites and arkosic quartzites to massive meta-arkose which takes 
on an igneous appearance in Sections 17 and 18, T2N, RIlW. A thin bed of 
marble occurs in the metasedimeot package in Section 17. The weakly fo l ia ted 
small bodies, dikes and s i l l s  of equigran~lar, non-fo l iate granodiorite to 
d io r i te  are of Laramide age (51.6 m.y. K-Ar minimum age on part ly  ch lor i t i zed 
b i o t i t e ;  Rehrig, unpubl, data). They may represent a southwest extension or 
end to the Wickenburg batholith (see Vulture district write-up), 

Mid-Tert iary volcanic rocks over l ie the pre-Tert iary basement and make up the 
main rock type of the range. The older volcanic rocks generally s t r ike north- 
west and display variable dips to the southwest, These rocks consist of 
v i t rophyr ic  flows, thick ash-flow ru f fs ,  tuffaceous breccias and pyroclast ic 
deposits that resemble the volcanic section in the nearby Big Horn Mountains. 
A basal yellowish buff-colored tuffaceous sandstone or pyroclast ic deposit l ies 
nonconformably on the older rocks in part of the range. This volcanic last ic  
uni t  contains b io t i t e  phenocrysts that y ie lds a 23 m.y. K-Ar date (Shafiqullah 
and others, 1980). This uni t  is s imi lar  to basal volcanic last ic  deposits occur- 
ring in parts of the Big Horn, Vulture and Kofa ranges {Rehrig, unpubl, data). 

A few isolated buttes on the NE side of the range and more extensive outcrops 
on the SW side of the Eagle Tail range consist of late Miocene f l a t - l y i n g  
basalts which over l ie the t i l t e d  older volcanic strata with angular unconformity. 
In Sections 20, 17 and 18, T2N, R11W, there occurs beneath the tuffaceous 
sandstone (described in the proceeding paragraph) a 500-!000 f t  section of 
conglomerate with interbedded thin t u f f  beds and daci t ic  flows. This section 
is deposited on the older c rys ta l l ine  rocks. Clasts from one section of the 
conglomerate are of medium-grained quartz d io r i t e  to granodiori te that resembles 
certain phases of the Laramide Wickenburg batho~ith. Clasts within this wedge 
of conglomerate reach sizes of 2-3 meters. Other Tenses contain clasts of a 
loca l l y  occurring meta-arkose and coarse-grained quartz monzonite porphyry. 
This conglomerate section pinches out within 1-2 miles along s t r ike toward 
the SE and the yellowish volcanoclastic uni t  again rests d i rec t l y  on the older 
c rys ta l l ine  rocks (Rehrig, unpubl, data). 
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An intense swarm of porphyry dikes intrudes the pre-Tertiary rocks and the 
Tertiary volcanic section. These dikes and shallow plugs generally strike NW 
and commonly dip shallowly to moderately NE (about perpendicular to bedding). 
Others appear to be s i l l s  injected along volcanic bedding planes and dip SW. 
These dikes vary considerably in composition and texture: some are felsic and 
aphanitic, others are darker colored and porphyritic. Purplish rhyolite 
porphyry dikes yield a biot i te age of about 20 m.y (Shafiqullah and others, 
1980). These dikes look very similar to dikes in the Vulture Mountains that 
give a 16 m.y. whole rock K-Ar date. 

Cemetery Ridge, reportedly named for the graves of prospectors ki l led in the 
1870's (Keith, 1978), consists of a low, northwest-trending range of mostly 
interrupted and broken h i l ls  with gentle pediment slopes. The topography 
becomes more rugged in the northern and southern portion of the range. Mesozoic 
metamorphic rocks (mainly gneisses and schists) underlie most of the range. 
These rocks are overlain by Tertiary rhyol i t ic  to basaltic volcanic rocks on 
the northern, southern and western portions of the range. Northwest-trending 
Tertiary rhyolite dikes and small plugs intrude the schist. Wilson (1933) 
made a reconnaissance of the area and noted schist along the western margin, 
granite intruding the schist, and numerous dikes of rhyolite and granite 
porphyry and some hornblendite. 

Prospecting in the Eagle Tail d is t r ic t  dates back to the mid-1860's and spotty 
mineralization has attracted sporadic prospecting since. Except for some hand 
picked 22% manganese ore, there is no reported production from the d is t r ic t  
(Keith, 1978). According to Wilson, the mineralization found along the north- 
west side of the Eagle Tail Mountains occurs as spotty base and precious metals 
shows. These are mostly oxidized and enriched near the surface, displaying a 
gangue of quartz, calcite and barite in fissure and fracture zones cutting the 
Tertiary volcanic rocks. Keith (1978) l is ts the Eagle Tail (Golden State) group 
in NW~ Sec. 28, T2N, R11W, and the Gentry Lead-Silver mine in north-central 
Sec. 2, TIN, RIIW as examples of this kind of mineralization. Keith (1978) 
notes that along Cemetery Ridge, weak copper mineralization with minor gold 
and silver has been prospected at several locations. This mineralization 
typical ly occurs with a gangue of iron and manganese oxides, quartz, gouge and 
brecciated wallrock along fractures and faults cutting Mesozoic schist, granite 
and Tertiary dikes. Wilson noted b r i t t l e ,  asbestiform actinolite in lensing 
veins in Mesozoic schist near irregular altered dikes associated with veinlets 
and masses of magnetite along Cemetery Ridge east of Deadman Tank. A color 
anomaly in Sec. 34, T2N, R11W attracted exploration attention during the 
porphyry copper days. I t  was explored by IP and a few shallow d r i l l  holes on 
the pediment just to the north. The anomaly is caused by dispersed, largely 
pyr i t ic mineralization occurring within a thin band of metasediments caught 
between porphyritic granite (Jurassic?) and Laramide quartz diorite. Some of 
the Tertiary rhyol i t ic  dikes have locally caused alteration and minor sulfides 
in adjacent country rocks (Rehrig, unpubl, data). 

Another occurrence that may deserve looking at, i f  the area is examined, is the 
White Mountain property (located at intersection of Secs. 4, 5, 8, 9, TIN, 
RIOW). ADMR f i les indicate that country rock in this area consists of gneiss 
that has been intruded by a semicircular stocklike mass of fine-grained 
intrusive rock that is roughly 900 x 1400 f t ,  elongated in a NE-SW direction. 

112 



Gneiss in th is  area is also f ine grained, but can be distinguished by d is tor ted 
quartz grains. Introduced quartz is reportedly present in beth rocks as blebs 
and ve in le ts .  The rock is said to carry 0.1-0.5% Cu and some gold and s i l ve r .  

F ina l l y ,  information from J. E. Spurr's records at the Universi ty of Wyoming's 
mining archives mentions a property in the Eagle Tai l  d i s t r i c t .  The abstract,  
dated June 13, 1912, l i s t s  no mine name or exact locat ion,  but simply describes 
the property as a ver t ica l  shaft 90 f t  deep o~ a vein that dips 45 ° . The vein 
reportedly contained an ore shoot 600 f t  long and 30 f t  wide that was reported 
to run $8-$12/ton in free m i l l i ng  quartz. There was a p o s s i b i l i t y  that the 
mineralized zone extended far ther .  

Im r e a l i t y ,  there is very l i t t l e  geologic information, other than of a re- 
connaissance nature, known about Eagle Tai l  mineral izat ion.  The amount of 
in t rus ive a c t i v i t y  in the d i s t r i c t  would seem to warrant some grass roots 
exploration e f fo r t s .  In te res t ing ly ,  the CRIB data show a Hg, Au, Ag property 
(the Nations Mercury locat ion} as occurring in the older volcanic section in 
the southeastern part of the range. On Plate I ,  i t  would appear that i t  
occurs at the northern end of a major dike swarm cut t ing the volcanic rocks. 
Unfortunately, the CRIB fiTes give no information about th is  property. This 
would be a very imteresting property to check out to see whether or not i t  
exists and what the character of its mineralization might be. 

References: 

Keith, 1978; Rehrig, unpubl, report and f i e l d  notes; Wilson, 1933. 
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EL DORADO PASS-GOLD BUG DISTRICT 

Location: 

The El Dorado Pass-Gold Bug mining distr icts have histor ical ly been considered 
as separate but contiguous mining distr icts in northwestern Mohave County. 
The distr icts essentially cover the western half of T27N, R21W. They are 
considered as one d is t r i c t  in this report. 

Geology and History: 

This portion of the Black Range displays complex faulting that has resulted in 
Miocene volcanic rocks being in low-angle and l i s t r i c  fault contact with the 
Precambrian basement. The structure of the area adjoining the d is t r i c t  to the 
north is dominated by northerly striking normal faults many of which dip at 
angles of 10 ° to 20 ° (Anderson, 1978). Anderson (1971) attributes the low-angle 
faulting in this part of Arizona and adjoining Nevada to extreme east-west 
distension of the upper crust. The potential of these low-angle faults for 
hosting bulk-tonnage gold targets has fueled much recent exploration act iv i ty 
in the region. 

The northern part of the d is t r i c t  is usually referred to as the El Dorado Pass 
mining area. Schrader (1909) described the country rock as consisting of Pre- 
cambrian granite that is intruded by and locally overlain by Tertiary volcanic 
rocks. Wilkins (1984) who mapped the area in some detail provides a much more 
informative picture of the geology. The basement consists of a Precambrian 
complex of gneiss, diorite and schist that is cut by a number of l i s t r i c  
normal faults. Within the d is t r i c t  these l i s t r i c  faults cut and rotate a 
Laramide(?) porphyry copper system to the west. The faults dip to the west 
and juxtapose contrasting alteration assemblages and intrusions associated 
with the porphyry copper deposit. Miocene (?) volcanic rocks of the Patsy 
Mine volcanics occur in the northern and western part of the d is t r ic t .  The 
contact of these volcanic rocks with the underlying basement gneisses is 
described as a low angle "detachment" type fault  that consists of a low-dipping 
undulatory surface with brecciation in both the footwall and the hanging wall. 
The volcanic rocks in the upper plate are steeply t i l ted and dip into the low 
angle fault  contact. These volcanics generally dip 50 ° to 88°E and are cut by 
a NNW- to NW-trending set of l i s t r i c  normal faults. Near the Pope mine the 
volcanic and porphyry copper terranes are separated by a high-angle, tear 
fault  which trends EW to ENE. The porphyry copper system was apparently 
dri l led a few years ago by Gulf. 

Precious metals exploration in this portion of the d is t r i c t  has most recently 
been focused on the low-angle detachment terrane, particularly in the Pope and 
Van Deeman mine areas. The Van Deeman property has been recently acquired by 
Amselco who were in the process of exploring the property in 1984. They are 
apparently exploring the property in l ight of a detachment model. 

The Pope mine lies in the footwall of the low-angle detachment fault .  Minerali- 
zation occurs in a discontinuous series of high-angle, brecciated quartz veins 
that trend WNW and cut Precambrian schist and gneiss with a weak phyll ic 
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al terat ion overprint (Wilkins, 1984). I t  is not clear whether the veins are 
related to the porphyry copper system or whether they occupy the low-angle 
fau l t  system; relat ionships are not clear cut. In 1977 an attempt was made to 
develop the property into a small heap leach operation. Existing evidence at 
the mine indicates that the attempt fa i led .  

The southern part of the d i s t r i c t  has been h i s t o r i ca l l y  referred to as the Gold 
Bug camp. This property consists of several patemted claims. Schrader (1909) 
and Wilson and others (1967) give the 0nly descriptions available of the camp. 
The property was discovered in 1892 and has produced some very r ich ore. One 
50-to~ shipment of selected ore mined pr io r  to 1895, netted $43,000 af ter  a l l  
transportat ion and smelter charges were deducted. L i t t l e  is known about the 
character and relat ionships of the mineral izat ion.  The mine is not far  from 
the Van Deeman property and should be examined to determine what i ts  
re lat ionship,  i f  any might be to the detachment fau l t  in this area. 

Keith and others (1983a) credits the ent i re d i s t r i c t  ( including Pope and 
Gold Bug estimates) with 18,000 tons of ore produced from which were recovered 
7,500 oz Au, 6,0.00 oz Ag, 2,000 Ibs Cu, and 7,000 ~bs Pb. 

This d i s t r i c t  would appear to be quite interest ing.  The Gold Bug property 
should cer ta in ly  be examined. In addit ion the volcanic terrane to the west and 
north of the d i s t r i c t  would also appear to be candidates for  detachment type 
fau l ts .  We would recommend that this area be examined for potential  low-grade 
bu~k tonnage mineral izat ion with a detachment model in mind. 

Mines of Interest:  

Gold Bu~: (T26N, R21W, Sec, 4) Discovered in 1892 by Morman prospectors, the 
deposit is described as consisting of two steeply NE-dipping veins about 22 f t  

apart which occur in volcanic rock. The g01d occurs mainly near the hanging 
wall associated with FeOx in the oxidized zone and with pyr i te and galena below 
the 200 f t  level .  Vein gangue is mainly shattered quartz, Some ore has been 
spectacularly r ich.  Prior to 1895, 50 tons of shipped ore netted $43,000, 
Property owners erected a 20-ton Huntington mi l l  on the Colorado River some I0½ 
miles from the mine and ran some 800 tons of low-grade ore. Their operation 
saved on%y 58% of the assay value which amounted to $12,000 or $15/ton (old 
prices). Pr ior to 1908 the mine had been developed by 15 shafts and open cuts, 
and about 2,300 f t  of underground workings. Work on the 290 f t  level in 1908 
disclosed the vein had an average width of about 5 f t  with ore streaks on both 
walls which were 18 inches in maximum width. The material in the ore streak 
was reportedly often very r ich in gold and s i l ver .  Much ore was said to remain 
in the mine at the time of Schrader's report. 

Mohave Gold Property: (T26N, R21W, Sec. 4) Located near the Gold Bug mine. 
Wilson and others (1967)note that several small shipments of ore containing 
about 0.75 opt Au were made from this property. Nothing is reported about the 
geology. 

References: 

Anderson, 1971, 1978; Keith and others, 1983a; Schrader, 1909; Wilkins, !984. 
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ELLSWORTH DISTRICT 

Locati on : 

In La Paz County, this d is t r ic t  arb i t rar i ly  takes in the broad zone of metal 
occurrences in the Granite Wash Mountains bordering the McMullen Valley on 
the west (Plate 1). This northwest-trending range joins the predominant NE- 
elongate Harcuvar Mountains at their extreme western end. U.S. Highway 60 
passes through the Granite Wash Mountains at Granite Wash Pass between the 
small town of Salome and the Vicksburg road junction at Hope. The Ellsworth 
d is t r ic t  area is mapped along the west margin of the Salome 15' quadrangle, 
the east margin of the Utting 15' sheet and a small, northwest portion of the 
Hope quadrangle. 

Geology and History: 

The regional geologic setting of the d is t r ic t  is its position along the western 
margin of the Harcuvar metamorphic core complex. This margin is generally one 
of a rapidly prograded metamorphic front which increases eastward toward the 
Hercules thrust fault and affects Mesozoic and Paleozoic supracrustal rocks 
(Rehrig and Reynolds, 1980; Reynolds, 1980; Reynolds, 1985, personal commun.). 
Metamorphism varies from lower greenschist facies on the southwest to amphibo- 
l i te  facies at the northeast. Large scale thrusting has been recently proposed 
for complex, tectonically interleaved sequences of Paleozoic metasediments, 
Mesozoic clastic and volcanic sequences, and Precambrian gneisses and foliated 
granitoid rocks (Reynolds and others, 1983). The major thrust structure 
appears to be equivalent to the Hercules fault in the L i t t le  Harquahala-western 
Harquahala Mountain areas which places Precambrian basement on top of Mesozoic 

and Paleozoic metasedimentary rocks. The Hercules fault has recently been 
mapped through the southern Granite Wash Mountains where i t  places Precambrian 
rocks along the easternmost fringe of the range on top of an internally deformed 
and part ia l ly  metamorphosed Mesozoic sedimentary section (Reynolds, 1985, 
personal commun.). Large plutons of mid-Cretaceous and early Laramide ages 
(Tank Pass granite, 87 m.y. and Granite Wash granodiorite, 65-70 m.y.) dis- 
cordantly intrude the thrusts and deformed layered sequences. Tertiary rocks 
in the Granite Wash area consist of abundant NW-trending dikes and gently 
dipping basaltic rocks exposed along the west flank of the range. 

Mineral occurrences in the Ellsworth d is t r ic t  were discovered in the 1860's, but 
l i t t l e  production was recorded until the earliest 1900's when the Parker cut-off 
of the Arizona & California Railroad was bui l t .  Earliest production and ex- 
panded exploration resulted in some "spectacular" free gold occurrences ( i .e. 
Glory Hole mine near Salome, 1909) and copper discoveries around Harcuvar Peak 
in the Harcuvar range. Total tonnages produced from the d is t r ic t  are small and 
estimated at 14,000 Lons from which were recovered 386 tons Cu; 14,700 oz Ag; 
2,400 oz Au; 12 tons Pb; and 4.5 tons Zn (Keith, 1978). Tungsten occurs in 
the d is t r ic t  but was not mined until the 1950's when some 1,000 short ton units 
of WO 3 was produced through 1974. A few carloads of hand picked barite are also 
reported for the d is t r ic t .  
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With the exception of a few quartz-siderite-hematite-copper-gold (± f luor i te )  
veins associated with Tert iary diking that cuts gneiss and fo~iated grani t ic 
rocks in the westernmost Harcuvar Mountains (Cottonwood and Tank Pass areas), 
mineralization in the Granite Wash Mountains is somewhat variable as to type. 
From an assessment of l i terature descriptions and our own f ie ld  observations, 
we recognize the followi~g deposit types: 

I .  Veins, fracture f i l l i ngs  a:nd lenses cutting s i l i c i f i e d  Paleozoic (?) 
carbonate, Mesozoic (?) schists, and Mesozoic granite carrying an assemblage of 
quartz-schee~ite-siderite-barite and minor zinc and copper. Thrust faul t ing 
may have exerted some control on the mineralization. 

2. Contact metasomatic or replacement mineralization of Cu-Fe (with or 
without Au-Ag) in favorable Paleozoic or Mesozoic metasedimentary horizons. 
Possible structural control by thrust faults or low-angle shear zones. 

3. Quartz-carbonate-copper-gold fissure and faul t  veins similar to those 
in the Cunningham Pass d i s t r i c t  which appear associated with mafic or acidic (?) 
Tertiary diking that cuts al l  pre-Tertiary rocks. 

4. Pyr i t ic  (± minor Cu or Au) mineralization suggestive of a strat i form 
nature,  and thought to be controlled by volcanic or sedimentary l i thologies in 
the Mesozoic section. Mineralization is believed to be augmented by thrusting 
and metamorphic processes. Alumino-sil icate alterat ion (hydrothermal and/or 
metamorphic} which accompanies or hosts mineralization includes minerals such 
as ser ic i te  (muscovite), ac t ino l i te ,  kyanite, andal~cite, dumortierite, garnet, 
tourmaline, epid0te, amphibole, magnetite and sc eelite. 

The common association of tungsten with many of the occurrences through the 
d i s t r i c t  is d is t inc t .  The metal is thought to be of various origins including 
contact metasomatism by nearby Mesozoic intrusive bodies, metamorphic processes 
within carbonate-rich Paleozoic or Mesozoic sequences or perhaps even of 
e×halative derivation. In places the tungsten occurs with subordinate copper, 
iron, zinc and gold. A number of small gold pTacers should be noted which 
occur in terranes of Mesozoic metasediments which form a l ine from Vicksburg, 
north to Sa~ome Peak. Some 300 ounces of production from gravels in many small 
washes is mentioned by Keith (1978). 

Mines of Interest: 

Desert mine: (T5N, R14W, Sec. 21) An area within arenaceous shales, a rg i l l i t es ,  
etc. of the Granite Wash Mesozoic section are cut by a "wide" zone of small, 
discontinuous quartz and carbonate veins, stringers and masses of amorphous 
s i l ica carrying gold and copper with varying iron and manganese oxides. Veining 
is roughly conformable to bedding or schistosity i~ the metasediments. A 
prominent fe ls ic  dike (Laramide K-Ar date, Rehrig, unpubl, data) intrudes 
the metasediments near the workings. The zone of quartz inf lux is thcught to 
be the source of f a i r l y  rich but localized gold placers in adjacent washes. 
Depending on the extent, frequency and grade of the secondary quartz and car- 
bonate flooding, the Desert mine area might be an at t ract ive exploration target. 
About 700 tons of ore previously mined averaged 0.3 opt gold, 2% copper and 5 opt 
s i lver.  
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Three Musketeer - PeeWee - Jewel Anne mine group: (T6N, R15W, Secs. 24, 25) 
This group of workings are known mainly for their tungsten production which 
occurs as disseminations, pockets, discontinuous veins and stringers of 
scheelite cutting s i l ic i fed Paleozoic (?) carbonate, granitic dikes and 
Mesozoic schists. Quartz, siderite and barite accompany the tungsten. Minor 
copper, zinc and iron oxides are also mentioned. Quartz veins up to 16 f t  
thick trend northeast and dip only 30-45°E at the Three Musketeer property. 
The mineralization appears concentrated along a wide shear zone or thrust 
which separates Precambrian (?) metamorphic rocks from overlying Paleozoic 
sediments (Reynolds, 1985, pers. commun.). As late as the 1970's, tonnages 
were mined which ran from 0.5 to 0.7% W03. Reserves at the Three Musketeer 
mine were reported in 1977 to be about 3½ mill ion tons of 0.5 to I% WO~. At 
the Jewel Anne, veins range from 1" to 2.5' with scheelite reported in the 
rocks through widths of from I to 15 f t  for strike lengths up to 200 f t .  
There have been unsubstantiated reports that the mineralization in places 
carried low-grade gold. This possibi l i ty should be checked by further 
sampling. 

Yuma mine: (T6N, R14W, Sec. 30) An early, fa i r l y  prominent producer (8,600 tons 
averaging 2.3% Cu, 0.3 opt Ag, 0.03 opt Au) of mainly copper derived from 
contact metasomatic mineralization in strongly tectonized carbonate beds that 
are sandwiched between metamorphosed siltstone, shales and graywackes and cut 
by numerous felsic and "post-mineral" mafic dikes. Over 7000 tons were produced 
from 1941 to 145. The main mass of the Cretaceous Tank Pass granite occurs 
just northeast of the mine area. 

Mineralization appears to be roughly stratibound and is restricted to an unusual, 
thinly banded carbonate sequence with metamorphic mineral assemblages which 
include garnet, magnetite, scheelite, epidote, actinolite, and sericite (see 
Figure ). The favorable stratigraphic sequence is thought to be Paleozoic 
rocks emplaced tectonically along major thrust faults (Reynolds, 1985; personal 
commun.). These rocks extend out of the local Yuma mine area and can be traced 
into adjacent canyons. Grades in gold at the mine are reported as high as 
0.05 opt and 31 channel samples across 200 f t  averaged I%+ Cu, .04 opt Au (ADMR 
f i l e  data). Chalcopyrite and bornite stockworks and low-angle veins up to 10 f t  
thick are reported. A 1943 engineering report cites reserves of 10,000 tons 
measured and 216,000 tons indicated; with assays running 1.8% Cu, 0.03 opt Au 
and 0.30 opt Ag. 

Although Yuma ores run lean in gold, the large extent to the productive 
stratigraphic interval (--,400,000 tons of potential reserves), unusual meta- 
somatic mineral assemblages (including extensive magnetite, quartz, actinolite 
at the nearby iron Dyke workings), geochemically anomalous gold ( i .e. > 0.05 ppm) 
over a wide area constitute reasons for considering the mine and surrounding area 
a prime exploration target. 

Dandy mine group: (T5N, R14W, Sec. 6) Irregular, discontinuous fissure-quartz 
veins cut Mesozoic metasediments. Veins are gold-bearing with copper, si lver, 
lead and zinc. The small reported production (190 tons) averaged quite high in 
gold (0.6 opt) with 4 opt Ag and 3% Cu. 
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Glory Hole mine: (TSN, R14W, Sec. 33) Mult iple, discontinuous veins of quartz 
containing gold and other metals occur in Mesozoic metasediments with gangue of 
s ider i te,  hematite and manganese oxides. A "wide:' shear zone is mentioned. 
Amphibolite horizons (metavolcanic ?) conformable to fo l ia t ion in the meta- 
graywacke section are described as is a dolomitic horizon which bears "beautiful 
free gold" (Bancroft, I g i i ) .  Bancroft also alludes to bulk mixing possib i l i t ies 
for the mine area, based on the "frequent occurrence" of the small mineralized 
gash veins. 

True Blue mine group: (TSN, R14W) Quartz seams and le~ses carrying gold, s i lver 
and copper occur in a NW-striking breccia zone cutting Mesozoic sedimentary 
rocks. No size is given for the zone but 200 tons of production averaged about 
0.7 opt Au. 

Big Dyke Copper prospect: (TSN, R14W--2 mi N of Vicksburg) In fol iated schist 
cut by thin dikes, lenses of quartz, generally quite thin and short in length, 
occur with small amounts of Cu, Au and Ag. Work has been done in two principal 
areas. The largest area has been explored by over 500 f t  of lateral workings 
and a 25 f t  shaft. Here a large open cut above the tunnel showed mineralization. 
Of f ive samples taken, the highest was 0.8 opt Ag, 0.10 opt Au and 1.37% Cu 
across 12½ f t .  Lowest was 0.5 Ag, 0.02 Au and 0.91% Cu from g f t .  At the other 
mineralized area, assays were of about the same grade except for a cut from 
which 15 tons of $131 ore had been taken. A sample at this loca l i ty ,  across 
17 inches, assayed 5.1 opt Ag, 0.88 opt Au and 0.15% Cu. PrGperty is old. A 
small mil l  operated here about 20 years ago and from indications of the ta i l ings 
dump, milled about 1,.000 tons of ore. Mine has been worked intermit tent ly  
since 1891. 

Calcite mine: (TSN, RI4W, Sec, 14) Numer0~s pr0spectpits, cuts and severaT 
shallow shafts have explored a strat i form, quartz-serici te schist interval 
within Mesozoic metamorphic rocks just  beneath the Hercules thrust. The altered 
strat igraphic sequence is moderately to strongly py r i t i c ,  iron-stained and bears 
secondary quartz, alumino-sil icate m~nerals ( i .e .  kyanite, pyrophyl l i te, 
dumortierite) and anomaTous gold. Tourmaline and anda3ucite horizons overlie 
the pyrite-muscovite schist interval .  Tungsten mineralization is also 
reported. The mineralized stratigraphy is cross-cut by the later 65 to 70 m.y. 
granodiorite of Granite Wash Pass. 

References: 

Bancroft, 1911; Dale, 1959; CiancanelTi, 1965; Keith, 1978, Arizona Dept. 
Mineral Resources, f i l e  data. 
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EUREKA (BAGDAD) DISTRICT 

Location: 

The Eureka mining d is t r ic t  is located in western Yavapai County, about 40 miles 
west of Prescott in west-central Arizona, 

Geology and History: 

The oldest rocks in the Bagdad area are schists of Precambrian age that have 
been correlated with the Yavapai Series (Anderson and others, 1955). Using the 
nomenclature shown on our map (Plate I ) ,  these rocks are subdivided into three 
subgroups based on protolith lithologies (cf. Donnelly and Hahn, 1981). These 
are protoliths predominantly of mafic volcanic rocks, epiclastic sediments and 
felsic volcanic and volcaniclastic rocks. The Yavapai schist is intruded by 
Precambrian granitic rocks that exhibit a wide range of compositions. Grano- 
diorite gneiss crops out in the northern and eastern portion of the area. 
Bodies of gabbro and related quartz diorite and diabase are widespread, but 
only one such intrusion west of Bagdad is of sufficient size to show on our 
map. The youngest Precambrian intrusive rocks consist of large amounts of 
granite, of which two facies have been distinguished; the Lawler Peak granite 
and the Cheney Gulch granite. The Lawler Peak granite is a megacrystic (large 
orthoclase phenocrysts), biotite-muscovite granite that intrude the Yavapai 
Series, gabbro, alaskite porphyry and granodiorite gneiss (Anderson and others, 
1955). The Lawler Peak granite is in turn intruded by Cheney Gulch granite 
which is a fine- to medium-grained granite. 

The Cheney Gulch granite is mainly exposed in the southern part of the distr ic t .  
Both granites are intruded by dikes and bodies of aplite-pegmatite. Rhyolite 
welded tuf f  of late Cretaceous-early Tertiary age unconformably overlies the 
Precambrian rocks on Grayback Mountain. Scattered small stocks, plugs and 
abundant dikes of quartz monzonite, quartz monzonite porphyry and diorite 
porphyry (74 m.y. age reported in Keith and others, 1984), also of Laramide age 
but s l ight ly younger than the welded tuf f ,  intrude the altered terrain forming 
a seven-mile long belt that trend N60°-70°E (Medhi, 1978). The Bagdad stock is 
the largest and only known productive stock in this belt. Tertiary to 
Quaternary clastic sedimentary rocks intercalated with basalt and rhyolite 
flows and tuffs overlie the older rocks and cap many of the mesas in the region 
(Anderson and others, 1955). 

Several different styles and ages of mineralization exist in the d is t r ic t .  
The best known deposits consist of the Laramide age porphyry copper-related 
deposits which are accompanied by some peripheral lead-zinc-silver (±gold) 
veins. The famous Old Dick, Bruce and Copper King deposits are Precambrian, 
volcanogenic massive sulfide deposits that occur within the northeast-trending 
Bridle Formation of the older Precambrian Yavapai schist series (Clayton and 
Baker, 1973; Anderson and others, 1955). The primary sulfide ores are mainly 
chalcopyrite associated with pyrrhotite, arsenopyrite and small amounts of lead 
(Clayton and Baker, 1973). Nearly two mill ion tons of massive sulfide ore were 
produced from the d is t r ic t  (Donnelly and Hahn, 1981). Dates by Silver (1968) 
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suggest the massive sul f ide ores were syngenetic with submarine volcanism and 
sedimentation that occurred between 1740-1760 m.y.B.P. A~ong Boulder Creek, 
northeast of Bagdad, wolframite-bearing veins in griesen are associated with 
the muscovite-biot i te phase facies of the 1400 m.y.B.P. (S i lver ,  1968) Lawler 
Peak granite. 

Gold output from the d i s t r i c t  has come largely from a number of go ld-s i l ver -  
zinc-lead f issure deposits; the most important of which have been the H i l l s ide  
and Crosby mines. Anderson and others (1955) suggest that while some evidence 
is equivocal, cross-cutt ing relat ionships indicate that this type of mineral iza- 
t ion post-dates intrusive bodies associated with the Laramide quartz monzonite. 
Other mines or prospects mentioned by these workers that are believed to be of 
s imi lar  kindred are the Mountain Spring, Comstock-Dexter, Stukey, Goodenough, 
Cowboy and Vidano claims. These veins range in width from less than I foot 
to 4 feet and are traceable for distances varying from several feet to one mile. 
The longer veins actual ly  consist of several discontinuous veins that crop out 
in te rmi t ten t l y  along s t r ike .  

While these veins apparently f i ~ l  actual fau l t  f issures, i t  is interest ing t o  
note that almost a l l  of them are rest r ic ted to the H i l l s ide  mica schist member 
of the Yavapai schist. This schist consists of a sequence of a l ternat ing 
layers of muscovite schist,  quartz-muscovite schist,  m~scovite quartz i te and 
some tourmaline schist. S i l l iman i te  needles are present in some layers 
(A~derson and others, 1955). Anderson an~ others {1955) suggest that the 
p ro to l i th  of the H i l l s ide  mica schist was a series of shale, sandy shale and 
impure sandstone that accumulated in a basin af ter  a period of considerable 
volcanic ac t i v i t y .  I t  seems possible that this unit  miQht provide a source of 
gold to the la ter  vein deposits. Anderson and others (i955) mention that near 
the H i l l s ide  vein, small veinlets of su l f ide,  with or without quartz, f i l l  minor 
fractures in the H i l l s ide  mica schist;  l oca l l y  some of these veinlets were 
mineable and some were higher grade than the main vein. Some of the faul ts 
that s t r ike  eastward were loca l l y  mineralized with high-grade, go ld-s i lver  ore 
with the adjacent few feet of schist showing "replacement" ores of commercial 
value. This wr i ter  suggests the poss ib i l i t y  that this mineral izat ion might have 
been actual ly  syngenetic in the schist and la ter  was remobilized into economic 
deposits. The d is t r ibu t ion  of the gold w ins  mainly rest r ic ted to the H i l l s ide  
schist is thought provoking and suggests a p ro to l i th  heritage. Anderson and 
others (1955) als0 believed the Copper King and Old Dick massive sulfide ores 
were la ter  replacement ~eposits wi thin the Precambrian rocks. 

The H i l l s ide  mine was discovered about 1880 with actual mining commencing in 
1887. The most active periods of ac t i v i t y  were from 1887-1902, 1909-1914, 
1934-ig42 and from 1948-1951. Cumulative production between 1887-1951 is given 
by Anderson and others (1955) as amounting to 58,748 oz Au; 1,315,264 oz Ag; 
398,813 Ibs Cu; 6,396,122 Ibs Pb; and 3,300,524 Ibs Zn. In 1941, mil l-head 
assays averaged 0.18 opt Au, 4. !  ogt Ag, 2.0% Pb, 3.7% Zn, and 0.3% Cu. No 
l i m i t  at depth by decreasing values was found in the mine; in fact ,  a small 
increase in gol~, sphaleri te and pyr i te occurs in the lower leve~s (Anderson 
and others, 1955). In 1951, better than average ore was mined from the 800-ft ,  
900-f t ,  and lO00-ft levels. 
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While the Hil lside, Comstock-Dexter and other gold-bearing mines in the 
d is t r ic t  follow high-angle fault  zones, low-angle faults also occur in the 
d is t r i c t ;  and some are mineralized (Anderson and others, 1955; Wilson and others, 
1967). The age of these low-angle faults are not known, nor is i t  known i f  
they are reverse (thrust) or normal. Elsewhere in the southwestern U.S. low 
angle structures host commercial gold mineralization where brecciation along 
them has been suff icient to allow room for f lu id soaking and deposition of 
low-grade, large tonnage deposits. 

A final point of interest involves what may be hotspring deposits in the 
Gila conglomerate. Anderson and others (1955) describe beds of rhyolite tu f f  
intercalated with the conglomerate. These turfs are typical ly poorly strat i f ied 
but thinly bedded. Most of the volcanic material is white pumice l a p i l l i  and 
ash. These workers note that in some places ( i .e.  near Copper Creek Mesa) i t  
is largely altered to clay. In other places, the tu f f  is locally altered to 
a grayish-white cavernous opal rock. Locally along the eastern margin of 
Bozarth Mesa the tu f f  is completely replaced by black opal that resembles 
obsidian. The clay and opal replacement could easily be caused by diagenetic 
processes in an alkaline lake setting, however, i t  is also possible that the 
alteration resulted from la~e Tertiary hotspring act iv i ty.  This should be 
given some reconnaissance geologic and geochemical attention to further 
evaluate the occurrence. 

Mines of Interest 

Hil lside Mine: (Located in Secs 16 & 21, TI5N, Rgw on Boulder Creek a l i t t l e  
more than 3 miles north of Bagdad) The Hillside vein strikes NIO°W at the 
south end of the mine and changes to a N25°E strike at the north end. Its dip 
averages between 75°-80 ° to the west, but overall is not very uniform. The 
main vein and several branches are said to occupy a zone of faults that had 
both pre- and post-mineral act iv i ty .  A 3- f t  gouge zone reportedly occurs with 
the vein. Branching veins appear on both sides of the main vein and in places 
were of commercial grade and width. Anderson and others (1955) note that at 
both the north and south ends of the workings, the tendency for the vein to 
branch, hindered attempts to find profitable extensions. High-grade stringers 
of silver ore were found beyond both ends of the mine workings. Exploration 
reportedly indicated that the vein may be dying out to the north, but that no 
l imi t  at depth was found. Cross sections revealed that changes in the dip of 
the vein had some control on i ts width and grade. Where the vein is convex to 
the west, i t  is wider and often contains better gold and silver values. The 
vein has been worked some 2,700 f t  along strike. More than 16,000 f t  of 
underground workings have been driven along the vein at various levels. The 
mine was worked to the 1,000-ft level. The vein averaged 2.5 f t  wide in the 
upper levels and 4 f t  wide on the 800-1000 f t  levels. Wallrock alteration 
along the vein is usually several inches to 1 f t  in width and consists of 
sericite with some quartz introduction. Several stages of quartz-s~Ifide 
deposition is believed to have occurred in the vein. Hypogene mineralization 
includes arsenopyrite, gold, pyrite, galena, sphalerite, chalcopyrite, tetra- 
hedrite, argentite and manganosiderite all in a quartz gangue. Secondary 
uranium minerals are noted in the upper oxidized ores and an assay recorded 
2.3% U308 on a company assay plan on the 700 f t  level. This writer would 
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suggest that primary uranini te probably occurs in some of the sul f ide ores. 
The southern extension of the H i l l s ide  vein would seem worthy of some 
exploration considerations. 

Comstock-Dexter Mine: (Sec. 28, T15N, RgW) Property is located along Butte 
Creek about 1.5 miles south of the H i l l s ide  mine. The Comstock-Dexter vein is 
considered to be a part of the south-extension of the H i l l s ide  vein. Bedrock 
consists of H i l l s ide  mica schist that str ikes northward and dips almost ve r t i -  
ca l ly .  The veia reportedly str ikes and dips essent ia l ly  with the lamination 
of the schist. The mine is opened by over 4,000 f t  of workings along the vein. 
The mine worked in late 1890's and by 1901 had shipped some high-grade ore and 
had processed oxidized material worth $18,000 in gold and s i l ver  in a 5-stamp 
amalgamation m i l l .  Sulf ide ore was reached at depth and become uneconomic. The 
vein consists of stringers and irregular masses of coarse-grained quartz which 
contains bunches and disseminations of sulfides (mainly pyrite, galena and 
sphaler i te) .  I t  varies in width from several inches to at least 3 f t .  The 
property was reportedly last  worked in the 19.30 to 1938 period. Hoagland (1937) 
states that some 47,745 tons of probable ore were present in the mine in 1937, 
averaging $13.48 per ton in gold and s i lver .  While no tonnage figures are known 
for 1938, records indicate that production amounted to 410 oz Au; 6,500 oz Ag; 
1,363 Ibs Cu; and 8,080 Ibs Pb. From this f igure,  i t  seems l i k e l y  that only 
several thousands tons maximum were mined in 1938. Either the potential ore 
figures were grossly wrong or modest reserves must remain in the ground. 

Cowboy Mine: (Sac. 14, T14N, R9W} Small i r regu lar  quartz vein str ikes NIO-30°W 
and dipping 50-80°W in H i l l s ide  mica schist.  Discovered in 1889, the f i r s t  
recorded production occurred in 1911. Recorded production amounts to 350 tons 
of ore values at $9,173 ($4,779 in gold). The mine is developed by a shaft 
about 200 f t  deep with about 700 f t  of d r i f t s .  Workings were flooded in 1945. 
Reports suggest go ld-s i lver  values were greater in oxidized zone which varies 
from 25 to 150 f t  in depth. Vein f i l l i n g s  reportedly consist of narrow l e n t i -  
cular masses of brecciated jasper together with coarsely c rys ta l l i ne ,  gray 
Quartz. Schist makes up most of the country rock. Gold occurs mainly with 
lead minerals and usually in the jaspery bodies. 

Kyeke Mine: (Sac. 29, T15N, RPW) Crushed zone 3 to 5 f t  wide st r ike NW and 
dipping 35 ° to the east. Structure appears to be complex and high-angle struc- 
tures may exist as well. In the shallow workiws the ore is oxidized but 
contains kernels of fresh sulfides consisting mainly of arsenopyrite with a 
l i t t l e  pyr i te .  Shallow workings consist mainly of 50 f t  adit  and small under- 
hand stope. Reportedly property produced some 60 tons of oxidized ore in i936 
and 1937 which yielded 15 oz Au and 29 oz Ag. A s imi lar  crushed zone reportedly 
crops out o~ the ridge to the south of the portal of the lower adi t .  This zone 
is about 1 f t  wide, str ikes N25°E and dips 40°E. Mineral izat ion consists of 
par t ly  oxidized arsemopyrite and quartz. Hand-sorted ore from this zone is 
reported to average $27/ton in gold and s i l ver .  Exposures are too poor to 
determine i f  this zone is an extension of the Kyeke zone. 

Goodenough Mine: (Sec. 20, T15N, Rgw) Copper-lead-zinc-quartz vein carries 
arsenic, gold and s i l ve r ,  in a rhyo l i te  breccia plug. Ore reportedly contained 
too much arsenic for shipping ore. Metals recovered by smelter were gold, 
s i l ve r  a~d copper. 
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Mountain Spring Mine: (Sec. 17, TI4N, Rgw) Parallel, interlacing, and 
branching quartz veins occur along the Mountain Spring faul t  zone which 
separates Precambrian Hil lside mica schist and Lawler Peak granite on the 
east and Precambrian Bridle formation on the west. The veins average about 
I f t  or less, but range up to 3 f t  in places. The veins contain sulfides and 
gold, dip steeply and can be traced for about 1,500 f t .  Primary sulfides in 
the veins are galena, sphalerite, chalcopyrite and pyrite. The sulfides are 
oxidized in the upper parts of the veins. In the shaft at Mountain Spring 
the vein reportedly consists of a series of parallel quartz and sulfide 
stringers separated by ser ic i te schist. Reportedly the mine produced small 
shipments of hand-sorted ore for some time after 1942. 

King Peak Property: Property consists of 13 patented claims in the area on 
the east side of King Peak about two miles SW of Bagdad. L i t t l e  information 
available. Anderson and others (1955) note that in 1907, the Old Camp Mining 
and Mil l ing Co. started an extensive exploration for gold in an area where 
small quartz veins crop out east of King Peak. The company reportedly drove 
3 adits and patented the claims, but never shipped any ore. 

Southern Cross Mine: (Sec. 32, TI4N, RIOW) Lenticular vein strikes northward 
and dips almost f la t  to 15°E in ver t ica l ly  fol iated mica schist. Gangue 
consists of coarse-massive, grayish-white quartz that carried limonite and 
secondary copper minerals in fractures and small cavities. Wallrocks display 
ser ic i t izat ion and limonite staining. Vein ranges in thickness from a narrow 
seam up to 4 f t .  In 1934, 55 tons of ore were shipped that ran from 0.75 to 
1.0 opt Au. Workings include 70 f t  incline shaft and 2 near-surface dr i f ts  
with small stopes on the vein. 

Mammoth (Hubbard) Mine: (Sec. 12, TI4N, RIOW) Old property that produced 
several cars of ore between 1931-34. Mine was developed on narrow southward- 
dipping faul t  zone that displays some FeOx and CuOx. Small ore shoot was 
discovered between 80- and 100-ft levels that strikes S70°W, dips 40°NWo This 
shoot was about 20 f t  long by 2-2.5 f t  thick. Vein material consists of milky 
quartz, calcite and purple f luor i te .  Pyrite occurs as small masses and dis- 
seminations in the quartz. The ore mined from this shoot reportedly averaged 
0.4% Cu, 0.51 opt Au, and 2-3 opt Ag. 

Zannarapolis Group: (Secs. I, 2, 11, 12, & 14, T13N, RIOW; on south slope of 
Grayback Mtn.) Zannarapolis group consists of 8 patented and 42 unpatented 
claims. Scheelite was discovered on the claims in 1941, but long prior to this 
the arroyos on the property were placered for gold using dry washers. The 
scheeli~e workings consist of a 200 f t  shaft, an open p i t ,  and many shallow 
shafts, trenches, and prospect pits (Dale, 1961). Bedrock consists of Precam- 
brian mica schist with some gneiss and granite. In places the schist contains 
si l icated limestone stringers; some being as much as 2 f t  wide. Foliation 
strikes N20 ° to 60°E with steep to vertical dips. Mention is made of one 
small tourmaline-bearing pegmatite. The zone of scheelite deposition is 
reported to be approximately 3 miles long and ~ mile wide. 
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The main shaft is situated at the north end of scheelite-bearing outcrops that 
extend southward for  about 1000 f t .  Here the scheelite occurs in lenses 
associated with discontinuous veins of e#idote and quartz. Scheelite also 
occurs disseminated in epidote-di0pside rock and a]0ng random fractures in 
s i l i c i f i e d  schist.  

Dale {1961) describes the scheelite as commonly occurring in a f ine-grained 
greenish rock that usually contains quartz and probably feldspar in addit ion to 
epidote and diopside. Patches of ca lc i te  and brown garnet occur loca l l y .  
Another mode of occurrence found near the north end of the property consisted 
of scheelite occurring in quar tz -b io t i te  schist in t imately associated with 
small amounts of epidote said to re f lec t  weak hydrothermal a l terat ion of the 
schist;  and with veins and pods of quartz that are generally less than 3 inches 
wide and from several inches to a few feet long. Dale also mentions that other 
minerals observed include pyr i te ,  magnetite, garnet, ca lc i te ,  f l u o r i t e  and 
rhodini te.  The re lat ion of these to the scheelite was not known. We would 
suggest that this ore be examined for Precambrian st rat i form mineral izat ion and 
to determine the source of the gold recovered from the placers draining the 
schist.  

References: 

Anderson and others, 1955; Clayton and Baker, 1973; Donnelly and Hahn, 1981; 
Medhi, 1978; Si lver ,  1968; Wilson and others, 1967. 
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EUREKA DISTRICT 

Location: 

The Eureka distr ict  is contiguous with the Silver distr ict  to the north and covers 
the extreme southern end of the Trigo range along an eastward bend in the Colorado 
River (southern 1/2 of T4S, R22W). Like the Silver d ist r ic t ,  access to the Eureka 
distr ict must pass through the U.S. Amy's Yuma Proving Grounds. The southern part 
of the distr ict  lies within the Imperial National Wildlife Refuge. 

Geology and History: 

The southern end of the Trigo Mountains, where the Eureka distr ict  is located, 
consists of a very rugged, steep terrane with alternating canyons and ridges 
displaying several hundred feet of rel ief. Nearly all the distr ict  is underlain by 
Orocopia schist that generally strikes northeast to north and dips at various 
angles to the northwest and southeast. Faults of various trends cut the schists; 
as do a few apl i t ic dikes. 

Information on the mineralization in the Eureka distr ict is very sketchy. The 
distr ict is usually included in the Silver distr ict  so production totals are 
d i f f i cu l t  to determine. Wilson (1933) mentions the distr ict  and several of the 
claim blocks. Keith (1978) describes several of the old properties and notes some 
placer production from the dist r ic t .  

Veins in the distr ict occupy fault zones that strike about N70°E and dip 
moderately to steeply NW. These veins are typically narrow, averaging about three 
f t  in width, but in places swell to widths of 20 f t  or more (Wilson, 1933). While 
the veins are often persistent over long lengths, ore shoots are described as 
being pockety and rather localized (usually in the vicinity of'intersections of 
the main vein with cross fractures). 

Vein f i l l ings consist of manganiferous, ferruginous and white calcite intermixed 
with breccia masses and gouge. Cellular and crystalline quartz occurs in places. 
The deposits have been valued for their silver and gold values. Ore shoots are 
described by Wilson (1933) as consisting of limonite, hematite, cerussite and 
smithsonite with pods and veins of galena and ferruginous, black sphalerite. 
Wilson also mentions that the wallrocks display pronouned sericit ization with 
varying amounts of s i l i c i f ica t ion and chloritization along with abundant small 
metacrysts of pyrite. 

Keith (1978) narrates the early mining history of the Eureka d is t r ic t .  
Mineralization was found by prospectors in the early 1860's and the distr ict was 
formally organized in 1862. Keith (1978) reports that much argentiferous lead ore 
was shipped from veins near the river prior to 1860. George Silby, owner of a 
smelting works in San Francisco, worked the Riverview (Eureka) mine in the 1860's 
and shipped the high-grade lead-silver ore to his smelter by boat. An unknown but 
small amount of placer gold has also been won from the d is t r ic t .  
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Mi nes of Interest : 

Riverview Mine (Eureka): (NE 1/4 Sec 31, T4S, R22W.) Shafts, tunnels and open cuts 
have been deveToped on pockety ore shoots of argentiferous a~d gold beari ng lead 
and zinc carbonates in a gangue of FeO x, manganiferous to ferruginous calcite 
and brecciated wall rock of schist. Alteration consists of s i l i c i f i ca t ion  and 
chlori t izat ion. Walls contain pyrite metacrysts. Property worked intermittently 
since 1875. Production is estimated by Keith (1978) to have been some 150 tons of 
ore averaging about 14% Pb, 6 opt Ag, 8% Zn and 0.2 opt Au. 

Mendevil C~aims: (NE 1/4 Sec I ,  T4S, R23W.) Irregular veir~ containing Pb and Ag 
in gangue of barite, ce~estite, calc i te,  and quartz f i l l  faul t  zone separating 
schist and Tert iary volcanics. Some spots reportedly average 5% Pb and 15 opt Ag. 
Vein walls display chlor i t izat iom. Deposit was developed by shallow trenches and 
pits. 

Picacho Cogper: (Approx. Sec 35 and 36, T4S, R23W.) In an area underlain by 
schist, porphyry and granite, numerous quartz veins carrying shallow secondary 
copper mineral i zati on are common. Mineral i zation i s weak with l i t t l e  found 
extending more than 10 f t  below the surface. Samples taken by USBM engineers in 
1942 from 2 cuts gave the following results: 0.015 opt Au, 0.12 opt Ag and 3.80% 
Cu across 2 f t  width; 0.005 opt Au, Tr Ag and 0.22% Cu across 5 f t  width. Grab 
sample of sorted ore gave 0.455 opt A~, 3.67 opt Ag and 11.01% Cu. This 
mineralized area has been known for 40 or 50 years a~d has numerous pits and cuts. 
Previous attempts to work i t  have resulted in fa i lure.  

R efere nces: 

Ariz. Dept. Mineral Resources, f i l e  data; Keith, 1978; Wilson, 1933. 
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FORTUNA DISTRICT 

Location: 

The Fortuna Mining distr ict  is located about 16 miles southeast of Yuma in 
southwestern Yuma County. The distr ict  covers the central part of the Gila 
Mountains which now lies within the Luke Air Force Bombing Range and is restricted 
to mineral entry. 

Geology and History: 

The central part of The Gila Mountains is underlain by an extensive section of 
Mesozoic gneisses, schists and amphibolite which are intruded by a large granite 
pluton of Mesozoic age about 4 miles southeast of the Fortuna Mine. Stocks of a 
more leucocratic granite and aplite intrude the metamorphic rocks in the vicinity 
of the mine. These have been mapped as Laramide bodies on the Yuma County 
Geologic map, but could be as young as middle Tertiary. Felsic dike swarms of 
pegmatitic to ap]it ic composition also cut the metamorphic rocks. At least some of 
these dikes seem to be related to the Laramide (?) stocks. 

The Mesozoic schists and part of the gneisses were believed by Wilson (1933) to 
have been derived from a sedimentary protolith. This interpretation is consistent 
with what these writers have observed in other nearby Mesozoic gneisses that 
contain significant gold mineralization. We believe these sediments may have 
played an important role as a source for metals in the younger deposits hosted by 
these rocks. This subject is treated in more detail in other sections of this 
report. The metamorphic fabric strikes predominantly west or southwest parallel 
to original bedding (transverse to the range) and dip steeply southward (Wilson, 
1933), These rocks have been cut by a number of faults in the vicinity of the 
Fortuna mine. 

Gold mineralization was discovered in the distr ict in 1892 by four prospectors who 
sold their claims to interests that later became the La Fortuna Gold Mining and 
M.illing Company (Keith, 1978). Although numerous, small, gold-bearing veins were 
discovered and prospected, only the Fortuna lode became a major producer. Blake 
(1897) and Wilson (1933) provide the most detailed descriptions of the 
mineralization and geology of the Fortuna lode. The Fortuna vein or veins 
apparently occur in a complex network of faults that in part both precede and 
postdate the mineralization. Gold occurs as fine-grained, native metal associated 
with pyrite and minor copper minerals in a gangue of brecciated quartz with 
calcite and iron and manganese oxides. In the high-grade quartz, microscopic 
examination (Wilson and others, 1967) reveals t iny bodies and irregular to 
interlacipg veinlets of hematite, locally altering to limonite. Gold occurs as 
rounded grains within hair-l ike cracks and as irregular veinlets within the 
limonite. 

Mineralization occurs along an irregular faulted zone and i n lensing intersecting 
veins that f i l l ed  fault and fracture zones in the schists. The main orebodv 
consisted of a branching chimney like mass that outcropped at the surface as two 
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separate branches. These branches joined at about 500 f t  depth, where they formed 
a single ore body with dimensions of 100 f t  long by 1,5 to 12 ft  wide. The 
orebody was 10st at a fault in 1904 at abo~ the 800 ft level. Later exploration 
managed to locate only a small segment of the faulted off vein between the 900- 
and 1,100-ft levels. 

Wilson and others (1967) note that wallrock al terat ion accompanying the Fortuna 
vein consists mainly of carbonatization and s i l i c i f i c a t i o n  and suggest that the 
mineral i zat ion/a~t erati on package resembles mesothermal depositi on. 

Keith (1978) l is ts estimated and recorded production from the For~cuna d is t r ic t  as 
being 134,489 oz Au, 10,655 oz of s i lver and 98 lbs Cu from some 213,500 tons of 
ore; of v~hich almost all was won from the Fortuna deposit. 

While the d i s t r i c t  was a bonanza gold d i s t r i c t  and would be interest ing to explore 
in l ight of new ideas concerning the Mesozoic metasedimentarv rocks in th is part 
of Arizona, the d i s t r i c t  l ies within the mi l i ta ry  withdrawal area and thus i t  is 
not open to mineral entry, 

R efe re nces : 

Blake, 1897; Bryan, 1925; Darton, 1925; Keith, 1978; Wilson, 1933; Wilson and 
others, 1967. 
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FRENCH GULCH (ZONIA, WALNUT GROVE) DISTRICT 

Location: 

The French Gulch distr ict  in this report refers to an area which encompasses the 3 
small contiguous mini mg districts of French Gulch, Zonia and Walnut Grove. The 
area covers the northeastern portion of the Weaver Mountains, about 6 miles 
southeast of Kirkland Junction. 

Geology and History: 

The geology of the northeastern portion of the Weaver Mountains is very poorly 
known. Wilson (1961) and Johnson (1972) describe the gold placers of the Walnut 
Grove distr ict  but give only the briefest discussion to the bedrock geology of the 
area. Donnelly and Hahn's (1981) geologic map showing the distribution of 
Proterozoic rocks in central Arizona, subdivide the Precambrian schist exposed in 
the distr ict into packages composed predominantly of mafic volcanics, felsic 
volcanics and volcaniclastics, with some epiclastic sediments. Kumke (1947) 
described the geology of the Zonia mine area. 

The oldest rocks exposed in the distr ict consist of a complex assemblage of 
Yavapai Schist. These schists form a northeast elongate zone which is about 8 
miles long in i ts maximumdirection and up to several miles wide. The schist is 
sandwiched between Precambrian granitic and dior i t ic rocks along i ts northwestern 
and southeastern flanks. Tertiary volcanic rocks cap the Precambrian rocks on the 
northern and western portions of the d is t r ic t .  

The Walnut Grove placer distr ict  includes portions of the Placerita, French, 
Cherry, Bl ind Indian and Mi l l  drainage areas which feed in to  the Hassayampa River 
system. Wilson (1961) states that  in  much of t h i s  v i c i n i t y ,  the Weaver Mountains 
consist of a northeast sloping pediment in to  which the gulches have dissected. 
The system of placers along the Hassayampa River was most ac t i ve ly  worked between 
1885 and 1890 (Johnson, 1972). Blake (1899) stated that "The placers . . . .  at 
P lacer i ta  have long been known and worked, and are regarded as good wages mines." 
In the la te  1880's, a dam was b u i l t  at Walnut Grove (near the junc t ion  of Cherry 
Creek with the Hassavampa) to  permit hydraul ic  operations at Rich H i l l  and large 
scale placer ing on downstream port ions of the Hassayampa. The 1890 f a i l u r e  of th i s  
dam and the subsequent loss of some 150 l ives in  the insuing f lood is a dark spot 
in  ear ly Arizona mining lore.  Gold-bearing gravels in  the d i s t r i c t  have been 
mined along the upper parts and side gulches of P!acer i ta  Gulch, near the 
confluence of French and P lacer i ta  Gulches and on French Gulch about 1 mile south 
of Zonia. Gold found was f a i r l y  coarse and many nuggets in  the 1/4- to  I /2 -oz  
size range were reportedly recovered (Johnson, 1972). Other placer gravels were 
located in  the d i s t r i c t ;  some were on the east side of the Hassayampa, but none 
were as productive as those on French and Placer i ta  Gulches. Johnson (1972) l i s t s  
a l l  the main placer areas along the Hassayampa drainage system. 

The source of the gold in the placer gravels was believed by Wilson (1961) to have 
been derived from many small gold-bearing quartz veins that occur in the 
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Precambrian rocks. Unfortunately, we have l i t t l e  knowledge about these lode 
deposits. Several of the deposits ( i , e .  Zonia, Zonia McMahon, Victory Copper and 
possibly the Si I ver Crown and Copper Crown) are probably syngenetic massy ve 
su l f ide deposits in the Yavapai schist ,  Some by-product gold and s i l ve r  is 
associated with these ores and thus they could be a source for  at least some of 
the gold in the placer gravels. The CRIB and MILS data also l i s t  several 
gold-predominant deposits including the Vesuvius, Malpai, Bonanza, Portland and 
Pocket and Sunset mines. These deposits may also be a source for the placer gold. 
While most of these go~d dominant deposits appear to cut gran i t ic  rocks on our 
map, several are in the schist and should be examined for  possible syngenetic 
re lat ionships.  In addit ion, some of the base-metal massive sul f ide ores in the 
Bradshaw Mountains contained considerable by=product precious metals, par t i cu la r l y  
in t h e i r  oxidized gossans. While deposits of t h i s  type in the French Gulch 
d i s t r i c t  are thought to be small, t}~ere may be potent ial  fo r  leachable gold ores 
to exist in  the oxidized cappings of some of the massive su l f id# ores. In his 
report on Arizona molybdenum occurrences, Hicks (1979) states that the Fiesta 
group (3.5 miles SW of KirkTand Jum ct ion) contained cerussi te,  molybdenite, s i l ve r  
and gold. This deposit consists of quartz veins I to 30 f t  th ick  cut t ing a quartz 
porphyry. 

Mines of I nt erest : 

Mover: (TIIN,R4W) Located approximately 16 miles southwest of Kirkland (Location 
inexact, no other references), The vein parallels schistosity which is almost 
vertical. It is marked on the surface by a black siliceous outcrop. No ore crops 
out oN the property, but the orebearing lenses of quartz which form a series of 
small, connected shoots, apparently lies near the surface. The deposit was mined 
by stripping the surface and moiling out the ore. In 1937, when the property was 
visited by USBM engineers, an area bout 100 f t  had been stripped. A carload 
shipment averaged 1.0.2 opt Au. Seven samples taken by the USBM engineers averaged 
0.39 opt Au. The differences between the shipped ore and the engineer's samples 
were believed to have resulted from ores closet to the surface being somewhat 
hi gher grade. 

References: 

Blake, 1899; Donnelly and Hahn, 1981; Hicks, 1979; Johnson, 1972; Kumke, 1947; 
Wilson, 1961. 
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GILA BEND MOUNTAINS DISTRICT 

Location: 

TheGila Bend Mountains mining distr ict  covers the western end of the Gila Bend 
Mountains in the extreme northeast corner of Yuma County. This part of the range 
is sometimes referred to as the Nottbusch Mountains. 

Geology and History: 

This area of Arizona is very poorly mapped. Wilson's (1933) reconnaissance of the 
mining distr ict is the most detailed published account available. The oldest 
rocks exposed in the distr ict  are strongly laminated Precambrian (?) schists that 
are Pinal-like in appearance. These rocks consist mainly of fine-grained quartz, 
sericite and chlorite, but chert-banded, gray limestone predominates in places. 
Dikes of andesitic to granite composition cut the schists in places. The schists 
are intruded by Laramide granite on the east which serves to separate the schists 
from a large body of Precambrian g.neissic rocks. On the western end of the 
d ist r ic t ,  the schists are overlain by dark, cherty limestone and sandstone that 
shows minor faulting and t i l t i ng .  These sediments are mapped as Tertiary on our 
lithotectonic map (Plate 1), but they could be as old as Mesozoic. The southern 

ha l f  of the distr ict  is covered by a thick sequence of mid-Tertiary volcanic rocks 
that inc]ude andesites, basalts and turfs. In places, northwest-trending dikes 

intrude the volcanic rocks. 

The distr ict  lies along a pronounced, regional, west-northwest-trending structural 
zone that continues westward to the Colorado River. This zone appears tO 
represent a deep-seated basement fault system, probably a strand of the Texas 
Lineament. The central and eastern portions of the Gila Bend Mountains contain 
pronounced northwest-trending dike swarms and intrusive bodies of mid-Tertiary age 
that cut similar aged volcanic rocks. While these areas are not known to display 
any associated mineralization, they may represent "sleeper" areas in which to 
explore for disseminated type gold targets along major structures in proximity to 
the Tertiary intrusions. 

Gold m inera l i za t ion  in  the d i s t r i c t  occurs in  quartz f i ssure  veins or s i l i c i f i e d  
zones in the schist or grani te.  Wilson (1933) believed oxidat ion of the veins had 
concentrated gold near the surface and developed considerable i ron oxides in  the 
veins. Minor copper oxides, carbonates and s i l i c a t e s  also occur with the i ron 
oxides. Par t ly  oxidized l ead - f l uo r i t e -qua r t z  veins are also known to occur in a 
fau l t  zone in calcareous and cherty schist (Yellow Breast prospect; See Wilson, 
1933). 

The mention of cherty and calcareous horizons in  the Precambrian schist is 
i n te res t ing .  These units may represent cherty or calcareous i ron formation 
p ro to l i t hs  that  may have potent ia l  f o r  host ing Precambrian gold m inera l i za t ion .  
This p o s s i b i l i t y  we consider worthy of fo l low up. 
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Mines of I ~erest : 

B i l l  Taft I L i t t l e  Jane) group: {SW-I/4 Sec 11, T25, RIIW.) Country rock is of 
steeply dipping Precambrian schist that is in places cut by andesitic d~kes that 
str ike SSO°E, Gold-bearing Quartz veins and fracture zones occur i s t .  Workings 
are all shallow, probably with 0nly small, unrecorded production, The Lit t le Jane 
cTaim, about 3/8 mile east of the Bi l l  Taft workings, displays an east-str ik ing 
quartz vein. This narrow vein dips shallow~y (20 ° ) to the south and is associated 
with heavy se r i c i t i c ,  brown hematite. I t  reportedly contained coarse, v is ible 
gold near the surface. 

Belle Mackeever Group: (Location inexact; less that I/2 mile northwest of the Bi l l  
Taft shaft.) Talus covered, Precambrian foliated schist hosts a s i l i c i f i ed ,  
gold-bearing zone that is exposed in a few shallow cuts. This 2-I/2 foot zone is 
made up of bunches or lenses of ,quartz alternating with streaks of brown and black 
FeOx. Portions of this zone reportedly assayed from $40 to $139 per ton (1933). 
What strike continuity this zone might have beneath the Talus cover was not known 
at the time. Wilson (1933) examined the prospect, 

Yellow Breast Prospect: (Location inexact; about 3/4 mile northeast of the Bi l l  
Taft workings.) Calcareous schists containing I /4 inch wide chert bands is local ly 
exposed under gravel-mantled pediment surface. These schists str ike N30°W with 
near vertical dips. Schist is cut by galena bearing f luor i te  vein that is 
developed by 2 shallow vertica~ shafts. What is of interest in this prospect is 
the calcareous schists with the th in chert horizons. Area should be examined to 
determine i f  i t  has any potential for hosting go~d-bearing metaexhalitive 
horizons. 

Camp Creek Prospect: (W. Con. Sec 1, T25, RIlW.) Gray s i l i c i f i ed  schist is 
intruded by many irregular dikes of granite porphyry. Schist is cut by numerous 
eastward-trending fractures. One fracture zone is some 15 f t  wide at surface and 
is marked by aburdant sil iceous hematite ard ]imonite with small veinlets and 
veins of chrysocolla and malachite. It reportedly a~so contains some free gold. 
Some workings developed from two lO0-foot shafts about 50 f t  apart. On the 30 foot 
level, th is  zor~ has reportedly sp~ayed into 2 narrow fracture zones containing 
limonite and some copper-stain. The gold content of this zone is unknown. 

Maricopa Chief: (W1/2 Sec 7, T35, RPW.) The Homestake vein has been developed by 
an 80 f t  incl ine shaft and several open cuts. The Gold Hi l l  vein has been 
developed by open cuts and by a 120 f t  incine shaft with short d r i f t s  going off at 
the 60- and 120-ft levels. This vein has been prospected for about 500 f t .  Eight 
samples taken by USBM engineers in 1935 at favorable places in the vein averaged 
$37.64 across a 28-in width. 

R efere nces : 

Arizona Dept, Mineral Resources, Mine f i l e  data; Wilson, 1933. 
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GILA CITY (DOME) DISTRICT 

Locati on: 

The Gila City or Dome mining d is t r ic t  covers the extreme northern end of the Gila 
Mountains (T8S, R21W) about 13 miles east of Yuma. 

Geologv and Hi story: 

The Gila City d is t r ic t  is known mostly as a placer producing local i ty.  The site 
became well known in 1858 when as many as a thousand men rushed to the area to 
work i ts  gulches and canyons. The gravels were very rich and much gold (>26,000 
oz; Johnson, 1972) was retrieved from an area that had an east-west length of 
about 2 miles and a width of I/4 to 3/4 mile. 

The geology of the northern Gila Mountains has been described by Wilson (1933). 
The area is floored by a sequence of Mesozoic metamorphic rocks that are intruded 
on the south by an outl ier of the GunneryRange batholith. A low-angle fault zone 
or possible unconformity is overlain on the north by a sequence of t i l t ed ,  well 
s t rat i f ied,  weakly consolidated Tertiary sediments. The Tertiary rocks consist of 
mud-cracked clays, marls, arkoses and sandstones that constitute the bedrock of 
the placer local i ty .  

The Mesozoic meta'morphic rocks are predominantly schists and gneisses that strike 
eastward, dip 20 ° to 80 ° southward and form ar east-west-trending belt that is 
about 3.5 miles long by 1 mile wide (Wilson, 1933). The total exposed thickness 
of these rocks is on the order of about 2000 f t .  Wilson believed the schists were 
derived from a sedimentary protol i th, while the protolith of the gneisses could 
not be determined. Within these rocks occur an unusual sequence of black schists 
that are conformably overlain by a marble-bearing schist. In places the marble 
unit obtains a maximum thickness of about 150 f t ,  but i t  typical ly  is of irregular 
thickness and is in part interbedded with schist and quartzitic material. Some 
contact metamorphic minerals are reported in the marble, but Wilson believed 
regional metamorphism was responsible for the recrvstalization of these rocks. 
This marble formation is reported to contain spotty tungsten mineralization along 
i ts  length (Dale, 1959). The entire metamorphic package is cut by dikes of 
pegmatite and granite in numerous places. 

The source of the gold in the placer deposits is somewiqat problematic as no 
high-grade gold-veins have been found in the northern Gila Mountains. Wilson 
believed the gold was derived from the weathering of numerous low-grade and 
pocketv gold-bearing quartz veins in the Mesozoic metamorphic rocks. This would 
be a setting much like that in the Dome Rock distr ict  west of Quartzite. A few 
irregular and lensing quartz veins containing weak and spotty oxidized copper 
mineralization and gold have been explored in the black schist (Keith, 1978) and 
marble part of the Mesozoic section. 

The association of gold deposits (placers) hosted by or derived from Mesozoic 
metamorphic rocks along the Colorado River in southwestern Arizona seems to be 
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more than coincidental. The gold deposits in the central part of the Gila 
Mountains (Fortuna) are also associated with these rocks. It seems likely to us 
that there is something intrinsic in these rocks that allow them to be equated 
with many of the gold districts in the region between Yuma to Quartzite. We have 
seen evidence that makes us suspect that possible weak syngenetic mineralization 
within the sediment/volcanic protoliths in these areas may provide an abnormally 
high background of gold and associated metals to be scavanged into economic 
concentration by later igneous/metamorphic events. This could be the ultimate 
source for the gold in the Gila City placers. 

Also of interest, is the fault Wilson {1933) notes that separates the t i l ted 
Tertiary sediments from the Mesozoic strata. The geomorphology of the contact 
suggests that this fault could be a low-angle normal fault or detachment zone, 
which in other parts of Arizona are known to be mireralized. While, Wilson gave 
no indication of this possibility, i t  could be something else to check out. 

Mines of Interest : 

McKay Prospect: (NE I/4 Sec 13, TSS, :R21W) (protracted). Black schist encloses 
quartz veins of dense, vitreous white quartz containing numerous limonites after 
pyrite. Quartz is extensively brecciated and cemented with ferruginous calcite 
and hematite that weather black. Deposit is developed by shallow shaft and old 
tunnels. 

McPhaul Prospect: (N. Cen. Sec 14, T8S, R21W) (protracted).  Mineralized vein 
folIov~ng fau l t  separating schist footwal l  from marble hanging wa l l .  The deposit 
contains chrysocol la, malachite, l imonite,  hematite and some gold. Wulfenite 
occurs near the walls in  upper workings. Coarse se r i c i te  is  abundant along the 
vein wal ls .  

Reference: 

Dale, 1959; Johnson, 1972; Keith, 1978; Wilson, 1933. 
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GOLD BASIN (GOLD HILL) DISTRICT 

Location: 

The Gold Basin mining d is t r ic t  is located in northern Mohave County, south of 
Lake Mead and about 95 km north of Kingman. The Gold Basin d is t r ic t  is 
adjacent to, and often described with, the nearby Lost Basin d is t r ic t  (cf. 
Theodore and others, 1982). The two distr icts are separated by Hualapai Valley. 

Geology and History: 

The Gold Basin d is t r ic t  exhibits a complex geologic history, aspects of which 
have been recently studied by a number of workers ( i .e. Blacet, 1968, 1975; 
Theodore and others, 1982; and Myers and Smith, 1984). Theodore and others 
(1982) describe f ie ld relationships of the geology and mineralization as well 
as laboratory results of metallogenic studies in great detail. This brief 
synopsis is largely abstracted from their study. 

The Gold Basin d is t r ic t  is located in the Basin and Range physiographic 
province just west of its boundary with the Colorado Plateaus. The d is t r ic t  
(as well as the Lost Basin d is t r ic t  to the east) occurs in an uplifted platform 
and includes a north-south trending range (White Hil ls) that consists mostly of 
Proterozoic basement rocks from which the Paleozoic section has been removed 
by erosion. 

Basement in the d is t r ic t  consists of Proterozoic X metamorphic and igneous 
rocks. The gneiss is the most widespread unit in the range and is the major 
host to the known gold-quartz vein deposits. The unit includes both paragneiss 
and orthogneiss which are believed to be in the-l,750 m.y. age range. These 
rocks consist of an assemblage of metasedimentary rocks, composed mainly 
of quartzofeldspathic gneiss, but interlayered with biotite-garnet-sil l imanite 
schist, cordierite gneiss and amphibolite. Locally the amphibolite sequence is 
predominant and consists of metagabbro, metadiabase, metaclinopyroxenite and 
metawehrlite. The amphibolite normally crops out as variably sized lensoid 
masses. In addition, metamorphic rocks in the d is t r ic t  also include meta- 
quartzite, thin lenses of marble, calc-sil icate gneiss, banded iron formation 
and metachert. Theodore and others (1982) note that pel i t ic  metamorphic rocks 
are widespread throughout the gneiss terrane in the Gold Basin - Lost Basin 
distr icts. This assemblage includes; biotite-muscovite schist, tourmaline 
schist, almandine-biotite ± staurolite schist and gneiss, kyanite gneiss and 
schist and sil l imanite - and cordierite-bearing gneiss and schist. 

The gneiss complex is intruded by Proterozoic X igneous and metaigneous rocks, 
the most widespread of which include gneissic granodiorite, and a complex of 
porphyritic monzogranite and leucocratic monzogranite referred to as the Garnet 
Mountain complex. The porphyritic monzogranite of Garnet Mountain was most 
l ike ly emplaced about 1,600 m.y. ago (Theodore and others, 1982). Proterozoic 
Y(?) diabase occurs locally as NW-trending dikes. An elongate, N25°E trending 
body of gneissic granodiorite crops out over about 10 km 2 area in the Gold 
Basin d is t r ic t .  Theodore and others (1982) note that the eastern contact of 
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this body with the surrounding gmeiss appears to have acted as an important 
conduit for  the c i rcu la t ion of f lu ids  associated with the gold mineral izat ion. 
Prospects and productive mines are especial ly concentrated along an 
approximate3y 2 km st r ike length of th is contact. 

A late Cretaceous, (72.0 ± 2.1 m.y.; McKee in Theodore and others, 1982) 
peraluminous, two-mica, monzogranite crops o~t in a 4-5 km 2 area in the southern 
part of the Gold Basin d i s t r i c t .  This pluton is undeformed and includes some 
facies of episyenite, minor ap l i te  and pegmatite. 

The oldest Tert iary rocks in the general area are ~iocene volcanic rocks 
believed to be Mount Davis or Patsey Mine equivalents (cf .  Anderson, 1971), 
consisting of rhyo l i t i c  tuffaceous sedimentary rocks and fanglomerates. 
The voTcanic rocks consist mainly of andesite. The base of the volcanic p i le  
is poorly exposed in the Gold Basin - Lost Basin area, but rather is marked 
by a low-angle detachment surface. The overall tectonic history of the de- 
tachment fau l t  is s t i l l  poorly understood. Theodore and others (1982) suggest 
that i t  is not s imi lar  to dislocat ion surfaces spat ia l l y  associated with 
Cordi l leran metamorphic core complexes, but rather may be associated with 
near-surface distension associated with the emplacement of plutons pone- 
contemporaneous with the Mount Davis volcanics (cf .  Anderson, 1971; Anderson 
and others, 1972). This detachment fau l t  borders the White H i l l s  along i t s  
ent i re western margin. 

Miocene-Pliocene sediments of the Muddy Creek Formation are younger than the 
volcanic rocks. The early depositional history appears to have been largely 
an environment of small ~asins and topographic lows associated with in te r io r  
drainage. The Hualapai limestone member, however, was probably deposited in a 
marine environment at the northern end of an extended embayment of the Gulf of 
Cal i fornia beginning more than 8.9 m.y. ago (Bla i r  and others, 1977). 

Blacet (1969, 1975) and Theodore and others (1982) describe four types of lode 
gold deposits known in the Gold Basin - Lost Basin d i s t r i c t s :  

I .  The most common lode gold deposits occur associated with widespread quartz- 
cored pegmatite-vein system, 9resumabTy emplaced in late Cretaceous time 
and genet ical ly  associated with the two-mica magmatism. These veins were 
deposited along both high- and low-angle, pre-existent structures in the 
Proterozoic X terrane. 

. Some gold-bearing quartz veins are believed to be Proterozoic in age and 
probably related to emplacement by the nearby 1,400 m.y. granite of Gold 
Butte, which crops out to the north of Lake Mead. 

. Disseminated gold occurs in small a l tera t ion pipes of f luor i te -bear ing 
episyenite, whose emplacement is presumably genet ical ly  related to the 
intrusion of the two-mica granite. 
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. Gold-quartz mineralization occurs in the low-angle Miocene detachment fault. 
Theodore and others (1982) attribute this mineralization as Cretaceous 
vein deposits that were tectonically caught up and drug along the Miocene 
low-angle fault .  The Cyclopic mine is the type example of this 
mineralization. 

These workers suggest that most of the gold in vein and pipe deposits prob- 
ably reflect either remobilization of gold from gold-bearing, near-surface 
Proterozoic source areas, or anatectic incorporation of gold into Late Cre- 
taceous, peraluminous, two-mica magmas from very deep gold-bearing Proterozoic 
sources. Gold deposition occurred in a mesothermal environment during the 
galena-, chalcopyrite-, ferroan-carbonate-bearing stages of the veins. 
Laboratory studies indicate fluids were moderately saline (4-16 wt % NaCl 
equiv.), nonboiling, and also contained considerable CO 2 and locally fluorine. 
These workers suggest these salinit ies bridge the composition interval between 
epithermal precious metal and porphyry copper deposits. 

Myers and Smith (1984a, 1984b) also recognize a Tertiary mineralizing event a t  
the Cyclopic mine. This episode of gold mineralization was directly controlled 
by the detachment fault and is localized in the hanging wall of the detachment 
fault and in the footwalls of high-angle structures antithetic to the 
detachment surface. This mineralization is apparently low grade, relat ively 
minor in importance, and is characterized by pervasive arg i l l i c  and localized 
ferr ic alteration. 

Most of the lode mines in the Gold Basin d is t r ic t  occur in the southern portion 
of the d is t r ic t .  Gold ore was discovered in the d is t r ic t  in the early 1870's 
with most of the production prier to 1932 coming from the El Dorado, Excelsior, 
Golden Rule, Jim Blaine, Never-Get-Left, O.K. and Cyclopic properties (Theodore 
and others, 1982; Schrader, 1909). By 1881 ores were being worked in two stamp 
mills. By 1882 the El Dorado mine included 26,000 tons of developed ore 
(Burchard, 1883). The Cyclopic mine which was discovered in the 1880's became 
the main population center of the d is t r ic t  during the early 1900's. This mine 
was intermittently in production between 1904 and 1934, and overall has been 
one of the largest producers in the d is t r ic t .  In 1936 the property was acquired 
by new owners and produced nearly steadily through 1940. In addition to the 
Cyclopic, the O.K. and Excelsior mines were relatively steady producers over 
the years. Theodore and others (1982) state that the following mines also had 
intermittent production during the depression era mining revival between 
1930 and 1942: Harmonica, El Dorado, Fry, Gold H i l l ,  Golden Link, Golden Rule, M.O., 
Morning Star, and San Juan group. In 1980, Santa Fe Mining Company staked some 
246 mining claims covering most of the southern part of the d is t r ic t .  Whether 
or not they s t i l l  hold this position is not known. Keith and others (1983a) 
credit the d is t r ic t  with some 20,000 tons of production from which were produced 
9,400 oz Au; 2,900 oz Ag; 34,000 Ibs Pb; and 400 Ibs Cu. This estimate would 
appear to be somewhat low. 
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Theodore and others (1982) s~ggest several avenues in which to channel addition 
exploration in the Gold Basin (and Lost Basin) d i s t r i c t s .  These include: 

I. Prospecting for sequences of rock that might form favorable replacement 
zones adjacent to, or nearby any of the gold bearing veins. Suggested 
units include Proterozoic X carbonate, amphibolite, etc. Tectonically 
shattered zones would also f i t  into this category. 

. 

, 

I f  the episyenite alterat ion pipes containing the disseminated gold formed 
as hypothesized, then such an envfronment must ref lect  a mineralized level 
geologically deeper than the bulk of the veins cropping out in the 
d i s t r i c t .  Thus, al l  quartz-f luori te-bearing veins should be evaluated as 
to whether or not they ref lect  the upper quartz depositing portions of a 
system which at depth includes early quartz-dissolving and late gold- 
depositing paragenesis. In addition, the two-mica monzogranite may 
contain disseminated gold-bearing episyenit ic facies at depth. 

The entire trace of the low-angle detachment surface should be evaluated 
for the occurrence of Cyclopic-type, "mechanically entrained" gold-quartz 
deposits. These writers indicate that this fault is poorly exposed in 
many areas, but that in places increased abundances of tectonical ly 
polished or str iated vein quartz in f loat  may indicate areas of similar 
tectonical ly caught up mineralization. 

We would also add to this consideration the Tertiary mineralization 
aspects controlled ~y this structure as ident i f ied by Myers and Smith 
(!984a, b). This might make this feature a much more at t ract ive target 
similar to environments that are being heaviTy prospected at present in 
the nearby Black Range and bther parts of the southwest. We would hasten 
to point out the mumber of Hg and As NURE amomalies that occur near the 
trace of this structure (see NURE overlay), part icular ly  in the northern 
part (sometimes referred to as Gold H i l l }  of the d i s t r i c t .  We recommend 
that these anomalies be given additiona~ fie~d checking and sampling. 

. The Proterozoic X metamorphic rocks may be potential hosts for syngenetic, 
strat i form deposits. Theodore and others (1982) indicate that there are 
suggestions that boron-enriched f lu ids were important in the paragenesis 
of tourmaline-bearing schists.- Such conditions may ref lect  exhalative 
horizons emanating from centers in the proto l i th  of the metamorphic rocks. 

We wou~d add that these workers also describe thin beds of carbonate-rich 
units (now marble, ca lc-s i l icate marble and skarn) that are spat ia l ly ,  
closely associated with amphibolite (mafic to ultramafic proto i i ths) .  
These could well be carbonate-rich exhalites. Some of the ca lc-s i l icate 
marbles contain such minerals as garnet, zoisi te and c~inozoisite, and 
possibly ch lor i to id .  Minerals such as chlor i to id and garnet are often 
found in the footwall or ~ateral facies of Archean syngenetic metal 
deposits. Metarhyolite and metachert horizons are also described within 
the gneissic terrane. Nearly all of the recognized gold-bearing iron 
formations in the Proterozoic of Arizona consist of small cherty horizons 
associated with rhyol i te domes (Ed DeWitt, personal commun., 19~5; also 
compare Swan and others, 1981). 
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. Minor-element signatures in the native gold from several local i t ies in the 
Gold Basin and Lost Basin distr icts indicate a possible relationship to 
a buried porphyry-type system. This relationship needs further evaluBtion. 

The Gold Basin d is t r i c t  contains numerous prospects and mines. The major early 
mines are described by Schrader (1909), and Wilson and others (1967). Theodore 
and others (1982) published Blacet's f ie ld descriptions of nearly every 
prospect in the Gold Basin - Lost Basin dist r ic ts.  We have reproduced a few of 
the most interesting ones below in the Mines of Interest Section. Any reader 
interested in the d is t r i c t  should seek the complete l i s t  found in Theodore and 
others (1982). 

Mines of Interest: 

El Dorado Mine: (T28N, R18W, Sec. 21SW~) The mineralized vein seems to  
average 3 f t  th ick and dips ESE 25°-30 ° at west side of workings shallowing to 
nearly horizontal at the tunnel portals on the east side of the ridge. The 
workings general ly dip 20°ESE para l le l  to the vein. The country rock is 
intensely sheared, catac last ic ,  medium-grained Proterozoic X gneissic grano- 
d io r i t e .  The mineralized vein(s) are occupying an intensely sheared zone that 
is of probable late Cretaceous-early Ter t ia ry  age. Although the vein quartz 
is fractured ( l oca l l y  in tensely) ,  i t  is not brecciated. 

Some veins crosscut highly foliated gneissic granodiorite, but generally they 
approximately parallel the schistosity. No red or clay gouge nor indication 
of notable Tertiary movement is present. The main vein also parallels a 
pegmatite, and in part ,  the 2 m thickness of Quartz probably ref lects the 
quartz-core stage of thepegmati te.  The quartz vein l ies between a crumpled 
and kink-banded, schistose granodior i te and an overlying s i l l  of leucogranite 
pegmatite. There is abundant chrysocolla, moderate galena, but no chalcopyrite 
seen. Some wulfeni te and cerrusi te are also present. 

In the irregular surface cut 30 f t  northwest of the opening at the northwest end 
of the underground stopes, altered biot i te lamprophyre has consistent chilled 
margins against the mineralized vein quartz. This indicates the mafic dikes 
and s i l l s  are post-mineralization. Intensely sericitized leucogranitic s i l l s  
occur below the vein here, indicating a somewhat crosscutting relationship. 
Numerous veins 1 in to 3 f t  thick are concentrated in an intensely sheared, 
gently dipping but undulating zone. 

Unnamed Site: (T3ON, R18W, Sec. 28 SE~) Group of approximately NIO°W striking 
veins which dip 30o-35 ° NE crop out here. Irregular stringers and elongate 
masses of coarsely crystall ine barite are somewhat abundant in this general 
area as late f i l l i ngs  of en echelon gashes. Ankerite is associated with the 
barite, and an albite-pyrite-ankerite assemblage is common along the walls of 
individual veins. 

Excelsior Mine: (T28N, R18W, Sec. 22 NW¼) Thin quartz-carbonate veinlets 
paral le l  the f o l i a t i on  in a highly fo l ia ted  zone that s t r ike  N35°-40°E. The 
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highly fo l ia ted shear zone shows s i l i c i f i c a t i o n ,  se r i c i t i za t i on ,  and f looding 
by carbonate, and the zone occurs between gneiss and porphyr i t ic  monzogranite. 
The bulk of the a l terat ion and quartz veinlets are concentrated in a zone 
approximately 22 f t  wide. The veins include quartz-carbonate-chlor i te-pyr i te-  
galena { t race)-gold(?) assemblages. 

Senator Mine Area: (T28N, R19W, Sec. 14, RW¼) A horizontal adi t  penetrates a 
low-angle fau l t ,  which is in turn of fset  about 3 f t  a high-angle normal fau l t .  
An upper prospect nearby is an open cut 50 f t  long, en t i re l y  in deformed gneiss, 
containing commonly isolated, blocks, and lenses of crushed quartz. A trace of 
pyr i te  was found on one vein fragment. 

Cyclopic Mine: (T28N, R18W, Sec. 30, SW¼) Series of northwest open cuts and 
pits along a Miocene detachment fau l t  breccia which is exposed in place at 
several localities. Free gold occurs in at least one hand sample picked up 
in southern half of series of cuts. Abundant angular fragments are found con- 
taining milky-white quartz with dark-reddish-gray matrix. Considerable cellular 
gossan, with wulfenite is common. Old underground workings were in te rsec ted  
in some of the open cuts, but none were accessible, Numerous prospects, pits 
and trenches occur in the lower (?) gouge zone. Vein quartz is brecciated and 
widely scattered in the gouge as blocks 2 f t  long and approximately I f t  th ick.  
Veins contain galena, pyr i te ,  fe r roca lc i te ,  malachite (a l terat ion of chalco- 
py r i te {? ) ) ,  wulfeni te,  gold and cerrusi te.  B r i l l i a n t  crimson mineral may be 
cupri te. Red, brown, and black Fe and Mn(?) oxides are present. Ter t iary  
mineral izat ion is characterized by pervasive a r g i l l i c  and fe r r i c  a l tera t ion.  
Samples of this mineral izat ion reportedly run 0.002-0.065 opt Au. 

Cyclonic No. 6 Prospects: {T28N, R19W, Sec. 25, NE!) A major splay of the de- 
tachment fau l t  zone containing red-brown gouge and comminuted monzogranite cuts 
through the prospects. A minor fau l t  str ikes N10°-15°E, dips approximately 40°W, 
and is possibly paral le l  to the main fau l t  system. Quartz-carbonate-pyrite veins 
and recemented quartz breccia of the Cyclopic type occur in the gouge zone. 

Approximately 500 to 1000 f t  southeast of th is l oca l i t y ,  there are numerous 
prospects, pi ts and trenches in the lower gouge zone. Vein quartz is 
brecciated and widely scattered in the gouge as blocks 2 f t  long and 
approximately I f t  th ick. Veins contain galena, pyr i te ,  iron carbonate, 
malachite (a l tera t ion of chalcopyr i te(?)) ,  wulfeni te,  gold and cerrusi te.  
B r i l l i a n t  crimson mineral may be cupri te.  Red, brown and black iron and 
manganese (?) oxides are relatively abundant. 

Unnamed Prospect: (T28N, R2OW, Sec. 26, NE~) Gold-bearing quartz + pyrite + 
carbonate vein material occurs in a coarse, angular landslide breccia. Trace 
of gold is visible, and may indicate covered mineralized area of Cyclopic type. 

Owens Mine: (T28N, RIgW, Sec. I ,  NW¼) Underground workings at the mine 
probably measured at least 300 f t .  Head frames and ladders have been removed. 
Considerable chrysocolla and malachite occur as staining along a narrow fau l t  
zone which paral le ls  the gneissic layering in the hanging wal l .  There is a 
s l igh t  discordance of the fau l t  plane with the at t i tude of the layering in the 
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footwall gneisses. Amphibolite and biotite gneiss are the main rock types in 
the mine area, but at least one 2 f t  thick bed of laminated iron formation 
crops out at several points southwest and west of the main shaft. Calc- 
silicate rock is cut locally by quartzose veins or pegmatitic alaskite. The 
veins include fine-grained granular quartz, iron carbonate, specularite, pyrite 
and secondary copper minerals. Sericitization is intense and widespread. 

Unnamed Site: (T28N, RI9W, Sec. 11, SE~) Altered amphibolite here shows s i l i c i -  
fication and flooding by carbonate. In addition, a quartz-carbonate-hematite- 
pyrite vein crops out and contains some secondary copper minerals. 

Unnamed Site: (T28N, R18W, Sec. 35, SW~) Leucosyenitic pipe, elongated in a 
northeasterly direction crops out at this locality. Its overall dimensions at 
the surface are about 60 by 200 f t .  The pipe contains a quartz-free central 
zone which also shows fair ly abundant concentrations of f luf fy orange iron 
oxide(s) replacing iron carbonate. The outer portion of the pipe shows 
increasing concentrations of quartz in irregularly distributed stringers and 
veinlets. Although this locality shows no fluorite or obvious pyrite, the 
pipe here is nonetheless similar to that exposed in Sec. 27 (see below) which 
contains visible disseminated gold. 

Unnamed Prospect: (T28N, R18W, Sec. 27, SE¼) Fluorite-gold-pyrite-bearing 
episyenitic rocks cut fine- to medium-grained biotite monzogranite. Gold 
occurs in leached cavities in these episyenitic rocks. In outcrop, the epi- 
syenitic rock occurs in four small pipe-like masses, the largest of which 
measures about 25 f t  across. Two shallow prospect pits have been dug on the 
pipes, most likely because of the color anomaly resulting from the oxidation 
of pyrite. 

Unnamed Prospects: (T3ON, RI8W, Sec. Ig, NE¼-protracted) Gold was observed 
at five different prospects in this general area. A vertical shaft approxi- 
mately 100 f t  deep had the largest amount of secondary (?) gold. The veins 
generally pinch and swell irregularly, and are composed essentially of quartz, 
carbonate, pyrite and gold. They may be Proterozoic in age. 

Unnamed Prospects: (T29N, RI8W, Sec. 17, NW¼NE¼-protracted) A series of pods 
and stringers of quartz veins are emplaced along what appears to be a N80°W 
striking and 35°-50 ° N dipping shear zone. An early quartz-carbonate-pyrite- 
galena-chalcopyrite-gold assemblage in the veins has been brecciated and cut 
by subsequent seams of white calcite, limonite and barite. Bladed groups of 
thin barite crystals f i l l  vugs from which the early carbonate has been leached. 
Considerable free gold is found along pyritic seams in large quartz blocks on 
the easternmost dump along these workings. Galena and chalcopyrite are also 
abundant. Country rock consists of an altered granitic gneiss sequence within 
the gneiss unit. 

References: 

Anderson, 1971; Anderson and others, 1972; Blacet, 1968, 1969, 1975; Blair and 
others, 1977; Burchard, 1883; Keith and others, 1983a; Myers and Smith, 1984a, 
1984b; Schrader, 1909; Swan and others, 1981; Theodore and others, 1981; Wilson 
and others, 1967. 

142 



GREENWOO~ {SIGNAL) DISTRICT 

Location: 

The Greenwood d is t r i c t  is a northwest elongated d is t r i c t  that is located at 
the extreme southern end of the Hualapai Mountains and just north of Arrastra 
Mountain in southern Mohave CouRty. 

Geology and History: 

We could gather l i t t l e  def in i t ive information on the Greenwood d i s t r i c t .  
Tungsten mineralization in the d i s t r i c t  has been described by Wilson {1941) 
and Dale (1961). Radioactive occurrences have been investigated in the 
d i s t r i c t  and reported on by the AEC (in RME 158). Hewett and others (1936) 
indicate that gol~ quartz veins occur in Precambrian gneiss and schist, and 
that the district has yielded a smal~ amount of gold for many years, 
Production between 1902-1962 is recorded as some 2,000 tons of ore which 
yielded 1,000 oz Au, 600 oz Ag, 400 Ibs C~, 1,000 Pb. Production prior to 
1902 was not recorded and is unknown. 

The d i s t r i c t  is underlain by a Proterozoic metamorphic complex consisting of 
gneisses and schist that are presumably about 1,800 m.y. o~d. This complex has 
been intruded by somewhat younger Proterozoic granit ic bodies, part icular ly 
near the southern end of the d i s t r i c t .  These rocks a r e  cut by numerous dikes 
of api i te,  pegmatite and other igneous rocks of uncertain but probably numerous 
ages. Patches of Tertiary volcanic f~ows ~ocally overlie these older rocks. 

The d i s t r i c t  is noted for i ts tungsten occurrences which appear to be mainly 
glassy quartz veins of Precambrian age. These veins often str ike a~d dip 
conformably with the fabric in the gneissic rocks {generally RE-trends), and 
contain irregular disseminations and bunches of wolframite and scheelite with 
sparse chalcopyrite. 

L i t t l e  information can be gleaned about the gold deposits. Wilson {1941) in 
describing the tungsten occurrences mentions that the old "Greenwood" mine "in 
the eastern part of the area" was reported to have been worked for gold and 
si lver many years ago. The gold veins are said to str ike northwest and appear 
to be related to a dike swarm of similar trend that may be mid-Tertiary in age 
(Keith and others, 1983b). The single description that we found of one of the 
gold veins in this distr ict indicates that i t  had a relatively shallow dip of 
35°; indicating that i t  might be a l i s t r i c  faul t  and thus very possibly of mid- 
Tert iary age. Defini t ive information on the d i s t r i c t ,  however, is essentially 
non-existent. 

This is another area that wi l l  require a reconnaissance investigation in order 
to determine the actual characteristics of i ts gold mineralization, and what, 
i f  any, potential i t  may hold for future exploration. 
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Mines of Interest: 

State Mine: (T13N, R12W, Sec. 4 SE~) This is an old property that was checked 
by AEC geologists in the early 1950's for radioactivity. The property consists 
of 8 surface trenches, a 150 f t  cross,cut tunnel, a 35 f t  inclined shaft and 65 
f t  of d r i f t .  Mineralization occurs in a 6 f t  wide vein striking N60°W, dipping 
35°S which cuts a coarse, pink granite porphyry. The vein consists of quartz 
with hematite bands that contains gold and s i lver .  Eleven samples taken by AEC 
personnel showed minor amounts of uranium. 

References: 

AEC Report RME 158; Dale, 1961; Hewett and others, 1936; Keith and others, 
1983a, 1983b; Wilson, 1941. 
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GU~SIGHT (MZYERS) DISTRICT 

Location: 

The Gunsight d i s t r i c t  is located in the extreme western portion of the P apago 
Indian Reservation approximately 15 mites southeast of Ajo, Arizona. Access is 
Via 2½ miles of good gravel road from the town of Schuchuli (Many Chickens). 

Geology and History: 

The Gunsight Hil~s region consists of low, deeply weathered, erosionaT h i l l s  
that form an extensive area of subdued topography on grani t ic  pediment. This 
pediment represents the exposed portion of a large grani t ic  pluton of presumed 
Laramide age that crops out over an area of roughly 30 square miles. In places 
the pediment is th in ly  veneered by alluvium. The total extent of the pluton is 
unknown as younger volcanics overl ie i t  to the north and south. Phases within 
the pluton have been described as ranging between quartz monzonite, granite and 
quartz d io r i te  in composition (Nelson, 1963; Jones, 1974). 

Intruding this pluton and making up Gunsight H i l l  is a highly d i f fe rent ia ted,  
mid-Tertiary subvolcanic complex of quartz monzonite, granite ( rhyol i te)  and 
alaski te porphyry bodies (Figure 9) (Wilson, 1978). The relat ionship of the 
monzonite plug to the granite and alaskite bodies is somewhat uncertain. The 
outcrop of the exposed portion of this plug and co-magmatic (?) dike swarm is 
transverse to the northwest s t r ik ing alaski te body and for  this reason i t  may 
possibly represent a d i f fe rent  period of igneous ac t i v i t y .  A K-Ar date of a 
b io t i te  separate from the quartz monzonite produced a 26.7 m.y. age (unpubl. 
data Gunsight Mining Co.). 

The older granite basement complex is extensively altered and recrysta l l ized 
surrounding the Gunsight HiT1 intrusive center. A gneissic fabr ic is evident 
surrounding the intrusion and extends severaT hundred meters outward from i t .  

The mid-Tert iary composite stock is host for  numerous epithermal veins from 
which most of the ore in the d i s t r i c t  has been produced. The veins are mainly 
f issure type veins, but loca l ly  some stockwork veining has localized along the 
massively fractured and brecciated margins of the stock. Veins that have been 
explored outward in the older granite terrane are probably also related to the 
mid-Tert iary complex. Some, however, may have been generated during regional 
low-angle deformation at the close of Cretaceous time (cf .  Haxel and others, 
1984). 

Within the productive veins associated with the Tert iary intrusions, 
argentiferous galena appears to have been the main ore mineral of importance; 
however, gold, various tungsten and molybdenum minerals, as welt as sphaTerite, 
chalcopyrite and chalcocite also occur in various amounts. Gangue minerals 
include amethystine q~artz, bar i te and f l uo r i t e .  

The Gunsight Hi l ls  were f i r s t  prospected in the late 1860's (Keith, 1974). 
McKelvey (1927) mentions interviewing a Mrs. Levy, who as e teenager, passed by 
the property in 1873 in a wagon t ra in trave]ing on the old Tucson Tra i l .  
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Figure q, General Geology Gunsigh= Hills Intrusive Complex. 
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"At that date the property was Worked in a small way. The ore was 
sorted, sacked and hauled by wagon t ra in  to Yuma on the Colorado 
River, a distance of about two hundred miles. I t  was then loaded 
on the steamer operated by Capt. Polhemus and carried down the 
r i ve r  to the Gulf of Ca3ifornia. The ore was then transferred and 
loaded aboard sa i l ing  vessels and taken to a smelter at Swansea, 
Wales, where i t  was treated." 

In 1878 the G~nsight mine was located, and by 1882 had developed sizeable 
workings. The report of the United States Mint for 1882 and 1883 contains 
lengthy and exuberant reports on the ac t i v i t y  taking place at the Gunsight mine. 

The demonitization of s i l ve r  in 1893 resulted in the closing of the mine and 
short ly  thereafter the property was raided by the Apache Indians who completely 
destroyed the old mining equipment, boi lers and f ive miles of water pipe l ine 
(McKelvey, 1927). Subsequent attempts to reopen the mine by Mr. Sheehan in 
the early 1920's and by Eastern finance in the early 1930's were unsuccessful. 

Full (1970) gives an excellent account of the early h istory of the mining 
d i s t r i c t  and the major prospects contained therein. The reader interested in 
a more complete history of each of the major prospects of the district are 
directed to his report. 

L i t t l e  recorded production from the Gunsight d i s t r i c t  exists. That most of the 
production came before the demonitization of s i l ve r  in 1893 is obvious. Un- 
for tunate ly,  records for  this era were poorly kept or are non-existent. 

Keith (1974) in describing the production of the Gunsight mine, states: 
"Shaft and turnel workings: Prospected as early as 1870's and reportedly 
produced some 15,000 tons of $40/T Pb-Ag ore in 1881-1884. Sporadic production 
of some 120 tons of ore averaging 22% Pb, 5 oz Ag/T and oz Au/T since 1918." 

Mines of Imterest: 

Gunsight Mine: (Sec. 16, T14S, R4W) The Gunsight has been responsible for nearly 
a l l  of the d i s t r i c t s  production. Mineral izat ion consisted mainly or argent i -  
ferous lead ore that in places carried some gold values. Keith (1974) reports 
that the mine produced some 15,000 tons of $40/T Pb-Ag ore between 1881-1884. 
Although attempts were made to reopen the mine in the 1920's and !930's, ef for ts 
were unsuccessful. The vein has been mapped on the surface for over 4,000 f t .  
Old workings consist of the Gunsight shaft with tunnels on four levels. The 
major i ty of the past production occurred above the 200 f t  leve~ where the vein 
averages nearly 12 f t  in width. Patented and unpatented claims were taken over 
in the i960's by the Gunsight Mining Corporation (!00 W. Clarendon, Suite 1260, 
Phoenix, AZ 85013) who continue to hold the property. Work done by this company 
has reportedly proven roughly 23,000 tons of reserves remaining above the 200 f t  
level with much larger reserves being possible at depth. 

References: 

Full, 1970; Haxel and others, 1985; Jones, 1974; Keith, 1974; McKelvey, 1927; 
Nelson, 1963; Wilson, 1978, 

147| 



HACKBERRY DISTRICT 

Location: 

The Hackberry d ist r ic t  is located in the central portion of the Peacock Range 
and several miles west of the settlement of Hackberry in northern Mohave County. 

Geology and History: 

There is very l i t t l e  information available on the mines and geology of the 
Hackberry d is t r ic t .  The Peacock Mountains are a northward-trending spur coming 
off the northern end of the Hualapai Mountains. The range is made up almost 
entirely of Proterozoic gneisses and schists that have been intruded in the 
northern and central portion of the range by a somewhat younger Proterozoic 
granite. In the southern-central part of the range, these rocks display WNW- 
trending fol iation that dips to the south. A northeast-trending dike swarm of 
unknown age cuts the Precambrian rocks to the east of the d ist r ic t .  These 
dikes are l ikely of late Cretaceous age and genetically related to the Karamide 
intrusive complex exposed north and east of Hackberry. Isolated patches of 
Tertiary volcanic rocks occur mainly on the southern and eastern flanks of the 
range. 

Hewett and others (1936) describe the d is t r ic t  as being developed on quartz 
veins in Precambrian gneiss and schist. Keith and others (1983b) suggest that 
veins might be of late Cretaceous age indicating that the mineralization may be 
related to the nearby Laramide intrusions. With so l i t t l e  information 
available, however, one should not rule out the possibil ity of Precambrian 
mineralization being present. Production records (Hewett and others, 1936) 
indicate that the ores contained considerable base-metals in addition to 
commercial quantities of gold and silver. Descriptions of the mineralization 
in the nearby Cottonwood d is t r ic t  are suggestive of Precambrian massive sulfide 
type. Schrader (1909) described this area under the Maynard d ist r ic t  and 
stated that the "Old Hackberry mine" was for many years a heavy producer and 
"is credited with a production of $1,000,000." The ores were treated by the 
chlorination process. 

The majority of the production from the d is t r ic t  was won before 1904. Elsing 
and Heineman (1936) credit the d ist r ic t  with producing some 5,000 oz Au and 
560,000 oz Ag between 1875 and 1906. A substantial amount of silver-lead ore 
was mined from the d is t r ic t  in 1915 and 1919 (Hewett and others, 1936). Pro- 
duction between 1919 and 1942 was apparently small. Hewett and others (1936) 
state that recorded production between 1907 and 1932 amounted to 8,146 tons 
yielding 2,153 oz Au; 79,381 oz Ag; 5,983 Ibs Cu; 156,498 Ibs Pb; and 
21,604 Ibs Zn. 

The paucity of data on this d is t r ic t  coupled with substantial past production, 
indicate that i t  is probably an area deserving examination. 

References: 

Elsing and Heineman, 1936; Hewett and others, 1936; Keith and others, 1983b; 
Schrader, 1909. 
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HARQUAHALA DISTRICT 

Location: 

The d i s t r i c t  consists of mines and prospects scattered through the Harquahala 
Mountains, the highest, most prominent and southernmost of the anomalously NE- 
oriented ranges of west-centraT Arizona. The range l ies in both La Pez and 
Maricopa Counties and extends from the L i t t l e  Harquahala Mountains on the 
southwest nearly to the Vulture Mountains on the northeast. The d i s t r i c t  is 
included on the Aguila, Gladden, Lone Mountain and Salome 15' quadrangles. 

Geology and History: 

An overview to the geology of the Harquahala region features a stack of major 
thrust faul ts bounding markedly d i s t i nc t  l i tho log ies .  These remarkable struc- 
tures maintain cont inu i ty  from the L i t t l e  Harquahala Mountains, to the northeast 
end of the range (Reynolds and others, 1980; Harding, 1983). In ascending order, 
the various thrusts consist of the Hercules fau l t  with upper plate of Precam- 
brian c rys ta l l i ne  rocks over Mesozoic sedimentary-metamorphic rocks; the 
Golden Eagle thrust with Paleozoic rocks thrust over Precambrian basement; an 
overlying, thin plate of Precambrian (?) quartz momz0nite porphyry; and the 
Harquahala thrust with its uppermost plate of Precambrian metamorphic and 
grani t ic  rocks. Many of the allochthonous rocks, including the granites, are 
deformed and mylonitic zones commonly occur along the thrust faults. This 
overall deformation is Mesozoic in age with thrust ing culminating in Laramide 
time. 

Closely fol lowing thrust ing,  a major pulse of two-mica granite was intruded. 
S i l l s ,  dikes and small plutons of this a l k a l i - r i c h ,  muscovite-bearing granite 
discordantly cut the deformed sequences and make up most of the Laramide 
plutons shown on the county geologic map by Wilson. The age of this magmatism 
is approximately 40-55 m.y. {Rehrig, unpubl. Rb-Sr dat ing). 

Developed throughout the northeast end of the range is a pervasive myloni t ic  
deformational fabr ic with low-angle, arch- l ike f o l i a t i on  plunging gently east- 
ward and a northeast-trending l ineat ion.  This fabr ic is superimposed o~ a l l  
previous rock types including the two-mica granites, and increases in in tens i ty  
upsection and eastward to a low-angle detachment fau l t  which wraps around the 
east end of the range (Rehrig and Reynolds, 1980). The myloni t ic  f o l i a t i on  
and detachment are character is t ic  of mid-Tert iary extensional deformation 
within metamorphic core complex terranes in the southwestern U.S. (Davis, 1980; 
Rehrig and Reynolds, 1980). Discordantly intruding a~l previous l i tho log ies  
and structures are swarms of NW- to WNW-trending microdior i te dikes dated 
between about 20 and 27 m.y. (Rehrig and Reynolds, i980; Rehrig, 1982). Latest 
expressions of fau l t ing  are NW-striking, NE-dipping reverse and r igh t  lateral  
s l ip  structures such as those that pass through the l inear Sunset and Dushey 
Canyons (Scarborough and others, 1983). 
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Mineralization through the Harquahala range is dispersed through a variety of 
lithologies. Metal occurrences, worked mainly for precious metals, date back 
to the 1800's. Most gold-silver deposits contain minor base metals, particu- 
larly copper. Tungsten associations like those described in the neighboring 
Granite Wash Mountains are also noted. Precious metal production from the 
distr ict  totals about 2,450 oz Au and 7,043 oz Ag (Keith and others, 1983a) 
with the main producers being the Socorro, Hercules, and San Marcos mines 
(± 600 oz Au each). 

A number of occurrences in the Harquahala distr ict appear spatially associated 
with certain thrust faults. Examples in the western part of the range include 
the Socorro, Hidden Treasure, Silver Queen, Why Not-Clipper, and Mars-Mescal 
mine groups (T5N, R11 and 12W) which plot near the trace of the Golden Eagle. 
Most of these occurrences were mined principally for Au, Ag and Cu from 
quartzose zones and veins in the vicinity of the main thrust or in structures 
cutting hanging wall Paleozoic rocks. Microdiorite dikes are commonly found 
in close proximity to the mineralized outcrops. The Hercules mine and nearby 
workings at the west end of the Harquahala range plot in the vicinity of the 
trace of the Hercules thrust. At Sunset Mountain immediately southwest and 
west of these gold occurrences, an erosional window exposes lower-plate Mesozoic 
metasediments beneath the structure. Upper-plate rocks consist of Precambrian 
(?) fo~iated quartz diorite and mafic gneisses which apparently host the 
mineralization which is associated with quartz lenses and veins. Along the 
southeast flank of the Harquahala range (T5N, RIOW, Secs. 11 & 14) near 
Arrastre and Sunset Canyons, numerous prospects occur along the trace of a 
low-angle fault separating lower-plate Paleozoic carbonates from upper-plate 
Precambrian (?) quartz monzonite porphyry. Mineralization in this locality 
appears best developed where higher-angle shear zones'and microdiorite dikes 
cut the thrust zone. 

There are also a number of Au, Ag and Cu occurrences wi th in granites and 
metamorphic rocks which may be associated with Ter t ia ry  microd ior i te  dikes 
intruded along high-anole shear zones. Themetals occur with quartz, 
carbonate and iron or manganese oxides; and veins are commonly sheared or 
brecciated. These deposits resemble those found in the Harcuvar Mountains 
( i . e .  Cunningham Pass d i s t r i c t ) .  Although descript ions indicate that most of 
these occurrences are single vein structures or otherwise small deposits, some 
(like the San Marcos mine group) reported tonnages of exceptionally high grade 
(i.e. 2 opt Au). I t  may therefore be warranted to check them for structural 
factors which could have either dispersed or concentrated veining (i.e. inter- 
sections, multiple veining); or which may have lead to dissemination outward 
into wallrocks from narrower feeder structures. Examples of these occurrences 
include the Gold Leaf, Rattlesnake, and Rosebud mine groups (T5N, RI2W, Sec. 13); 
the San Marcos workings (T5N, R12W, Sec. 14); small workings or prospects in 
Sections 23, 25 and 31 of T5N, R11W; the Snowball mine (T5N, RIOW, Sec. 29); 
perhaps such properties as the Sunshine or Linda mines in Dushey Canyon; the 
prospect on a N70°W vein in Section 17, T5N, RIOW; and workings in a NW-trending 
vein between Arrastre and Sunset Canyons (Sec. 14, T5N, RIOW). 
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Flanking the range at its eastern end are a few scattered occurrences of 
hematitic, copper carbonate-oxide mineralization commonly with gold, which are 
located in the mid-Tertiary detachment fault zone separating mylonitic crys- 
tal l ine rocks of the core complex from the mid-Tertiary volcanic and clastic 
rocks of the Big Horn Mountains and Eagle Eye Mountain. These occurrences 
are not too obvious mainly because exposure of the detachment is quite poor 
along the southeast margin of the Narquahala range. 

In Sections 32 and 33 of T5N, RIOW and Section 6, T4N, RIOW, mineralization at 
the Alaska and Rainbow mines may have some relationship with an unexposed 
detachment zone nearby but the association is d i f f i cu l t  to document because of 
extensive overburden (see Mines of Interest below). 

Mines of Interest :  

As described above, there are many precious metals mines and prospects located 
in the Harquahala d i s t r i c t ,  any one of which might hold interest  or of fer  
potential for  fur ther  production or ore extensions. We have singled out only 
the few described below because of special factors of interest such as higher 
grade, par t icu lar ly  favorable structural  sett ings, or the l i ke .  

Socorro mine area: (TSN, R12W, Sec. 25). Presently held by the Campbell 
family of Salome, Arizona and promoted geological ly by consultant Stan Keith of 
MagmaChem Inc.,  the Socorro property was worked from the early lgOO's in ter -  
mi t tent ly  to about 1960; during which time i t  produced more than most mines 
in the d i s t r i c t  (4,800 tons averaging about 0.2 opt Au; 638 oz Ag). The 
mineral izat ion (gold, pyr i te ,  minor Pb, Cu, W, quartz) is localized within the 
Golden Eagle thrust as f l a t - l y i n g  ouartz lenses and loca l ly  steeply dipping 
veins. Additional factors contro l l ing ore deposition along the thrust surface 
appears to be the intersect ion of a stee~er dipping, NW-striking Socorro fau l t  
zone and intrusion of microdiorite dikes into or along this zone (Figure ~ ) .  

The cross-structures have produced considerab}e brecciation along the thrust 
zone into which gold-bearing quartz has been injected. Ser ic i t i c  a l terat ion 
is commonly observed in the Precambrian granite porphyry on both sides of the 
Golden Eagle thrust zone. The old Socorro mine was extensively sampled in the 
fa l }  of 1982 by St. Joe and a number of shallow dr i l l  holes were placed in the 
immediate mine area. Although interest ing values were reported from this work, 
the St. Joe option was dropped, 

Considerable geochemical work associated with current prospecting over the 
mine area has delineated a broad and f a i r l y  well zoned gold anomaly paral le l ing 
the trace of the major thrust fau l t  (F igure lO) .  The anomaly occurs iT} highly 
fractured and veined Bolsa quartzi te overlying the thrust .  The quartz i te is 
steeply dipping but is in unconformable (with minor shearing) contact upon 
I-4 b.y. Oracle-l ike granite. The granite for 100-200 f t  away from the contact 
is altered to clay and ser ic i te  and carries sparse quartz veining and sul f ides, 
with anomalous (.0OX to .02 opt) gold. The quartzi te adjacent commonly assays 
about twice as much in gold. Geochemical gold reaches values of 0.025 opt in 
places at the surface accompanied by from 5 to 50 ppm tungsten. High arsenic 
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and mercury geochemistry is noted in thin jasper zones cutting Paleozoic rocks 
south of the gold anomaly. The anomaly was dr i l led in 1983 by Noranda. 
Sewenteen holes (deepest : 500 f t )  produced a range in gold values from about 
,OOX to .08 opt. The principal ore target, conceptualized to l ie  within the 
thrust zone below t~e surface a~omaly {F~gure Io), was not intersected during 
the drilling. 

Considerably deeper drilling (to 1,500 ft) is required to test the concept. 
Any deposit found might be in the 0.05 to perhaps 0.2 opt range and would 
require underground mining. One especially favorable factor to the blind 
target is the size, strength and complex mu~ti-eleme~t development of the 
geochemical dispersion pattern. S~ch a pattern may indicate an unusually 
large or strong hydrothermal system at depth and thus j us t i f y  the deeper 
exploration required. In the immediate area of the old Socorro mine estimates 
of 100,000 to 200,000 tons of .05 to . I  opt may exist as reserves {S. Keith, 
1985, personal commun.). 

Hercules mine: (TSN, RI2W, Sec. 18) This property and surrounding occurrences 
produced modest but higher grade (0'.2 opt and above) tonnages of quartz-copper- 
gold ore from veins, lenses and pods of quartz associated with higher-angle 
shears and d ior i te  dike zones cutting fol iated quartz d ior i te .  The structural 
setting is the upper plate of the Hercules thrust fau l t ,  a major tectonic 
feature exposed in the immediate v ic in i ty  of the mines. Depending upon depth 
to this structure, and development of intersecting structures, subsurface ore 
targets may exist in this area. 

Hidden Treasure mine: (T5N, RIIW, Sec. 29) Original ly located in 1932, i t  
produced some 1,775 tons of exceptionally high grade ore (nearly I opt Au and 
3,9 opt Ag) from a mineralized, high-angle s~ear zone cutting Paleozoic rocks. 
Gold occurs in pockets, some of very high grade. A stope 20 f t  wide is men- 
tioned from mine descriptions, Considerable copper and manganese oxides 
accompany mineralization. Wallrocks show intense s i l i c i f i ca t i on  and ser ic i t i za-  
t io n and may not have been tested for low-grade metal l ization. Additional 
favorabi l i ty  to the area may be the major thrust (Golden Eagle) underlying the 
Paleozoic rocks at some depth. 

San Marcos mine: {T5N, RI2W, Sec. 14) A typical quar tz- f i l led shear zone 
cutting granit ic Precambrian rocks, this property is mentioned chief ly because 
of the high grades produced (averaging 2 opt Au) and reference to a "strongly 
sheared zone." According to verbal reports from recent prospect evaluations of 
the property, the main ore zone is in a f l a t ,  mylonitic shear zone invaded by 
quartz. I t  has been interpreted as a detachment zone, but probably is a 
Mesozoic or Laramide thrust zone. Similar but narrower zones occur in stacked 
fashion in the main hanging wal~. These subsidiary structures give highly 
anomalous gold values, but only over thickness <3 f t .  The owner of the San 
Marcos is Mr. Harry Hildebrand of Phoenix. 

In neighboring properties such as the Gold Leaf, Rattlesnake and Rosebud mine 
groups, spotty but persistent gold values with minor copper occur with quartz 
in brecciated and shear zones cutting gneissic granite. Ore values in the ½ oz 
Au range are common. 
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Tungsten Giant mine 9roup (TSN, R12W, Sec. 30). Scheelite in discontinuous 
quartz veins cuts granitic rocks. Although no gold is mentioned, tungsten- 
gold associations are common in the region and inspection or sampling of this 
area for gold might be warranted. 

Why Not, Cl ipper and Gold mine ~roup: (T5N, RIIW, Sec. 30). Precious metals 
with copper and hematite occur in i r r egu la r  f issure veins of quartz and ca l c i t e  
cut t ing  Paleozoic-Mesozoic metasediments intruded by basic dikes. Mines may 
occur near the Golden Eagle th rus t .  The mine group produced except iona l ly  high 
grade gold (3.3 opt) from 370 tons. 

Alaska and Rainbow mines: (T5& 4N, RIOW, Secs. 32, 33 and 6) The Alaska 
property was discovered in 1920 and produced 1,200 tons averaging about 0.25 to 
0.75 opt in gold. The ore occurs within a 3-15 f t  thick breccia zone containing 
coarsely crystalline quartz, hematitic oxides, calcite, chrysocolla and traces 
of f luorite. Apparently, gold values are best where the chrysocolla and 
hematite are most abundant. Several grab samples at the mine yielded geo- 
chemical gold in excess of several ppm (Rehrig and Wilson, unpubl, data). The 
breccia cuts probable Mesozoic mylonitic metasedimentary rocks at a very low 
dip angle southward, which is reportedly cut off and displaced(?) by a north- 
dipping, high-angle fault. Textures and alteration in the breccia are similar 

t o  those observed in mid-Tertiary detachment zones and indeed, the Alaska 
structure may be such a zone, but one developed within lower plate rocks. 
An upper detachment fault zone should be present at some distance structurally 
above and just to the southwest of the Alaska and Rainbow workings. Mr. Del 
Schultz of Phoenix currently has a large claim block covering the Alaska mine. 
Dozer cuts and sparing outcrops in the vicinity o~ the nearby Rainbow mine 
expose numerous quartz and calcite veinlets and small veins, containing gold, 
iron oxides,-traces of chrysocolla and fluorite. Most commonly these veins 
intrude shallow dipping foliation planes of the mylonitic, metamorphic host 
rocks, or crosscut them at very acute angles(NS, 30-40°E dip). 

Because of the proximity of these mines to the covered projection of the main 
Harquahala detachment fault, the shallow dip of mineralized structures, the 
dispersion of mineral showings, the relatively high geochemical values in gold 
and the widespread extent of thin alluvial cover, we feel this area warrants 
further exploration. 

References: 
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HUMBUG DISTRICT 

Locati on: 

The Humbug district lies within the drainage area of Humbug Creek and its 
tributaries Rock}~el~, Swil~ing and Carpenter Creeks in southern Yavapai County. 
The district covers much of the SW I/4 TgN and NW I/4 TSW, RIE and adjoins the Tip 
Top district, which lies to the east. It includes the 01d minipg communities of 
Humbug and Columbi a. 

Geology apd History: 

Bedrock in the d i s t r i c t  consists of large bodies of Precambrian Yavapai Series 
schists that  are surrounded and intruded by Precambrian Bradshaw grani te .  In 
places, numerous dikes of rhyo l i t e  and granite porphyry composition and 
northeast-trend cut the Precambrian rocks. Wilson and others (1967) mention that  
considerable pro- and post-mineral f a u l t i n g  is evident in the d i s t r i c t  and, l i k e  
the dikes, is  p r i n c i p a l l y  of northeastward s t r i ke .  Some of the post- mineral 
fau l ts  are large and inf luenced development of some of the major drainages in the 
di s t r i c t .  

Ore deposits mined in  the d i s t r i c t  include both veins and placers (Lindgren, 1926; 
Wilson and others, 1967; Wilson, 1961; Johnson, 1972). The placer deposits were 
apparently worked the ear l ies t  and were the most productive, The main placers 
occurred in Sw i l l i ng ,  Carpenter and Rockwell gulches, but gold-bearing gravels are 
said to extend fo r  more than 20 mites along Humbug, French and Cow Creeks (Wilson, 
1961). Productive gravel bodies along these creeks are general ly less than a few 
hundred f t  wide and are a maximum of 20 f t  deep. 

A l l  the veins s t r i ke  east-northeast,  f i l l  f au l t  f issures and dip steeply to the 
northwest. Johnson (1972) states that the placer gold in the upper reaches of 
Humbug Creek was probably derived frc~ gold veins that in tersect  and of fset  the 
rhyo l i te  porphyry dikes in that area. 

The vein f i l l ings consist of massive to coarsely crystalline grayish-white quartz 
coral ning irregular masses, veinlets and disseminations of fi ne to coarse-grai ned 
pyrite and galena (Wilsor and others, 1967). Arsenopyrite is locally abundant and 
sphalerite is reportedly abundant in one vein, Gold is mostly contained within 
the iron minerals, but galena apparently carries a l ittTe gold aM is locally 
argentiferous (up to 40 o~t Ag). Some free gold occurs as irregular veinTets and 
particles within the quartz, f i l l ing  fractures and cavities. In the shallow 
oxidized zones, the gold is  en t i r e l y  f ree .  This wr i te r  has observed beaut i fu l  
specimens of leaf gold from vein material  in  the Columbia area. 

Veins are t y p i c a l l y  narrow (+_ 3 f t )  and persist for  long distances. Wilson and 
others (1967) note that  one vein is traceable on the surface fo r  more than 9000 
f t .  Ore shoots vary in size from a few f t  to a few hundred f t  in length and 
t y p i c a l l y  are very narrow, often less than a foot wide. Values, however, can be 
very high grade, ranging between .25 to  over 9 opt Au (Wilson and others, 1967). 
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Wall rock alteration consists of intense sericit ization which has softened the rock 
enough to allow for low-cost mining. 

Wilson and others (1967) believed the mineralogy, alteration and nature of the 
vein structure indicated deposition in the mesothermal zone. Lindgren (1926) 
suggested that the veins were of similar trend and character to those in the 
adjoining Tip Top distr ic t  except that they carried more gold than si lver. He 
believed that the veins in both distr icts were genetically related to the dikes of 
rhyolite porphyry. While the dikes and related mineralization in the Tip Top 
distr ict  are believed to be mid-Tertiary in age (Curt Kortemier, personal commun., 
1984), the Columbia veins may not. Utah International discovered and put 8 d r i l l  
holes into a buried Laramide porphyry copper system in Sec 15, T8N, RIW. The 
outline of this buried pluton has been drawn on our lithotectonic map for 
reference purposes. This stock lies only 1-1/2 miles west of Columbia and Humbug, 
fueling speculation that these veins may represent outlying manifestations of this 
porphyry system. I f  this is the case, then the rhyolite dikes might be Laramide 
in age. 

Total prodution from the distr ict  is unknown. Keith and others (1983a) give 
recorded production between 1901 and 1942 as some 4,200 tons containing 1,700 oz 
Au, 8,300 oz Ag, 105,000 Ibs Cu and 48,000 Ibs Pb. Wilson (1961) l ists recorded 
placer production from the distr ict  between 1934-49 as being $17,545.00. While 
pre-1900 placer production is unknown, i t  is believed to have been substantial. 

Mines o f  Interest: 

Acquisition Mine: Located 1-1/2 miles north of Columbia (Sec 6, T8N, RIE). Early 
English mining venture. A lO-stamp mil l  was built  on the property, but apparently 
there was no production. Mine saw renewed activity and some promotion (?) in the 
early 1980's. Present status of property is unknown. 

Refere nces : 

Johnson, 1972; Keith and others, 1983; 
and others, 1967. 

Li ndgren, 1926; Wilson, 1961; Wilson 
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KOFA (S.H.) DISTRICT 

Location: 

The Kofa mining district is located in the southern part of the Kofa Mountains of 
northern Yuma County. The district is accessible via graded county road that 
connects with U.S. Highway 95 at the small settlement of Stone Cabin about 50 
miles north of Yuma. The district lies within the boundary of the Kofa Wildlife 
Refuge and mining, unfortunately, is restricted to existing mining claims. 

Geology a~d History: 

The oldest rocks in the d is t r i c t  consist of a northwest-trending belt of Mesozoic 
schist and metasediments that are exposed along the southern part of the Kofa 
range. The schist forms h i l l s  of low re l ie f  in stark contrast to the large c l i f f s  
of volcanic rocks that make up most of the range. Wilson (19.33} describes these 
metasediments as consisting of sandstones, shales, conglomerate and limestone. 
Slate was noted as cropping out near the North Star Mine, and quartzite 
conglomerate clasts are reported to occur in the schist 3 km east of the slate 
occurrence {Hankins, 1984). Hankins (1984) separated the schist into two basic 
l i thologic units: b iot i te schist and biotite-hornblende schist. Harding (1978) 
suggested that these rocks might belong to the Mesozoic Livingston Hi l ls 
Formation. Hankins (1984) noted a semi-pelitic sedimentary origin for the 
metamorphic rocks and agreed that they indeed might be part of the Livingston 
Hi l ls Formation. 

These rocks display a northwest-trending fol iat ion that typical ly dips to the 
southwest. The foliation results from c0mpositiona7 banding of minerals and 
parallelism of biotite and muscovite ~n these rocks. Small, northeast-trending 
pegmatite dikes and plugs of Cretaceous(?) age intrude the schists. A northwest- 
trending dike swarm of mid-Tertiary age pervades the schist and appears in part to 
be related to a large plug of rhyodacite porphyry that intrudes the schist 
southeast of the d is t r ic t .  

A 900-meter thick, somewhat t i l ted sequence of mid-Tertiary andesite flows and 
thick rhyolite flows and ignimbrites uncomformably overlies the Mesozoic basement 
and constitutes the bulk of the Kofa range. These rocks appear to form a large 
s i l i c i c  volcanic f ie ld that extends south into the Castle Dome Mountains (Gutmann, 
1981). Volcanic rocks in both ranges produce Miocene (about 25-19 m.y.B.P.) K-At 
age dates (Shafiquallah and others, 1980; Hankins, 1984; Gutmann, 1981). The 
eruption of such large thicknesses of s i l i c i c  volcanic rocks in these ranges must 
have been accompanied by cauldron collapse. While the area is too imprecisely 
mapped to be able to recognize discrete calderas, a huge gravity low is centered 
west of the Kofa Mountains and is speculated to repressent a cauldron subsidence 
feature (Gutmann, 1981). The volcanic rocks are separated from the schists to the 
south by a complex, anastomizing fault system that probably represents some type 
of volcanotectonic bounding fault (Gordon Haxel, mapping in progress). Further to 
the south, near the King of Arizona Mine, a northwest-trending fault seprates the 
schist from an exotic volcanic breccia that is thought to possibly overly a major 
vent zone (Hankins, 1984). The matrix of this breccia is pyroclastic(?) in 
character and rhyol i t ic  in composition. 
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The mineralization in the Kofa d is t r ic t  was discovered in the 1890's. Blake (1898) 
was the f i r s t  to describe the early workings and make note of the bonanza ores 
that sometimes ran 40 opt Au in the upper workings. Nearly al l  of the production 
from the d is t r ic t  has been won from two mines: the King of Arizona and the North 
Star. The King of Arizona was discovered in 1896 and worked until 1910 when the 
deeper ores became uneconomical (Keith, 1978; Wilson, 1933; Jones, 1916). During 
this period, the mine was credited with producing some $3.5 mill ion in gold-silver 
bullion. The North Star mine was discovered in 1906 on a vein located a short 
distance to the north of the King of Arizona, and was worked until 1911 when the 
ores became unprofitable. Its production is valued at $1.1 mill ion. Numerous other 
deposits containing gold-silver with minor base metals were explored in the 
d is t r ic t ,  but production from them has been very small (Keith, 1978). Attempts to 
reopen the King of Arizona have been unsuccessful to date. Small tonnages of 
manganese and tungsten have also been produced from the d is t r ic t  (Keith, 1978; 
Dale, 1959). Keith (1978) credits production from various mines in the d is t r ic t  as 
follows: 

Mine Tonnage (tons) Au (oz) Ag (oz) 

King of Arizona 739,300 170,039 73,930 
North Star 38,735 54,229 23,241 
Quartette 550 715 i , i00 
Rob Roy 435 44 22 
Iron Wood 534 267 214 

TOTALS 779,554 224,268 98,507 

Some 2500 oz of placer gold have also been produced from the d is t r ic t  (Keith, 
1978), as well as some 7000 Ibs Cu, 2500 Ibs Pb, 148,00 Ibs Mn and 544 short ton 
units of WO 3 (Keith and others, 1983a). 

The gold-silver deposits consist of typical bonanza type, epithermal veins that 
follow west-northwest-trending faults. Mineralization commonly is enhanced where 
north-striking faults intersect the northwest-trending veins (Hankins, 1984). The 
veins contain fine gold and silver minerals along with local and minor copper and 
lead mineralization, abundant manganese oxides, pyrite, minor f luorite and 
scheelite. Gangue consists mainly of quartz, s i l i c i f ied  and brecciated rhyolite 
dike material, adularia and manganiferous calcite. Aphanitic dikes of felsic 
composition that produce K-Ar ages of 19.8+ 0.9 m.y.B.P, are spatially associated 
with mineralization (Hankins, 1984). Adula~ia separated from the North Star vein 
which is hosted by one of these rhyolite dikes produced a K-Ar date of 22.1+ 2.4 
m.y.B.P. (unpublished data, AGS) which is concordant within i ts error with The age 
of the dikes. A similar felsic dike swam is associated with lead-silver 
mineralization in the Castle Dome Mountains to the south (Wilson, 1951; Gutmann, 
1981). Veins containing only manganese oxides have also been prospected within the 
d is t r ic t  (Keith, 1978). Hankins (1984) studied the mineralogy of the d is t r ic t  
veins and concluded that there is no spatial relationship between specific 
manganese minerals and gold mineralization. Hankins concluded that the Kofa 
d is t r ic t  ores and veins were typical of other epithermal manganese-gold systems in 
the western U.S. and around the world. 

Alteration mapping conducted by Hankins disclosed that wallrock along the North 
Star vein varies from s i l i c i f i ca t ion  and adularia nearest the vein outward to 
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propylit ic alteration. Ore shoots along the vein displayed phyllic alteration. At 
the King of Arizona vein, alteration was more complex as a result of volcanic 
venting and diking. Metasedimentary rocks within and surrounding the exotic 
volcanic breccia are propylitized. The matrix to the breccia i tse l f  was noted as 
being strongly carbonated. The King of Arizona vein is adularized, pyritized and 
enveloped by zones of pyrite and sil ica alteration (Hankins, 1984). 

Hankins concluded that probably the most eff icient exploration Strategy for the 
distr ic t  was one that assumed undiscovered ore deposits would most l ikely occur in 
geologic environments similar to those that host the North Star and King of 
Arizona mines. The setting at these mines is one in which veins are hosted by 
rhyolite porphyry dikes that f i l l  west-morthwest-trending structures. Alteration 
mapping could be useful for modeling ore shoot targets. Productive ore shoots 
along the North Star vein are surroumded by phy~lic alteration. At the King of 
Arizona vein, s i l ic i f icat ion and pyritization are useful exploration guides. 

As we have mentioned in several of the other distr ic t  summaries, there seems to be 
a persistent formula associated with Tertiary metallization in certain districts 
in southwestern Arizona. The major ingredients appear to consist of mesozoic 
metasediments, extensive Tertiary faulting and a Tertiary heat source to form a 
hydrothermal system. Again, there seems to be some quality in the Mesozoic rocks 
that lend themselves to being hosts to later ore deposits that typically contain 
precious metals, some base metals, manganese oxides and anomalous tungsten and 
boron {typical ly in the form of tourmaline). We would suggest the Mesozoic 
protoliths were enriched in these elements to begin with and have passed this 
heritage along to the Tertiary hydrothermal systems. Evidence for this in the Kofa 
d is t r ic t  includes Wilson's (1933) mention of shales in, the Mesozoic section 
containing finely disseminated pyrite. Hankins ~1984) mentions that pyrite altered 
to hematite is typically present in the schists and in places makes up 5% of the 
rock. Haxel {persomal commun., 1984) has also noted cherty layers within the 
Mesozoic section that contain abundant magnetite. These might possibly be 
exhalative banded iron formations. 

In 1981, Western Minerals Exploration Company had a lease on the major claim block 
in the d is t r i c t  and were shopping major companies for a jo in t  venture partner. 
Their maim targets consisted of ore shoots and extensions along proven veins in 
the d is t r i c t .  Their concept was probaby not bad as there has been l i t t l e  or no 
d r i l l i ng  exploration in the d is t r i c t  to search for new ores. Whether this program 
was actually carried out is unknown to these writers. 

Two targets that would seem to be of some interest for potential disseminated 
mineralization include the large, porous, exotic volcanic breccia that l ies in the 
southern part of the d is t r ic t  near the King of Arizona mine and the complex, 
anastomizing faul t  zone that separates the Mesozoic schist from the Tertiary 
volcanics to the north. This fault  zone, i f  pre-mineral, would be an ideal site 
for major focusing of hydrothermal f luids. We assume, however, that most of this 
zone is probably not avai lab le to mineral en t ry .  

References: 

Blake, 1898; Dale, 1959; Gutmann, 1981; Hankins, 1984; Jones, 1915; Keith, 1978; 
Shafiqua~lah and others, 1980; Wilson, 1933. 
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LAGUNA (LAS FLOR'ES) DISTRICT 

Location: 

The Laguna d is t r ic t  is located in the Laguna Mountains north of the Gila River 
and about 16 miles northeast of Yuma. A large part of the d is t r ic t  is covered 
by the Yuma Proving Grounds and is not open to mining act ivi ty. 

Geology and History: 

The Laguna h i l ls  consists of a group of low hi l ls  and rugged ridges surrounded 
by elevated pediments. Schists and gneisses of probable Mesozoic age underlie 
most of the d is t r ic t ,  particularly the eastern half. These rocks are intruded 
by Mesozoic (probably late Cretaceous) granitic rocks in the northern part of 
the range. The metamorphic rocks are also cut by numerous pegmatite dikes and 
quartz veins that generally trend parallel to the major metamorphic fol iations. 
Tertiary sediments consisting of wel l -strat i f ied sandstones, siltstones and 
gypsiferous clays cover most of the western portion of the range. These rocks 
are t i l ted and faulted. Their contact with the older rocks is often a fault 
contact (Wilson, 1933). Isolated patches of volcanic rocks occur alongthe 
western flank of the range. In places, volcanic rocks are interbedded with 
the thick Tertiary sedimentary pile. 

The Laguna d is t r ic t  is noted mostly as a placer gold d is t r ic t ,  although some 
gold-quartz veins have had limited production. Lode mineralization is 
characterized by lenticular and brecciated quartz veins that occur along fault 
or fracture zones in the Mesozoic metamorphics (Keith, 1978). These veins 
contain abundant iron oxides with some siderite, gypsum, manganese oxide and 
gouge. Gold occurs free, often ragged, as grains. Some silver and minor 
copper also occur in the ores. The Las Flores group (SW~ Sec. 26 and NW¼ Sec. 
35, T7S, R21W) which consists of the Traeger, Golden Queen and Pandino (India) 
mines have been sporadically worked and prospected from the 1860's to about 
1940; producing some 500 tons of ore averagillg about 0.4 opt Au and 0.1 opt Ag 
(Keith, 1978). Host rocks for the Flores mines consist of dark anbd l ight gray 
quartz-feldspar schist, possibly a meta-arkose, with low to moderate dipping 
fol iat ion. Mineralization is associated with quartz veining within and cross- 
cutting the fol iat ion. 

Placer gold has been recovered from three separate localit ies in the d is t r ic t :  
the Laguna Dam placers; Las Flores placers; and the McPhaul placer area. The 
source of the gold in the ~lacers is believed to be derived from the small, 
irregular, gold-bearing quartz veins in the Mesozoic schists (Wilson, 1933; 
Keith, 1978). Total production from the d is t r ic t  is estimated by Keith (1978) 
to be about 7,500 oz Au and 1,100 oz Ag. 

Johnson (1972) and Wilson (1961) describe the placers and give locations for 
the three areas. References to the early placer act ivi ty can also be found in 
these accounts. 
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Interestingly, once again we observe a correlation between gold-bearing 
deposits of uncertain age and Mesozoic metamorphic rocks which have produced 
considerable placer gold concentrations. As mentioned in other parts of this 
report, this association is repeated many times in southwestern Arizona. 
Related to this association may be the currentexploration play in the western 
Laguna Mountains, where some high-priced "rea~ estate:' is being bargained for 
by several major companies. Reportedly, the geology of the prospect is similar 
to the Mesquite area in the Chocolate Mountains west of the river. 

References: 

Johnson, 1972; Keith, 1978; Wilson, 1933, 1961. 
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LA POSA (FISCO, WELTON HILLS) DISTRICT 

Location: 

The La Posa distr ict  covers the southern part of the Welton Hi l ls and the Copper 
Mountains about 30 miles southeast of Yuma. The area is within the Luke Air Force 
Bombing Range and withdrawn from public entry. 

Geology and History: 

The Welton Hi l ls consist of Mesozoic gneiss and schist that form an isolated group 
of irregular, scattered and rugged h i l l s  and buttes that are separated and 
encircled by alluvium covered pediments (Keith, 1978). The Copper Mountains, 
located to the east and southeast of the Welton Hi l ls ,  are a more rugged range 
consisting of a central belt of Mesozoic metamorphic rocks intruded on the south 
by Cretaceous granite. These are separated from t i l ted  beds of Mid-Tertiary 
arkosic sandstone and conglomerate by a shallow dipping normal fault described as 
a detachment by Pridemore and Craig (1982). These sediments strike north- 
northwest and display moderate dips to the southwest. The geology of the distr ict  
is poorly known, and i ts location on the bombing range v i r tual ly  precludes any 
major new studies at present. Although br ief ly mentioned by Bryan (1925) and 
Darton (1925), Wilson (1933) has provided the only description of any consequence 
concerning the distr ict and its mineralization. 

Wilson (1933) noted that the Welton Hi l ls contained many low-grade, gold-bearing 
quartz veins of predominantly west to N35°W strike. These veins display highly 
variable dips, some being very low angle (10°); which suggests a possible 
relationship to the detachment fault in the Copper Mountains. The veins consist 
of coarsely crystalline quartz that is weakly banded, locally vuggy and 
characteristically shows abundant iron oxide with minor chrysocolla and malachite. 
Brown, ferruginous calcite occurs as fracture-linings and rug f i l l i ngs .  No 
sulfides were observed by Wilson. Wilson (1933) reported that certain veins in 
the Welton Hil ls were spectacularly stained by copper that extended a distance 
into the wallrocks. In places, these copper-stained gneisses carried visible 
specks of free gold. Sericit ization with lesser amounts of s i l i c i f i ca t ion  also 
occur in the wallrocks. Similar mineralization, along with gypsum and jarosite, 
reportedly occurs in the Copper Mountains (Keith, 1978). A small amount of placer 
gold has been recovered from the alluvium close to the gold-bearing veins i n the 
Welton Hil ls (Johnson, 1972). Keith and others (1983a) credit d istr ict  production 
as some 500 tons of ore which contained 500 oz Au, 200 oz Ag and 5000 Ibs Cu. The 
main prospects in the Welton Hil ls include the Double E~gle, Poorman, Draghi, 
Donaldson, Wanamaker, McMahan, Weltonia, Northern and Shirley Mae mines (Wilson, 
1933 ). 

Mi nes of Interest : 

Welton Hil ls IDraghi, Frazier): (RE-l/4, Sec 20, TIOS, R18W.) A fault zone marked 
by 8 ft  of breccia and gouge strikes N35°W, dips 10 ° to 40 ° NE and contains a 
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quartz vein. Bedrock consists of f ine-grained, banded, b io t i t e  gneiss that 
str ikes NW and dips 40:SW. Vein contains intermixed chrysocolla and brown cherty 
hematite. Deposit is developed by 2 tunnels and was sporat ica l ly  worked for  many 
years. Production i n mid-1930's amounted to some 365 tons of ore averaging about 
0.54 opt Au and .2 opt Ag. 

Poorman (Desert Dwarf): (NW-I/4, Sec 2, TIOS, RI8W.) Vert ical fau l t  zone cuts 
gneiss, str ikes N56°W and contains banded quartz vein with FeOx. Ore reportedly 
carried about $4 to  $5/ton (old prices) in gold. The deposit was developed by 
several shafts and some tunnels. Small amount (100 tons) of ore produced averaged 
about 0.25 opt Au and 0.1 opt Ag. 

Double Ea~le (Gold Leaf): (Cen. Sec 22, TIOS, RISW.) Westward s t r ik ing faul t  zone, 
dips 57°N and cuts Mesozoic gneiss. The faul t  is marked by shattered a~d 
brecciated zone 5 f t  across that loca l ly  displays se r i c i t i za t i on ,  i ron and copper 
staining. Narrow quartz vein f i l l s  fau l t  zone. Some 50 tons of production 
averaged 1.6 opt Au, 0.8 opt Ag and .3% Cu. Prospect was developed by shaft and 
t u n nel. 

References: 

Bryan, 1925; Darto~, 1925; 
Craig, 1982; Wilson, 1933. 

Keith, 1978; Keith a~d others, 1983a; Pridemore and 
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LITTLE HARQUAHALA DISTRICT 

Location: 

The Lit t le Harquahala Mountains are a southwest extension of the higher and 
more prominent Harquahala Mountains in La Paz County. The two ranges are 
separated by the Harrisburg Valley. The Lit t le Harquahala range is included 
entirely within the Hope 15' quadrangle. I t  is accessed by the Hovatter dirt  
road southward a few miles from the town of Salome on U.S. Highway 60, or from 
the south where the dir t  road intersects Interstate 10. 

Geology and History: 

Mines and mineral showings in the Li t t le Harquahala Mountains occur in a 
geologic setting highlighted by Mesozoic high-angle faulting, two phases of 
folding, and late Cretaceous thrusting (Richards, 1983). The affected rocks 
include the Precambrian basement of gneisses and a megacrystic, quartz mon- 
zonite porphyry (1.4 b.y,?), Paleozoic cratonal sedimentary rocks, and complex 
Mesozoic sedimentary sections of continentally derived terrigenous rocks 
(arkosic-greywacke sandstones to conglomerate), volcaniclastic deposits and 
felsic to intermediate volcanic rocks. In the Sore Fingers area at the south- 
east end of the mountains, a coarsely crystalline, possibly Jurassic, quartz 
monzonite porphyry intrusive complex occurs. This body makes a poorly defined, 
transitional intrusive contact with "granitized" (?) Mesozoic or Precambrian 
metamorphic rocks at its north end and is in strongly mylonitized thrust (?) 
contact with Paleozoic or Mesozoic sedimentary rocks along part of its southwest 
margin (Richards, 1982; Rehrig, unpubl, mapping). 

Paleozoic rocks rest in depositional contact against Precambrian basement in the 
Martin Peak area but are in thrust contact elsewhere in the range. The Hercules 
thrust places Precambrian granitic rocks upon Mesozoic supracrustal rocks at 
numerous localities. To the south, Mesozoic clastic rocks appear to be 
depositional onto Paleozoic units. 

In the northwest part of the range, deformed and thrust faulted Mesozoic rocks 
of the Harquar Peak area are discordantly intruded by the 65 to 70 m.y. Granite 
Wash pluton. Mid-Tertiary lamprophyric (microdiorite) dikes of NW- to WNW- 
strike cut all rock types. 

Gold mineralization is widespread in the Li t t le Harquahala Mountains. The 
distr ict  as a whole has produced 143,406 oz Au; 90,093 oz Ag; and 50,378 Ibs 
Cu (Keith and others, 1983a). Several deposit types appear to be present. 
Marginal to the Laramide Granite Wash pluton on the northwest flanks of Harquar 
Peak, several areas of pervasive, ser ic i t ic-argi l l ic  alteration, and bleaching 
and disseminated sulfides (py ~ cp) occur. These areas are marked by numerous 
silica-flooded dikes following a prominent NNE-trending shear zone (Rehrig, 
unpubl, mapping). Due to the proximity of this mineralization to the Laramide 
pluton, a genetic associated is suspected. 
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The host of prospects, workings and mines, occurring from just north of the Golden £ag u 
mine southward to Martin Peak, appear generally localized along the contact 
between Precambrian quartz monzonite porphyry and overlying Paleozoic rocks. • 
There has been much confusion concerning this contact and interpretations vary | 
from unconformity (Bancroft, 1911) to intrusive (Keith, 1978) to major thrust 
(Richards, 1982). Production from this .contact zone has been concentrated 
primarily at the Golden Eagle and Bonanza or Harquahala mines where gold and 
silver with minor base metals occurred in a myriad of shear zones, faults and [ ]  

common low-angle structures in both Precambrian granitic rock in a footwall 
position and deformed Paleozoic sediments in the hanging wall. Footwall rocks 
are host to mineralized shears and disseminated sulfides, in places up to 200 f t  
structurally below the Paleozoic contact. In proximity to the mineralized 
thrust (?} faults which occur in the contact zone, there have been rare 
occurrences noted of a fine to medium grained, equigranular quartz monzonite 
(Rehrig, unpubl, field notes). This intrusive phase i f  injected into the 
structurally prepared contact zone, may be related to the mineralization. 

The precious and base metals coming from the Rio del Monte mine area at the 
north end of the d i s t r i c t  are speci f ical ly  related to veins, lenses and shoots 
of white quartz cutting deformed (fol iate)Precambrian quartz mon zonite 
porphyry. The veining appears concentrated in a f lat- lying contact zone 
(thrust ?) between the granitic rocks and an overlying (?) chloritic schist. 
The granitic host rocks are themselves allocthonous on the Hercules thrust 
fault which is exp.osed a short distance west of the property. 

Finally, some of the mineral occurrences in the district may be associated with 
the regional swarm of dark, fine-grained, microdiorite dikes of mid-Tertiary age 
which trend NW to WNW and are seen spatially related.to copper-gold occurrences 
in the Cunningham Pass distr ict,  through the Granite Wash Mountains, and at 
numerous localities in the main Harquahala range. 

The Lit t le Harquahala distr ict has been worked intermittently since the late 
1800's and has produced a substantial amount of precious metals. Various modern 
attempts have been made to explore the area. In the early 1970's, CF&I drilled 
at the Harquahala mine, possibly attempting to find porphyry copper mineraliza- 
tion. In 1984, Tenneco and Noranda laid claim blocks on some areas around the 
Bonanza and Golden Eagle mine, but reportedly they have not yet encountered 
anything of significance. Although past production has ~een relatively small 
and exploration intense, we feel the area has a combination of geologic factors 
including; major thrust faults, intrusive events, and favorable Mesozoic strati- 
graphy which in the right combination, could contribute toward forming a major 
precious metal deposit. Some attention appears warranted toward checking and 
sampling areas of more pervasive a~teration which may not have had previous 
mining activities. Suc~ areas exist nort~ and northwest of Harquar Peak, some 
patches in the Rio del Monte mine area {see Mines of Interest) and through 
portions of the Sore Fingers crystalline complex (Richards, 1982). 

As a sideline, attention is called to the group of shafts andprospects located 
in S ec. I, T4N, RI2W. We have no indication from our metal overlays of what 
commodity was mined. 
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Mines of Interest: 

Harquahala mine (Bonanza): (T4N, RI3W, Secs. 22, 27) Discovered in 1888, and 
worked extensively until 1918 and intermittently to 1964. Keith (1978) cites 
150,000 tons of production averaging about 0.85 opt Au and 0.53 opt Ag (127,500 
oz gold). Consulting reports dated 1912 cite incomplete mill runs for the 
Bonanza from 1893 to 1898 as 58,163 tons with bullion returning $561,862 (a $20/oz 
Au). A U.S. Bureau of Mines engineer assessment report from the 1940's cites 
consulting engineering estimates of bulk-low grade reserves totaling 5 million 
tons of just over 0.1 opt material perhaps amenable to open pit mining methods. 

Geologic descriptions of the deposit are sketchy. Mineralization, primarily 
of gold with very minor silver and traces of base metals, occurs in broken and 
sheared Paleozoic rocks and into the equally fractured and brecciated underlying 
Precambrian quartz monzonite porphyry. Many low-angle veins are mentioned. 
Apparently the richest gold came from highly hematized, quartz, calcite, 
brecciated material above the water table concentrated at fault intersections 
(Bancroft, 1911). At depth, within the granitic footwall, considerable dis- 
seminated, fracture stockwork and breccia zone auriferous pyrite is described. 
Although descriptions at the mine do not specify the exact nature of the 
Paleozoic granite contact, recent mapping (Richards, 1982; Rehrig, unpubl.) 
suggests that the Golden Eagle thrust projects into the Bonanza area from the 
north a short distance (Golden Eagle mine area). The Bonanza workings (those 
accessible) were recently thoroughly sampled by Gulf Minerals Corp. and the 
data may be available. Tenneco has copies of these results. 

Golden Eagle mine: (Approx. I mi NNE of Harquahala mine) Regionally the deposit 
is located within the trace of the Golden Eagle thrust zone as has been stated. 
Specific geologic data are lacking except to indicate that the ore is relatively 
high grade in gold within pyrite-chalcopyrite-bearing rock. Assays reported by 
Bancroft (1911) run 0.48 to 1.12 opt Au, 1.32 to 2.88 oz Ag, and 0.25 to 4.84,% 
Cu. A censulting report (1916) cites ore values of around $21 (about 1 opt with 
vein widths of 10 to 37 f t  wide. This report cites 1893-1898 production of 
1,722 tons returning $31,429 at $20/oz gold price. Mentioned are the results of 
27 samples (average width cut = 4½ ft)  averaging $18.97. Grab samples from 
dumps ran around $21. 

Reports from recent exploration ventures at the mine state that gold minerali- 
zation is best developed in quartzite above the thrust fault. In granite of 
the footwall, gold is present but largely in subeconomic grades. The trenches 
which cut mineralized granite at the surface yield highly anomalous gold values. 

About 1/2 mile north of the main Golden Eagle shaft, a small open pit is 
developed in footwall quartz monzonite at some slight distance structurally 
below the Golden Eagle thrust. The granitic rocks are intensely fractured and 
sparsely sulfide-bearing. A grab sample ran 0.2 ppm Au and 36 ppm Ag (Rehrig, 
unpubl, data). 
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Rio del Monte mine: (T4N, RI3W, Sec. 4) Worked in the early 1900's, the 
property produced only meager amounts of ore (350 tons) averaging about 0.2 opt 
Au, 0.7 opt Ag, and minor copper and zinc. Minera3ization is associated with 
a basal zone of NNE- to NE-trending, high-angle quartz fissure veins cutting 
deformed ( f lat ly  foliated) Precambrian quartz monzonite porphyry which is in 
possible thrust coRtact with altered and foliated Mesozoic detrital sediments 
and volcanic rocks. Precious metals appear closely confined to individual 
quartz lenses and reims (~ I to 10 f t  thick) without much indication of values 
within intervening granitic host rock. J~st west of the mine workings, within 
Mesozoic schistose rocks, are several small areas of intense, pervasive bleaching 
{sericit ic, argi l l ic alteration) seemingly disconnected from the individual 
quartz veins. 

References'. 

Bancroft, 1911; Keith, 1978; Keith and others, 1983a; Arizona Dept Mineral 
Resources, f i le  data; Rehrig, unpubl, mapping and notes; Richards, 1982. 
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LOST BASIN DISTRICT 

Locati on: 

The Lost Basin d is t r ic t  is located to the east of the Gold Basin d is t r ic t  and 
south of Lake Mead in northern Mohave County. The two distr icts are separated 
by Hualapai Valley. 

Geology and History: 

The Lost Basin d is t r ic t  is located just to the west of the Colorado Plateau in 
the Basin and Range physiographic province. The d is t r ic t  is geologically con- 
tiguous with the Gold Basin mining d is t r ic t  to the west and the two are often 
discussed together (cf. Theodore and others, 1982; Blacet, 1968, 1975). A more 
thorough discussion of Proterozoic rock types found in the Loast Basin area 
can be found under the Gold Basin d is t r ic t  discussion. Basement in the d is t r ic t  
consists of Proterozoic (X) metamorphic and granitic rocks that are nonconform- 
ably overlain on the eastern part of the d is t r ic t  by alluvial fanglomeratic 
deposits of the Muddy Creek Formation which locally includes lenses and beds 
of rhyol i t ic  tu f f  (Theodore and others, 1982). Amphibolite comprises a signi- 
ficant proportion of exposed Proterozoic gneissic units in the southern parts 
of the Lost Basin range. Theodore and others (1982) suggest this sequence 
consists of metagabbro, metadiabase, metaclinopyroxenite and metawehrlite. 

The Lost Basin range is bounded on the east by the Grand Wash fault zone. 
Regional eastward to northeastward t i l t i ng  of the Lost Basin block along this 
fault has resulted in the present relationship of widespread Precambrian 
exposures on the western flank being covered by fanglomeratic deposits as one 
approaches the eastern flank. East of the Lost Basin d is t r ic t ,  extensive 
Paleozoic rocks are exposed in the Grand Wash Cl i f fs.  

Theodore and others (1982) discuss the geologic, structural and geomorphic 
history of the Lost Basin - Gold Basin in great detail. Our synopsis greatly 
oversimplifies the complex geologic history of the region. Interested readers 
are referred to these workers' lengthy discussion of the area. 

Lode gold mineralization in the d is t r ic t  consists of narrow (4-6 f t  average 
width), iron- and copper-stained quartz veins that occur in the Proterozoic 
granite and gneissic rocks. These veins usually display north-trending strikes 
and steep dips. Similar to the Gold Basin area, Theodore and others (1982) 
believed the gold in the Lost Basin veins probably reflect either remobilization 
of gold from gold-bearing, near-surface Proterozoic source areas or anatectic 
incorporation of gold into Laramide, peraluminous two-mica magmas from very 
deep gold-bearing sources. The gold was then deposits by hydrothermal systems 
associated with emplacement of the 72.0 m.y. old two-mica monzogranite in the 
southern White Hi l ls.  These workers believed that deposition of gold occurred 
in a mesothermal environment during galena-, chalcopyrite-, ferroan-carbonate- 
bearing stages of vein development. Fluid inclusion studies indicate that 
sal init ies associated with gold deposition in the Lost Basin - Gold Basin 
distr icts largely bridge the f lu id composition interval between epithermal and 
porphyry copper mineralization. 
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The principal gold veins in the d is t r i c t  were discovered about 1886 and 
considerable ore was reported to have been periodically mined and milled or 
treated in arrastres {Schrader, 1909). Schrader {lgog} noted that production 
prior to 190g was reported to be many thousand dollars, chiefly in gold. 
H ewett and others (1936) noted recorded production between 1904-1932 was valued 
at less than ~45,000 (in Au, Ag, Cu). The King Tut placers were discovered in 
1931 and between 1934-1942, a gold production valued at $23,510 was credited to 
the placer area (Wilson, 1961). Most act iv i ty in the d is t r i c t  since the 1930's 
relates to the placer deposits. 

While f ind ing new ore shoots wi th in the known veins of the d i s t r i c t  would seem 
to offer l i t t l e  hope of finding targets suitable for most mining companies, 
Theodore and others have offered a number of suggestions for directing future 
exploration efforts in the Lost Basin - Gold Basin region. These are described 
under the Gold Basin distr ict description and all wil l  not be repeated here. 
The two which seem most appropriate for the Lost Basin distr ict are as follows: 

( I)  Prospecting for sequences of rock that might form favorable 
replacement zones adjacent to, or nearby any of the gold-bearing veins that 
crop out. Suggested units include Proterozoic carbonate, amphibolite, etc. 
Tectonically shattered zones would a?so f i t  into this category. 

(2) Possible syngenetic or s t ra t i fo rm gold mineral izat ion in the 
Proterozoic metamorphic rocks. Theodore and others (1982) suggest that 
boron-enriched f lu ids  were probably important in the paragenesis of the 
tourmaline-bearing schists loca l l y  exposed in the Precambrian terrane. These 
workers f e l t  such conditions may have been re f lec t i ve  of exhalative horizons 
emanating from centers in the proto l i ths  of the metamorphic rocks. Possibly 
even more appropriate for  the Lost Basin area is that these workers also noted 
thin beds of carbonate-rich units (now marble, ca l c -s i l i ca te  marble and skarn) 
that are spa t ia l l y  associated with amphibolite (which in the southern Lost 
Basin area is believed to have been derived from mafic to ultramafic p ro to l i t hs ) .  
We would wonder i f  the carbonates could be carbonate-rich exhal i tes. Some of 
the ca l c -s i l i ca te  marbles contai~ minerals such as garnet, zo is i te ,  c l inozo is i te  
and possibly ch~ori to id.  Some of these minerals are used as footwall indicators 
of mineral izat ion associated with s t ra t i form mineral izat ion in the Archean. 
Also mentioned are horizons of metachert and metarhyoli te wi thin the gneissic 
terrane. Gold-bearing exhalative chert horizons associated with Proterozoic 
rhyo l i te  domes occur in the Bradshaw Mountain (cf .  Swan and others, 1981). 

Schrader (190g) and Wilson and others {1967) describe the early lode mines of 
the d i s t r i c t .  Theodore and others (198.2) have reported Blacet's f i e l d  notes of 
the various prospects that he looked at in the Lost Basin and Gold Basin area. 
We have reproduced several of 8lacet~s more interesting descriptions below in 
the Mines of Interestsection. 

Mines of Interest: 

Miss Texas no. 2 (T29N, R17W, Sec. 17, RE~) A 30 to 50 f t  wide pyr i t ized zone 
s t r i k ing  N60°W para l le l  to f o l i a t i on  in the surrounding gneiss is cut by several 
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quartz veins which can be followed toward the southeast for at least 0.3 km. 
Location of the zone is about 300 f t  $25°E from the stone monument of the Miss 
Texas no. 2 claim. 

Ideas Lode no. 30: (T29N, RITW, Sec. 17, NE~) Workings occur along a nearly 
f la t - ly ing shear cone which contains irregularly distributed, quartz-yellow- 
brown carbonate veins more or less parallel to the shallow-dipping fol iat ion. 
Some evidence exists to indicate the rock was flooded by yellow-brown carbonate. 

Unnamed prospect: (T3ON, R17W, Sec. 29, SW~) A small prospect pi t  occurs 
along a major 30 f t  wide range-front fault between iron-oxide stained quartzo- 
feldspathic gneiss and interlayered amphibolite and caliche-cemented 
fanglomerate or talus. Clearly, quartz-carbonate vein material is broken 
up in the zone suggesting the fault zone may have followed locally an already 
emplaced vein. The fault zone also shows evidence of having or iginal ly 
contained much highly sericit ized, chloritized and carbonate-altered gneissic 
fragments. No sulfides or gold were observed; a l i t t l e  weathered pyrite was 
noted. 

Unnamed prospect: (T3ON, R17W, Sec. 32, NW~) Prospect adit is located about 
500 f t  southwest of lower dump of the Golden Gate mine. The adit essentially 
follows a well-developed, vertical, N50°E striking fault. Prominent cross 
faults include an east-west fault dipping 5°S. A l i t t l e  copper staining occurs 
on brecciated blocks of quartz-carbonate-minor chalcopyrite. Considerable 
sericit ization and carbonatization of the country rock was noted, but no vein 
material observed. A short adit directly up the ridge to the south exposes a 
prominent fault striking north-south to NIO°E. This fault occurs between the 
brecciated footwall of an east-dipping quartz-carbonate vein which is up to 
2 f t  thick. The faulting postdates the quartz-carbonate vein whose footwall 
i t  follows. There is abundant sericit ization and carbonate flooding of the 
quartzofeldspathic gneiss within several feet of the vein. The brecciated 
vein material locally looks l ike that at the Cyclopic mine. A shaft at the 
top of the ridge is vertical and includes abundant broken-up vein quartz. Some 
free gold was noted. 

References: 

Blacet, 1968, 1975; Hewett and others, 1936; Schrader, 1909; Swan and others, 
1981; Theodore and others, 1982; Wilson, 1961; Wilson and others, 1967. 
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MARTINEZ DISTRICT 

Location: 

The Martinez mining disi:rict is located in southern Yavapai County, at the 
southeast margin of the Date Creek Mountains about 3 miles north of the small 
settlement of Congress Junction, The district covers the east-central portion of 
TION, R6W. 

Geology and History: 

The Mart~nez district is sometimes considered part of the larger Weaver district 
to the east. For the purposes of this report, each district will be discussed 
separately. Wilson and others (1967) cite early reports as indicating that gold 
was discovered in the Martinez district as early as 1870. Due to the complex 
nature of the ores, l i t t l e  production resulted until about 1889. Major production 
did not really begin until 1894, and lasted only until abot~c 1910. Between 1889 
and 1910, production from the three major mines ~ the district (the Congress, 
Niagara and Queen of the Hills) was as follows (Wilson and others, 1967): 

Mine Tons of Ore Recovered Recovered 
_ _  Au (oz) (oz) 

Co ngress 379,022 
Niagara 293,215 
Queen of the Hills 20~125 

TOTALS 692,332 388,477 345,598 

Average tailings assays were $1.20 (@ $20.67 per oz Au). 

Production between 1910 and 1934 amounted to small lessees and attempts to rework 
dumps and old tai~ings. The Congress mine was reopened iN 1937 and produced about 
24,000 oz Au before being shut down during World War I I ,  Keith and others (1983a) 
credit district production through 1950 as amounting to 990,000 tons of ore from 
which were produced 432,500 oz Au, 466,000 oz Ag, 201,000 lbs Cu and 1600 Ibs Pb. 
In 1965, D. W. Jaquays acquired part of the old Congress property and established 
the Congress Consolidated Gold MiniNg Co. (Pay Dirt, Sept. 1984). This company 
continued to enlar~ its district holdings and built a heap leach plant that 
produced about 4000 oz Au in the late 1970's. In 1981, Congress Consolidated 
optioned the property to Magic Circle Energy Corporation, a small oil company 
based in Oklahoma City (Pay Dirt, Sept. 1984). Magic Circle drilled some 100 core 
holes and discovered extensions of the old Congress veins. Magic Circle's find is 
reported to contai n some 35-0,000 tons of reserves with an average grade of 0.28 
opt Au. In 1984, Magic Circle entered into a joint verdure agreement with Echo Bay 
Mines Ltd. of Edmonton, Alberta, to develop the property. Echo Bay has agreed to 
spend $7.25 million in develogment to ear~ 51% interest in the property. As of 
September, 1984, Echo Bay reportedly had 2 geologists along with 2 dr i l l  rigs on 
the property. 
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Basement in the eastern part of the Date Creek Mountains consists mainly of 
coarse-grained biot i te granite of Prcambrian age. Intruding the granite are 
numerous dikes of aplite, pegmatite and "9reenstone" (diabase?). Wilson and others 
(1967) noted that the greenstone dikes are fine-grained, dense, greenish-black 
rocks that consist of a f inely divided aggregate of hornblende, calcite and quartz 
containing scattered grains of magnetite and pyrite. 

Gold-bearing veins, of which the Congress, Niagara and Queen of the Hil ls have 
been the most important, generally f i l l  fault fissures which strike westward and 
dip at shallow angles northward. The Congress fissure occurs within a 15 ft wide 
greenstone dike and dips 20 ° to 30°N. Vein f i l l i ngs  consist of massive, 
coarse-t ext ured, grayish-white quartz cont ai ni ng i rregular masses, bands and 
disseminations of fine-grained pyrite. Sparse galena is also present and free gold 
is uncommon. While the course of the vein within the greenstone dike is quite 
irregular, ore-bearing zones are generally f lat  lenses near the footwall (Wilson 
and others, 1967). These lenses commonly terminate as stringer zones. Staunton 
(1926) reported that, "Although the Congress vein is continuous and well defined 
for a mile or more to the west of the mine worklngs and shows both the 
characteristic quartz and sulfides, the pay ore was practically confined to a 
shoot in the vein pitching to the northwest and coinciding closely with the 
intersection of one of the fissure veins in the granite. The granite vein is 
faulted by the Congress vein so that the intersection is obscure in the mine 
worki ngs. The portion of the granite vein in the hanging wall of the Congress 
carried bodies of pay ore." The Congress ore shoot varied greatly in length on 
different levels, the longest being 1800 f t  on the 650 level. The ore shoot 
pinches down in certain levels to the point where no stoping could be done, the 
averge thickness of the ore shoot was reportedly less than 3 f t  (Wilson and 
others, 1967). 

Other veins exist entirely within the granite unassociated with any greenstone 
dikes. These veins typical ly  strike east-west (parallel to the Congress 
structure), but display steeper dips ( i .e . ,  40 ° to 50°). These veins also 
generally have more extensive development of quartz than displayed by the Congress 
vein and are generally of lower grade. They characteristically carry some galena 
and display higher si lver contents. The Niagara vein which hosted a commerical 
orebody to a depth of 2000 f t  is an exmaple of this type of vein. 

Both the Congress and Niagara veins were cut off on the east by the same fault.  
Neither vein was apparently definitely located beyond this point. Wilson and 
others (1967) and Metzger (1938) give more detailed accounts of the mini ng 
operations in the Congress and Niagara mines. 

Mines of Interest : 

Congress Extension Mine: (Sec 15, TION, R6W.) The property is located about .5 
mile west of the Congress Mine. It was f i rs t  operated in 1890's by means of a 950 
f t  shaft that opened onto 9 levels, each extending approximately !00 ft east and 
west of shaft. Small but steady production was achieved in the 1920's and early 
1930's from ore that averaged $8.50 to $17.50 worth of gold per ton. Vein strikes 
east-west in granite and dips 35 ° to 40°N. Orebody apparently occurred as a f lat  
lens about 3 ft thick. 
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Vein consists of massive, local ly shattered, white quartz that contains bunches 
and disseminations of pyrite with some chalcopyrite, Oxidized vein material 
contains abundant limonite and some copger oxides. This mine is separated from the 
Congress a~ Niagara veins by an area of a~luvium in which the outcrops are lost. 
What relationship the Congress extension mine .has to the more productive Congress 
or Niagara veins is not known, The mode and character of the ore in these 
deposits, however, is very similar. 

Reese Mine: {Location inexact, about 6 miles due north of Congress Junction at the 
summit of the Date Creek Mountains.) In 1936, the property consisted of 2 patented 
and 11 unpater~ed claims. A quartz vein 2 to 4 f t  thick occurs along a diori te 
dike intruded in Pre cambrian granite. Vein strikes northwest and dips about 30 ° 
northeast. It reportedly is more oxidized and altered at i ts  northern part. At the 
southern end of the property, the vein consists mainly of quartz containing 
auriferous sulfides of iron, lead and copper with some zinc. i~ne best ore 
reportedly occurs with yellow and brown FeO x. The property is extensively 
developed by 2 inclined shafts, the souther~ one being 1180 f t  deep and the 
northern one being 300 f t  deep. There are a number of levels from each of the 
shafts, but the extent of the workings could not be determined in 1936 because of 
caving. Mining act iv i ty was renewed in March, 1936. Shipments from the upper part 
of the southern portion of the vein averaged $9 to $15 per ton in gold. Later 
act iv i ty centered on the northern shaft where shipments averaged $40 to $60 per 
ton gold (1936 prices). Appreciable amounts of gold apparently occur in the 
fractured parts of the rock adjacent to the vein, as samples of fines from the 
waste dump ran up to $8 per ton gold. Ore ranged in thickness from 6 to 18 inches. 
Between March 1935 and August 1936, the mine produced some 770.7 tons of ore that 
was valued at $14,877 (about 425 oz Au). 

R efere nces : 

Keith and others, 1983a; Metzger, 1938; Staunton, 1926; Wilson and others, 1967. 
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MAYNARD (WHEELER WASH) DISTRICT 

Location: 

The Maynard mining d is t r ic t  is located on the northeastern end of the Hualapai 
Mountains, Mohave County, about 15 miles southeast of Kingman. 

Geology and History: 

The Hualapai Mountains are a Precambrian plutonic-metamorphic complex that has 
been uplifted in Basin-Range time (Stensrud and More, 1980). This complex is 
intruded by a number of late Cretaceous or Tertiary stocks and numerous dikes, 
swarms, particularly along its eastern flank (see Plate 1). The oldest Precam- 
brian rocks in the Hualapai Mountains are believed to be middle Proterozoic in 
age (± 1,800 m.y.)and consist of intermediate to felsic schists, gneisses and 
amphibolites. In the west-central part of the range re l ic t  textures in these 
rocks show that they were derived from volcanic, volcaniclastic and sedimentary 
protoliths that have undergone amphibolite facies regional metamorphism 
(Stensrud and More, 1980). These rocks host syngenetic massive sulfide 
deposits in the Hualapai mining d is t r ic t .  The older metamorphic rocks have 
been cut by numerous semi-conformable Precambrian granitic plutons and later 
Precambrian pegmatite~ and diabase dikes. In the northern Hualapai Mountains, 
Kessler (1976) identified and dated three such plutons: the Hualapai Granite 
(1397 ± 69 m.y.); the Holy Moses Granite (1364 ± 24 m.y.); and a medium-grained 
granite (1337 ± 38 m.y.). Wilkinson (1981) noted that the Precambrian rocks in 
the Cerbat Mountains were regionally correlative with similar rocks in the 
Hualapai's. The Diana Granite west of Chloride appears to correlate in composi- 
tion and age (1350 m.y. Shafiquallah and others, 1980) with the younger 
Precambrian granites in the northern Hualapai Mountains.. These 1300-1400 m.y. 
old intrusions in the Hualapai and Cerbat Mountains are believed to be part of 
the anorogenic granitic suite recognized by Silver and others (1977) in western 
North America (Wilkinson, 1981). The pegmatites that intrude these granites 
and the older Precambrian rocks have been dated by Kessler as 1100 ± 161 m.y. 
old. 

In the Maynard mining district~the Proterozoic rocks have been cut by several 
north to northeast-elongate plutons of late Cretaceous (?) age. Keith and 
cthers (1983b) cite an unpublished (?) date of 65 m.y. on a quartz monzonite 
pluton in the d is t r ic t .  Much of the precious and base metal mineralization in 
the d is t r ic t  is believed to be associated with these Laramide intrusions 
(Vuich, 1974). 

Mineralization was f i r s t  discovered in the d is t r ic t  in 1865 by a party of 
prospectors headed by John Moss (Schrader, 1909). They located several mines, 
named the d is t r ic t  "Wauba Yuma," and then were soon chased away by Hualapai 
Indians. Lieutenant Wheeler of the U.S. War Department camped in the d is t r ic t  
in 1871 while making a reconnaissance of the area. A group of San Francisco 
prospectors camped nearby, named their f i r s t  location Wheeler lode, and renamed 
the d is t r ic t ,  "the Maynard d is t r ic t , "  after one of i ts members. Schrader notes 
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that for a decade or more, beginning in the early 1870's, t~edis t r ic t  
furnished a livelihood to a considerable number of people who confined their 
operations to the rich oxidized surface ores. The production during this time 
was reported to be fair ly large. Hewett and others {1936)estimate production 
prior to 1904 to be severa~ hundred thousand dollars, mainly in silver. The - 
recorded distr ict  production between 1904 and 1932 is given by Hewett and 
others (1936) as 3,982 tons of ore yielding 643 oz Au; 90,093 oz Ag; 3,149 Ibs 
C~; and 104,248 Ibs of Pb. Vuich {1974) took individual mine data and made a 
distr ict estimate of total production of between several hundred thousand 
dollars to a million dollars. Total tonnage mined was estimated at 40,000 tons. 
Vuich (1974) stated that in tonnage mined and in dollar value, the metal com- 
modities produced (in order of decreasing importance) were: silver-gold, 
lead-zinc (a close second), copper, and molybdenum-tungsten (tungsten a 
distant fourth). 

Nearly all of the mines were abandoned since the 1950's and many of the mills 
and }~ea~frames were removed. The distr ict was heavily prospected during the 
1960's and 1970's by a number of companies interested in porphyry copper 
mineralization. At ~east 6 diamond dr i l l  holes were drilled to depths of 
between 800-1600 f t  prior to 1974 (Vuich, 1974). 

The mineralization sought by the early miners was contained in strong and 
persistent fissure veins described by Schrader (1909) as being similar to those 
in the Cerbat Rountains (Wallapai mining distr ict) .  These veins mainly strike 
northwest, are from I to 6 f t  wide and were mined principally for horn silver~ 
The veins also carried bromyrite (?) and copper sulfides. 

Vuic~ {1974) noted a regional (district-wide) metallogenic zoning of the vein 
deposits. The innermost zone contained molybdenum-tungsten veins, giving way 
outward to zones of copper-molybdenum, lead-zinc-silver, and f inally to silver- 
gold bearing veins. He believed that the mineralization patterns, metal 
zoning and wallrock alteration were suggestive of being related to a porphyry 
copper system. His mapping indicated that mineralized exposures represented 
either two separate porphyry systems or a single deposit that had been displaced 
some 4,500 f t  in a right lateral sense of motion along an east-northeast f au l t  
zone. Vuich further notes the possibility that the inner tungsten zone may 
represent a'Precambrian tungsten belt t~at has had Laramide mineralization 
superimposed upon i t .  Vuich fe l t  that the potential for the occurrence of 
massive sulfide and large, lode vein deposits within the Maynard distr ict  is 
minima~. 

There is l i t t l e  published information about the mines in the Maynard distr ict.  
Schrader (1909) mentions that the American Flag, Enterprise, Great Eastern 
group and Siamese were among the most important. Of his descriptions, the 
American Flag appears the most interesting. Wilson (1941) and Dale (1961) 
describe the tungsten-bearing (some also produced precious metals) deposits ef 
the district. 
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Mines of Interest: 

American Fla 9 Mine: (T2ON, R15W, Sec. 26) The mine was discovered in 1874 and 
was worked pr incipal ly by adit d r i f ts .  Schrader reports that the main vein is 
from I-4 f t  in width and that the ore shoot is re lat ively large. Ore consisted 
mainly of antimonial s i lver,  some gold and a l i t t l e  zinc. Much of the ore was 
very rich; most sold from the mine averaged more than $100/ton. Net returns 
from a 21 ton shipment sent to Swansea, Wales was said to have been $11,500. 
Reported production was said to be about $400,000. 

Telluride Chief (Standard Minerals): (T2ON, R15W, Secs. 18 & 24) Basement 
consists of granite cut by numerous dikes of apl i te and pegmatite. The granite 
is cut by extensive N30°W str ik ing fissures marked by iron-stained outcrops and 
ser ic i t i c  alteration. The property was located in 1874 for gold and s i lver;  
most exploratory work was done between 1916 and 1918, at which time a shaft was 
sunk 450 f t  and lateral work was done off  the 200-, 300-, and 400-ft levels. 
A 100-ton gravi ty- f lotat ion mil l  was bu i l t  to treat gold-silver-molybdenite ores. 
In 1935, seven cars of gold-silver-copper ores were shipped. In the 1943 to 
1950 era some prospecting was performed for tungsten. The vein f i l l i ngs  
consists of coarsely crystal l ine quartz that in places contains pyrite and 
molybdenite; in other places, pyrite and small particles of wolframite and 
scheelite. Samples taken by the USBM engineers in 1943 in the accessible 
workings averaged 0.09 opt Au, 5.45 opt Ag, and 0.75% WO 3 across a 16-inch 
width. 

Gold King: (T19N, R15W, Sec. 14) In 1943, the Gold King had a well 
established camp and a 50-ton mi l l .  The main shaft is partly caved and in 
need of retimbering. Several hundred tons of mi l l ing ore were claimed to 
l ie  on the dump. Several fissure veins exist on the property: the Comet #I 
has been the most developed. This vein is 3.5 f t  wide and has been developed 
by a shaft 336 f t  deep, having about 170 f t  of dr i f t ing.  In 1943, USBM 
engineers took 4 samples from various places underground. The highest grade 
assay was 1.2 opt Ag, 0.09 opt Au, 0.42% Pb, and 6.78% Zn, across 42 inches; 
the lowest assay was 1.4 opt Ag, 0.02 opt Au, 0.92% Pb, and 1.15% Zn. 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Dale, 1961; Hewett and others, 1936; 
Kessler, 1976; Shafiquallah and others, 1980; Stensrud and More, 1980; 
Schrader, 1909; Vuich, 1974; Wilkinson, 1981; Wilson, 1941. 
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McCONNICO DISTRICT 

Location: 

The d i s t r i c t  is located several miles southwest of Kingman and southeast of 
McConnico stat ion on the Santa Fe Railway, along the border of the Sacramento 
Valley with adjacent low f oo th i l l s  of Kingman Mesa. 

Geology and History: 

The d i s t r i c t  is underlain by Precambrian granite and gneisses which are covered 
by Ter t iary  volcanic rocks to the north and east. L i t t l e  information is known 
about the d i s t r i c t  and i ts  ores. Schrader (1909) states that the country rock 
is mainly Precambrian grani te,  which in the val ley portion of the d i s t r i c t  is 
covered by wash debris, Schrader fur ther  states that the ore deposits are con- 
tained principally in goldobeari g pegmatite dikes and shear zones that cut the 
granite in a northerly direction. In p~aces the vein.s are associated w~th later 
basic intrusions. At the Bi-Metal mine, the mineral izat ion is reportedly in an 
altered Precambrian microcline granite associated with a plagioclase and 
hornblende bearing intrusive rock. 

The pr incipal  deposits of the d i s t r i c t  are noted by Schrader (1909) as being the 
Bi-Metal, the McKesson group and the Bou~der Creek group. ADMR f i l es  indicate 
that the Bi-Metal has had some $70,000 in gold production. Keith and others 
(1983a) ~ist recorded d i s t r i c t  production between 1908 and 1950 as being 
23,000 tons which contained 3,600 oz Au; 1,800 oz Ag; and 200 Ibs Cu. The 
deposits may be Ter t iary  in age and possibly are related to int rusive phases 
of the nearby volcanic rocks which nearly surround the d i s t r i c t  on a l l  but the 
west side. 

Mines of Interest:  

Bi-Metal (McGuire) Mine: (See. 4, T2ON, R17W, and Sec. 34, T21N, R17W) An 
altered and mineralized area of Precambrian granite roughly 300 f t  in diameter 
is apparently cut by a system of norther ly and easterly shears (sheeting). The 
mineralized zone dipping about 45°N is localized by these shears. On the south 
boundary of the mineralized area, the granite is intruded by a dark gray intru- 
sive dike which also dips about 45°N beneath the deposit. Schrader reports 
that both the dike and the granite contain considerable pyr i te.  Gold occurs 
mainly as f ine-grained free metal which occurs mainly in the oxidized and 
fractured zones of the granite. In this zone the pyr i te  is oxidized to FeOx 
which " b r i l l i a n t l y "  stains the rocks. The gold apparently occurs in l imonite 
boxworks af ter  sul f ides. Schrader thought the deposit was enriched by mechani- 
cal weathering of eroded overlying mineralized granite. To the east, the 
deposit was thought to terminate above the mine at a point where the slope 
steepens with talus, but i t  was also believed that the deposit could extend 
beneath the talus upward toward the top of the mesa and may possibly connect 
with a s imi lar  deposit about 0.5 miles to the northeast. The deposit was 
worked mainly by an open p i t  and 60 f t  shaft with short d r i f t s  on the 40 f t  
level.  The mineral izat ion sounds interest ing and may have some potential for 
bulk tonnage low-grade ore. I t  should be checked. 
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Boulder Creek Group: (Sec. 22, T2ON, RI6W) Located in the southern part of 
the d is t r ic t  and discovered in 1906, the property developed at f i r s t  by shallow 
shafts and pits. Country rock is of pegmatitic granite, somewhat schistose, 
that weathers into boulders up to 60-80 f t  in diameter. The deposit consists 
of two ledges that l ie  at nearly right angles to each other and form a "T-square", 
of which the top trends NW-SE and the stem extends SW. These ledges may be 
dikes or merely mineralized zones in the granite. The SW-trending portion of 
the system is reportedly 100 to 1,000 f t  wide with a known length of about 1/4 
mile. Where opened by a 30 f t  shaft, the zone consists nearly entirely of red 
oxidized pegmatite which in places is "honeycombed" with boxworks of what is 
believed to have been pyrite. Much of the rock taken from this shaft was said 
by Schrader to have run $3-$100/ton in gold (@ $20/oz Au). The NW-SE ledge 
also has a maximum width of about 1,000 f t  and is reported to have a known 
strike extent of about one mile. I t  is composed of coarse granite similar to 
that exposed in the previously mentioned 30 f t  shaft, and a considerable portion 
was said to be ore. Schrader reported that ore taken from openings on the Baby 
mine claim No. 2 was reported to average about $12 in gold and 20 opt Ag. I t  
was also stated to contain some galena and chalcopyrite. While these must 
obviously have been "high-grade" samples, this property might have a bulk 
tonnage potential i f  low-grade mineralization could be shown to occur over wide 
widths along these ledges. The area should be checked. 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Keith and others, 1983; Schrader, 
1909. 
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McCRACKEN DISTRICT 

Location: 

This d is t r ic t  designation is applied to the immediate area of the McCracken 
mine north of  the Rawhide Mountains in southern Mohave County. The d is t r ic t  
would encompass TI3N, R14 and 15W. 

Geology .and History: 

The d is t r ic t  occurs in Precambrian gneisses and granitic rocks intruded by 
minor dikes and granitic bodies of Mesozoic .or Tertiary age. These basement 
rocks are no~mylonitic and retain their Precambrian structural character. 

The McCracken mine is the principal producer-in the area, yielding ores carrying 
2 to 11 opt silver as argentiferous galena and with on~y traces of gold. The 
deposit occurs as a wide, complex, ~igh-angle vein zone cutting coarse-grained, 
quartz-mica schists and diorites intruded by granites which are in turn cut by 
later d ior i t ic  dikes. The veins trend north-south and dip 65°E, but shallow 
somewhat with depth. The mineralized zone has a i/2 to 2 mile strike length 
and attains widths from 12 to 50 f t .  The sulfide miRerals occur in a typical 
epithermal banded gangue of calcite-siderite-barite and amythystine quartz. 

During recent years, Fischer-Watt Mining Co. produced 50,000 tons of ore 
yielding 250,000 oz Ag and I million, pounds of lead (P. D urning, personal 
commun., 1985). Currently the Arizona Silver Company is mining the high-grade 
reserves (75,000 tons of 9.5 opt Ag) outlined by Fischer-Watt. Reportedly 
there are two open-pitable deposits outlined. One has 300,000 tons of 4 opt 
material; the ether contains 130,000 tons .of 2-3 opt reserves. 

References: 

Arizona De~t. Mineral Resources, f i l e  data. 
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MIDWAY-CORONA DISTRICTS 

Location: 

The Corona distr ict  consists of a small group of prospects and workings found 
along the mutual boundary between RI4-15W, T8N, flanking the southwesternmost 
slope of the Buckskin Mountains in La Paz County. The mines are located in 
the southeast quarter of the Swansea 15' quadrangle about 7 miles east of the 
old Midway site. 

The Midway distr ict  encompasses those few scattered mines and prospects 
distributed along the southwest margin of the Buckskin Mountains within the 
Midway-Battleship Peak area (Swansea 15' quadrangle). 

Geology and History: 

Original claims in the Corona distr ict  were located about 1895 and worked 
sparingly in the early 1900's. The three principal workings consist of the 
Mammoth, Chicago and Copper Glance mines. A carload of ore from the Copper 
Glance was reported to carry 22% Cu and from $4-$5 per ton Au (@ $20/oz). 
Production from this distr~ct is assumed to be quite small as no figures have 
been reported. 

Host rocks for the mineralization generally consist of metaigneous or meta- 
sedimentary gneiss or foliate granodiorite cut by si l ls and dikes of aplite 
and pegmatite. Along the western front of the Buckskin ranges, a prograde 
metamorphic transition from sediments to metasedimentary facies has been 
reported (Rehrig and Reynolds, 1980). This same metamorphic front exists in 
the nearby Granite Wash Mountains. This metamorphic gradient is complicated 
by the presence of the Hercules thrust which juxaposes Precambrian quartzo- 
feldspathic gneisses over the Mesozoic metasedimentary rocks. Rocks of the 
Corona distr ict  may therefore represent either strongly metamorphosed 
graywackes derived from Mesozoic protoliths, deformed pre-Laramide, Mesozoic 
plutonic bodies or Precambrian gneissic rocks. Foliation in these rocks 
strikes NE to ENE and dips shallowly (<25 ° ) southerly. There is a mineral 
lineation which bears NSO°-65°E (Rehrig, unpubl, mapping). Flanking outcrops 
of the gneisses are low-lying hi l ls and scattered exposures of Tertiary redbeds 
and conglomerates. The Mammoth mine occurs at the contact between basement 
gneiss and the Tertiary rocks. The Chicago and Copper Glance mineralization 
occurs within the metamorphic rocks. 

The Chicago and Copper Glance deposits are relatively small-scale veins 
striking NNW to NW and with steep dips. Both veins are only a few inches wide 
with f luorite, barite, quartz, hematite, minor magnetite accompanying copper 
sil icate, chalcopyrite and chalcocite mineralization. At the Copper Glance 
property, a post-mineral, basic dike (probably mid-Tertiary microdiorite) is 
mentioned (Bancroft, 1911) as shattering the vein. 

The Mammoth deposit is localized along the contact between basement gneisses 
and manganese-iron stained, Tertiary fanglomerate. Although Bancroft interprets 
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this contact as depositional, the surface is a 25 ° south-dipping fault which 
possibly may be a detachment structure (Rehrig, unpubl, data). Slickensides 
and grooves on this fault trend NE and NNW. Mineralization consists of hematite, 
quartz, barite, minor f luor i te,  and chrysoco~la. 

Mineral occurrences are only sparcely distributed within the Midway d is t r ic t  
(Plate i, metals overlays). Mineralization generally consists of spotty, 
oxidized, copper occurrences with subordinate Au and Ag occurring in veins, 
shear zones or as replacement bodies within Mesozoic metasedimentary rocks. 
Gangue minerals include hematite, quartz, and local barite, f luori te. Pro- 
duction from the few mines has been small with only hand picked material 
(± 250 tons.) reported to have been mined. Keith (1978) indicates total 
production amounted to approximately 4 tons Cu, 45 oz Au, and 34 oz Ag. 

Mines of Interest: 

Although the copper-gold veins in the gneisses of the Corona d is t r ic t  appear of 
minor consequence, the Mammoth mine is of interest because of its localization 
by a possible detachment structure. Much of this structural zone is covered by 
alluvium so its ultimate extent is not known. Sampling and a careful surface 
examination is recommended. 

Descriptions of copper-silver mineralization with minor sulfides conformably 
banded within Mesozoic phyl l i t ic  schists, quartzite, black shales and carbonate 
lenses at the Battleship mine {Sec. 3, TSN, RISW) and the Arizona Midway mine 
(Sec. i ,  TSN, RI6) suggest possible stratiform or syngenetic type mineralization 
with possible metamorphic overprints. Although only minor gold has been 
reported from these occurrences, their similarit ies with gold-bearing deposits 
of this unusual type elsewhere, create interest. For this reason, the broad 
northwest trending zone of transitional metamorphism within Mesozoic sedimentary- 
volcanic rocks along the southwest margin of the Buckskin ranges may be a 
favorable environr~ent in which to explore for stratibound gold deposits. 

References: 

Bancroft, 1911; Keith, 1978; Rehrig, unpubl, f ield notes. 
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MINNEHAHA-SILVER MOUNTAIN DISTRICT 

Location: 

The Minnehaha-Silver Mountain d is t r ic t  is located in the southern Bradshaw 
Mountains southwest of the settlement of Crown King. The dist r ic t  is con- 
tiguous on its east and north boundaries with the Pine Grove-Tiger d ist r ic t .  

Geology and History: 

The d is t r ic t  l ies in a fa i r ly  remote and rugged portion of the Bradshaw range 
that at times provides for d i f f i cu l t  access. The geology of the area is known 
only in gross detail and Lindgren's (1926) brief account is the only published 
information on the d is t r ic t .  The oldest rocks in the d ist r ic t  are Yavapai 
Series schists that occur as a 2-3 mile wide belt that trends northeasterly 
through the area from near Copperopolis on the south to Tiger on the north. 
The schist is truncated near Tiger by a large Laramide pluton. This narrow 
"septum" of schist is intruded on i ts western margin by Precambrian Brady Butte 
granodiorite and by the somewhat younger Precambrian Crazy Basin quartz 
monzonite on its eastern flank. Pliocene basalt(?) overlies the Precambrian 
rocks in several patches along the western margin of the d ist r ic t .  Lindgren 
(1926) notes that "scattered and scant" mineralization occurs across the 
region. Some of this mineralization was believed to be connected with an 
extension of the Crown King belt of rhyolite porphyry dikes, now known to be 
Laramide in age. ALaramide porphyry copper deposit occurs near Copper Basin 
(not to be confused with Copper Basin near Prescott) associated with the 
stock shown on Plate 1. Exxon dri l led a number of deep core holes into this 
system in the early 1970's. Although a fa i r  sized system, not enough supergene 
enrichment was present to make i t  ore grade. Other veins in the d is t r ic t  were 
believed to be Precambrian in age. At least one mine, the Pacific, would 
appear to be a stratibound massive sulfide deposit. Placer mining was conducted 
along Minnehaha Creek during the 1880's, producing an estimated $100,000 
(±5,880 oz Au). This gold was thought to have been mainly derived from the 
Fortuna lode. Wilson and others (1967) mention several properties that were 
being worked in a small way during the 1930's. Keith and others (1983a) l i s t  
production from the area between 1901-50 as 1,050 tons of ore that contained 
some 420 oz Au, 2,000 oz Ag; 10,600 Ibs of Cu; and 8,600 Ibs Pb. 

The mention of Precambrian mineralization by Lindgren is interesting and should 
be investigated further. Some potential for gold-rich massive sulfide minerali- 
zation may also exist in this d is t r ic t .  The Pacific mine (Lindgren, 1926) may 
be an example. Although mainly a pyri t ic body with a l i t t l e  Cu, Au and Ag, the 
deposit displays a leached gossan cap over some 3,000 f t  of length that could 
possibly contain low-grade, heap leachable gold ore of l i t t l e  interest to the 
early miners. 

Mines of Interest: 

Button Mine: (Sec. 31, TION, RIW) The deposit consists of a Precambrian (?) 
vein in wallrock of amphibolite. Country rock in the vicini ty is Bradshaw 

182 



granite (Brady Butte granodiorite) with some amphibolite and dior i te.  Vein 
is composed of glassy quartz that contains some pyrite, chalcopyrite, galena 
and sphalerite. The deposit is developed by a 400 f t  shaft with dr i f ts  
extending about 650 f t  northward and 100 f t  southward. A B-stamp mil l  was 
erected on the property to treat the ores. Most of the work occurred around 
1900. 

Boaz Mine: (Sec. I ,  TPN, R2W) Precambrian {?) quartz vein trends east-west. 
Lindgren reported i t  to be a "spotty" vein, "frozen to the wa~Is". Some of 
t~e ore from the upper workings reportedly ran $20/ton (@ $~O/oz Au). Workings 
are fa i r l y  substantial; one shaft is reRorted to be 650 f t  deep with dr i f ts  
amounting to over 2,500 f t .  Mine was opened around 1902 and equiQped with a 
20-stamp mil l  and a cyanide plant. 

French Creek Barite Deposit: (NW¼ Sec. 29, TPN, RIW) Located on west side of 
Silver Mountain, barite occurs with manganiferous siderite within a 3 to 5 f t  
faul t  zone in schist. The zone strikes N45°W, about normal to the schistosity, 
and dips 70°RE. As shown by occasional outcrops, the deposit is at least 300 
f t  long, 2 to 5 f t  wide, and 50 f t  deep. I t  has been exp~0red by a 50 f t  adit 
and two old caved pits, all probably made in a search for gold ore. No work 
was being done when the property was visited by USBM engineers in 1958. No 
barite ore has been produced from the deposit. Since this is in Precambrian 
schist and massive sulfide deposits occur in the area, one wonders i f  the 
barite and siderite are being remobilized from a nearby Precambrian source. 

Pacific Mine: (Sec. 9, TPN, RIW) Lindgren describes the property as a big iron 
dike with very l i t t l e  copper, gold and si lver. He states that the deposit is 
evidently "a pyr i t ic  impregnation" of the hosting schist. The CRIB data 
indicate the deposit consists of quartz lenses parallel to the fo l iat ion in the 
schist. The schist in the v ic in i ty  of the mine is described as a "hornblendic" 
phase of the Yavapai schist with a porphyry dike BO to 150 f t  in width. The 
deposit displays a leached gossan for 3,000 f t .  The ores were copper carbonate 
near the surface, succeeded at a depth of 50 f t  by secondary chalcocite, with 
bornite and chalcopyrite. The ore was estimated to contain 3% Cu with some 
si lver and gold. Lindgren l is ts  the width of several orebodies as being 
9, 14, and 25 f t .  Development consisted of 1,500 f t  of dr i f ts  and a 500 f t  
shaft Cat least two other shafts are also on the property). Lindgren's 
description suggests the deposit to be a massive sulfide deposit, while the 
CRIB data indicates i t  as a quartz vein occurrence. This certainly warrants 
additiona~ checking. I f  an actual massive sulfide deposit, the gossan cap 
may be enriched enough in gold to be a smaTl, but viable low-grade target. 

Lane Mine: (Sec. 11, TPN, RIW) A silver-bearing q~artz-calcite vein is rich 
near the surface. URited States Mi~t report for 1884 stated that a 4-stamp 
mill was built on the property and that $50,000 in silver and gold was recovered 
from 300 tons of ore. 

References: 

Keith and others, 1983a; Lindgre~, 1926; Wilson and others, 1967. 
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MINNESOTADISTRICT 

Location: 

The Minnesota distr ict is located south of Lake Mead and just east of Hoover 
Dam, in extreme northwestern Mohave County. 

Geology and History: 

We could find no description of any mines in this area. USBM records (Keith and 
others, 1983a) show production credited to this area between 1939-56, amounting 
to 2,600 tons that yielded 400 oz Au; 6,000 oz Ag; 14,000 Ibs Cu; and 400 Ibs Pb. 

Geologic maps of the region have been compiled by Longwell (1936, 1963) and 
Anderson (1978). Mapping by these individuals indicate that the rocks within 
the distr ict  consist of highly faulted Miocene volcanics. These rocks are 
mainly andesitic to rhyolitic in composition and are overlain (on the eastern 
side of the distr ict) by a wedge of Pliocene Muddy Creek Formation. Wilson 
Ridge in the Black Range to the east was the source area for much of the 
detritus in the clastic wedge which includes large landslide masses of 
megabreccia (up to several miles in length) that broke from the rising mountain 
front and slid into the subsiding basin (Longwell, 1951). 

Just to the east end of the distr ict ,  Proterozoic gneisses and schists are 
intruded by the large composite Wilson Ridge pluton (13.6-15.1 m.y.; Anderson 
and others, 1972). 

We have l i t t l e  information concerning the nature of the mineralization in the 
distr ict .  Keith and others (1983b) suggest that i t  consists of middle Tertiary 
veins along faults cutting the Miocene volcanic rocks. We are not sure, 
however, where these veins are supposed to occur. Plutonic rocks similar to 
that on Wilson Peak occur in the canyon of the Colorado River to the west 
(Anderson, 1969) and associated fine-grained border facies intrusive rock and 
altered volcanic country rock are also reportedly abundant in the canyon 
(Anderson and others, 1972). 

Longwell (1936) mapped a belt of intense alteration extending east-west in an 
area directly north of Black Canyon (north of the distr ict  in Nevada ?). He 
also noted that directly west of Fortification Hil l ,  s i l ic i f ied limestone and 
sheared quartzite beds of unknown age occurred in the midst of an intensely 
altered zone, characterized by an abundance of epidote and some specular 
hematite. Longwell thought that the Fortification Hill area had been a 
"principal center" of hydrothermal activity as pre-Pliocene rocks exposed on 
the west and south flanks of the hi l l  had been altered to a highly colored, 
nearly incoherent mass, that had since been eroded into a "badlands" topography. 

Longwell (1936) also described widespread alteration of Precambrian granitic 
rocks, east and northeast of Fortification Hil l ,  and believed that i t  repre- 
sented the same general center of hydrothermal activity. He states that 
almost complete sericitization and kaolinitization of the feldspars give the 
rock a bleached appearance. 
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While we can make no def ini t ive statements concerning the potential of 
the area, the alteration certainly sounds interesting. A brief geologic 
reconnaissance through the area seems warranted and should provide some 
answers about the character of the mineralization in the d is t r i c t .  

References: 

Anderson, Ig6g, 1978; Anderson and others, 1972; Keitb and others, 1983a, 
1983b; Longwell, 1936, 1951, 1963. 
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MOHAVE MOUNTAIN DISTRICT 

Location: 

The Mohave Mountain block trends northwest extending from the Colorado River 
at Topock to the Bi l l  Williams River in southwesternmost Mohave County. The 
southeast half of the range separated from the northwestern Crossman Peak area 
by the lower-lying Standard Wash area is referred to as the Bi l l  Williams 
Mountains. These ranges occur south of the Black Mountains and northwest of 
the Rawhide Mountains. The distribution of metals occurrences through the 
Mohave and Bi l l  Williams ranges does not define well clustered, distr ict-size 
distributions. Therefore, mines, prospects, etc. are collectively lumped 
within one large area. Much of the Mohave range is enclosed within the 
Crossman Peak Wilderness Study Area (WSA). 

Geology and History: 

Generally, the Mohave Mountain block consists of a main, elevated ridge of 
Precambrian basement flanked along the southwestern margin by southwest dipping 
Tertiary volcanic and clastic rocks. Basement rocks of the Crossman Peak 
portion of the range are intruded by an enormous, NW-trending Tertiary dike 
swarm. Recent geologic work by the U.S. Geological Survey (Howard and others, 
1982; Nakata, 1982; Pike and Hansen, 1982; Light and others, 1983) has deter- 
mined that the entire Mohave range basement block has been rotated up to 80 ° 
on a major detachment fault dipping off the Chemehuevi metamorphic core 
complex to the west. Within the low-lying Standard Wash area, highly t i l ted 
Tertiary layered rocks and underlying Precambrian plutonic rocks rest upon an 
ENE-trending, shallow south dipping, detachment fault called the Crossman Peak 
fault. Detachment faults are also mapped at the northwest end of the range 
around the Needles, Tumarion and Powell Peak areas. 

In the Mohave Mountains (Crossman Peak WSA) the recent mineral resource 
potential studies performed jo in t l y  by the U.S. Bureau of Mines and the U.S. 
Geological Survey have greatly added to the knowledge of metals occurrences in 
this area. Results of comprehensive sampling, mine/prospect evaluation and 
mapping are summarized in publications by Light and others (1983) and Light and 
McDonnell (1983). This work has led to overall estimates of mineral resource 
potential or favorabil i ty summarized for precious metals as follows: high 
potential for small deposits of lode gold, silver and tungsten and placer gold, 
particularly in the central Crossman Peak area and in areas surrounding the 
Wing mine, the J and J mine, and Pittsburg mines (Figure ~C). Placer potential 
appears highest in washes draining the precious metals-favorable central area 
(Figure i i  ). 

Generally precious metals mineralization in the Mohave Mountains is related to 
polymetallic, bull quartz veins trending NIO°-20°E with steep dip, that cut the 
Precambrian crystall ine rocks. The SE veins, in addition to yielding gold- 
si lver, contain sphalerite, galena and chalcopyrite. Rarely, muscovite occurs 
adjacent to veins. The Crossman Peak Tertiary dike swarm cuts the veins. A 
Cretaceous age-date on vein-related (?) muscovite may indicate the age of 
mineralization. 
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Veins are usually relatively thin (<1-2 ft)  and consist of simple fissure fillings 
with negligible wallrock alteration and low iron staining indicative of low 
sulfide content. 

To aid in assessing the favorability areas of the Crossman Peak WSA 
(Figure !1), a page of descriptive data from the report accompanying 
Map MF-1602-A (Light and others, 1983) is reproduced below: 

Lude gold and lilve~ 

A It Of the pee-Tlr t iaey teVrlme in ~ Crewmen I ~  
Wiibe551eS8 Study ~ ~ ~ tO moderate petdmttal for lode 
d ~ l t S  Ot gold aM silver" I/1 quarl~ wathp ~ pods. * ~  
GS-ta  to d (fig. S) i r e  ~s ide red  to hsve hift~ pe tens i •h  
arelL5 GS--2 and GS-3 are e~m~ide~d to have mede~llte 
pet~mtlt} (fi[. S). The cri ter ia  used tO define lhe ~ r e s  
potential of spats GPPI, GS-2. and GS-3 are listed In table 2. 
Area GS-L--Hi~,h potential for lade deoosits of ~,old and 
silver.--Arnes e~ntalnmg numerous deposits that ere Known to 
iVsve p r o ~  gold and silver or for which indicated Of 
infen'ed ~ s  have been CalCUlated (LiRht end 
McDonnell, 1083) are des i fnated ell GS-I• tO GS'ld on figure 
0. These •reas have the highest potential In the wi idernm 
Study a m  for FOld led •liver deposits feasted to • 
CPetoceou~?) hydrothermal system. Add/tinnst deposits will 
m a t  Ukely be in high-iF+wde pockets in U~ veins p*~eiously 
mined end pmspe~te~ Or idmtg the same s~u<~toPId PPe~d• 
WhLL"h C'OfltrOUed these Vales. ~k{eh d e ~ i t s  ope es:~q~ted tO 
~ul l~ in ~ede from 0.005 to 1.0 oZ fold pet ton and in size 
~rom 100 tons to 8,000 toni or pussibly Ipeltor. FOUP lUreU 
meet the ~ t e r i a  for GC-I. Tbe i l ~es t  are•, GS-I•, is 0 mt 
]~r,[ Mid IUI milch us 4 mJ Wide, e~voptn R the mlf l t l l l l  and 
r ~ r t h - ~ l t r ~  quar te t  Of the wilderness study eros.  SmeUet, 
w a s  libeled GC-lb~ GS-In, and OS*ld ononn~:ms the ~nini ty 
of the Win;, J & J, led Plttsburg mines. 

A~ea O~*la--A~ru GS-LI on•amp•ass5 numerous 
d e ~ i t S  ther are known to have p ~  some gold or cILvop 
lind I n o i u ~  the An, astra WeU area, Grn~n Feather mine, 
,Colts Well m.L.a, Sone~o mine, Ra s i a l • s ,  Dutch Flat Stoup, 
e ~  numerous untl~med m~8'kirt~. Lode I ~ u : t i n n  from the 
A."zUtro WeU ares (no. 8, fiR. 4) pro~toly esme from In edit 

• deeUne In the fld~e Ipt~Pozimetliy me-quaMop mile 
nofthweCt Of Art•st i l t  Me H ~L~ us•pies with an everngc 
width Of 0 In. from the mll~,'sUzed quartz vein in these 
we-Intuits contained as much Lq 0.8 o= s t lv~  pe~' ton and 0.328 
OZ gold per  ton. inferrnd resources I re =50 tom e t  an ever- 
a ~  ~rade of 0.32 ~z silver par  ton and 0.21 rTz gold ~ tml 
(IJght and McOonneU, 1980). 

The Green Panther mine (no. g, fiR* 4) IS in an arml of 
propyfltlc Idterotion end ~ i s t s  of ~m edit with 150 f t  af 
d~ifts *rid i 35-ft tonflned shaft nu¢ ~ton~ s ~*ntly d~ping 
northwest-sb'ikil~ q u • ~  vain. Saven sample~ hevit~[ an 
lversge width of 8 in. from the min4mtLIzed vein ~mtatned 
~tlues u high as 0.407 on gold pop ton. b~ferred r e ~ u ~ s  
ere 210 ton5 averaRtn~ 0.05 oz goad pop ton. 

Two unnamed edits, 120 sad 00 I t  long, cut alon¢ s 
quar tz  vein in us=. 14, T.  14 N ,  R. l~ W. (no. i s ,  fig, 4) 
contained ,a lum I= much u |*$4 oZ ~old pop ton and 2.4 oz 
"~lvop bef ton se detested in seven samples that  lveFa~e 2 f t  
wide. This depmit contains 010 tmu of inferred l ~ u e e e s  
avlmtRin~ 0 . i t  at  gold p~" ton ~nd 1.3 ~ Idtvt~r per ton. 

An um~tmed atilt (no. 1T, fiR* 4) cut ~Jm~ • q,au't= vein 
in the SW 114 s l~ .  12, T. 14 H~ R. 19 W .  c~ttotss L5 much Is 
0.3T20Z Fold per ton and O.T a¢ silver per ton IS detet~ted In 
four usm~les Umt average I..3 ~t wide. Al~roximately 120 
tons o |  Lnferted resnurees averaging 0.24 of. ~old per ton and 
0.45 Oe silver ~ ton have been usicoltted fw  thb depe~it. 

Seniti MeG aeea (no. 10, fiR- 4) nOr=isis Of 10 
edits, meRit ~ in Mze from 10 to 130 ft ~ ,  land numm-ous 
pe~peel p i l l  end tronches. A t h ~  of T3 samples were 
mUedthd from the ~I~i0us wcrklrqrs e~t i[on~ quartz veins 
end faults; these e~ntoined ILl much as 4.0 oZ ctlvop pop ton, 
1.702 ~ o'old per ton, and t l . 0  percent Laid. C4im~tious  
b ~ e d  on 14 samples with I n  a v e r t ~  width of 1 [t from off• 
~ 0 u p  of Marl(lap define t n f ~ ' e d  r~ou~:es  of ?TO to;'~ at 
ivero~.e ve|~es of o,tg nu Fold per  to(1 ~ 0.82 o!: silver pop 
ton. Resouroe estimates could not i~  made fOP the romliudop 
at the Sonata Weft ere• because of Umlted a ~  Or eethnt  Of 
the wOr kins~. 

The ~Ut,'ise mine {no. 20, fig. 4) IS on • ~etentod ~ l i m  
which prudueed told from I 2-/t-wide quart:= vein that t~on¢is 
IbOUt N. 20 ° E. Galena, biaekJaek sphaterito, p~'rito, ned I11 
me/destined s~ve~-~oem*thg mineral ~ occur [11 the vein. 
The amount and ~rllde Of ore p~Ueed  is not Imown. ROW- 
mmr, mm~l than 2000 f t  Of ~'Ht  on thrt~ iaveis with ezten- 
sire stopm¢ ontween the leveJ3 lad a winzs of unknown depth 
indicate that  i t  l a l l t  ~ e v t ~  t h 4 ~ N  of toils of mtte~tsl  
mere removed. 

Serieitle l l tor ls[on i d | a m t  to the vein and I:K'op,JUtle 
Idter•tldn in the eounsr~ rock were ot~erved at the Sunrise 
mine; rMou;'~e ustimsses Ire onnfldentl| i to the Ix'ivuta 
ownership. However, iLrmlySl~ we~ udtotned from ten sea- 
pies taken from a delx~it el4 mi west of the main mine 
workinRS, and beyond the boundary Of the patented ela~m, in 
these  samples gold eoneent.-ttlons in the quartz vein ~n~...d 
from C tr l~e tO 2.04 o~ per tin1* This deposit bib ~tl asia* 
mated 480 ton~ Of inferred f~som'ees iveral~rl ~ 0020 on [old 

ton and 0.18 OZ sliver per ton. 
A ~'oup of 3 •dlts, 2 trenches, and several I~usbe~t 

pits MOPs oat On 8 northeast-trorldJn[ qUOPtZ vein in se~. 10, 
T. 14 N~ R. LS W. (no. 21, rig. 41. 5even sample5 with 8n 
average width Of 2.8 rt r.'onUlined gold eofleentratines from 
~one •mounts to 0.394 oz per ton. This depesit has tn  eStl- 

mated 700 t o ~  of inferred ~ l o u F m s  a t  I n  e v m l g e  of 0.08 nz  
p l d  pea ton. 

Two edits in muth-eemrul  see.  24, T.  14 H., R. I?  W. 
21, fiR, 4) were d=/ven almq • fmartz vein. ~ i ~  of 

aJ&-ht sample~, with 8m aver•Re w/dto of 2 ft. deteeteo  gold 
consents•Lions from trace amounts to O.4YS oz per  ton. This 
deposit c~ntoins 920 tons of interred ~ e e s  tha t  a~,raKe 
0.14 ~ gold per ton. 

A IS- i t  edit  and 0 ~ ' ~  e•1~se • mineralized 
• ~ re/)1 /11 the HE 114 set~. 24, T. 14 H .  R. 19 w. (no. 2Y, 

f l [ .  4). Fern" vein maple5 with an ever•Re width Of 1.S [ t  
aontsined ILl much •s  0.55 o¢ gold per toni infsrs'1~d flsout'ces 
are 1,.%0 tons avopaRin~ 0.00 ox: gold per ton. 

At the P~ mine (at no, 28, f [ .  3}. •even samolm with 
an ave~sRe width of 1.3 f t  were token from a 90-ft mdit and 
from a winze thee was flOOded el 45 ft.  Sample analyse• 
detected metal eoneentrst inns to 2.2 oz silver per ton. 0.058 
Oz gold per  ton, 1.30 bef~ent c a p . r ,  $.8 peasant  lead, and 
0.65 percent  zinc. There are 490 ion= of indiontod and 330 
tofa of infem.,d relapses avopmprdr O,0l oz gold ~ ton lind 
0.5T oz •liver per  ton. 

"l~e Little Msud mira in the Dutch Fiat grouo (no. 20, 
[IF. 4t see also a res  T. below) oomprises three edits dr.;yen 
clone a noftheest-~efldinR quartz vein. Eight samples with 
8n avarice width o( 2.0 f t  from the Jars•at edit (2."0 f t  in 
lenwth) eontsirled Reid values from ~lee amounts to 0.8|$ oz 
per ton. This edit hec 5,800 tons ot inferred resources ever- 
Nrtn~ 0.05 nu gold per ton. 

1~e in'eRUim" distrR:~tinn o/' gold In mfnopsflzed veins 
end the toudonay for RVld tO be anne%mitered in higll-t~reoe 
ponkets I:l weft demoestrsted in two adits el th• Lent 
Dutchman mine In the Dutah Fiat freud (no. 36, fiR. 4l. Eight 
samples with ml •vera~e width st' |.8 i t  ~11tained 0.0BR to 
1.82 OZ fold pop ton end trlleO amounts to 2.0 uz silver per 
ton, Atilt NO. i ha• t40 tons of Inferred r e s o ~ c e s  containing 
an average of 0.02 o= gold pet" ton a ~  0.30 oz sliver per  ton, 
and edit No. 2 has 4T0 tons Of infopred resowroes contslninqr • 
weightud i v e r a [ e  of 1.74 O~ fold per  ton and 0,4T oz silver 
per  ton. The high average gold value in atilt No. 2 is due tO 
one sample that COntained 8.82 o¢ Rokl per tof~. 

Axes GS-Ib--Aroa GS-lb surrounds the Win[ mine (no. 
11, f l [*  4"~( -~ " f i ~ -~ re l  ie J~own to rmve hsd snm~ minor nl~h- 
8Yade gold prod,J~tlon (Light and MnDmlnell, 1083). Resource 
est imates could not be falcuJated tot" the mine Pe~ntLse the 
main woTlclnq,J were t n a ~ i b L e  for ~mpUn[ .  However, the 
q11•r~ ve~ It 'd J'lU[t at the Win[ mine beth ~ontein ~old, 
silver, lead, zinc, l ad  molybdenum miner•llzatlon and meet 
the femainin~ criteria used to define GS-t (thhLe 3). 

Area GS-le~Are• GS-Ie sm"rouh~l the J & J mine (;10. 
IS. f l R ~ 1 6 ,  T.  L4 H .  R. t9 W. The J & J mine was 
Or~rmUy =sUed the Golden Gate mine end produ:ed some 
ROad-bearing ore in 1934 (MallCh, 19T7). Maximum values of 
0.382 o= gold pet" ton, {.3 ~z silver pe~ ton. L.G4 ~ercenc 
eo~er, 4.3 percent lead, and 0.57 percent zinc were deSecXed 
in the ~t samples Of 1.9 tt  aver•Re width ~UeeZed tram the J 
& J mine. A few tens of tar= of b lse  and precious meta l -  
bearim[ res~ur~-~s Ire I~'~ont at this ~dts, but the Wro~ullr 
distribution of usmpie5 with enema[nasty high metal  value• 
prenludes ~llC~liation Of a ~esotwee est imate.  

Ares GS-td--Area GS-td SUL'~UnC~ the Pittsbu~ mlne 
(no. 4 1 ~ c h  is ion•ted e ~ t  3 mi northeast  of Lek• 
I ~ v u u  City, on the wast side of the wilderness study ares  in 
l ee .  27, T. 14 I t .  R. L9 W. The Pist.vbuq~ mine was devetopud 
qu~i~ the interval from t032 to 1939, when a shaft wits sunk 
more U~m 290 ft ii11H ~lf~s  wes-ff ~Jt i t  save-el  levels. The 
wcrkMgs ate 01 a quertt:-~eopmR fault zone that  trends north- 
last lad ~ontai~ •iivop, ~ltionl, spheloptth, hopite, add Fold. 
Hlgh--lp~de ore shipments from the mine contained as mush 
Is 1210 OZ ~lJver ~ -  ton, 0.5 OZ ~old pet" ton, and ~.0 percent 
land (&rizorm Department Of Mineral Resources, file d~ts). 

Armlytlca[ data  from 2T samples averaging 2.? ft wide 
tram the PlttsPur¢ mine were mad to calculate inferPed 
resources of 8,000 tons •vernRtr ~ 0.1 oz silver per  ton. 0.0K 
O¢ KOld per  ton, 0.8 percent lead, and 0.8 percent  z~ne. k 
~srby  ~ l  has inferre~ resot~-ee5 of 1,125 tar= ivopi¢in R 
0.64 o~ silver per ton (Light And M~Dm~e I;, 1083). 
APes CS-2~Moderate onte+stt+ll for lode dL~lq~ctt$ at .~Old sad 
silva., r.--As'e8 G3-Z oomprues Ute remaln~ser of Ule pre- 
Tert ] l ry t•PPine ~OPth of the CPoc~man Peax fault, ThLq I~el 

n e t t h ~  known past p~o~uetton nor depostm for watch 
Pe~urees could be ~lqlc~li~ted. iiowever, the ~p~olo~ie sad 
tectoniC settin[ is the sims as see8 G$-io •ed. ~l thou~ ~re• 
GS-2 may have lower potential for gold Imd silver deposits 
then •re• GS-t,  area GS-~ has • moderale petent~8l rof. the 
o~uPrenee of id0ittonal deousits of the same type ted size 8.5 
in ares  GS-L "the cri ter ia  used to define ares  GSo2 are listed 
in table 3. 
A ~ s  ~S*3--P, iodersae IX)tensial fOP lode deomits ~f ~old snd 
• tlver'.--'~l+e ares h ~  ~Otlth n[ &n0 stsu~;uraUy ~nove the 
Cross•an Peek fault. It ~ont•lr~ numerous rsu,-~ounded 
blo~s that e ~ m e  P~oterozote ~enl to id PO~NS Uke tho~e st 
th@ ',lsnithwo~ mine (no. 43, fi R. 4) one-heft rail• o~tsicle the 
wildernes~ study ~rea. Gold mJnersllzs~ion similar to that at 
the Mlnitowne mine may be found inside the w i l d • m e  qtudy 
ape• in this ~ree. bt addition, low dtp~ m~qured o41 the 
Cromwell, Pee~ fault project PPoteP3zoie ~nei~ Of the 
CPoc.qm•n panic qouthw•rd to shallow depths beneath the 
mseks expomed in the overlyin¢ plate: therefore, deposits or 
Fold 8uld silver, similop to those d~s~Pihed for opres GS-I and 
GS-2, may exist • i  deplh.~ Of • few hundred lo • raw thous+~nd 
feet in 8tee GS*3. The criteria used to define opus GS-3 ere 
listed in to01e 3. 
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Special attention should be called to the observation that precious metals 
occurrences in the Mohave region do not appear to be spat ia l ly  associated with 
known detachment faults such as the Crossman Peak fau l t .  In the Topock area, 
several small manganese deposits are known as well as a few gold prospects 
(Boulder Go~d Dome and Jackpot mines-MILS data), at the northwestern end of the 
Mohave range. No geologic or production data are available except an overall 
figures of I00 o z Au for the Topock d i s t r i c t  (Keith and others, 1983a). This 
overall disassociation between metals and detachment faults is curiously 
distinct from areas like the Cienega, Santa Maria and Rawhide districts, where 
the association is well documented by numerous prospects and mines. 

A notation in Hewett and others (1936) describes some gold-si lver veining in 
Precambrian rocks in the Buck Mountains just  northeast of the Mohave range, 
but only $1000 production is recorded. Two mines, the Ideal and Palo Verde 
properties, are l isted in the MILS f i l e  (#47 on precious metals overlay}. 

Mines of Interest:  

The fo~lowing mines and prospects occur in the Crossman Peak WSA. We consider 
that they of fer  the best potential for hosting economic Au-Ag mineralization 
even though resource estimates of the USBM are s t i l l  re lat ive ly  small. 
Further details are found in references by Light and others (1983) and Light 
and McConnel~ {1983). 

Arrastra Well mine: (T14N, R19W, Secs. 1, 2, 11 & 12) Numerous prospect pits 
and i~clined shafts have accessed local ly high concentrations of gold and 
secondary placer deposits in adjacent washes. USBM estimates resource 
potential of about 350 tons averaging 0.21 opt Au and 0.32 opt Ag. 

Unnamed prospects (TI4N, R19W, Sec. 17) Prospect pits and 12 f t  shaft dug in 
t i l t ed  late Tert iary volcanic or intrusive rhyol i te.  Anomalous gold and si lver 
concentrations are disseminated through a wide area of the rhyolite, USBM cite 
inferred resources of about 5,500 tons averaging 0.03 opt Au and o.ig opt Ag. 
Careful follow-up exploration might delineate better mineralization. 

Scotts Well mine: (T14N, R18W, Sec. 7; a~d T14N, R19W, Sec. 12) Numerous adits, 
prospect pits and shaft worked, multiple NS-trending quartz sulf ide veins 
up to 3 f t  thick cutting Precambria~ gneisses. USBM estimates inferred 
resources of 770 tons averaging 0.19 opt Au a~d 0.62 opt Ag. Veins cut 
unaltered rocks and probably represent only small exploration potential.  

Unnamed prospects: (T14N, R19W, Sec. 24) Three adits and several prospect pits 
yield high concentrations of gold and minor copper in multiple quartz veins and 
faul t  zones. USBM estimates inferred resources of ±g20 tons of 0.14 opt Au. 
Another prospect about I mile to the northeast has explored quartz veins with 
resource estimate of 1,330 tons of 0.05 opt gold material. 

Dutch Flat subdistr ict  (T14N, RIBW, Secs. 20, 21, 29 & 30) Inactive mines 
include the L i t t l e  Maud, Kempf (Evelyn), Jupiter, Pioneer, Lost Dutchman and 
Gold Band or Crown. A 2½ sq. mi. area contains eight mines and attract ive 
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prospects which have worked numerous NE-striking quartz veins and mineralized 
fau l t  zones containing precious metals, zinc, copper and minor lead with 
substantial tungsten values. Area represents highest tungsten potential in 
the study area. The Kempf mine produced several hundred tons of ore running 
$15 in gold ($36/oz) from at least f ive veins. The L i t t l e  Maud vein is 9 to 
42 inches wide and outcrops for 2,000 f t .  The Pioneer vein is 2 f t  wide and 
I000 f t  long. The Gold Crown vein was described as the largest producer from 
the group with one ore shoot bearing 238 tons of reserve. 

According to USBM estimates a minimum of about 12,000 tons of 0.05 to 0.1+ opt 
Au resources could be available from just three of the eight properties in the 
distr ic t .  

Pittsbur~ mine: (T14N, R19W, Secs. 27 & 34) One adi t ,  f ive shafts and numerous 
prospect pits y ie ld very high concentrations of Ag, Pb, Au with bar i te,  copper 
and zinc in s igni f icant  quartz vein. Resource estimates by USBM give 8,000 
tons averaging 0.06 opt Au, 3.1 opt Ag, 0.8% Pb and 0.6% Zn. 

References: 

Arizona Dept Mineral Resources, f i l e  data; Light and others, 1983; Rehrig, 
unpubl, f ie ld  notes; Wilson, 1967. 
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MOON MOUNTAINS DISTRICT 

Location: 

The d i s t r i c t  takes in those few metals occurrences located in the low-lying 
h i l l s  of the Moon Mountain area j~st  north of the Dome Rock Mountains in La Paz 
County. Two separate ridges of outcrops occur in the area. The westerly of 
these trends NNW through T 5 and 6 N, R 21 W, and includes Moon Mountain at 
i ts  north end. The easterly of the ridges trends NNE through Range 20 West, 
Townships 5 and 6 North. 

Geology aRd History: 

Litho]ogies predominating in the Moon Mountains are typical of those occurring 
in the adjacent northern Dome Rock Mountains. Mesozoic (?)metamorphic rocks 
of various facies are the principa~ supracrustal rock types. They range from 
quartzofe]dspathic g~eisses to lower grade, metavolcanic and metasedimentary 
sequences. They are intruded by numerous pegmatites, several small plutons of 
Mesozoic age as well as by dikes presumably of Tert iary age. As elsewhere in 
this western Arizona Mesozoic terrain,  thrust faults internal to the Mesozoic 
rocks are probably present. 

Mineralization in this area is highlighted by Amoco's re lat ive ly  recent 
discovery of what is called the Copperstone copper-gold deposit which occurs 
in poorly outcropping, sand covered h i l l s  in Section 12 of T6N, R2OW. The 
deposit was i n i t i a l l y  pursued by Cyprus mines several years ago and has been 
evaluated thereafter by Amoco. The deposit is reported to have somewhere in 
the neighborhood of 10 mi l l ion tons of about 0.07 opt Au with associated copper. 
The ore setting is a long (I-2 miles), l i s t r i c  (?) fau~t zone cutting meta- 
volcanic rocks of Mesozoic age which outcrops (?) just  above a f l a t - l y ing  
Tert iary detachment fau l t .  The fau l t  vein zone is said to actually displace 
the detachment fau l t .  Mylonitic rocks are described below the detachment 
structure and both detachment and lower plate (?) rocks are not economically 
mineralized. The uppermost part of the mineralized zone is unconformably 
covered by post-ore Chapin Wash Formation and overlying dacite volca~ics of 
Miocene age. 

G0]d occurs with pervasive earthy and specular hematite, oxidized copper: 
amythystine quartz, bari te, magnetite and calci te.  Copper is said to be zoned 
more heavily above and below the gold zone. Go~d is not as closely related to 
late bari te, carbonate veining. Minor sulfides are found at depth but the ore- 
body is chiefly developed above the oxide-s~Ifide interface. 

The Copperstone mineralized faul t  zone has structural and mineralogical 
(hematite, copper, quartz) characteristics typical of detachment faul t  or upper 
plate mineralization described in the neighboring Plomosa and Cienega d is t r i c t s .  
Several other Au, Ag, Cu occurrences are known from the Moon Mountains d i s t r i c t  
(Keith, 1978). Thrust or Mesozoic related mineralization may also be a possible 
target in the area. 
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Mines of Interest: 

Copperstone deposit: (See discussion above) 

Apache mine: (T6N, R21W, Sec. 35--Colorado River Indian Reservation) Gold- 
silver occurs in lensing quartz vein cutting Mesozoic metasediments intruded by 
a rhyolite plug. The mine produced high-grade gold (330 tons of 2.4 opt), 
but its location on the Indian Reservation is a notable negative factor. 

Valenzuella mine: (T5 or 6 N, R2OW, Sec. 32 or 5) Copper mineralization (up to 
3% Cu) with possible precious metals occurs along a sinuous, EW-striking, north 
dipping shear zone in Mesozoic (?) schists. The vein is variable in width from 
a few inches to several feet. Ore mineralization in irregular pockets and 
stringers consists of copper and gold in a gangue of quartz and calcite. 
Chrysocolla, malachite, pyrite, gold and considerable hematite are the ore 
minerals. Ore grades reportedly ran several percent copper and 0.05 to 0.1 opt 
gold. Developed in the past by a 900 f t  decline and about 1600 f t  of dr i f ts ,  
this property also occurs on Colorado River Indian ground. 

References: 

Arizona Dept Mineral Resources, f i le  data; Bancroft, 1911; Keith, 1978. 
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MUGGINS (VIREGARROON) DISTRICT 

Location: 

The Muggins mining d is t r i c t  covers the M~ggins Mountains in southern Yuma County, 
about 20 miles east of Yuma. The gold producing part of the d is t r i c t  lies within 
T7S, R19 and 20W. The d is t r i c t  l ies within the Defense Department's Yuma Test 
St at i on. 

Geology and History: 

The Muggins d is t r i c t  is mainly known as a gold placer d i s t r i c t .  The Muggins 
Mountains are floored by gneissic rocks that crop out as a northeast-trending 
block across the northern portion of the range. Previously, these rocks were 
thought to be of Precambrian age (Ross, 1923), but more recent work has assigned 
them to a Mesozoic age. Tert iary volcanic rocks consisting of andesitic lavas, 
breccias, agglomerates and rhyo l i t i c  flows overlie the gneisses on the south. The 
central and southern portion of the range is apparently underlain by a thick 
sequence of Tertiary clays and s i l t s  {Wilson, 1933) which are probably of 
lacustrine origin (Keith, 1978). These sediments are capped by thick gravels of 
Tertiary to Quaternary age. 

Wil son' s (1933) reconnaissance noted that the Mesozoic met amorphic rocks have been 
cut by numerous pegmatite dikes and quartz veins and str ingers. He further 
described interbedded conglomerates and tur fs  within the Tert iary rhyol i te lava 
flows; and that the lacustrine sectio# also contains interbedded volcanic ruf fs 

and ash layers, 0palized m dst0  and chalced0nic layers, It would be interesting 
to know i f  the chalcedony a~d opalization resulted from diagenetic processes or 
from hot springs active at the time the lacustrine lake was developing. Uranium is 
known to occur in the lacustrine sediments (Keith, 1978). 

Gold placer deposits have been exploited in the past from two main areas in the 
d is t r i c t  (Keith, 1978): (1) Along the southwester~ margin of the range in canyons 
and washes draining southward from Muggins Peak, Klothos Temple (Coronating Peak), 
and Long Mountain; and, (2) in the upper reaches of Vinegaroon Wash. Mining and 
prospecting date back to the 1860~s and probably produced a considerable amount of 
placer gold. Keith (1978} credits placer production in the d is t r i c t  through !942 
as 2748 oz of gold. 

In the southwestern 9art of the range, gold-bearing gravels occur as ancient bars 
on terraces above and in the stream channels where the bedrock consists of 
conglomerates intercalated with the Tert iary lavas (Keith, 1978). The conglomerate 
is composed of gneiss and granite pebbles in a sandy to clayey matrix. Wilson 
(1961) believed the source of the gold in the placers to be gold-bearing quartz 
veins in the Mesozoic gneiss, schist, and granite. Erosion of the veins produced 
low-grade placers in the conglomerate where subsequent erosion and concentration 
produced economically recoverable deposits in the bars (Keith, 1978). Placers in 
the Vinegaroon Wash were fe l t  to have been d i rect ly  derived from the 
disintegration of veins in the Mesozoic metamorphics, These quartz veins are known 
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to contain sparse free gold and minor copper in places. Locally, copper staining 
also occurs in the pe~atite dikes. Many of these veins and mineralized shows have 
been sporatically prospected with l i t t l e  success. Keith (1978) reports that lode 
production from scattered prospects and mines have a cumulative total of some 410 
tons of ore which contained 251 oz Au, 116 oz Ag, and 567 Ibs of Cu. 

As elsewhere in southwestern Arizona, we f i  nd an association of placer gold and/or 
gold-bearing quartz veins associated with metamorphosed Mesozoic rocks in the 
Muggins d is t r i c t .  What potential that might exist for discovery of bulk-tonnage 
type gold deposits is unknown and wi l l  stay that way for some time as the distr ic t  
lies within the Department of Defense's Yuma Test Station and is withdrawn from 
mini ng act i vit y • 

References : 

Keith, 1978; 1961 Ross, 1923; Wilson, 1933. 

I 
,I 
! 

1 
I 
I 

I 
194 



MUSIC MOUNTAINS DISTRICT 

Location: 

The Music Mountains mining d i s t r i c t  l ies in the footh i l l s  of the Grand Wash 
Cl i f fs  in Mohave County, about 25 miles north of Hackberry. 

Geology and History: 

The Music Mountains d i s t r i c t  as described by Schrader (1909) is underlain by 
Precambrian gneissic granite (probably including some schist) that is intruded 
by the 65.5± 3.5 m.y. (young, 1979) Music Mountain quartz monzonite p~utom. 
The Precambrian rocks display a well-marked fo l ia t ion that trends N30°E and 
dips about 65°SE. Both the Precambrian and younger intrusive rocks are cut by 
a well-developed sheeting that strikes N60°W and dips ver t ica l ly  (Schrader, 
1909). 

Mineralization in the d i s t r i c t  consists of narrow, gold-quartz veins that cut 
the basement rocks. The veins generally str ike NW and dip steeply to the NE. 
Shrader (1909) indicates that some of the veins follow (or are associated with) 
diabase-basalt dikes. The veins contain considerable iron oxides to depths of 
about 200 f t ,  below which pyri te and galena become abundant ~ocally (Wilson and 
others, 1976). Keith and others (1983b) suggest the veins are genetically 
related to the Laramide Music Mountain pl~ton. The Ellen Jane, Lucky Cuss and 
Southwick were the principal veins in the distr ict .  

The d i s t r i c t  was discovered in about 1880 with lessees producing considerable 
rich surface ores from near~y all  of the principal veins. Some of this ore was 
extremely ric~. Schrader {1909) states that considerable ore was produced from 
the Golden Serpent property that ran S300-$400/ton in gold. Even at the time 
of his v i s i t  some of the ore from this property ran 7-8 opt gold. The Ellen 
Jane mine was the most important in the d i s t r i c t ,  however, and the camp's 
history was largely synonymous with the development of this property. Keith 
and others (1983a) credit  the d i s t r i c t  with some 9,500 tons of production 
between 1886-1948, that yielded 4,500 oz Au; 12,000 oz Ag; 3,000 Ibs Cu; ard 
38,000 Ibs Pb. 

Mines of Interest: 

Ellen Jane Mine: (Located near the head of Camp Wash) The vein strikes NW 
and dips 80°NE. I t  is 4-7 f t  in width and is associated with a diabase dike in 
granite. The vein is typ ica l ly  separated from i ts walls by prominent gouge 
zones. The vein consists of quartz and much brecciated wallreck. The ore 
streak is up to 3 f t  in width but averages only 5 inches. Shipping ore was 
said to run as high as $500/ton in gold; mil l  run ore, however, averaged from 
$10-$20/ton in gold. The vein is oxidized to the 200 f t  level where sulfides 
become present (pyri te and galena). The property was discovered in 1880 and 
had most of i ts  production before 1904. In 1907, underground developments 
included a 200 f t  shaft and about 1,500 f t  of workings. 
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Rosebud (Portland-Mizpah)Mine: (T26N, RI5W, Sec. 17) The mine was located 
~hortly after the Ellen Jane. From 1926 to 1932 the property was worked by 
the Portland and Mizpah Mining Co, which produced some bullion from a lO0-ton 
mill in 1929, with poor recovery rates. In 1931, the company produced about 
$4000 worth of bullion from 500 tons of ore which was run through a new 
amalgamation and cyanide mi l l .  In 1932, the mine was developed by a 400 f t  
shaft and some 2,500 f t  of workings. 

Mary E. Vein: (Located about 200 yards northeast of Ellen Jane vein) A small 
vein or stri'nger that runs nearly parallel to the Ellen Jane vein is largely 
hosted in diabase. I t  consists of a thin sheet of reddish, dense crushed 
material that contains a 5-6 inch quartz vein f i l l i n g  a fault fissure and 
containing $300 (1907 prices) in gold per ton. Associated minerals are iron 
oxide and a small amount of calcite. Prior to 1907, the property had been 
worked to a depth of 150 f t  by cuts and dr i f ts .  

References: 

Keith and others, 1983a, 1983b; Schrader, 1909; Wilson and others, 1967; 
Young, 1979. 
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NEW WATER AND BEAR HILLS AREA 

Location: 

The New Water Mountains form a northwest trending range connected at i ts  
northwest end with the southern Plomosa Mountains. The range l ies  just  south of 
Interstate Highway 10 in R16W, T3N. Between 1-10 and U.S. Highway 60, the Bear 
H i l l s  make up another northwest oriented range of low h i l l s  extending to the 
southeast from the main Plomosa Mountains. 

Geology and History: 

Both the New Water Mountains and the Bear H i l l s  are made up of mid- to la te-  
Ter t iary volcanic rocks.  In the New Waters, the volcanics which are gently 
t i l t e d  to the southwest, rest in depositional contact with Mesozoic (?) quartzites 
and de t r i t a l  rocks along the northeast f lank of the range. Basal sections of 
the volcanics are mainly andesit ic with upper portions becoming basalt ic.  Sub- 
ordinate welded turfs of rhyodacit ic to rhyo l i te  composition occur within the 
lower andesit ic flow sequence. Eagle Eye Peak, which forms a prominent landmark 
wi th in the rangemay be a r h y o l i t i c  int rusive plug. Other fe ls ic  int rusive 
rocks are also known to cut the volcanic p i le  (Rehrig, unpub], f i e ld  notes). 
Northwest trending, normal faul ts are prominent through the range. 

The Bear H i l l s  consist of a s l i g h t l y  southwest t i l t e d  sequence of mid- to la te-  
Ter t iary andesit ic to basalt ic volcanic rocks s imi lar  to those occurring in the 
New Water range. 

The principal metals occurrence in the Rew Water range is an interesting copper- 
oxide deposit spread over a sizeable 2~ X ~ mile area in Sections 15, 16, 17 and 
22, T3N, RI6W. In the late Ig60's, the property known as the Moore mine group, 
was owned by the Hovatter family who were promoting i t  as a porphyry copper 
deposit. The copper, mainly as chrysocolla, occurs extensively along fractures, 
j o in ts ,  faul ts and in local brecciated chimneys within the mid-Tert iary volcanic 
rocks near the i r  basal unconformity with Mesozoic metasedimentary rocks. Copper 
staining is also present in the older metasediments. The overal~ d is t r ibu t ion  
of mineral izat ion appears loca~ized by major, northwest-str ik ing, high-angle 
normal fau l ts .  Curiously l i t t Te  i f  any source for the oxidized copper can be 
found. I t  may come from small bodies of int rusive rhyo l i te  in the v i c i n i t y  of 
the mineral izat ion.  The area reportedly produced some 480 tons of ore during 
the 1940's which averaged about 3.7% Cu and I opt Ag. No gold is reported. 

In the v i c i n i t y  of Eagle Eye Peak, which may be r h y o l i t i c  plug, there are a 
number of altered areas in the volcanic rocks which have been prospected. We 
have no data o~ these areas, but the volcanic sett ing would appear favorable 
for  precious metals. 

In the Bear H i l l s ,  several mines or prospects occur as veins cutt ing the 
Ter t iary volcanics. The National Debt mine (T4N, R16W, Sec. 35) was a small 
manganese producer (traces of bery l l ium}.  Two other mines, described below 
produced copper, s i l ve r ,  gold ores. 
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Mines of Interest: 

Shamrock mine: (T4N, R16W, Sec. 22) Oxidized copper, manganese, lead and 
precious metals occur with jasperized quartz in a fau l t  vein in Tert iary 
andesite. The mine produced some 200 tons averaging about 6% Cu, 39 opt Ag 
and .01Au. 

Safford mine: (T4N, R16W, Sec. 27) A simple fissure quartz vein in Tertiary 
andesite produced about 150 tons averaging 0.34 opt Au and 0.5% Cu. 

References: 

Keith, 1978; Arizona Dept Mineral Resources, f i le  data; Rehrig, unpubl. 
prospect exam. data. 
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NORTHERN PLOMOSA DISTRICT 

Location: 

The d i s t r i c t  or region of  metal occurrences is found in the northern part of 
the Plomosa Mountains, a north and northwest trending range located in T4, 5, 
6 and 7N, and RI7, 18W of La Paz County, north of U.S. Highway I - I0 .  The 
range is included on the Bouse and Quartzite 15' topographic quadrangles. 

Geology and History: 

The southern part of the d i s t r i c t  is made up of a substantial thickness of south- 
westerly t i l t ed  mid-Tertiary volcanic rocks primari ly of andesite, but with some 
in te rs t ra t i f ied  flows and welded turfs of rhyo l i t i c  or rhyodacitic composition. 
The vo~canics are strongly affected by normal and l i s t r i c  normal faults of 
NW-strike and RE dip which have rotated volcanic strata up to 60 ° . 

The northern Plomosa Mountains are extremely complex geological~y and poorly 
understood. Only the recent reconnaissance work of Scarborough and others 
(1983) have begun to unravel the tectonic development of the various Precam- 
brian, Mesozoic and Tert iary structures and l i thologies {Figure L~). Much of 
the range exposes amphibolite facies metamorphic rocks exhibit ing low to moderate 
dipping fo l ia t ion.  These rocks were mapped as Mesozoic metasediments by Wilson 
(1960) and as Precambrian gneisses by $carborough and others (1983) (Figure bZ). 
On Plate I ,  we have adopted the more recent interpretat ion, realizing nonethe- 
less the strong poss ib i l i ty  of a Mesozoic proto l i th.  Similar Mesozoic rocks 
outcrop in the Harcuvar metamorphic core complex farther east. As par t icu lar ly  
well displayed in the area traversed by the Bouse-~uartzite road (Figure IZ), 
these metamorphics are tectonical ly interleaved with Paleozoic-Mesozoic supra- 
crustal rocks on a series of south-dipping thrust faul ts.  Farther north along 
the north-south length of the range the gneisses are in profound faul t  contact 
(the Plomosa faul t )  with a detached, upper-plate, chaotic assemblage of Pro- 
cambrian (or Mesozoic)granit ic rocks, Paleozoic and Mesozoic metasedimentary 
units, and Oligocene-Miocene volcanic or mixed volcanic-sedimentary sequences. 
The Plomosa fau l t ,  dipping shallowly eastward, is interpreted (Scarborough and 
others, 1983)as a major late Mesozoic thrust which has been reactivated in 
mid-late-Tert iary time as a detachment fau l t .  On the upper plate, Precambrian 
(?), Paleozoic and Mesozoic units are juxaposed on Mesozoic thrusts. Tert iary 
strata depositional~y rest on the older thrusted l i thologies but have been 
t i l t ed  consistently to the south-southwest on a series of WNW-striking l i s t r i c  
faults which may merge with one or more detachment structures such as the 
Plomosa fau l t .  The NNE-oriented extension direction deduced from the l i s t r i -  
cal ly t i l t ed  Tertiary rocks is substantiated by many northwest to west-northwest 
str ik ing Tertiary dikes of micro-quartz monzonite and microgranite, rhyodacite, 
and apl i te.  

Most of the m~nera~ization in the Northern Plomosa d i s t r i c t  is in fact in the 
north part of the range with a ~esser number of more disperse occurrences to 
the south. These southern occurrences produced more PboZn-Ag and less Au than 
mines to the north. Meta]l izatio~ is quite variable as to metal species with 
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d i f fe ren t  associations present, such as: copper-gold, lead-z inc -s i l ve r ,  gold- 
s i l ve r  alone, manganese-iron oxides, b a r i t e - f l u o r i t e .  Most of the manganese 
and bar i te- f luor i te deposits are as replacement zones (Mn) or in fault  fissure 
veins cutting Oligocene Miocene volcanic-sedimentary sequences. 

The dominant setting for gold {si lver is greatly subordinate) appears to be as 
fault  breccia or fracture zone mineralization, either within the mid-Tertiary 
volcanic-sedimentary sequences or in structures separating the Tertiary rocks 
from underlying Precambrian {?) basement. Most of these deposits occur near 
the main Plomosa detachment f au l t  wi th in the badly fragmented upper plate. Only 
one small copper-hematite deposit (Sidehill mine, T7N, R17W, Sec. 30) occurs in 
the lower-plate rocks. Dior i t ic dikes are commonly mentioned in the mineralized 
areas described. The mineral associations for the gold are typical ly hematite 
{earthy and specularite) with oxidation products of copper {chrysocolla, 
malachite) and quartz. Oxidation of veins is deep (N200 f t )  but original 
sulfides (pyrite-chalcopyrite) were occasionally reached by mining. Several 
areas of pervasive alteration and disseminated sulfide are mentioned. Grades 
of gold mineralization from a number of the occurrences is exceptionally high 
{ i .e .>0.2  opt). With suff icient host rock preparation, larger tonnages of 0.05 
to 0.I opt might be expected. Thus we feel exploration potential exists i~ the 
d is t r ic t ;  especially in the northern part of the d is t r ic t  where occurrences are 
concentrated, and where undelineated structural considerations remain to be 
worked out (see target delineation section of report). 

The Excelsior mine may represent an attractive setting for gold in the d is t r ic t  
which may occur elsewhere in the northern PI0mosa M0untaims. The h0st rocks 
of metamorphosed (metasom~tic} carbonates (Paleozoic ?) tectonically emplaced 
within Mesozoic metasediments resembles the environment described at the Yuma 
mine (Ellsworth d is t r ic t ,  Granite Wash Mountains). MineraTization i~ these 
disturbed metasedimentary horizons is often tungsten rich and may be of Laramide, 
rather than mid-Tertiary, age. Similar occurrences appear to exist in the 
southern Plomosa d is t r ic t  { i .e.  Night Hawk, White Dike and Colorado mine groups). 

Mines of Interest :  

Blue Slate mine group: (T7N, R17W, Sec. 7) Secomdary copper mineral izat ion 
(chrysocol]a, malachite, e tc . )  with abundant specular i te and some precious 
metals in coarse, vuggy quartz occur in a near ve r t i ca l ,  N60°W f issure vein. 
A f l a t - l y i n g  body of replacement specular i te,  copper, etc. along a contact 
between shale and limestone occurs nearby. Host rocks appear to be Mesozoic 
metasediments intruded by d ior i t ic  porphyry dikes. Property produced some 
130 tons of 3% Cu, and I oz Au. Relatively high-grade in gold, but probably 
represents minor tonnage potential. 

L i t t le  Butte mine: (T7N, RI7W, Secs. 7 andS) The mine dating from the early 
1900's, is developed along a wide normal fau~t zone trending NI4°E with 45°SE 
dipdiv id ing Tertiary sedimentary rocks from Precambrian gneissic granite. 
About 700 f t  strike length of the vein is cut off  on the southwest by a NW- 
striking structure and to the north by an EW-trending fault,  Mineralization 
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is enhanced by the intersecting cross-structures. The main vein is from 4 to 
6 f t  wide with ore of brecciated quartz, specularite, chrysocolla and malachite. 
Parallel veins vary from 2 inches to 2 f t .  Visible gold reportedly occurs as 
thin flakes along microfractures. Mineralization in small fracture zones 
extends some 20 to 30 f t  into both footwall and hanging walls. One report 
(1943) cites a quartz-iron gossan at the property which can be traced for 3000 
f t  along strike and which is 50 to 200 f t  wide. Sampling of the 125 and 200 f t  
levels of the mine averaged 1.5% Cu and from $2 to $7/ton gold (@ $35/oz). 

Immediately adjacent to the mine at the acute angle fault intersection between 
the L i t t le  Butte vein and the NW-striking fault ,  considerable disseminated 
sulfides and a rg i l l i c  alteration is found. Sampling and two d r i l l  holes 
established the sulfides as mainly pyrite with traces of copper. The area is, 
however, anomalous in gold with a few high geochemical values reported. 

The main L i t t le  Butte vein made heavywater flow at 210 f t  which eventually 
caused abandonment of the workings. At least one meager attempt to dewater the 
mine in the early 1960's met with fai lure. Total production from the property 
amounted to 5,800 tons averaging about 0.45 opt Au, 0.16 opt Ag, and 2% Cu. 
Mine produced nearly 2/3 of the d is t r ic t 's  total gold. 

Bullion or Scotchman mine 9roup: (T7N, R18W, Sec. 12) The main mine produced 
copper-gold ore from a 2-3 f t  wide, N50°E striking, 62°SE dipping fault vein 
in Tertiary volcanic-sedimentary rocks cut by diorite dikes. The ore is 
oxidized copper with local chalcocite. About 700 f t  to the southwest, another 
3-4 f t  wide brecciated shear zone contains oxide copper and specularite and 
strikes N62°W with a 55°SW dip. The Bullion workings produced less than 100 tons 
running about 11% Cu and 0.1 opt Au. 

Dutchman mine: (T7N, R17W, Sec. 18) Steeply dipping fault zone with highly 
fractured and altered rock within Tertiary volcanic rocks produced oxidized 
copper and visible gold in area of strong iron stain and specularite. Chal- 
cocite is reported in main fault zone. Property produced about 1,000 tons 
running about 0.8 opt Au, 0.1 opt Ag, and I% Cu. Mine was worked in the 1960's 
for gold specimens for mineral collectors. 

Old Maid mine: (T7N, R18W, Sec. 13) Gold with hematite, vuggy quartz and minor 
copper in lensing veins and major fault striking N45°W (dip 47°NE). Brecciation 
along fault measured 4 to 6 f t  in width and structure can be traced for about 
800 f t  on the surface. Some 150 tons of production averaged very high grade 
gold (2.6 opt), 0.6 opt si lver, but only 0.1% Cu. 

Heart's Desire mine: (T7N, RI8W, Sec. 13) Spotty, lensoidal bodies of oxidized 
copper, lead and precious metals with sulfides at depth along fault zones and 
at fault intersections. Host rocks are Tertiary volcanics intruded by d ior i t i c  
dikes. Property produced about 200 tons running 7% Cu, 2% Pb, 3 opt Ag, and 
1.6 opt Au. 
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Excelsior mine: (T5N, R17W, Sec. 5) The deposit is described as a copper skarn 
occurrence with minor precious metals in an epidote-garRet-bearing zone in 
Paleozoic (?) limestone that is i~terstrat i f ied with schist and intruded by 
probable Laramide biot i te granite, Host rock relationships suggest Paleozoic 
rocks are tectonically (thrust) interleaved with Mesozoic metasediments much 
l ike the setting for mineralization at the Yuma mine in the Granite Wash 
Mountains, At the Excelsior, ore consists of pockets of chalcopyrite, bornite, 
copper oxides, pyrite and strong hematite, Mine produced some 700 tons of ore 
averaging 4,4% Cu, 0.67 opt Ag, and 0.03 opt Au. 
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NORTHERN TRIGO DISTRICT (CIBOLA) 

Location: 

This name is designated to the metals occurrences d is t r ibuted through the 
northwestern port ion of the Trigo Mountains in Yuma County, Arizona. Most 
of the mines and prospects are found a few miles southeast of the small farm 
settlement of Cibola near the Colorado River in T2S, R23W, where they occur 
between the r i ve r  and the Yuma Proving Grounds to the east. 

Geology and History: 

The northern Trigo Mountains consists mainly of var iably t i l t e d  blocks of mid- 
to late Ter t ia ry  volcanic rocks rest ing in fau l t  and depositional contact with 
c rys ta l l i ne  rocks described mostly as rapakivi gran i te  of probable Precambrian 
age (Garner and others, 1982). Metamorphic gneiss and schist occur in the base- 
ment to a lesser extent. Although mapped as Mesozoic by Wilson, 1933, they are 
interpreted as probable 1.7 to 1.8 b.y. Precambrian rocks by Garner and others 
(1982). S i l l s  probably belonging to the regional ly  extensive Proterozoic 
( ~ I  b.y.)  magmatic epoch intrude the basement rocks. 

There has been much speculation as to the existence of a detachment fau l t  
surface in the Trigo Mountains. Garner and others (1982) make a case for  
one; our l imi ted f i e l d  data, howver, does not support th is in terpreta t ion.  
Our f i e l d  observations in the southern Trigo Mountains indicate that the major 
s t ructura l  Setting is one of numerous normal or l i s t r i c  normal fau l ts  without 
evidence for  the existence of any l a t e r a l l y  extensive detachment surface (see 
descriptions of S i lver  D i s t r i c t ) .  At the far  northern end of the Trigo range 
along the d i r t  road from U.S. 95 to Cibola, the Ter t iary  Volcanics are in 
deposit ional contact with underlying c rys ta l l i ne  recks (Rehrig, unpubl, f i e l d  
notes). Recent mapping by Tosdell and Haxel (1984, pers. commun.) east and 
southeast of Cibola indicates that the lower Ter t iary  volcanic contacts are 
in part deposit ional and in part formed by low-angle normal fau l ts  (see Plate i ) .  
T i l t i n g  on these mul t ip le  fau l ts  have imparted easterly and northeast dips to 
the Ter t ia ry  f low, tu f fs  and interbedded volcanic last ic  strata.  While some 
low angle faul ts  are evident, they are not believed to represent a detachment 
surface (D. Tosda, 1985, pers. commun.). They are probably l i s t r i c  in nature. 

Ore deposits in the Cibola region are somewhat d i s t i nc t  from those in southern 
parts of the Trigo Mountains in having higher gold to s i l ve r  rat ios.  The gold 
mineral izat ion is spotty and occurs in gangues of banded quartz, iron oxides and 
ferruginous ca lc i te .  A number of the occurrences are clustered in metamorphic 
rocks adjacent to one of the NNW-striking normal fau l t  contacts with Ter t iary  
volcanics. Distr ibuted through the volcanics are numerous manganese deposits. 
Total gold production was small (±52 tons high grade), but assayed as much as 
6 opt Au. Placers accounted for  323 oz Au with minor Ag. Manganese deposits, 
common to the d i s t r i c t ,  yielded as much as 31,000 long tons running 20-30~ Mn. 
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Mines of Interest: 

Grand Central mime (TIS, R23W, Sec. 36) Spotty, but high-grade gold with minor 
s i lver  and trances of copper occurs with banded quartz, l imonite and ferruginous 
ca lc i te  in fractures and mult iple veinlets along a fau l t  zone (N5E, 65°E) in 
schist intruded by granite porphyry dikes. The vein is up to 3 inches wide and 
is traceable across two claims. Similar vein occurrences are noted I to 2 miles 
south of the mine (the Jupiter and Broadway propert ies).  Weighted averages of 
mineable ore e qua~ 0.48 opt Au across 20.4 inches, Note the presence of numer- 
ous small gold placer workings in this general area (T2S~ R23W, Secs. i & 2). 
Sources of the gold are said to be small quartz veins in the Mesozoic or 
Precambrian schists. The placers have yielded about 300 oz Au. 

The only s ign i f i cant  gold reported from the northern Trigo Mountains occurs in 
the Grand Central mine area and area just  to the south along the fau l t  contact 
with Tert iary volcanic rocks. A~though the isolated veins are described as 
small, the co-existent placer deposits {also smal~) may signal interest in 
more disperse gold-bearing quartz-vein or vein let  occurrences within schistose 
rocks. The environment sounds simi lar  to areas within the Dome Rock Mountains 
to the north. 

References: 
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Location: 

OATMAN (SAN FRANCISCO) DISTRICT 

The Oatman mining d is t r ic t  is located on the western slope of the southern end 
of the Black Mountains about 29 miles southwest of Kingman, Arizona. 

Geology and History: 

The Oatman d is t r ic t  includes the mining camps of Gold Road, Vivian, and 
Boundary Cone. Most of the production from the d is t r ic t  has come from 
epithermal vein systems within a complex and thick sequence of late Tertiary 
sub-alkaline, intermediate and s i l i c i c  volcanic rocks. These volcanics 
unconformably overlie a crystalline basement of Precambrian granite and 
gneiss. Locally, dikes and small epizonal plutons intrude both the basement 
and volcanics. Veins in the Katherine d is t r ic t ,  located approximately 15 
miles north-northwest of Oatman, are similar in mineralogy, and believed to 
have had a genesis similar to those of Oatman. The two distr icts are usually 
described as one. Unlike the Oatman d is t r ic t ,  however, epithermal veins in the 
Katherine d is t r ic t  occur primarily within the Precambrian crystalline rocks 
which have been intruded by dikes and plug-like bodies of rhyolite (Lausen, 
1931). Many of these veins are hosted by low-angle normal faults that are 
believed to be l i s t r i c  into a shallow, regional detachment feature (cf. 
Durning, 1984). 

Gold was discovered at the Moss vein in 1863, but major development in the area 
did not occur until 20-30 years later. Total gold production for the Oatman 
d is t r ic t  was about 3,800,000 tons from which was extracted 2,200,000 oz Au and 
800,000 oz Ag (Durning, 1984). 

The ore deposits mined at Oatman were veins and lodes formed within transverse 
fault zones, most of which range in strike from west to northwest and dip 
steeply to the north. Many of the faults have undergone right-lateral strike- 
sl ip movement. The veins range in width from a fraction of an inch to 30 f t ;  
with individual veins often varying considerably in width over very short 
distances. They commonly consist of brecciated fragments of country rock 
cemented by crustified chalcedonic quartz, calcite, f luor i te,  andularia, minor 
base-metal sulfides, acanthite, silver sulfosalts, and f inely disseminated gold 
(Boyle, 1979). Lausen (1931) recognized five distinct stages of quartz deposi- 
tion in the veins with the later stages generally accompanied by fine-grained 
adularia and economic concentrations of gold. 

The volcanic sequence found at Oatman is part of the considerably larger Black 
Mountains volcanic province, which extends along both sides of the Arizona- 
Nevada border from Parker to Lake Mead. The volcanic province as a whole 
exhibits an unusual assemblage of mafic to s i l i c i c  rocks that range in com- 
position from basalts, trachytes and calcic lat i tes to quartz-latites and 
rhyolites. The volcanism was accompanied by widespread epizonal plutonism 
and epithermal mineralization (Liggett and Childs, 1975; Anderson, 1978). 
Plutonism and volcanism in the Black Mountains province were accompanied by 
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intense faul t ing and stratal rotation that Anderson (1971) interpreted as 
thin-skin effects of extreme crustal stretching and attenuation. This was 
followed by high-angle, normal faul t ing that produced the present basin amd 
range topography. 

The affects of the shallow attenuation are well exposed along much of the Black 
Range. Much of the range, part icular ly  in the northern and central portions, 
is cut by l i s t r i c  normal faults that merge into a regional (?) low-angle 
"detachment" surface. A detachment type fau l t ,  however, has not been recognized 
in the Oatman d i s t r i c t .  I f  one exists in this portion of the Black Range, then 
i t  must be at a considerably lower structural level than what is presently 
exposed in the d i s t r i c t .  

The rocks of the Oatman d i s t r i c t  have been studied by a number of workers. 
Thorson (1971} and WelTs (1937) provide chemical analyses of the volcanic 
rocks. Thorson (1971) has shown that there are no true andesites in the Oatman 
d i s t r i c t ;  and recognized basalt at the base of the volcanic sequence. He 
designated all other rocks, exclusive of the younger capping basalts, as 
rhyol i te,  trachyte, l a t i t e  and quar tz- la t i te .  Christiansen and Lipman (1972) 
included the Oatman d i s t r i c t  in their  fundamentally basaltic suite (bimodal). 
Anderson (1978) suggests that the chemical data of the volcanic rocks from the 
Oatman d i s t r i c t  display neither bimodality nor typical calc-alkaline chemical 
characterist ics. DeWitt and Thorson (in press) suggest that the volcanic rocks 
compose a lower Miocene shoshonitic volcanic sequence (alkaline to sub- 
alkal ine), and were formed during minor extensional tectonism. Thus, many 
questions remain unanswered concerning the nature of the volcanism in the 
Oa~an d i s t r i c t  and the Black Range in general. 

The mineralized veins in both the Oatman a~d Katherine areas appear to be 
spat ial ly related to dikes and plugs of quartz-bearing rhyol i te porphyry. 
These rhyol i te porphyries are typi f ied by a fine-grained equigranular ground 
mass of quartz and K-feldspar, and phenocrysts of quartz, which sometimes are 
par t ia l l y  resorbed (Thorson, 1971). Opaque-looking phenocrysts of sanidine or 
albite (?), plus or minus b io t i te ,  are also presemt. 

In the Oatman d i s t r i c t  most of these rhyol i te plugs and dikes occur in the 
middle or eastern parts of the d i s t r i c t  (Figure ~ }. As some of the rhyol i te 
porphyries were intruded up into the younger volcanics, Thorson (1971) believed 
that they were feeders for parts of the younger volcanics which have been 
removed by erosion. Two prominent examples of these exposed "feeders" are 
Elephant Tooth {19.6 m.y.; DeWitt and Thorson, in press), just  east of the 
town of Oatman, and Boundary Cone, near the southern end of the d i s t r i c t .  A 
chemical analysis of the rhyol i te at Beumdary Cone (Wells, 1937) shows i t  to be 
a highly d i f ferent iated,  high-si l ica alkal i - fe ldspar rhyol i te.  Disseminated 
suTfides occur in dikes radiating from the main mass at Boundary Cone. 

Locally, mineralized veins occur along the margins of these rhyolites dikes 
and, in places, the veins appear to be within the dikes themselves; in other 
cases, the veins offset the dikes. Personnel of Fisher-Watt Mining, who 
control a major part of the d i s t r i c t  and who have had an ongoing exploration 
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program in the d is t r ic t  for some years, feel that the mineralization in the 
d is t r ic t  closely followed the rhyolites in time (P. Durning, personal commun., 
1980). There is some postulation that the mineralization is genetically 
related to a buried rhyol i t ic magma chamber that produced the dikes and small 
intrusive bodies. The ultimate source of the metals may be from somewhere 
else, possibly the Precambrian basement. 

A "mixed feldspar" separate from ore stage mineralization in the Kokomo vein 
collected by this writer has been dated at 20.3 m.y. old. Since the Kokomo 
mineralization in places cuts a rhyolite porphyry dike, the ages of the 
rhyolite (19.7 m.y. on Elephant Tooth) and mineralization must be considered to 
be nearly concordant. Biotite from the top of the Gold Road la t i te  which is 
both pre-rhyolite and pre-mineralization has been dated by K-Ar methods at 18.2 
± 0.9 m.y. (Thorson, 1971). 

The Times Porphyry, a domal laccol i th- l ike mass of granophyre that intrudes 
the lower volcanics, has been dated at 22.6 ± 1.8 m.y. old (Thorson, 1971) on 
hornblende from the core of the intrusion. Chemical analyses of the Times 
Porphyry show i t  to be an epizonal pluton containing a border facies with the 
composition of high-silica alkali-feldspar rhyolite. Thorson believed that the 
Times Porphyry predated the whole upper volcanic series. Lausen (1931), 
however, thought that the intrusive rhyolite bodies and the Times Porphyry were 
all derived from the same magma chamber. DeWitt and Thorson (in press) concur 
that the Times Porphyry and rhyolite stocks and dikes are genetically related. 

Much has been written about the individual mines in the Oatman d is t r ic t .  
Lausen (1931), Wilson and others (1967), Clifton and others (1980, and Durning 
(1984) give much data on the individual mines and major ore shoots. We wi l l  
not repeat these lengthy data here, but rather refer the interested reader to 
these references. 

Some ore remains in the d is t r ic t  and recent explora{ion by Fisher-Watt Mining 
Co. has outlined additional tonnage. Durning (1984) notes that when the Gold 
Road mine was closed in 1942 by War Board Order #L-208; reported reserves 
remained of about 250,000 tons of 0.25 opt Au. He further states that d r i l l ing  
by Fisher-Watt at the United Western mine shows an open-ended reserve Of 
greater than 200,000 tons grading 0.20 opt Au. 

Mining of these relatively low-grade ores would probably resume i f  enough 
high-grade material could be found to just i fy  the capitalization costs of a 
new mi l l .  This is largely what Fisher-Watt and their various jo int  venture 
partners have been attempting to find since the late 1970's. 

References: 
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Liggett and Childs, 1975; Ransome, 1923; Thorson, 1971; Wells, 1937; Wilson 
and others, 1967. 
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OSBORNE DISTRICT 

Location: 

The Osborne mining distr ict covers the southern and central portions of the 
Belmont Mountains south of the Vulture mine on the southern margin of the 
Hassayampa Plain. 

Geology and History: 

Precambrian schists,  gneisses and granites make up most of the l i t t l e  studied 
Osborne d i s t r i c t .  The schists are believed to be part of the Pinal series and 
thus are probably composed of mainly sedimentary and vo lcan ic las t ic  pro to ! i ths .  
Mid-Tert iary volcanic rocks cover older rocks on the northern and western 
portions of the d i s t r i c t .  Numerous subvolcanic plugs and northwest-trending 
dike swarms cut the older rocks and probably served as feeders to now eroded 
portions of a once more extensive volcanic f i e l d .  The subvolcanic plugs form 
a crude east-west bel t  across the so~thern port ion of the Belmont Mountains. 
At least some of these intrusions are andesite and l a t i t e  porphyries in 
composition and host s ign i f i can t  mineral izat ion.  

The largest and most productive mine in the d i s t r i c t ,  the Tonopah-Belmont, was 
discovered in 1904. The ores of the d i s t r i c t  are generally base-metal dominant 
(Pb-Cu) but contain considerable precious metals. Between 1927 and 1928 the 
Tonopah-Belmont produced some 23,420 tons of ore (ADMR f i l e s ) .  The 1927 
production amounted to 2,326 tons which averaged 0.39 opt Au, 3.2 opt Ag, 5.3% 
Pb, and 0.7% Cu. Between 1927 and 1930, production from the mine amounted to 
$610,000; of this total, gold and silver production amounted to $210,000 and 
$120,000, respectively, Keith and others (1983a) l ist  recorded district 
production between 1916-57 as amounting to 86,000 tons from which were 
recowred 13,000 oz Au; 195,000 oz Ag; 1,369,000 lbs Cu; 7,701,000 Ibs Pb; 
and 500 lbs Zn. 

Although remote, the d i s t r i c t  has received some recent renewed exploration 
in terest .  B.T. Gold Explorations of Havelock, Ontario has been conducting 
explorat ion near the Tonopah-Belmont mine since 1982 (Northern Miner, July 5, 
1984). This company is proposing to seek f inancing for  exploration in four 
areas of anomalous surface geochemistry that are at least 35 f t  across with 
values in excess of 0.45 opt Ag. A B.T. Gold Exporations assessment work 
report indicates that the anomalies are associated with a contact area between 
andesite and shales (schist  ?). Gol~ and copper values reportedly increase 
near the contact and are associated with areas of s i l i c i f i c a t i o n ,  s e r i c i t i z a -  
t ion ,  a l un i t i za t i on ,  and po rpy l i t i za t i on .  The Northern Miner story indicated 
that sampled zones of a l terat ion assayed 0.075 opt Au over 45 f t .  A large 
tonnage, low grade target is being sought. Likewise, the nearby Morningstar 
property was also reportedly being sampled by a small company in 1983. 

With such l i t t l e  geologic information known about the d i s t r i c t ,  a thorough 
surface reconnaissance with geochemical sampling seems in order. The Ter t iary  
subvolcanic plugs appear to warrant special in te res t ,  especial ly near the i r  
contacts with the Precambrian rocks. 
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Mines of Interest: 

Tonopah-Belmont (Belmont McNeil) Mine: (W½ Sec. 36, T4N, R7W) Pb-Cu-Au-Ag 
mineralization occurs in fractured zones and brecciated margin of an andesite 
plug that displays considerable re l ie f  above the low h i l ls  in the immediate 
v ic in i ty .  The plug intrudes Precambrian schist and is but one of many similar 
bodies that occur in the southern part of the Belmont Mountains. The plug is 
roughly prismatic and approximately 1,000 f t  on a side. I ts walls are fluted 
and nearly vertical and indicate that i t  was probably some sort of volcanic 
neck. The hosting Precambrian rocks are highly fractured and dikes in a semi- 
radial pattern surround the plug. ADMR f i l e  data indicate that brecciated 
fracture zones extend away from the plug toward the west for at least one mile 
and similar fractures also extend toward the southeast. The outer fringes of 
the fractures are f i l l ed  by la t i te  porphyry. I t  is believed that the minerali- 
zing fluids came up the fractures and breccia zones of the plug to form the 
open f i l l i ngs  and replacement type ores that have been exploited to date. Veins 
that f i l l  the fractures in the plug i t se l f  are typical ly about 300 f t  long and 
average about 4 f t  thick. There has apparently been an intersection of three 
such veins with the margin of the plug, where the ores reportedly become 30 f t  
wide over varying length and are described as becoming "ore pipes." 

The property was most extensively worked in the periods 1926-30, 1940-41, and 
1944-46. During the lat ter  period the mine was said to have had much damage 
to i ts workings due to p i l l a r  robbing, etc. The mine reportedly has a 450 f t  
shaft with over 12,000 f t  of lateral workings. The ore shoots were reportedly 
mined from the surface to the 400 f t  level below the adit (about 600 vertical 
feet). 

The property was examined in 1961-62 by the Milca (Onego Corp.) Mining Co. of 
Pittsburg, Pennsylvania, who repaired the shaft and dri l led a 1,043 f t  diamond 
d r i l l  hole, which apparently yielded rather unencouraging results. A report 
in the ADMR by a J. E. Wilson, E.M., who apparently worked about 4 months on 
the property for Milca, states the following: 

"The veins f i l l i n g  the fractures are 400' plus long and 4' wide until the 
intersection of veins #2, #3 and #4 are reached at which place they attain 
a width of up to 40'. The dip of the NE vein is 78 degrees S and the rake 
is eastward. The SE vein has almost a vertical dip and rakes N. These 
ore shoots were mined thru to the surface from the 400' level below the 
adit level. The adit level is 200' plus and minus (allowing for contour) 
below the surface. 

The rake of the vein after intersection plunges sharply to the East and 
because of this deviation the shaft penetrated the end of the ore shoot. 
An X-cut was driven South from the bottom of the shaft to allow for the 
dip of the vein and then a d r i f t  tunnel was driven E to pick up the vein 
at the point where the vein raked into i t .  The vein at this point is 
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eight feet wide and was d r i f ted  on for  a distance of about 400'. The ore 
was stoped upward for  about 15' and the vein ~s strong and consistent the 
f u l l  length of the d r i f t  from the point where the vein raked into the 
d r i f t .  

Two winzes were sunk to a depth of 20' on the level and both are damp from 
about I0' down and water about two feet deep isstanding in the bottoms of 
each. They both contain su~phides and indicate that water level has been 
attained. There is no diminuation of the vein at the bottom of the winzes 
and i t  is my convict ion that the vein w i l l  continue downward to a great 
depth. I cut chip samples from the faces at the bottom of the winzes and 
the assays revealed 12.2% copper, .43 oz gold, 3.6 oz silver and .82% 
I earl." 

The B. T. Gold Explorations of Ontario reported in 1984 that surface trenching 
revealed a zone 50 f t  wide that averaged 0.07 opt Au. They were apparently going 
to promote a stock issue in an e f f o r t  to raise d r i l l i n g  money. 

The property sounds in terest ing and should be examined as a j o i n t  venture 
or buy out explorat ion poss ib i l i t y .  

Morningstar (Belmont Eastern) Mine: {Sec. 6, T3N, R6W) The property was f i r s t  
worked in 1928, but was then l e f t  id le  un t i l  1937 when three cars of ore were 
shipped. In 1940 the property was leased and small production accompanied 
exploration and development work unt i l  1946 when the mine was again i d l e .  
Mineral izat ion is described as 3 veins averaging about 2.5 f t  th ick ;  two 
s t r ike  norther ly and one trends EW. The veins are hosted by andesite near a 
contact with rhyo l i te .  They seem to dip toward the rhyo l i te  contact and 
enclose the rhyo l i te  on 3 sides; west, south and east. The rhyo l i te  is 
reportedly considerably altered as is the andesite a~joining i t .  The ore 
consists mainly of chalcocite and copper carbonates, thought to have formed by 
oxidation of primary chalcopyri te.  Development consists of a 24 ° incl ined 
shaft 425 f t  in length; a 30 f t  vertical shaft with a 35 f t  dr i f t  from the 
bottom reportedly all in ore; one 102 ft tunnel probably all in ore and several 
surface cuts and trenches. In 1937, the ore reportedly averaged 9.15% Cu, 2.30 
opt Ag, 0..01 opt Au. While the gold values are very low, one wonders i f  this 
ere was mined from oxidized surface ores for  i t s  copper content and that the 
gold values might be somewhat leached. The nearby Tonopah-Belmont mine which 
might have s imi lar  character ores, displayed comparable copper and s i l ve r  
values, but had much higher gold. 

Moon Anchor Mine: (Sec. 31, T4N, R7W) No descript ion is avai lable. CRIB f i l e s  
indicate that i t  was a vein deposit in andesite that has had some production. 
Major commodities were Pb, Ag, Au (apparently in order of importance). Mine 
production amounted to 25 tons/day in December, 1942. 
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Scott Lead Mine: (Sec. 21, T4N, R7W) Two intersecting veins; one strikes 
N15°E ', the other NI5°W. Veins carry argentiferous galena in quartz gangue. 
Some 22 tons of ore shipped around 1945 than ran 12% Pb and 26 opt Ag. Ore 
carries about 0.03 opt Au. The deposit is probably small. 

Divide Iron Cap: (Sec. 10, T4N, R7W) The host rocks are volcanics underlain 
by rhyol i te and andesite. Two veins about 400 f t  apart reportedly are traceable 
on the surface for 3,000 f t .  The Divide vein occurs at a l i thologic contact and 
is reportedly 6 to 8 f t  wide. The Iron Cap vein is from 3 to 6 f t  wide. The 
two veins trend northwest. Development consists of shallow workings. Values 
in the Divide vein occur in hematite and average about 0.12 opt Au and 1.5 opt 
Ag. Iron Camp vein has values of about 0.10 opt Au, I opt Ag, and 2.5% Pb 
according to a 1939 report. 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Keith and others, 1983a. 
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PIKES PEAK (MORGAN CITY) DISTRICT 

Location: 

The Pikes Peak d i s t r i c t  covers the central and southern portions of the 
Hieroglyphic Mountains which are located about 12 miles north of Sun City in 
northern Maricopa County. 

Geology and History: 

The Hieroglyphic Mountains corsist of low pediment flanked h i l l s  floored by 
Precambrian schists and grani t ic rocks that in places are cut by mid-Tertiary 
volcanics dikes. Small patches of fe ls ic  volcanic rocks overlie the Precambrian 
basement as scattered erosional remnants. Volcanic rocks increase in thickness 
and volume northeastward toward the Castle Hot Springs area and northwestward 
in the White and Red Picacho areas where major volcanic vents occur, Ward 
(1977) indicated a possible volcano-tectonic depression exists in the Castle 
Hot Springs area. Miocene or Pliocene(?) basalt flows (Hickey Basalt equivalert] 
unconformably cap the geologic section in the Hieroglyphic Mountains. 

The Precambrian schists exposed in the d i s t r i c t  have a predominantly sedi- 
mentary proto l i th.  These rocks have been the source of considerable interest 
as they contain a large Proterozoic banded iron deposit ( i .e .  S1att and others, 
1978; USBM RI-5319), They are also of interest in that they seem to contain 
carbonate-rich zones that may be of exhalative origin which could provide a 
potential source of metals. 

Known gold mineralization occurs in steep to shallow dipping epithermal veins 
that are largely composed of dark calci te where they crop out at the surface. 
Several separate areas of mineralization occur in the d i s t r i c t .  The Copper 
Lakes (Clementine) and the Mystic deposits have been recently dr i l led and 
contain moderate to small reserves respectively. The Black Prince mine has 
been the major h istor ic  producer in the d i s t r i c t .  Tungsten mineralization 
also occurs in the d i s t r i c t  and one prospect occurs very near the Clementine 
gold deposits. 

Keith and others (1983a) l i s t  known production from the d i s t r i c t  between 1917 
and 1960 as amounting to some 2,400 tons of ore containing 1,000 oz Au, 2,000 oz 
Ag, 11,000 Ibs Cu, and 55,000 Ibs Pb. Almost al l  of this production probably 
came from the Black Prince and Morgan City properties. Copper Lakes Mining 
Co., a small Canadian exploration company, conducted a shallow d r i l l i ng  program 
in 1980-81 that outlined a low-grade reserve on the Clementine property. 
According to N. American Gold Minin9 Industry News (Oct. 26, 1984), Copper 
Lakes claims the property contains "proven and probable reserves" of 5.52 
mi l l ion tons averaging 0.055 opt Au and another 7,7 mi l l ion tons of "possible" 
reserves of similar grade. An ear l ier  report (1983) in this same journal 
indicated that "proven" reserves amount to 1.1 mi l l ion tons grading 0.054 opt 
Au, This f irm has spent considerable money on erecting buildings, an 
opt imist ica l ly  large heap-leach pad, water storage fac i l i t i es  and leach 
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c i r cu i t r y .  Typical of many small Canadian stock companies, Copper Lakes 
apparently got into f inancia l  d i f f i c u l t i e s  and the operation was forced to 
close in 1982 without ever rea l l y  producing any gold. The company apparently 
corrected the s i tuat ion in 1984 and is again in control of the property. 
Although the proven reserves are small and of low-grade, they are apparently 
semi-re l iable and based on about 200 shallow d r i l l  holes (D. Wahl, personal 
commun., 1982). Mr. Wahl studied the geology of the deposit area and 
indicated that some areas of potent ial  were not d r i l l ed .  This wr i te r  would 
consider that the "possible" and "probable" reserves are probably highly 
speculative. 

In 1980, Ranchers Exploration Co. began dri l l ing the nearby Mystic property. 
Ranchers drilled 88 core and rotary holes on the Mystic vein system and suc- 
ceeded in outlining a small but high-grade ore body that contafns 26,130 tons 
of ore grading 0.72 opt Au and 0.37 opt Ag (Pay Dirt, Sept. 1984). Ranchers 
joint ventured the property to Goldsil Mining and Milling, Inc. in 1984, who 
started construction on a decline in August. Production is expected to begin 
in late 1984 or early 1985. Goldsil expects the mine to have a two-year l i fe  
with a planned mining rate of 75 tons per day. About 12,000 oz Au are 
anticipated to be produced in the f i rs t  year of operation. 

The distr ict  obviously contains considerable gold mineralization. Tertiary 
epithermal mineralization is one obvious target; Precambrian syngenetic 
mineralization is a more remote possibility that should be investigated in 
this region. There appears to be a distinct possibility of a Precambrian 
source of gold in some of the Tertiary deposits in this and adjoining districts 
(i.e. Castle Creek, White Picacho). Actual Precambrian gold mineralization of 
commercial grades, however, s t i l l  lacks documentation in this region. 

Mines of Interest: 

Clementine (Charlotte, White Peak) Property: (Secs. 10 & 15, T5N, RIW) 
Epithermal ca lc i te-quar tz  veins f i l l  brecciated and shattered zones cutt ing 
Precambrian schists. Most veins appear to run approximately N65°-70°W with 
shallow dips to the SW. These veins contain quartz, s ider i te ,  ankeri te,  
ca lc i te  and some manganese and iron oxides. The veins contain some vugs 
l ined with clear to amethystine quartz and some f l u o r i t e .  The Charlotte 
mineralized zone consists of several f l a t  veins which steepen to 40 ° dips at 
about 30 f t  below the surface. This property has a rather celebrated h is tory.  
I t  was explored by Peter Hurkos, the famous psychic, and backers in the 1960's 
who claimed by psychic revelat ion to have been led to the mine which was beyond 
a doubt, the Lost Dutchman mine. We are not sure what Hurkos was smoking at 
the time of his revelat ion,  but i t  undoubtedly must have been imported. At 
some la te r  time the property passed to a Phoenix plumber who involved the 
Copper Lakes people in the late 1970's. Copper Lakes announced in October, 1984 
(N. American Gold Minin 9 Industry News) that they had agreed to buy out the 
remaining 80% ownership for  $6 m i l l i on  and were planning to go into production 
to produce 7,000 oz Au/year by crushing and agglomeration leaching at a mining 
rate of 1,700 tons per day. Copper Lakes state they have proven d r i l l e d  
reserves of 1.1 m i l l i on  tons grading 0.054 opt Au, "probable" reserves of 
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5.5 mi l l ion tons of s imi lar grade, and 17.7 mi l l ion tons of "posSible" reserves. 
These figures are reportedly based on 25,800 f t  of 5-inch percussion d r i l l i n g .  
This wr i ter  believes that the "probable" and "possible" reserves are highly 
speculative at best; however, i t  is believed that untested favorable areas 
could s t i l l  exist at the property. While probably not a large deposit, i t  
could be of interest to a small company. The heaviest mineralized area 
reported (ADMR) has surface dimensions of about 150 by 200 f t  and is said to 
be bordered by 2 transverse s ider i te veins which are said to be older than the 
rest of the mineralization. These sider i te veins are 1-2 f t  wide, consist of 
s ider i te and ankerite, and contain Pb-Zn values. D. Wahl (personal commun., 
1982) indicated that Precambria~ schists in the v i c i n i t y  of the main mineral i- 
zation contain carbonate-rich sediments (possible exhalites) that may provide 
a source for gold and carbonate in the Tertiary veins. He further suggests 
that a Tert iary rhyol i te vent is exposed near the mine which may have acted 
as a heat source for some of the hydrothermal system. Some reports indicate 
that the schist in the mine v i c i n i t y  has been rotated along an extensive 
f l a t  fau l t .  

Mystic Mine: (Secs. I I  & 12, TSN, RIW) L i t t l e  detailed geologic information 
is known about this property. Gold mineralization reportedly occurs in an east- 
west shear and is of high-grade (often greater than 1.5 opt Au) but spotty 
character. The orebody extends to w~thin 75 f t  of the present surface and 
downward to a depth of 300 f t .  Dr i l l i ng  by Ranchers Exploration suggested a 
l i tho lcg ic  control to the mineralization. At one time Ranchers apparently 
controlled or proposed to control some 22,600 acres of land surrounding the 
Mystic because of i ts  s im i la r i t y  in geology. I t  was widely rumored at the time 
that the mineralization was syngenetic to the Precambrian with remobilization 
by Tert iary trachyte dikes. The presence of banded iron formation in the 
v i c in i t y  undoubtedly he~ped promote the idea. The American Copper and Nickel 
Co. entered into a j o i n t  venture with Ranchers in 1982 and after some 2,000 f t  
of core d r i l l i n g  advised the partnership that i ts  l imited d r i l l i n g  had not 
produced evidence of the type of deposit i t  was seeking, They withdrew in 1983. 
Dr i l l i ng  by ACNC and Ranchers encountered considerable ore grade material, but 
much of this had l i t t l e  or no cont inui ty.  Surface sampling by Ranchers 
indicated the presence of s igni f icant  gold mineralization on some 20 acres 
having simi lar geologic environment to that where the original Mystic d r i l l i n g  
had been conducted. They f e l t  a major d r i l l i n g  program would be necessary to 
explore the property adequately, but decided not to proceed without outside 
funding. Exploration by Ranchers since 1980 has apparently outlined 26,130 tons 
of mineable material that averages 0.72 opt Au and 0.37 opt Ag. Goldsil Mining 
Co. optioned the property from Ranchers and started a decline to the ore zone 
i~ August, 1984, 
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At the surface the mineralization is marked by epithermal calcite veins that 
f i l l  fault or fracture zones in the Precambrian basement. Foliation of the 
schist strikes nearly NS and dips ver t i ca l l y .  I t  resembles the Pinal schist 
in some respects. The area is crosscut by some EW andesite to trachyte 
appearing dikes that dip steeply to the south. Mineralization is apparently 
restr icted to the Precambrian footwalls of the dikes. Occasionally the dikes 
themselves are mineralized. The mineralized dikes are reportedly altered and 
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heavi ly stained with red-brown l imon i te .  Veins are said to occur en echelon 
or as para l le l  s t ructures and consist  mainly of ca l c i t e  and manganese f i l l i n g .  
The mineral ized zone seems to extend some 3000 f t  along s t r i ke .  While the 
surface expression of the dikes are unmineral ized, a reddish color  anomaly 
is reported to occur over the mineral ized area. The property was discovered 
in about 1972 by two re t i red  Sun Ci ty residents who were at t rac ted to the 
property by Pb-Zn values. They performed some assessment work d r i l l i n g  over 
the years to develop the Pb-Zn minera l i za t ion .  Eight holes in one cross- 
sect ional  l i ne  averaged 2.2% Pb and 2.75% Zn with minor Cu. The gold minera l i -  
zat ion occurs about 500 f t  west of the Pb-Zn minera l i za t ion  and was discovered 
in one or two d r i l l  holes explor ing the extent of the base metal m inera l i za t ion .  
I t  is not known i f  the Pb-Zn and the Au minera l i za t ion  are part of the same or 
d i f f e r e n t  systems. 

Pikes Peak Iron Deposits: (Secs. 8, 17-19, T6N, RIW and Secs. 13, 24, 25, T6N, 
R2W) Owned by Kaiser Steel Co., banded iron formation ores occur in !0 large 
lenses and many smaller ones in Precambrian schist. Iron occurs mainly in 
limonite and hematite. Iron ores l ie  in a zone 500-2,000 f t  wide by about 
16,000 f t  in length. Ore lenses are parallel and trend NE. U.S. Bureau of 
Mines tested parts of the deposit and estimated 100,000,000 tons of material 
averaging about 30% Fe with variable but high SiO 2 and 2.5 to 3% Mg (see USBM 
RI-5317). 

Pikes Peak (Morgan Ci ty)  Claims: (Sec. 31, T7N, RIW) A I -2 f t  vein (mainly 
ca l c i t e )  at the surface s t r ikes N to NE and dips steeply east in Yavapai (?) 
sch is t .  I t  has been fol lowed for  about 2,000 f t  along s t r i ke .  Information is 
sketchy, but the vein may occur at a f a u l t  contact between schist  and Ter t ia ry  
volcanics.  The upper 50 f t  of the vein was free m i l l i n g  with py r i te  becoming 
abundant below th is  leve l .  Vein is thought to disappear in the volcanics 
several hundred feet  north of the main shaf t .  The vein is said to weaken 
toward the south and is o f f se t  by f au l t i ng  towards i t s  NE end. Addi t ional  
veins (mainly narrow and discontinuous) are said to occur east and west of 
the main vein. Some of these subsidiary veins have had production. Numerous 
prospect p i ts  and shallow d r i f t s  are reported to occur along NE-trending 
quartz veins (usual ly  less than 18 inches wide) in the SW corner of Section 31. 

The pr inc ipa l  workings consist  of a 265 f t  shaf t  wi th d r i f t s  at 100 and 200 f t  
levels.  Several hundred tons of free m i l l i n g  ore is said to have been mined 
from the shaft  in the ear ly  days. An addi t ional  200-300 tons of free m i l l i n g  
ore repor ted ly  came from the same vein about 200 f t  south of the shaf t .  Many 
shallow p i ts  occur along s t r i ke  between these two areas, from which ore was 
claimed to have been mined and shipped. Other veins in the area reportedly 
occur in both the schist  and volcanics and at the contact between the two. 
Many of these structures have never been prospected. I n  1941, 223 tons of ore 
were mined and shipped from the 100 f t  level of the 265 f t  shaf t .  This material  
averaged 0.32 opt Au, 0.47 opt Ag, and about 0.5% Cu. At the bottom of the 
shaft  the vein reportedly ran 0.265 opt Au, but because of the su l f ides 
apparently wouldn' t  m i l l  as we l l .  In 1935, about 1200 tons of t a i l i n g s  that  
had been treated in a crude cyanide p lant  near the mine produced about $8,000 
(±400 oz Au). 
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ADMR f i l e s  indicate that 5 patented claims and 2 patented mi l l  s i tes were for  
sale in 1982 and that Fred Johnson (who at times acts as an agent for  Ranchers 
Exploration Co.) was looking at the property for a c l i en t  who was reportedly 
interested in the claims. Johnson claimed to be opt imis t ic  about possible 
reserves on the northeast end of the vein structure where i t  is f au l t  displaced 
in segments and eventually goes under volcanic cover. He apparently f e l t  that 
the area merited some d r i l l i n g .  

Spanish Diggins: (SW Sec. 32, T7N, RIW) No information concerning geology. 
Property includes a d r i f t  located near the wash east of Pikes Peak mine. 
Property reportedly has had soma production, 

White Peak S{ l ica Mine: (Set. 15, TSN, RIW) Large quartz body mined and shipped 
as f lux  to the Ajo smelter. Averaged 95-96% s i l i c a  and 0.75 opt Ag. The 
deposit is said to contain about 100,000 tons of material available for shipping. 

Prince of Arizona: (SW¼NE¼ Sec. 16, T5N, RIW) Mineral izat ion occurs on a 
f racture zone dipping about 30 ° . The vein f i l l i n g  is p r inc ipa l l y  sheared country 
rock with considerable amounts of manganiferous ca lc i te  containing some Au, Ag, 
Pb and V. There are several incl ined shafts with la tera l  workings. Some 
stoping was done near surface for  Au and Pb on these 10 patented claims. 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Johnson, 1972; Keith and others, 
1983a; Wilson, 1961; R. T. Wilson, unpubl, f i e l d  notes. 
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PILGRIM DISTRICT 

Location: 

The Pilgrim mining d is t r i c t  l ies on the eastern edge of the central portion of 
the Black Range about 9 miles west of Chloride. The d is t r i c t  trends northwest 
and is about 2 miles in length. I t  lies in the NW portion of T23N, R19W. 

Geology and History: 

The d is t r i c t  l ies in the eastern foothi l ls of the Black Range. Bedrock consists 
mainly of rhyol i t ic  volcanic rocks of probable "Patsey Mine" age (c~f. Anderson 
and others, 1972). The history of the d is t r i c t  essentially parallels the 
history of the Pilgrim mine which has had a fa i r l y  substantial production. 
Schrader (1909) describes the Pilgrim mine as being situated at the contact 
between the volcanic rocks and a granite porphyry basement. Schrader defines 
the contact as a low-angle fault that has massive to brecciated rhyolite as the 
hanging wall and granite porphyry as the footwall. Hastings (1937), on the 
other hand, states that the footwall is i l l -def ined, but that i t  mainly 
consists of andesite that is complicated by a number of rhyolite intrusions. 
He further states that the fault  separating the rhyolite from the andesite is a 
well defined shear zone that strikes N30°W and dips 30 ° to the west. The 
hanging wall of this zone is marked by a persistent streak of red gouge that 
ranges up to 4 f t  in thickness. 

The footwall of the main shear zone is cut by a series of minor, high-angle, 
shear zones that strike roughly NS. In places, these high-angle faults 
continue on through the hanging wall. The acute angle intersections between 
the high-angle faults with the major low-angle fault are said to have produced 
noticeable enrichment along the footwall. Where these high-angle faults 
continued on through to the hanging wall, a large, low-grade orebody developed 
from wall to wall (Hastings, 1937). A typical cross-section showing the 
relations of the orebodies to the structure is shown in Fi'gure . 

Hastings believed the NS-striking, high-angle faults served as "feeders" of 
the mineralization into the main shear zone. As of 1937, five of these feeders 
had been traced on the surface, and two had been developed by underground 
dr i f t ing.  Mineralization along the feeders consisted of stringer zones of 
narrow quartz veins separated by barren andesite or rhyolite. The stringers 
ranged from less than I inch to 24 inches in width and formed zones from 4 to 
22 f t  in width. Individual stringers contained up to 1,000 opt Au. Hastings 
(1937) notes that ore broken from stoping these stringers across an 8 f t  face 
averaged 1.75 opt Au. 

The vein material between walls consisted mainly of brecciated fragments of 
underlying turfs. The distance between walls varied with depth, but was said 
to average about 60 f t .  Commercial bodies of 3 to 18 f t  in width were found 
along each wall (Figure ~+). In 1937, orebodies were most often found in the 
rhyolite rather than the andesite; in apparent response to the rhyolite's 
ab i l i ty  to shatter more readily in the fault zones. 
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Hastings (1937) described three major types of ore that were encountered in the 
mine: 

1. Quartz-rhyolite breccia where the quartz resembled the 4th and 5th 
stage quartz in the Oatman d is t r i c t  (c . f .  Ransome, 1923). This quartz is 
either waxy yellow or waxy green in color, with primary values predominating 
but with secondary values in the cleavages of both quartz and rhyolite. 

2. Quartz-rhyolite breccia, in which the quartz is of the 5th stage (waxy 
green color) only and has primary values of very fine gold disseminated 
throughout the quartz. 

3. Calcite-quartz breccia, with variations of calcite replaced by quartz 
and spar. 

Hastings (1937) indicated that detailed geologic studies of the mine area showed 
that ore deposition and structural conditions of faulting were very complex 
and nonsystematic. Reliance could not be placed upon projection of ore or 
faults from one level to the next because of structural complexities. He 
states that successive vertical cross-sections at 50 or 100 f t  intervals do 
not appear to be sections of the same mine. These conditions presented a 
serious problem for prospecting and mine development. The mine practice was 
to generally "follow the ore." 

The Pilgrim mine was located about 1903 and the main shaft had been sunk to a 
depth of 360 f t  with some dr i f t ing and high-grade ore shipped by 1907. The 
mine was mainly idle between 1907 and 1928. In 1928 the mine was leased with 
some development and high-grade ore being milled. Between 1933-34 the mine was 
leased to the Pioneer Gold'Mining Co. and considerable development work was 
performed and a f lotat ion mill was bui l t .  In 1937 the vein was developed by 
numerous pits and shafts along the 4,500 f t  of surface exposure. The main shaft 
on the Pilgrim claim was sunk to a depth of 575 f t  on a 37 ° incline. Stations 
were cut on the 50, 150, 263, 354 and 500 f t  levels. Hastings states that 
horizontal workings amounted to nearly 7,000 f t .  Major production at the mine 
began in 1935 when 26,000 tons of ore were produced. In 1936 production 
amounted to 29,304 tons of ore which averaged (heads) 0.265 opt Au and 0.137 
opt Ag (Hastings, 1937). 

Keith and others (1983a) have combined the production from the Portland and 
Pilgrim d is t r ic ts .  Recorded production from the Pilgrim mine amounts to 23,100 
oz Au and 17,250 oz Ag from 157,500 tons of ore (Keith, personal commun., 1985). 
Production figures also show that the Scott mine produced some 1,050 oz Au and 
747 oz Ag from 4,650 tons of ore. We could not find the location of this 
property. I t  may be the property that the South Pilgrim Mining Co. was pros- 
pecting in 1934 about 0.5 mile south of the Pilgrim mine (Wilson and others, 
1967). 

The nature and dip of the Pilgrim fault  indicates that i t  might be a l i s t r i c  
fault  or possibly even a detachment-like low-angle fault .  I t  would seem that 
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the wide brecciated zone of the Tow-angle system might hold some potential for 
low-grade open-pitable reserves. This possibi l i ty should be examined. We have 
no knowledge of w~o currently controls the property. In 1976 someone was 
augering the railings from the Pilgrim mil l .  

References: 

Arizona Dept. Mineral Resources, f i l e  data; Hastings, 1973; Schrader, 1909; 
Wilson and others, 1967. 
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PINE GROVE-TIGER (CROWN KING) DISTRICT 

Location: 

The Pine Grove-Tiger mining distr ict  consists of two contiguous mining camps, Pine 
Grove being the more northerly, located in the central Bradshaw Mountains 40 miles 
by road southeast of Prescott. The distr ict  essentialIv covers the eastern half of 
TION, RIW (protracted). 

Geology and History: 

A northeastward-trending belt of Precambrian Yavapai Series schist, intruded on 
its western and eastern flanks by Precambrian granites and diorite (gabbro) 
constitutes basement in the d is t r ic t .  The Precambrian Brady Butte granodiorite 
intrudes the western flank of the Proterozoic schists and has been dated at 1770 + 
10 m.y. (U-Pb/Zr, Anderson and others, 1971). Its intrusion predates regional 
folding and metamorphism. The somewhat younger Precambrian Crazy Basin quartz 
monzonite intrudes the schist belt on i ts eastern side. Intrusion of this 
batholith post dates most of the regional deformation (DeWitt, 1979). 

The belt of Proterozoic schist extends for miles both to the southwest and to the 
northeast and is divisible on our map into packages dominated by mafic volcanics 
and those that consist mainly of epiclastic sediments (cf. Donnelly and Hahn, 
1981). DeWitt (1976, 1979) mapped the area in detail and describes the Proterozoic 
schists as consisting essentially of two units consisting of (oldest to youngest): 
(1) some 3500 m of basalt ic-rhyoli t ic flows and pyroclastics that are interbedded 
with chert, limestone, and oxide facies iron-formations; which are unconformably 
overlain by, (2) pel i t ic  sedimentary rocks. Subsequent regional deformation 
resulted in isoclinal folding of all strat i f ied rocks about steeply dipping, 
northeast-striking axial planes (DeWitt, 1976). DeWitt's mapping, contrary to 
previous investigators in the area ( i .e. ,  Anderson and others, 1971), indicates 
that stratigraphy trends across the regional fol iat ion (N30°E), although i t  is 
elongated in that direction. Thus, within the strat i f ied volcanic sequence, rocks 
are oldest on the north and youngest on the south. 

A granodiorite pluton of Laramide age (65 m.y. date reported by Keith and others, 
1983b), covering a several square mile area intrudes the older rocks near the 
central portion of the distr ict  and is host to many of the productive veins. 
Northeast-trendirg rhyolite porphyry dikes cut the Precambrian rocks and the 
Laramide pluton and are themselves believed to be of Laramide age. An alternative 
possibil i ty is that the dikes are of mid-Tertiary age as they exhibit a trend 
similar to mid-Tertiary rhyolite dikes that are related to epithermal 
silver-gold-tungsten veins in the Tip Top distr ict  10 miles further south. 

Lindgren (1926) and Wilson and others (1967) describe the vein deposits in the 
d is t r ic t .  DeWitt (1976) describes several volcanogenic massive sulfide deposits 
hosted in the Proterozoic schists. The gold-bearing deposits of the distr ict  are 
generally contained in three separate groups of veins. These veins strike 
north-northeast, dip about 60°NW, and are usually less than 5 f t  wide (Wilson and 
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others, 1967). The most productive of the vein deposits occur in the Laramide 
granodiorite, although productive deposits have also been mimed fr~n the 
Prcambri an rocks • 

Vein gangue consists mainly of quartz with some ankerite and ca lc i te .  Much of the 
quartz is drusy and contains pyr i te ,  chalcopyrite, sphaler i te,  galena ard some 
te t rahedr i te  (Lindgren, 1926). Free gold occurs with the sulf ides in places; 
however, most of the mined ore was at least par t ly  oxidized. Near the surface, 
ores were very rich in gold and s i l ve r ,  often containing $100/ton (pro-1926 
prices) in these metals. Some mines were gold dominant while others were r icher in  
s i l ve r .  The rich s i l ve r  ores terded to be accompanied by abundant ankerite (Wilson 
and others, 1967). Most workers believe the veins to be genet ical ly related to 
e i ther  the Laramide granodio~te or the related rhyo l i te  dikes. Porphyry copper 
mineral izat ion associated with the Laramide pluton supports th is  idea. (Exxon 
d r i l l ed  a porphyry system near Crown King in  the late 1960's.) The fact that the 
unoxidized veins are su l f ide rich indicate that the gold-s i lver  mineral izat ion may 
represent an outward Pb-Zn-Au-Ag zoning f r inge of a porphyry copper system (cf.  
Keith aM others, 1983b). 

Mining ac t i v i t y  was reported at a few mines i~ the d i s t r i c t  as early as 1874, but 
s igni f icant  production probably did not occur unt i l  a f ter  1890 {Koschmann and 
Bergerdahl, 1968). The Crown King mine was the largest gold producer in the 
d i s t r i c t .  I t  was most active between the periods of 1893-1900, 1903-1923, and 
1934-1951. Between 1890-1901, the ore shoot was followed to a depth of 650 f t  and 
produced an estimated $1.5 m i l l i on  (Wilson and others, 1967). The tota l  d i s t r i c t  
production is stated by Keith and others (1983a) to be some 270,000 tons of ore 
that contained 122,000 oz Au, 1,115,000 oz Ag, 1,518,000 ]bs Cu, 806,000 Ibs Pb, 
and 3,312,000 Ibs Zn. This estimate did not include the early estimates of 
production from the Cougar, De] Pasco, Oro ~el le and Lincoln Mines. Wilson and 
others (1967) states that the produotio~ of the Oro Belle-Gray Eagle property was 
estimated to be $700,000 through 1912, Production between 1907 to 1909 yielded 
5,662 oz Au, 16,301 oz Ag and 23,830 Ibs Cu. Using th is rat io  of metal production 
and metal values current at the time, th is  wr i te r  arrives at a production estimate 
for the Oro Belle mine amounting to 29,500 oz Au, 84,700 oz Ag, and 126,000 Ibs 
Cu. This would increase the d i s t r i c t  wide production to about 150,000 oz Au. 

Besides the porphyry related (?) vein deposits, massive sul f ide orebodies in the 
Proterozoic schist also exist in the region between Crown King and Mayer. While 
those found to date are mainly small to moderate size, copper dominant systems 
( i .e .  DeSoto and Blue Bell mines), they also carried some gold (Blue Bell ores 
averaged 0.06 opt Au and about 2.7% Cu; Lindgren, 1926). Zinc-r ich massive su l f ide 
ores in the Bradshaw l~ou~tains tend to carry more gold than the copper dominated 
systems (cf .  Oewitt, 1983). The famous Iron King mine located about 28 miles to 
the north, contained a 5 m i l l i on  ton zinc-dominant massive sul f ide ore body that 
averaged 0.123 opt Au, 3.69 opt Ag, 7.34% Zn, 2.5% Pb and 0.19% Cu (Gilmour and 
Sti l l ,  1968). Gold-domina~, exhalative deposits are also known to exist in the 
Yavapai Series schist in the Bradshaw Mountains (i.e. Swan and others, 1981) and 
should be considered as an exploration target in the Crown King area. DeWitt 
(1975, 1979) makes mention of calcareous mafic t u f f  (minimum thickness of 
500-700m) ex!~osed from east of the Oro Belle mine to the Gladiator mine. He fe l t  
that i t  was probably a tuffaceous volcanic last ic sediment associated with pillowed 
basalt flows. Chemically the unit resembles a marl. One wonders i f  this unit could 
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contain exhalative gold mineralization. The Gladiator mine is located in the 
calcareous unit near i ts  contact with a thick pile of subaqueous andesite. Wilson 
and others (1967) note that "alteration" near veins in schist at the Lincoln mine 
consists of sericite and ankeritic carbonates. Lingren (1926) gives the most 
detailed descriptions of some of the old mines in the d is t r i c t .  

Mines of Interest : 

Crowr Kin 9 Mi ne: (Located southeast of Towers Mountain i n Sec 10, TION, RIW.) The 
mine was the most productive gold producing deposit in the d is t r ic t .  The vein 
strikes north- northeast, dips 70°W and averages 2 f t  in width. I t  cuts both the 
granodiorite and the Yavapai schist. Ore consists of quartz with abundant 
sphalerite and pyrite and some chalcopyrite and native gold. Ore reportedly 
averaged 0.5 opt Au and 4 opt Ag. The vein contained two ore shoots that pitched 
northward at low angles. The vein reportedly spl i t  at the northern end. Oxidized 
surface ores were very rich. Tailings from an old amalgamation mill were said to 
have contained 0.3 opt Au, 4.5 opt Ag and 11% Zn. Wilson and others (1967) stated 
that the mine was developed by, "480-ft shaft with a 913-ft tunnel 150 f t  below 
the collar, and a 500-ft winze with 5 levels that each extend about 1,200 f t  north 
and from 200 to 500 f t  south". While all ore was said to be extracted between the 
surface and ~he 3rd level, some ore was reported to remain between the 3rd and 
5th. 

Gladiator (Nelson, Philadelphia, War Ea~le Gladiator) Mine: (Located northeast of 
the Crown King in Sec 2, TION, RIW.) Persistent vein is reportedly traceable for 
5.,000 f t  on surface and cuts Proterozoic calcareous schist. The nearby Nelson vein 
is subparailel to the Gladiator vein which strikes N2OOE. The Nelson vein is also 
traceable for a long distance, strikes NIO°E, and is located a short distance to 
the east of the Gladiator. The Nelson vein is reportedly exposed at the 250 f t  
deep shaft near top of the ridge at an altitude of 7000 f t  and has been opened by 
the Philadelphia tunnel 800 f t  from the portal. Lindgren (1926) reported the 
tunnel follows this vein for 3000 f t ,  but without reaching ore. The same vein is 
reportedly opened by an upper tunnel 280 f t  above the Philadelphia adit. Lindgren 
reports that in these workings, however, the Nelson vein consists of a 2-5 f t  
thick ankerite f i l l i n g  containing scant sulfides; dipping generally 60°-80°W, but 
in places steeply east. I f  the Nelson vein is identical with the vein at the shaft 
1000 f t  higher up on the ridge, a change has taken place in the vein f i l l i n g ,  for 
in the upper shaft i t  shows a quartz gangue that carried $20 per ton (pre-1926 
prices) gold and silver. The Gladiator vein was apparently faulted off. I t  
reportedly yielded a considerable production of gold from oxidized quartzose ores 
near the surface. CRIB records indicate that the vein was mined to about the 700 
f t  level and that the mine contained some 4500 f t  of level workings. The length of 
the overall mined area was about 1000 f t .  The deposit is believed to be of 
Laramide age, but the abundant ankerite suggests a possible Precambrian heritage. 

Fairview Mine: The Fairview property is located high on the ridge 2 miles north of 
Crown King. The vein is considered to be an extension of the Nelson and strikes 
N40°E and dips 70°W. In lower tunnel (230 f t  long), the vein is 3-4 f t  wide, 
generally massive and contains some pyrite and chalcopyrite. Country rock is a 
black clay slate of sedimentary origin striking N30°E and dipping steeply east, In 
places i t  contains quartzite beds and narrow dikes (?) of granite porphyry. Ore 
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was said to run $30 ton, mostly in gold. A short distance north of the Fairview 
tunnel, a shaft on the east side of the gulch exposes a lenticular deposit in 
s~ate consisting of siderite, magnetite, pyrite and chalaopyrite (Lindgren, 1926). 

Lincoln Mine: (Located in Sec I ,  TION, RIW; abo~ 2 miles north-northeast of Crown 
King at an elevation of about 7000 f t . )  Vein in schist near granite contact, 
s t r ikes NI8E and dips steeply to west. Mine workings include 2 tunnels and a 115 

shaft. Production recorded in 1902 a~d from 1905 to 1908, amounted to  $135,000 
from 10,000 tons of ore treated in a 15-stamp amalgamation- concentration m i l l .  
Schist contains tourmaline and near the vein displays a l terat ion of ser ic i te  and 
ankeri t ic carbonates. Wilson and others (1967 ) report that the oreshoot consists 
of a northward-pitching zone that is  400 f t  long by 5-6 f t  wide consisting of 
drusy quartz and ankerite with pyr i te ,  cha%copyrite, sphaler i te,  galena and 
tet rahedr i te.  Concentrates reportedly contained 15% copper, I-4 oz Au and 10-24 oz 
Ag per ton. 

OroBelle-Gray Eagle Mine: (Located in Sec 34, TION, RIW on the southern slopes of 
Wasson Peak.) The mine was worked in  the 1890's and between 1900 and 1912. Total 
production is estimated to be $700,000 mostly in  gold (see d i s t r i c t  descr ipt ion).  
OroBelle veins were developed by eight tunnels, the longest of which extends I000 
f t .  The Gray Eagle vein was opened by a shaft 600 f t  deep. The veins are in  
pe l i t i c  schist; the Gray Eagle reportedly being near the contact with Bradshaw 
Granite. Pegmatite dikes are common in the area. The Gray Eagle vein is 2 to 15 f t  
wide with ore reportedly containing $20 in gold, 2 oz s i l ver  and I% copper per 
ton. The OroBelle vein is reportedly small and was mainly worked by lessees. The 
Gray Eagle vein is said to continue northward toward Crown King, passing through 
the Savoy group, the Cougar and Bradburv group. Some hi gh-grade silver ore was 
supposedly taken from a 75 f t  shaft on the Cougar property. Here, vein reportedly 
consisted of par t ly  oxidized honeycombed quartz that was drusy in places. 
Ankeri t ic carbonates which were once present in the ores, but are now dissolved. 
Some sphaler i te,  galena and pyr i te were present in the ores. Some of th is  ore was 
reportedly very rich in secondary s i l ve r  ores. The Bradbury group (Lukes Mine) 
also contained high-grade ore s imi lar  to that found in the Cougar. It has 
reportedly produced at least $200,000. 

Tiger Mine: Located in Sec 22, TION, RIW about 2 miles south-southwest of Crown 
King. Property consists of 9 patented and 10 unpatented claims. The principal vein 
str ikes from NIO°E to NI5°W, and dips 60-70°W. I t  consists of white, dense quartz 
that contains small druses and f ine ly  disseminated pyr i te .  Other sulf ides include 
sphaler i te,  galena and te t rahedr i te .  A rich ore shoot in the upper levels 
reportedly broke up into several smaller "primary" shoots in the lower levels, 
probably i ndicati ng supergene enrichment of surface ores. The prY nci pal vein is 
developed by a vert ical  shaft 750 f t  deep with d r i f t s  along the vein on several 
feels. The country rock is granodiorite. The property is one of the oldest 
producers in  the d i s t r i c t .  Total production, valued mostly fo r  s i l ve r ,  is 
estimated at $750,000. At least 13,000 tons were mi l led and averaged 0.07 opt Au 
and 22 opt Ag. Lindgren !1926) mentions several other veins in the Tiger group 
that were explored. 

M. & M. Vein: Located to the east of the Tiger group, the vein is  reportedly pact 
of the same system. Tunnel on vein is located onthe Poland Creek slope at the 
foot of Wasson Peak. The vein str ikes N18°E, dips steeply west and consists of a 

22;il 



I 
I 
i 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
! 

I 
I 

small fissure; 2-3 f t  wide, with 6" pay streak. Ore is partly oxidized and carries 
good silver values. Thoroughly oxidized material pans free gold. "Black Ore" 
consists of quartz and ankerite (with calcite) containing pyrite, galena, 
sphalerite and tetrahedrite. Some native silver is also present. Best ore 
contained $18 in gold and 180 oz silver per ton. 

Del Pasco Group: (Sec 3, TION, RIW.) One of the older mines in the d is t r ic t ,  
worked mainly in the early days with considerable production reported. The Del 
Pasco vein strikes north-northeast and dips 70°W. Ore contained much sphalerite, 
pyrite and galena, but was valued chiefly for i ts gold with some silver. The 
"Jackson Strata", said to be a branch of the Del Pasco, was worked in 1922. This 
vein is said to be 2-3 f t  wide and occurs in diorite intruded by rhyolite dike. 
Vein material is partly oxidized and ran $40 per ton. 

Springfield Group: (Sec 16, TION, RIW.) Located near the divide between Poland 
Creek and Pine Creek. The deposit is related to a porphyry copper breccia pipe 
containing chalcopyrite, pyrite and quartz with small amount of purple f luori te. 
Pipe is about 30 f t  in diameter and produced two carloads of 12% copper ore. 
Disseminations and stringers of chalcopyrite occur in the Laramide granodiorite 
near the breccia pipe. Area was considerably trenched in the early days. This 
property was probably the claim block that Exxon dril led as a porphyry copper 
target in the 1960's-70's era. Alteration in the vicinity of the mine consists of 
sericite calcite and chlorite with abundant albite and quartz. Irregular stockwork 
veinlets of chalcopyrite occur with the albit ic alteration. No figures were given 
on i ts precious metals content. 

Wildflower: 13 patented claims located in  Sec 10, TION, RIW. Group contains 7 
d i s t i nc t  veins. Wildf lower vein consists of a quar tz-su l f ide f i l l i n g ;  sul f ides 
being abundant. Country rock is  apparently a complex assortment of quartz d i o r i t e ,  
d i o r i t e ,  quartz porphyry and amphibolite which reportedly is se r i c i t i zed  and 
contains disseminated su l f ides .  The occurrence may be part of a disseminated 
porphyry copper system. Vein su l f ides,  i n  order of abundance, consist of 
spha ler i te ,  chalcopyri te and py r i te .  Anker i t ic  carbonates were apparently 
deposited a f ter  the quartz and su l f ides,  in the center of the vein. Stopes 
averaged 5 f t  in  width and vein is  reportedly opened fo r  a distance of 4400 f t .  
Developed by a 60 ° inc l ined shaft 700 f t  deep with levels at 110,200, 300 and 480 
f t .  Production between 1917 to 1919 amounted to $104,000 from 13,000 tons of ore. 
Two ore shoots were developed by 1918. Lingren (1926) cites a report by Weed that 
indicates 22,000 tons of ore were contained in the northern shoot and 32,000 tons 
were contained in the southern (Sabronje) shoot. Ore in the southern shoot assayed 
$1.20 in  gold (0.06 opt) ,  6 oz s i l v e r ,  12% zinc and 2-1/2% copper. 

French L i l l y  Mine: (Sec 11 & 12, TION, RIE.) Principal mine workings consist of an 
inclined shaft from which about 3500 f t  of drift ing has been done on 5 levels. 
Lowest level is 456 f t  below collar of shaft. Workings follow a shear zone in 
Yavapai schist that has an average strike of N45°W, dipping 45 ° NE. Ore 
mineralization is confined to discontinuous stringers and lenses of quartz 
associated with fractured schist and gouge. Sampling of ore gives 5% Zn, 0.7% Cu., 
0.6% Pb, 1.1 oz Ag and 0.30 oz Au per ton of ore. Over 2,000 tons were produced 
from 1922-1925. 
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PINE PEAK DISTRICT 

Location: 

The Pine Peak mining d i s t r i c t  is located di rect ly  to the west of the Diamond 
Joe d i s t r i c t  in the central portion of the Hualapai Mountains, Mohave County. 

Geology and History: 

Like the Diamond Joe (Cedar Valley) d is t r i c t ,  there is essentially no published 
data on mines and mineralization of the Pine Peak d is t r ic t .  In actuality i t  is 
probably part of the Cedar Valley portion of the Diamond Joe d is t r ic t .  Keith 
and others (1983a) broke the production of the area into separate d is t r ic ts .  
We wi l l  follow their convention and keep the Pine Peak area as a separate 
d is t r ic t .  

Keith and others (!983b) describe the mineralization in the d is t r i c t  as mid- 
Tertiary veins and replacement deposits associated with a NW-trending dike 
swarm. The d is t r i c t  appears to straddle a regional northwest-trending contact 
between a Proterozoic granitic batholith and a somewhat older metamorphic 
complex of granites, gneisses and schists (see Plate I ) .  The dike swarm and 
mineralization have been probably controlled by this contact. Tectonic 
movement along the zone may have created a favorable site for hosting 
mineralization. Some of the mineralization has been described as being of 
a replacement character which is interesting. Perhaps there is potential 
for localization of low-grade, disseminated mineralization along the NW- 
trending contact zone. 

Since so l i t t l e  is actually known about this region, i t  might warrant some 
type of an examination. The character of the ores appear to be base-metal 
rich. Keith and others (1983a) l i s t  recorded production between 1901-40 as 
amounting to 27,000 tons of ore which yielded 900 oz Au; 13,000 oz Ag; 90,000 
Ibs Cu; 178,000 Ibs Pb; and 231,000 Ibs Zn. 

References: 

Keith and others, 1983a, 1983b. 

230 



PORTLAND:DISTRICT 

Location: 

The Portland mining d i s t r i c t  is located on the western flank of the central 
portion of the Black Range. The d i s t r i c t  l ies in the NE¼ T23N, R21W. 

Geology and History: 

The Portland mining d i s t r i c t  essential ly consists of the Portland mine which 
was discovered about 1920. Thus, the history of the district is that of the 
Portland mine. This portion of the Black Range is underlain by Miocene vol- 
canic rocks that Lo~gwell {1963) has mapped as Mount Davis (12.3 m.y. median 
age; Anderson, 1971) volcanics equivalents. Longwell (1963) and Anderson and 
others {1972) describe the Mountain Davis volcanics as including a variety of 
c last ic  and volcanic rocks ranging in composition from rhyol i te to basalt, 
together with beds of t u f f  and thick coarse rubble. On the basis of nine K-Ar 
dates from widely spaced loca l i t ies ,  the eruption of the Mount Davis volcanics 
span about a 3 m.y. interval of ~ate Miocene age (14.6-10.9 m.y.; Anderson, 
1971). This period of volcanic act iv i ty  also coincided with intense tectonism 
in this area. This tectonic ac t i v i t y  is evidenced in the mountains bordering 
the Colorado River south of Lake Mead by large displacements on interrelated 
systems of stacked normal faults (many as low-angle normal faults) and 
transcurrent faults (Anderson and others, 1972). Anderson and others (1972) 
envision the result ing structural pattern as consisting of large-scale lateral 
movement of separately distended thin plates that have moved several miles 
past or over one another on the interrelated systems of low-angle and trans- 
current faul ts .  This several miles of sur f ic ia l  ("thin-skinned") east-west 
extension was accompanied by widespread shal~ow p]utonism in this area. Many 
of these shallow, low-angle faults host epithermal precious metals deposits. 
The Portland mine apparently is hosted by such a faul t .  Although Longwell~s 
mapping (1963) does not indicate such a fau l t ,  Wilson and Moore's (1959) 
Mojave County geologic map shows a major faul t  in the Tert iary volcanic rocks 
along which the Portland mine l ies.  Longwe31 (1963) notes that many small 
intrusions (unmapped)cut the  ount Davis Volca ics in this area, especial y 
near the Portland mi~e. 

Mineralization along the Portland structure consists of a chalcedony-calcite- 
f luor i te  vein system that contains gold-si lver values in about a 1:2 rat io.  
Keith and others (1983a) combine the production of the Portland and Pilgrim 
d is t r i c ts  and l i s t  the tota3 under the Pilgrim d i s t r i c t .  Recorded production 
for the Portland mine as contained in unpublished USBM data (Keith, personal 
commun., 1985) amounts to some 118,300 tons of ore from which was recovered 
23,400 oz Au and 54,350 oz Ag. These figures may be somewhat ~ow as unpublished 
f i les  at the ADMR indicate that between 1935 and 1940 the Portland mine produced 
132,000 tons of ore which averaged about 0.20 opt Au. Since the late 1970's 
the mine has been explored by a number of companies. Western States Mining Co. 
presently controls the property and is in the process of placing a small ore 
body (600,000-750,000 tons grading ± 0.08 opt Au} into production. 



- - 4  
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The Portland fault ,  i f  not already explored along its length, would seem to be 
deserving of additional attention. Wilson and Moore's (1959) map shows the 
fault as having some 3 miles or so of strike length with the Portland mine 
occurring at its very southern end of the system. 

Mines of Interest: 

Portland Mine: Sec. 15, T23N, R21W. The Portland mine develops an extensive 
quartz (chalcedony)-calcite-fluorite vein system that occurs along a low-angle 
normal fault that strikes roughly NS and dips 26°E. An EW fault system that 
dips 47°N intersects the low- angle structure and may help to localize the 
mineralization. The deposit was discovered in about 1920. The mine's major 
production occurred between 1935 and 1940 when about 132,000 tons of ±0.20 opt 
Au ore was mined and milled. In 1973, estimated reserves amounted to 287,000 
tons averaging about 0.19 opt Au. Shattuck Den Mining Co. examined the mine 
in the 1950'~, but produced no ore. In 1978-79, ASARCO performed underground 
sampling and hammer hole dr i l l ing .  Fischer-Watt optioned the property in the 
early 1980's and did considerable work on the property. JORNIEX, a small 
Canadian company, picked up the property after i t  was dropped by Fischer~Watt 
and brought in Western States Mining Co. as a jo int  venture partner. JORNIEX 
failed to meet i ts financial obligations to the jo int  venture and the property 
has since come under Western States complete control. Dri l l ing by the previous 
exploration has succeeded in outlining a shallow dipping (26 ° ) orebody that con- 
tains 600,000-750,000 tons of open pitable ore that averages about 0.08 opt Au 
(Steve Thomas, personal commun., 1985). Western States is presently stripping 
waste and completing a mil l ing and crushing plant. This mill wi l l  have some 
gravity concentration circui t  before the material wi l l  be placed on the heap 
leach pile. Mill completion is scheduled for sometime in March, 1985 and 
production is anticipate to commence immediately. 

References: 

Anderson, 1971; Anderson and others, 1972; Arizona Dept. Mineral Resources, 
mine f i l e  data; Keith and others, 1983a; Longwell, 1963; Wilson and Moore, 
1959. 
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QUIJOTOA DISTRICT 

Location: 

The Quijotoa mining d i s t r i c t  l ies d i rec t ly  east of the Gunsight H i l l s  d i s t r i c t  
in the central part of Pima County. The d i s t r i c t  covers a chain of mountain 
ranges that are named, from north to south, the Brownell Mountains, the Sierra 
Blanca, the Quijotoa Mountains, the Sierra Blanca, the Quijotoa Mountains, Ben 
Navis Mountain, and South Mountain (Keith, 1974). 

Geology and History: 

The geology of the d i s t r i c t  is described on recent geologic maps by Rytuba and 
others (1977) and Briskey and others {1978). The geology and tectonic history 
of the area is complex and aspects of these subjects have been addressed by 
Haxel and others (1980, 1984) who present a regional picture of Cretaceous and 
Tert iary orogenesis in southern Arizona. 

In order to understand the geologic sett ing of the Q~ijotoa d i s t r i c t  one must 
have a b r ie f  overview of what is believed to have happened at the Cretaceous- 
Tert iary (Laramide)boundary in this part of Arizona. A very br ie f  synopsis 
of Haxel and others story (1980, 1984) is as follows Rocks in a number of 
mountain ranges in this part of Arizona are juxtaposed by thrust fau l ts ,  
regional ly metamorphosed and intruded by garnet-two mica (anatectic) granites. 
Field relat ionships and isotopic geochronology indicate that these phenomena 
were closely related aspects of a latest  Cretaceous and early Tert iary orogenic 
episode. The regional ly metamorphosed rocks, mainly greenschist-facies quartzo- 
feldspathic schists, were derived from Jurassic and Cretaceous sedimentary, 
volcanic and plutonic sources. In at least 5 ranges in this part of Arizona, 
including the Sierra Blanca, these metamorphic rocks are overlain along syn- 
metamorphic thrust fau l ts ,  by Precambrian gneiss or Late Jurassic or Late 
Cretaceous plutonic rocks (see Figure Js). Al l  but one of the known and 
inferred thrusts have single lower plates. The regional structural re la t ion-  
ships and the d is t r ibu t ion  of d is t inc t ive  Jurassic igneous rocks in both upper 
plates and fensters suggest the presence of a regional allochthon in which the 
exposed rocks in many of the ranges, including those exposed in much of the 
Quijotoa d i s t r i c t ,  are allochthonous. The regional ly metamorphic rocks are 
intruded by synmetamorphic to post-metamorphic early Tert iary leucocratic 
granites of crustal anatectic derivat ion. Isotopic age dating suggests that 
the orogenic episode began in Late Cretaceous time and culminated in early 
Tert iary time (58-60 m.y.B.P.). The relat ionships of the above described 
features lead Haxel and others (1984) to speculate this episode of orogenesis 
involved crustal compression that caused overthrusting of c rys ta l l ine  rocks, 
produced crustal thickening in conjunction with conductive and magmatic heat 
f lux from the mantle which resulted in regional metamorphism and generation of 
anatectic granites. Much of the region was la ter  affected by middle Tert iary 
low-angle normal fau l t ing that resembles faul t ing associated with core 
complexes in other parts of Arizona. 
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Figure IF Simplified geologic map of the Sierra Blanc= (see Fig. 2 for location). X-X' marks line of geoern/ized cross section (Fig. 13). Thin 
band of blastomyionific rocks ~tst above Window Motmtam Well thrust is not shown (but see Fig. I3). Complex geometry of incinsions of schist 
and metacong|ome~te (unit .Is) within granite of Sierra Blanc= (unit Tg) and or'intrusions of gr=nite within schist and metacongiomerate unit is 
highly generalized. Tracbyandesidc flows unit (.It) includes minor dacid¢ and(or) rhyolitic flows. Foliation and lineation are sparse to absent in 
northeast part of granite of Sierra Blanc=. Position of detachraent zone on west side of range is indicated schematically. 

(From Haxel and others, 1984) 
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Haxel and others (lg84) have shown that,  with the exception of a sma~l fenster 
in the Sierra Blanca Range, most of the rocks that crop out in the Quijotoa 
d i s t r i c t  are in the upper plate of the regional allochthon described above. 
Parts of the ranges are covered by middle Ter t iary  volcanic and sedimentary 
rocks that are post thrust ing.  

The oldest rocks in the d i s t r i c t  consist of augen orthogneiss of Precambrian(?) 
age (Haxel and others, 1984) in the Sierra Blanca that over l ie quartzofeldspathic 
and epidote-quartz paraschist along the "Window Mountain Well" thrust.  Another 
segment of th is fau l t  crops out along the west side of the Sierra Blanca range. 
Haxel and others {1984) claim that in both areas the thrust is synmetamorphic 
because f o l i a t i on  and l ineat ion in protomylonites at the base of the upper 
plate are paral le l  to the corresponding fabr ic  elements in the schist of the 
lower plate. The Sierra Blanca is considered a fenster in the Window Mountain 
Well thrust .  Middle Ter t iary :  low-angle detachment-like fau l t ing  approximately 
coincides with the trace of the thrust fault 0nl the western side of the Sierra 
Blanca. Only the detachment fault is s~own on Plate i. A similar detachment- 
type fau l t  is located on the southern margin of the range along the edge of the 
Sierra Blanca garnet-muscovite granite. 

Upper-plate Jurassic g ran i t i c  a~d supracrustal rocks (mainly Mesozoic sediments 
and Late Cretaceous [or Jurassic ?] volcanic rocks), d iss imi lar  from rocks in 
the Sierra Blanca, are in fau l t  contact with rocks on the southeast side of the 
Sierra Blanca and make up the bulk of the outcrops in the Brownell and Quijotoa 
Mountains. These rocks are s imi lar  to upper-plate rocks in the Comobabi 
Mountains to the east, and are inferred to belong to the upper plate of Window 
Mountain Well Thrust (Ha×el and others, 1984)o Fault-bounded bodies of 
Paleozoic quartz i te and limestone and Jurassic gran i t ic  and supracrustal rocks 
on the west side of the Sierra Blanca are also believed part of the upper plate. 

The Sierra Blanca garnet-muscovite granite is thought to be anatectic in 
or ig in .  Haxel and others {1984) state that f i e l d  relat ionships show the 
granite as being mainly post-metamorphism and pest- thrust ing. Some early 
phases of this pluton, hewever, may have overlapped the thrust ing and 
metamorphic event. 

Small, local concentrations of base and precious metals, bar i te and minor 
rare-earth minerals are scattered throughout the Quijotoa d i s t r i c t  (Keith, 
1974). Wilson and others {1967) note that quartz veins and hematit ic 
brecciated zones are numerous in the d i s t r i c t ,  and that while some have 
yielded spectacular gold specimens, they have yielded only smal~ production 
of gold ore. Ore mined in the past has bee~ largely restricted to high-grade 
and enriched pockets of free gold and silver chlorides that occur locally in, 
or adjacent to, oxidized and mineralized faul ts or fracture zones (Keith, 1974). 
Quartz, ca lc i te ,  hematite, manganese oxides, with some f l uo r i t e  and bar i te:  are 
the gangue minerals. Small amounts of uranium are also present. 

Early prospecting in the d i s t r i c t  is said to date back to the days when the 
Jesult and Franciscan fathers were t ry ing to establish missions in Northern 
Sonora and southern Arizona. In 1883, a smal~ rush resulted to the area by the 
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discovery of a rich si lver pocket on Ben Nevis Mountains. The rush died with 
the exhaustion of the rich ore pockets. Since then, mining has been rather 
sporadic. Gold placers in the Horseshoe Basin and others local areas have been 
worked sporadically by dry methods. 

Keith (1974) l i s ts  estimated and reported production of the d is t r i c t  through 
1972 as some 15,600 tons of ore containing about 11,600 oz Au; 245,000 oz Ag; 
61 tons of Cu; and 29 tons of Pb. The amount of placer gold recovered is 
unknown. Johnson (1972) estimates total placer gold production since 1774 
amounts to about 15,000 ounces. 

Mines of Interest: 

Heldorado (Mockingbird) Mine: (T15S, R2E, W. Cert. Sec. 13; E. Cert. Sec. 14) 
Spotty free gold and si lver chlorides with minor copper and lead mineralization 
occur in quartz,calcite-hematite stringers. Mineralization is found in f l a t -  
lying fissures in Cretaceous (?) volcanic rocks. Exposures which have been 
worked at many places are quite small, but persistent. Workings consist of 
shaft, tunnel and open cut operations. Property consists of 9 claims (probably 
patented). Mineral occurrences are as lenses except at the SilverQueen where 
most of work has been done. At the Silver Queen, ore occurs in a quartz f i l l ed  
vein which dips about 70 ° and is traceable for some distance. Considerable 
work reportedly has been done; much of which is now inaccessible. Lower tunnel 
was reported to have been the main source of production. Cross faults may cut 
the vein in the lower tunnel. USBM engineers examined the mine in 1936 and 
indicated remaining ore exposures were limited. Of three samples taken by them, 
the highest was 1.0 opt Ag and 0.14 opt Au. Keith (1974) reports production 
estimate of some 450 tons averaging 0.3 opt Au and I opt Ag. 

Weldon Mine: (T16S, R2E, E. Ce~. Sec. 3) Keith (1974) reports that spotty 
free gold and si lver chlorides occur with base metal sulfides in pockety lenses 
of quartz, hematite, manganese oxides, breccia and gouge along a fault  zone 
separating Laramide (?) volcanic rocks from a granite intrusive. Property 
worked from 1880's to early 1900's by shaft and tunnel operations. Production 
is estimated to have been about 2,500 tons of ore which contained 1 opt Au and 
1 opt Ag. 

By Chance Mine: (T14S, R2E, NE~ Sec 12-protracted) The deposit is described as 
disseminations and fracture f i l l i ngs  of copper carbonates with hematite and 
limonite in a shattered and s i l i c i f i ed  rhyol i te. The property was worked by a 
shaft and open cut operations. In the 1950's the property produced some 1900 
tons of ore which graded 5 opt Ag and I% Cu, which were sold as siliceous 
smelter f lux. Ores also contain some gold. Property may have some potential 
for low-grade disseminated Ag-Au target. 

Ben Lomand (McKa~) Mines: (T16S, R2E; E. Con. Sec. 11-protracted). Irregular, 
narrow, lensing quartz-calcite fissure veins that contain pockety, oxidized, 
gold-silver-base metal mineralization. Some of the gold ore is spectacularly 
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rich. Worked by tunnel and shaft operations in the 1880's. Also worked in 
1932. Keith 11974) reports that early production amounted to some 100 tons of 
ore averaging about 10 opt Au and 20 opt Ag, Production in 1932 amounted to 
some 200 tons of ore averaging about 10 opt Au and 3 opt Ag. 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Briskey and others, 1978; Haxel and 
others, 1980, 1984; Johnson, 1972; Keith, 1974; Rytuba and others, 1977; Wilson 
and others, 1967. 
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RAWHIDE DISTRICT 

Location: 

We have chosen to designate this d is t r ic t  name to the broad population of 
precious metals occurrences within the Rawhide Mountains of southernmost 
Mohave County just north of the Bi l l  Williams River. Our Rawhide d is t r ic t  
incorporates the Rawhide, Owens, Black Burro, Mesa, Cleopatra, Lead P i l l ,  
Ar t i l le ry  and Ar t i l le ry  Peak distr icts of Keith and others (1983). The area 
of interest appears on the Ar t i l l e ry  Peak, Castanada Hil ls and northernmost 
Swansea and Ives Peak 15' quadrangles. 

Geology and History: 

The Rawhide Mountains represents the far northern portion of the Harcuvar meta- 
morphic core complex and the geology is an extension of that of the Buckskin 
ranges south of the Bi l l  Williams River in La Paz County. A widespread detachment 
fault surface of Tertiary age separates a lower plate of mylonitic, quartzo- 
feldspathic gneisses and subordinate metasedimentary rocks, marbles and 
quartzites from an upper plate consisting of a mixed assemblage of Mesozoic or 

- -  Precambrian granitic rocks, Mesozoic metavolcanic rocks, Tertiary sedimentary 
and volcanic sequences (Shackelford, 1976). 

Lower plate mylonitic gneisses show penetrative, intergranular deformation, a 
general flattening and mineral grain elongation defining a northeast-trending 
lineation. L i t - pa r - l i t  injection of granitic material into the shallow-dipping 
fol iat ion planes is common. As in the Buckskin Mountains the protolith identi- 
f ication of lower plate rocks is d i f f i cu l t  to make. Tentatively, we believe 
the lower plate represents a tectonized and smeared out melange of Precambrian 
crystall ine rocks, Paleozoic and possibly Mesozoic supracrustal cover which 
has suffered profound late Mesozoic thrusting, metamorphism and mylonitization 
followed by mid-Tertiary mylonitic shearing and detachment faulting. 

Upper-plate assemblages are chaotically faulted and t i l ted by l i s t r i c -s ty le  
faults with predominant southwest dips. Even lower plate mylonitic gneisses 
shows a dominant southwest dip and so an underlying lower detachment fault may 
l ie  hidden in the subsurface. Erosional exposures of the upper detachment 
surface reveals a broad domal morphology to the f la t  fault which is modified by 
ENE-trending flexures of low-amplitude. The overall arch and detachment is cut 
by several NW-striking, high-angle, oblique dip-slip and reverse faults. One 
of these faults, the Sandtrap Wash, is down to the northeast and forms a 
northeast structural boundary to the detached Rawhide province. Northeast of 
the Sandtrap Wash fault ,  the Ar t i l le ry  Mountains expose a fa i r l y  extensive 
sequence of Tertiary sedimentary rocks (Ar t i l le ry  and Chapin Wash Formations) 
exhibiting complex structural relationships with nonmylonitic (?) Precambrian 
rocks. Chief among these complexities is the enigmatic Ar t i l le ry  thrust (?), 
a low angle south-dipping structure which places brecciated Precambrian (?) 
granitic gneisses atop a southwest dipping section of Ar t i l le ry  Formation 
basalt and interbedded sediments. The Tertiary layered rocks appear to be 
depositional upon granitic basement in the immediate Ar t i l le ry  Peak area. In 
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the northern A r t i l l e r y  Mountains and Black Mesa area (north hal f  of A r t i l l e r y  
Peak 15' quad), exposures of nonmylonitic Precambrian gran i t ic  rocks are 
flanked and covered by reddish colored, terrigenous, Tert iary sedimentary 
sequences (Chapin Wash Fm. ?) which appear to in ter f inger  with Miocene tuf fs  
and ash flow deposits. The black basalts ( ~ I 0  m.y.)which form the f l a t - l y i ng  
flows of Black Mesa cover, the fe ls ic  volcanics and redbed deposits (Rehrig, 
unpubl, f i e l d  notes). 

Mineral deposits of the Rawhide region consist of three types: (1) manganese 
deposits pr imar i ly  in Tert iary redbeds and volcanics of the A r t i l l e r y  Mountains 
and Black Burro subdis t r ic t ,  (2) copper-gold occurrences associated with the 
Rawhide detachment surface, and (3) gold occurrences with or without associated 
copper in the Madril Peak and Lead P i l l  subdist r ic ts .  The copper-gold detach- 
ment occurrences which are concentrated in the Rawhide Mountains are by far  the 
most extensive. They closely resemble detachment localized deposits in the 
Buckskin Mountains of La Paz County (see Santa Maria d i s t r i c t  descriptions) 
where oxidized copper minerals (chrysocolla, carbonates), hematite (earthy and 
specular i te),  gold and quartz occur in carbonate host rocks r ight  above the 
f l a t  detachment fau l t  surface. Generally in the Rawhides, grades of gold 
mineral izat ion are f a i r l y  (~0.05 opt) but t~e size of the deposits is t yp ica l l y  
small. At some mines such as the Cleopatra, rhyolite s i l l s  or dikes are 
spatially related to the mineralization. In the Madril Peak and P0tts Mountain 
(Lead P i l l )  areas, poly-metal~ic occurrences of precious metals, bari te and 
black calcite, with or without copper may be related to felsic intrusive 
bodies which cut basement grani t ic  rocks that are outside or north of the 
myloni t ic ,  low-angle fo l ia ted basement of the Rawhide province. Here the gold- 
s i lver  rat io  is s ign i f i can t l y  lower than for  the Rawhide deposits and copper 
is more def ic ient ,  or absent a?together. Mineral occurrences in the A r t i l l e ~  
Mountains are maimly manganese, ca lc i te  vein and replacement deposits occurring 
in Chapin Wash redbeds or i n t e r s t r a t i f i ed  volcanic rocks. 

Mines of Interest :  

Bonanza mine (TIiN, RI4W, Sec. 24) Numerous prospect pits, dr i f t  and shallow 
shaft pursue copper-gold-hematite showings as one 3-5 f t  wide vein and in 
scattered fractures. Mineralization associated with Paleozoic klippen resting 
on the Rawhide detachment surface. Grab sample from several dump piles assayed 
0.07% Cu, 0.025 opt Au, and 0.05 opt Ag. 

New England mine (TIIN, RI4W, Sec. I0) Located on the southern slopes of 
Mi l le r  Mountain~ the mine and numerous prospects have worked copper carbonate 
and gold as veins and replacements in Paleezoic limestones resting on the 
Rawhide detachment fau l t .  O~e vein is reported as being 2 to 4 f t  wide. Ore 
is said to run from $8 to $25 per ton (at $35/oz) in gold, 8 to 10 opt Ag, and 
1-2% Cu. One 2 f t  sample across the main vein assayed 0. I  opt Au, 0.05 opt Ag, 
and 2.4% Cu. Property is said to have produced $40,000 worth of ore. 
Engineering report by E. Holt (1943) quotes four samples of 2 to 3 f t  quartz 
veins in limestone as running 0.02 to 0.36 opt Au and 2 tc 9% Cu. 
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Lit t le Kimble mine (T11N, R14W, Sec. 23) Several shafts and workings located 
at the head of Mississippi Wash haveproduced copper (oxide carbonate)-gold ore 
from a prominent, northwest-striking shear zone cutting lower-plate mylonitic 
gneisses. Quartz and si l ic i f icat ion occur in the vein. Parallel veinlets 
occur. Property produced $76,000 from early 1900's to 1943. 

Big Kimble mine (T11N, R14W, Sec. 34) A prominent and persistent vein trends 
northwest and dips 70 ° . Its width is 4 to 8 f t  and i t  cuts lower plate 
mylonites. Over 600 f t  of dr i f t  workings accessed by two shafts are present. 
Mineralization is gold and small amounts of copper carbonates and silicates. 
Sample results: 2 f t  cut of 0.1% Cu, 0.035 opt Au and 0.2 opt Ag; 3 f t  cut of 
0.59% Cu, 0.03 opt Au, and 0.2 opt Ag; 3 f t  cut of 0.31% Cu, 0.005 opt Au, and 
0.2 opt Ag. 

Deer Trail-Rawhide mines (T11N, R13W, Sec. 18) Gold, minor s i l ve r ,  copper and 
iron-manganese oxides occur traceable over 1,000 f t  in severely faulted and 
southwest t i l t e d  Ter t iary  Chapin Wash Formation, redbeds at the Rawhide 
detachment surface. Ore grades are estimated at $8/ton (at $36/oz) and one 
0.02 opt assay is reported. 

Cleopatra mine 9roup (T11N, R14W, Sec. 4) An apparent "blanket" of copper-gold 
mineral izat ion replaces s i l i c i f i e d  Paleozoic (?) carbonates along and jus t  
above the Rawhide detachment surface. Quartz porphyry s i l l s  are reported 
to intrude the detachment in both upper plate and lower plate rocks. The 
mineralized zone is said to measure about 600 by 1,200 f t  in areal extent with 
a thickness in the i0 to 20 f t  range. Estimates of mineral izat ion volume range 
from 1/2 to 3/4 m i l l i on  tons. Limited tonnages of ore previously shipped ran 
just  over 2% Cu and from 0.02 to 0.21 opt Au. Engineering reports from the 
period 1913 to 1917 gave grades of 2-3% Cu and $4-$7/ton Au (at $10/oz). A 
1919 censulting report quoted 7 samples averaging 1.59% Cu and 0.05 opt Au. 
A consult ing report from the 1960's assayed the ore at 1.83% Cu, 0.12 opt Au and 
0.18 opt Ag. 

S i l ve r f i e l d  mine 9roup (TION, R15W, Secs. 5 & 6; T11N, R15W, Secs, Secs. 31 & 32) 
Numerous prospects, small mines and workings occur in this area of the southern 
Rawhide Mountains jus t  north of the B i l l  Williams River and Rankin Ranch. 
Mineral izat ion is gold with oxides of copper and minor specular hematite which 
replace i r regu lar  masses of gray brecciated carbonate. Where copper-gold 
occurs, the carbonates are always flooded with varying amounts of secondary 

quar tz .  At some l o c a l i t i e s ,  Chapin Wash redbeds, clear Quartzites, and gray- 
green phy l l i tes  are complexly and chaot ica l ly  mixed with the brecciated 
carbonate lenses, layers, pods or mounds. This ent i re  mineralized assemblage 
occurs rest ing upon the Rawhide detachment f au l t .  Al l  the prospects occur jus t  
above th is surface. 1he hiahest grade area of gold occurs at the small 
S i l ve r f i e l d  mine (W½ Sec. 32) where surface trench samples yielded values in 
excess of 1 opt. Numerous gold anomalies and showings occur in the varied 
upper plate l i tho log ies  (p r i nc ipa l l y  brecciated carbonate) jus t  above the 
detachment surface along a NE-SW trending zone through the southeast hal f  of 
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Section 31 and northeast port ion of Section 6. At many of the mineral 
l o c a l i t i e s ,  geochemical resul ts  are impressive in gold but the extent of 
mineral ized rock is qui te small.  

Anschutz Mining Corp. acqu~re~ and worked the area from 1981 to 1983. Their 
geologists interpreted the upper plate quartz and carbonates as hot spring 
exhalite deposits intermixed with Chapin Wash strata. Anschutz did not do 
any drilling. 
Inspection of the area by Rehrig (1983 and 1984), led to recognit ion of close 
s i m i l a r i t i e s  between S i l v e r f i e l d  and cer ta in  mineral ized areas in the Buckskin 
Mountains ( i . e .  Swansea, Copper Penny, Clark, Planet) ,  espec ia l ly  in regard 
to the carbonate breccia which is so common to a l l  these copper and copper-gold 
occurrences. Although hot springs type deposits cannot be ruled out, i t  is 
our opinion that the S~Iver f ie ld  set t ing is an extremely complex upper plate 
mix of hydrothermal replacement carbonate, detached pieces of Paleozoic sedi- 
ments, and t i l t e d  blocks of la te  Ter t ia ry  Chapin Wash sediments which may 
contain lacust r ine or hot spring s in te r  deposits. Minera l iza t ion is 
superimposed into th is  chaotic assemb%age through the in t roduct ion of quartz 
from some unknown source. 

Although surface gold-copper occurrences are numerous, none are of sufficient 
size to warrant much interest. The environment could however house blind 
deposits that collectively may display favorable tonnage-grade parameters. 
Exploration for such bodies would required careful and comprehensive work. 

Potts Mountain area (Nahogany, Lead PilT, Red Top mines) (T2N, RI4W, Sec. 23) 
On the south, north and east sTopes of Potts Mountain, gold, s i l ve r ,  black 
ca l c i t e ,  high-grade bar i te  veins, pods and "mantos" occur in host rocks of 
in t rus ive  dacite to rhyo l i t e  which intrude Precambrian b i o t i t e  g ran i t i c  rocks 
(nonmyTonitic). Grades in ore run from ~'1 to 7 opt Ag and from 0.16 to over 
8 opt Au. At the Mahogany mine a 3 to 5 f t  vein cuts al tered rhyo l i t e  and dips 
45 ° . Other veins cut diabase to the south. Combined gold-copper value to the 
ore runs $20 to $50/ton at 1943 prices. Copper is said to run 3 to 6%. Bar i te 
may add s i g n i f i c a n t l y  to the economics of  the orebodies. 

References: 

Arizona Dept. Mineral Resources, f i le data; Rehrig, unpubl, field notes; 
Shackelford, 1976; Unpubl, prospect reports. 
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RELIEF DISTRICT 

Location: 

The Relief distr ict  is located in the small group of h i l ls  west of the Hedgpeth 
Hil ls and southeast of Calderwood Butte about 5 miles north of Sun City, Arizona. 

Geology and History: 

The Relief distr ict  is essentially composed of the Sunrise-Relief mine (or Relief 
mine), which is mislocated on the topographic map of the area. The area has been 
historical ly referred to as part of the Agua Fria distr ict which encompasses a 
large area adjacent to the Agua Fria River drainage basin in northern Maricopa 
County. Due to confusion with the Agua Fria distr ict in Yavapai County, the 
Relief distr ict  is preferred in this report. 

The Relief mine was discovered in 1883 and is the only mine in the distr ict  to 
have recorded production. Keith and others (1983a) credit the mine with 2,600 oz 
of Au and 200 oz Ag from 8,000 tons of ore for the period 1904-1915. Old mine 
reports indicate actual production could be as much as $300,000 (+15,000 oz Au). 
This writer estimates total production for the distr ict  (all from the Sunrise 
Relief mine) between 3,600 and 15,000 oz of Au. 

The geology of the distr ict consists of deeply weathered Precambrian granodiorite, 
that forms small h i l l s  rising to a maximum rel ief  of 500 f t  above the surrounding 
countryside. A pedimented surface circumscribes the h i l ls  and quickly grades into 
alluvium. A dior i t ic  border facies of the granodiorite pluton is locally present. 
Small, poorly exposed pendents and/or xenoliths of Precambrian schist crop out in 
the southern part of the area and probably indicate that the plutonic margin is 
nearby. A small, leucocratic granite body intrudes theJgranodiorite about 200 
meters west of the main Relief incline. This plug has been mapped as Laramide on 
the state map, but from its appearance we believe i t  is probably of Tertiary age. 
Fault or shear zones cut the granitic rocks and have served as channelways for 
both diabase dikes and later gold-bearing solutions. 

Gold bearing veins occur in a nearly east-west trending crushed zone that dips 
approximately 45 ° to the north. Diabase dikes that intruded this zone have been 
crushed and sheared as well. The gold-bearing quartz veins and pods were later 
deposited along this same zone. Old reports (Arizona Department Mineral Resources 
f i les) indicate the ore was free milling with gold being the only metal of value. 
Gold occurred in the quartz material, in the sheared and broken diabase and as 
disseminations in the hanging wall. Stopes averaged about 5 f t  in width, but 
reportedly widened to as much as 20 to 30 f t  in places. The average grade of ore 
mined through 1916 was about 0.30 opt Au. (12,000 tons minimum of material). 

Two subparallel vein systems appear to be present in the d is t r ic t .  The 
northern-most one is the Relief vein from which the only known production has 
come. The other major vein system (Bandon vein) lies 600 to 900 f t  south of the 
Relief vein and has a similar strike and dip. While the Bandon vein is 
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geological ly s im i la r  to the Rel ief  vein, i t  has had l i t t l e  exploration and no 
production. Underground stope maps of the Rel ief  mine i r~ icate that values were 
sub-economic unt i l  depths of at least 80-100 f t  were reached. Surface assays 
along the Ba~don vein give sporatic, generally low, gold values. This is not 
necessarily discouraging, considering the upgrading with depth that occurred at 
the Rel ief  mine. 

A moderate potential for scrne small tonnage of underground reserves may s t i l l  
remain in the two vein systems. While the d i s t r i c t  l ies  near the edge of the 
Phoenix metropolitan area, i t  is believed that most of the ground is patented and 
wi th in  an area of unincorporated Maricopa County which might not receive too much 
opposition about exploration. The area of mineral izat ion is so small, however, 
that i f  the Rel ief  and Bandon Veins cannot be both picked up, then work on e i ther  
by ~ i tse l f  is probably ~ot warranted. 

Mines of Interest :  

Sunrise-Relief:  (Sec 3 & 4, T4N, RIE.) Histor ical  production between 3,600 and 
15,000 oz Au prior to 1926, Lower productio  figure is probably most accurate. 
Old reports indicate that the mine was purchased in 1926 by an old Phoenix mining 
entrepreneur who reportedly spent some $25.0,000 i n developing reserves that were 
estimated a t  between 35,000 to 60,000 to~s. More than 5,000 f t  of underground 
workings were supposedly developed. Before th is  could be mined ~, the man died 
leaving his estate in debt. Liens against the property apparently brought 
foreclosure and sale of the property. There is no indicat ion that i f  th is reserve 

d id  exist that i t  has ever been mine~. Thus, there is some potential that 35,000 
to 60,000 tons of probably 0.30 opt materia~ may be le f t  in th is mine. Some 
~nderground examinatio~ and sampling is probably warranted. 

Bandon Mine: (Sec 3 & 10, T4N, RIE.) No h is tor ica l  production, but vein system is 
subparalle] with, and geological ly s imi la r  to the Rel ief  vein. The prospectus of 
Gler~ale Mining and Mi l l i ng  Co. (1°16) notes that a crosscut driven for  water 
storage at the 500 f t  level of the Rel ief  mine encountered a 14 f t  quartz vein 
some 325 f t  south of the Rel ief  vein. Assays indicated the character and average 
grade to be s imi lar  to that in the upper levels of the Rel ief.  The vein was not 
developed at that time due to d i f f i c u l t y  in  handling the f low of water that was 
encountered in  the crosscut. The only major vein system south of the Rel ief  is 
the Bandon Vein. It seems l i k e l y  that the vein reportedly cut in the crosscut is 
the downdip extension of the Bandon vein, par t i cu la r ly  i f  the Bandon vein f lat tens 
some~Vnat with depth. Mr. Allen Luhrs of Phoenix, owns 2 patented claims on the 
B andon vei n. 

References: 

Arizona Department Mineral Resources Fi les; Prospectus of Glendale Mining and 
Mi l l i ng  Co. (1916); Keith and others, 1983a; Unpublished data AGS; Wilso~ and 
others, 1967. 
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SALT RIVER MOUNTAINS (DELTA) DISTRICT 

Location: 

The Salt River Mountains distr ict  is located in the central part of the South 
Mountains (mainly Sec 18 & 19, TIS, R3E and Sec 13 & 24, TIS, R2E) near the 
southern margin of the Phoenix metropolitan area. The distr ict  lies within the 
Phoenix South Mountain City Park and is withdrawn from mineral entry. 

Geology and History: 

The South Mountains (Salt River Mountains on ear ly maps) are composed of two 
fundamentally d i f fe rent  geologic terranes (Reynolds, 1982). Precambrian 
metamorphic and gran i t ic  rocks comprise the western hal f  of the range, while a 
composite middle Ter t ia ry  (28-25 m.y .B .P. ;  Reynolds, 1982) pluton underlies much 
of the eastern half. Numerous, north-northwest-trending Tertiary dikes intrude 
both terranes. 

The composite middle Tertiary pluton intrudes the Precambrian terrane and consists 
of three phases: a granodiorite phase that makes up most of the eastern half of 
the range, a granite phase, and a small alaskitic phase. In places these rocks 
display mineralized hydrofractures. Intense mylonitization of both Precambrian 
and middle Tertiary rocks accompanied and post-dated Tertiary plutonism. 
Mylonitic rocks form a doubly plunging, northeast-trending fol iat ion arch in the 
range. Mylonitic deformation was followed by br i t t le  deformation which produced 
chlorit ic breccia. This chlorit ic breccia overlies mylonitic plutonic rocks in 
the northeast half of the arch and is probably related to a low-angle dislocation 
or "detachment" surface (Reynolds and Rehrig, 1980). The South Mountains rocks 
constitute a deformed package that is consistent with metamorphic core complex 
terranes elsewhere in Arizona (Reynolds and others, 1978; Reynolds and Rehrig, 
1980). 

Gold (+_ s i l ve r  and copper) was discovered in the South Mountains pr ior  to  1900, 
but recorded production only occurred between 1913 and 1942. The Max Del ta  (or 
Delta) mine was the major producer in the d i s t r i c t  and was in  continuous operation 
between 1933 and 1942 when i t  yielded some 6,200 oz of gold and 4,300 oz of s i l ve r  
(unpublished records of Ace Mining Co; Reynolds, 1982). The average grade of the 
recovered ore was 0.45 opt Au, 0.32 opt Ag, and .09% Cu (Reynolds, 1982). A t o t a l  
of nine mines have h i s t o r i c a l l y  yielded some production in  the d i s t r i c t .  Keith 
and others (1983a) l i s t  to ta l  d i s t r i c t  production as 7,000 oz Au, 5,000 oz Ag and 
28,000 Ibs of Cu. The average recovered grade of ore produced from mines other 
than the Max Delta is  given by Reynolds (1982) as 0.55 opt Au and 0.45 opt Ag. 

The gold occurrences are aligned along a north-northwest trend that parallels the 
contact of the middle Tertiary granite and Precambrian gneiss and are spatially 
associated with a similar trending swarm of Tertiary felsic and dior i t ic dikes 
(Fig. 16 ). The veins predominantly strike north-northwest or northwest (Reynolds, 
1982) and dip 60 ° to the east. Based on age dates, mylonitic fabrics and 
cross-cutting relationship of the Tertiary dikes, Reynolds (1982) believes that 
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the veins are the same age as dikes that are syn-to late-kinematic with respect to 
mylonitization and which were emplaced into north-northwest fractures that were 
forming in response to east-northeast extension. He believes that the gold was 
deposited by hydrothermal fluids whose source was probably the middle Tertiary 
granite or genetically related dikes. 

R efere nces : 
3 

Keith and others, 1987; Reynolds, 1982; 
Rehrig, 1980; Wilson and others, 1967. 

Reynolds and others, 1978; Reynolds and 
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SANTA MARIA DISTRICT 

Location: 

The d i s t r i c t  also known as the Planet, Swansea or Bi l l  Williams d i s t r i c t  takes 
in metal occurrences distr ibuted through the western Buckskin Mountains 
between the Alamo d i s t r i c t  on the east and the Cienega d i s t r i c t  along the 
Colorado River to the west. The area l ies in northernmost La Paz County, 
adjacent to the Bi l l  Williams River in R15 and 16W, TION. The d i s t r i c t  is 
mapped on the Swansea 15: topographic quadrangle, 

Geology and History: 

The western Buckskin Mountains make up a portion of the Narcuvar metamorphic 
core complex, a widespread mylonitic metamorphosed and detachment faul t  terrain 
nearly continuous with the Whipple metamorphic core complex just  west of the 
Colorado River in California (Rehrig and Reynolds, 1980; Davis and others, 1980; 
Wilkens and Heidrick, 1982). The gently arched ranges consist of mylonitic 
gneisses and schists, intensely intruded by plutons that vary in composition 
from dior i te to 2-mica granite and pegmatite. Most plutonic rocks are deformed 
by the same ducti le processes that have affected the metamorphic host rocks. 
The metamorphic rocks of the core ranges have experienced at least two periods 
of intense deformation and part ial recrysta l l izat ion.  Both events resulted in 
shallow-dipping fo l ia t ion and varying degrees of tectonic l ineation. The 
ear l ier  event was late Mesozoic age. Deep seated, re lat ive ly  high temperature 
processes were involved. Thrusting may have accompanied the deformation. The 
later event was of Tertiary age and consisted of ducti le mylonite development 
of extensional or igin. Both Mesozoic and Tert iary deformations were accompanied 
by magmatism, the Tertiary phase being re lat ive ly  high-level. Previously, the 
age of the Buckskin gneisses have been considered Precambrian. More recent 
work (Rehrig and Reynolds, 1980) suggests that some metamorphic protol i ths in 
much of the terrain may be Mesozoic (plus Paleozoic?) sedimentary l i thologies.  

Flanking the B ckskin Mountain arches on most sides, and capping the mylonitic- 
metamorphic core sequences, is the Buckskin detachment faul t  above which 
upper-plate rocks have been profoundly faulted; t i l t ed  and altered and below 
which the mylonitic rocks are pervasively brecciated and ~ropyl i t ized. Upper- 
plate rocks in this region consist of Tertiary continental sedimentary and 
volcanic sequences (Ar t i l l e ry  Peak and Chapin Wash Formations) and brecciated, 
highly faulted mixtures of Paleozoic and Mesozoic sedimentary and s l ight ly  
metamorphosed rocks. 

In the Santa Maria d i s t r i c t  region, peculiar carbonate lenses, layers or beds 
commonly occur at the detachment zone interface, always just  above the mylonitic 
lower plate. The origin(s) of the carbonates have been d i f f i c u l t  to assess. 
They have been considered as Paleozoic sediments, Tertiary lake beds, meta- 
somatic replacement or even hot spring hydrothermal deposits. Actually all 
varieties may exist.  
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Post-mylonite rocks consist of d ior i t ic  intrusive bodies and common, NNW- 
to NW-trending dikes such as occur p ro l i f i ca l l y  through the Harcuvar and 
Harquahala ranges. Post-detachment rocks include f la t - ly ing basalt flows and 
intercalated conglomerates less than 15 m.y. in age. Post-detachment structures 
consist of high-angle northwest faults, some of which are normal, others of 
which display reverse or l a t e ra l s l i p  ( i .e. Lincoln Ranch faul t) .  

Mineralization is extensive through the western Buckskin Mountains. Most 
prospects and mines show a close spatial association with the Buckskin detach- 
ment surface and are usually found within a few hundred feet structurally of 
this profound and lateral ly extensive discontinuity. This relationship between 
detachment and metal distribution is maintained through the neighboring Whipple 
metamorphic core complex as well (Figure I~) (Ridenour and others, 1982). 
Detachment mineralization of mid- to late Tertiary age typical ly encompasses 
the following suite of metallic and gangue minerals: pyrite, chalcopyrite, 
specularite, chrysocolla, gold, quartz, calcite and minor f luor i te or barite, 
chlorite, and epidote. Manganese oxides and trace amounts ofsphalerite or 
galena may also be present. Copper appears to always be present as the 
dominant economic metal. Gold accompanies the copper-hematite in many occur- 
rences, but not in a l l .  

Local structural and l i thologic settings for detachment mineralization consist 
of the following: (1) Variably brecciated and propyl i t ical ly altered plates of 
nonmylonitic rock ("middle plates") sandwiched between two detachment faults. 
Mineralization developed as disseminations, fractures f i l l i ngs ,  veinlets, etc. 
in b r i t t l e l y  fractured, brecciated rock oras massive replacement and stringer 
ore bodies in carbonate rocks above the lower detachment surface; (2) Within 
l i s t r i c  fault zones of the upper plate or at their intersection with the 
detachment fault ;  (3) Within the crush zone of the detachment fault i t se l f  or 
(4) "Disseminated" within the chloritic-breccia zone of the lower plate. These 
localizing situations are diagrammatically shown in Figure 

With the exception of the Mineral Hi l l  and Swansea mines, the occurrences in 
the d is t r ic t  are small. Wilkens and Heidrick (1982) state that a total of 63 
mil l ion pounds of copper; 11,900 oz gold; and 1,000 tons of manganese were 
produced from mines along the detachment surface. This estimate may include 
local i t ies outside the Santa Maria d is t r ic t  because Keith (1978) cites d is t r ic t  
figures of'1,405,000 tons of ore containing about 22,675 tons of copper, 
24,606 oz si lver, and 1,128 oz gold. 

Mines of Interest 

Swansea mine 9roup: (TION, R15W, Sec. 32) Known and prospected since the 
1880's, the Swansea or Signal mine group has produced some 352,000 tons of 
copper ore. Average production grades ran about 3% Cu and 0.09 opt Ag. Only 
minor gold is reported, but no recoveries are given. Some 39 mill ion pounds 
of copper were recovered. The mine lay idle between 1937 and 1959 when 
acquired by one-of the present owners (J. Challinor). Since about 1979, 
various exploration groups have investigated the property. Some 50 holes 
have been d r i l l ed .  
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Generally the high-grade Swansea ore bodies consisted of sulfide (pyrite and 
chalcopyrite) and specularite replacement masses of the irregular marble 
breccia which occurs upon the Buckskin detachment surface (Figure ). The 
overall paragenetic sequence of mineralization consists f i r s t  of the sulfide 
minerals closely tied to gangue minerals of quartz, epidote, chlorite. These 
minerals were then cut by calcite veinlets followed by specularite replacement 
and veining and f ina l ly  by a late stage of carbonate mineralization. A lower 
grade, more disseminated style of mineralization has been delineated by post- 
1959 dr i l l i ng .  I t  consists of a disperse zone of disseminated and veinlet 
chalcopyrite, pyrite and bornite with specularite and native copper found in 
highly chlor i t ic ,  "cataclastic" schists which host the carbonate breccia 
containing the replacement ore bodies. In addition, pyrite specularite with 
minor chalcopyrite have been reported from lower plate chlor i t ic breccia 
beneath the detachment fault.  

On the surface at the Swansea property, outcrops show a tectonic mixing of 
massive, l ight colored, carbonate breccia and gray, somewhat foliated carbonate 
with a chlor i t ic  nonmylonitic ("cataclastic" - Wilkens and Heidrick, 1982) 
schist. These rocks, which contain most of the Swansea ores, are thought to 
represent metamorphosed and deformed Tertiary Ar t i l le ry  Peak Formation in 
either a middle or upper plate position (Wilkens and Heidrick, 1982). I t  may 
be significant that no exposures or occurrences of intrusive rocks have been 
noted in the mine area. 

Copper Penny prospect: (TION, T15W, Secs. 35, 36) Thought to be a faulted 
extension of the mineralization at Swansea, the Copper Penny prospect was 
dr i l led by Gulf Mineral Resources in 1979 (Wilkens and Heidrick, 1982). Weak 
but pervasive sulfide-oxide metallization - pyrite, chalcopyrite, specularite, 
minor sphalerite, galena and manganese oxides were found in varying amounts 
throughout the lower, middle and upper plates of the Buckskin detachment 
system. Associated gangue minerals are calcite, gypsum, f luor i te,  barite, 
quartz and opal. The best mineralization ( s t i l l  uneconomic) is spatially 
centered upon the detachment faults, distributed between the following struc- 
tural settings: (1) disseminations in chlorite breccia of the lower plate; 
(2) sulfide oxide replacements of reactive brecciated marble resting on the 
lower of two detachment faults (Figure2~). The carbonate is exactly anal- 
ogous to the carbonate hosting ore at Swansea. At Copper Penny, however, these 
replacements are rare; (3) open space or breccia f i l l i n g  at intersections of 
l i s t r i c  faults and detachment surface; (4) as gash and fault veins; and (5) as 
longitudinal fissure f i l l i ngs  along the crest or trough of large, low-amplitude 
folds. No significant gold values were reported as a result of Gulf's 
exploration. 

Planet - Mineral Hi l l  mines: (TION, R16W, Sec. 6; TION, R17W, Secs. 2, 10 and 
11) The Planet mine, worked intermittently from 1863 to 1937, produced a mini- 
mum of 60,000 tons of ore running about 10% Cu, with minor Ag and Au (i .e. 200 
oz). At the Mineral Hi l l  deposit total production amounts to nearly a mill ion 
tons averaging about 1.7% Cu with very minor gold and silver. Some 13 mill ion 
pounds of copper were extracted from the large tonnages mined at Mineral H i l l .  
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A 1978-79 explorat ion program was conducted by Cordex Exploration of Reno, 
Nevada, who d r i l l e d  15 holes between the Planet and Mineral H i l l  mines. The 
objective of the program was gold; reportedly only a few re la t i ve l y  minor gold- 
bearing l i s t r i c  f au l t  zones were discovered and the venture was discontinued. 

Based on d r i l l i n g  and surface mapping, a schematic cross section has been 
constructed between the two mines, some 2 or 3 miles apart (Figure~8) (Wilkens 
and Heidrick, 1982). The Buckskin detachment surface forms the fundamental 
control for  minera l izat ion.  The lower plate is made up of the t yp ica l ,  fo l ia ted  
and l ineated augen gneisses. In the upper plate is a homoclinally t i l t e d  
sequence of Mesozoic (?) metasedimentary and metavolcanic rocks. Note from 
Figure that above the detachment c h l o r i t i c  breccia zone, occurs at several 
posit ions along the Section, thin wedges and layers of marble breccia l i ke  those 
at Copper Penny and Swansea l o c a l i t i e s .  Because of the i r  roughly conformable 
at t i tude with respect to the detachment, and discordancy with respect to upper 
plate bedding, the carbonate deposits cannot be Paleozoic beds or Ter t iary  
lacustr ine strata.  

Mineral izat ion at Planet-Mineral H i l l  consists mainly of speculari te and 
chrysocolla (± copper carbonates) derived from chalcopyri te. Sulfides and 
oxides replace marble breccia. D r i l l  holes into the detachment c h l o r i t i c  
breccia documented microveinlet  and disseminated hematite, pyr i te ,  chalcopyri te 
and rare native copper. At the Planet deposit c ryptocrysta l l ine s i l i ca  
pervades the marble breccia above the detachment surface in the mineralized 
zones. 

Angelus mine: (TION, R17W, Sec. I) Located in the highly fractured upper 
plate of the Buckskin detachment between Mineral H i l l  and Planet mines, the 
Angelus property produced gold wi th in a brecciated, s i l i c i f i e d ,  and ser ic i t i zed  
Mesozoic or Paleozoic quartz i te  horizon. Production amounted to some 100 tons 
running about I opt Au and 0.2 opt Ag. Note the conspicuous absence of the 
copper-hematite. Could this occurrence be related to Mesozoic metamorphic or 
syngenetic processes as at some l oca l i t i e s  in the Granite Wash Mountains? 

Argus and Maryland mine 9roup: (TION, R16W, Sec. 6) Workings are located next 
to the Planet mine. Mines produced copper ore with good gold values from the 
detachment f au l t .  Hematitic ore (± 250 tons) averaging about 3% Cu, 0.4 opt Au, 
and 0.2 opt Ag was taken as replacement lenses and bodies from brecciated marble 
above the f l a t  f au l t .  

Moro mine ~roup: (T9N, RI5W, Sec. 3) A mineralized zone containing earthy and 
specular hematite, chrysocolla (± copper carbonates), quartz bar i te ,  traces of 
f l u o r i t e  and s ign i f i can t  gold is confined as a shallowly south dipping, tabular 
body along the Buckskin detachment fau l t .  Ore zone is found immediately above~ 
the dense, c h l o r i t i c  breccia zone of the fau l t .  The character is t ic ,  gray 
carbonate breccia in I-3 f t  th ick lenses conformably overlying the fau l t  occurs 
in the mine area but, unl ike at Swansea, is not the host for  ore (see Figure ). 
The mineralized zone appears developed in crushed, brecciated upper plate rocks 
of Chapin Wash redbeds (arkoses, conglomerates) and volcanic rocks. The zone is 
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s i l i c i f i e d  in part and possibly intruded by a f lesh-colored, rhyol i te  porphyry 
containing abundant small zenoli th fragments. The porphyry is gold-bearing and 
cut by secondary quartz veinlets. 

The mineralized detachment zone is about 5 to 15 f t  thick and appears to outcrop 
or extend arouRd a small, oblong hi l l  about I/4 mile wide and 3/4 mile long. 
The h i l l  is capped by Chapin West Formation with strata t i l t e d  moderately to 
the southwest. Sampling yields common multi-ppm values of gold ( i .e .  2-15) 
through the zone, but concentrations probably are quite er ra t ic .  

The mine group has been worked sporadical ly from early lgOO's to mid-lgSO's, 
producing some 2,300 tons of 3% Cu and minor Au, Ag. Within the past two 
years, the property was leased to American Gold Corp. of Denver (Ra~rmundo 
Chico) and close-spaced d r i l l i n g  was carried out over the more exposed west end 
of the mineralized zone. The results are not known. Currently the mine 
workings and surrounding area has been staked byPhelps Dodge Inc. 

Clara mine group: (TION, R15W, Sec. 35) Workings explore a Buckskin detachment 
zone exposed by erosion about I mile due east of Clara Peak, a prominent klippe 
of t i l t e d  upper plate C~apin Wash beds. Mineral izat ion of chrysocolla, some 
chalcocite and gold-s i lver  within brecciated fau l t  zone material (upper plate ?) 
and character ist ic  brecciated carbonate lenses. Jasper and s i l i ca  are reported 
in the zone. Workings produced 50,000 tons of 4.7% copper grade with values in 
gold and s i l ver .  Surface grab samples run high in gold (few ppm to i oz). 

Revenue mine group: (TION, R15W, Sec. 31) Workings are located just  over a 
mile due west of the Swansea mine and produced o~ly small q~antit ies (200 tons) 
of hematit ic, copper ore (2% Cu) carrying minor gold. The sett ing for  
mineral izat ion is the same as at Swansea and Copper Penny areas; that is,  as 
replacement lenses in carbonate masses resting upon the detachment surface. 

References: 

Bancroft, 19 i l ;  Keith, 1978; Heidrick and others, 1980; Wilkens and Heidrick, 
1982; Arizona Dept. Mineral Resources, f~le data; Rehrig, unpubl, f i e ld  notes. 
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SHEEP TANKS DISTRICT 

Location: 

The Sheep Tanks mining dist r ic t  covers the northwestern part of the L i t t le  Horn 
Mountains, in TIN and TIS, R14 & 15W, Yuma County, Arizona. I t  is sometimes 
included with The Alamo Springs distr ic t  which lies to the west. 

Geology and History: 

The oldest rocks exposed in the Sheep Tanks distr ict  consist of a sequence of 
middle Tertiary volcanic tuffs, flows and breccias of predominantly rhyolit ic to 
dacitic composition. Wilson (1933) noted that these rocks have been intruded by 
diorite porphyry, which forms large, irregular cross-cutting masses along with 
s i l l s  and dikes. Cousins (1973) who studied the distr ic t  for his masters thesis 
failed to note these diorite porphyry masses, but mentions that these rocks have 
been intruded by a quartz monzonite porphyry about six miles northwest of the 
d ist r ic t .  Late Tertiary olivine basalts unconformably overlie the older felsic 
sequence which was strongly faulted and t i l ted before the basalts were erupted. 
Cousins (1973) describes a number of different fault sets which cut the 
stratigraphic section; some of these faults are restricted to the older felsic 
part of the volcanic section. The most predominant faults exposed in the range 
consist of a series of parallel, northwest striking vertical faults that are fe l t  
to be continuous with similar trending, str ike'sl ip motion faults mapped by Miller 
(1970) in the Quartzite quadrangle to the northwest. Of the faults restricted to 
the older felsic section, the most intereting is a mineralized low angle normal 
fault that dips about 25" to the northeast. 

The f i r s t  mining claims in the distr ict  were located in 1909 on a small lead vein. 
L i t t le  ore was actually produced until 1929, when 801 tons grading 1.63 opt Au and 
15.63 opt Ag were taken from the Resolution vein. Major mining took place between 
1933 and 1940 when a 100 ton/day mill was bui l t  on the property. At this same 
time, the Oakland (Santa Claus) mine was located in the eastern part of the 
d ist r ic t  on a rich gold-silver vein. Keith (1978) estimates total production from 
the distr ic t  through 1974 would amount to some 17,400 tons of ore containing about 
20,904 oz Au, 39,731 oz Ag and 1 ton Cu. He also mentions a few ozs of placer 
gold were probably produced along with some 250 long tons of low-grade manganese 
ore. 

The ore bodys of the Sheep Tanks distr ic t  were predominantly precious-metal 
bearing manganiferous calcite deposits (i.e. Romslo and Ravitz, 1947; Mills, 1945; 
Cousins, 1973). The vein f i l l ings consist of irregular masses of limonite, 
various manganese minerals, quartz, black and white calcite and some cross-cutting 
veinlets of barite. Gold and silver occur in shoots within the veins; chrysocolla 
and lead minerals are locally present. Visible gold is most often found as flakes 
associated with manganese oxides f i l l i ng  vugs and fractures in the quartz. 
Interestingly, the black calcite commonly contains about 4% manganese while the 
white calcite contains less than 250 ppm (Cousins, 1973). 
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Cousins (1973) states that al l  the hydrothermal deposits in .the d is t r ic t  are 
controlled by the older faults, and that almost all the deposits occur in broad 
breccia zones in rhyolite porphyry. 

Quartz-hematite alteration is present adjacent to all the gold-silver orebodies 
(Cousins, 1973). The footwal~ of the Resolution vein is completely replaced by 
fine-grained quartz and hematite over a wide zone that grades away into a broad 
zone displaying unaltered feldspar phenocrysts, but whose groundmass is largely 
altered to quartz and sericite. Hanging wall rhyolite immediately adjacent to the 
ore body is completely s i l i c i f i ed  and exhibit a porous texture. Within a few 
feet, this texture grades into non-porous s i l i c i f i ed  rhyoli te whose large K-spar 
phenocrysts are preserved. Hematite is abundant in this material but apparently 
restricted to the groundmass. Keith (1978) notes that chlor i t izat ion is also 
present, but does not state i f  this is restricted to the hanging wall, footwall or 
both. Interestingly, Cousins {19731 ~ reports that alteration is sl ight to non 
existant adjacent to the black calcite veins. 

Cousins believed that the carbonate, manganese and other metals in the deposits 
were derived from cherty limestones that he believed floored the volcanic sequence 
at some shallow depth. Although no rocks of this type crop out in the d is t r ic t ,  
he cites nearby [Clanton Hi l ls)  outcrops of mesozoic sediments as evidence in 
support of his theory. I t  is interesting that Mesozoic sediments and volcanic 
rocks are in close proximity to many of the other mining distr icts in the area. 

That the Resolution vein was hosted by a low angle Tertiary normal fault is also 
interesting, especially in l ight  of the recent discovery announcement by Amoco of 
their nearby Copper Stone deposit which is also associated with a shallow dipping 
Tertiary fault, addition, Wilson and others (1967) indicated that considerable 
low-grade material remained ~n the district for want of a cheep water supply for 
mill ing needs. In fact, a 1947 report (cited by Sturdevant, 1970) indicates that 
the mining area contains estimated possible stripmining reserves of between 10-15 
mil l ion tons of ore worth about $5/ton (gold $35/oz; Ag @ $0.77/oz). In the 
Resolution Hi l l  area above the mainworkings, i t  was estimated that some 720,000 
tons of $8/ton ore existed. The estimates were apparently based on some 4,000 
assays that were taken on the property when i t  was in operation. Unfortunately, 
the western portion of the Sheep Tanks d is t r ic t  l ies within the Kofa Game Range 
and is withdrawn from mineral entry. What part of the potential, low-grade ores 
that would be affected by the withdrawl is unknown. The eastern portion of the 
d is t r ic t ,  however, remains open to mineral entry under the mining law. 

Mines of Interest:  

Sheep Tanks nine (Resolution ~roup): (NEI/4, Sec I ,  TIS, R15W) Was the major 
producer in the d i s t r i c t ,  accounting for nearly a l l  of the gold-s i lver  production 
d i s t r i c t  wide. The Resolution vein dips northeast at about 25:. Conservative 
maximum dimensions of the vein, as indicated by outcrops and mine workings, are 
about 800 f t  north to south by 700 f t  east to west. In places, the vein was 40 f t  
th ick.  A 1947 study estimated that 720,.000 tons of $8/ton ore remained in 
Resolution Hi l l  above the old workings. The Resolution vein and any simi lar 
f l a t - l y i ng  structures in the d i s t r i c t  seem worthy of further exploration. Since 
Keith (1978} states that the actual ore mined from the deposit averaged nearly 1.2 
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opt Au, one wonders how much thickness of low grade material may actually remain 
in the old workings i tse l f .  Tests conducted by the USBM indicated that the gold 
was readily leachable from the deposit while silver recovery was much more 
di f f icul  t, 

Oakland Mine: (SE 1/4, Sec 10, TIS, R14W) Brecciated aone cut by narrow, 
lenticular, quartz-carbonate stringers with limonite and gouge in mid-Tertiary 
volcanic rocks. Wallrocks are carbonatized, chloritized and locally sericitized. 
Sporatic production produced small tonnage (15 tons) of extremely high grade (12.5 
opt Au) ore. 

S~rna claim: (Location unexact; approximately 1/2 mile south of Sheep Tanks 
Camp.) Gold-bearing, low-angle brecciated zone in d ior i te ( rhyo l i te )  porphyry. 
This zone strikes northeastward, dips 30°-40 ° SE, and has maximum exposed 
thickness of 4 f t .  The hanging wall is marked by a streak of coarse-grained gouge. 
Vein material where exposed was reported to assay a few dollars per ton ($35/oz 
prices). 

Davis Prospect: (Sec 3, T15, R14W. 5 miles east of Sheep Tanks mine and short 
distance north of road to Palomas.) Here, a pediment surface with several outcrops 
of weathered volcanic rocks is exposed. Prospecting in 1931-32 exposed a shallow 
dipping brecciated zone that contains a few narrow lenticular quartz-carbonate 
stringers. This zone strikes N55~W and dips about 30°-50: N and is marked by a 
thin iron-stain gouge zone. Wallrocks are heavily chloritized and carbonatedwith 
local sericit ization. The vein was explored by a shallow shaft and short workings 
by the United Verde Extension Mining Company in 1932, and encountered some rich, 
near-surface pockets. The ore averaged several dollars per ton for f i r s t  20 f t .  
Deeper mineralization, however, was reported to run less than $2/ton ($35/oz 
prices). 

Unnamed Prospect: (Location inexact; 4 miles east of Sheep Tanks mine and about 
1/8 mile south of road to Palomas.) Property consists of shallow workings on 
locally shattered diorite porphyry. Here, nearly vertical fractures strike 
eastward and display considerable limonitic stain. Portions of the iron-stained 
s i l i c i f i ed  breccia carry some gold. Prospected by old shelf and shallow cuts. 

References: 

Cousins, 1973; Keith, 1978; Mil ls, 1945; Romslo and Ravitz, 1947; Sturdevant, 
1970; Wilson, 1933; Wilson and others, 1967. 
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SILVER DISTRICT 

Location: 

The Si lver  d i s t r i c t  is located in the southern Trigo Mountains, T3 &4S, R23W, in 
La Paz County, about 55 miles by road north of Yuma. The d i s t r i c t  is contiguous 
on the south with the Eureka d i s t r i c t  and on the north with the Trigo d i s t r i c t .  
Access is through the U, S. Amy's Yuma Proving Grounds and certain off road 
restrictions apply. Once within the district, numerous jeep trails afford ample 
access to most areas. 

Geology and History: 

The geology of the Si lver  d i s t r i c t  has been studied and mapped by a number of 
d i f fe rent  workers, including; Wilson (1933, 1951), Parker (1966), Weaver (1982), 
Gardner and others {1982), Pietenpol {1983) and Tosdal (work in progress). The 
oldest rocks in the d i s t r i c t  consist of gneisses and schists derived from 
sediments that are now belived to be mid to late Mesozoic in age. Large exposures 
of these rocks crop out mainly in the southern and western parts of the d i s t r i c t .  
Jurassic and late Cretaceous intrusions of granodiori te composition cut the 
metamorphic rocks in the southern part of the d i s t r i c t .  A s ign i f i cant  zone of 
migmatite has been developed near the granodiori te- metasediment contact. A large 
body of Orocopia schist is exposed in the Eureka d i s t r i c t  south of the Jurassic 
granodiori te. While the orocopia is believed to be of s imi lar  age as the Mesozoic 
sediments to the north in the Si lver  d i s t r i c t ,  i t  is of completely d i f fe rent  
provenanceand separated from the sediments by a regional ly  extensive structure 
that has been called the Chocolate Mountains thrust in nearby parts of Cal i forn ia 
(Haxel and Di l lon ,  1978). This thrust separates North American crustal rocks from 
oceanic Orocopia rocks. The Mesozoic metasediments and Jurassic granodiorite in 
the Si lver  d i s t r i c t  are contained i~ the upper plate of this regional al locthon. 

Unconformably overlying the crystal ine and metamorphic rocks is a thick sequence 
of middle Tert iary volcanic rocks, which make up most of the outcrop in the T r i g o  
Mountains. These rocks range in composition from andesite to rhyo l i te  and consist 
of flows, breccias, and pyroclast ic deposits. The overall s t rat igraphic 
succession of these volcanic rocks correlates well with the volcanic stratigraphy 
described by Crowe and others (19701 in adjoining parts of Cal i forn ia.  Flat ly ing 
basalt flows of late Miocene or Pliocene age cover a large area of the eastern 
Trigos and represent the youngest igneous event in the range. 

Parker (1966) spent considerable time describing the metamorphic rocks in the 
d i s t r i c t .  These rocks display a prevai l ing paral lel  trend of l ineat ion,  f o l i a t i on  
and fold axes to the northeast with steep dips to the southeast or northwest. 
Parker describes these rocks as comprising a complex of schists, gneisses, 
phy l l i tes ,  a r g i l l i t e s ,  and gneissic granite of greenschist metamorphic facies. 
Within the schists he recognized several d i f fe rent  var iet ies and noted that 
sedimentary facies changes were probably exhibited within these rocks as beds that 
could be continuously traced out displayed an increase in calcareous content to 
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the south. Unfortunately, one cannot be sureer is describing schists 
within the upper plate, schists within the Orchist, or both, as these rock 
types are not separated on his mapping. Thisrtunate as some of his schist 
units are unusual and may possess explorationcance. For instance, he 
describes a schist terrane that includes quar~=eldspar schists; banded, 
carbonaceous calc schists (possibly metaexhal~ons); and quartz-fuchsite 
schist. In addition, Parker (1966) states thgf the schistose rocks 
contain chromite; indicating that some of the~.h may have consisted of 
ultramafic igneous rocks. These types of rockletimes associated with gold 
mineralization in greenstone belts ( i .e. Abit i in Canada, Mother Lode belt 
in California). While i t  is undeniable that talization in the Silver 
d is t r ic t  is mid to late Tertiary in age, the Pof these distinctive older 
rocks make one suspect that the Tertiary ore Slay have "inherited" some of 
their metals, carbonate, barite, etc. from theing basement. This does not 
appear to be a unique situation. In numerous in western Arizona where we 
see the Mesozoic schists cropping out associatmid Tertiary to Laramide 
igneous activity we typically find associated ration. One wonders i f  the 
Mesozoic rocks themselves have ever been syste~y explored for syngenetic 
precious metal deposits. More about the possi[ificance of these rocks is 
discussed in other sections of this report. Abte worth mentioning is that 
Wilson (1933) stated that dumortierite with mirite occurred in quartzose 
schist boulders in the Colorado River terrace ~ownstream from the site of 
Clip, an old mill site where ore from the Clip; processed. These rocks 
would appear to be similar to kyanite bearing rthe Tumco and Vitr i fax Fms 
in the nearby Cargo Muchacho gold d is t r ic t  in Ca, where syngenetic aspects 
to mineralization may also exist. 

Pietenpol (1983) recognized three stages and stfaulting within the 
dist r ic t .  These included an early stage of loWaulting, an intermediate 
stage of moderate to high-angle normal faultingate stage of high-angle 
transverse faulting. The low-angle fault is pnly in the vicini ty of the 
Black Rock and silver Glance mines (Pietenpol,~The most important faulting 
consists of the moderate to high-angle normal ~ich define a horst-graben 
structural setting for the distr ict .  Pietenpoland Parker (1966) relate 
these faults to Basin-and-Range tectonics. We~2) and Garner and others 
(1982) have tried to relate the normal faults $ion in the upper plate of a 
regionally extensive "detachment" surface said iposed in the northern Trigo 
Mountains. Using this model, the faults in th@late are thought to merge 
into the detachment surface with depth. Data ibY Pietenpol's study 
refuted Garner's detachment picture, at least ~uthern Trigos. Our 
reconnaissance studies in the southern Trigo M(also indicate that 
regionally extensive detachment faults do not (this area. For this reason, 
we have not included on our geologic map any o and others (1982) proposed 
detachment faults in the Trigo Mountains. We Fident that this is true in 
the southern Trigo Mountains, and suspect from reconniassance and verbal 
communication with Tosdal (1984) that i t  also to the northern part of the 
range. 

Mineralization in the d is t r ic t  consists of lowture calcite-quartz- 
barite-fluorite-bearing epithermal veins that ~ults and fractures. 
Pietenpol (1983) noted that veins are present the low-angle fault and the 
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moderate to high-angle faults. The high-angle transverse faults commonly cut the 
veins and are themselves barren. Based on synmineralization brecciation, 
Pietenpol believed that mineralization was related to some sort of late stage 
volcanic activity associated with the basin-range faulting. Individual veins 
within the large horst-graben fault zomes are persistent and have been traced 
along strike for as much as 2 miles. Widths are highly variable pinching and 
swelling along strike; in places the veins are as much as 100 f t  wide. Drill hole 
data indicate that most veins narrow with depth, Ore shoots usually are limited 
to lengths of less than 100 f t  and widths of less than 10 f t .  Parker (1966) states 
that average assay values are about 6% Pb, 4% Zn, 10 oz Ag and 0.02 oz Au per tom. - 

The veins of the Silver distr ict  are famous for the unusual and beautiful minerals 
they contain. Parker (1966) identified 33 primary and secondary vein minerals. 
Silver, zinc and lead are the only elements of economic importance. Typical 
orebodies consist of limonitic, quartz-barite-calcite- f luorite fissure f i l l ings 
that contain economic amounts of argentiferous galena, lead oxides, argentite, 
silver halides, cerussite, smithsonite and anglesite (Parker, 1966). 

The distr ic t  was discovered in the mid 1860's, but production did not start until 
1879. While production records were not kept during the early years, Thompson 
(1925), estimated production from the distr ict  amounted to about $5,000,000. He 
based his estimate on data furnished by a local Well's Fargo agent who supposedly 
handled all the Bullion shipments from the distr ict  to the U.S. mint. Wilson 
(1951) gave a more conservative production for the distr ict  as amounting to some 
1,559,201 oz Ag, 2,329,059 Ibs Pb and 14,200 Ibs. Zn (zinc was apparently not 
recovered from the ores until 1947). Since about 1976, the distr ict  has been 
largely tied up by New Jersey Zinc Exploration Company who has expanded about $2 
million into distr ict  wide exploration. 

New Jersey Zinc's exploration effort consisted of both underground and surface 
sampling and mapping and several hundred dr i l l  holes completed over the past 10 
years. Their effort was successful in blocking out several mineralized bodies at 
or near the surface along three main fault systems that they refer to as the West, 
Central and East vein Systems. 

West Vein System: Averages 10% fluorite, 3.2 oz Ag, 1% Pb and 3% Zn 
(non-recoverable?). There are 1.7 million tons distributed in 5 open-pitable 
deposits. Approximately 50 to 60 dr i l l  holes were puut into the orebodies. 
Apparently, there is no barite in this system. 

Central Vein System: Includes the Padre Kino and Silver King veins. The Padre 
Kino vein dips 60 ,~ W; has massive fluorite with some barite and silver at the 
surface. The deposit contains about 300,000 tons of 27% fluorite and I oz Ag. 
The Silver King vein deposit dips east at moderate angle; has only fluorite and 
barite (no calcite or Ag) and contains about 450,000 tons of 17% fluorite and 9% 
barite. South of the drilled-out Silver King deposit, the vein extension has not 
been dril led, but is known to be a minimum width of 5 f t ,  probably containing 
30-40% combined fluorite-barite. The northernmost mile of the productive Central 
vein System has never been drilled, but offers excellent potential for significant 
reserve additions. The known reserves of the Central veins are about 700,000 tons 
of 0.47 oz Ag, 22% CaF2 and 8% barite. 



East Vein System: Included are the Clip, Amelia and Revelation underground 
workings and structures. Total reserves approximate 3.2 mil l ion tons of nearly 4 
oz Ag, and 20% barite. There is no signif icant f luor i te .  

A summary l i s t ing  reserves as of 1981 is presented in Table I .  Between al l  three 
vein systems, there is approximately 6 mil l ion tons of 3-1/2 oz Ag; 600,000 tons 
of recoverable and marketable barite, and 230,000 tons of same for f luor i te .  

Feasibi l i ty studies indicate mining costs (open pit) of about $4/ton and m i l l i n g  
of costs $8/ton. All reserves would be mined by a series of small open pits to 
several hundred f t  maximum depths. Minable deposits are al l  contained within a 
4 x 2 mile area favorable to a central mil l ing fac i l i t y .  

References: 

Crowe and others, 1979; Gardner and others, 1982; Haxel and Dil lon, 1978; Parker, 
1966; Pietenpol, 1983; Thompson, 1925; Weaver, 1982; Wilson, 1933, 1951. 
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The following is the tonnage calculated for the three 

vein systems: 

oz/T 
Tons Aq 

West Vein 

% Pb 

Positive 701,200 4.07 1.04 

Probable 436,000 3.1 0.93 

Inferred 893,500 2.63 1.16 

Total Silver-Lead 2,030,700 3.16 1.08 

I 
I 
l 
I 

I 
I 

i 
Central Vein (less Maxie reserves) 

0z/T % 
Tons Ag CaF 2 

Positive 260,900 nil 17.6 

Probable ~ 106,800 nil 16.9 

Inferred 367,60.0 0.94 25.7 

Total Fluorite 735,300 0.47 21.5 

BaS04 

8.6 

9.5 

6.4 

7.6 

East Vein (plus Maxie and M & P reserves) 

oz/T 

Positive 

Probable 

Inferred 

Total Silver-Barite 

Tons Ag 

% 

BaS04 

846,670 4.77 13.5 

1,088,630 3.25 ]5.] 

1,325,610 3.60 27.2 

3,260,910 3.79 19.6 

(Unpubl, Reoort,_ New Jersey Z ~'-'_~.c 

1982) 
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SOUTHERN PLOMOSA DISTRICT 

Location: 

This d i s t r i c t  is a southern extension of the northern Plomosa d i s t r i c t  and 
occurs in the mountains south of U.S. I - I0 .  The d i s t r i c t  adjoins the New Water 
area on the east ahd includes mineral occurrences in the Livingston H i l l s  to 
the south. Black Mesa which l ies  in the central part of the d i s t r i c t  is the 
dominant topographic feature. The d i s t r i c t  is included in Townships 3 and 
4 North, Ranges 17 and 18 West of La Paz County and is found on the Quartzite 
15' quadrangle. 

Geology and History: 

The geology of the d i s t r i c t  appears on the 15' geologic map of the Quartzite 
Quadrangle by M i l l e r  (1970). Generally, i t  consists of an extremely complex 
thrust  ter ra in  in pre-Ter t iary  rocks. The Various l i tho log ies  involved in this 
interleaved tectonized sequence include: Precambrian plutonic rocks, Paleozoic 
cratonal facies sedimentary and metamorphic rocks, Mesozoic volcanic and 
continental sedimentary rocks and the i r  metamorphic equivalents and Mesozoic 
plutonic rocks including a d i s t i nc t i ve ,  ch lo r i t i zed ,  megacrystic quartz mon- 
zonite porphyry and quartz porphyry of probable Jurassic age. In places, such 
as jus t  west of Guadalupe Mountain and just  south of U.S. 1-10, deformation in 
Paleozoic (?) strata that has been thrust  upon Precambrian basement shows 
extreme p l a s t i c i t y  and formational attenuation. Relat ive ly  short distances 
away, such as jus t  north of Black Mesa, the Paleozoic section is intact  and 
only mi ld ly  disturbed. A major l i t ho log i c  uni t  mapped along the west margin 
of the southern Plomosa Mountains consists of mi ld ly  metamorphosed r h y o l i t i c  to 
dac i t i c  volcanics and tuffaceous rocks rest ing deposi t ional ly  on Precambrian 
quartz monzonite. M i l l e r  c i tes e i ther  a Precambrian or Mesozoic age for  the 
un i t .  We lean toward the Mesozoic age. 

Occurring in the southern Plomosas and making up the Livingston H i l l s  to the 
south is a thick continental sedimentary sequence appropriately named the 
Livingston H i l l s  Formation. Extensively studied by Harding (1980, 1981), th is 
formation consists of a lowermost conglomerate member, overlain by an in te r -  
mediate s i l ts tone member and an upper graywacke member. The formation is 
estimated to be of Jurassic age. 

Ter t ia ry  rocks consist of andesit ic volcanics, minor rhyo l i t e ,  hypabyssal dike 
rocks and the ~15 m.y. old basalt of Black Mesa. With the exception of Black 
Mesa basalt ,  these rocks have been affected by rotat ional  normal fau l t ing  
( l i s t r i c )  and by s t r i ke -d ip  fau l t ing  on a broad zone of northwest-str ik ing 
structures that trend through the southern part of the area. 

Mineral occurrences in the d i s t r i c t  are commonly gold bearing and of in terest  
for  two special reasons: ( I )  a number exhib i t  Laramide (?) thrust control 
l i ke  many prospects in the Harquahala and L i t t l e  Harquahala d i s t r i c t s ,  and 
(2) at least two, the Bright Star and Night Hawk or Livingston camps, are 
notable because of the syngenetic or metamorphic associations of tungsten and 
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tungsten-gold with minor base metals. Like simi lar occurrences in the Granite 
Wash Mountains and in southeastern Cal i fornia ( i .e .  Tumco d i s t r i c t ) ,  these 
deposits exhibit stratibound characteristics and display unusual mineralogical 
associations high in fluorine, boro~ and alumino-silicate alteration. 

The Iron Queen, Gila Monster, and other placer deposits which fringe the western 
portions of the southern Plomosa Mountains produced a reported cumulative 
production of 18,000 oz of Au and 1,800 oz silver from 1860 to the 1950's. 
The extensiveness of these deposits may be an indication of favorability for 
the source rocks of Mesozoic (?) metavolcanic and metasedimentary lithologies 
and their thrust dominated contacts. 

Mines of Interest:  

Gold Nugget mine: (T4N, R18W, Sec. 25} Coarse gold occurs with cerrusi te,  
anglesite, galena and oxidized copper minerals in st r inger veins of white 
quartz and s ider i te  along a N25W fau l t  zone in P aleozoic quartz i te cut by 
d io r i te  dikes. Bancroft (1911) describes horse- ta i l ing and minor veining 
outward into wallrocks adjacent to the vein. This mine produced 100 tons that 
averaged about I opt Au, 2 opt Ag and 1% Pb. Attent ion is also called to a 
gold-copper occurrence about I mile northwest of the Gold Nugget workings which 
l ies along the thrust faulted contact of highly deformed Paleozoic rocks with 
Precambrian quartz monzonite. 

Bell of Arizona mine: (T4N, R18W, Sec. 35) Gold-si lver with quartz in pods and 
str ingers cutt ing a fracture zone in Precambriar. quartz monzonite. Property 
produced about 200 tons averaging 0.4 opt Au and 0,I opt Ag. 

Bright Star mine: (T4N, R18W, Sec. 34) Occurrence of tungsten as scheel i te,  
disseminated and in discontinuous quartz vein~ets, in fractured Mesozoic 
calcareous schist at contact with limestone. Sider i te and pyrophyl l i te  are 
reported. The description sounds much l ike suspected Mesozoic metasedimentary 
tungsten occurrences in the Granite Wash Mountains, some of which are auriferous. 
Needs sampling and inspection with gold in mind. Much of the area is covered 
with overburden and very l i t t l e  work has been done on the deposit. 

Iron Queen and Copper Prince mine groups: (T3N, R18W, Sec. 3) Gold, silver and 
oxidized copper associated with multiple quartz veining in highly si l ic i fed, 
epidotized Paleozoic (?) and/or Mesozoic metasediments and altered volcanics. 
Deposit occurs along a major thrust (not shown on Miller's map) between these 
supracrustal rocks and the quartz monzonite basement. Numerous workings 
produced about 1,720 tons averaging about 0.3 opt Au, I opt Ag and 0.6% Cu. 

Apache C~i~f mine: (T3N, RISW, Sec. 12) Although h is tor ic  production from this 
mine was low in gold (0.03 opt),  i t  did recover 12 opt Ag and s ign i f icant  
copper (~io,~ • ~ j .  Tonnage mined was relatively large for the distr ic t  (2,100 
tons). Of further interest is the setting of mineralization within a highly 
thrust faulted section of Paleozoic-Mesozoic rocks intruded by diorite and 
quartz porphyry dikes. 
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Poorman and Goodman mines: (T3N, RI7W, Sec. 7) Noted for i ts high grade gold 
production (3.8 opt), this occurrence is also of interest because of its 
probable localization along a thrust zone between Precambrian crystalline rocks 
and overlying deformed Livingston Hil ls Formation. 

Night Hawk, White Dike and Colorado mine groups: (Also known as the Livingston 
mine group} (T3N, R18W, Secs. 34, 35 & 36} Scheelite with associated precious 
metals, copper, and lead occurs in disseminated pockets and small masses with 
bedded (?) tourmaline, quartz and calcite along a contact between calcareous, 
tourmalinized schist and limey quartzite beds of the Livingston Hil ls Formation. 
Gold occurs with small quartz veins and veinlets. Mineralization may be st rat i -  
bound and is highlighted because of i ts resemblance to similar deposits occurring 
in the Granite Wash Mountains and in southeastern California. The Night Hawk 
and other occurrences are spread out along the strike of t i l ted bedding for 
over two miles. The scheelite-bearing zone is about 1.5 miles long and ranges 
from 100 to 600 f t  wide. Stratigraphically below the mineralized section is 
found a quartz porphyry that is either a volcanic intrusion or extrusive flow 
complex. 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Bancroft, 1911; Keith, 1978; 
Mi l le r ,  1970. 
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TANK MOUNTAINS DISTRICT 

Location: 

The Tank Mountains distr ict covers the Tank Mountains, a range which extends 
southeastward frcm the Kofa Mountains in northcentral Yuma County. The two 
mountain ranges are separated by Engesser Pass. Except for the eastern portion of 
the range, the distr ict lies within the Kofa Game Range and the Yuma Test 
Station. 

Geology and History: 

The Tank Mountains d i s t r i c t  is very remote and has been poorly studied. The 
geology appears to be s imi lar  to that found in the adjoining Kofa Mountains. 
Mesozoic schists form the oldest outcropping rocks in the d i s t r i c t ,  Blocks of 
these rocks crop out in the western and easterm portion of the range. In the 
western part of the range, the schists have been idcruded by Jurassic plutonic 
rocks and by a large mid-Tert iary subvolcanic body of fe ls ic  composition. A 
sequence of mid to late Tert iary volcanic rocks unconformably overlies the 
Mesozoic rocks and covers the central portion of the range. The oldest volcanics 
consist of a th ick ,  t i l t e d  sequence of andesitic to rhyo l i t i c  tu f fs ,  flows and 
breccias that cover a major portion of the western and northern parts of the 
range. These are, in turn,  unconformably overlain by f l a t - l y i n g  to gently t i l t e d  
basalt ic lavas of late Miocene or Pliocene age in the eastern and southern 
portions of the range. 

Mineral izat ion discovered to date in the d i s t r i c t  has been rather unimpressive. 
Wilson (1933) and Keith (1978) described a few occurrences of gold-bearing, 
quartz-carbonate veins in the Mesozoic rocks; weak, oxidized copper mineral izat ion 
in the Ter t iary  andesites; and low-grade manganese ores in some of the 
mid-Tert iary volcanic rocks. Placer deposits occur in two areas in the Tank 
Mountains (Wilson, 1933; Johnson, 1972), namely; the Engesser Pass area (T2S, RI5 
& 16W) and at Puzzles Mountain (NW-I/4 T4S, RI3W). The Engesser Pass placers 
apparently were the most productive and formed near the Engesser prospect. The 
Puzzles area placers were derived from ~ow pedimented h i l l s  that form the 
southeastern foo th i l l s  of the Tank Mountains. Mesozoic schist is the principal 
rock type exposed in th is  area and the gold was believed to have been derived from 
nearby prospects ( i .e .  Pvzzles, Golden Harp, Ramey a~d Regal). The Puzzles gold 
was coarser grained than that in the Engesser Pass placers and may indicate 
d i f ferent  ages and/or styles of mineral izat ion for  the two areas. Johnson (1972) 
estimates placer production from both areas as being only about 200 oz. 

The gold-beariNg deposits were prospected as early as the 1860's but lack of water 
and iso la t ion  have hampered any major develo~ment (Keith, 1978). Total precious 
metals production from the veim deposits are estimated not to exceed 50 tons of 
ore containing about I opt Au (Keith, 1978). A small amount of low-grade 
manganese ore was shippe~ from the d i s t r i c t  in the 1950's. 
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Wilson (1933) described the gold-bearing deposits as consisting of 
quartz-carbonate veins in the Mesozoic rocks that typical ly contain sulfides 
or oxides after sulfides. The veins are generally narrow and lenticular with 
wallrock alteration consisting of pronounced sericit ization, s i l i c i f i ca t ion  and 
carbonatization. Wilson {1933) believed the veins are mesothermal. 

Mi nes of Interest: 

En~esser (Johnnie) Prospect: (NE-1/4 Sec 25, T2S, R16W) protracted.) Property was 
located in 1890's (?) and some gold produced with an arrastre from surface 
outcrops. A long mineralizated fissure occurs that contains lenticular bodies of 
quartz along i ts length. Country rock is described as granite cut by diori te and 
rhyolite porphyry dikes. Adjacent to veins, wallrocks are intensely altered to 
sericite and carbonate. The vein strikes N20°E, dips 45°W and in outcrop consists 
of a few inches to 3 f t  of pulverent to solid iron oxide with some angular quartz, 
flanked by a l ike thickness of yellow jarosite and limonite. The quartz wi l l  
reportedly pan some gold. Several other lenticular bodies of iron oxides occur 
along the length of the mineralized zone. Dump material displays large aggregates 
of hematite and magnetite with small bunches of pyrite and minor chalcopyrite, all 
cut by radiating microveinlets of quartz and carbonate. Magnetite is reportedly 
of the lodestone variety. Deposit is developed by an irregular shaft about 300 f t  
deep. 

Blodget Prospect: (Location inexact, about 2 miles east of the Engesser prospect.) 
Quartz-carbonate veins carry some gold. Quartz is locally honeycombed and 
contains many small bunches of brown to black iron oxide. Wallrocks are somewhat 
sericitized and s i l i c i f ied  and contain numerous small bunches of hematite, 
chysocolla and malachite. Other quartz-carbonate veins occur in the same area. 

Ramey Claim and Puzzles Area: (Sec 7, T4S, R13W.) Quartz vein occur within 
foliated chlorite schist and schistose diorite. Gold-bearing vein strikes N30°W 
and dips 45~NE and is apparently (?) conformable to the strike of enclosing 
schists. Vein is heavily shattered, consisting of l imoniticalIy stained quartz. 
Ferruginous calcite veinlets occur alongside the vein in parallel fractures. A 
short distance southwest, the schist contains iron-stained quartz stringers from 
which a few small, rich pockets of gold ore have been recovered. 

Regal Prospect: (Sec 7 (?), T4S, R13W.) Northwestward trending fault breccia dips 
45°SW and cuts s i l i c i f i ed ,  biot i te schists. In places the s i l i c i f i ed  material is 
rather cel lular, but generally forms only thin, lenticular masses. Property 
developed by 2 shallow shafts and minor workings. Some gold was reportedly 
produced from surface outcrops. At 75 f t  depth, the vein reportedly ranged in 
value between $2 to $10 per ton Au (1933 prices). 

References : 

Johnson, 1972; Keith, 1978; Wilson, 1933. 
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TIP TOP DISTRICT 

Location: 

The Tip Top mining d i s t r i c t  is located in the southern f oo th i l l s  of the Bradshaw 
Mountains; mainly in TSN, RI~. It is contiguous on the west with the Humbug 
d i s t r i c t .  I~ the past, access to the d i s t r i c t  has been via a long, arduous 
4-wheel drive road. Recent exploration ac t i v i t y  in the d i s t r i c t ,  however, may 
have improved the access. 

Geology and History: 

The Tip Top d is t r ic t ,  one of the oldest in Arizona, came into being in 1875 
with the discovery of the Tip Top veim. By 1883, with the ore believed exhausted 
in the Tip Top, the town became a virtual ghost camp. Production during this 
short time is reliab3y estimated to have amounted to between $3-4,000,000 in 
silver and gold; silver being by far predominant. Keith and others (1983a) 
l i s t  production as amounting to 28,000 ton of ore which contained 9,800 oz Au; 
1,9!0,000 oz Ag; 2,800 Ibs Cu; 28,000 Ibs Pb. Mineralization consists of 
several narrow, epithermal silver-antimony-tungsten-gold veins that appear to 
be related to a shallow (?) buried p~uton believed to underlie the d is t r ic t  
(Kortimeier, 1984 and personal commum.). Studies by Kortimeier (1984) indicate 
the d is t r i c t  is strongly geochemically zoned with an Au, Cu, As-rich core, a 
Ag-rich annulus, and a peripheral zone high in Z~ and Sb. He further claims the 
d is t r ic t  is geochemically dist inct from the adjoining Columbia-Humbug d is t r ic t .  

The veins are hosted by Precambrian granite and pegmatite with inclusions of 
schist.  This assemblage is cut by northeast-trending rhyo l i te  dikes which are 
thought to be offshoots from the hypothesized pluton. Both the mineral izat ion 
and the rhyo l i te  dikes are believed by Kortimeier to be Ter t iary  in age. 
Attempts to date the dikes (Kortimeier, 1984) were unsuccessful due to excessive 
Precambrian argon in the rocks. The history of the camp mainly follows that 
of the Tip Top mine. 

The Tip Top vein is a well defined f issure vein that str ikes N50°-60°E and dips 
65°-75°RW. The vein ranges in width from a t igh t  seam up to 6 f t  wide as seen in 
stopes. The major gangue mineral is quartz which displays druzy and coarse comb 
textures. Ore minerals in unoxidized ore consist of wolframite, arsenopyrite, 
pyr i te ,  sphaler i te,  bornite and galena; paragenesis is in the order given 
(Lindgren, 1926). Wolframite is believed to occur mainly in the upper parts of 
the veins and always occur as we~l-crystal l ized crusts along the wal l .  The ore was 
part ia l~y to total~y oxidized to a depth of 200 f t .  The ore in these upper 
leve~s was extremely r ich with secondary s i l ver  minerals and sul fasal ts (mainly 
cerargyr i te,  proust i te,  pyrargyr i te ,  argenti te and native s i l ver )  accounting for 
most of the value. 

Private reports based on old assay records by A. L. Flagg and J. S. Coupa~, 
respected early mining engineers, indicated that af ter  the or ig inal  operators 
ceased to work the property the average ore taken out by lessees was 360 opt Ag. 
This record aTso indicated that in both the chloride and sulphide ores; the 
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former being near-surface, ranged from 70 to 2,100 opt Ag, while the sulphide 
ores varied between 121 and 1,760 opt Ag. Records from a lease in 1888, 
indicate that the lessees took out 150 tons of high grade ore in 90 days which 
had an average of 597 opt Ag. The primary source of the s i l ve r  was believed 
to be in the galena or possibly te t rahedr i te  although th is  la te r  mineral was 
not recognized in the primary ore. The ore shoots pi tch to the northeast. 
In the lower levels the ore was said to become sof t  and gougy. 

Mine workings include a 800 f t  inc l ined shaft with the pr incipal  working level 
being the 200 f t  level .  Since nearly a l l  the work was done before 1883, no 
records ex is t  fo r  the extent of the underground workings. 

The major production from the mine occurred between 1875-83 when the mine was 
closed. I t  was reopened again in 1886-88 on the 5th, 6th and 8th levels.  At 
th is  time the dumps~:were sorted and some $250,000 were recovered from them. The 
d i s t r i c t  has seen l i t t l e  mining, other than sporadic dump operations since th is  
time. Some tungsten ore was hand sorted and shipped from parts of the dump and 
stope f i l l s  above the 200 level during World War I .  A small amount of tungsten 
ore was also shipped in 1928. In 1936, La Bajada Explorat ion, Engineering and 
Equipment Co. b u i l t  a f l o t a t i o n  mi l l  of 50 tons da i ly  capacity and produced some 
s i l ver -go ld  concentrates. Since that time a small amount of tungsten ore has 
been produced from the d i s t r i c t .  Santa Fe Minerals Co and a small independent 
(possibly Canadian) company have been exploring in parts of the d i s t r i c t  in the 
past 2 or 3 years. 

References: 

Arizona Dept. Mineral Resources, mine f i l e  data; Ke#th and others; 1983a; 
Kort imeier, 1984; Lindgren, 1926. 
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UNION PASS (KATHERINE) DISTRICT 

Location: 

The Union Pass d i s t r i c t  is located about 10 miles north and northeast of 
Bullhead City and extends from the r i ve r  eastward to Union Pass. In th is  
report  the d i s t r i c t  w i l l  also include the area south of Union Pass to about 

Sec re t  Pass Canyon. 

Geology and History: 

The Union pass district is very old, but has a rather sporadic production 
history. The Pyramid, Sheeptrail-Boulevard and a few other properties were 
discovered during the 1860's (Wilson and others, 1967). Other mines, such as 
the Katherine, were not discovered unti l about 1900. The Katherine mine was 
the most productive in the d is t r ic t  and experienced its greatest production 
between 1925 and 1930, when i t  was closed. Wilson and others (1967)noted that  
several mines ( inc luding the Roadside and the Arabian) resumed production in 
1933-1934, and the i r  ores were treated in the Katherine m i l l .  There has been 
considerable renewed in te res t  in the d i s t r i c t  in recent years, large ly  brought 
on as the resu l t  of Fischer-Watt 's explorat ion in the Oatman-Katherine areas. 

Several major companies now hold land posi t ions in the d i s t r i c t  and one small 
heap leach operation is in production at the Frisco mine. Anaconda Minerals 
has recent ly  entered into a j o i n t  venture program on Fischer-Wattls Roadside 
property, AMOCO Minerals has also recent ly  acquired a large land posi t ion 
north of the Frisco mine. Saratoga Mines reportedly has the land between the 
Roadside and the Frisco propert ies.  The Arabian mine is cur rent ly  held by a 
j o i n t  venture between Crown/Sutton Resources and Meridian Land and Minerals Co. 
Recent d r i l l i n g  by Meridian has out l ined ±500,000 tons of reserves grading 
0.06 opt Au at the Arabian with higher tonnages possible for  0.04 opt Au 
material  (Durning, 1984). Keith and othe~s (1983a) cred i t  past production 
from the d i s t r i c t  between 1868-1943 as amounting to 128,000 oz Au and 313,000 
oz Ag from some 704,000 tons of ore. 

The geology along the west flank of the southern Black Range in the Union pass 
area has been described by a ~mber of workers; including Schrader (!909), 
Lausen (1931), Longwell (!963) and Durning (1984). The area between Union Pass 
on the east to the Newberry Mountains on the west is marked by the persistence 
of Precambrian outcrops. Longwell (1963) suggests that the expansive bel t  of 
Precambrian outcrops marks a broad up l i f t  along an axis trending somewhat north 
of west. The Newberry Mountains are now recognized as being encirc led by a 
Ter t ia ry  detachment f a u l t  s im i la r  to detachment fau l ts  re lated to nearby 
recognized metamorphic core complexes (Mathis, 1982). While we have never 
viewed the detachment on the western port ion of the range, the detachment f au l t  
on the eastern f lank of the Newberrys is well documented. At the Bureau of 
Reclamation rock quarry near Davis Dam the detachment can be viewed (Lengwell, 
1963; Durning, 1984). These structures along the east f lank of the Newberrys 
were f i r s t  mapped as thrust  fau l ts  by Volborth (1973.). Mathis (1982) 
documented the mid-Ter t ia ry  extensional character o f  these detachment fau l ts  
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and the related l i s t r i c  faulting and rotation of upper-plate units. On the 
eastern side of the river in the Union Pass d is t r i c t ,  rock units are mostly in 
an upper-plate geometry. Here we have numerous low-angle or l i s t r i c  faults 
that trend NNW that structurally repeat Miocene volcanics and older crystalline 
rocks above detachment faults (Durning, 1984). The dips of the volcanic rocks 
range from 60 ° to nearly horizontal. Durning (1984) noted that a small fenster 
of lower-plate rocks is exposed in the area around the Roadside mine east of 
Katherine's Landing. 

Mineralization in the Union Pass d is t r i c t ,  l ike that in the nearby Oatman dis- 
t r i c t ,  consists of epithermal veins and lodes consisting largely of quartz and 
calcite together with smaller amounts of adularia and f luor i te.  Lausen (1931) 
and Ransome (1923) have discussed the mineralogy, stages of deposition and 
wallrock alteration in the Oatman and Union Pass distr icts in considerable 
detail and this information need not be repeated herein. The reader can refer 
to these sources for more detail. While mineralization in the Oatman d is t r ic t  
is largely i f  not wholly confined to ore shoots in high-angle vein structures, 
mineralization in the Katherine-Union Pass area occurs both in high-angle 
veins and in low-angle structures. I t  is the low-angle elements that appear 
to possess considerable potential for low-grade, bulk mineable deposits. In 
l ight of these possibi l i t ies, the d is t r ic t  is receiving intense exploration 
efforts by several major mining companies as was discussed in a preceeding 
paragraph. In addition to exploration, small heap leach operations are 
currently in progress on mineralized "detachment" or low-angle l i s t r i c  struc- 
tures at the Frisco mine and at the Saratoga Mines property. 

Since upper-plate extensional faulting is evident through much of the Black 
Range, this environment would warrant~, reconnaissance sampling and geologic 
mapping. Since competition may be intense in the Union Pass d is t r i c t ,  i t  may 
be more productive to explore for this environment north of the d is t r ic t .  
Durning (1984) indicates that detachment faults are exposed on both the east 
and west flanks of the central Black Range, some 20-25 miles north of the 
Union Pass d is t r ic t .  

The fact that much of the Union Pass d is t r i c t ,  particularly the area north of 
the Katherine mine, is covered by pediment gravels offers an interesting explor- 
ation problem. Some of the low-angle faults probably exist under the pediment. 
The question becomes one of determining how to explore for mineralized zones 
in this environment. Soil gas anomalies and/or water well geochemistry may be 
useful, but to our knowledge has not been tested in this environment for these 
types of deposits. I t  seems l ike ly that competition in these covered areas 
would be minimal, and yet the potential may be high. We suggest that some 
thought be given to this approach in the Union Pass d is t r ic t .  Lausen (1931) 
and Wilson and others (1967) l i s t  numerous mines and prospects. We have 
highlighted some of the more interesting ones below. Other mines mentioned 
by these workers, however, might also be of interest. 

Mines of Interest: 

Katherine Mine: (T21N, R21W, Sec. 5) The Katherine mine was discovered in 1900 
and has been the largest producer in the d is t r ic t .  The richer part of the vein 
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was mined out above the 300 f t  level by 1904. The Katherine Gold Mining Co. 
sank a new shaft ,  b u i l t  a 150-ton cyanide mi l l  and produced over $1,000,000 in 
ore between 1925 and 1929. Small production continued by lessees through 1931 
when the mine was closed. Total production is estimated to be about $2,000,000. 

The mine occurs on a small granite knob that rises above the surrounding 
pediment. Mineral izat ion consists of a "s t r inger  lode" that s t r ikes N62°E and 
dips about v e r t i c a l l y .  The lode is 60 f t  wide at the surface and t y p i c a l l y  
consists of a series of c losely spaced str ingers in the granite. At some 
places, however, the vein f i l l i n g  was sol id quartz and ca lc i te  up to I0 f t  or 
more wide. The lode narrowed underground. Near the vein the granite displayed 
kao l in iza t ion ,  i ron-s ta in ing and local s i l i c i f i c a t i o n .  The lode is reportedly 
cut by numerous low-angle normal (?) fau l ts  that were interpreted as thrusts by 
the early workers. Wilson and others (1967) note that orebodies were in 
places of fset  as much as 60 f t .  They also state that late movement along the 
vein cut the thrust planes, This raises the question of whether the low angle 
faulting was syn- or post-mineralization in relative age. No mention is made 
by these workers of mineral izat ion along the low-angle structures so the i r  role 
as a mineral controlling element cannot be evaluated without more data. The 
mine was developed to the 900 f t  level for  a length of 1,700 f t .  We wonder 
how much low-grade material might remain across the wide st r inger  zone in the 
upper mine levels that might lend i t s e l f  to open-pit str ipping? 

Roadside Mine: (T21N, R21W, Sec. 12). Wilson and others (1967) describe the 
geology in the v i c i n i t y  of the Roadside property as consist ing of a fan-shaped 
block of rhyo l i te  which is in f au l t  contact with gran i t i c  gneiss on the east 
and west. The Roadside lode str ikes northward, dips 33°-38°W and occurs wi th in 
a f au l t  zone in the rhyo l i t e .  In underground workings, the ore shoot was 20 to 
35 f t  wide and some 75 f t  long on s t r i ke .  I t  consisted of i r regu lar  str ingers 
and bunches of quartz and ca lc i te  in shattered, s i l i c i f i e d  rhyo l i te .  The gold 
was reported to occur mainly in greenish-yellow quartz and also in streaks of 
iron oxide. On the I00 f t  leve l ,  the ore reportedly averaged between 0.25 and 
0.30 opt A~. 

The Roadside lode i t s e l f  was developed sporadical ly between 1915-19!6, 1921 and 
in the early 1930's. Up to January 1934, the property had been developed by 
about 1,000 f t  of workings on the 100 f t  level .  Production in the 1930's 
amounted to at least 890 oz Au and 1,734 oz Ag. Durning (1984) notes that a 
small fenster of lower-plate rocks occurs in the area around the Roadside mine, 
indicating that detachment type faulting truncates the rotated and repeated 
Tertiary volcanic rocks of the upper plate. Weakly to highly anomalous gold 
val~es ~re associated with the low-angle structures and associated, high-angle, 
l is t r ic(?)  normal faults over a considerable area at the Roadside mine. 
Anaconda is presently exploring this area as a joint venture with Fischer-Watt 
Mining. 

Frisco mine: (T21N, R2OW, Sec. 16) The Frisco mine was discovered about 1893 
and worked in te rm i t ten t l y  unt i l  1933. Production was estimated to have been 
some 44,000 tons of $14/ton ore pr ior  to 1916. In !932, a considerable tonnage 
of ore was reportedly mined and treated at the Katherine m i l l .  Bedrock in the 



mine area consists of granite capped by rhyolite and tu f f  that form a low 
h i l l .  The rhyolite varies from about 20 to 60 f t  in thickness and may be 
either a flow or a s i l l  (Bonelli, 1984). The overlying tu f f  is from 0 to 60 f t  
thick at the mine site. The mine area lies within an area that is cut by NW- 
trending normal faults. Bonelli (1984) suggests that warping occurred along a 
northeast-trending axis resulting in the formation of a synform in the center 
of the property. The principal vein strikes N55°E and dips 12°SE. Mineraliza- 
tion occurs as shallow-dipping, kidney-shaped sheets within the rhyclii:e i:h~'~ 
are up to 50 f t  in thickness and exceed 200 f t  in longest known dimension 
(Bonelli, 1984). 

Ore consists of a quartz and chalcedony cemented breccia that locally contains 
abundant hematite and gypsum. The gold is very fine-grained and reportedly is 
contained within the chalcedony. Bonelli (1984) reports that selected d r i l l  
intercepts exceed I opt Au. Hydrothermal alteration occurs both below and above 
the ore (Figure 18). Feldspars altered to clay and/or sericite accompanied by 
red hematite stain occurs in the underlying granite. These rocks are reported 
to contain up to 0.03 opt Au (Bonelli, 1984). The tu f f  overlying the rhyolite 
(ore zone) is altered to almost pure quartz and kaolinite with local opaline 
streaks. This material apparently contains no gold. Structural relationships 
and geochemical sampling suggest that hydrothermal solutions migrated up 
high-angle fault structures in the basement where they entered the brecciated 
rhyolite and precipitated the gold and gangue minerals. Brecciation in the 
rhyolite host may have resulted from low-angle faulting (Bonelli, 1984). 

A Canadian individual leased the property in 1971 and dri l led reserves adjacent 
tO two old stopes. This individual reportedly made steps toward production in 
1981, but abandoned the project because of the small size of the reserves. 
Frisco Land and Mining Co. started feas ib i l i ty  work in December of 1982 and 
dri l led one of the two known orebodies in April 1983 (Bonelli, 1984). They 
ini t iated a small heap leach operation on the property in 1984 which is 
currently s t i l l  in production. Reserves reported consist of some 80,000 tons 
grading about 0.10 opt Au that is contained in two separate zones of 60,000 and 
20,000 tons, respectively. Due to the very fine nature of the gold, the ore 
must be crushed to -10 mesh and agglomerated in order to leach properly. 
Bonelli (1984) indicates that other untested targets exist on the property 
concealed beneath the tu f f  capping. These zones are defined by areas of 
s i l i c i f i ca t ion ,  hydrolytic alteration and the presence of sulfate minerals in 
the tu f f .  

Arabian Mine: (T21N, R2OW, Sec. 20) The Arabian mine was worked on a small 
and intermittent manner since before 1917. This work resulted in a small, but 
unknown, production of gold. In 1933 and 1934, E. F. Nieman and associates 
worked the mine and milled several thousand tons of ore from an open cut on the 
property. Wilson and other (1967) credit the 1933 production as amounting to 
some 593 oz Au and 1,156 oz Ag. Durning (1984) described the mine as occurring 
along the Arabian fault zone which strikes N25-35°E, dips about 65°SE and 
consists of a hanging wall of rhyolite welded turfs with a footwall of Pre- 
cambrian megacrystic granite. This structure has been intruded by a 
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F;S~r(I~. IDEALIZED, SECTION THROUGH A FRISCO-TYPE OREBODY 
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brecciated rhyolite porphyry which hosts most of the ore. Mineralization 
consists of numerous gold-bearing quartz and calcite stringers veins within the 
brecciated rhyolite intrusive. Some f luor i te occurs near the hanging wall 
portion of the lode. The mineralized portion was reported by Wilson and others 
(1967) to be 30 f t  wide. The mineralized zone forms an outcrop 100 f t  high by 
100 f t  wide by more than 500 f t  long. Crown/Sutton Resources acquired the 
property in the early 1980's. Dri l l ing by Meridian Land and. Minerals Co. in a 
jo int  venture with Crown/Sutton indicates a reserve of 500,000 tons running 
0.06 opt Au with greater tonnage potential for material of about 0.04 opt 
Au (Durning, 1984). 

Tyro Mine: (T21N, R2OW, Sec. 6) Coarse-grained gneissic granite is cut by 
numerous dikes of rhyolite porphyry. A stringer lode strikes NE and dips 85°SE. 
Lode forms a bold outcrop some 1,800 f t  long by 20 to 35 f t  wide. The actual 
width of the stringer zone is reported to vary between a few feet up to 60 f t .  
In 1915-1916 a shaft was sunk to the 500 f t  level with some dr i f t ing on the 
200 f t  level. Lausen (1931) states that the vein was not found in the lower 
workings and that i t  was believed to have been displaced along one of the 
"thrust" faults. No production is known from the property. 

Black Dyke Mine: (T21N, R21W, Sec. 2) A large vein is composed of calcite 
cut by numerous small quartz stringers. The vein displays a curved geometry 
that trends NW over a length of some 2,500 f t .  About midway between the ends, 
the vein reported swells to a width of 150 f t .  The vein was reported by Lausen 
(1931) to occur in a shattered rhyolite which may have been somewhat replaced 
by the quartz and calcite. The vein reported was sampled in the old days and 
was said to run about $3.00/ton (old prices). Workings in 1931 consisted of a 
small inclined shaft and numerous small tunnels run beneath the outcrop. 

Pyramid Mine: (T21N, R21W, Sec. 6) A very old mind discovered in 1860's is the 
site of mineralization consisting of stringer zone cutting reddish granite. 
The zone strikes N65-70°E, dips near vertical and at i ts apex is 35 f t  in width. 
Schrader (1909) indicates that the vein was believed to have been an extension 
of the Katherine zone and was prospected by a number of small pits and a shallow 
shaft. 

Golden Cycle Mine: (Located about 2000 f t  NW of the Pyramid mine) Stringer 
vein f i l l i n g  a shear zone in granite. Vein strikes more easterly than Pyramid 
vein and is said (Wilson and others, 1967) to join this vein somewhat less than 
a mile to the east. The width of the stringer zone is said to be 10-18 f t  and 
i s  developed by a 115 f t  shaft and some lateral workings. Near surface assays 
reportedly averaged $1-$3 per ton, but some underground samples ran as much as 
$14 per ton. The supposed intersection of the Golden Cycle and the Pyramid zones 
might be an interesting area to check out for increased mineralization. 

References: 

Bonelli, 1984; Dimmick and Ireland, 1927; Durning, 1984; Keith and others, 
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1909; Volborth, 197~; Wilson and others, 1967. 
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VEKOL DISTRICT 

Location: 

The Vekol mining d i s t r i c t  is located in the extreme southwestern corner of 
Pinal County about 30 miles southwest of Casa Grande. The d i s t r i c t  covers the 
Veko] Hi l ls  which l ie  within the Papago Indian Reservation. 

Geology and History: 

The Vekol Mountains display a complex geologic sett ing. Geologic studies of 
parts or al l  of the d i s t r i c t  have been performed by Hadley (1944), Carpenter 
(1947), Heindl (1965), Chaffee (1974, 1977) and Dockter and Keith (1978). 
Pina~ Schist of Proterozoic X age is the oldest exposed geologic unit in the 
Vekol area. Just north of the d i s t r i c t  the Pinal Schist is i~truded by 
Precambrian, coarse-grained granite that is probably of "Oracle" equivalence 
(see Plate I).  Apache group sediments of Precambrian Y age was deposited over 
the schist and are exposed in the district as minor erosional remnants. In 
places the Precambrian rocks are intruded by diabase s i l l s .  A sequence of 
Paleozoic sedimentary formations overlie the Precambrian rocks. These forma- 
tions include the Cambrian Bolsa Quartzite and Abrigo Formation, the Devonian 
Martin Formation, and the Mississippian Escabrosa Limestone (Chaffee, 1977). 

Continental sedimentary rocks and some intermediate-to-felsic volcanic rocks 
were deposited over the area during the Mesozoic. During Late Cretaceous time, 
a fine-grained, quartz monzonite stock intruded at least the Precambrian to 
Paleozoic portion of the stratigraphic section. The mineralization of the 
d i s t r i c t  is believed to be genetically related to this stock (Chaffee and 
Hessin, 1971). During the early Tert iary (?), d ior i te porphyry intruded the 
Abrigo Formation, forming s i l l s  in many places. Small patches of volcanic 
tuf fs and basalt flows local ly overlie the older rocks in the northern and 
western portions of the d i s t r i c t .  Since the mid-Tertiary, the area has been 
gradually buried by extensive gravel deposits derived from all of the pre- 
existing units. These gravel deposits are new exposed as caliche-cemented 
conglomerates (Chaffee, 1977). Basin and range faul t ing in the late Miocene 
has caused complex fault ing and t i l t i n g  of al l  the formations including the 
caliche-cemented conglomerates. 

Mineralization in the d i s t r i c t  is genetically related to the Vekol porphyry 
copper system that is centered about 1 mile south of the Reward mine. Stock- 
work and disseminated mineralization occurs mainly in the Precambrian diabase 
and overlying Paleozoic sedimentary formations near their  contact with the 
Laramide quartz monzonite stock. This deposit was discovered and dr i l led by a 
jo in t  venture between Newmont Mining Corp. and Superior Oi~ Co. As much as 
70%-80% of the deposit is buried under the late-Tert iary conglomerates and 
Quaternary alluvium, Most of the district production has been from irregular 
replacement bodies and fracture fillings in the Martin Formation and the 
Escabrosa Limestone. These replacements were valued for their rich secondary 
si lver  ores, but they also contained galena, sphalerite, chalcopyrite, and 
pyrite. These replacement deposits apparently formed where steep dipping 
fracture zones produced favorable structures or encountered favorable 
sedimentary horizons. 
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Major mines of the d is t r ic t  were the Vekol, Reward, Copperosity, Great Eastern, 
Christmas Gif t ,  Republic and Spondulix (Tenney, 1934). Most of the precious- 
metal production has come from the Vekol, Great Eastern and Christmas Gift mines. 

Production from the d is t r i c t  has amounted to over 1,000,000 oz Ag and at least 
2,500 oz Au (Tenney, 1934). Considerable base metals production has come from 
several of the mines in the d is t r i c t  (Keith and others, 1983a; Tenney, 1934). 
The Vekol mine was discovered in 1879. Most of the gold-silver production 
occurred before 1900. 

Future possibi l i t ies of the d is t r i c t  are uncertain. Many of the claims are 
probably patented and so present no major problems with the Indians. On the 
other hand, the majority of the d is t r i c t  is controlled by the Papagos. Two 
types of targets can be envisioned for the d is t r ic t :  (I) the possibi l i ty of 
low-grade silver mineralization localized across wide fracture zones in the 
Paleozoic rocks ( i .e.  Vekol and Great Eastern deposits); and (2) disseminated, 
low-grade silver-gold mineralization replacing favorable sedimentary horizons 
or localized along structural zones as a function of d is t r i c t  metal zoning 
outward from the core of the porphyry copper system. 

Some possibi l i ty also exists for finding more of the high-grade, replacement 
deposits. Tenney (1934) notes that on the Vekol property a strongly mineralized, 
northwest "belt" of limonite-stained limestone occurs southwest of, and parallel 
to, the main prospected zone. He states that no work had been done on this 
second structure at the water table level (where apparently much rich ore 
occurred in the Vekol mine). 

Mines of Interest: 

Vekol Mine: (T9N, R2E, Sec. 33; TION, R2E, Sec. 4) The Vekol mine was 
discovered in 1879; reportedly shown to a white prospector by a Papago Indian. 
Ore occurs as irregular replacements of limestone within a horizon ranging 
from a few feet to 10 f t  thick that was called the "shale" horizon by the 
early miners. Emplacement of these orebodies was controlled by a series of 
closely spaced, subparallel faults that display l i t t l e  throw and strike NS to 
N30°W. The width of this zone of faulting is about 400 f t .  The mineralized 
horizon is capped by hard, fractured limestone and underlain by a dense 
dolomitized limestone. Tenney (1934) notes that the surface expression of 
the mineralized fault zone is a partial replacement of limestone beds 
(especially those with abundant chert) by limonite. The "chert" may be 
hydrothermal s i l ica.  Tenney further states that no lateral work was done 
outside of the fault  zone in search of other productive areas. A second, 
equally strong, or stronger, belt of limonite-stained limestone is reported 
to occur about 400 f t  to the west of the developed zone. This area was not 
prospected. 

Two orebodies were found and mined by the early miners. The ore apparently 
was almost all oxidized; consisting of small nodules of horn si lver, argenite 
and silver-bearing tetrahedrite in a gangue of iron-stained, kaolinized 
limestone with abundant secondary calcite veins. Slight copper-staining was 
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present in  the gangue and s i l i c i f i c a t i o n  was only associated where the mineral i -  
zation is the strongest.  Dr i f t s  in the underlying dolomite cut a few beds 
replaced by lead, zinc and iron sul f ides with a l i t t l e  s i l ve r .  

The major workings of the mine were driven from a series of tunnels that were 
mostly driven at very shallow d ips. -These tunnels are i~terconnected by 
irregular stopes, raises and inclines which as an aggregate formed a~ extremely 
intricate network of workings that extend to the southeast a distance of 1,070 f t  
across a width of 320 f t .  At the southeast end, the workings are connected to 
the Argosy shaft and other workings. The workings were very sol id and l i t t l e  
timbering was needed. Tenney (1934) reports workings aggregate about 8 miles 
in to ta l  length. 

The major i ty  of the production was won between 1882-1893. Some production was 
also recorded in the periods 1908-1909 a~d 1915-1916. Tenney (1934) provides 
the fo~lowing production summary. 

Year How Treated Price of A~ Oz Ag Produced 

1882 Sorted & shipped $ 1.14 19,745 
1883 Sorted & shipped 1.11 75,676 
1884 Sorted & shipped 1.11 79,279 
1885 Sorted & shipped !.07 47,121 
1885-89 M i l l ed&  5u l l ion shipped 0.98 525,030 
1889-93 Sorted & shipped 0.93 209,345 
1908 Sorted & shipped 0.53 3,961 
1909 Sorted & shipped 0.52 5,329 
1915 Ore concentrated & shipped 0.51 30,000 
1916 Ore concentrated & shipped 0.66 8,000 

Total 1,003,486 

Tenney indicates that actual production was somewhat higher than the 
above f igures indicate.  At least 6 of the 22 claims of th is  property 
are patented. 

Great Eastern Mine: (TgS, R2E, Sec. 35) The Great Eastern mine adjoins the 
Vekol property to the southeast. The principa~ workings are about 2,000 f t  
from the Argosy shaft .  The property was discovered short ly  a f ter  the Vekol. 
The outcrop was not as large and the production was reportedly much less. 
Tenney (1934) notes that the mime was most active between 1885 to !894. An 
attempt to revive the mine was made in 1931 and 1932 when an extension of the 
ore zone was prospected by lessees and a sma~l amount of low-grade Pb-Ag ore 
being shipped. The ore occurs as replacement deposits that are s imi lar  in 
character to those of the Vekol. The major structure consists of two or more 
faul ts  that s t r ike  EW with steep dips. The replacement deposits occur in 
Pennsylvanian Limestone, and several d i f fe ren t  beds were apparently replaced 
by ore as was some of the gouge along the fau l ts .  The ore was a l l  oxidized 
and resembled that found at the Vekol. Residual galena nodules occur surrounded 
by copper-stained, kaolinized limestone. The thickness of the replaced beds 
varied from I to 5 f t  as indicated by the stoping. The tota l  length of the 
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zone mined was about 500 f t  and the upper workings were reportedly mined out. 
Some ore was reported to be le f t  in the shaft. Tenney suggests that a 
possibi l i ty exists at depth for enriched silver ore or for deeper favorable 
stratigraphic horizons. 

Christmas Gift Mine: (TgS, R3E, Sec. 34) The Christmas Gift mine adjoins the 
Reward mine (copper) to the north. The property was discovered about 1883 on 
an outcrop of high-grade gold ore associated with a l i t t l e  galena and lead 
carbonate. The ore was contained in a small pocket that only extended to a 
depth of about 15 f t  below the outcrop. About $50,000 (2,500 oz) of gold was 
quickly produced from this high-grade pocket. L i t t l e  further work was done. A 
vertical shaft sunk about 100 f t  north of the outcrop to a depth of 200 f t  with 
dr i f ts  run under the ore pocket produced negative results. A second small 
outcrop of lead ore north of the shaft was later mined, but i t  contained no 
high-grade material. Bedrock consists of cherty dark gray limestone that d ips  
15°-20 ° W. A series of three or more diorite porphyry dikes that strike 
N70°-80°W cut the limestone. These dikes dip steeply south and are from 3-10 f t  
wide. The orebodies are found at and close to the dike/limestone contacts. 
These contacts are typical ly noted by iron and copper oxides in the limestone 
and by abundant calcite veining extending several feet from the contacts. 
Locally, oxidized lead ore is associated with the limonite and calcite. Tenney 
(1934) states that in the "gold stope," mineralization extended a maximum 
distance of 30 f t  away from the contact along a favorable bed for a distance of 
about 60 f t  along the strike of the porphyry. The thickness of this bed ranged 
from inches up to a maximum of 6 f t .  

References: 
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Keith, 1978; Hadley, 1944; Heindl, 1965; Keith and others, 1983a; Tenney, 1934. 
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VIRGINIA-MOCKING BIRD DISTRICT 

Location: 

The Virginia and Mocking Bird d i s t r i c t  consists of two separate mining areas 
occurring in the northern Black Range of northwestern Mohave County. The areas 
are probably best described as separate d is t r i c t s ,  however, Keith and others 
(1983a, b) combine the two areas and l i s t  their  production together. Since we 
have no way to separate the production we wi l l  also combine these two areas 
into one d i s t r i c t .  The Virginia mining area is the most southerly of the two. 

Geology and History: 

Schrader (1909) describes the country rock in the Virg in ia mining area as 
consisting of Tert iary volcanic rocks; with rhyol i te and green chlor i te 
andesite being most abundant. Mineralization occurs as southwestward dipping, 
epithermal veins usually with a calci te gangue. The Red Gap vein, however, was 
an exception and consisted mainly of brecciated quartz with adularia. Most of 
the ore from the Virginia area was said to have been free mi l l ing gold ore that 
averaged $7-$8/ton (1909 prices). The best gold is associated with specks of 
hematite distr ibuted throughout the gangue. 

The Mocking Bird mining area is mainly underlain by Precambrian schists and 
gneisses bounded on the east by a spur of volcanic rocks that extends in a 
northerly direction from the flank of the range (Schrader, 1909). The mining 
area has a general NS trend; i t  is about 5 miles in length with a width of 
about 2.5 mites. Most of the mi~es exploit narrow quartz veins in the Pre- 
cambrian granite gneisses. These veins usual~y dip steeply to the north. 
Mines developing these veins include the Hall, Great Nest and Pocahontas. 
The Mocking Bird mine was di f ferent  in that, i t  explored a nearly f l a t  vein 
that occupied a local flow {?) or dike of altered dark volcanic rock. 

The dike or flow at the Mocking Bird property appears to separate more normal 
lavas of trachyte, l a t i t e  and rhyo l i te  composition from Precambrian basement. 
I t  would be interest ing to know whether these overlying volcanic rocks are 
l i s t r i c l y  rotated. I f  so, then the "dike" and associated vein may actual ly  be 
in a detachment type fau l t .  This p c s s i b i l i t y  should be examined. In fac t ,  
the veins in the Virg in ia area shouTd also be examined to determine whether 
they might be hosted by l i s t r i c  normal faul ts  that might merge at depth with a 
detachment fau l t .  The d is t r i bu t ion  of tunnel symbols around the Klondike and 
Golden Door mines on the Mt. Perkins tope map, hints that the mineralized zone 
may have been re la t ive ly  f l a t - l y ing  in this area. I f  this is actually the case, 
then a bulk tonnage target might exist where the l i s t r i c  faults merge with the 
detachment. 

Production from the d i s t r i c t  has been moderately substantial. Keith and others 
(1983a) give recorded production between 1907 and 1955 as amounting to some 
76,000 tons from which were recovere~ 17,800 oz Au; 17,700 oz Ag; 1,000 Ibs Cu; 
and 3,000 Ibs Pb. 
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Mines of Interest: 

Mocking Bird Mine: Located about 4.5 miles due north of Mt. Perkins in the 
northern part of the d is t r i c t ,  the vein lies nearly f l a t  in a local sheet or 
f la t - ly ing dike of "altered and pressed" minette. This "dike" apparently 
occurs at the contact between other volcanic rocks and the Precambrian 
basement. I f  the overlying volcanics are l i s t r i c l y  rotated, then this 
"contact" zone must be a f l a t  faul t .  The "dike" is described as containing 
secondary epidote, calcite and adularia. The vein is reportedly about 6 f t  
thick and consists of red and green quartz and breccia. Gold is the main metal 
of interest and occurs with some silver. The gold is f inely divided and occurs 
with hematite, which is reportedly abundant. Ore averaged about $10/ton (1908 
prices). Production prior to 1908 amounted to $20,000. Schrader reported that 
several times this amount of ore was said to be blocked out in the mine. Pre- 
1908 development consisted of 12 or 15 shafts ranging from 25 to 60 f t  in depth 
and about 500 f t  of dr i f ts .  The mineralized zone may be a f l a t  detachment-like 
fault  and should be examined. 

Hall Mine: (T26N, R21W, Sec. 27) A vein in Precambrian granite, dips steeply to 
the north. I t  is developed by a 210 f t  shaft and 2 working levels which contain 
about 200 f t  of dr i f ts .  Vein is composed mainly of quartz and ranges in thick- 
ness from a few inches to 2 f t ,  and is said to be locally associated with diabase 
dikes. A 24-ton mill was operating at the mine in 1908. Some of the ore was 
extremely rich with reported assays of $10,000 or more to the ton. 

Pocahontas Mine: (T26N, R21W, Sec. 26) Gold-bearing quartz vein in Precambrian 
granite similar to that exploited in Hall mine. Mine was developed by shaft and 
dr i f ts  to a depth of 200 f t  prior to 1908. Schrader (1909) reported a new 
cyanide mill had been recently installed to replace old stamp-amalgamation 
mi l l .  Gold was said to occur mainly in pyrite contained in a stained and 
crushed quartz gangue. 

Great West Prospect: (T26N, R21W, Sec. 27) Narrow quartz vein in Precambrian 
granite was developed to 200 f t  depth prior to 1908 by adits, d r i f t s ,  shafts, 
cross cuts and winzes. Vein consists of gold-bearing, iron-stained oxidized 
quartz reported to run $10 to $80/ton (1908 prices). 

Dixie Queen Mmine: Property is located about 4.25 miles SSW of Mt. Perkins in 
the Virginia mining area. Wilson and others (1967) mention that the mine 

yielded some shipping and mill ore prior to 1927. Some production was also 
reported in 1927-28, 1931. In 1932-33 the property was operated in a small 
way by lessees who treated old tai l ings by amalgamation and cyanidation. 

Klondyke Mine: Located about 1.2 miles NW of the Dixie Queen mine in the 
Virginia mining area. Wilson and others (1967) mention that the mine was 
operated about 1900 and that about 4,500 tons of ore from the property were 
treated in the Klondyke amalgamation mill at the Colorado River. These ta i ls  
were later treated by cyanidation. 
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Golden Door {Red Gap) Mine: (Located less than a mile NW of the Klondyke mine)" 
Schrader (1909} described the mineral izat ion in the Red Gap vein as consisting 
of brecciated quartz, probably with adularia, and thought that i t  was s imi lar  
to ores at the Gold Road mine (Oatman d i s t r i c t ) .  The vein reportedly carried 
good values. The only other published information we could f ind on the mine 
is in Wilson and others (1967) who state that lessees made a small production 
from the property in 1933. Longwe~l (1963) used the volcanics in the v i c i n i t y  
of the mine as his type section for the "Golde~ Door Volcanics ~' which in this 
area are made up mostly of r h y o l i t i c  lavas, breccias and ruf fs .  

Anderson (1971) abandoned the term "Golden Door Volcanics ~' as more detai led 
mapping indicated that these volcanic rocks correlate with the Patsey Mine 
volcanics (15.2 - 22.8 m.y.; Anderson, 1971). Less than 0.5 miles east of the 
Virg in ia mining area, these volcanic rocks are in fau l t  contact with Precambrian 
basement. The d is t r ibu t ion  of tunnel symbols near the Golden Door mine on the 
Mt, Perkins topo sheet suggest that mineralization may have been fair ly f lat 
lying. While we have no other evidence for this, i t  would appear to be 
something to check out. 

References: 

Anderson, 1971; Keith and others, 1983a; Longwe~l, 1963; Schrader, 1909; 
Wilson and others, 1967. 
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VULTURE DISTRICT 

Location: 

One of the most famous of the early Arizona mining areas, the Vulture d i s t r i c t  
as referred to in th is report, essent ia l ly covers the Vulture Mountains near 
Wickenburg in northern Maricopa County. 

Geology and History: 

The geology of the Vulture Mountains is best summarized by Rehrig and others 
(1980) and Fischer (1984). This range occurs within a north-northwest-trending 
zone of intense normal fau l t ing that projects southward along str ike to the 
White Tank Mountains near Phoenix where i t  aligns with a s imi lar ,  strong 
north-northwest l inear trend in gneissic and grani t ic  rocks (Plate I ) .  The 
oldest rocks in the range consist of a complex sequence of schists, gneisses 
and grani t ic  rocks of Precambrian age which occur mainly in the southern and 
western portions of the range. The schists consist of both mafic and fe ls ic  
var iet ies.  Mafic schists are common in the southern part of the range and crop 
out extensively around the Vulture mine and further to the east near Morristown. 
Fischer (1984) indicated that banded iron formations occur in the schists near 
Morristown. These BIFs are typ ica l l y  discontinuous and th in;  often chert r ich 
with laminated bands of magnetite and hematite. Dale (1959) describes several 
tungsten prospects that also occur in the schist.  

Mappingby Rehrig disclosed a large, northeast-trending Laramide bathol i th 
(68.4 m.y.; Rehrig and others, 1980) granite intruding the Precambrian complex. 
This granodiorite bathol i th is regional ly extensive and has been mapped to the 
northeast into the Black Rock d i s t r i c t  and portions of i t  can be traced beneath 
younger volcanic and a l luv ia l  cover southwest as far as the southern end of the 

B i g  Horn Mountains (Plate I ) .  Similar grani t ic  rock also occurs in the Eagle 
Tail Mountains° 

A sequence of s i l i c i c  volcanic rocks of late Oligocene to Miocene age (26-16 
m.y.; Rehrig and others, 1980) overlies the older rocks and consists of ru f fs ,  
flows and numerous hypabyssal dikes. Rhyol i t ic domes and associated laharic 
breccias occur across a large portion of the eastern Vultures, west and north 
of Morristown. Many of these rocks are exceptionally r ich in K20 attest ing to 
widespread K-metasomatism. 

In the Morristown area this a l terat ion is associated with fe ls ic  domes and hot 
spring ac t i v i t y  which produced alunite (Royse and Sheridan, 1970), kao l in i te ,  
s i l i c i f i c a t i o n ,  and associated precious metals mineral ization. 

The s i l i c i c  volcanic rocks are severely t i l t e d  along mult iple low-angle l i s t r i c  
normal faul ts  that were developing at the same time as metamorphic core complex 
ac t i v i t y  were developing in nearby ranges. Thin basalt flows unconformably 
overl ie the s i l i c i c  volcanic section and mark the change to basin-range type 
fau l t ing.  These rocks are dated at 13.5 m.y.B.P. (Rehrig and others, 1980). 
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Numerous gold-bearing deposits occur in the d i s t r i c t .  By far  the most famous 
is the Vulture mine which produced an estimated $6,839,375 in ore between 
1866-1917 (Wilson and others, 1967). The age of mineral izat ion in the Vultures 
is a complex issue that is at present unresolved. Many, i f  not most of the 
gold-bearing deposits are hosted en t i re ly  wi thin Precambrian rocks, which has 
led to the speculation that at least some of the mineralization might be 
Precambrian in age. Samples of schist and banded iron formation taken by 
Fischer (1984) establish a high regional gold background in these rocks, which 
suggests that the Precambrian schists in this area were at least enriched in 
gold probably at the time of deposition, Gold-bearing placers are present 
whose source appears to be largely rest r ic ted to the schist bedrock north of 
the Vulture mine. Wilson (Ig61) at t r ibutes the gold in these placers to 
numerous small quartz veins contained in the schist which are said to a l l  con- 
tain v i s ib le ,  at times coarse, gold. The res t r i c t i on  of the placer source to 
the schists may also support a Precambrian influence on the gold mineral izat ion.  
Intrusion of the Laramide Wickenburg bathol i th may have enhanced mineral izat ion.  
The pluton i t s e l f  is associated with numerous copper showings. 

Gold-si lver mineral izat ion associated with hot springs ac t i v i t y  developed with 
r h y o l i t i c  dome emplacement occurring at the Newsboy mine in the area west of 
Morristown, and at test  to the fact that at least some of the mineral izat ion is 
obviously mid-Tert iary in age. Thus, the mineral izat ion story in the Wickenburg 
area is complex and probably involves d i f fe rent  ages and sources. After studying 
some of the gold veins in the Wickenburg area, Fischer (lg84) proposed a mul t i -  
stage model that involved early sub-economic concentrations of elements by 
Precambrian sedimentary or metamorphic processes and la ter  reconcentration of 
these elements to economic levels during Laramide intrusive events. Further 
remobi l izat ion of elements during Ter t iary volcanic processes would also seem 
to f i t  with this model. 

The mining history of the d i s t r i c t  is old, color fu l  and largely follows the 
discovery and development of the Vulture MiRe by Henry Wickenburg in 1863. 
While other mines have produced g01d, the Vulture is responsible for  early all 
of the recorded d i s t r i c t  to ta ls .  Keith and others (1983a) l i s t  recorded 
production from the d i s t r i c t  as 970,000 tons of ore from which were recovered 
350,.000 oz Au; 264,000 oz Ag; 298,000 Ibs Cu; and 1,796,000 Ibs Pb. Some 
estimates give the Vulture production as $15,000,000 which would probably 
double the above f igures. 

The d i s t r i c t  would certai 'nly appear to merit fur ther examination. Hot spring 
type disseminated targets should be examined in the volcanic p i le  on the 
eastern end of the Vulture range. The Newsboy mine seems to be such a deposit 
and the nearby Charbonneau ciay deposit may be a manifestation of the same or 
another system. Remobilized Precambrian gold is also an in t r igu ing concept 
for developing targets in the Precambrian rocks of the d i s t r i c t .  

Mines of Interest:  

Besides the mines and prospects l is ted below, b r ie f  accounts of other property 
in the d i s t r i c t  are given by Fischer (1984). 
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Vulture Mine: (Sec. 36, T6N, R6W) The Vulture lode, discovered in 1863 in 
the southern portion of the Vulture range, produced a minimum of $6,839,375 in 
gold ore through 1917. Some estimates put this figure as high as $15,000,000. 
Wilson and others (1967) describe the Vulture lode as a vein that occurs within 
a fault zone that at the surface strikes "sl ight north of west and dips 45°N, 
nearly parallel to the formation of the schist in the footwall." 

The hanging wall of the vein is in part schist and in part a granite-porphyry 
dike that ranges up to 80 f t  in width. The gold bearing portion of the lode as 
discovered in outcrop covered some 85 f t  in width and had well defined walls. 
The entire width of the lode was auriferous but there were four dist inct quartz 
layers sandwiched between sericite "slate" that were the main ore producing 
horizons at the surface. The upper portion of lode was rich enough that i t  was 
actually quarried and hauled to nearby arrastras. At the 250 f t  level the vein 
had narrowed to 47 f t  in width and was richest near the walls. Wallrocks near 
the vein contain abundant sericite, some calcite and pseudomorphs of pyrite 
metacrysts. Hutchinson (1921) and Thompson (1930) describe the mining history 
and the mine geology of the Vulture in considerable detail. Readers are 
referred to these works as the most comprehensive on the subject. Hutchinson 
(1921) described the vein mineralogy as coarsely crystall ine quartz that is 
locally cellular and grayish white to white in color. In the oxidized zone the 
quartz contained considerable iron oxide with some wulfenite crystals occurring 
in vugs. Below the oxidized zone the quartz contained pyrite, galena, 
sphalerite and chalcopyrite and coarse free gold. Back calculating from 
concentrate grades the original unoxidized ores probably contained .4-.5% Pb, 
.26-.4% Zn, .07% Cu, and $4-$7 (at $20/oz) Au per ton. Assays also indicated 
that the galena carried considerable gold. The length of the vein in outcrop 
was 1,000 f t  and 2 ore shoots along i t  were mined to 600 f t  and 1,000 f t  levels, 
respectively. The vein has been cut by numerous faults, at least two of which 
had considerable throw. One of these faults, the Astor, cuts off the vein 
below the 905 f t  level. 

The Vulture claims, mi l ls i te and old historic townsite are owned and preserved 
by a private concern and have operated as a tourist attraction in recent years. 
Pegesus Mining Co. attempted to work the property in 1983-1984, but were in- 
hibited by the owner to such an extent that they withdrew. Thus, exploration 
of the property with new ideas has been hampered. Fischer (1984) mentions 
that the mine has been the target of several reinterpretative exploration 
ventures in recent years. 

Sunrise Mine: (Sec. 33, T7N, R7W) Deposit was located in 1915. Country rock 
consists of Precambrian schist intruded by granite porphyry that occurs in low 
rol l ing h i l l s  largely covered by pediment. The vein strikes S20°W and dips 
between 350-45 ° NW. Wilson and others state that vein occurs in a fault zone 
with granite porphyry on the hanging wall and schist on the footwall. Metzger 
(1938) indicates that the vein is hosted in a band of schist. The mineralized 
zone is reportedly a stockwork in the schist from 10 to 20 f t  wide of lenticular 
quartz veins ranging in size from a few inches to a few feet in thickness. The 
outcrop of the vein is mainly covered by pediment debris. Ore shoots were 
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thought to have occurred where the vein fTattens and is intersected by trans- 
verse f ractures.  Development consists of two incl ined shafts (200 and 330 f t  
deep on the dip of the vein, respect ive ly) ,  a connecting d r i f t  on the 200 f t  
level ,  and 1,000 f t  of d r i f t i n g  and cross cut t ing and 500 f t  of ra is ing on six 
leve~s driven at 50-60 f t  in terva ls .  Ore is said to consist of coarse, loca l l y  
honeycombed to p la t t y ,  brecciated quartz containing abundant l imonite and 
hematite. Pyr i te is loca l l y  present. Gold occurs mainly as medium f ine to 
coarse grains and flakes associated with hematite and l imonite in fractures and 
cav i t ies .  Wallrock a l te ra t ion  along the vein consists of s e r i c i t i z a t i o n ,  
s i l i c i f i c a t i o n ,  and carbonatization. Gold to s i l ve r  rat ios in the ore 
reportedly run 4:1. Metzger (1938) reported that an ore shoot on the 200 f t  
level ran from $8 to $12/ton in Au, was 160 f t  long and ranged in width from 2 
to 4 f t .  The same ore shoot was opened on the 330 f t  level for  a distance of 
135 f t  with "both d r i f t  faces s t i l l  in ore." During 1934, 800 tons of ore were 
shipped to the smelter and 400 tons were mi l led at a small amalgamation plant 
in Wickenburg. The mi l led ere averaged $20/ton. The shipped ore apparently 
ran $21.70/ton, Records at ADMR indicate that this ore shoot was believed to 
contain at least 3!,744 tons of ore averaging about $10.49/ton in 1931 (see 
attached assay map, Figure Jq). Metzger indicates that no systematic mining 
method was developed by 1938. The las t  production from the property came in 
1942, and Keith and others (1983a) indicate tota l  recorded production for  the 
mine has amounted to only 1,000 tons. I t  seems l i k e l y  that the mine was never 
adequately developed and explored. The width of the mineralized stockwork zone 
and the fact  that more of the vein or s imi lar  mineral izat ion could be hidden 
under the pediment debris would seem to warrant a reconnaissance of th is  
property. 

Red Cloud: (N½NW~ Sec. 25, T6N, R6W) Volcanic and mafic schist  coumtry rock 
cut by a vein that bears N30°E and dips nearly ve r t i ca l .  The vein varies in 
width from 4-6 f t  and is oxidized to more than 200 f t  in depth. Pyr i te occurs 
in places. Metzger (1938) reports that several samples from the 200 f t  level 
ran $6-$8/ton in go ld -s i l ver ,  but " in no place in the mine is there enough of 
this material of th is  grade to const i tute a commercial ore body or even make 
enough for  a smal~ shipment. ~' Development consists of 300 f t  shaft with levels 
at 85, 200, and 300 f t  levels.  D r i f t i ng  on the two upper levels amounts to 
about 150 tota l  and 185 f t  with 120 f t  of cross cut t ing at the bottom. 

Banker C~aims: (S£¼NE~ Sec. 31, T6~, RSW) Granite is cut by numerous l i g h t -  
colored porphyry dikes that s t r ike  N45°W and a vein which str ikes N75°W and 
dips 70°N. The vein cuts the dikes and can be traced for  nearly 4,000 f t  on 
the surface. Where prospected by surface cuts, the vein shows a width of 6 to 
12 f t .  Quartz is the major const i tuent of the vein with FeOx and MnOx occurring 
along fractures.  The only development consists of a 35 f t  shaft with a crosscut 
into the hanging wa l l ,  exposing 8 f t  of vein without reaching the hanging wal l .  
Four samples reported by Metzger taken from the shallow shaft returned gold 
values ranging from .04-.08 opt Au. 

Cora Mine: (Sec. 17, T7N, RSW) This is a smalll mine largely developed by hand 
methods. Country rock is of granite and schist, with several gold-bearing veins 
occurring in the schist. The main structure bears about EW and dips 25°S. It 
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is from 0.5-2.5 f t  th ick and consists of quartz with abundant FeOx and MnOx. 
The vein has been prospected at a number of places on the property with shallow 
shafts and open cuts, The main shaft is 100 f t  deep on the dip of the vein 
with about 15 f t  of dri f t ing at the bottom. Metzger (1938) reports that two 
small shipment were made in 1935; these were 8.5 tons averaging 0.56 opt Au and 
6 tons averaging 0.62 opt Au, respect ively.  

Gold Rainbow: (Sec. 20, T7N, R7W) A vein str ikes N70°E and dips 20°S. I t  
consists of about I f t  of quartz in the footwa3l of a d i o r i t e  dike that is 
several feet th ick .  Country rock in the v i c i n i t y  consists of granite cut by 
d io r i t e  dikes. The prospect is developed by two shafts; 50 f t  and 57 f t  deep, 
respect ively.  One shaft  is sunk on the dip of the vein, the other shaft is 
ver t ica l  for  26 f t  where i t  s t r ikes the vein, then fol lows the dip of vein. 
Pr ior to 1933, property made shipment of 26 tons of ore that netted 
0.55 opt Au. 

Charbonneau Clay Mine: (Secs. 15 and 22, T6N, R4W) Property consists of a 
large body of kao l in i te  covering an area about 1/4 x I /2  mile, par t ly  exposed 
at surface. Deposit apparently formed by hydrotherma~ a l tera t ion  of a rhyo l i te  
dome. The shape of deposit is i r regu lar  in plan and i t s  thickness is said to 
range between 40 and 300 f t .  Kaol in i te is capped in places by s i l i ca  that is 
said to form a crust less than I0 f t  th ick .  The s i l i c a  cap said to grade 
downward into a s i l i c a , k a o l i n i t e  mixture. This deposit has been mined for i t s  
clay content. The property is adjacent to the Newsboy group of claims that 
contain low-grade gold mineral izat ion.  This property shouTd be examined for  
hot springs type disseminated gold mineral izat ion.  

Newsboy: (NW¼ Sec. 22, T6N, R4W) The property is ~ocated about 3 miles west 
of Morristown. Low-grade, mangeniferous go ld-s i l ver  ore occurs in a crushed 
zone in rhyo l i te  porphyry. T h e  zone trends about ~60°W and dips 40°-60°NE. 
Precambrian schist  forms the footwal l  of the zone and the rhyo l i te  makes up 
the hanging wall and contains most of the ore. The schist  is intruded by 
diabase and rhyo l i te  dikes. Rhyolite flows and domes(?) cover the older rocks 
in many places. The rhyolite hanging wall carries g01d over a width of 85 to 
200 f t  and along strike for several hundred feet. The mineralized zone has 
been identified over a strike length of more than 1,000 f t  with only part of 
i t  being prospected. Vein gangue consists of severely shattered quartz with 
ca lc i te .  Although s i l ve r  values run in the ounces per ton range, no s i l ve r  
minerals have been iden t i f i ed .  Rare copper oxides occur and lead is present 
as wul fen i te ,  vanadinite, cerussite and anglesite. Workings consist of an 
open p i t  ( that  obl i terated some short undergrQund adits driven pr ior  to 1947), 
a 480 f t  cross cut from the p i t  face towards the northeast, and a 200 f t  
inc l ine shaft with a 500 f t  d r i f t  at the bottom driven to the northeast. The 
open p i t  resulted from an operation that shipped some 11,258 tons of ore in 
1940-42, which averaged 0.0683 opt Au and 8.07 opt Ag. A study of the property 
conducted by A. L. Flagg and D. W. Jaquays (respected local mining engineers) 
around 1947, indicated that 100 f t  of p i t  depth could be attained by removing 
waste and ore in a 1:1 ra t io .  This would y ie ld  $2.00 per ton Au and Ag over a 
300 f t  width. The bet ter  ore was estimated to be 85 to I00 f t  wide. These 
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workers tentatively estimated that 3,000 tons per vertical foot would give 
300,000 tons for each 100 f t  of pi t  depth. They estimated a probable grade 
based on samples of pi t  and underground workings would run 0.06 opt Au and 
4 opt Ag. An 8-1b test sample sent by Flagg to the U.S. Bureau of Mines assayed 
0.075 opt Au, 4.9 opt Ag, 0.5% Mn, 0.05% Cu, 0.6% Zn, 0.15% Pb, and 77% Si02. 
Nor-Quest, a small Canadian firm, picked up the property around 1984 and out- 
lined some 60,000+ tons of Au-Ag ore amenable to a cyanide heap leach operation. 
Bottle tests indicated a Au recovery of about 90%, but only a 30% Ag recovery. 
Dydar Resources of B.C. reportedly had the property in 1983 and were trying to 
engineer better Ag recoveries. In 1984, the area had been reportedly dri l led 
and shot and that at least 30,000 tons of 0.05-.06 opt Au was broken in the zone. 
A small p i lo t  heap leach operation was underway in May, 1984. 

This area is adjacent to a large kaolinized and s i l i c i f i ed  rhyolite dome to the 
east. Area should be checked for other disseminated epithermal deposits, 
particularly along the edge of the rhyolite domes. The size potential of the 
Newsboy should be fullyevaluated in l ight  of any possible jo int  venture 
opportunities that might exist with the present operators. 

Queen of Sheba (La Aguila and La Firmosa): (Secs. 7, 8, 17 & 18; T6N, R4W) 
There is l i t t l e  data available for this property. Bedrock consists of Precam- 
brian granite, gneiss and schist overlain and intruded by rhyolite-andesite 
flows and plugs. Basalt flows cap the older volcanic rocks. All the rocks 
are apparently sheared and faulted. Mineralization in the La Aguila and 
La Firmosa claims consists of several, irregular brecciated zones which are 
longest in an east-west direction. These zones vary in size from a few feet 
in diameter to the largest which reportedly measures 150 f t  in an east-west 
direction and 100 f t  in a north-south direction. These brecciated zones are 
dark reddish-brown in color and mineralized with specularite, calcite, quartz, 
barite and sparse f luor i te.  Pyrite and chalcopyrite is thought to probably 
exist in the unoxidized zone but are not known to occur at the surface. Copper 
carbonate is reportedly present in places. The property is developed by 
shallow shafts, tunnels and open cuts. Copper seems to be the major element 
of importance. The Sheba property consists of at least 57 claims that cover 
gold-bearing mineralization of unknown character. Old workings have been 
apparently cleaned out and some ore has been shipped since 1978. The Sheba 
vein is reportedly 1 f t  thick at the surface but increases in width to about 
6 f t  at depth. Gold values reportedly run up to 1.25 opt Au. Property had 
some reported dr i l l ing  in 1979. I t  was rumored that Freeport Minerals was 
actively exploring in the area in 1984. 

Blue Ribbon (Flamingo 21) Mine: (Sec. 9, T6N, R4W) This is an old property 
dating back to at least 1882. Some reports claim i t  was worked by Spaniards 
for Au, Ag and Cu, and ore was hauled by mule train to Tucson. Vertical fissure 
veins cut andesite country rock. Veins are 3-30 f t  wide; stopes in tunnels 
reportedly measured 15-18 f t  in width. Stopes in brecciated andesite display 
quartz, pyrite, chalcopyrite and bornite. The mine is mainly noted for copper. 
Ores reportedly carry low amounts of gold (0.01-.11 opt). Copper values are 
high (0.3-12% Cu). The property may be related to the Cretaceous Wickenburg 
batholith. 

287 



Garcia {Hope) Mine: (SE~NW¼ Sec. 7, T6N, R4W) There is l i t tTe  known infor- 
mation on the property. Reportedly i t  was discovered in the 1880's by a 
Wickenburg resident who sold i t  to a Canadian company about 1900. This company 
did development, built a small stamp mill, and produced some ore. Problems with 
water in shaft and faulted of f  ore stopped operations. The mine was inter-  
mit tent ly worked in the depression years. Reportedly mine has shaft 500 f t  deep 
and d r i f t s  on three working ~evels. Au and Ag in siliceous veins are said to 
widen to 6 f t  at depth. Reportedly ore carried 0.40 opt Au and 2-3 opt Ag. 
Country rock is dark colored volcanics (?} and rhyol i te schist. Structures 
are said to be somewhat contorted. Dump runs 0.05 opt Au. Fluorspar veins 
occur west of the property. 

El Tigre (E~ Milagro & El Cent in i l lo) :  Apparently three groups of connecting 
q ~ I I , , claim blocks. El Centini l lo is located in .E~SW~SW~ Se¢. 7 T6N R4W; El Tigre 

located in NW¼NW¼ Sec. 20 and SW¼ Sec. 18, T6N, R4W; and El Milagro located in 
the central part of Sec. 18, T6N, R4W. L i t t l e  data is available. The 
mineralization is described as small veins that follow an irregular rhyol i te 
intrusion in  andesitic rocks or as calc i te cemented breccia (6 f t  wide) of 
clast ic-volcanic material found at a contact of rhyol i te and andesite lava. 
The str ike of the calci te cemented contact is roughly east-west and i ts dip is 
reported to vary from more or less f l a t  to about 45 ° to the south. Minerali- 
zation consists of iron and manganese oxides and manganiferous calci te with some 
secondary copper. There is reportedly some alteration and replacement of the 
rhyol i re. 

Workings on the El Tigre ground are said to be quite extensive with many 
hundreds of feet of workings. Dump material is reportedly much too small for 
the extent of the workings and indicates that ore must have been shipped. The 
adjoining El Milagro claim is on the opposite side of a dividing ridge. Here 
mineralization said to follow siliceous fractures in the andesite or is dis- 
seminated sporadically throughout the andesite i t se l f .  The El Milagro shaft 
is reported to be 700 f t  deeg. The Milagro and El Tigre claims were reportedly 
worked for many years intermi t tent ly  by Mexicans for gold. The properties 
sounds interesting and should be checked out. They could have s imi lar i t ies  to 
the Newsboy deposit. 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Fischer, 1984; Hutchinson, 192!; 
Keith and others, 1983a; Rehrig and others, 1980; Royse and Sheridan, 1970; 
Wilson, 1961; Wilson and others, 1967. 
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WALLAPAI DISTRICT 

Location: 

The Wallapai mining d is t r ic t  covers the central portion of the Cerbat Mountains 
in Mohave County. The center of the d is t r ic t  l ies about 15 miles to the 
northwest of Kingman. 

Geology and History: 

The Wallapai d is t r ic t  is approximately 4 miles wide and 11 miles long, as 
defined by the known lateral extent of base and precious metal veining. The 
principal mining camps of the d is t r ic t  were Chloride, Cerbat, Stockton Hil l  and 
Mineral Park. Mineralization in the d is t r ic t  is related to a Laramide porphyry 
copper system that produced a base and precious metals zoning pattern that 
consists of a Cu-Mo stockwork core that gives way outward to a Cu zone, a Pb-Zn 
zone and f ina l ly  to a Ag-Au zone (see Figure 2o). The Ithaca Peak intrusions, 
to which the mineralization system is related, occur at the geographic center 
of the d is t r ic t .  

The d is t r ic t  is very old, discovered sometime around 1863. Mining between 1863 
until 1900 sought to exploit the high-grade silver, and to a lesser extent 
gold, contained in the oxidized parts of the many fissure veins that occur 
across the d is t r ic t .  Production for the period 1863-1904 was largely not 
recorded, but is estimated to have been at least $5,000,000 (Dings, 1951); 
which must have been valued almost entirely for i ts silver and gold content. 

By the late 1880's the mines were operating mainly as lead-silver mines. By 
the early 1900's the ores were worked primarily for their lead-zinc contents, 
partic~vlarly during the World War I years. After 1917, exploitation was mainly 
confine~d to veins with a relatively high gold content. Gold production started 
to increase in 1935 and peaked in 1937-1938 (Dings, 1951). After 1942, produc- 
tion declined sharply. Between 1904-1948 the recorded production from the camp 
amounted to 1,276,266 tons of ore which contains 124,491 oz Au; 4,863,757 oz 
Ag; 5,712,992 Ibs Cu; 71,473,202 Ibs Pb; and 109,520,515 Ibs Zn (Dings, 1951). 
In 1958 the Duval Corporation acquired the Mineral Park area and developed the 
Mineral Park Cu-Mo porphyry deposit. Production of Cu-Mo concentrates began in 
1964. Through June 1980, total production from this deposit was 576,145,877 Ibs 
Cu; 49,706,158 Ibs Mo, and about 5,000,000 oz Ag (Vega and Wilkinson, 1984). 

The geology and structural history of the Cerbat Mountain range is complex and 
has been discussed by a number of workers. The following brief discussion wi l l  
6e synopsized mainly from Dings (1951) and Vega and Wilkinson (1984). The 
reader wishing a more detailed account of the geology of the d is t r ic t  is 
referred to these articles and to references contained therein. 

The Cerbat range consists of an eastward t i l ted fault block of crystalline 
Precambrian rocks intruded by Laramide stocks and dikes, and locally covered by 
patches of Tertiary and younger volcanic rocks. The patches of volcanic rocks 
are erosional remnants of a once more extensive volcanic cover. Thomas (1949) 
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suggested that at one time the entire area of the Chloride quadrangle was 
covered by Tertiary volcanic rocks. Laramide intrusive rocks are only known 
a~ong the western f~ank of the range. 

The Cerbat Precambrian complex consists of gneisses, granites, schists and 
amphibolite. Thomas {1949) has divided these rocks into two groups: an older 
succession of stratif ied deposits that have been folded into open synforms and 
antiforms, and a granite gneiss complex. The granite gneiss complex is the 
major rock type of the range (Vega and Wilkinson, 1984). The complex is of 
bathol i th size and includes two d is t inc t  intrusions: the Chloride Granite 
(1740 m.y. by U-Pb; Si lver ,  1967) and the Diana Granite (1350 m.y. by K-Ar; 
Shafiqullah and others, 1980, K-Ar). The s t r a t i f i ed  Precambrian rocks have 
been subdivided into a succession of steeply dipping layers of hornblende- 
diopside schist,  amphibolite, b io t i t e  schist,  quartzi te and l i t - p a r - l i t  gneiss 
intruded by granite {Thomas, 1949). Folds have been mapped in these o~der meta- 
morphic rocks. Thomas {1949) described the chloride fo ld as a large antiform 
whose axis plunged 60 ° , N45°E. Eaton (1980) reinterpreted this fold as a 
refo~ded fo~d with three fold axes. Wilkinson and others (1982) has described 
the contact between the granite gneiss complex and the older, folded, s t ra t i f i ed  
group as not only a l i t ho log i c  contact, but that i t  also serves as a contact 
between structural  domains. Vega and Wilkinson (1984) summarize the major 
structural  features of the Wa~lapai mining d i s t r i c t  as fol lows: 

i .  A screen of folded metasedimentary and metavolcanic rocks occurs 
along the western f lank of the Cerbat Mountains. 

2. The folded rocks are intruded by a regionally NE-foliated granitic 
gneiss of batho l i th ic  proportions. 

3. The contact between the foTded rocks and the granitic gneisses is a 
major and important structural element in the d ist r ic t .  

4. Intrusion of the Ithaca Peak stocks appears to have been local ized at 
the intersect ion of this contact and the Turquoise Mountain fold.  

5. The contact is the loc~s of intrusion of rhyo l i te  dikes and of 
formation of the major faul t -ve ins of the d i s t r i c t .  

As stated previously, mineral izat ion in the d i s t r i c t  is related to a Laramide 
age porphyry copper system centered on the 72 m.y. Ithaca Peak quartz monzonite 
prophyry int rusive complex. Vega and Wilkinson (1984) state that computer 
simulation modeling indicates that the porphyry Cu-Mo mineral izat ion at Mineral 
Peak was not temporally related to the quartz monzonite porphyry exposed in the 
mine area, but rather the data indicates formation of mineral izat ion 2 to 3 km 
above a source intrusion.  The vein deposits from which the precious metals 
were won occur in al~ rock types and are interpreted to be the youngest 
mineral iz ing event (Vega and Wilkinson, 1984). Mineral izat ion in these veins 
display the d i s t r i c t  meta~ zoning pattern shown in Figure ZC. The veins range 
in ~ength from approximately 100 f t  to nearly 2 miles. They t yp i ca l l y  s t r ike 
NNW (average between N20°-35°W) and dip between 60°-80°NE. Dings (1951) l i s t s  
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13 veins which exceed I mile in s t r ike  length. The aggregate length of the 
veins in the d i s t r i c t  is some 85 miles (Dings, 1951). Vein widths range 
between a few inches to about 33 ft ,  but usually average about 3-4 ft, In a 
few places the deposits are in lodes which usually don't exceed 50 ft .  Schrader 
(1909) indicated that a lode 100 f t  wide was encountered in the older workings 
of the Payroll mine. Vein widths were reportedly often exaggerated, as they 
f requent ly include considerable unmineralized wallrock between vein branches. 
Veins commonly pinch and swell along both dip and s t r i ke .  

Ore shoots in the unoxidized zone are t y p i c a l l y  complex assemblages of galena, 
sphaler i te and pyr i te  in quartz gangue. Chalcopyrite, arsenopyrite, proust i te ,  
molybdenite and argenti te are l oca l l y  present, but are less abundant than the 
other metals. Gold and s i l ve r  are largely  in the galena and sphaler i te .  Much 
of the vein matter is very low in grade. The sul f ides have been moderately 
oxidized to a depth of 75-200 f t .  The pr incipal  ore minerals in th is zone 
are cerargyr i te ,  native s i l ve r ,  cerussite and native gold. Ore shoots are 
generally small and usual ly range from 8-10 in to 3-4 f t  in thickness. The 
th ickest  shoot found by Thomas (1949) measured 20 f t  and occurred in the 
Tennessee mine. Larger shoots were reported to have occurred at the Golconda. 
One ore shoot in the Tennessee extended 400 f t  hor izonta l ly  and 1,400 f t  
v e r t i c a l l y .  

While the ores were largely mined for  the i r  lead-zinc content since the turn 
of the century, they were s t i l l  s ign i f i can t  precious metal producers. Dings 
(1951) states that in 1943 the Tennessee-Schuylkill mine was producing and 
mi l l i ng  about 150 tons of crude ore per day averaging 7% Zn, 3.5% Pb and 17-25 
opt Ag. A l i s t  of recorded production for  individual mines between 1901-48 is 
given in Table 2. Since production records were kept very poorly, these 
should be construed as minimum figures, The Golconda and the Tennessee are the 
only two mines with more than $1,000,000 in production (Dings, 1951). A f i r e  
destroyed the Golconda mill in 1917; the Golconda mine had only intermittent 
and small production since. 

While the d i s t r i c t  would appear to hold l i t t l e  potent ial  for  hosting any 
precious metal deposits of a size sui table for a major company, some potent ial  
probably exists for  undiscovered ore shoots of a size as those mined in the 
past. This might be of in terest  to a small mining company as the base metal 
ores often co~tained substantial amounts of s i l ve r  and go~d. 

The mines of the d i s t r i c t  are too numerous to describe here. Haury (1947), 
Dings (195!), Wilson and others (1967), and Schrader (1909) give detai ls  of 
numerous mines. We would refer the interested reader to these sources. The 
Golconda and the Tennessee-Schuylki~l mines are the only two vein properties 
which have yielded more than $i,000,000 (old prices) in production; these 
properties w i l l  be b r i e f l y  summarized below. 

Mines of In terest :  

Golconda Mine: (T22~, R17W, Sec. 6) The Golconda vein str ikes NW and dips 
about 65°NE. The vein pinches and swelTs, ranging in thickness from 2-7 f t ,  
although Thomas (1949)stated that unveri f ied reports claimed ore shoots wider 
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r ~ B L E  2.--Production of fold, sliver, copper, lead, ond zinc of selected mines i~ the 
W a U a p a i  dis~r~ct, ~ fohave  County ,  A r i z . ,  cumulat ive  f r o m  190I through 19.~8, in 
terms of  recovered metal~ 

| C o m p i l e d  b y  M e t a l  E c o n o m i c s  B r a n c h ,  U .  S.  B u r e a u  of M i n e s ,  S a l t  L a k e  Cl~y,  U t a h ]  
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than 20 f t  were found in the mine. The vein can be traced on the surface for 
some 4,000 f t ,  sp l i t t ing  into several splays at i ts  northern end. The shaft 
was sunk to a depth of 1,600 f t  and extensive stoping was conducted above the 
1400 f t  level. The mine has 12 levels and d r i f t s  were commonly 600 to 1,400 f t  
long. Reportedly, most of the ore has been removed from the surface to the 600 
f t  level. Nearly al l  of the production was won between 1908 to 1917 when the 
mil l  burned. Only a few intermit tent and very small attempts to resume opera- 
tions were made af ter  the f i r e .  Production (see Table ) amounted to some 
$6,500,000. Dings (1951)notes that reports vary greatly about the grade and 
quantity of ore l e f t  in the workings below the 1,000 f t  level. Haury (1947), 
however, states that good ore was reported on the 1,400 f t  level. At the time 
of his reporting, the workings were badly caved and flooded to the 600 f t  level. 

Tennessee-Schuylkill: (T24N, RISW, Sec. 4) The Tennessee vein strikes NS°W 
and dips 85°E. The mine has been in production since the 1890's and is the 
largest producer of lead and zinc in the d i s t r i c t .  I t  has also produced 
considerable gold and s i lver  (see Figure L.I). Dings (195!) noted that during 
World War I I  the mine was producing about 150 tons/day that averaged 6-8% Zn, 
3.5% Pb, and 17-25 opt Ag. Schroder and A31sman (1939) report that in 
September 1938, the mi~l heads on some 4,278 tons of ore run contained 0.185 
opt Au, 2.26 opt Ag, 3.43% Pb, and 5.15% Zn. The average width of the stoped 
vein is 5 f t ,  although ore shoots 20 f t  wide are found in the mine. Length of 
ore shoots ranged from 35 to 300 f t .  One ore shootnorth of the Tennessee 
shaft was mined to a depth of 1,500 f t .  The Tennessee shaft was sunk to the 
1,400 f t  level and a winze was sunk from the 1,400 f t  level to the 1600 f t  
level. Schroder and Allsman (1939) indicate that four ore shoots were exposed 
in the mine workings to depths ranging from 150 f t ,  "on the one farthest north 
of the Schuylkil l shaft, to 1600 f t  on the one farthest south and immediately 
north of the Tennessee shaft."  The two intervening shoots (Figure ~{ ) have been 
explored to a depth of over 1,000 f t .  As of 1938, d r i f t ing  was being pushed on 
the lower levels and north of the Schuylkil l shaft as fast as mining permitted 
stoped to become available for waste disposal. 

References: 

Dings, 1951; Eaton, 1980; Haury, 1947; Schrader, 1909; Schroder and Allsman, 
1939; Shafiqu!lah and others, 1980; Si lver,  1967; Thomas, 1949; Vega and 
Wilkinson, 1984; Wilkinson, 1981; Wilson and others, 1967. 
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WEAVER {RICH HILL, OCTAVE) DISTRICT 

Location: 

The Weaver mining d is t r i c t  is located in the Weaver Mountains in southern 
Yavapai County. The most productive part of the d is t r ic t  covers the southern 
margin of the range and is contiguous with the Martinez d is t r i c t  on the west. 
In this report, the d is t r ic t  is expanded to cover mines north of Yarnell and 
west of Peeples Valley. Access to the d is t r ic t  is via Highway 89 about 20 
miles north from Ricke~burg. 

Geology and History: 

Like the nearby Date Creek Mountains which host the Martinez d i s t r i c t ,  the 
Weaver Mountains are made up large3y of Precambrian grani t ic  rocks that consist 
of granite and d ior i te .  In addit ion, several large, northeast-elongate bodies 
of Yavapai Series schists crop out in both the southern and northern portions 
of the range, and mid-Tert iary volcanic rocks cap parts of the higher portions 
of the range. Dikes and bodies of pegmatite, ap l i te  and basic rock that trend 
easterly to northeasterly are abundant in some of the Precambrian basement, 
par t icu lar ly  through the main productive area. The range exhibits strong 
fau l t ing of two predominant fau l t  direct ions; northeast and west-northwest. 
The northeast-trending set appears to be of fset  in places by the northwesterly 
set and thus are the oldest. They probably re f lec t  Precambrian or Laramide 
faul t  and shear zones, The northwest-trending structures~ however, are the 
most abundant and prominent of the two. 

While the Weaver d i s t r i c t  has been a substantial past gold producer from both 
placer a~d lode deposits, l i t t l e  modern geologic information on the d i s t r i c t  
is avai lable. The famous Rich Hi l l  and Weaver "Diggins" placers were 
discovered in 1862 by a party of explorers which included such Arizona 
h is tor ic  notables as Capt. Pauline Weaver, Major A. H. Peoples and Jack 
Swil l ing (Wilson, 1961; Kirkbridge, undtd). Subsequent production from 
the placers is unrecorded, but the operations supported a population of 
Americans a~d Mexicans numbering from 1,000 to 2,000 over a period of several 
years af ter  the i r  discovery (Xirkbridge, undtd). Johnso~ (1972) credits 
placer production from the d i s t r i c t  through 1968 as amounting to some 110,000 oz 
Au. The Weaver placer area covers about 40 square miles along the south flank 
of the range (Johnson, 1972). By far  the most important area for placer produc- 
t ion has been at the top of Rich H i l l ,  along parts of the sides of the h i l l ,  and 
from gravels along Weaver and Antelope Creeks (Wilsop, 1961; Johnson, 1972; and 
references contained therein).  Other p~acers are found west of this area, near 
the Planet and Saturn mines (Sec. 2!, TION, RSW). Johnson (1972) also cited 
the lack of detailed geologic information of the area, but stated that the 
presumed source of the gold in the placers was probably from gold-bearing veins 
occurring in the Precambrian granite and schist. 

Wilson and others (1967)and several old consulting reports supply the majori ty 
of the known geologic detai ls of the lode gold mines that operated in the 
d i s t r i c t .  Basical~y, the geology, mineralogy and deposit character ist ics 
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are a continuation of the Martinez d is t r i c t  which is contiguous on the west. 
In fact, early reports refer to this entire region as lying along a mineral 
belt running through the southern slope of the Bradshaw range. The typical 
gold-bearing deposit in the Weaver d is t r i c t  consists of a mesothermal quartz 
f i l l ed  fissure vein that displays one or more periods of mineralization. The 
veins commonly occur in "greenstone" or porphyritic dikes intruded into the 
Precambrian granite. These veins generally display roughly east to northeast 
trends and shallow (20 ° to 30 ~) dips toward the north. Widths vary from one to 
several feet and reported values of mill grade ore usually ran about $13.00 per 
ton (@ $35/oz) up to several hundred dollars per ton. Other veins are entirely 
within the granite. These are typical ly of somewhat lower grade and carry 
more silver than the veins within the dikes. Wallrock alteration consists 
of serici t izat ion, s i l i c i f i ca t ion  and carbonatization. 

Within the veins, gold mineralization is best developed in the most fractured 
zones within the quartz f i l l i n g  where gold values are accompanied by dis- 
seminated pyrite and some galena with very l i t t l e  massive sulfidP enrichment 
(Kirkbridge, undtd). The richest ores reportedly occur with secondary hematite 
and limonite, although high values in gold are obtained with both the galena 
and pyrite. Ore shoots l ie  almost f l a t  and near the footwall. 

A notable feature of the ores in the d is t r i c t  is that they remained relatively 
constant with depth and apparently in some of the mines the highest values 
were found considerably below the surface. The Congress mine in the Martinez 
d is t r i c t  was productive to well below the 4,000 f t  level on the incline of 
the vein; likewise, the depth of the Octave mine was at least 2,300 f t .  The 
major mines of the d is t r i c t  include the Octave, the Alvarado (Planet, Saturn) 
mine, Rich H i l l ,  Consolidated and the Leviathan. 

Keith and others (1983a) credit the d is t r i c t  with 745,000 tons of lode 
production between 1895 and 1970 that contained 203,000 oz Au; 189,000 oz Ag; 
124,000 Ibs Cu; and 882,000 Ibs Pb. In 1981, the Alvarado mine was being 
explored by Scarth Oil and Gas Co., Amarillo, Texas, who announced reserves 
of about 600,000 tons of ore averaging 0.27 opt Au. Add to this the estimated 
placer production of some 110,000 oz Au and one can see that the Weaver 
d is t r i c t  was a substantial gold producer. 

Mines of Interest 

Octave Mine: (Located 2 miles south of Rich Hil l  (Sec. 5, T9N, R4W.) on a 
narrow pediment) The main Octave vein occurs within a fault fissure that 
strikes N70°E and dips from 20 ° to 30 ° NW. Wilson and others (1967) state 
that cleavage in vein gouge indicates that the fault  was of reverse character. 
The vein is traceable on the surface for several thousBnd feet and is cut by 
several later faults. Vein f i l l i ngs  consist of coarse textured, massive to 
laminated, grayish-white quartz that contain masses, disseminations and bands of 
fine-grained pyrite, galena, and minor chalcopyrite. All of the sulfides are 
auriferous and l i t t l e  free gold exists in the deposits. Wallrock alteration 
consists of ser ic i t izat ion, s i l i c i f i ca t ion  and carbonatization. 
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The vein was discovered in the 1860's but major production came between 1900 
to 1905 whensome $2,000,000 was produced. Some development and mining took 
place in the 1920's. The American Smelting and Refining Co. reopened the mine 
in 1934 and worked i t  unt i l  December of 1942. Workings developed to at least 
2,000 f t  depth by four shafts and several thousand feet of d r i f t s  and extensive 
stopes on three ore shoots. The vein is said to have opened up to 8 f t  widths 

i n  places and obtained widths of m i l l i ng  ore up to 15 f t .  

Alvarado (Plant Saturn, Liberty Gold) Mine: (Sec. 21, TION, RbW) The Alvarado 
vein was discovered in 1905. The vein str ikes N30~E and dips 25 ° to 35 ° NW. 
Rhyolite and d io r i te  dikes paral le l  the quartz vein. The d io r i t e  is mineralized 
and in places constitutes commercial ore. Workings are developed by two shafts, 
800 and 1300 f t  deep, with workings on every I00 f t  level.  The maximum length 
of the vein is 4,000 ft. Mine was in operation between 1935 and I943, 
s~,~, = - ~ ( ~ )  states that the Liberty Gulch Gold Mining Co. produced some 
$1,555,000 between 1928 and 1942 from a mine in Fools Gulch. We have no 
supporting evi4e~ce for this production and are rather dubious about this amount. 
Nevertheless, Scarth 0 i i  and Gas Co. of Amari l lo,  Texas acquired the property 
and in a 1981 report,  reportedly had blocked out approximately 600,000 tons of 
ore that averaged 0.27 opt Au. Their tests also indicated that previous mining 
operations had only recovered about 0.18 opt from past ores mi l led.  At that 
time Scarth was shopping for  a j o i n t  venture partner. What the status of the 
property is in 1984 is not k~own. This should be checked out. 

Johnson Mine: (tocatio~ inexact, 4 miles due north of Octave) Property consists 
of 5 patented and 5 unpatented claims. Northeast-str ik ing vein cuts Precambrian 
granite. The vein dips from 28 ° to 30 ° to the north and is adjacent to a f ine-  
grained basic dike. The best ore apparently is associated with this dike, and 
is sometimes above and sometimes below i t .  Where both walls of vein are granite, 
there is very l i t t l e  commercial ore. The vein is from 1-2 f t  thick and ore is 
associated with auriferous galena, pyr i te ,  chalcopyri te, and sphaler i te.  Vein 
is cut by two northwest-trending fau l ts .  Ore has been found on both sides of 
the most westerly fau l t ,  but east fau l t  seems to cut o f f  vein en t i re ly .  Mine 
was being developed in 1936 and consisted of a mine adi t  470 f t  long, with one 
level above and four below, connected by an inc l ine shaft fol lowing the dip of 
the vein which was 530 f t  deep. Developmemt along the vein totaled about 
1,500 f t  of d r i f t i ng .  Production amounted to about 20 tons/day. 

Meyers Mine: (Located about I mile northwest of Octave on the west side of 
Weaver Gulch) Property consisted of 7 unpatented claims in 1936 which were 
being operated by the Consolidated Mining and Development Co. The Meyers vein 
strikes N60°E, dips 30 ° to the northwest and cuts Precambrian granite. The 
vein is from I-2 f t  wide and c0~sists of coarsely crystalline quartz, Like 
most other mines in the d i s t r i c t ,  goTd is the only metal of commercial value, 
but is contained in auriferous galena, pyr i te ,  and chalcopyri te. In !936, the 
mine was developed by an incl ined shaft 175 f t  deep along the dip of the vein 
and by two levels at 85 and 145 f t  from the co l la r .  There is about 600 f t  of 
combined d r i f t i n g  on the two levels. In May of 1936 six carloads of ore were 
shipped from the property. 
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Yarnell Mine: (Located about 1.5 miles south of the settlement of Yarnel l ,  near 
the summit of Weaver Mountain) In 1936, the property consisted of 5 patented 
and 7 unpatented claims. Country rock is mainly granite containing northeast-trending 
bodies of schis t .  The Yarnell vein is enclosed in the grani te,  s t r ikes N45°E 
and dips 35 ° to 40 ° northwest. Unlike most other deposits in the d i s t r i c t ,  the 
Yarnell mineral izat ions are hosted in a shear zone that is 120 f t  wide. Ore- 
bodies occur near both the hanging and footwal ls ;  however, the pr incipal  ores 
occur in the foo twa l l .  Mineral izat ion consists of free gold and auriferous 
py r i te ,  galena and chalcopyr i te.  Mineral izat ion is reportedly quite regular in 
places, but in others, tongues of mineral izat ion ar~ said to run out into the 
footwal l  fo r  considerable distances. Ore mined in 1936 averaged $8-$10 per ton 
Au. Mine workings consisted of 3 ad i t  levels connected by raises. The lower 
level contained about 1000 f t  of d r i f t i n g  on the vein. The width of the shear 
zone in the Yarnell mine presents an in terest ing s i tuat ion for  the p o s s i b i l i t y  
of low-grade minera l izat ion.  I f  the shear zone is mineralized across i t s  width 
(±120 f t )  the p o s s i b i l i t y  exists for  a small to moderate bulk mineable target  
to ex is t .  I t  should be sampled and examined with th is  p o s s i b i l i t y  in mind. 

Cuba (Rooney): (Sec. 16, T11N, R5W) Vein is up to 6 f t  wide, dipping about 
25 ° and occurs in granitoid rocks. Main development consists of a 150 f t  
incline shaft with two levels having about 200 f t  of work. Approximately half 
of vein area has been developed with the better parts of i t  stoped. Lower-grade 
ore le f t  was sampled and found to average $14.35 Au (@ $35/oz) and $1.00 Ag 
across an average width of 2.4 f t .  I t  is believed ore may be developed lateral ly 
as well as to greater depth. Mines in this d is t r ic t  have been productive to 
4,000 f t  depths. According to USBM engineers who examined the property in 1937, 
estimated reserves of 1,679 tons of $13.53 ore appear le f t  in old stopes. 

Monica: (Sec. 21, T11N, R5W) The mine is old, having been worked extensively 
for  Au in about the 1906 era. Vein is a f issure which dips about 27 ° and that 
has been opened up on inc l ine  1,000 f t .  A 1300 f t  crosscut taps the vein at 
th is  depth. From 900 f t  to surface the vein was extensively stoped. Stopes 
are a l l  open except for  a p i l l a r  on the 1,000 f t  level which shows a strong, 
glassy whi te,  quartz vein. Some production is reported, but the mine is 
thought to be worked out. 

Rich H i l l  Mine: (Location inexact, about 4000 f t  from Octave mine at the 
southeastern end of Rich H i l l )  A quartz f issure vein (2-3 f t  wide) s imi la r  to 
nearby Octave vein st r ikes approximately east-west and dips 30 ° to 35 ° to the 
north. Shallow workings include a 150 f t  inc l ine  shaft  with short d r i f t s .  
Vein is narrow (about 2 f t  wide) but gives rather high grade assays (34 samples 
averaged $19.24 per ton Au; @ 1934 pr ices) .  Apparently the deposit was l i t t l e  
explored. Wilson and others (1967) reported that 2 cars of sorted ores were 
shipped during the 1930's from th is  property. 

Bee Hive (Zieger):  (Location inexact, about 2 miles northeast of Octave). A 
northwestward-trending shear zone intersects vein that is supposed to be 
continuation of Octave vein. The pr inc ipal  workings are in Yavapai schist  
east of the quartz d i o r i t e .  Numerous dikes of ap l i te  and pegmatite intrude 
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the schist.  Wilson and others (1967) report only a few thin veinlets of quartz 
are present, but that some f l a t  nuggets and f laky gold were found in sheared 
schist. Small production was made by arrastres, but workings that included two 
shallow shafts and about 0.5 mile of tunnel reportedly encountered very 
l i t t l e  ore. 

Bishop Mine: (About 14 miles east of Congress, AZ.; Sec 4, T9N, R4W) Small 
shipments are reported to carry 0.5 to 1.0 opt Au. In a schist occurs a quartz 
vein I-2 f t  wide carrying gold, free and combined, that by hand sorting runs 
from 0.5 to 1.0 Au. In 1943, the workings consisted of a 100 f t  tunnel and an 
incline shaft on one claim and a 300 f t  tunnel and 200 f t  incline on another, 
and some open cuts. Copper showings in small amounts are present. 

References: 

Wilson, 1961; Wilson and others, 1967; Kirkbridge, undtd; Johnson, 1972; 
Unpubl. report,  Scarth 0 i i  & Gas Co., 198!; Keith and others, 1983; 
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WEBB DISTRICT 

Location: 

We have applied this name to a broad area in the northern Gila Bend Mountains 
which contains several prospective areas of copper-precious metals mineraliza- 
tion. One of these is near Webb Mountain centrally located in the area of 
interest, so we have arb i t rar i ly  referred to the overall areas as the Webb 
d is t r i c t  or region. The region is found west-southwest of the small community 
of Arlington, a few miles west of Buckeye and includes T2S, R7, 8 & 9W. The 
area of interest is included on the SW~ of the Arlington, N½ of the Woolsey 
Peak and N½ of the Dendora Valley 15' quadrangles. 

Geology and History: 

The d is t r i c t  occurs in an area largely capped by rather extensive outcrops of 
mid to late Tertiary volcanic rocks of felsic to intermediate composition and 
overlying buttes and mesas of < 15 m.y. old basaltic flows and conglomerates 
such as make up the topographic points of Black Butte, Yellow Medicine Hil ls 
(Arlington quad.), or Yellow Medicine Butte (Dendora Valley Quad) and Woolsey 
Peak. The earlier volcanic sequence consisting of andestic-dacite flows, 
felsic tuffs and volcaniclastic sediments occurs as t i l ted  fault blocks, whereas 
the basalts are relatively f la t - ly ing.  

Outcropping from beneath the volcanic cover are isolated exposures of Precambrian 
granitic rocks, gneisses and schists. Many of the intrusive rocks are diorites 
and granodiorites showing various degrees of fol iat ion. The metamorphics 
include quartzites, muscovite, schists, amphibolite and metarhyolites which 
generally strike NNE with steep dips. They have been correlated with the 
Proterozoic Yavapai Series (Cheeseman, 1975), but in this area are probably 
better referred to as Pinal schist. Younger, Mesozoic to Tertiary dike rocks 
or small stocks are noted intruding the basement lithologies. 

Mineralization in the area is not widespread, and based on population or 
density of occurrences, would not be considered at al l  (see precious metals 
overlay to Plate 1). The demarked region does, however, contain several 
specific mines or prospects which we feel warrant special attention. Some of 
this base metal-gold-silver mineralization ( i .e.  Black Butte prospect) may be 
of Precambrian age, related to the Pinal (Yavapai ?)schist and be of volcano- 
genic or exhalative origin. Other occurrences appear to be epigenetic, 
related to intrusive act iv i ty  and localization along structural zones. 

Mines of Interest: 

Black Butte prospect: (T2S, R7W, Secs. 14 & 15) Small exposures of Precambrian 
gneiss and schist just north of the basalt capped Black Butte exhibit consider- 
able alteration and disperse copper-gold mineralization. Mineralization is 
related to numerous veins, stockworks and "blowouts" of quartz and barite which 
appear concentrated along contacts between basic dikes and gneisses or granitic 
rocks. Better mineralization is also noted at the contact between Tertiary 
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volcanics and basement. The area has received attention as a copper prospect 
with extensive sampling and dr i l l ing .  Surface sampling yields numerous values 
> I  opt in gold, with copper ranging from 0.007 to 6.4%. Of seven holes 
dril led on the prospect, #4 ran from a trace to 0.59 opt Au; #7 encountered 
intervals assaying trace to 5.7 opt Au with Cu >1%. In hole #7, 59 f t  ran 
from 0.03 to 0.54 opt Au with several percentages of Cu. The best mineraliza- 
tion was encountered along a steeply dipping structural zone which may be 
conformable to foliation in the metamorphic host rocks. Currentlythe property 
is held by Rhyolite Resources, 301-1285 W. Pender Street, Vancouver, B.C., 
VBA 422, or Box 31, Black Point Road, Powell River, B.C., Canada. 

Buckeye mine: (Sec. 28, T2S, R6W) Mineralization is concentrated along a 
highly sheared contact between foliate granodiorite a~d altered Pinal Series 
metamorphic rocks including quartz-sericite, magnetite, pyr i t ic,  schists, 
quartzite, amphibolite, metarhyolite a~d meta-andesitic tuffaceous rocks. 
The magnetite-quartz-muscovite schist unit with interbeds of marble and 
calc-silicate rock occurs stratigraphically just below one of the metarhyolite 
horizons and is the principal host rock for mineralization at the Buckeye 
copper mine. Note that some of the schist is tourmaline bearing. 

Mineral izat ion occurs as s i l i ca tes  and carbonates of copper with some sul f ides 
at depth. These minerals occur in disseminations, small lenses, streaks and 
pockets along f o l i a t i o n  planes in the schist  amd associated with strong quartz- 
tourmaline veining along the sheared, NIO°E to N35°W-trending contact zone. 
Pyr i te and chalcopyri te wi th minor borni te-chalcoci te are the chief  su l f ide 
minerals. The contact zone y ie lds several percent copper. No gold assays are 
reported but precious metals are present (CRIB data). The deposit may have 
volcanogenic origins with superimposed mineralization due to later intrusion. 

Yellow Medicine Butte (Pumpkin Glow) Prospect: {T2S, RgW, Secs. 30 & 31) 
Mineralization is concentrated in a granitic breccia cemented by iron oxides 
which is localized along a major structural zone between granite gneiss and 
limestone. The structure strikes N75°W, dips 80 ° south amd is from 20 to 
100 f t  wide. I t  is exposed intermittently over a strike length of at least 
1,800 f t .  Argentiferous galena is reported from the zone and a number of 
samples run from I to 4 oz in Ag. Gold values vary from less than 0.02 to as 
high as 0.13 opt. Black calcite veinlets permeate the zone. The property is 
currently held by a Jim Weatherby (602) 939-3961. 

References: 

Arizona Dept Mineral Resources, f iTe data; Cheeseman, 1974. 



WHITE HILLS (INDIAN SECRET) DISTRICT 

Location: 

The White Hi l ls mining d is t r i c t  covers the eastern half of T27N, R20W in 
northwestern Mohave County. The d is t r i c t  lies about 40 miles northwest of 
Kingman. 

Geology and History: 

The d is t r i c t  has been described by Schrader (1908) and more recently by 
Huskinson (1984). The following general discussion is largely taken from 
Huskinson (1984). Basement in the d is t r i c t  consists of migmatitic gneisses and 
granites that locally contain amphibolite pods. Foliation and schistosity 
trends generally N35°E with a gentle dip to the NW. Schrader (1908) mentions 
that the gneisses contains garnet which locally occur in 2.5 f t  wide bands or 
zones that traverse the gneisses. Andesites to lat i tes of the Patsey mine 
sequence (?) overlie the Precambrian rocks to the east, and are in turn capped 
by relat ively f l a t  lying olivine basalt f lows. The Patsey mine volcanics are 
rotated and t i l ted  (40°-50 ° ) along a series of l i s t r i c  and low-angle normal 
faults (Wilkins, 1984) that are common this part of Arizona. The younger 
basalts covering the t i l ted  sequence are relat ively f la t - ly ing.  Numerous 
veins that strike WNW and dip to the north at 25 ° to 75 ° dips f i l l  shear zones 
in the Precambrian rocks. These veins are typical ly I-3 f t  in average width 
and consist of FeOx- and MnOx-stained clay gouge. Cerargyrite is the main ore 
mineral and occurs as vug f i l l i ngs  in the quartz and as fracture f i l l i n g  in 
the shear zones. The average grade of the ore was reportedly less than 25 opt 
Ag, although small extremely high-grade pockets were evidently found. The 
dumps were reworked in the 1904 era and reportedly averaged 6-7 opt Ag. 

Two mineralized vein sets occur in the area. The oldest(?) is a low-angle 
(20°-30°) set that appears to have been truncated by a higher angle (60°-70 ° ) 
set. Both types have been productive, although the low-angle structures seem 
to have carried richer ore. Huskinson (1984) also mentions that low-angle 
bedding plane faults are numerous in the area. 

Huskinson (1984) who studied the d is t r i c t  as part of a small Canadian company's 
attempt to evaluate the mineral potential of the d is t r i c t ,  believed the 
following points were significant: 

I .  Oxidation and enrichment occur throughout the veins in the d is t r ic t .  
The ore is always cerargyrite (AgCl), and no sulfides (except for very minor 
pyrite in the Review area) have been found. The Occident and Norma mines have 
been developed in excess of 500 f t  deep, always in oxide ore. 

2. Many of the veins appear to be l i s t r i c  structures: ( i .e . ,  they flatten 
with depth). A particularly good example of this can be seen at the Africa 
shaft. 

3. Many of the veins are shear zones with minor l i s t r i c  type structures 
displayed within the shears. 
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4. The White H i l l s  do not appear to be bounded on the west by a normal 
basin and range f a u l t .  De~th to the basement in the center of the va l ley over 
a mile west of the camp is probably 800 f t  or less. 

5. There are reports that a deep hole 3 to 4 miles west of the White 
Hills passed through three or more paralle~ horizontal structures.. 

6. There are no intrusive rocks nearby to credit as a source of minerali- 
zation, although Gulf is said to have drilled a small porphyry copper deposit 
7 or 8 miles west of the area. 

Given that the above points indicate that  minera l iza t ion occurs in a extensional 
s t ructura l  se t t ing ,  Huskinson (1984) believes that the minera l iza t ion  at White 
H i l l s  may be explained as fo l lows:  

I .  Upper-plate movement over the lower plate boundary at White R i l l s  
resulted in the formation of high-angle f ractures in the lower-plate sub- 
detachment zone. 

2. These structures f la t tened with continued movement of the upper plate 
and were cut by subsequent high-angle f ractures.  

3. S i l ve r ,  carr ied as a chlor ide complex by meteoric water c i r cu la t i ng  
through the upper plate (and derived from an admit tedly nebulons source), was 
deposited in both vein sets. 

4. Because the low-angle sets are older they have been subjected to 
greater enrichment. 

5. The upper plate is eroded and the volcanic rocks are extruded. 

The d i s t r i c t  was foremost a s i l v e r  d i s t r i c t ,  although l oca l l y  gold was present. 

Huskinson (I984) notes that the EMMA veins are auriferous as is the Hulda/Review 
area (assays of 0.68 opt Au across narrow in te rva ls ) .  He estimates that  to ta l  
production from the d i s t r i c t  is probably 6-8 m i l l i o n  oz Ag and 5,000 oz (or 
less) Au. 

The d i s t r i c t  was discovered in 1892 when a Hualapai Indian showed a local miner 
some r ich s i l ve r  ore from the area. As a resu l t  of  some of the ore running to 
$1,000/ton, a rush to the camp ensued and by 1894 i t  boasted a population of 
1,200. The camp was soon cont ro l led by a s ingle mining company whose 
pr inc ipa ls  were from Denver. They sold the property in 1895 to an English 
concern who brought in a new m i l l .  The English concern fa i l ed  and the mine was 
bought back by the or ig ina l  owners at a s h e r i f f ' s  sale. The d i s t r i c t  produced 
s tead i ly  fo r  a 10-12 year period. During th is  t ime, work was mainly performed 
by lease miners who "chlor ided" the r ich ore shoots un t i l  they pinched out or 
were faul ted o f f  (as at the Occident/Horn S i lver  area). 

Huskinson claims the d i s t r i c t  has never been systemat ica l ly  explored. 
Presumably the Corval Resources Ltd. who control an undetermined amount of 
the d i s t r i c t ,  is attempting to evaluate the area. 
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Schrader (1908) br ief ly  describes some of the mines in the d is t r ic t .  Apparently 
by the time of his v is i t  many of the main producers had already been closed. 
We only mention two such mines here, although due to our ignorance of the 
d is t r ic t ,  others may be of equal or greater interest. 

Mines of Interest: 

Grand Army of the Republic (GAR) Mine: (Sec. 11, T27N, R2OW) Located about 3/4 
mile north of main street (see Figure z~), the GAR vein system is one of the 
largest in the d is t r i c t .  I t  was said to have been extensively developed to a 
depth of 700 f t  by inclines, dr i f ts ,  stopes and shafts distributed on five 
levels. Water level was reached at the 60 f t  level. Country rock consists of 
highly altered and iron stained gneissic granite and schist. The deposits are 
contained in two nearly parallel veins about 30 f t  apart. The lowermost vein 
is the principal producer. The veins strike N62°W and dip about 23 ° NE approxi- 
mately conformable to fol iat ion in the country rock. The veins increase in dip 
to 75 ° about 150 yards SE of the mine. Ore was free mill ing and reportedly very 
rich, some going as much as 6,000-7,000 opt Ag. According to Schrader (1908) 
the mine produced much r~ch ore from all of i ts five levels. I t  was the major 
producer during the early days and as many as 100 men would be stoping at one 
time. Since the early miners mainly high graded the richest parts of the 
veins, one must wonder what the average grade might run across the 30 f t  
between the two veins. Since these structures display a low dip for a con- 
siderable distance some open pi t  tonnage could possibly s t i l l  exist. 

Occident and Horn Silver Mines: (Sec. 14, T27N, R2OW) Located about 1/4 mile 
south of town, both mines are believed to be on opposite ends of same vein which 
has been faulted in the middle (see Figure ~ ) .  The vein is from 2-4 f t  wide 
and consists of reddish-brown, FeOx-stained, crushed and brecciated quartz. The 
vein strikes about east-west and dips 60°N. Ore was said to be principally 
horn silver. Both mines were believed to have been quite productive. The 
Occident mine is thought to be 800 f t  deep with considerable lateral workings. 
The vein flattens with depth in the Horn Silver. Huskinson (1984) indicates 
that the two mines are separated from one another by post-mineral faults and 
that the area in between has never been adequately tested for continuations of 
the ore shoots. This untested zone has about 600 f t  of strike length and might 
present a nice target for a small to medium size mining company. 

References: 

Huskinson, 1984; Schrader, 1908; Wilkins, 1984. 
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WHITE PICACHO (SAN DOMINGO, WICKENBURG MTNS, RED PICACHO) DISTRICT 

Location: 

In this report the White Picacho d is t r i c t  covers that area which lies north 
of Morristown and extends to the northeast where i t  becomes contiguous with 
the Black Rock, Castle Creek and Pikes Peak distr icts.  I t  straddles the 
Yavapai-Maric0pa county line a~d centers on T7N, R3W. 

Geology and History: 

The district covers a large area of variable relief and displays a rather 
diverse geologic assemblage. Yavapai Series schist floors the area and is 
intruded on the:northern end by a Precambrian granitic complex of batholithic 
size. The Yavapai schists consist of thinly foliated quartz-mica schist, 
quartz-mica-hornblende schist and gneiss, feldspathic hornblende gneiss, quartz- 
feldspar-mica gneisses, amphibolite, epidote, impure quartzite and various 
migmatitic rock types (Jahns, 1952). Jahns (1952) states that the schist 
protolith includes both sedimentary and volcanic rock types. He also notes 
that in the northern part of the d is t r i c t  masses of porphyritic rhyol i te, 
diori te and gabbro occur which local ly intrude the schists but which are 
probably older than the Precambrian granitic complex. The Precambrian rocks 
are cut by numerous irregular pegmatite bodies that have been extensively 
prospected and mined for lithium and rare-earth minerals (Jahns, 1952). 

Tertiary volcanic and sedimentary rocks cover parts of the Precambrian 
terrane and represent remnants of a much wider accumulation. Compositions 
of the volcanic rocks range from basalt to rhyol i te.  These rocks are best 
preserved in the eastern portion of the district where they often form clif fs 
and steep ridges, They also occur as dikes, plugs and irregular bodies in the 
older rocks. 

A system of northwest-trending faults cut through the region and are displayed 
on plate I. Some of the fault ing displayed in the d i s t r i c t  has had young 
enough movement to have affected valley f i l l  and al luvial  fan sequences 
(Jahns, 1952). 

The d i s t r i c t  is host to a variety of mineral deposits, including; gold vein 
and placer deposits ( i .e .  Hewlett and others, 1936; Wilson and others, 1967; 
Wilson, 1961; Johnson, 1972), tungsten mineralization (Dale, 1959; 1961), and 
l i thium and rare earth deposits ( i .e .  Jahns, 1952). L i t t l e  is published about 
the gold mineralization in the d i s t r i c t .  The placers were known and extensively 
worked in the 1870's and 1880's. Wilson (1961) notes that quartz veins of 
probably both Precambrian and post-Cambrian ages have furnished gold to the 
placers. Jahns {1952) notes that quartz veins and lenses are rather common 
and have been worked for gold and tungsten in several parts of the d i s t r i c t .  
Hew~ett and others (1936) br ie f ly  mention that gold-bearing veins occur both 
in the surface volcanic rocks and in the Precambrian rocks, indicating that 
at least part of the mineralization is of mid-Tertiary age and epithermal 
in character. 
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Gold production for the d i s t r i c t  is hard to ascertain. Johnson (1972) 
estimates that the placers have produced greater than 2,000 oz through 1968. 
This would seemingly be a minimum f igure as pre-1900 production may have been 
substantial .  Keith and others (1983a) indicate that records show that the 
combined d i s t r i c t s  under which we have called the White Picacho d i s t r i c t ,  
produced some 4,900 tons of ore containing 3,300 oz Au; 1,500 oz Ag; 85,000 Ibs 

Cu, and 200 Ibs Pb. 

The placer area is confined mainly to San Domingo Wash, i t s  t r ibu ta r ies  and 
adjacent washes, and on mesas separating gulches (Johnson, 1972). This 
area is southwest of a low range of h i l l s  that include San Domingo Peak. 
Johnson (1972) locates many individual washes that were the scene for  early 
placer ac t i v i t y .  I t  seems l i k e l y  that l i t t l e  modern attent ion has ever been 
given to invest igat ing whether or not these placers have local ized gold sources 
that might be of a character and potential size to be of present day commercial 
interest. 

The tungsten mineral izat ion in the d i s t r i c t  is interest ing.  Most of the 
tungsten prospects occur in Yavapai schist and many appear to be conformable 
to schistos i ty  which in at least some cases can be proven to fol low or ig inal  
bedding ( i .e .  Johns, 1952). Dale (1959, 196!) makes mention of associated 
sparse gold mineral izat ion with some of the showings, and a number of the 
prospects occur in the San Domingo Wash area which also contains the gold 
placers. Descriptions of the tungsten mineral izat ion sound l i ke  they might be 
metamorphic skarns of thin bedded carbonate horizons o r i g i na l l y  stratibound in 
the schist p ro to l i th .  In some cases these may represent primary carbonate-rich 
precipi tates derived from sea-f loor hydrothermal ac t i v i t y .  We would suggest 
that these zones should be examined. We have included descriptions of these 
tungsten prospects below in the "Mines of Interest"  section. 

Mines of Interest:  

Go~den Slipper Mine: (Sec. 18, T7N, R2W) Old property that was discovered 
around the turn of the century was worked in te rmi t ten t l y  through about 1936. 
Production in the early 1930's amounted to about 358 tons which contained 
approximately 620 oz Au. Ore occurs in a vein in a brecciated fau l t  zone 
cutting platy to schistose rhyolite, The fault zone strikes southeastward 
and dips about 20 ~° NE. The vein f i l l i n g  consists of brecciated rhyo l i te  with 
i r regu lar  str ingers of quartz. Iron and copper oxides are loca l l y  present. 
The main ore shoot was apparently quite small. Al terat ion reportedly consists 
of se r i c i t i za t i on  and s i l i c i f i c a t i o n  near the vein and strong yellow-brown 
FeOx staining in the rhyo l i te  above the vein. 

Bennett (Buffalo Arizona) Mine: (Sec. 5, T6N, R2W-in Bennett Gulch) The 
Bennett is an old mine that sounds interest ing,  but that has l i t t l e  de f in i t i ve  
data avai lable. Several old reports in ADMR indicate that the country rock 
consists of garnet, ch lo r i te  and micaceous schists of Precambrian age which 
contain l i tho log ies  of quartz conglomerate, s~ale and greenstone. The schist 
has been intruded by bodies of Precambrian granite and monzonite and rhyo l i te  
that are probably of Ter t iary age. These youngest intrusions tend to occur 
along or near the schist-grani te contact. The property was discovered in the 
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mid-1890's and a shaft and connecting workings developed on copper-rich ore 
which was said to have averaged 2.5% Cu and 0.15 opt Au. These workings 
extended to a 318 f t  depth. A gold rich zone, separate from the copper zone, 
reportedly occurs on the southerly slope of Ghost Peak Mountain. A 1934 report 
indicated that all previous work on the gold deposit occurred in the previous 
15 year period in the form of assessment work and was considered of l i t t l e  value 
for evaluation purposes. The gold mineralization was reported to occur in two 
large quartz dikes (veins), in two large quartz porphyry dikes and as a network 
of numerous veins and veinlets occurring in an area between the large dikes. 
The porphyry dikes are highly siliceous bodies that apparently contain low grade 
mineralization. Some reports indicated the mineralization extended across a 
width of between 25-50 f t  or wider. Gold occurs as very f inely divided 
particles and is associated with abundant FeOx. The vein strikes N20°W and 
dips 50°SW. I t  is said to be traceable for at least 2000 f t  along strike. 
Gold values of assayed material ran between 0.01 to about 0.30 opt. While the 
ADMR information is sketchy and at times somewhat contradictory, this sounds 
like an interesting property that may hold some potential for low-grade, large 
tonnage possibi l i t ies and should be checked out. 

Fairview Property: (Sec. 16, T7N, R2W) ADMR f i les indicate deposit consists of 
a f l a t  dipping "blanket" vein that occurs along a contact of "birds eye" porphyry 
and blocky fine-grained andesite. Workings consist of an inclined shaft and 
vertical shaft which connect with an adit tunnel. Inclined shaft is reportedly 
sunk to a depth of 420 f t .  Horizontal mine workings amount to about 1,000 f t .  
The vein strikes N20°W and dips at about 40 ° . Ore was said to vary in width 
from 3-15 f t ,  but on the average to be about 5 f t .  The vein is reported to be 
a breccia consisting of quartz and wallrock with considerable iron oxide and 
some copper sil icates and carbonates. Stoping was carried out in irregular 
rooms along the vein, which is reportedly oxidized to a depth of about 150 f t .  
Gold is said to be exceedingly fine-grained. Reported values of gold averaged 
between $7-13.50 per ton (old prices). One report mentioned blocked ore of 
some 10,000 tons with another 10,000 tons of possible reserves. These figures 
were apparently repudiated in another engineer's report, who fe l t  that while 
no proven reserves existed, the mine had good potential for developing 
substantial tonnages of low-grade ore averaging about $7.00/ton (1936 prices). 

The property was discovered in 1883 by Mexicans who reportedly worked high-grade 
pockets. The mine was not developed until about 1900 by Mess~s. Winston and 
Paine who were said to have done considerable development work and to have 
produced about $50,000 (± 2500 oz Au) from a small high grade stope. Some work 
continued on the property through 1932 when $6,800 was produced. Dump supposedly 
contained 3,000 tons of material than ran $8.00 per ton (old prices). The 
reports mention a parallel vein system in the area that contained high-grade 
copper (12% in places). 

Young (Katherine) Mine: (Sec. 18, T7N, R2W) Mine is located 11 miles northeast 
of Morristown. ADMR f i les indicate a shaft was sunk on vein to depth of 200 f t  
and drifted and stoped above the 156 f t  level (bottom level). Property consists 
of 4 patented claims (Ernest, Vincent, Winifred, and Katherine). Vein strikes 
nearly NS and dips 35°W. Country rock is an andesite porphyry (locally 
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referred to as "birds eye" porphyry) that may be flow or laccolith. Vein 
f i l l i n g  is reported to be mainly brecciated wallrock cemented by specular hematite, 
calcite and quartz that carried gold and copper. Free gold pans from richer 
ores. Copper occurs always as si l icate or carbonate, small amount of Ag and 
some galena present. Ore mined from 1936 to 1941 amounts to $77,000. A partial 
l i s t  of shipments is as follows: 

Tons Average Au (opt) Pai____dd Total Au { ounces) 

197.31 2.51 $14,0'50.32 495.25 
795.29 1.30 27,617.45 1033.88 
446.66 0.69 7,806.02 308.20 
433.22 0.32 2,702.19 138.63 

1,872.48 $ 52,175.98 1975.96 

Vein is said to have ranged up to I0 f t  in width, but averaged about 5-6 f t .  
The maximum dimensions of high-grade ore shoot was 120 f t  in length along 
str ike and 120 f t  in depth of the incl ine. Lower-grade material was reportedly 
l e f t  in place. About 2,000-3,000 tons of 0.30 material is believed to have 
remained in open working s (p i l l a rs ,  etc. ) .  An equal amount of tonnage of 
similar grade was said to remain on the dump in a 1941 report. A shaft sunk to 
a depth of 45 f t ,  some 600 f t  so~th of main workings on same vein ran 0.36 opt 
Au across 36 f t  length. Respected mining engineer, G. M. Colvocoresses, 
believed there was a good chance that considerable potential for $20 to S25 ore 
(at $35/oz) could be developed by deepening the workings and that a f a i r l y  
large tonnage of low-grade ore, suitable for mi l l ing,  existed around the old 
stopes. The description of this geologic setting of this property sounds 
similar to that at the nearby Fairview mine. I f  this is the case, the entire 
contact between the "birds eye" porphyry (which sounds l ike an intrusion) and 
the surrounding country rock may have mineral potential.  

Jumbo Copper Mine (Lower Jumbo) (Sec. 9, T7N, R3W) In a soft schist a ledge 
3 to 10 f t  thick stands almost vert ical and can be traced for considerable 
distances. I t  carried copper minerals occurring as irregular masses in a 
quartzose rock which par t ia l ly  makes up the ledge. Extensive caved in workings 
on the property suggest much work in the nature of shafts, tunnels, d r i f t s  and 
CUTS. Places that were accessible were void of mineralization, In 9 piles 

sorted at various places, 9 samples averaged 0.85% Cu. Au values ran up to 
0.06 opt and Ag was 0.05 opt. I t  is possible this represents the lower grade 
ore sorted from ear l ier  shipments. Five patented lode claims and one patented 

m i l l  site make up the group. In 1943, 3,000 tons of siliceous lo~-grade Cu ore 
were sorted out. A grab sample assayed 0.85% Cu. In 1945, 210 tons of 1.06% Cu 
ore were shipped. The character of ore is carbonates, oxides and sulfides of 
copper in quartzose gangue. 

Tamarack Group: (Secs. 15, 16, 21 & 22, T7N, R3W) C~aims were located for 
tungsten in 1941, prior to this relocation they were worked on small gold 
showings with a small but unknown production. The workings on the property 
consist of two inclined shafts (each about 75 f t  deep), and numerous shallow 
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prospect shafts and open cuts. Bedrock on the Tamarack claims consist of 
Precambrian schist  containing narrow beds of " l imestone," intruded by medium- 
grained granite and pegmatite dikes. Sparse, sporadic scheel i te occurs 
in a garnet-epidote rock wi th in  the sch is t ,  and in one place, between the 
schist  and limestone. Much of the area is covered by overburden. On the north 
part of the claims, a " t a c t i t e "  lens can be traced on the surface some 700 f t .  
Low-grade mineral izat ion extends into the schist .  The epidote zones conform to 
f o l i a t i o n  in the schis t  which in th is  locat ion is roughly N55°W. 

Homestake Group: (Secs. 13 & 24, T7N, R3W; in Tri lby Wash drainage) These 
claims were worked as meager gold showings for a number of years and relocated 
for tungsten in 1949. The extent of the workings on the gold showings is 
unknown, but tungsten workings consist of onIw a few smaller dozer cuts. The 
scheelite occurrences are hosted by Precambrian gneiss and schist. An 
occurrence on the west side of Tri lby Wash is hosted in hornblende schist 
containing thin stringers of scheelite in epidote and garnet. Bedding cleavage 
in the schist is said to strike EW and dips N. Another scheelite prospect is 
described as occurring in and along fractures in hornblende gneiss. These 
mineralized zones strike N60°E. Reportedly a 500 f t  diamond d r i l l  hole placed 
vert ical ly into the gneiss, displayed scheelite to the bottom of the hole. 

Buckeye Claim: (Sec. 24, T7N, R3W) Claims located in 1953 on sporadic tungsten 
shows in Precambrian schist. Working consist of shallow shafts, pits and open 
cuts. Sparse grains of scheelite are reported to occur in narrow seams (about 
12 inches wide) in a brown micaceous schist that contains local hornblende, 
epidote and calcite. Garnet and copper oxides also occur in the narrow seams. 
The mineralized zone conforms to schistosity and strikes N83°E. No mention was 
made of any associated gold being present. 

Scheelite Reef Prospect: (Secs. 35 & 36, T8N, R3W) Claims located in 1950's. 
Workings consist of trenching and open cuts. Dal~ (1961) quotes the fo l lowing 
descr ipt ion of the property from a 1950 USBM report:  

"Exposed on the property are pegmatite, lamprophyre, unaltered brown 
sch is t ,  and a dark-colored schis t ,  probably hornblende. Contact meta- 
morphism has altered the l a t t e r  to a rock with a banded st ructure;  bands 
of unaltered black schist  up to I inch th ick are separated by bands of 0.25 
to 1 inch th ick composed of epidote with a l i t t l e  garnet, quartz, and 
ca l c i t e .  The banding is conformable to the sch is tos i ty  which st r ikes 
N.50°E. and dips 45 ° to 50 ° NW. Scheelite is confined to highly altered 
portions of th is  schis t  where i t  is cut by f ractures.  I t  occurs 
p r i nc ipa l l y  as crysta ls  up to one-eighth inch in size, which are on the 
faces of druses and f ractures.  Minute par t ic les  of scheel i te also are 
sparsely disseminated in the epidote." 

Climax Prospect: (Sec. 35, T8N, R3W; on San Domingo Wash) Dale (1961) 
describes the property as consist ing of f ine-grained s e r i c i t i c  schist  that 
contains several scheel i te-bearing zones. Schist s t r ikes eastwards, dips 
northward. Scheelite apparently occurs in short crosscutt ing f ractures.  The 
mineralized zone is said to be cut o f f  by Ter t ia ry  volcanic rocks. 
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Sta r l i gh t  (Buena Vista) Group: (Secs. 1 & 2, T7N, R3W; on east fork of San 
Domingo Wash) Claimed area, located in 1940's, covers an area underlain by 
Precambrian schist .  The schist  is c~t by a number of pegmatite dikes which are 
both crosscut t ing and conformable with the schist  which s t r ikes N60°-75°E and 
dips moderately NW. The area is cut by numerous fau l t s .  The pegmatites are 
fe ldspath ic  and contain tourmaline. Scheelite is present in a l tered bands of 
hornblende schist .  The bands or lenses are as much as 15 f t  wide and composed 
of e9idote with varying amounts of quartz, ca lc i te  and garnet. Cross fractures 
in these zones apparently cause local enrichment. Dale (1961) reports at least 
s ix mineral ized bands, each about 3 f t  wide, in a zone 300 f t  wide. One "band" 
has been traced fo r  about 600 f t ,  and smaller mineral ized areas are said to be 
traceable for  ½ mile eastward from the main workings (which consist of an open 
cut, prospects p i ts  and comsiderab~e buTldozer cuts on the h i l l s i d e s ) .  

References: 

Arizona Dept. Mineral Resources, f i l e  data; Dale, 1959, 1961; Hew~ett and others 
1936; Jahns, 1952; Johnson, 1972; Keith and others, 1983a, Wilson, 1961; Wilson 
and others, 1967. 
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WINIFRED (JACK WHITE) DISTRICT 

Location: 

The Winifred mining d is t r ic t  is located within the boundaries of the present 
day Phoenix metropolitan area in the southern part of the Union Hil ls. The 
main part of the d ist r ic t  is accessible by taking Cave Creek Road north to 
Beardsley Road and then west about one mile. 

Geology and History: 

The Winifred Mining d is t r ic t  is a l i t t l e  known dist r ic t  that Was probably 
discovered in the early 1870's at about the same time as the nearby and better 
known Cave Creek dist r ic t .  Most of the d ist r ic t  consists of deeply weathered 
Precambrian granite that has intruded Yavapai equivalent schists. A dior i t ic  
phase has developed at the contact between the megacrystic Oracle-like granite 
add the schist. Minor dikes of felsic composition and probably Tertiary age 
cut the older rocks. Gently t i l ted basalts (Miocene?) cap bedrock in the 
northern part of the d is t r ic t .  Gold mineralization is contained in numerous, 
relatively thin (±3 f t )  quartz veins. The quartz is coarse- to fine-textured, 
locally vuggy, and grayish in color with calcite and hematite present locally. 
Fine-grained pyrite is locally present. While this writer has found visible 
free gold in vein outcrops within the d is t r ic t ,  i t  is quite fine in character 
and evidently produced no placers. Many of the mineralized veins were localized 
in shear or fault zones within the dior i t ic  border phase rock. 

In the northern part of the d is t r ic t  in the area around Cave Creek dam, copper- 
stained, cherty to jaspery horizons in the Yavapai Schist have been prospected. 
Some of these zones appear to be cherty, sulfide poor iron formation. These 
might be interesting to look at in terms of stratiform mineralization. 

Keith and others (1983a) credit the d is t r ic t  with 2,000 oz Au, 8,000 oz Ag 
and 4,000 Ibs Cu from some 8,000 tons of ore between 1904 and 1960. Nearly all 
of this production probably came duringthe period 1925 to 1931 when there was 
a f lurry of activity in the d ist r ic t  and the Jack White mine was in production. 
Some of the major mines such as the Jack White, Union, Contention and Fortuna 
were worked prior to !900 and moderate production may have occurred before 1904. 
I t  seems l ikely that actual production from the dist r ic t  was probably 2-3 times 
the post 1904 production. 

Due to i ts location bordering the Phoenix metropolitan area there would probably 
be l i t t l e  potential in trying to perform exploration in this d ist r ic t .  Some 
properties like the Jack White are patented and presently are being mined for 
decomposed granite. 

Mines of Interest: 

Contention Mine: (SW¼ Sec. 35, T4N, R3E) The narrow quartz vein strikes N8°E 
and dips 70°W and is visible on the surface for about 500 f t  where i t  becomes 
covered by alluvium. The shaft is sunk on incline to a depth of 280 f t ;  with 
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a small amount of d r i f t i ng  on the 60 and 120 f t  levels. Ore "streak" is said 
tO vary in width from a few inches to about 2 f t ;  the actual width of the 
structure being somewhat wider. Samples of pillars ~eft in old stopes above 
the back of the 120 f t  leve~ indicated mined grades raw between 0,50 and 
2.0 opt Au. In 1979, the owners of the property were planning to build a 
t ra i l e r  park on the si te.  

Calumet and Cornelia Mines (Gold Reef): {Sec. 33, TSN, R3Z} This is an old 
property with no known production. Copper oxide and gold-bearing zones were 
prospected in Precambrian schists that strike northeast. These schists contain 
interbedded ferruginous chert lenses that containcopper stain in places. An 
old report mentions that workings in the adjoining Slocum mine encountered 
sulfides at 150 f t  depth. These schists are part of belt that runs from North 
Phoenix Mountains to Cave Creek. The area may hold some potential for small 
massive sulfide bodies, but most of area is of limited access due to private 
property and f loor control withdrawn sites. 

Ely Mine: (Winifred d i s t r i c t  near intersection of Secs. 16, 15, 21, 22, 
T4N, R3E) The property has 3 unpatented claims. There are two veins. The 
"Good" vein has received the most work. On this structure a 100 f t  shaft has 
been sunk and 83 f t  of d r i f t i ng  done, Dr i f t  shows a strmmg vein 4 f t  wide for 
62 f t .  Weighted average for 8 samples from d r i f t  taken by USBM engineers in 
1936 gave $!3.65 Au across 18 inches. On the second vein a 100 f t  shaft was 
also sunk but i t  was inaccessible at the time of the inspection. 

Jack White {Erich Gold) Mine: (Sees, 21 & 22, T4N, R3E) The Jack White mine 
was discovered in the 1880's. Early production figures from the mine are 
unavailable but USBM production figures for the period 1927 to 1941 indicate 
that the mime had intermit tent production during this period amounting to about 
2030 oz Au. During this time the mine was developed to a depth of 500 f t  and 
contained about 3000 f t  of lateral workings. Several old consulting reports 
dated 1916, indicate that an ore shoot developed on the 200 f t  level contained 
material that averaged about $20 per ton (@ $20/oz Au) over a width of 18 to 
24 inches of quartz. Ore consisted of ~ocally vuggy, grayish quartz that 
contained some calci te and irregular pods of hematite. In places, unoxidized 
pyrite was present. The ore shoot was said to be stronger on the 200 f t  level 
than in higher levels. 

Possibly of interest to a small company wanting to diversi fy into other areas 
is the industrial mineral potential of the mine area. Presently the mine is 
being considered as a potential source of decomposed granite for the Phoenix 
metropolitan area. Estimates indicate that the claim group contains about 
4,000,000 tons of material that has a potential market price from $4.00 to 
$27.00 per ton in the Phoenix market, depending upon color and toughness. The 
property is owned by Hiram Webb, whose agent is Mineral Economics Co. (I00 W. 
Clarendon, Suite 1260, Phoenix, AZ 85013). 

References: 

Arizona Dept. Mineral Resources, f i l e  data; Keith and others, 1983a; 
R. Wilson, unpubl, f ie ld  notes; Wilson and others, 1967; 
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Types of Precious Metals Related Deposits 

Within the study region of western Arizona we recognize a number of deposit 

types for gold and silver. We have allowed the resolution of these types te 

come largely from our in-depth analysis and categorization of the innumerable 

precious metals prospects, mines and distr icts taken from the literature and 

unpublished sources, many of which are described in the "Mines of Interest 

Section" of this report. Admittedly this background data has been integrated 

with many years of f ield experience in the region of interest and on site 

examination of many metals deposits, so the deposit descriptions are not 

entirely objective. This section of the report describes those deposit types 

for precious metals which we feel offer the most favorable environments for 

economic concentrations within the study area. 

You wi l l  note that we have not developed a specific model for individual vein 

or lode deposits, unless those structures relate to some larger-scale model 

believed to be of greater economic interest. Actually most of the models we 

describe have associated veining at some scale, but i t  is only part of the 

broader context of l ike structural, stratigraphic, mineralogical and age 

properties which define the models. Because of the current trend toward 

smaller scale mining and smaller companies subscribing to this project, we 

have not ignored individual veins, which, because of size, might be of interest. 

Although the veins are not discussed in this section of the report, they are 

noted in the Mines of Interest sections of the preceding chapter on District 

Focus. 
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We also wi l l  not elaborate on gold-si lver mineralization occurring as skarns, in 

veins, or zoned outward from Laramide porphyry copper-moly deposits. Actually, 

a possible skarn deposits of tungsten-gold are included within the discussion 

of thrust - fau l t  type deposits, maimly because of their  structural local izat ion 

along major thrust zones. The veins of polymetallic metals (including gold and 

si lver) which fringe the porphyry centers tend to be rather small-scale features 

and are not as a whole thought to constitute major targets of large tonnage and 

low production cost. 
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In the f inal chapter of this report, areas, d is t r i c ts  and specif ic mines which 

we feel may offer the best exploration opportunities wi l l  be pr ior i t ized,  

targeted a~d discussed for each deposit type. 

I. Detachment Fault Type 

The in i t i a l  def in i t ion of detachment faul t  was applied s t r i c t l y  to the f l a t  or 

shallow dipping surface or discontinuity separating the mylonitic lower plates 

of metamorphic core complexes (MCC) from the t i l t ed  and fragmented upper plates 

commonly consisting of Tertiary volcanic or det r i ta l  rocks (Crittendon and 

others, 1980). Without exception, these surfaces were floored by varying 

thicknesses of ch lo r i t i c  breccia and upper microbreccia derived by b r i t t l e  

destruction of the underlying mylonites. With publication of the Andersen- 

Hamilton Volume (Frost and Martin, 1982) and with increased exploration interest 

in these structures, the original def in i t ion appears to have broadened consider- 

ably to include pract ical ly any low-angle structure with or without evidence of 
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mylonitic fabric, brecciation, or containing any indication of mineralization. 

In terms of the original descriptions, many of these structures are misinter- 

preted and include thrust faults or mere low-angle, normal faults. In places 

they have even been confused with normal, angular unconformities. Without 

attempting to belabor here the confusion that has arisen over the definit ion, 

we wi l l  include in this discussion all those metallic occurrences which are 

located within or adjacent to the classic detachment faults which border large 

parts of the metamorphic core complexes. As there are some interesting copper- 

gold deposits localized along normal or l i s t r i c  normal faults in upper plate 

rocks presumably above detachment faults, they wi l l  also be considered. Finally, 

there are a few precious metal occurrences which are located in shallow dipping, 

lateral ly extensive, shear zones ofmajor brecciation and disruption, which 

generally have upper plates of t i l ted  or rotated rocks of all ages and footwalIs 

which are not mylonitic. Usually, the breccias along these fault zones ar~ not 

ch lo r i t i c ' as  is the case in the metamorphic core complexes. Such zones have 

been called detachment faults in the Castle Dome, Mohawk, Copper, and Plomosa 

Mountains. Although these occurrences are few and, we believe, possibly less 

favorable than those in the MCC, they wi l l  be included in this deposit-type 

discussion. 

Within and adjacent to the region of study, a multitude of gold-bearing deposits 

are localized within short distances of regionally extensive detachment zones 

associated with mylonitic rocks of MCC (Figure~5). Districts such as the Alamo, 

Santa Maria, Rawhide, and to a lesser extent, the Harquahala, are populated with 

these occurrences. Their individual structural habitats include the follnwing 

319 



0 

I 

I 
114" 0 

{'I//m~\L'Hav°$u ~ 0 3  . . . . .  6 o 
x , ~ ~  CiIy SCALE INM3LES , 

0 0 

G 

O O OO 

o ~ _ T~VICKL E PL ATE ~,~ o 

~o °° T/ON o ^o  J B U C K . ~ K I  N \SlLVEj~FIELD 
.R~RvzEw ~ U E  ~ I " , X  . . . . . . . . .  ~ ~ "  . '¢' I  
o . .(L~J~o~ o u EMPIRE ~/RON K. B C C f I ~ / A N , ~ A O  ~ I 

o ~ o PRIDE,~EJ 0 ~%o'¢f~-"~'~'~e~'m"l~'~'~'~'~ "~ I 
._/It R,o vls rA - ?,/o%~E7/" ~_ OCPERi~LA RA __,,~I 

0RA~O./y Porker ~ ~ , l l . / ,  ,. / H Z : : f V N Y  ~ 0 ~ I 

114 ° 

I 

the .Whi ppl e-Buckski n 

Figure 2.5;. 
6 

Metal occurrences associated w i t h  
detachment faul t  in southlt Cal~ 

,4 ,," .4  
. . . .  ~ T  . . . . . .  I r I I I  F I I  ;m l  . . . .  

IvIORE IMPORTA AIT IvIIIVERA L 
OCC URREAIC E (general ly 
Copper-~old)  

AAIY" ~q/ME OR pRO,.SPEC7" 

m m m m m m m mm m 



I 
I 
I 
I 
I 
I 
I 

(refer to Figure 26). (1) Replacement and fracture-vein-breccia mineralization 

in shattered rocks of upper or middle plates. Commonly, an unusual, brecciated 

carbonate is the host for replacement deposits such as at Swansea, Copper Penny, 

and Planet mines in the Santa Maria d is t r ic t  Figure=7~). Middle plates sand- 

wiched between two detachment fault splays are especially favorable locations 

for containing brecciated rock suitable for receiving mineralization (Figure~b).  

(2) Mineralization focused immediately along the detachment fault surface, 

usually in crushed upper or middle plate material (Figure~6). (3) Minerali- 

zation in tensional or extensional fault structures or breccia zones just above 

the detachment surface. Such structures may be l i s t r i c  or antithetic faults. 

(4) Mineralization within the chlor i t ic breccia below detachment faults. This 

occurs in disseminated fashion on microfractures or veinlets within the cata- 

clasite. We refer you to Wilkens and Heidrick (1982) for additional structural 

details. 

The mineralogy of these detachment deposits is remarkably similar with sulfide 

and oxide suites represented. The sulfides are pyrite and chalcopyrite (with 

traces of sphalerite or galena) associated with gangue minerals of quartz, 

epidote, chlorite, carbonate (?) and occasional f luor i te.  Primary oxidized 

mineral phases, which are paragenetically later, include specularite, calcite, 

manganese oxides and in some cases, perhaps chrysocolla (Schulling, 1978). The 

hematite appears to be most indigenous to this deposit type, as is copper which 

usual ly  occurs as s i l i c a t e  or carbonate minerals ( F i g u r e ~ b ) .  Gold and s i l v e r  

are found with most, but not a l l  of the occurrences. A g o l d / s i l v e r  r a t i o  is 

t y p i c a l l y  from about I to 1 to as high as 3 to I .  
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Figure ~/a 

Sharp structural contact between chlor i t ic breccia (hammer) and overlying 
brecciated marble at the Swansea mine, Buckskin Mountains. Both units are 
tectonically mixed in a wide detachment zone mineralized by quartz, pyrite, 
chalcopyrite, epidote, chlorite, calcite and abundant specular hematite. 
Carbonate (Marble) host unit is very common to the mineralized detachment 
fault setting in this part of western Arizona, where i t  always lies just 
above one or another of the detachment fault surfaces. 

Figure ~'7 b 

Open cut at the Moro property, Clark Pk. area, Buckskin Mtns, which exposes 
gold-copper-bearing detachment fault zone 10 to 20 f t  thick. Marble breccia 
bodies (similar to ones at Swansea) locally overlie the detachment fault. A 
mineralized felsi te breccia dike or s i l l  is also interpreted to intrude the 
detachment zone. 
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We are unable to fu l l y  explain why gold is essential ly absent from some detach- 

ment occurrences such as Swansea, Copper Penny, Mineral Hil l  or Planet. Our 

f ie ld  impression of detachment deposits suggests that there is s ign i f icant ly  

more quartz found with the gold-bearing mines. We are also aware that a number 

of the copper-gold prospects contain high-level intrusive bodies within the 

mineralized zones. Where seen, these bodies are fe~sic. According to the 

Stanley Keith metals-magma scheme, the detachment-associated deposits are 

related to a quartz-alkal ic magma series (personal commun., 1985). These 

magmas would be somewhat younger ( i .e .  19 to 16 m.y. ) than the mid-Tertiary 

calc-alkaline suite. 

In addition to a possible magmatic source for the gold, preliminary geochemical 

research by Rehrig (1984) suggests that f lu ids charged with varieus metals and 

other elements may be derived from intense, duct i le,  high temperature, mylonitic 

processes within the lower plates of MCC, Oxygen isotope data tend to support 

this theory (Kerrich and others, 1984). The f lu ids emitted from mylonit ization, 

appear responsible for causing the extreme fTuidization, brecciation and 

propylitic alteration of the chloritic detachment breccia underlying the detach- 

ment surface. The highly metasomatized or altered upper plate volcanics with 

extremely enhanced K20, CaO, Fe203, and MnO contents may also represent a 

manifestation of this upward migrating f lu id  f ront .  Not only are these detached 

volcanics affected geochemically by elemental gains and losses similar to those 

of the ch lo r i t i c  breccia, but i t  is found that apparent f ission track ages of 

the upper piate rocks are younger than in comparable rocks away from the de- 

tachment surface (E. Brooks, 1984, personal commun). The geochemical and 
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isotopic data supporting a source for mineralization within the process of 

mylonitization certainly would apply to copper, other base metals, iron and 

manganese, which are generally ubiquitous to detachment-related metals occur- 

rences in metamorphic core complexes. We do not, as yet, have the data which 

would indicate whether precious metals can be included in this scheme. 

Our regional analysis suggests that detachment metallization is more common 

around MCC where mylonitic lower plate rocks are present, than i t  is in other 

detachment settings. This may be a direct consequence of the mylonite-derived 

f lu id sources proposed above. This is not to say that detachment faults 

entirely within nonmylonitic, upper plate settings are barren, however, the 

data shows that mines and prospects are much less frequent. Where found, they 

appear spatial ly associated with intrusive si l lS, plugs or dikes. Examples 

would include the Riverside or Big Maria Mountains in California or the Mohave 

Mountains in Arizona. A broader case in point applies to the southern area 

bordering the Colorado River which would include the region north of Yuma along 

both sides of the Colorado. Although the area bears some of the largest gold 

deposits recently found in North America (Mesquite, Cargo Muchaco, Picacho), 

their main metals associations and trace element assemblages are decidedly 

distinct from known detachment occurrences elsewhere ( i .e. no specular hematite, 

manganese, and low to nil copper). Gold-silver ratios of these large 

deposits are much greater than those in the detachment setting (S. Keith, 1985, 

personal commun.). The mines and distr icts which do occur in Tertiary rocks 

(although not necessarily in detachment faults) are dist inct ly Pb, Zn, Ag 

dominant, as exemplified by the Paymaster mine in California and the Silver- 

Eureka and Castle Dome distr icts in southwesternmost Arizona. We would 
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conclude, therefore that, even though upper-plate detachment faults may exist 

in the southern o.r southwest portion of the study area, they are generally 

barren of the typical copper-gold occurrences found to the north in the 

vic ini ty of the Tertiary MCCs. 

Final ly, we focus on a few areas where copper-iron-gold occurrences abound in 

upper-plate rocks which exhibit  rotat ional ,  l i s t r i c  t i l t i n g  but where mylonitic 

subplate rocks are not exposed. Somedetachment-like structure is usually known 

from outcrop or is suspected at depth. Exemplary of these areas which exhibit  

detachment-like mineralization are the Cienega and northern P]omosa districts 

and Moon Mountains area (Plate I ) .  Carbonate rocks are commonly mentioned as 

hosts to the mineralization, at least in the f i r s t  two of these d is t r i c ts .  

Replacement and f racture- faul t  or breccia mineralization consists generally of 

the mineral suites chalcopyrite m pyr i te,  gold, quartz, carbonate, barite and 

f luor i te .  Intense oxide mineralization featuring specu]arite, earthy hematite 

and manganese oxides and si l icates and carbonates of copper has largely over- 

printed ear l ier  sulf ide phase minerals. 

I t  should be ~oted that the regional d istr ibut io~ of this upper-plate copper- 

gold assemblage is within or adjacent to mylonitic-cored metamorphic complexes. 

Certainly, mylonitic lower-plate rocks must underlie the Cienega distr ict 

between lower plate exposures in the Whipple and Buckskin Mountains. In the 

Plomosa and Moon Mountains, both surface and subsurface detachment zones are 

suspected, but the presence of Tert iary mylonitic rocks at depth has not been 

established. 
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For the most part, the size of detachment-related deposits has not proven to 

be large. The one exception is Amoco's Copperstone deposit in the Moon 

Mountains which reportedly is in the 7 to 10 mil l ion ton -- 0.07 opt gold range. 

Although mostly of copper, the 40-50 mil l ion ton deposit in Copper Basin, 

Whipple Mountains, California, shows that substantial amounts of rock can be 

mineralized in a detachment structural setting, especially within brecciated 

"middle-plate" rocks intruded by a metals-bearing intrusive body (Figure~q). 

I t  is the middle plate which is mineralized at Swansea-Copper Penny deposits 

in the Buckskins; but not until a felsic intrusive s i l l  found its way into the 

detachment fault at the Clara Peak local i ty,  did much gold appear. 

Our model for detachment mineralization is depicted in Figure .~. We maintain 

that the frequency of mineralization has been greatly enhanced in the highly 

"prepared" ground marginal to or above the ductily deformed lower plates of 

MCC where expelled metamorphic or deformational fluids contributed to high 

water-rock ratio, hydrothermal flushing. Where metal-bearing, high-level 

magmatic bodies entered the environment, further hydrous and metals circulation 

resulted. The plutons may become emplaced in upper-plate detachment levels as 

well and mineralization may result, but this is fe l t  to be a rarer event 

without the characteristic hematite-copper association. 

2. Lower Plate, Microdiorite Dike Type 

Mineralization of this type is found mainly in the complex metamorphosed, 

mylonitized, intruded and thrust faulted lower-plate rocks of the Harcuvar MCC. 
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The deposits share a common associat ion with mic rod io r i te  dikes of NW- to 

WNW-tre~d. The deposits consist of ;  (1) veims occurring along fau l t  or f rac-  

ture zones housing the dikes, and (2) as deposits local ized along thrust  or 

low-angle shear zones which are intersected by the s t ructura l  zones containing 

the dikes {see Figure ~I). The dikes are consistently m/afic, of calc-alkaline 

composition and yield ~ow ini t ia l  strontium ratios (± 0.705 to 0.706) suggesting 

a lower crustal, uncontaminated source (Rehrig and Reynolds, 1980). They have 

been dated at between about 21 and 28 m.y.B.P, and usual ly  are found in t ruding 

and post-dat ing my lon i t i c  rocks in the MCC. They pre-date detachment fau l t i ng  

(Rehrig, 1982). 

The mineral assemblage of th is deposit type consists of go ld -s i l ve r  ( i~ var iable 

ra t io )  accompanied by quartz and carbonate ( s i d e r i t e ) ,  occurring as pods, seams, 

veins or i r regu la r  bodies. Tungsten as scheel i te appears to be a common con- 

s t i tuen t  of the assemblage as is copper in su l f ide  and oxide form. Specular 

hematite and manganese oxides are occasional ly mentioned. Gold values are 

rather high with grades commonly > 0.2 opt reQorted. 

The above mineral assemblage exhib i ts  some var ia t ion  from occurrence to occur- 

re,  co. For example, the high tungsten-quartz veiping and replacement deposits 

in the northern Granite Wash Mountains (El lsworth d i s t r i c t )  appear to have 

l i t t l e  precious metals and copper is sparse. Minera l izat ion at the Socorro 

mine in the Harquahala Mountains is gold dominant without copper or specular i te 

and although tungsten is geochemically present, (15-50 ppm), i t  is low. In the 

Cunningham Pass d i s t r i c t  (Harcuvar Hou~tains), copper was dominant averaging 
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12%, with gold contents in the 1/2 to I opt range. In the L i t t l e  Harquahala 

d i s t r i c t  s im i la r  minera l iza t ion  local ized along thrust  fau l t s  may also be related 

to the basic dikes, but these dikes are not described as f requent ly  as they are 

in the Harcuvar, Harquahala, and Granite Wash. 

At the Socorro mine, Start Keith (lg85, personal commun.) demonstrates that the 

microdi0rite dikes are syn-mineral. At Cunningham Pass, they are noted as 

carrying l i t t le  mineralization. Whereas, a separate sequence of q~artz porphyry 

dikes (?) are more closely associated with mineralization. At ma~y mines and 

prospects, the dikes are noted, but frequently the specific temporal and geo- 

chemical re la t ionships wi th the minera l iza t ion are not well establ ished. More 

deta i led work is thus needed to establ ish these re la t ionsh ips.  The general 

geologic environment of the ~ower p la te -mic rod io r i te  ~eposit type is i l l u s t r a t e d  

on Figure . 
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3. Thrust Fault Type I 
Low-angle, thrust faults play a key r01e in localizing mineralization of the 

microdiorite dike type in the Harquahala Mountains (Figure ~J). In a number 

of other ranges and d is t r ic ts ,  the spatial association between thrust struc- 

tures and precious metals occurrences is well establ ished, with or wi thout 

the presence of the m i c r o d i o r i t i c  in t rus ions.  Occasionally, other kinds of 

p lutonic bodies are found in the mineral ized thrust  l o c a l i t i e s  ( f e l s i t e ,  quartz 

monzonite, e t c . ) .  Examples of the thrust  deposits occur in the L i t t l e  

Harquahala and southern Plomosa d i s t r i c t s  where the l oca l i z i ng  structures 

I 
I 
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i 

I: 
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commonly involve granitic basement rocks in either hanging- or footwalls. In 

many of the metals occurrences, gold is associated with a variety of base metals 

with lead and silver more often noted than in other deposit types. 

In the Cienega d is t r i c t ,  Keith (1978) repeatedly mentions that mines and 

prospects are located along a " thrust"  structure separating Paleozoic-Mesozoic, 

low-grade metasedimentary rocks ( footwal l )  from hanging wall schists and 

gneisses of Precambrian ? age. This conf igurat ion resembles that along the 

Plomosa Mountains, an equally well mineralized structure.  In the Plomosas the 

work of Scarborough and others (1981) suggest an i n i t i a l  thrust  or ig in  for the 

Plomosa fau l t  followed by recurrent motion as a mid to late Ter t iary  detachment 

fau l t .  Noting that the mineral assemblages in  both the Plomosa and Cienega 

areas are s t r i k i n g l y  s imi lar  and of the detachment fau l t  association, we would 

stress the l ike l ihood that the con t ro l l i r g  " thrust"  in the Cienega d i s t r i c t  is 

a remobilized upper-plate detachment structure.  

A somewhat unique thrust setting combined perhaps with metamorphism and nearby 

intrusion is evident at the Yuma mine in the Granite Wash Mountains (Ellsworth 

d is t r ic t ) ,  the Excelsior mine (Northern Plomosa distr ict)  and perhaps at other 

localities in both the southern and northern Plomosa areas (i .e. Livingston 

mine group). At these local i t ies, carbonate and calc-silicate rocks believed 

to be pieces of the Paleozoic section are allochthonously sandwiched between 

thick sections of schistose Mesozoic clastic rocks along major thrust fault 

zones. The Paleozoic tectonic slices and Mesozoic footwall-hanging wall 

sequences are intensely deformed. The controlling thrust zone appears to be 
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intruded by 80-90 m.y. pl~tons which place an upper age l imit  on the structures. 

Mineralization in the form of tungsten, copper and gold is largely restricted 

to the carbonate or quartzitic Paleozoic slices, preferentially replacing 

certain stratiformal horizons. Skarn-like garnet, actinolite, epidote, 

chlorite, hornb3ende and magnetite often constitute gang~e minerals to the 

economic mineralization (Figure ~Z~). 

Besides the thrust fau l t  structural control ,  addit ional factors such as contact 

effects and mineral izat ion associated with nearby Mesozoic plutons and micro- 

d io r i te  dikes, fur ther  complicates this model. In fact ,  to make matters worse, 

there appears in some case ( i ,e .  Livingston mine group) to be an overlap between 

metamorphic-thrust characterist ics and strat i form or syngenetic aspects to the 

metal l izat ion picture. These l a t t e r  effects are seen predominantly within 

certain strat igraphic intervals of the thick Mesozoic vo lcanic-detr i ta l  sequences 

in the study region (see Section on Mesozoic Strat i form Type, below). 

Note that the thrust-type deposits described above are al l  found within upper 

plate ( thrust terminology), North American rock assemblages with respect to the 

possible presence of the Vincent-Orocopia sole fau l t  and Orocopia-Rand schist 

in a lower-plate posit ion. Outcrops of this lower-plate l i tho logy are found 

within the study regio~ in the southern Trigo, Castle Dome, Kofa (?), and Tank 

Mountains (see Plate 1) and associated mineral izat ion is discussed as a separate 

deposit type., 
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Figure ~2 a 

Somewhat typical exposure of late Mesozoic thrust fault important to 
localizing gold mineralization in Southwest desert province. Photo shows 
the American Girl thrust in Cargo Muchacho Mountains near Yuma. Upper 
plate (dark rocks on upper slope) is Jurassic granite; lower plate is 
Mesozoic(?) quartz, sericite, kyanite, tourmaline schist. Both upper- 
and lower-plate rocks are strongly mylonitized and sheared. 

Figure 3 ~ b 

Characteristic shattering and stockwork gold-quartz mineralization in the 
upper plate of Mesozoic thrust fault at some localities in the Southwest 
desert province. Although this gold deposit is in the Mojave Desert 
(Morning Star mine), deposits exhibiting this structural control are 
anticipated in the western Arizona province. 



4. Mesozoic Stratiform Type 

We believe that within the study region there are syngenetic, stratiform 

horizons within Mesozoic terrigenous and volcanic rocks which are of exhalative 

or fossil-hot spring origin. We propose that when submitted to metamorphism and 

deep level thrust faulting, these deposits were converted into metals-bearing, 

stratigraphic zones of unusual alumino-silicate alteration or metamorphic 

mineral assemblages. Our bias regarding this mineralization type is based on 

interpretation of mine and prospect descriptions integrated with field observa- 

tions within the study region and in southeastern California. 

The best examples of this possible stratiform-metamorphic mineralization occur 

in the Granite Wash Mountains (Yuma (?), Calcite, Glory Hole (?) mines), 

southern Plomosa Mountains (Bright Star and Livingston mine group), the south- 

western Buckskin Mountains (Midway-Corona distr ict ;  Battleship and Arizona 

Midway mines), and Dome Rock Mountains (Copper Bottom, Yellow Dog, Yum Yum mines 

and scattered kyanite, dumortierite, sericite, andalucite occurrences). Although 

these localities vary in detail, their general character is summarized as 

follows: 

(I) Unusual, metamorphic mineral assemblages restricted to stratigraphic 

intervals within Mesozoic metasedimentary or metavolcanic sequences. 

(2) Minerals consisting of an alumino-silicate suite made up of sericite- 

muscovite, andalucite, pyrophyllite, kyanite and dumortierite. At some 

localities actinolite, magnetite, epidote and bedded (?) tourmaline are present. 
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(3) Disseminated pyr i te ,  chalcopyri te, scheel i te, gold and secondary 

quartz commonly are noted within the aTumino s i l icate-bear ing rock. 

(4) Although the st rat igraphic zones do not show obvious intrusive 

associations, Mesozoic plutons commonly occur nearby. 

(5} The zones may display a rough coincidence with major thrust faul ts  

within the Mesozoic supracrustal pi~e. 

(6) The rocks in question have been overgrinted by variable grades of 

metamorphism from greenschist to lower amphibolite facies. 

In many respects, these metasomatic-metamorphic zones and the i r  geologic set t ing  

bear close resemblance to mineralized Mesozoic sequences that we have examined 

in southeastern Cal i forn ia.  In these areas quartz-monzonite schists containing 

kyanite, dumort ier i te and tourmaline are complexly i n t e r s t r a t i f i ed  with thick 

meta-arkose and graywacke sequences that contain gold-bearing distal  iron 

formations (Figure ~ } .  While some of these rocks have been considered 

Precambrian in the past, the i r  s i m i l a r i t y  to Mesozoic rocks in southwestern 

Arizona ( i . e .  McCoy Mountains and Livingston H i l l s  Formations) is undeniable. 

Major 

thrust faults, sites of Jurassic plutonism, widespread low-angle foliation and 

several important gold deposits characterize these Mesozoic sequences in 

southeastern California. The gold deposits have definite tungsten associations. 

We believe that the gold is control led by a multi-process that involves syn- 

genetic (exhalat ive},  metamorphic, and structural  ( thrust faul ts)  effects. 
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Figure ~a 

Metamorphosed exhalative interval (dark, thinly layered rock) in 
Mesozoic(?) metasedimentary section in Southwest desert province. Exhalite 
unit consists of quartz, biotite, magnetite, fine-grained sulfides and gold 
overprinted by amphibole, epidote, actinolite. Host rocks are meta-arkoses 
and graywackes. 

Figure 33 b 

Mineralized quartz-muscovite schist stratigraphy at the Calcite mine in the 
Granite Wash Mtns. (Ellsworth d i s t r i c t ) .  Foreground outcrops are shot through 
with secondary quartz and iron oxides. Mine dump in r ight background explored 
pyrite mineralization for gold, etc. Light-colored outcrops on distant slope 
are of stratibound, mineralized strata hosted by phy l l i t i c  and arenaceous 
graywacke schists. 
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Our model for the stratiform, alumino-silicate'zones in western Arizona is 

predicated on in i t i a l  hydrothermal alteration in the form of hot spring or 

exhalative act ivi ty associated with sedimentation within localized Mesozoic 

basins. These basins were fault controlled (probably r i f t  related) and had 

considerable amounts of associated volcanic act ivi ty in places. This act ivi ty 

introduced exotic constituents such as fluorine, boron sulfides, tungsten and 

other metals (Au, Cu, etc.) into rocks which were also undergoing aluminous 

alteration. Abundances of CaO, MgO, Na20, TiO 2 were signif icantly depleted 

within the altered rocks, whereas SiO 2, Al203 and K20 were relatively enriched. 

The hydrothermal alteration may have directly led to the formation of the 

aluminous kyanite, dumortierite, pyrophyllite, muscovite, mineral suite as is 

evidenced from similar altered aureoles around pyri t ic gold deposits in Canada 

(R. Hodder, 1985, personal commun.; Valliant and others, 1983). Superimposed 

metamorphic gradients accompanied by intrusion, deformation and thrusting may 

also have contributed to the exotic mineral associations, as well as acted to 

re-distribute or upgrade economic mineralization. I t  may be noteworthy that 

several of the stratiform, alumino-silicate zones in the Granite Wash Mountains 

are found directly or closely beneath the Hercules thrust fault ,  which is 

perhaps the most fundamental Mesozoic structure in the Harcuvar region 

(Figure 3Sb). Hardy(1984) also noted the appearance of staurolite, kyanite, 

cordierite, actinolite and garnet in aluminous schistose horizons ~ithin 

Mesozoic rocks forming the footwall to the Harquahala (?) thrust in the south 

central Harquahala Mountains. Textural evidence suggests formation of these 

minerals by dynamo-thermal conditions related to thrusting. 
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As further evidence for our thesis that the Arizonan mineralized stratiform 

zones are largely syngenetic or syngenetic-remobilized metamorphic, we cite 

the work of Stanton (1982, 1983, 1984) and Fulp and Renshaw {1985). The 

l a t t e r  reference describes volcanogenic-exhalative tungsten occurrences i n  the 

Proterozoic of New Mexico and refers to s im i la r  deposits in southern Europe, 

Turkey, Rhodesia, Argentina, Rorway and Braz i l .  Some of these occur with 

banded quartz-tourmal ine or magnetite horizons. Many, including the scheel i te 

occurrences at Jardine, Montana and Atlantic City, Wyoming, are associated 

with what is described as stratibound or exhalative gold mineralization. 

Figure ~ is taken from Fulp and Renshaw (1985) and Vall iant {1983) to 

i l lus t ra te  possible environments for this kind of mineralization. 

5. Hotspring Deposits of Volcanic'Related Origin 

m . 
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Low-grade, bulk tonnage, hotspring Au-Ag deposits represent an economically 

important source of gold producti.on and reserves in the western United States, 

Examples of th is  deposit type are thought to include McLaughlin, Ca l i f o rn ia ;  

Cinola, B r i t i sh  Columbia; and the Hasbrouck, Boreal is ,  Buckskin, Pyramid Peak 

and Round Mountain deposits in Nevada. These deposits are commonly viewed as 

forming a continuum with deeper, precious metals-bearing, epithermal vein and 

f issure deposits ( i . e .  Giles and Nelson, 1982; Eimon and Berger, 1982; Buchanan, 

1981). This relationship is, however, quite d i f f i cu l t  to substantiate in many, 

i f  not most cases. 

I 
I 

I 

I 

i 
I 
I 

344 1 



l° C:~ 

. . . . -  ~ " - '  " "  - -  ~ ( , ~  q A A i ~  " ~ - -  " "  ~ ~ . - - . . . .  

5. 

F I G U R E  3q-a.Schematic d iagram illustrating the genes is  or 
a l u m i n u m  silicate-bearing rock.  A r r o w s  indicate the direction 
of hydrothermal fluid flow. 
1. Seawater. 
Z. Hydrothermal brine. 
3. Orebody. 
4. Altered tuff containing aluminum silicate minerals. 
5 .  Tuff. 

(From Vall iantand others, 1983) 
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Tonnages and" grades in this deposit class are highly variable. Sizes range 

anywhere from several hundred thousand tons up to 195 mil l ion tons ( i .e .  Round 

Mountain). Grades can run anywhere between 0.05 to 0.18 opt Au, but typical ly 

average below 0.I0 opt Au. Grades as high as 0.30 opt Au have been reported (cf. 

Nelson and Giles, 1982). 

Models explaining the formation and geologic characteristics of these deposits 

have been proposed by numerous workers, including: Buchanan (1981), Eimo~ and 

Berger (1982), Strachan a~d others (Ig82), Silberman (1982), Giles and Nelson 

(1982), and White (1982). As these papers adequately summarize the basic 

characteristics of this typeof  mineralization, i t  wi l l  be only br ie f ly  dealt 

with in this report. Those Rot already famil iar with the subject and who wish 

more detailed information are encouraged to refer to the references cited. 

The hotspring model {Figure 35) contains the following basic ingredients: 

a. A geothermal (hydrothermal) cell with discharge localized or focused 

along faul t  structures or other permeable zones; often with attending thermal 

springs at the surface. 

b. Permeable zones including volcaniclastics, pyroclastics and brecciated 

material a~ong faults absorb ascending f luids and produce a typical mushroom- 

shaped cap of near-surface replacement s i l ica and si l icate minerals (cf. Giles 

and Nelson, 1982) that seals the system loca?ly, restr ict ing ~pward migration 

of the f lu ids. 

c. Renewed fracturing associated with seismic act iv i ty ,  volcanism, or 

f lu id pressure buiTd up, breaks the s i l ica cap and allows sudden pressure 

release of the contained f luids. 
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d. This sudden release of confining pressure typ ica l ly  results in boil ing 

of the f lu ids.  In systems with high amounts of dissolved CO 2, exsolution of 

the dissolved gasses can accompany the release of pressure in the form of 

explosive reactions such as hydrofracturing and hydrothermal brecciation (cf.  

Berger and Eimon, 1982; Giles and Nelson, 1982). While all hotsprings systems 

are not go!d-bearing, al l  hotspring gold deposits discovered to date display 

evidence of this explosive hydrothermal fracturing and brecciation. 

e. Focusing of fluids through the explosively fractured rocks accompanied 

by high-flow rates, physically raises the boil ina level and causes the near 

surface precipitat ion of precious metals and sulfides (Giles and Nelson, 1982). 

Gold mineralization associated with these deposits is typ ical ly  of micron size, 

consists of native gold and electrum, and is associated with a variety of 

fine-grained sulfides and s i lver  sulfosalts. Mineralization is typ ica l ly  

contained in the s i l i c i f i e d  hydrothermal breccias and in stoc~works with 

disseminations in the country rock. 

A diagnostic suite of elements accompanies the mineralization and usually 

consists of anomalous concentrations of Hg, Sb, As, TI, Ba and W (Berger and 

Eimon, 1982; Giles and Nelson, 1982; Silberman, 1982). Alteration often 

consists of a sulfidic and silicified core zoned outward into enclosing shells 

of alunite, kaolinite and montmori]lonite (Berger and Eimon, 1982; Giles and 

Nelson, !982). 
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Within the Arizona project ,  several mines display character is t ics typical  of 

hotspring deposits; and the potent ial  for  th is type of deposit to exist  in 

other areas appears to be favorable. Mines which we feel display hotspring 

character ist ics include the Newsboy (Vulture d i s t r i c t ) ,  the Sheep Tanks or 

Resolution mine (Sheep Tanks d i s t r i c t ) ,  and possibly the Papago mine (Cimarron 

H i l l s  d i s t r i c t ) .  TheNewsboy and Resolution deposits are hosted by mid- 

Ter t iary  volcanic sequences near high leve l ,  subvolcanic intrusions or dome 

complexes. The Papago mine occurs in a wide shear or fau l t  zone cut t ing 

coarse-grained gran i t i c  rocks. 

Complex volcanic centers containing porous vo lcanic last ic  (and lacustr ine) 

sediments, tu f fs  and interbedded f lows, that display complex fau l t ing  and which 

were intruded by contemporaneous plugs and shallow subvolcanic intrusions are 

the most favorable sett ing in which to look for  this type of deposit wi th in 

the study area. Favorable areas would also include nearby regions in which 

voluminous volcanic rocks did not accumulate (or were since eroded), but which 

display complex fau l t ing  and abundant subvolcanic intrusions and dikes of mid- 

Ter t iary  age. 

6. Vincent-Chocolate Mountain Allochthon Model 

In our Mojave Project summary report (Wilson and others, 1983), we described a 

geologic sett ing which we f e l t  played a major role in the loca l i za t ion ,  and 

possibly the source of metals, for  a number of major gold occurrences in the 

Mojave desert. These included the Mesquite, the Yellow Aster and Big Horn 

deposits. 
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Our basic premise was that these deposits a l l  occur in tec ton ica l ly  prepared 

c rys ta l l i ne  and/or metamorphosed sequences within the cataclast ic ~pper plate 

of the Vincent-Rand-Chocolate Mountains thrust zone. The three deposits cited as 

examples are a l l  believed to occur wi th in the actual thrust zone i t s e l f  or 

wi th in a few hundred meters of th is surface. Hydrothermal cel ls were established 

within the tec ton ica l ly  prepared thrust zone as the resul t  of Laramide and 

younger intrusions. The tectonical~y shattered upper plate "soaked" up the 

mineral izat ion which resulted in the formation of large, low-grade replacement 

or stockwork-type deposits. The lower-plate Orocopia schist,  whose p ro to l i th  

was deposited in an oceanic set t ing,  is believed to have provided a ready source 

of leachable metals to any circulating hydr0thermal system. 

I 
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Since the evidence for  our model l ies  mainly outside the area treated in the 

presence report,  we w i l l  re i terate the basic data from which we constructed 

our model. 

The Pelona, Rand, Orocopia and Chocolate Mountains schists are names that have 

been h i s t o r i ca l l y  applied to a grouping of 15 d is t i nc t  areas of schist exposed 

in southwesternmost Arizona and along the San Andreas and Garlock faul ts in 

southeasterr Cal i forn ia (see Figure 31 . At the time of this wr i t ing ,  a new 

occurrence of this d is t inc t i ve  rock type has been recognized in the eastern 

part of the Kofa Mountains of western Arizoma by Gordon Haxel (S. Reynolds, 

personal commun., 1985). These schists are composed predominantly of meta- 

graywacke containing subordinate metapelite, metabasite, metachert, marble and 

ultramafic rock (Haxel and Di l lon,  !978), at test ing to the i r  oceanic deposi- 

t ional sett ing. 
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Although outcrops of the schists are presently exposed across a considerable 

area, they are co l l ec t i ve l y  believed to represent a regional autochthon beneath 

the Vincent-Chocolate Mountains thrust .  Tectonical ly  transported nappes of 

Precambrian through Mesozoic gran i t i c  and gneissic rocks over l ie  the schist.  

Near the thrust ,  upper-plate rocks are intensely broken and cataclastized 

(Figure 36). Below the fau l t  the schist displays a reverse metamorphic gradient 

and coarsening of mineral grain size. Thrusting has been believed to have 

occurred in late Cretaceous or Paleocene time on the basis of reset of K-Ar 

age dates in the schist and by ages of the few igneous rocks known to have 

intruded the thrust  plate (cf .  S i lver  and others, 1984). New interpretat ions 

suggest a somewhat older age for  thrust ing (Haxel and others, in press). 

Recent and ongoing studies ( i . e .  Moorehouse, 1984; Haxel and Grubensky, 1984) 

indicate that th is thrust ing has in places'been reactivated in a normal sense 

by Ter t iary  detachment fau l t ing .  This loca l iza t ion  has in places ( i . e .  Castle 

Dome Mountains) resulted in the development of hybrid faul ts or fau l t  zones 

that range in character from (1) in tact  to l oca l l y  reactivated thrust  fau l ts ,  

through (2) composite fau l t  zones consist ing of a detachment fau l t  along which 

s l ivers or lozenges of the myloni t ic  t h rus t - fau l t  rocks are preserved, to (3) 

detachment fau l ts  along which the upper plate of the thrust fau l t  s t i l l  over- 

l ies  the lower plate but where the actual thrust zone has been en t i re ly  excised 

(Haxel and Grubensky, 1984). Ter t ia ry  react ivat ion of the Vincent-Chocolate 

Mountains thrust  is known or thought to occur in the Rand and Chocolate 

Mountains in Cal i forn ia  and in the Castle Dome Mountains in southwestern 
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Arizona. While evidence for Tertiary movement was not established at the time 

we f i r s t  formulated our model, we recognize that i t  could play an important 

role in the localization of mineralization along the thrust zone. 

Textures and metamorphic assemblages along the thrust zone indicate that the 

load pressures were large and that rocks'for some distance above and below the 

fault responded with generation of highly fol iate, "t ight" fabrics by intense 

shearing and mylonitization. Tertiary reactivation of the shear zone, on the 

other hand, operated under regional extension rather than compression and load 

pressures were much less. Deformation associated with this reactivation was 

more characteristically b r i t t le  in nature which is more ideally suited for 

open space fracturing and porosity development in which to circulate and 

deposit metal-bearing fluids. 

While i t  is rumored that mineralization in Mesquite is 50-60 m.y. old, we cannot 

discount the possibi l i ty of overprinted Tertiary movement along the thrust may 

thought to be of i n i t i a l  ore control at Mesquite. The same multi-tectonic and 

multi-mineralization history may, in fact, have upgraded metallization in other 

areas. 

As a result of our regional examination in the Mojave Desert, we feel that the 

setting described above has had a significant role in localizing a number of 

large, economically viable gold deposits. For example, Goldfield's Mesquite 

deposit (announced 50 to 70 mil l ion tons grading 0.05 to 0.07 opt Au; rumored 

to be as large as 200 mil l ion tons Of similar grade) is reportedly hosted in 
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stockworks and fractured gneisses and granit ic rocks in the upper plate of the 

Vincent-Chocolate Mountains thrust. Minor veins and placer deposits have been 

explored for years in this area. Gold mineralization reportedly occurs with 

sulfides in veins, stockwork veinlets, and as disseminations in the Precambrian 

crysta l l ine rocks and also in metamorphosed Mesozoic (?) gneisses. Pegmatite 

dikes of unknown but presumably Laramide age are common in the area, and 

numerous bodies of middle Tertiary age granite occur in the Chocolate Mountains 

in the v ic in i t y  of the deposit. Sulfide-bearing stockworks and widespread 

chlor i te a~teration of the area contributed to the d i s t r i c t  being thought of as 

a high level manifestation of deeper porphyry copper mineralization during 

the 1960's and 1970's. The deposit is reported to have a " f l a t "  bottom which 

some workers have suggested is a detachment fau l t .  We suggest that this faul t  

may actually bethe Vincent-Chocolate Mountains thrust that has possibly been 

reactivated during Tertiary time, There is also some suggestion that the 

mineralization represent remobilizatio~ of an original strat i form exhalative 

type deposit in the Mesozoic metamorphic rocks ( Rely Ridler rumor). We regard 

this idea as a d is t inc t  poss ib i l i ty  as we have repeatedly referred to the 

association between possible exhalative type features and Mesozoic schists and 

gneisses in this region. 

The Big Horn mine in the Mount Baldy d i s t r i c t  near Los Angeles is another 

example of Vincent thrust-related mineralization. 

mineralized zone lies in the Vincent thrust plane. 

At the Big Horn, the 

Country rock at the mine 

consists of a ~ower plate of Pelo na (Orocopia) schist that is overTain by 

mylonite and mylonitic gneisses in the upper plate of the thrust. The 
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mylonitized and cataclastic "thrust zone" near the mine ranges up to 2,000 f t  

thick. In the v ic in i ty  of the mine, the thrust has been intruded by a pyritized, 

s i l l - l i k e  body of quartz porphyry. Mineralization occurs mainly in the footwall 

portion of the thrust, commonly associated with a fractured carbonaceous schist. 

This fractured zone ranges in thickness between 20 to 60 f t  and has been flooded 

and cemented by quartz and carbonate. Past mining indicates that gold occurs 

along the hanging wall and footwall of the mineralized zone with relat ively 

barren rock between. The hanging wall zone has been the most productive to 

date. I t  averages 30 f t  in thickness and ranges in grade from 0.12 to 0.30 opt 

Au. Gold values correspond well with areas of carbonate flooding which is said 

to consist of ankerite. Arsenopyrite and pyrite occur with the gold. Even 

• though s i l i c i f i ca t ion  may exist, where the carbonate disappears, the gold values 

are said to drop off .  Exploration by the Siskon Corp. in 1974 delineated esti- 

mated reserves in the mine of 1.2 mill ion tons grading 0.15 opt Au. The deposit 

is essentially open-ended and has the potential for much larger tonnage. 

Inspiration Copper Co. took an option on the property in 1984. 

In the Rand d is t r i c t  of California, the Rand thrust (Vincent thrust equivalent) 

juxtaposes upper-plate Mesozoic granitic rocks over the Rand schist. The 

thrust zone is exposed along the southern margin of the range, and ranges from 

a few feet up to 200 f t  in thickness. The thrust zone is marked by mylonitiza- 

tion in the upper plate that consists of a distinctive interval of mylonitic 

carbonate plus calc-si l icate and quartzofeldspathic gneiss that separates the 

Mesozoic granitic rocks from the Rand schist. Silver and others (1984) suggest 

this interval is unrelated to either the upper or lower plates and probably 
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represents ( I )  dislocated tectonic s l ices,  or (2) an unusual hydrothermal 

accumulation developed at the sole during thrust ing. The thrust zone has been 

extensively broken by la te r  b r i t t l e  normal faul ts  and is possibly compounded 

by react ivat ion along Tert iary low-angle normal faul ts (Moorehouse, 1984). 

Some of the mineral izat ion in the Rand d i s t r i c t  is control led by Iow-amgle 

fau l t  structures. The Yellow Aster orebody which produced a minimum of 550,000 

ounces of gold from 3,400,000 tons of ore (80% recovery) is contained wi th in a 

tec ton ica l ly  bounded fau l t  wedge of quartz monzonite and Rand schist cut by 

rhyo l i te  dikes. The rocks within the wedge are extremely fractured and 

shattered and bounded on top amd bottom by low-angle fau l ts .  The upper 

boumding fau l t  is pro-mineral, and served to cap the r is ing hydrothermal f lu ids  

a~d pond them withi~ the shattered wedge, 
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The trace of the Rand thrust is exposed less them I mile south of the Yellow 

Aster p i t ,  The proximity of the Yellow Aster to the thrust,  i ts  f l a t  fau l t  

contacts and shattered nature suggests that i t  probably represents a tectonic 

s l i ve r  or imbricate feature of the main thrust.  Another poss ib i l i t y  is that i t  

represents react ivat ion along the thrust by Ter t iary low-angle fau l t ing .  

~l ineral izat ien is believed to be related to the d i s t r i c t  wide intrusion of 

rhyo l i te  porphyry during late Miocene time (± 12 m.y. ago; unpublished K-At 

date, these authors). 

The last  example we of fer  of this mineral izat ion model is the Picacho mine 

located in the southern Chocolate Mountains about 20 miles north of Yuma, 
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Arizona. The mineralization at Picacho has long been an enigma to geologists 

studying the deposit. Mineralization occurs in altered, highly fractured and 

cataclastized Precambrian crystal l ine rocks that range from gneisses and schists 

to mylonites (Harris and VanNort, 1975). Where mineralized, these rocks con- 

tain large amounts of secondary red-brown hematite and carbonate. Ore zones 

are typical ly  of tabular shape, 100-120 f t  in thickness, and display shallow 

dips of 30-40 ° . Stacked orebodies probably exist in places as d r i l l i ng  by 

Chemgold has encountered zones that contain 70-100 f t  of ore that give way t o  

about 100 f t  of unmineralized rocks and go back into a 100 f t  thickness of ore 

grade material. Early d r i l l i ng  by Hanna (Harris and VanNort, 1974) also indi- 

cated sharp, commonly f l a t  contacts between altered and mineralized material 

passing downward into fresh unaltered and unmineralized rocks. Since the 

Vincent thrust is exposed in nearby windows through the volcanic and sedimentary 

cover, we or ig inal ly  postulated (Wilson and others, 1983) that the mineralized 

zones probably represented the broken upper plate of the thrust or possibly 

imbricate zones above the main thrust. We also suggested that the f l a t ,  struc- 

tural (?) bottom to the deposit could be a Tertiary detachment feature. Both 

ideas are probably correct. Recent work (E. Frost and P. Durning, personal 

commun.) shows that a detachment faul t  does exist and is exposed outside the 

mine areas as well as in the Dolcina ore zone i t se l f .  I t  seems l i ke ly  that 

the low-angle Tertiary fault ing has broken down into and.along the thrust 

producing a compound faul t  zone that displays extensive b r i t t l e  deformation. 

Chemgold's open p i t  reserves at Picacho amount to about 6,000,000 tons grading 

approximately 0.04-0.05 opt Au; with chances for expanding these reserves 

considered to be excellent. Early production from the mine (1904-1911) 

produced nearly 150,000 oz Au. 
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We contend that the s i m i l a r i t i e s  of the geologic sett ings of the aforementioned 

deposits are important and establ ish explorat ion s igni f icance to the outcrops 

of the 0rocopia (and equivalent) schist  and exposures of the Vincent-Chocolate 

Mountains thrust  w i th in  the western Arizona study region. 

Aspects of mineral izat ion found in these deposits are incorporated into the 

following general model summarized below: 

(I) Competent, upper-plate, Precambrian to Mesozoic gneisses and granitic 

rocks are mylonitized and cataclastically deformed above 0rocopia schist along 

the reg ional ly  extensive Vincent-Rand-Chocolate Mountains thrust f au l t .  

(2) Ter t ia ry  react ivat ion Of the thrust  zone along l i s t r i c  or low-angle 

normal fau l ts  or detachments produced compound fau l t  structures that resulted 

in much b r i t t l e  deformation in the upper-plate c rys ta l l i ne  rocks. 

(3) Thermally driven hydrothermal ce l ls  were local ized along the thrust  

zone and/or the compounded Ter t ia ry  detachment-thrust zones. Any sui table 

igneous source for  a heat dr iv ing mechanism would have to be Laramide or 

younger in age, 

(4) Metals were scavenged by the hydrothermal cel ls  from sui table sources 

such as the lower plate 0rocopia schis t ,  and deposited into the s t ruc tu ra l l y  

prepared areas wi th in the thrust  or compound fau l t  zcnes by physio-chemical 

changes (i.e. boiling, mixing with oxygenated meteoric waters, etc). 

(Note" While suitable sources of metais could include exhalative 

mineral izat ion in the upper-plate Mesozoic section or igneous sources at 

depth, we prefer the Orocopia schist  as a source because of the oceanic 
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character of i t s  p ro to l i t h .  Ultramafic rocks, fuchs i t i c  schists, 

magneti te-r ich chert beds, and carbonate and carbonaceous lenses within 

the Orocopia package a l l  suggest a sett ing favorable for  the existence 

of oceanic exhalative gold mineral izat ion wi th in the un i t ;  providing a 

ready source of carbonate + metals for  the c i rcu la t ing  hydrothermal 

systems). 

Gold mineral izat ion in th is  set t ing has been t yp i ca l l y  coarse enough to 

produce placer accumulations. Thus small placer t ra ins so common to many 

southwest d i s t r i c t s  may be lead-ins to targets wi th in the Orocopia environment. 

Geochemically these deposits also appear to be somewhat d i s t i nc t i ve .  While 

Ter t ia ry  detachment faul ts may help provide adequate structural  preparat ion, 

these deposits do not display the typical  detachmentsuite of elements ( i . e .  

Cu-Fe-Au-Ba-F-Mn). Based on l imi ted sampling, we see these deposits as con- 

ta in ing an As-Au-Hg suite of anomalous elements. Other elements that we have 

l imi ted data for ,  but which appear to be also anomalous include W and Cr. 

The chrome is an in terest ing and unusual component. We would suggest that i ts  

presence offers evidence of metals being scavenged from ultramafic pro to l i ths  

in the Orocopia schist.  Ranges of elements from some of the deposits described 

are given below: 
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Mes quite Pi ca cho B i g Horn 

As 100-500 ppm 4-315 ppm 10-2500 ppm 

Hg .2-1 .04-I .0 .01-.75 

Cu 100 50 70 

Zn 10-30 12-230 9-81 

Cr 30-100 50-100 30-250 

Ba 1000-2000 500-1000 25-300 

W 2-5 2-7 2°5 

T1 I-2 .1-1.4 1 

Sb 2-8 .1-50 2-20; avg 2-4 

U Anomalous <2 < 2 

Bi <i 2 

7. Precambrian Lode Go~d Mineralization; Stratiform-Metamorphic Types 

Gold deposits in Archean and Proterozoic greenstone terranes have been one 

of the world's most highly productive sources for this metal. Since these 

deposits are often large and re la t i ve l y  high-grade, they make at t rac t ive 

targets in today's economic conditions. Lode gold deposits in Archean 

greenstone terrane are generally separated into two principal members; 

a~riferous veins and gold-bearing chemical sedimentary types (cf.  Kerrich and 

Hodder, 1980). Likewise, base-metal massive sul f ide deposits are often large 

gold producers in this environment and consti tute another target type. While 

Proterozoic greenstone belt stratigraphy and tectonic history may not be 

completely analogous to those in the Archean, enough similarit ies occur to 

suggest that similar processes of gold mineralization may hav~ operated in 



both. The subject, however, is much too broad to attempt to t reat  in any form 

of a review fashion in th is report.  In addi t ion,  arguments s t i l l  rage over 

styles of mineral izat ion and the ult imate genesis of the deposits. The 

l i t e ra tu re  is f i l l e d  with a r t i c les  on the subject, including models for 

formation of the various deposits types mentioned. We would suggest readers 

unfami l iar  with the subject review ar t i c les  by Sangster (1972), Hutchinson 

(1976), Kerrich (1980), Franklin and others (1981), and recent books on the 

subject including Ontario Geological Survey Misc. Paper 110, CIM Spec. Vol. 24, 

and Economic Geology Monograph 5. 

In a very generalized overview manner, some c r i t e r i a  for  the association of 

gold in greenstone terranes fol lows (from Colvine, 1983; R. Hodder, personal 

commun., 1983):  

I .  Deposits occur in packages of sheared and folded rocks consisting 
largely  of eugeoclinal-type sediments and mafic volcanics that are 
regionallymetamorphosed to greenschist or lower amphibolite facies and 
intruded by major ba tho l i th ic  sequences (cf .  Bohlke, 1982). 

. Deposits commonly display spatial associations with: 
- a l te ra t ion  zones (predominantly carbonatization and s i l i c i f i c a t i o n  
- chemical sedimentary rocks (exhal i tes) 
- f e l s i c  intrusions or dome complexes 
- regional interfaces between dominantly volcanic and dominantly 

c las t ic  sedimentary sequences ( i . e .  fau l ts ,  facies changes, or a 
v e r t i c a l l y  and l a t e r a l l y  concordant in te r f inger ing  of c las t ic  and 
volcanic un i ts ) .  

- komatiites 

3. Gold commonly occurs in quartz ± carbonate (ankeri te) vein systems, 
and is almost ubiqui tously associated with pyr i te .  Chrome-micas are 
often present. 

4. The deposits are commonly associated with t e l l u r i des ,  arsenopyrite, 
tourmaline, scheeli te and molybdenite. 
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5. There is typical~y a local structural control on the f inal local izing 
of gold concentrations; and concentrations of deposits commonly occur along 
major deformational zones or "breaks." 

- Primary structures include: (a} interfaces between dominantly 
c last ic  sedimentary sections and dominantly volcanic sections 
( i .e .  major breaks), (b) unstable second order basins flanking 
volcanic centers, usually faul t  bounded; (c) stockworks at the 
brecciated margins of felsic subvolcanic stocks. 

- Secondary structures include: (a) ladder veins across otherwise 
strataform chemical sediments (i.e. Kerr Addison, Canada). These 
are most commonly found along major "breaks" of basin bounding, 
growth faul ts ,  (b} diffuse footwa~l veinlets, (c) remobilized 
veinlets in axial plane cleavages to folded chemical sediments 
( i .e .  saddle reefs). 

. Deposits are typ ica l ly  tabular in form and generally are associated 
with th in ly banded, dispersed pyrite to massive pyr i te;  with 
massive layers being generally less auriferous than f inely dispersed 
pyri te. 

Deposits sizes and grades can be spectacular. Grades commonly range from 0.17 

to 0.30 opt Au; tonnages range from very sme~l to tens of mil l ions (M. Swan, 

1982). For example, Kerr-Addison is about 40 mt grading 0.3 opt Au. 

Likewise base-metai massive sulf ide deposits can also be valuable gold 

producers. Gold-rich deposits of this type appear to bridge a spectrum between 

base-metal rich ( i .e .  Home deposit at Noranda, Canada; 60 mt grading 0.18 opt 

Au) and base metal poor deposits (Dumagami deposits, Canada; 4 mt grading 0.12 

opt Au). The Dumagami deposit is interesting because i t  may be somewhat 

transit ional between Cu-Pb-Zn dominant massive sulf ide deposits such as those 

at Noranda and exhaTative gold deposits (R. Hodder, personal commun., 1983). 

I t  is also interesting to note that while base metal, massive sulfide deposits 

in Canada are proximal to volcanic piles and associated vents, gold-bearing 
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chemical sediments and vein deposits are usually distal to the ediface and 

typically occur where the main volcanic pile interfingers with clastic rocks. 

Volcanogenic massive sulfide deposits are relatively common in the Proterozoic 

metavolcanic stratigraphy of Arizona. I t  was not until the mid-1960's, however, 

when the volcanogenic model for Canadian Precambrian massive sulfide deposits 

was developed ( i .e.  Gilmour, 1965; Roscoe, 1965) that similar deposits hosted 

by Precambrian schists and gneisses in Arizona were recognized (i .e. Gilmour 

and S t i l l ,  1968). Since then, understanding of the characteristics of these 

deposits has advanced to the point where Proterozoic stratibound massive 

sulfide deposits in Arizona are now considered to represent a distinct metallo- 

genic epoch and province (Anderson and Guilbert, 1979). Nearly two dozen 

massive sulfide deposits in Arizona have produced more than 41 mill ion tons of 

ore (Donnelly and Hahn, 1981). The deposits occur in a number of locali t ies in 

the Precambrian metavolcanic-sedimentary terrane exposed along the transition 

zone between the Colorado Plateau and the Basin and Range Province (Figure 37). 

Two excellent general discussions on the geology of the deposits, their char- 

acteristics and the regional geologic framework for the Proterozoic terrane in 

which they are hosted have been presented by Anderson and Guilbert (1979) and 

Donnelly and Hahn (1981). Interested readers are referred to these articles. 

The deposits are present within a thick assemblage of submarine volcanic, vol- 

caniclastic, and epiclastic rocks that are Proterozoic in age and which occupy 

a time interval from about 1,700 to 1,800 m.y. age (Donnelly and Hahn, 1981). 
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A regional synthesis of this Proterozoic eugeosynclinal-type stratigraphy 

(Donnelly and Hahn, 1981) indicates that i t  consists of a complex volcano- 

sedimentary pile formed by overlapping and coalescing volcanic centers 

resembling a modern day volcanic arc. Lithostratigrapbic correlations 

indicate that as many as four sequential, mafic to felsic volcanic cycles 

may be represented in the Province (Donnelly and Hahn, 1981). 

While the deposits have been mainly Cu-Zn-Pb producers, gold and silver have 

been a major by-product. In fact, some deposits have been valued mainly for 

their precious metals production; examples include the Iron King, Hackberry, 

Desoto and Stoddard deposits (Donnelly and Hahn, 1981). Some tonnage and 

grade figures of gold-rich massive sulfide occurrences are given below: 

Deposit Iron King Blue Bell Hackberry 

Tonnage 5 mt .86 mt (1903- See Note* 
Average Grade: 1925) 

Au (opt) 0.123 0.05 0.113 
Ag (opt) 3.69 1.36 5.18 
Cu (%) 0.19 3.06 2.0 
Pb (%) 2.50 3.5 
Zn (%) 7.34 9.0 

*Note: Lindgren states the mine was a large producer, however, we have no 
production figures; 13,000 tons of ore was mined 1943-45, averaged above. 

Data Source: Anderson and Blacet, 1972; Gilmour & St i l l ,  1968; Lindgren, 1926. 

Oxidized gold-rich gossans may occur over some of the massive sulfide deposits. 

These are apparently attractive heap leach targets. The oxidized gossan over- 

lying the Gray Eagle massive sulfide deposit (1 mt grading 0.21 opt Au and 

0.61 opt Ag) in northern California is an example (Lackey, 1980}. 
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While volcanogenic massive sulf ide mineralization is easy to document in the 

Proterozoic of Arizona, the presence of gold-bearing exhalatives and 

Precambrian veins are much less common. 

Swan and others {1981) documented a strataform gold occurrence in the Agua Fria 

mining d i s t r i c t  about 20 miles southeast of Prescott (located north of the 

study area). The deposit is associated with a rhyol i te dome and consists of a 

sintery s i l ica-ser ic i te-carbonate-r ich exhalative horizon that carries green 

micas and arsenopyrite. Mineralization extends more than 4 km along str ike and 

is confined to the I00 m thick exhalative section that is comprised of a series 

of thin auriferous sulf ide lenses and intercalated schist containing dis- 

seminated sulf ides. Secondary remobilization of this auriferous, sulf ide 

facies exhalative, possibly associated with folding of the unit has resulted 

in highly variable, but as much as 10-fold increases in go~d enrichment local ly.  

Ladder veins typ ica l ly  containing quartz and auriferous arsenopyrite also 

cross cut the strat i form mineralized horizon. 

Other : 'distal" massive sulfide deposits are described by Anderson and Guilbert 

(1979). These include the Orizaba mine in the New River d i s t r i c t ,  the Maricopa- 

Phoenix mine near Cave Creek, and the Gold Belt mine in the Black Canyon dis- 

t r i c t .  These deposits are described as typ ica l ly  being "pyrite-sphalerite-galena 

rich deposits with economically s ign i f i car t  Au and Ag and are always accompanied 

by iron formation to the extent that many form well-bedded, sulf ide-facies iron 

formation deposits." The Gold Belt and Maricopa-Phoenix properties have been 

t rad i t iona l ly  considered gold properties. They are also described in old reports 

as being hosted by veins that f i l l  very low-angle faul t  structures. 
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The age of the McCabe-Goldstone vein near the Iron King mine has long been a 

puzzle to geologists in the area. Anderson and Creasy (1958) emphasized that 

the time of formation of the Silver Belt-McCabe vein could not be definitely 

established and a Precambrian age could not be ruled out. The McCabe-Gladstone 

mine contains complex sulfide ores that were valuable chiefly for their gold 

and silver content. Production prior to 1925 amounted to about $3,000,000 

(Lindgren, 1926). Recent work on the property by Stan West Mining has 

established new "indicated" reserves of several hundred thousand tons grading 

about 0.30 opt Au. There is presently considerable speculation that this 

"vein" system may represent remobilized Precambrian stratiform mineralization. 

While oxide facies iron formations are common in the Arizona Proterozoic, they 

are not to our knowledge gold-bearing. There is evidence, however, for other, 

probably hydrothermal, chemical sediments in these rocks. While they may or 

may not be gold-bearing, they at least i n d i c a t e t h a t  chemical sedimentation 

may be more widespread than is general ly known. For example, we have noted in 

certain d i s t r i c t s  the presence of disseminated scheeli te occurring in sometimes 

banded, carbonate-epidote-magnetite-quartz lenses wi th in the Yavapai Schist 

( i . e .  Castle Creek, White Picacho d i s t r i c t s ) .  Descriptions of the tungsten 

mineral izat ion suggest that some might be metamorphosed, tungsten-bearing 

carbonate exhalative horizons. Fulp and Renshaw (1985) discuss stratabcund 

volcanogenic-exhalative tungsten mineral izat ion in Proterozoic greenstone 

terrane near Santa Fe, New Mexico. 
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Tertiary {?) aged gold mineralization typically occurs in these same districts 

where tungsten occurs in the schist. In some cases (White Picacho dist r ic t ;  

Zanneropo~is property, Eureka-Bagdad distr ict)  gold placer deposits drain the 

schist areas which contain the scheelite occurrences. The setting hints at 

possible Tertiary scavenging of gold, etc., from the Proterozoic schists. We 

doubt t~at these tungsten occurrences have ever been examined in l.ight of 

exhalative models. 

Tourmaline-rich horizons (tourmalinites) also occur in scattered areas of 

Proterozoic aged gneisses and schists within the study area ( i .e. Gold Basin, 

Lost Basin, Eureka-Bagdad and Webb ~istr icts). These units appear to be 

stratiform and may indicate boron-rich chemical precipitates derived from 

subaqueous hotspring environments. This is significant as many tourmalinites 

are closely associated with a variety of strat i form mineral deposits, including 

go~d, tungsten, t in ,  cobalt, and base-metal sulfides (cf. Slack, 1982; Fleischer 

and Routhier, 1973; and Slack and others, 1984). Slack and others (1984) have 

also noted that within regionally metamorphosed terranes, tourmalinites may be 

severely sheared and remobilized into i rregular pods and lenses of coarse-grained 

quartz and tourmaline within a broadly stratibound setting. In amphibolite- 

facies terrane, discordant tourmaline-rich quartz veins and tourmaline pegmatites 

become common and in many cases serve as effect ive guides to nearby strat i form 

tourmalinites. Lindgren (!926) notes that tourmaline is so common a constituent 

of the Precambrian gold-quartz veins in the Bradshaw quadrangle that i t  is 

considered a typical ,  though usually scant, gangue mineral. While the Yavapai 

Schist in the Bradshaw ffountains is of greenschist facies rather than amphibolite 
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facies, we wonder i f  some gold quartz veins might not represent remobilization 

of constituents from original stratiform deposits in nearby packages of schist. 

Lindgren describes Precambrian veins as occurring in the Castle Creek, Minnehaha, 

and Black Canyon dist r ic ts .  

In summary, we are of the opinion that the Proterozoic greenstone terrane in 

Arizona is highly prospectable for stratiform and lode gold mineralization. In 

addition, some volcanogenic base metal deposits in this environment may be worthy 

gold targets as well. Possibly their main drawback is that these targets are 

d i f f i c u l t  to explore for, and require intensive amounts of grass-roots geologic 

mapping and sampling. 
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~IURE GEOCHEMISTRY 

As part of the regional metallogenic analysis, multi-element stream sediment 

geochemical data (HSSR} were obtained from the National Uranium Resource 

Evaluation (NURE). A standard s ta t is t i ca l  analysis was applied to each element 

in each of the data sets. This analysis provided the following parameters for 

each element: mean, maximum an~ minimum value, range, standard deviation, 

skewness, kurtosis, number of valid samples, number of missing values, and a 

s i te-by-s i te l i s t  of sample points above the 90th, 95th, and 99th cumulative 

frequency percentiles. In addition, a Pearso~ Product Moment Correlation 

Coefficient Matrix was provided for the entire range of elements in each AMS 

sheet. 

Stream sediment data were not available for al l  the AMS sheets in the Arizona 

project; only the Phoenix, Prescott, Kingma~, Needles, Salton Sea, Williams a~d 

Lukeville sheets have data available. Since the area covered by the Lukeville 

sheet is so small and is largely within the Organ Pi~e National Monument, we 

chose not to purchase i t .  Data for the Ajo and El Centro sheets are not 

available. Of the available sheets, al l  but Kingman were analyzed by SRL 

(Savannah River Laboratories). The Kingman data were analyzed by Lawrence 

Livermore Labs. Different techniques were used for analysis for each lab; 

Table 3 l i s ts  the analytical procedure and sensi t iv i ty  l imi ts used by each 

f a c i l i t y  for the individual elements. 

The qual i ty of the data remains to be tested. Discussions with researchers in 

the U.S. Geologica| Survey working on this problem indicate that the neutron 
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activation technique has interference problems for a variety of elements, 

including gold and s i lver .  The problem was apparently more acute at the 

beginning of the program and part icu lar ly  with Lawrence Livermore Labs. SRL 

had apparently solved a portion of this same problem in their  later work. 

For purposes of this study, i t  was decided to plot a~omalo~s values for only 

gold, silver and the major pathfinder elements. A more rigorous study and 

plott ing of additional elements, element ratios or lower anomaly levels, could 

prove to be of s igni f icant  use in the f~ture. For this reason, the s ta t is t i ca l  

data base has been reproduced for the c l ient  for any further consideration they 

may desire. For instance, plots of the e~ements Cu, Zn, Mo and W may also be 

of use. 

The elements plotted on Overlay 3 i~cl~de Au, Ag, As, Hg, Sb, and Se. Not al l  of 

these elements were ana3yzed for each AMS sheet. For example, of these elements, 

only Au was analyzed for on the Need?es and Phoenix sheets; while on the Kingman, 

Prescott and Williams sheets, Ag, As, Sb and Hg were analyzed, but not Au. 

I t  should also be noted that on Overlay 3 only the Au symbols represent con- 

sistent values across the entire area. For Au we have plotted three anoma~0us 

intervals: detection to 0.1 ppm; 0.!0 to 0.3 ppm; and greater than 0.3 ppm. 

For the other e~ements, only the 95th and the ggth, and in some cases the 90th, 

cumulative frequency percentile values were used to indicate anomalous samples. 

The absolute value range of each percentile for each element is somewhat 

d i f ferent  on each AMS sheet. The various ranges for these values in each 

sheet are presented in the legend to Overlay 3. 
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The following elements were plotted: 

Kingman Sheet 
Needles Sheet 
Salton Sea Sheet 
Phoenix Sheet 
Prescott Sheet 
Williams Sheet 

Ag, As, Hg, Sb 
Au 
Au, Ag, As, Se 
Au 
Ag, As, Hg, Sb 
Ag, As, Hg, Sb 

We found i t  useful to integrate the Precious Metals Overlay I in conjunction 

with the NURE geochemistry to better understand the distribution of the 

anomalous elements. 

Results 

1. Kingman Sheet 

The Kingman sheet displays a number of si lver, arsenic, mercury and antimony 

anomalies. The significance of individual point anomalies is d i f f i cu l t  to 

determine. We have not given them much weight unless they happen to correspond 

with favorable geologic features ( i .e. several singlepoint anomalies occurring 

on or near a major structural feature or favorable l i thologic unit). We have 

tended to place more emphasis on clustering of anomalies around certain areas 

or geologic features, and on individual sample cites that display two or three 

anomalous elements. While we cannot judge the quality of the NURE data, i t  

is encouraging to note that on the California side of the Kingman sheet, 

disseminated epithermal gold mineralization in the Hart mining d is t r ic t  is 

readily noticeable as a cluster of antimony and arsenic anomalies (with a 

mercury anomaly occurring nearby). 
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On the other hand, the Hackberry d i s t r i c t  which l ies south of the Hart d i s t r i c t  

and which displays abundant s i l i c i f i ca t i on  and sporadic disseminated gold 

mineralization, produced only a single arsenic anomaly. 

The Arizona portion of the Kingman sheet displays numerous anomalies of arsenic, 

mercury, antimony and s i lver .  Those that appear most interesting to us include: 

1. The arsenic and mercury anomalies which occur near the trace of the 

detachment faul t  that has been mapped along the western flank of the Gold 

Basin d i s t r i c t .  Low-grademineralization and alterat ion occur along the 

detachment at the Cyclopic mine (see d i s t r i c t  description). The numerous 

NURE anomalies may indicate this fau l t  has served to localized Tertiary 

mineralization. The area deserves follow up with more detailed 

geochemistry. 
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2. The cluster of s i lver  and mercury anomaTies occurring in the Miocene 

volcanic rocks in the southern portion of the White Hi l ls (near Mountain 

Spring) also appears to be worthy of reconnaissance f ie ld  checking. 

While no CRIB or MILS local i t ies occur in this area, a couple of mine 

symbols are displayed on the AMS sheet in this general area. 

3. Another interesting cluster of s i lver ,  arsenic and antimony anomalies 

occurs along the western side of the Cerbat Range just  outside the north- 

western edge of the Wallapai d i s t r i c t .  These anomalies seem to correspond 

with a small block of Miocene (?) volcanic rocks that overl ie the Pre- 

cambrian basement. 

I 
m 
~ 

I 
I 

I 
I 
I 

I 
371 



4. Several arsenic and one large mercury anomaly form a somewhat 

dispersed group or cluster overlapping the northern end of the Eldorado 

Pass and Gold Bug d is t r i c t .  These anomalies are in close proximity to 

detachment surfaces in this part of the Black Range (see d is t r i c t  dis- 

cussion) and indicate that the area may deserve a close inspection in 

the f ie ld accompanied by geochemical sampling. The fu l l  extent of the 

low-angle fault ing is not known. 

5. Both the Oatman and Union Pass distr ic ts display numerous anomalies; 

attesting to the widespread mineralization in these areas. I t  is d i f f i cu l t  

to judge anomalies in the middle of d ist r ic ts as many of them may simply 

ref lect old dumps or mil l  ta i l ings.  Some that are more distant from the 

major mined areas, however, might be worth examining. 

6. Interesting single point anomalies in the Kingman sheet include: 

(a) an arsenic-mercury anomaly in Miocene volcanic rocks located near tile 

northern end of the White Hi l ls just south of Lake Mead; (b) a large 

( 7 ppm) antimony anomaly that occurs near the Strong Box Group mine 

(SW~ Sec. 10 and NW¼ Sec. 15, TI9N, R19W) on the eastern flank of the 

Black Range opposite Oatman (north of Baker Spring); (c) several mercury 

anomalies just southeast of the Lost Basin d is t r i c t  along the margin of 

the Colorado Plateau in Precambrian granitic rocks. 
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2. Williams Sheet 

Only a small portion of the WiTliams sheet f a l l s  wi th in the study area. 

Several interest ing anomaly c lusters,  however, occur in th is small area. 

A large cluster of antimony (plus one arsenic) anomalies occur in Precambrian 

schists in t~e Cottonwood d i s t r i c t .  This is a very poorly known d i s t r i c t  and 

the anomalies may upgrade the area as a target. 

Two arsenic anomalies occurring in the southern part of the Peacock Range 

appear to be associated with patches of Miocene volcanic rocks which cover 

the Precambrian basement in this area. Not very far  to the north~ the Old 

Hackberry mine produced over $1,000,000 in gold and s i l ve r  pr ior  to 1906. 

F ina l l y ,  a small c luster  of arsenic and antimony anomalies jus t  to the south- 

west of the Maynard d i s t r i c t  may be s ign i f i can t .  Vuich (1974) believed the 

d i s t r i c t  displayed a metal zoning pattern associated with a buried Laramide 

porphyry system. He indicates that the outermost mineral izat ion consists of 

go ld-s i l ver  bearing deposits (see d i s t r i c t  descr ipt ion).  

3. ~eedles Sheet 

Of the suite of elements that we have chosen to plot on Overlay 3, only gold 

was analyzed for in the Reedles sheet, Most of the anomalies that exist 

correspond with known mi~ing camps in which a number of gold prospects are 

present. Geological ly, the two most interest ing geochemical clusters appear 

to be those in the Cienega d i s t r i c t  and the three widely spaced anomalies 

that occur at the southern terminus of the Black Range. 
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The anomalies in the Cienega d is t r ic t  correspond closely with a cluster of 

copper-gold occurrences (see d is t r ic t  description herein). 

The anomalies occurring at the southern end of the Black Range appear to be 

derived from the Miocene volcanic cover. These rocks are similar in age and 

composition to those which host epithermal gold mineralization in the Oatman 

and Union Pass distr icts further to the north. While this area is not known 

to be productive, a number of mine symbols occur on theAMS sheet. The area 

is cut by many large faults that display a regional WNW trend that would appear 

favorable for localizing mineralization. The NURE gold anomalies would seem 

to indicate that this area may hold more potential than previously recognized. 

4. Prescott Sheet 

The port ion of the Prescott sheet that is covered by this project holds many 

anomalous points of the elements which we have chosen to p lo t .  Unfortunately, 

many of these anomalies are single point -s ingle element anomalies and thus are 

d i f f i c u l t  to assess. 

In te res t ing ly ,  the Ter t ia ry  volcanic rocks north of the Eureka-Bagdad d i s t r i c t  

display a number of scattered single point mercury anomalies. L i t t l e  is known 

about these volcanic rocks. Much, i f  not most of these rocks are re la t i ve l y  

mafic ranging in composition from andesites to basalts. Recent mapping in the 

general v i c i n i t y ,  however, has shown that large areas that were once thought to 

be basalts are actual ly  rhyo l i te  t u f f ,  flows and in t rus ive domes of late (?) 

Miocene age (cf.  Moyer, 1982; Burr and others, 1981). These rocks might well 
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have associated epitherma~ mineralization. Besides the single point anomalies, 

a cluster of antimony anomalies with an associated mercury and s i lver  anomaly 

occurs in these volcanic rocks d i rect ly  north of the Eureka-Bagdad d i s t r i c t ,  

just  at the northern edge of Bozarth Mesa. This cluster appears to correspond 

with a major zone of northeast-trending faults near where i t  is intersected by 

a less obvious northwest-trending zone of faul t ing. The l inear segment of 

Burro Creek which l ies d i rect ly  west of this major northeast-trending zone of 

faults shown on Plate 1 is probably part of this system or a simi lar,  parallel 

feature. I t  should be noted that possible hot springs related opal replaces 

rhyo l i t i c  ruffs along t~eeastern margin of Bozarth Mesa in the Eureka-Bagdad 

area (see d i s t r i c t  description). 

The only other major clusters of anomalies occur in: the central part of the 

French Gulch d i s t r i c t  and along the southern extension of the Shylock faul t  

zone in the Black Canyon d i s t r i c t .  Anomalies in both d is t r ic ts  appear to be 

derived from deposits within the Precambrian Yavapai Series. Both d is t r i c ts  

contain strat i form, volcanogenic massive sulf ide deposits which may ult imately 

be the source of the anomaTies. On the other hand, both districts also contain 

gold placer and lode deposits as well .  I t  is a~so known that some of the 

massive sulfide deposits in the Precambrian of Arizona have been substantial 

precious metal producers ( i .e .  Iron King mine) and are s t i l l  worthy targets. 

While s t i l l  an unknown ent i ty ,  the poss ib i l i ty  of strat i form gold mineraliza- 

ion in the Yavapai Series should also be considered a poss ib i l i ty .  Both of 

these d is t r i c ts  would be suitable areas for suc~ mineralization to occur. 
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The Shylock f a u l t  zone has long been a major source of contention among workers 

in the Precambrian geology of Arizona. This feature has been var ious ly  

described as a " f a u l t  zone," a growth f a u l t ,  and simply as a zone of facies 

change. Of explorat ion s ign i f i cance is the fac t  that  at least  one fuchs i te -  

bearing horizon containing gold minera l i za t ion  is known t o e x i s t  w i t h i n ,  or 

near to,  the Shy lockarea.  

In te res t ing  s ingle point  anomalies ex is t  at several l o c a l i t i e s  w i th in  the 

Prescott sheet. These include: 

1. The  large ( 12 ppm) antimony anomaly that  appears to correspond with 

the Orizaba mine (Cu-Au-Ag) in the New River Mountains ( located in the extreme 

southeast corner of the Prescott sheet).  The Orizaba mine, which is not de- 

scribed under any d i s t r i c t  in th is  repor t ,  occurs in Yavapai Schist ,  near or 

at the contact between a metamafic volcanic sequence ~nd a metavolcanic last ic  

sequence. The deposit is described as i r regu la r  minera l i za t ion  in a shear zone 

that  can be traced fo r  at least  4,500 f t  and which ranges up to 40 f t  in width 

(c f .  CRIB data).  CRIB data indicates that  in 1948, the property contained 

90,000 tons of proven/probable ore reserves that  ran 6% Cu and $2-$3/ton Au-Ag. 

Anderson and Gui lber t  (1979) suggest that  the minera l i za t ion  is d is ta l  su l f ide  

facies iron formation. 

2. A greater than 17 ppm s i l v e r  anomaly occurs on the east side of 

Grayback Mountain (central  part  of Prescott sheet) in the general v i c i n i t y  of 

where a ENE-trending dike swarm in tersects  a WNW-trending zone of f au l t s .  Bed- 

rock is Precambrian grani te  and no CRIB or MILS occurrences ex is t  in the area. 

379 



3. Two substantial mercury anomalies ( 2 ppm) occur near Ter t ia ry  vol- 

canic rocks in the west-central part of the sheet. One anomaly is found jus t  

west of the Greenwood d i s t r i c t ,  while the other occurs on the south f lank of 

Arrastra Mountain. A large number of mid to late Ter t ia ry  volcanic plugs occur 

in the general Arrastra Mountain v i c i n i t y  and the volcanic rocks near the 

anomaly appear to be part of a major volcanic f i e l d  that has been recent ly 

studied by Brooks (1982). 

5. Sa~ton Sea Sheet 

The Salton Sea sheet is the only portion of the project area where both gold and 

several of the pathf inder elements were analyzed for  by the DOE. Many anomalies 

occur wi th in and draining the Dome Rock, Northern and Southern Plomosa d i s t r i c t s .  

The southern port ion of the Dome Rock d i s t r i c t  in par t i cu la r  displays an impres- 

sive number of gold, s i l ve r  and arsenic anomalies. The Jurassic volcanic rocks 

and Mesozoic sediments in th is  area appear to be the source of many of these 

anomalies. This area has numerous gold shows as well as at least three mercury 

occurrences. This area has als0 produced much placer gold. This should 

cer ta in ly  be an area of high imterest.  

Several anomalies of gold, s i l ve r  and selenium occur in an area of thrust  

faul ted Mesozoic sediments in the Southern Plomosa d i s t r i c t .  This area may 

warrant consideration for  mineral izat ion in the thrust  fau l ts  s imi lar  to the 

set t ing in the nearby L i t t l e  Harquahala d i s t r i c t .  In th is same general area 

a gold anomaly occurs jus t  south of the d i s t r i c t  in Mesozoic sediments, also 

in the v i c i n i t y  of a small thrust  f au l t .  

I 
I 
i 

I 

I 
I 
! 

I 
I 

I 

i 

I 
I 
I 
I 
I 
I 

3801 



A single point gold-silver anomaly draining upper-plate Tertiary sediments in the 

central part of Northern Plomosa d is t r ic t  is interesting in that i t  may indicate 

that parts of the detachment surface may be mineralized in the Plomosa Mountains. 

Gold and arsenic anomalies occur near dike swarms cutting mid-Tertiary felsic 

volcanic rocks west of the Kofa d is t r ic t .  These anomalies l ie  just within the 

Kofa Wildlife Refuge, but may indicate that contiguous volcanic rocks along the 

edge of the game preserve may possess settings favorable for mineralization. 

6. Phoenix Sheet 

As in the Needles sheet, gold was the only element of those we chose to plot, 

that was analyzed for the Phoenix sheet. Most of the anomalies appear to 

correspond with known clusters of occurrences or mining distr icts. Some appear 

far out into the alluvial valleys and may be spurious. 

Interesting anomalies that cannot be readily explained by known mines include 

the following: 

I. The gold anomaly in the western part of the Webb distr ic t  occurs in 

Tertiary volcanic rocks near a series of NW-elongate intrusions. Although no 

occurrences are known in this area, i t  would appear to be a favorable environ- 

ment for precious metal mineralization. 

2. At f i r s t  glance the anomaly in the Rainbow Valley in the southeast 

corner of the Phoenix sheet appears to be spurious. In teres t ing ly ,  however, a 
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MILS occurrence (the Bosley Gold property} closely coincides with this anomaly. 

Although we don't know of any outcrop, there could easily be shallow pediment 

covered bedrock in this area. The area also projects on l ine with a major 

strand of the Texas Lineament that crosses the southern part of the Sierra 

Estrel la Mountains. 

3. A single point gold anomaly occurs along t~e southern edge of the Palo 

Verde Mountains. While we have "included" this range as younger Tert iary vol- 

canic rocks (Tym) on our geo log ic  map, they may only be a t h i n  veneer to o lde r  

m ine ra l i zed  rocks.  

4. The anomaly in the southern part of the White Tank Mountains occurs 

within a strong NW-trending structural zone that has been intensely intruded 

by a mid-Tertiary dike swarm. The White Tanks are of interest as they are 

believed to be a metamorphic core complex. The small, scattered occurrences 

~ocated a~ong the southern a~d western margin of the range may indicate that 

this poorly studied range deserves a closer examination. 
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5. Although l i t t l e  gold mineralization has been found in the Eagle Tail 

Mountains,  i t  possesses many s i m i l a r i t i e s  found in nearby p roduc t i ve  d i s t r i c t s  

and appears to be a favorab le  area f o r  e x p l o r a t i o n .  Thus, the gold anomaly 

tSat  occurs in the extreme nor thwestern p o r t i o n  o f  the range in vo lcan ic  rocks 

cut  by dikes would seem to mer i t  examinat ion.  
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6. The large single point anomaly in the Nottbusch area of the Gila Bend 

Mountains d i s t r i c t  occurs in a highly faul ted area of mid-Ter t iary  volcanic 

rocks. This area contains a number of scattered occurrences, but represents a 

remote, poorly explored region overa l l .  The anomaly is probably worthy of 

some ground invest igat ion.  

7. The anomalies east of the Bouse d is t r i c t  appear to be related to 

dike swarms. The one in the Mesozoic metamorphic rocks may be of interest 

as the trace of the Hercules thrust projects somewhere through this area 

(Steve Reynolds, personal Commun., 1985). 
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EXPLORATIOR TARGET DELIREATION 

! 
! 
! 

Introduction 

Whereas south-central and southeastern Arizona has been known as a famous 

copper-bearing region noted for  i t s  large porphyry copper deposits, western 

Arizona is fundamentally a precious metals province noted par t i cu la r l y  for  gold 

(Keith and others, 1983a). The pr incipal  counties included in our project area 

(Mohave, La Paz, Yuma, Yavapai and Maricopa) have produced over 6,580,000 ounces 

of gold or nearly 50% of the state's production {Keith and others, 1983a). 

Pract ica l ly  on the outskir ts of Yuma, Arizona across the Colorado River in 

Cal i forn ia ,  some of the most important gold resources in western North America 

have recently become delineated. Between Goldfield~s Mesquite discovery, 

Newmont's orebodies in the Cargo Muchacho Mountains, and the Picacho deposit 

in the southern Chocolate Mountains, this resource could be as great as 13 to 

14 mi l l i on  ounces of gold, depending largely on the cumulative size of the 

Mesquite orebodies. 
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Despite i ts  proximity to these deposits and others in the Mojave province, 

western Arizona has been the s i te of only one important recent discovery. 

This is the Copperstone gold-copper deposit of Cyprus-Amoco near Parker, 

Arizona (Moon Mountains d i s t r i c t ) .  Considering the abundances of go ld-s i lver  

occurrences in western counties of Arizona and the highly s imi lar  geology 

between the Mojave and Sonoran provinces, i t  seems obvious that Arizona w i l l  
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yield more discoveries with continued exploration. The results of our study 

would certainlyunderscore this optimism and hopefully they may even contribute 

toward this discovery. 

The entire object of this regional project with i ts maps, overlays, l ist ings 

and mine-district focus has been to place precious metals mineralization in 

western Arizona into deposit model categories, and then to systematically 

delineate those deposit types, areas, d is t r ic ts ,  and specific mines offering 

best opportunities for future orebody discovery. Toward this end we have 

prepared the best regional geologic compilation possible for~the mineral 

province, integrated in metals occurrences and stream sediment geochemistry, 

and painstakingly and systematically sifted through published and unpublished 

descriptive data to arrive at a number of prospective target areas. 

In other studies of this type, we have tailored our evaluations to targets of 

from a half mil l ion to one mill ion ounces. We have not abandoned these para- 

meters in this project, however, because of the rather diverse target cr i ter ia 

of subscriber companies, we have tried to be broader in our standards for 

establishing favorabil i ty. For example, even individual veins are described 

in our d is t r i c t  and mine inventory i f  we feel they warrant attention because 

of unusual high grades, anomalous widths or other extenuating factors. I t  

should be stressed that even though some particular distr icts are not 

emphasized as targets on Overlay 5, or so described in the section which 

follows, they may contain specific mines of special interest which should 

not be ignored. Some of these isolated occurrences are listed under a 
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miscellaneous heading, however, t~e reader is encouraged to read through all  

of the mines described to arrive at a better feeling of the great number of 

interesting mines that occur in the study area. 

After compiling and "digesting" the extensive amount of regional and local 

geologic-metallogenic data for western Arizona, we feel that the main potpntial 

for the region fa l ls  within several d is t inc t  settings which occur repeatedly 

and hold greatest favorabi l i ty  for discovery of moderate sized precious metals 

deposits. These settings can be equated with our ore deposit models. Some are 

conventional, such as the volcanogenic (hot springs) model; others are somewhat 

unique and may hold greatest interest because of £heir lack of recognition, in 

the section below, the most favorable d is t r i c ts  or areas are summarized under 

their  appropriate geologic model by number and le t te r .  This same number-letter 

target designation appears on Overlay 5. Please note that a few d is t r i c ts  

possessing highly at t ract ive geologic credentials are not pr ior i t ized because 

of their  untenable location in mi l i tary  reserves or withdrawn areas. 

Description 

1. Detachment Faults 

Although detachment faul t  mineralization is a re la t ive ly  new concept in explora- 

t ion, i t  has received concerted attention during the past year or two, largely 

due to the feeling expressed by some that the Mesquite, Cargo Muchaco and 

Picacho deposits are detachment controlled. We have not subscribed to ta l l y  to 
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this idea for these particular orebodies, but nevertheless, have advertised the 

mid- to late-Tertiary detachment setting as regionally favorable for precious 

metals. In our discussion of deposit models, we have separated metamorphic core 

complex detachments from those not associated with mylonitic lower plates. We 

have also alluded to upper-plate environments for mineralization at some distance 

above MCC-related detachment faults. Generally our opinion is that some of the most 

favorable exploration potential l ies with MCC-detachment terrains, because of 

tremendous fluid-metals systems which may have been generated as a result of 

ductile mylonitization in the lower plate. Precious metals may have been 

upgraded by intrusion of metals-source magmatic bodies into the brecciated 

detachment zones. 

I f  for the sake of argument, we exclude the large deposits of Imperial County, 

California from this model, i t  becomes rapidly evident that most bonafide 

detachment occurrences are small; hardly considered targets in today's world. 

Fortunately there are two exceptions. One is the Copperstone deposit with some 

10 mil l ion tons of about 0.07 opt gold and unknown grade of copper. The 

second is the Copper Basin deposit in the Whipple detachment zone. Although 

principally of copper, this deposit contains some 30 to 50 mill ion tons of 0.4 

to 0.5% copper. I t  was emplaced in a 300 f t  thick middle plate between 

detachment zones. Had the hydrothermal f lu id source been carrying gold 

instead of copper, a major sized precious metals system would have evolved. 

These examples lend support to the idea that the right combination of geologic 

factors could lead to a suff iciently large body of copper-gold ore in the 

detachment environment. An entirely novel exploration strategy might capitalize 
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on combining a number of small,  c losely spaced occurrences into one economic 

operation. This idea w i l l  be expanded upo~ under the appropriate target  areas 

described below. 

a. Cienega d i s t r i c t :  Factors holding the greatest a t t rac t ion  fo r  th is  

d i s t r i c t  include: ( I )  consistent,  rather high-grade cold content to the copper 

ore, (2) the close-spaced density of occurrences, ( 3 )geo log i c  descr ipt ions 

which suggest that superimposed detachment an___ddMesozoic thrust  f au l t i ng  may 

have cont ro l led minera l iza t ion ,  and (4) the upper-plate posi t ion of the ore 

host block above the Whipple Mountain detachment surface and its extremely 

factured and brecciated condi t ion.  Although mine descr ipt ions are of in-  

su f f i c i en t  deta i l  to assess size potent ia l  to the occurrences, the environment 

appears favorable for  development of ore extensions in ex i s t i ng  propert ies or 

discovery of b l ind ore elsewhere. Offhand the B i l l y  Mack mine group and 

Carnation deposits appear to be the most impressive. Minera l izat ion at the 

Carnation seems to project  beneath post-ore cover (Osborn Wash Fm.) and thus 

b l ind ore may ex is t  there. 

A t o t a l l y  new explorat io~ approach to th is  d i s t r i c t  might be to consider 

acquis i t ion of several or more of the best propert ies with an aim toward 

funneling multiple orebodies to one central, close-by leaching facil i ty. 

Whereas individual deposits may be sub-sized economically, the accumulated 

reserves from several might be substantial. 

Despite our high recommendation for  th is  d i s t r i c t ,  we rea l ize  that a substantial 

e f f o r t  is required in the way of surface mapping, mine and prospect evaluation 
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and shrewd structural  in terpreta t ion before i ts  ult imate potent ial  can be 

assessed. 

b. Northern Plomosa D i s t r i c t :  The upper-plate geologic sett ing here is 

quite s imi la r  to that in the Cienega d i s t r i c t  and favo rab i l i t y  factors are 

nearly iden t i ca l ,  pa r t i cu la r l y  the impressive gold contents ( i . e .  Blue Slate, 

Dutchman, Old Maid and Heart's Desire mines), close spacing of occurrences and 

locat ion of mineral izat ion above a possible thrust-detachment combination struc- 

ture. Most of our impression of f avo rab i l i t y  arises from the numerous gold- 

copper-hematite occurrences at the north end of the d i s t r i c t  which l i e  jus t  

above the Plomosa fau l t .  Of these, the Blue Slate and L i t t l e  Butte mines seem 

most a t t rac t i ve ,  especial ly the structural  complications and references to 

mul t ip le veining, disseminated sulf ides and areas of a r g i l l i c  a l tera t ion 

described at the L i t t l e  Butte property~ The Old Maid and Heart's Desire mines, 

both located in Section 13, T7N, R18W, produced gold ores > I  opt from 

brecciated structural  zones which may be interconnected in some way and thus 

const i tute parts of a larger deposit. 

I f  the numerous small occurrences actual ly  are in the upper plate of the 

Plomosa structure,  and i f  the mineral izat ion suite is detachment related, then 

one should consider the intersect ional  areas, where mineralized upper plate 

structures meet the main detachment f au l t ,  as being prime exploration targets. 

Without careful f i e l d  evaluation, i t  is impossible to predict at what depths 

these intersect ions might occur. 
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. . . . .  Z ..... 

As we have proposed for exploration in the Cienega d i s t r i c t ,  there may be 

considerable merit in considering a multiple property approach to the closely 

clustered occurrences in the northern Plomosa d i s t r i c t .  Several deposits 

cumulating thei r  ores to a central processing plant would be well suited to the 

dist r ibut ion of mines in the target area. 

c. East end of the HarQuahala d i s t r i c t :  Although s igni f icant ,  well 

established detachment occurrences are few in the d i s t r i c t ,  overburden may be 

masking mineralization localized along the detachment bounding the east and 

southeast flanks of the Harq~ahaTa Mountains. We part icu lar ly  are intrigued by 

gold-copper mineralization at the Alaska and Rainbow properties, where f a i r l y  

high-grade gold values were taken from low-angle quartz veinlets, veins and 

breccia zones possibly in near proximity to the actual Harquahala detachment 

fau l t  which is covered by thin al luvial  cover. TheAlaska breccia zone may 

represent a lower plate detachment fau l t  i t s e l f . "  Because of the general 

environment, a few interesting occurrences, and the extensive post-ore cover, 

we would recommend more work here as a grass roots target area. 

do Big Eye area-Castle Dome d i s t r i c t :  An interesting gold-copper 

occurrence at the Big Eye, Outlook and Lookout mines located three miles east 

of the main Castle Dome s i l v e r  wor~ings may be a detachment deposi t .  As 

described in the Mines of  I n te res t  sect ion fo r  the d i s t r i c t ,  m inera l i za t ion  

occupies the ra ther  f l a t  shear zone between t i l t e d  T e r t i a r y  volcanics and 

brecciated Mesozoic (?) metamorphic rocks. The zone is intruded by dikes and 

a small syenite stock. 
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e. Black Range Detachment Terranes: The Black Range underwent many 

profound volcanic, intrusive and structural changes during much of the middle 

to late Miocene period. This complex history is s t i l l  to be unraveled. 

Longwell (1963), Anderson (1971) and Anderson and others (1972) describe much 

of this complex history. Of importance to the detachment model in this 

particular region is the eruption of the Mount Davis volcanics (Anderson, 197!) 

whose eruptive history spans about a 3 m.y. interval of late Miocene age 

(14.6-10.9 m.y.). This period of volcanism is important in that i t  coincided 

with a tectonic setting characterized by interrelated systems of "stacked" 

normal faults and transcurrent faults (Anderson and others, 1972). Many of the 

normal faults in the Black range are low-angle and possibly of detachment 

relationship. Anderson and others (1972) describe this profound extension as 

consisting of large-scale lateral movement of separately distended thin plates 

that have moved several miles past or over one another on the interrelated 

systems of low-angle and transcurrent faults. This "thin-skinned" east-west 

extension was accompanied by widespread shallow plutonism and epithermal 

mineralization. Many of these low-angle faults are detachment-like in 

character and display chaotically faulted and rotated volcanic and sedimentary 

units in their upper plates. In actuality, the entire Black range appears to 

be a gigantic upper-plate block with respect to the El Dorado-Dead Mountains 

MCC-terrane located directly west. I t  is possible that many of the detachment- 

l ike faults in the Black range represent upper or middle plate detachments that 

possibly sole into the El Dorado-Dead Mountains MCC detachment surface at depth. 

While detachment type faulting is not yet recognized in the southern part of 

the Black range, i t  becomes evident on the western side of the range in the 
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Union Pass distr ict.  Somewhat farther to the north, detachment-type faults 

occur along both sides of the central portion of the range. These faults 

apparently continue to discontinuously crop out all the way to the northern 

end of the range, at least on the eastern side. In places these faults have 

been important localizers for epithermal mineralization. Many of the important 

mines in the districts that occur in the cemtral and northern portions of the 

range appear to be localized along these faults. Unlike much of the detachment- 

related mineralization in other parts of the study area, the mineralization in 

the Black range is gold-dominant with l i t t l e  or no attending copper or hematite. 

While the ent i re range may be prospectable, we have delineated areas on Overlay 

5 which correspond with known or presumed areas where these faul ts are exposed. 

These include: {1) the Union Pass d i s t r i c t  where low-angle faul ts host much 

low-grade gold mineral izat ion. Anaconda has recently taken over a Fischer-Watt 

property that may be in a window of the El Dorado detachment surface. The 

small heap ~each operation current ly in production at the Frisco mine is also 

hosted by a f l a t  fau l t .  (2) In the Portland d i s t r i c t ,  epithermal mineral ization 

occurs along the low-angle (26 °) NS s t r i k ing ,  E dipping Portland fau l t  zone. 

Western States Mining is c~rrently producing from a 750,000 ton orebody grading 

0.08 opt Au hosted by this structure at the old Portland mine. (3) In the 

Pilgrim d i s t r i c t  gold mineral ization has been mined from a low-angle fau l t  zone 

that str ikes N30°W, dips 30°W and separates rhyo l i t i c  volcanic rocks in the 

hanging wall from andesite porphyry in the footwal l .  The fau l t  zone is marked 

by a persistent streak of red gouge and brecciation of the walls that ranges 

up to 60 f t  in thickness, Zones mined along this fau l t  in the past were as 
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much as 22 f t  wide. The Pilgrim mine has been the main producer in the d is t r i c t ,  

but the entire length of the fault  would seem to be worthy of exploration. 

(4) In the Virginia-Mocking Bird d is t r i c t ,  the Mocking Bird mine explored a 

nearly f l a t  vein that has been described as occupying a local flow or a 

" f la t - l y ing"  dike that occurs at the centact between overlying volcanic rocks 

and Precambrian basement. Gold mineralization that was exploited in the 

past along this zone was f inely divided and occurred with abundant hematite. 

Ore mined prior to 1908 averaged about $10/ton Au (@ $20/oz prices). The 

Golden Door and nearby properties in the Virginia mine area may also be of 

interest. Although we have no description of the nature of the mineralization 

in the mine, Schrader (1909) indicates that the mineralization is in volcanic 

rocks. These volcanic rocks are mapped as being in fault  contact with 

Precambrian basement less than 0.5 mile to the east of the mine area. The 

distr ibut ion of tunnel symbols near the Golden Door mine on the Mr. Perkins 

topographic sheet Suggests that the mineralization may have been fa i r l y  

f la t - l y ing .  This possibi l i ty  should be examined. (5) Low-angle faults in the 

El Dorado Pass-Gold Bug d is t r i c t  have been mapped by Anderson (1978) and 

Wilkins (1984). These faults generally strike roughly NS and display dips of 

I0°-20 °. The outcroppings of these faults suggest that a zone of detachment 

may extend for 6-10 miles in a NS direction in this area separately an upper 

plate of l i s t r i c l y  rotated volcanic rocks from Precambrian and Cretaceous 

crystal l ine rocks. The fault  zone is described as an undulating surface with 

brecciation in both the hanging and footwalls. Exploration along this zone has 

been recently focused at the Pope and Van Deeman mine areas. The Van Deeman 

property has apparently been recently acquired by Amselco. The Pope mine has 
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attempted to explo i t  high-angle brecciated veins and zones in the footwall of 

the low-angle fau l t .  

f .  Gold Basin d i s t r i c t :  Theodore and others (1982) have mapped a low- 

angle fau l t  bordering the ent ire western margin of the White H i l l s .  This 

fau l t  separates Tert iary volcanic rocks from underlying Proterozoic basement. 

The Cyclopic mime is the only productive property that occurs within this 

fau l t .  Mineral izat ion at th is mine, however, is believed to consist mainly of 

Cretaceous age vein material that was tecton ica l ly  caught up and smeared out 

along the detachment fau l t  (Theodore and others, 1982). Myers and Smith 

(1984a), however, have recognized a Tert iary mineral izing event at the Cyclopic 

mine that consists of s~eradic, very low-grade gold mineral izat ion and a r g i l l i c  

a l terat ion that was d i rec t l y  control led by the detachment fau l t .  Although this 

Tert iary mineral izat ion as presently known is very weak, i t  nevertheless 

indicates that greater concentrations could exist elsewhere along this 

extensive detachment-like structure. This fau l t  has bee~ poorly studied and is 

often covered by post-mineral cover, making i t  an area for grass-roots study. 

Note that several NURE geochem anomalies occur along i ts  projected trace. 

g. Miscellaneous: In addit ion to the detachment d i s t r i c t s  we have high- 

l ighted above, there are several others which could hold deposits but these 

areas are not without certain encumbrances. For example, a number of occurrences 

in the Rawhide d i s t r i c t ,  especial ly the Cleopatra or New England propert ies, 

appear interest ing.  They also are f a i r l y  close together and might be assessed 

in a col lect ive fashion as suggested in the Cienega and northern Cienega 
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are relat ively remote and very poorly known, they have probably received 

relat ively l i t t l e  recent exploration. We believe they are worth checking out. 

In the White Picacho area we suggest the Golden Slipper, Fairview, and Young 

properties may be of interest (see d is t r i c t  discussions); while in the Black 

Rock d is t r i c t ,  the O'Brien and MGM No. 1 properties sound interesting. 

2. Lower Plate Microdiorite Dike Setting 

The gold distr icts f i t t i ng  this geologic setting are concentrated in the lower 

plate of the Harcuvar MCC. In all but one instance the deposits which appear 

spatial ly, at least, related to calc-alkalic, microdiorite dikes are also 

localized along low-dipping thrust zones in the lower plate of the Harcuvar 

complex. These target areas wi l l  be described under that deposit heading. 

a. Cunningham Pass d is t r ic t :  Normally a vein d is t r i c t  of this type would - 

not attract our attention. However, here, numerous veins are present with some 

widths reported in the 50 to 100 f t  range. Also there is a sketchy and brief 

mention of a quartz porphyry closely related to mineralization in the d is t r ic t .  

Gold values from past ores, at least in the oxidized zone were )0 .1  opt. 

There is also a 1950's consultant opinion that the area around the Horse Whim 

shaft possesses open-pit potential. The largest structure passing through the 

d is t r i c t ,  the Cunningham Pass fault zone may have potential which was never 

tested. In addition, a blind target may exist where the mineralized fault-  

vein-dike zone of NW-trend intersects the possible ENE-trending detachment 

surface flanking the Harcuvar fol iat ion arch. 
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Many of the s i l ve r - r i ch  deposits exploited in the past in the White H i l l s  

d i s t r i c t  are hosted by both low-angle and high-angle fau l t  zones. In the White 

H i l l s  d i s t r i c t  and nearby area, mid-Tert iary volcanic rocks are rotated and 

t i l t e d  {40°-50 °) along a series of l i s t r i c  and low-angle normal faul ts  

(Wilkins, 1984). Many of the s i l ve r - r i ch  veins exploited in the past in the 

White H i l l s  d i s t r i c t  have been truncated by high-angle faul ts that are also 

productive and may have served as feeders. Although we do mot know the exact 

nature of low-angle fau l t ing  in the White H i l l s  d i s t r i c t ,  Huskinson (1984) 

indicates that the mineralization occurs within the lower plate of a detachment 

zone (see d i s t r i c t  discussion). Most of the d i s t r i c t  may be presently t ied up 

by Corval Resources, Ltd. In addi t ion,  the low price of s i l ver  makes this area 

of less interest  than s imi lar  terranes that are gold-dominant. 

Haxel and others (1984) ha~shown that late Cretaceous thrust faul ts in the 

Quijotoa d i s t r i c t  have been reactivated along middle Ter t iary  low-angle 

detachment-like fau l ts .  While we know of no mineral izat ion occurring along 

these fau l ts ,  epithermal mineral izat ion cuts middle Ter t iary volcanic rocks in 

thesouthern part of the d i s t r i c t .  A reconnaissance of prospects in the 

v i c i n i t y  of these faul ts  (see Plate 1, and Rytuba and others, 1977) may be in 

order. The main drawback would be that the land is a l l  on thePapago 

reservation. 
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We have found several in terest ing mines in the White Picacho and Black Rock 

d i s t r i c t s  are hosted by low-angle structures. While we know of no detachment 

faul ts in this area, we can' t  be sure that none exist .  Since these d i s t r i c t s  
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In spite of the recent "plays" in the L i t t le  Harquahala d is t r i c t ,  we feel that 

i t  constitutes prime exploration ground. The over 140,000 ounces of gold 

production from the d is t r i c t  makes i t  a relative giant when compared to 

neighboring areas such as the Harquahala (2,450 oz), Cunningham Pass (4,000 oz) 

and Ellsworth (2,400 oz) d is t r ic ts .  In addition to the Golden Eagle fault  

zone, there is the Hercules thrust exposed in the area. Perhap~ a particularly 

observant job of mapping in the region woulddelineate cross structures or dike 

• zones, which i f  intersecting the f la t  structures, would make suitable target 

zones. We feel the newly recognized Jurassic volcanics and plutonic rocks 

exposed in the d is t r i c t  further enhances favorabii i ty as we suggest i t  also 

does in the Dome Rock Mountains (see discussion under Mesozoic Stratiform 

targets). 

Finally there are scattered areas of alteration adjacent to Harquar Peak and 

through the Sore Fingers crystall ine complex (Jurassic) which may be gold 

bearing and attributable to magmatic sources. 

b. Harquahala d is t r ic t :  The Harquahala Mountains display the most 

impressive array of thrust faults in Arizona. Some of the thrusts host mineral 

deposits which have not yielded great historical production but which are suf- 

f ic ient  in number to attract our attention. Many of the precious metals 

local i t ies appear associated with the Golden Eagle thrust, the same (?) struc- 

ture which is so well mineralization in the L i t t le  Harquahala Mountains. 

Prominent among these occurrences is the Socorro mine where a 100,000 to 

200,000 ton underground reserve (0.05 to 0.1 opt) may exist and an interesting 
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but speculative, larger subsurface target is predicated. The Hidden Treasure, 

Why Not, Clipper and Gold mine group properties a~so appear worth checking. 

The San Marcos group of workings appears of part icular interest because of the 

stacked zones of mineralized, shears and mylonitic thrusts carrying I/2 to 2 opt 

gold values. This structura~ zone could be equivalent to the Golden Eagle 

structure as i t  is mapped north from the Socorro mine (S. Keith, personal 

commun., 1985). 

The Hercules and adjacent mines are of interest because of their  upper p~ate 

position close to the main Hercules thrust. Gold-quartz mineralization in 

complex fault-brecciated zones in the upper plate may indicate leakage from 

larger degosits localized along the main structure. 

Many of the thrust-type deposits in this d i s t r i c t  appear related genetically 

with syn-mineral, microdiorite dikes which invade NW-trending faul t  zones 

cutt ing the thrusts. A careful mapping of the d i s t r i c t ,  mindful of these 

igneous and structural controls, may ~ead to further discoveries or to a more 

instruct ive assessment of known occurrences. 

c. Southern Plomosa d i s t r i c t :  Numerous mines of interest in this 

d i s t r i c t  appear located along or near thrust faul ts ,  commonly separating 

Paleozoic-Mesozoic supracrustal rocks from Precambrian crystal l ine rocks. 

Grades in gold were generally high (>0.3 opt) and some properties such as the 

Gold Nugget, Iron Queen-Copper Prince may contain more potential for moderately 
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sized tonnages. The presence of Jurassic metasedimentary and metavolcanic 

l i thologies, possibly inherently high in gold, adds further to the favorabi l i ty 

of the d is t r i c t .  

4. Mesozoic Stratiform Model 

The concept we offer in this report regarding a syngenetic metallization model 

is not found in the l i terature of Arizonan ore deposits. The model took seed 

in our minds largely through f ie ld  examinations of certain precious metals 

deposits in the eastern Mojave province of California. The idea developed as 

we began to see correlatives in western Arizona. Basically, the Concept recog- 

nizes certain stratigraphic horizons within a thick continentally derived, 

tectonic-volcanic-associated sedimentary pi le, which appear to represent 

exalative or hydrothermally leached deposits containing anomalous metals and 

exotic boron-fluorine-Al203-rich mineral assemblages. Metamorphism and thrust 

fault ing seem closely integrated with these primary or stratiform features, but 

the specific interrelationship between syngenesis, metamorphism, deformation 

and even intrusion are not as yet clearly defined. 

There are in the study region extensive terrains where the appropriate Mesozoic 

stratigraphic sections are present either in pristine or metamorphosed condi- 

tions. These rocks appear inherently anomalous in gold occurrences and we 

believe this primary concentration to be largely responsible for making western 

Arizona a precious metals province. The superposition by subsequent tectonic 

events, even mid-Tertiary ductile and b r i t t l e  extension, on i n i t i a l l y  high 

gold-bearing rocks has probably led to subsequent redistribution or concentra- 

tion of precious metals. 
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Several d i s t r i c t s  in the project area exhib i t  evidence indicat ing they contain 

deposits representative of th is complex Mesozoic metals model. We doubt 

whether our ideas regarding the model have gained much recognit ion within the 

exploration community, so i f  we are correct, new exploration guidelines are 

offered which may become of s ign i f i cant  pract ical value. 

a. El~sworth d i s t r i c t :  Known occurrences of s t rat i form a l terat ion and 

mineral izat ion occur in the d i s t r i c t .  These l oca l i t i es  appear in Mesozoic 

volcanic (?), arenaceous, sedimentary rocks which have suffered upper green- 

schist to lower amphibolite facies metamorphism. A number of the occurrences 

are found d i rec t l y  below the Hercules thrust f au l t ,  and this deep-level, major 

tectonic feature may have some fumdamental re lat ionship with both metamorphism 

and the s t ra t i form zones. 

Some of the areas i# question are sites of mines or prospects ( i . e .  Calcite 

mine, Glory Hole mime (?)) ,  with anomalous tumgsten and gold (with and without 

copper) geochemistry. The Yuma mine and surrounding area has some character- 

i s t ics  of the s t ra t i form model, however, the l oca l i t y  may also represent skarn 

or metamorphic mineral izat ion p re fe ren t ia l l y  along a reactive zone of Paleozoic 

rocks tec ton ica l ly  emp~aced along a major thrust.  Either way, we would f lag 

the Yuma mine area as a f i r s t  class prospect, worthy of immediate fo l low up. 

There are other l oca l i t i es  where the a lumino-s i l icate,  s t rat igraphic zones are 

noted for  the occurrence of unusuaT minerals such as kyanite, dumort ier i te,  

tourmaline, but where they apparently have not been prospected for  metals. The 
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foremost example has only quite recently been recognized on both east and west 

slopes of Peak 3432 about 1½ mi WSW of Salome Peak. The altered rocks resemble 

fe ls ic  volcanic rocks and they are found jus t  beneath the Hercules thrust with 

upper plate Precambrian d i o r i t i c  gneissic rocks atop the peak. Curiously, the 

horizon on Peak 3432 is not far removed s t ra t ig raph ica l ly  from the interval 

which hosts the Yuma mine only a mile or so distant to the northwest. We 

hear t i ly  recommend th i s  whole area be carefu l ly  prospected. In addit ion, 

several other mines of interest  in the Granite Wash Mountains, which yielded 

rather high-grade gold ores should be f i e ld  checked (see District-Focus section). 

b. Dome Rock d i s t r i c t :  In many Ways we see the strat igraphic-piutonic 

assemblages of the Dome RockMountains as perhaps most favorable for the 

Mesozoic mineralization model we are proposing. To promote the readers further 

in terest ,  the quantity of metal occurrences, placer deposits and NURE geochem- 

ical anomalies Should be noted. Any terrain which produces placers result ing 

in over I00,000 ounces of gold warrants careful inspection. The gold productiv- 

i t y  which is credited to certain Mesozoic metasedimentary or especially meta- 

volcanic rock units hints at some sort of syngenetic cause. The mention of 

known areas of alumino-si l icate al terat ion with kyanite, andalucite, etc. in 

the Mesozoic rocks further suggests strat i form relationships as those documented 

in the Ellsworth d i s t r i c t .  

We view the Dome Rock d i s t r i c t  generally as a sett ing remarkably simi lar to 

the very productive Cargo Muchacho d i s t r i c t  in southeastern Cal i fornia. The 

equitable features consist of: (1) Mesozoic metasedimentary and metavolcanic 
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assemblages, (2) alumino-sil icate l i thologies correlatable with the V i t r i fax  

Formation in the Cargo Muchachos, (3) a major Jurassic plutonic center, and 

(4) thrust faul ts.  I t  seems l i ke ly  that the r ight combination of geologic 

factors would have come together in the Dome Rock region to form gold deposits 

comparable to those presently delineated in California. We have flagged the 

Darling, Marquitta properties and Copper Bottom, Yellow Dog and Yum Yuma mine 

areas as places to begin evaluations with the Mesozoic strat i form model in mind. 

There is,  however, a great dea~ of grass roots surveillance which should be 

expedited throughout the overall d i s t r i c t ,  especially along the margins of the 

Middle Camp pluton, paying part icular attention to thrust structures. 

Although the Cinnabar area at the south end of the d i s t r i c t  sounds quite 

interest ing, i ts  position within the H i l i ta ry  range precludes i ts from con- 

siderati0~ as an exploration target area. 

c. Southern Plomosa d i s t r i c t :  Both the Bright Star and Livingston mine 

areas have been suggested as possessing Mesozoic strat i form characterist ics 

(see Mines of Interest - Southern Plomosa d i s t r i c t ) .  Both areas are tungsten- 

gold bearing and the Livingston mineralized stratigraphy appears underlain by a 

volcanic(?) quartz porphyry which should s t i r  some interest. These local i t ies 

should be f ie ld  checked as soon as possible. 

The numerous thrust structures and l ike ly  presence of Jurassic plutonism 

(Mi l ler 's  "qmp" and "qp" units) give favorable analogies between the Plomosa 

and Cargo Muchacho area in California. Furthermore, the numerous but small gold 
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placer deposits at the west margin of the distr ict appear to draw attention to 

the "pGv" unit (metavolcanic tuffs and flows) as hosting gold. We would 

suggest that this unit is Mesozoic in age and may contain syngenetic 

metalliferous intervals. 

A t  the south end of the Northern Plomosa d i s t r i c t  the Excelsior mine appears to 

have some properties of the Mesozoic s t ra t i fo rm model. I t  also, however, may 

be a skarn zone developed in a thrust  s l i ce  of Paleozoic 

carbonate rocks drug into the deformed Mesozoic section. 

d. Midway d i s t r i c t :  There are two occurrences in th is  area which are 

suggestive of Mesozoic, syngenetic minera l izat ion.  These are the Batt leship 

and Arizona Midway mines (see Mines of In terest  sect ion).  At these l o c a l i t i e s ,  

copper, s i l ve r  and minor (?) gold occur in black, p h y l l i t i c  schists,  quar tz i te  

and carbonate bedded intervals in Mesozoic metasediments. The set t ing of the 

area is quite s imi la r  to that in the Ellsworth d i s t r i c t ,  and i t  should be 

invest igated. 

e. Gila City d i s t r i c t :  The Gila City d i s t r i c t  occurs where substantial 

placer gold deposits have been produced from erosion of a th ick section of 

Mesozoic-metamorphic rocks. These rocks form an EW-trending bel t  several miles 

long by about I mile wide at the northern end of the Gila Mountains. Within 

th is  be l t  occurs a sequence of black schists that are conformably overlain by 

an unusual marble-bearing schist  that in places obtains a thickness of 150 f t .  

Although some contact metamorphic minerals occur in the marble, Wilson (1933) 

believed that regional metamorphism of a calcareous p ro to l i t h  was responsible 
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for  the rec rys ta l l i za t ion  of these rocks. Spotty tungsten mineral izat ion 

occurs in the uni t  and the ent i re metamorphic package has been cut by numerous 

pegmatitic to gran i t ic  dikes, A sma~l ou t l i e r  of the Gunnery Range bathol i th 

intrudes the southern margin of the bel t .  The source of the gold in the 

placers was believed to be from erosion of numerous low-grade and pockety gold- 

quartz veins in the Mesozoic metamorphic rocks. The only veins that were 

h i s t o r i c a l l y  prospected occur in the black schist uni t  and consist of i r regu lar  

and lensing quartz veins that contain spotty oxidized copper shows and gold. 

We feel these rocks may also display s t rat i form character ist ics but have no 

concrete evidence to af f i rm the opinion, This d i s t r i c t  appears to be one of 

the few areas in extreme southwestern Arizona containing these rocks which does 

not l i e  wi thin a M i l i t a r y  withdrawal area, 

f .  Si lver  and northern Trigo areas: Mesozoic metamorphic rocks that 

occur in several large, scattered blocks along thewestern f lank of the Trigo 

Mountains also appear to display character ist ics that imply the presence of 

st rat i form mineral izat ion.  Wilson (1933) noted quartzose schist boulders 

containing dumort ier i te and some kyanite in Colorado River terrace gravels 

downstream from the s i te of dip. These rocks c~osely resemble Mesozoic rocks 

containing s t ra t i form gold mineral izat ion in southeastern Cal i forn ia.  I t  is 

therefore possible that the source for  the boulders might be the large outcrops 

of s imi lar  Mesozoic rocks exposed along the western flanks of the Trigo 

Mountains. 
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Parker (1966) studied the Mesozoic rocks in the southern part of the range and 

noted that they consist mainly of schists, gneisses, phyll i tes, arg i l l i tes  and 

gneissic granite of greenschist metamorphic grade. Within the package of 

schists he recognized among others, quartz-mica-feldspar schists; banded, 

carbonaceous, calc-schists; and quartz-fuchsite schist. Some of the schistose 

rocks reportedly contained chromite and suggest that ultramafic volcanic rocks 

may make up part of the protolith. 

While only few metal occurrences are found in these rocks, some placer gold was 

taken from the alluvium on the western side of the range in the Paradise Valley 

area. In addition the unusual mineralogy displayed by some of the schist units 

should be noted. In a l l ,  these subtle indications may warrant some 

reconnaissance investigations for stratiform-type mineralization. 

g. Miscellaneous Areas: Finally we draw attention to two other 

occurrences of Mesozoic metamorphic rocks that may also warrant additional 

f ie ld checking in l ight  of the stratiform model. These are the Cementery Ridge 

area in the western portion of the Eagle Tail d is t r ic t  and the outcrop of 

Mesozoic rocks occurring in the extreme southeastern part of the Tank Mountains 

d is t r ic t .  While we cannot identify these areas as high pr ior i ty ,  so l i t t l e  is 

known about them that we feel reconnaissance, with this model in mind, might be 

considered. 

The Cementery Ridge area is underlain by a large NW-SE trending block of 

Mesozoic schists and gneisses. In places these rocks have intruded NW-trending 

rhyo l i te  dikes and plugs, and Wilson (1933) notes that granite intrudes the 
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Schist on the western margin. This area is remote and has received l i t t l e  

modern prospecting. Mineral occurrences, while sparse, consist of weak copper 

mineralization with minor gold and silver that occurs with Fe and Mn oxides, 

quartz and gouge in fractures and faults cutting the gneisses and schist. 

Wilson also noted b r i t t l e ,  asbestiform ac t i no l i t e  in lensing veins in Mesozoic 

schist associated with vein lets and masses of magnetite east of Deadman Tank. 

Spotty gold occurrences and minor placer deposits are hosted by a package of 

Mesozoic schists in the eastern Tank Mountains. In the Puzzles mine (Sec. 7, 

T4S, RI3W), gold-quartz veins are apparently conformable with the enclosing 

ch lor i te  schists. Ferruginous ca lc i te  veinlets occur alongside the vein in 

paral le l  fractures. A short distance southwest, the schist is said to contain 

gold-bearing iron-stained quartz str ingers.  Nearby prospects (Regal property) 

are als0 hosted in silicified biotite schist. 

5. Hot Springs Deposits of Volcanic-Related Origin 

While western Arizona has not been noted for  this deposit type, several mines 

occur wi thin the project area which display character ist ics typical of having 

formed in a volcanic-related hot springs environment. Several addit ional areas 

would appear to hold some potential  for hosting undiscovered deposits of this 

type. In an area l i ke  Arizona, where outcrop exposure is good and vegetation 

cover is minimal, u t i l i z a t i o n  of a l i gh t  plane to f l y  over prospective terrane 

looking for  obvious areas of a r g i l l i c  bleaching, i ron-sta in ing and/or s i l i f i c a -  

t ion would great ly f a c i l i t a t e  a rapid reconnaissance of these kinds of areas. 
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Ground follow up could then be schedule on those areas which display favorable 

color  anomalies. 

Another technique might be the use of Landsat imagery. Since these deposits 

are often accompanied by introduction of large amounts of pyrite in the 

mineralized core and within the surrounding wallrocks, subsequent oxidation 

lends to the formation of secondary iron oxides. Raines and others (1985) have 

shown that there are infrared spectral differences between true gossans 

associated with massive sulfide deposits and false gossans. I t  seems l ike ly  

that some of this technology could be useful for determiningpyritic systems 

associated with hot spring systems as well. This technology should be 

investigated. 

a. Resolution (Sheep Tanks) mine: (NE¼ Sec. I ,  TIS, RI5W) Past produc- 

tion amounted to about 20,000 oz Au and 39,000 oz Ag.. Mineralization occurs 

in a low-angle fault  zone cutting mid-Tertiary volcanic rocks. Wallrocks are 

largely altered to fine-grained quartz and hematite over a wide zone which in 

turn is surrounded by a broad zone of quartz sericite alteration in the volcanic 

rocks. The mineralized area is said to have NS and EW horizontal dimensions of 

800 by 700 f t ,  respectively. In places mineable ore along this zone was 40 f t  

thick. Old reports indicate that considerable low-grade material may remain 

in and around the mine area. One 1947 report estimated that 720,000 tons of 

$8.00 per ton ore remained in Resolution Hil l  above the old workings. This 

report went on to state that within the mining area there was an estimated 

10-15 mill ion tons of possible ore that would probably run around $5 per ton 

gold and silver. All values were figured at $35 gold and $0.77 silver. 
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b. Eastern Vulture d i s t r i c t  - Western White Picacho d i s t r i c t :  (Newsboy 

mine and Charbonneau clay deposit) Rhyol i t ic  domes, flows and associated lahar ic 

breccias occur in the eastern part of the Vulture d i s t r i c t .  These rocks have 

been considerably al tered. Large areas of a lun i te ,  kao l in i te  and s i l i c i f i c a t i o n  

are in places associated with the rhyo l i t e  domes. Precious metals sometimes 

occur with the s i l i f i c i a t i o n .  At the Newsboy mine a mineralized zone 85 to 

200 f t  wide displays low-grade, manganiferous, go ld-s i lver  mineral izat ion along 

s t r ike  for  several hundred feet .  The zone may extend for  as much as 1,000 f t  

along s t r i ke .  Between 1940 and 1942, the deposit was mined by an open cut and 

over I ! ,000 tons of ore were shipped which averaged 0.0683 opt Au and 8.07 opt 

Ag. Lately the property has been explored by a number of small Canadian 

companies that have d r i l l e d  out a small low-grade reserve. The area could have 

much greater potent ia l .  Nearby and adjacent areas display k a o l i n i t i c  a l te ra t ion  

and s i l i f i c a t i o n  associated with a rhyo l i te  dome. 

The r h y o l i t i c  domes and associated rocks appear to extend east o f  Morristown 

into the western part of the White Picacho d i s t r i c t .  Other mines such as the 

El Tigre - El Milagro group should also be examined for possibly containing 

th is  type of mineral izat ion (see Vulture d i s t r i c t  discussion). The area should 

be given a thorough reconnaissance, with par t i cu la r  at tent ion given to mapping 

the volcanic st rat igraphy in th is  region. A low a l t i tude  aerial reconnaissance 

would probably be useful.  Stream sediment geochemistry over the volcanic f i e l d  

might also be worthwhile. 
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c. Papa~o mine (Cimarron H i l l s  d i s t r i c t ) :  Mineral izat ion occurs in a 

40-150 f t  wide shear zone that is exposed on the surface for over one mile. 
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Host rock is a coarse-grained granite. The mineralization is epithermal in 

character and consists of s i l i c i f i ed ,  sheared and brecciated granite cut by 

numerous later veinlets of manganese and iron-stained calcite. Gold is 

apparently very fine-grained and disseminated across the mineralized zone. The 

property was actively explored between 1926-34 and much low-grade, gold-silver 

mineralization across an average width of 48 f t  was proven, and large amounts of 

similarly mineralized rock was indicated. There is no mention that any of the 

materialwas ever mined; i t  was probably too low-grade for the period. The 

property lies on the Papago reservation. I t  is not known whether the claims 

were ever patented. The nearby Greenback mine should also be examined as i t  

displays characteristics similar to the Papago mine. 

d. Castle Creek d is t r ic t :  A large part of the Castle Creek d is t r i c t  is 

covered by the Castle Hot Spring volcanic f ie ld (Ward, 1977), which produced a 

large pile of fels ic to mafic volcanic flows, turfs and breccias. Local 

extrusive-intrusive dome complexes and vents are scattered across the f ie ld and 

sometimes are accompanied by widespread a rg i l l i c  and sulfataric alteration. 

Formation of the f ie ld  is believed to be roughly contemporaneous with the 

rhyol i t ic volcanism and associated mineralization found in the nearby 

Morristown-Wickenburg area (eastern Vulture d is t r i c t ) .  Numerous prospect pits 

occur in severely altered volcanic rocks in the Bitter Creek area (Secs. I ,  2, 

11, 12, T7N, R2W). In Garfias Wash near Cedar Basin the volcanic rocks display 

much clay alteration and contain disseminated pyrite. Fountain-like deposits of 

opaline si l ica and chalcedony occur on Hells Gate Mountain, a volcanic vent area. 

Volcanic rocks in the Buckhorn Mountains also display hydrothermal alteration 

and contain disseminated sulfides in places. This area would also probably 

benefit from low altitude aerial reconnaissance. 
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e. New Water-Alamo Springs-S~eep Tanks D i s t r i c t s  and Lineament: We have 

chosen to apply th is  name to the contiguous NW-striking zone of WNW-trending 

faults which pass through these mining ~istricts. This zone has cut through mid- 

Tertiary volcanic rocks in this area. Similar trending dike swarms associated 

with th is  volcanism indicate that th is  zone both pre- and post-dates the vol-  

canic a c t i v i t y .  We feel that i t  probably represents a strand of the Precambrian 

Texas Lineament. Minera~izatio~ in these d i s t r i c t s  is epithermal in character 

and appears to be associated with centers of volcanism and subvolcanic in t rus ion.  

We feel that the magnitude of th is  shear zone is such that many s t ruc tu ra l l y  

favorable areas have been produced along i t s  trend. I f  some of these have 

local ized subvolcanic in t rus ive a c t i v i t y ,  hydrothermal ce l ls  may have developed 

and produced ~ow-grade, bulk tonnage epithermal deposits. See the d i s t r i c t  

discussions for  mines of in teres t  that occur along the zone. We would suggest 

that ground open for mineral entry along this be~t be given field reconnaissance 

accompanied by a regional geochemical program. 

f .  Bi~ Horn-Osborne d i s t r i c t s :  The Big Horn-Osborne d i s t r i c t s  are 

covered by an extensive mid-Tert iary volcanic cover that is very poorly known. 

Numerous dikes and shallow intrusions cut these rocks and are associated with 

epithermal mineral izat ion in both d i s t r i c t s .  Substantial low-grade gold miner- 

a l i za t ion  is associated with an elongate, f e l s i c  vent or dike zone at the U.S. 

(General Grant) mine in the Big Horn d i s t r i c t .  Likewise, substantial high-grade, 

gold-r ich polymetal l ic  replacement mineral izat ion occurs wi th in a c i rcu la r  sub- 

volcanic int rusion at the Tonopah-Belmont mine in the Osborne d i s t r i c t .  Recent 

explorat ion by a small Canadian company of geochemical anomalies associated 

with s i ~ i f i c i a t i o n ,  a lun i t i za t ion  and p ropy l i t i za t ion  along a contact area 
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between andesite and schist  (?),  reportedly produced assays averaging 0.075 opt 

Au across a 45 f t  width. These d i s t r i c t s  are so poorly known that other 

undiscovered areas of s i l i f i c a t i o n  and low-grade mineral izat ion could ex is t .  

This is ce r ta in ly  an area where aerial  reconnaissance is recommended. 

g. Kofa d i s t r i c t :  The Kofa d i s t r i c t  has been a substantial past producer 

of precious metals from epithermal vein deposits. Of in terest  is Hankin's 

(1984) descr ipt ion of an exot ic volcanic breccia that l ies  near the King of 

Arizona mine. This breccia is believed to over l ie  a major vent zone. A l tera-  

t ion of th is  area is extensive. While i t  wouldseem l i k e l y  that th is  area has 

been checked, i t  may be a favorable set t ing for  a low-grade, disseminated 

deposit to be developed. Another favorable zone in th is  d i s t r i c t  is the complex 

anastomizing 

f au l t  system that separates the Mesozoic schists on the south from the volcanic 

p i le  to the north. This f au l t  zone probably represents some type of major 

volcanotectonic bounding f a u l t  and would be an ideal zone along which to local ize 

low-grade minera l izat ion.  Although old claims in the d i s t r i c t  are s t i l l  va l id ,  

most of th is  area is believed to be withdrawn from new mineral entry,  thus 

making del ineat ion of grass roots targets nearly impossible. 

h. Boulder Creek property, McConnico d i s t r i c t :  The age of mineral izat ion 

is unknown, but mid-Tert iary volcanic rocks nearly encirc le the d i s t r i c t  and 

suggest that the mineral izat ion could be of a s imi lar  age. Boulder Creek 

mineral izat ion occurs in two in tersect ing mineralized zones which have widths 

of as much as 1,000 f t .  These zones contain badly sheared, pegmatitic granite 

that is b r i gh t l y  hematite-stained and which in places is "honeycombed" by 
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boxworks af ter  pyri te. High, but sporadic gold values occur in both of these 

wide shear (?) zones. This mineralized zone would appear to have "room" for 

a substantial tonnage of low-grade materiali. The nearby Bi-Metal mine appears 

to be of similar character and should be examined as well. I t  has produced 

at least $70,000 worth of gold in the past. 

i .  Miscellaneous areas: Among the various d is t r i c ts  certain other areas 

display features that might indicate disseminated mineralization of this model 

type. Although interest ing, the potential in these areas remain an "unknown" 

q~antity. 

Longwe!l {1936) mapped a zone of intense alterat ion d i rect ly  west of For t i f ica-  

tion Hil~ in the Minnesota d i s t r i c t  that was characterized by intense a rg i l l i c  

alterat ion containing specular hematite and epidote, He believed the area had 

been a principal center of hydrothermal ac t iv i ty .  This d i s t r i c t  has produced 

some gold from unknown mines. Very l i t t l e  is k~own about this area. 

Volcanic rocks north of the Eureka-Bagdad d i s t r i c t  display considerable NURE 

stream sediment geochem anomalies. These volcanic rocks appear to l ie  adjacent 

to a major NE-trending zone of faul t ing that continues on through the Eureka 

d i s t r i c t  to the south. Anderson and others (1955) state that north of Bagdad, 

volcanic turfs interbedded with Gila (?) conglomerate were often altered to 

clay. In places the tu f f  has been replaced by cavernous white opal. Near 

Bozarth Mesa, t u f f  is completely replaced by black opal resembling obsidian. 

While this al terat ion and s i l i f i ca t i on  may be diagenetic, i t  could also be 

related to hot spring ac t iv i ty .  
i 
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Although we have no CRIB-MILS data points located'within the volcanic rocks 

covering the southern portion of the Black Range, mine symbols occur on the AMS 

sheet and several low-level, NURE gold anomalies appear in sediments draining 

the area. The region is cut by an extensive set of WNW faulting which we see as 

being mineral controlling elsewhere. These features suggest that some potential 

may exist for low-grade epithermal mineralization to occur in the area. This 

potential would be greatly enhanced i f  numerous dikes or subvolcanic intrusions 

I could be documented as occurring along this zone. 

I 
I 

Finally, mid-Tertiary volcanic rocks in the Eagle Tai l ,  Gila Bend Mountains and 

Webb distr icts display complex faulting and intrusion by dike swarms and sub- 

volcanic bodies. While none of these distr icts have very productive in the past, 

I they display a geologic setting that would appear to be somewhat favorable for 

hosting hot spring type mineralization. For example, one particularly new 

prospect called the Pumkin Glow (West end of Webb d is t r ic t )  has attracted our 

attention because of substantial widths and strike length to a silver-gold 

bearing breccia zone of WNW-strike. While we can't give these overall areas 

the highest pr ior i ty ,  they are so poorly known that low-grade mineralization 

in the past may have escaped attention within them. 

6. Vincent-Chocolate Mountains Allochthon 

I 
I 

I 
I 

As a result of our Mojave metallogenic study (Wilson and others, 1983) we feel 

a newly recognized deposit type exists in southern California and adjoining 

southwestern Arizona. These deposits consist of stockwork and disseminated 

mineralization that displays a consistent relationship to brecciated and 
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cataclastic upper-plate rocks of the regionally extensive Vincent-Chocolate 

Mountains thrust. We fee~ that the Mesquite (Goldfields Co.), Picacho 

(Chemgold), Big Horn (Inspirat ion Mng.Co.), and Yellow Aster (Chemgold) de- 

posits are examples of this type of mineralization. The deposits usually 

occur in or near the main thrust zone, commonly localized along semi-coincident 

zones that may have been reactivated or compounded by Tert iary extensional 

faul t ing. Gold and other metals are believed to be scavenged from the lower- 

p~ate Orocopia schist and remobilized into the thrust zone by hydrothermal 

circulat ion cel~s related to late Cretaceous and younger intrusive ac t iv i ty .  

Lower-plate Orocopia schist crops out in a east-west str ing of four separate 

occurrences in southwestern Arizona. These are found in the southern Trigo 

Mountains, Middle Mountains, Castle Dome Mountains and Neversweat Ridge. A 

newly discovered occurrence in the eastern part of the Kofa Range by Gordon 

Haxel of the USGS (S. Reynolds, personal commun., 1985) at test to the-fact the 

unrecognized areas of Orocopia schist and, thus the Vincent thrust, may exist 

elsewhere in the southern part of the state. 

Scattered gold occurrences are found in and near outcrops of the Orocopia. 

Unfortunately, only the outcrop in the Eureka d i s t r i c t  (southern Trigo's) 

appears to be open to mineral entry. The other exposures al l  l ie  within the 

Yuma Proving Ground or Kofa Game Refuge. 

a. Eureka (southern Trigo Mountains) d i s t r i c t :  A small portion of the 

Chocolate Mountains thrust is known to be exposed in the d i s t r i c t .  Small 

disperse go~d occurrences have been prospected nearby. The area is complicated 
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by abundant Tertiary faulting. Pietenpol (1983) noted mineralized, low-angle 

faulting a short distance away in the Silver d is t r ic t .  This suggests that the 

thrust zone may have been reactivated or compounded by Tertiary movement - a 

feature often times noted in areas where deposits have been discovered ( i .e. 

Picacho, Rand and possibly Mesquite distr ic ts) .  

b. Other areas: Haxel's recent discovery of Orocopia schist in the Kofa 

Mountains indicates that the final word is not yet in on the distribution of 

the Vincent-Chocolate Mountains thrust. We would suggest f ie ld checking nearby 

areas of Mesozoic sediments and metamorphic rocks (units Ms and Mm on Plate I) 

that occur both south and north of the presently known 0rocopia outcrops. 

7. Precambrian Lode Gold and Gold-rich Massive Sulfide Deposits 

On a regional scale, s t ra t i fo rm lode gold mineral izat ion often occurs at m a j o r  

s t ra t igraphic  interfaces separating dominantly c las t ic  sedimentary sections 

from dominantly volcanic sections. For this reason we have t r ied  to d i f -  

ferent ia te major compositional packages wi th in the Yavapai Series on our 

geologic map based on the work on Donnelly and Hahn (1981). These packages are 

broken down into predominant rock compositions. These include sections that 

are predominantly ep ic last ic  (consist ing mainly of coarse- to f ine-grained 

sediments and exhal i tes with minor volcanoclast ics);  sections that are pre- 

dominantly subaqueous to subaerial fe l s i c  lavas and tuf fs  ( including hypabys~al 

int rusions,  some mafic tu f fs  and minor ep ic las t ics ) ;  and sections that are 

dominated by mafic to intermediate composition lavas and t u f f s .  We would 

suggest that gold prospects and mines occurring along these compositional 

boundaries be p r i o r i t i zed  during explorat ion. 
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Addit ional ly, there is evidence that in the Proterozoic of Arizona, strat i form 

gold mineralization tends to be associated with greatly restr ic ted,  cherty, 

carbonate-rich exhalites associated with rhyol i te dome complexes (E. DeWitt, 

personal commun., 1985; cf. Swan and others, 1981). For this reason re la t ive ly  

small exhalite lenses associated with rhyol i te domes within any part of the 

section may be worth exploring. We also recommend examining the disseminated 

scheelite deposits in Yavapai schist that occur within several of the d is t r i c ts  

i n  the southern margin of the Bradshaw range ( i .e .  Castle Creek, White Picacho; 

see d i s t r i c t  discussions). 

Besides tradi t ional  lithogeochemical and geophysical exploration techniques, 

footwall al terat ion and mineralogy may serve as important guides to strat i form 

mineralization. Such things as localized areas of Na-depletion and K-enrichment 

in rocks that are othe~Tise Na-enriched, and increased Ba content of white micas 

in the footwall section, are considered to be useful exploration tools. Miner- 

alogy is also helpful. Areas or strat igraphic horizons that contain unusual B, 

Mn, Fe and Al203 minerals ( i .e .  tourmaline, pyrophyl l i te, diaspore, doumortierite, 

Mn-garnet, ch lor i to id ,  etc) and/or alumino-si l icate minerals should also be 

noted. Typically these minerals have been considered to be high T or P indica- 

tors, but when occurring within terranes of greenschist or lower amphibolite 

metamorphic grades they are now commonly thought to mark areas of ascending 

hydr0thermal fluids, aluminous alteration and subaqueous exhalations in a sea 

floor setting (cf. Valliant and others, 1983; Valliant and Barret, !982; 

Stanton, 1984). These mineralogic assemblages thus may represent time- 

strat igraphic equivalents to associated pyr i t i c  gold or base metal massive 

sulf ide deposits. 
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Several distr icts within the southern part of the Bradshaw range overlie large 

exposures of Yavapai schist. Gold mines and prospects in these areas are 

generally fe l t  to be Tertiary or Laramide in age, but some have been described 

as Precambrian veins ( i .e.  Lindgren, 1926). We feel that there is a good 

chance that the ultimate source of the metals in many of these areas may indeed 

be from local, low-grade concentrations in the Precambrian. We suggest 

therefore that Some of these areas are relatively poorly explored and may 

offer good opportunities for finding Precambrian lode or volcanogenic gold 

mineralization. We describe some of these areas below: 

a. White Picacho d is t r ic t :  This is mainly a placer d is t r i c t ,  but i t  has 

had some lode gold and tungsten production. Wilson (1961) notes that quartz 

veins of probably both Precambrian and Phanerozoic ages have furnished gold to 

the placers. Tungsten mineralization occurs in several areas in the schist and 

descriptions of them suggest to us that they may be exhalative in nature and 

hostedby carbonate-rich horizons in the schist. Many of these prospects occur 

in the San Domingo Wash area which is also where most of the placer gold has 

been found. Any possible relationship between the gold and the tungsten mineral- 

ization should be checked out. I t  should also be ascertained whether or not the 

scheelite deposits are indeed of an exhalative origin. See Distr ict  Focus 

section for mines of interest. 

b. Castle Creek d is t r ic t :  The mineralization and geologic setting in the 

Castle Creek d is t r i c t  is in many respects similar to the White Picacho d is t r ic t .  

Lindgren (1926) describes several types of lode gold deposits in the distr ic ts.  
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Veins containing tourmaline such as the one exploited at the Lehman mine were 

considered to be of Precambrian age. Descriptions of tungsten occurrences in 

the d i s t r i c t  sound l i ke  they cou]d be exhalative in nature. These scheel i te 

occurrences are hosted by banded, magnetic, dark-colored schist  with banding 

composed of epidote, quartz andca l c i t e .  While no mention is made of any 

gold in the scheel i te occurrences, we suggest that these occurrences should be 

checked to determine whether or not they are exhalative in character and 

contain gold. I f  t~ey are exha~ative, then the distr ict  should be examined on 

a wider scale to determine further potential for stratiform gold-tungsten 

mineral izat ion.  

c. Orizaba mine: (Sec. 29, T8N, R3E}: The Orizaba mine and an unnamed 

nearby placer deposit occur a?ong the contact between a predominantly f e l s i c  

volcanoclast ic p ro to l i t h  and a predominantly mafic volcanic p ro to l i t h  occurring 

in Yavapai schist .  This deposit has bee~ variously described as a mineralized 

shear zone and ins a d is ta l  exhalative deposit containing go ld-s i l ver .  CRIB 

data indicate that according to a 1948 report ,  th is  property had 90,000 tons of 

inferred reserves grading 6% Cu and $2-$3 per ton Au-Ag. This could be a gold- 

r ich s t ra t i fo rm deposit and should be examined with th is  p o s s i b i l i t y  in mind. 

d. Black Canyon d i s t r i c t :  The Black Canyon d i s t r i c t  is hosted by Yavapai 

schist  that straddles the S~ylock f au l t  zone. While controversy s t i l l  surrounds 

the actual nature of the Shylock zone, some workers believe that i t  represents 

a major growth fau l t  separating major l i t ho l og i c  provenances wi th in the Pre- 

cambrian p ro to l i t hs .  In th is sense, i t  may be s imi lar  to major "breaks" in the 
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Canadian Shield along which many major gold deposits occur. Base-metal massive 

sulfides occur in the d is t r i c t  and Lindgren (1926) claims that some of the gold- 

quartz veins are Precambrian as well. The Golden Belt mine which occurs within 

the d is t r i c t ,  but just to the north of our study area has been described both as 

a low-angle vein occurring along a f l a t  thrust in Precambrian schist ( i .e.  

Lindgren, 1926) and to a distal Au-rich exhalite (Anderson and Guilbert, 1979). 

Gold deposits in this d is t r i c t  should be given careful examination for evidence 

of stratiform or remobilized natures. The Golden Belt mine should be examined 

in particular, as well as the adjoining and geologically similar Golden Turkey 

group. Several NURE geochem anomalies occur in the d is t r i c t  as well. 

e. French Gulch d is t r ic t :  Base metal massive sulfide mineralization has 

been mined at the Zonia mine. Numerous gold deposits occur in a felsic volcanic 

and volcanoclastic package within the schist. Considerable placer gold of 

unknown source has been won from several gulches draining the Precambrian 

schists. We suggest this area be given a systematic evaluation in any 

exploration program looking for stratiform Proterozoic gold deposits. 

f .  Eureka-Bagdad area: The Eureka-Bagdad d is t r ic t  displays a complex 

geologic-metallogenic history. Deposits range in age from Precambrian to 

Laramide to probably mid-Tertiary in age. Anderson and others (1955) separated 

the Precambrian schists in the area into three formations or packages that 

consisted of dist inct l i thologic character. Base- metal massive sulfide 

deposits ( i .e.  Bruce, Old Dick, Copper Queen) occur in the Briddle Formation, 

associated with masses of Precambrian rhyolite. Interestingly, nearly all of 
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the gold mines that occur near the town of Bagdad are ( including the two 

largest producers) are hosted by the H i l l s ide  Mica Schist,  which consists of 

an a l ternat ing sequence of muscovite schist ,  quartz-muscovite schis t ,  muscovite 

quar tz i te ,  and some tourmaline schist ,  S i l l i m a n i t e  is present in some parts 

of the schist  and Anderson and others (1955) suggest the p ro to l i th  of the schist  

consisted of a series of shales, sandy shales and impure sandstone that accumu- 

lated in a basin a f te r  a considerable period of volcamic a c t i v i t y .  The H i l l s ide  

and Comstock-Dexter gold mines which occur in these schists are Au-Ag rich, 

polymetallic deposits, which are described in as being veins by Anderson and 

his co-workers. Near the veins, smal3 veinlets of sulfide, with or without 

quartz, f i l l  minor fractures in the schis t ,  and in places were mineable by 

themselves. We wonder i f  these vein deposits might not r e f l ec t  a heritage 

from the Precambrian p ro to l i t hs .  We fee~ the gold mineral izat ion in the 

Hil~side Mica Schist should be examined for "greenstone gold" deposit 

charac ter is t i cs ,  some of which may be remobilized. 

The Zanneropolis tungsten occurrence is also hosted by a biotite mica schist 

and may represent syngenetic mineralization in its protolith. Gulches cutting 

this long and wide area of schist were originally placered for gold. 

g. Webb d i s t r i c t :  The Webb d i s t r i c t  is a poorly known and studied area 

in west-central Arizona. Precambrian Pinal (?) schist  is exposed in the 

d i s t r i c t  and some of the mineral izat ion displays character is t ics  compatible with 

a s t ra t i fo rm,  exhalative or ig in .  Recent d r i l l i n g  indicates that a considerable 

amount of gold may ex is t  in parts of the d i s t r i c t .  Properties that should be 
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evaluated for Precambrian, or remobilized Precambrian, mineralization include 

the Black Butte and Buckeye mine properties. The principal host rock for the 

Buckeye mine is a magnetite-quartz muscovite schist with interbedded marble, 

calc-silicate rock and metarhyolite. Some of the schist is tourmaline-bearing. 

The mine was mainly a copper (with some Au) producer, but the potential for 

precious metals has not been ascertained. 

At the Black Butte property, Precambrian gneiss and schist display considerable 

alteration and disperse copper-gold mineralization. Recent dr i l l ing by Rhyolite 

Resources encountered many mineralized zones assaying from a trace to 5.7 opt 

Au. The best mineralization was encountered along a steeply dipping structural 

zone that may be conformable to fol iation in the metamorphic rocks. This zone 

ran from 0.03 to 0.54 opt Au over a 59 f t  interval. 

h. Gold Basin-Lost Basin distr icts: Several types of gold deposits occur 

in the area. Theodore and others (1982) feel that boron-enriched fluids of 

exhalative origin were probably important in the genesis of tourmaline- 

bearing schists exposed locally in the Precambrian terrane that underlies most 

of the d ist r ic t .  Also of interest in this area is the description of thin beds 

of carbonate and calc-silicate rich units that are spatially associated with 

amphibolite that reflects a mafic to ultramafic protolith. Some of the calc- 

sil icate marbles contain minerals such as garnet, zoisite and chloritoid. 

Metachert and metarhyolite units within gneissic terrane are also recognized. 

Several prospects in the Mines of Interest section appear worthy of examination. 
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i .  Pine Grove-Tiger area: Here mineral izat ion is mostly considered-to be 

Laramide in age. However, many of the veins l i e  in schist  and contain abundant 

s ider i te  or ankerite gangue. Mineral izat ion is also t y p i c a l l y  polymetal l ic  in 

character. DeWitt {1976) describes a calcareous, tuffaceous, vo lcan ic las t ic  

sediment associated with pil lowed basalt f lows. The Gladiator mine occurs in 

th is  un i t .  Lindgren {1926) also described ]en t i cu la r  s ide r i t e ,  magnetite, 

py r i te ,  chalcopyri te mineral izat ion in slate near the Fairview mine. We wonder 

i f  some of the carbonate and precious metals in the district may not in fact 

be coming from a remobilization of Precambrian source, rather than all from 

a Laramide pl~ton. 

j .  MiscelTaneous other areas: We have made mention of possible 

Precambrian involvement in mineral izat ion of several other d i s t r i c t s  under 

the D i s t r i c t  Focus section. These include the Vulture, Minnehaha, Winifred, 

Cottonwood and Gila Bend Mountains d i s t r i c t s .  

8. Miscellaneous Mines and Areas 

While we have already drawn at tent ion to many indiv idual  mines under the 

preceding model discussion, a number of other indiv idual  mines are worthy of 

at tent ion for  various d i f fe ren t  reasons ( i . e .  past production, s t ructural  

preparation, wide widths of mineraTization, e t c . ) .  Since these mines have been 

described under Mines of Interest  in the D i s t r i c t  Focus section of the report ,  

we w i l l  only b r i e f l y  repeat them here. We h igh l ight  these properties simply as 

a means to draw your at tent ion to the many in terest ing properties that are 
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contained in the D is t r i c t  Focus section of the report. We strongly recommend a 

thorough reading of a l l  the mines l is ted in the Mines of Interest sections. 

Only a very few of the many interest ing properties are highlighted below. 

(The fol lowing l i s t  is in no part icular  order of p r i o r i t y . )  

a. Dutch Flat  subdist r ic t  - Mohave Mountains d i s t r i c t :  Normally, metal 

occurrences in the Mohave Mountain d i s t r i c t ,  which consist generally of 

indiv idual ,  re la t i ve ly  small scale veins, would not be highlighted in this 

report. The Dutch Flat area, however, is noted for a variety of precious 

metal-base metal-tungsten veins a l l  located in a re la t i ve ly  small area (±2 sq 

mi). The Kempf mine alone produced from f ive veins. Although few of the veins 

exceed 3 f t  in width, many exhibi t  s t r ike lengths greater than I000 f t  and 

y ie ld gold assays > 0.2 opt. I f  a l l  these vein deposits were considered 

co l lec t i ve ly ,  perhaps a s ign i f icant  small ore reserve could be cumulated at 

least for leachable gold and s i lver .  The col lect ive strategy would, of course, 

be most suitable for the small- to moderate-sized mining company. 

b. Swallow mine (see Castle Creek d i s t r i c t ) :  Wide Cu-Au-hematite veins 

cutt ing Precambrian granite. Ore ran 3 to 15 f t  in width; averaging about 6 to 

8 f t .  High, but er rat ic  gold mineral ization. The f i r s t  i000 tons mined from 

deposit averaged about 3 opt Au. 

c. Pacif ic mine (see Minnehaha d i s t r i c t ) :  Described as py r i t i c  impregna- 

tion of hosting Precambrian schist containing low values of Cu, Au and Ag. May 
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be a massive s~I f ide occurrence. Deposit displays a leached gossan cap over 

some 300'0 f t  of length. This leached capping could hold some potent ial  for  

low-grade, heap leachable gold ore. 

d. Christmas Gi f t  mine (see Vekol d i s t r i c t ) :  Produced 2500 oz Au from 

small replacement deposit in cherty dark gray limestone near contact with 

d io r i t e  porphyry dike. Several other d io r i t e  dikes occur nearby. These may 

hold p otentia% for  other small, but high-grade replacement deposits where they 

in tersect  favorable st rat igraphy.  

e. Oro Grande mine (see Black Rock d i s t r i c t ) :  Produced about 2300 oz Au 

from 8600 tons of ore in 1904. Mineral izat ion occurs in fractured and 

brecciated zone up to I00 f t  wide that is cut by i r regu lar  veinlets and 

stockworks of quartz. Reported to have had considerable low-grade ore l e f t  in 

the mine, May be a smallto moderate bul -mineable target. 

f .  Bonnet mine (see White Picacho d i s t r i c t ) :  Gold mineral izat ion occurs 

across an area 20 to 50 f t  wide amd is said to be traceable on the surface 2000 

f t  along s t r i ke .  Gold values are said to run between 0.01 to 0.30 opt Au. May 

be a small low-grade target .  
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