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TO: J. H, COURTRIGHT 

FROM: B, N, WATSON 

PIONEER PARKWAY GEOPHYSICAL TARGET 
p INAL COUNTY~ ARIZONA 

On helicopter reconnaissance November 14, Bill Hoskins and I 
landed on a small hill composed of Laramide-aged intrusives isolated 
by several miles of pediment cover from the nearest outcrops of Pre- 
Cambrian granite. This small hill is not shown on the ABM Pinal 
County geologic map, and the USGS has only recently made available 
preliminary topographic sheets for the area. We feel the pediment 
around this outcrop is worthy of geophysical work and, for lack of 
a better name, have called the area the "Pioneer Parkway" target as 
the Florence-Tucson highway is but two miles southwest of the subject 
outcrop (see Attachment A). 

Several north-south trending shears in Coolidge-type granite 
contain hydrothermal black manganese oxides on the western half of 
the hill. The manganese has been mined. On the eastern side of the 
hill, monzonite porphyry intrudes the granite and blue copper stain 
was found in quartz and sericite along the contact. Copper stain 
was also seen in Cretaceous (?) volcanics which cap a portion of the 
hill. 

A small knob which looks to consist of dark volcanic material 
from the air is found a mile to the north. Three and one-half miles 
southeast a low range of hills are composed of PreCambrian granites 
intruded locally by a weakly pyritized Laramide (?) quartz monzonite 
porphyry. Four and one-half miles to the north-northeast are found 
more PreCambrian granites. 

Although the monzonite porphyry intrusive is relatively fresh, 
the area is felt to be a valid geophysical target for 3 reasons: 
I. The hydrothermal manganese deposits could be on the periphery 
of a mineralized zone; 2. The spotty alteration and copper staining 
which is not associated directly with the manganese mineralization 
suggests presence of copper-bearing hydrothermal fluids; 3. The 
existence of Laramide intrusives surrounded by pediment cover, then 
PreCambrian granites at some distance, present a generalized target 
in a region of proven porphyry copper deposit~. 

Mr. Wayne Farley is opening a program of I. P. geophysical 
exploration of pediments north of the Owl Head Buttes and I have 
brought this Pioneer Parkway target to his attenticn. He says 



Mr. Courtright v -2- 'ember 18, 1966 

the area registers a gravity high making it favorable for I. P. work 
(cover is apparently shallow) and sees no reason why his survey 
cannot be extended northward to check the subject area. 

BARRY N. WATSON 

BNW:pjc 
Attachment 
cc: WESaegart 

WGFarley 
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~all angular blocks of Tortilla Quartz Diorite 
le northeast corner of the quadrangle 

deposits in stream channels and young, 

osited from ground water or surface water. 
.t veneer (Qp) 

rown soil and gravel veneer on gently slop- 
argely on older gravel (Qog) 

:and deposited in channels cut in the San 

GEOLOGIC QUADRANGLE MAP 
GRAYBACK QUADRANGLE , ARIZONA 

GQ-1206 

[ racl 
J. D. r 

ANDESITE - -  Medium- to dark-gray irregular dikes and sill-like bodies, most 
abundant in the Tea Cup Granodiorite. Fresh hornblende is abundant both as 
phenocrysts (0.5x3.0 mm) and, in a groundmass that is commonly trachytic, 
fine grained (0.05-1 mm grains). Other groundmass minerals are plagioclase 
(An28-35), magnetite, pyroxene (pigeonite and augite), K-feldspar, quartz, and 
antigorite replacing olivine. Most oflhe minerals are euhedral to subhedrat, but 
the quartz and K-feldspar are anhedral-interstitial. The plagioclase is moder- 
ately to intensely altered to sericite, montmorillonite, and kaolinite. A typical 
mode (volume percentl is! plagioclase 61.0, K-feldspar 2.7, quartz 1.3, 
hornblende 29,3, augite 2.7. magnetite 1.6, chlorite 1.3, and apatite 0.1 

I .Tr2 [ RHYODACITE P O R P H Y R Y - -  Dikes of yellowish to medium-gray rhyodacite 
i 

I with prominent quartz phenocrysts are abundant here and in the Sonora (Corn- 
wall and others, 197 I) and Kearny (Cornwall and Krieger, 1974) quadrangles. 
Phenocrysts, 0.3-6 mm in diameter, making up approximately half of the rock. 
are in decreasing order of abundance: plagioclase (An24_38, partly glomer- 
ophyritie), quartz, biotite, and hornblende. The groundmass, anhedral-granular 
in 0.01- to 0.15-mm grains, consists of K-feldspar and quartz plus the other 
minerals listed above and accessory apatite, allanite, zircon, and sphene. The 
plagioclase is partly altered to sericite, kaolinite, and montmorillonite, and the 
biotite and hornblende to chlorite and epidote. A typical mode (volume percent) 
is:  andesine 53.8, quartz 22.4, K-feldspar 20.1, biotite 3.3. magnetite 0.4 

i T r ~ i  I] "RHYODACITEPORPHYRY--Medium-l ight-graytol ight-ol ive-gray,  moder- 
' ately to intensely altered rhyodacite dikes. Phenocrysts 1-4 mm long make up 

I0 to 30 percent of the rock and consist of andesine, biotite, hornblende, 
magnetite, and sparse quartz in a fine-grained groundmass of the same minerals 
plus K-feldspar and apatite. The andesine has been moderately to intensely 
altered to sericite, montmorillonite, kaolinite, epidote, and calcite. The biotite 
and hornblende have been thoroughly altered to chlorite, epidote, and calcite 

Ttca APLITE~TEA CUP GRANODIORITI~. -.:Aplitie and locally pegmatitic facies 
of the Tea Cup Granodiorite occur mainly as dikes but also as larger irregular 
bodies. The aplites are sugary textured, bypidiomorphic, normally with 0.2 to 
2.0-mm grains, but some as much as 6 mm. The color is grayish orange pink: the 
coarser grained aplites have a speckled appearance with grayish-orange-pink 
feldspar and light-gray quartz and muscovite. A typical mode (volume percent) 
is: plagioclase (AnzT) 39.6, quartz 29.4, mierocline 28.7, biotite 0.6, muscovite 
1.4, magnetite 0.3. Several aplites and pegmatites, particularly on the east flank 
of Mount Grayback, contain as much as 0.6 percent garnet (probably alman- 
dine). Traces of sphene and zircon are also present, and part of the muscovite 
has been identified as phengite '~ ~ - ~  " / ~ ~ a ~  ~ .  ~o '~,~.'~, ,~'~-~'~"-~, 

Ttc I TEA CUP G R A N O D I O R I T E  (Paleocene) - -  Granodiorite that underlies the ~ / - ~  " ' 
I west half of the quadrangle and extends west and south into adjoining quadrang- / . ~  , : . °  ~,  

les is here named the Tea Cup Granodiorite for the Tea Cup Ranch (headquar- 
ters in NW¼ see.7, T. 5 S., R. 13 E.). Typical exposures along the wash in the 
SE¼ see.36, T. 4 S., R. 12 E., which yielded rocks for petrographic study and 
chemical analyses, are designated its type locality. The rock is typically medium 
to coarse grained, hypidiomorphic with prominent medium-gray quartz crystal s 
intergrown with light- to pinkish-gray plagioclase (An2s_3s) and K-feldspar and 
black biotite and hornblende. The rock is porphyritic in places, with 6- to 12-ram 
feldspar and quartz phenocrysts in a fine-grained groundmass of K-feldspar, 
andesine, biotite, hornblende, and magnetite. Apatite, allanite, zircon, and 
epidote are accessory minerals. On Mount Grayback, and Iocaily elsewhere. 
garnet (probably almandine) and muscovite are present and hornblende is 
absent. A typical modal analysis (volume percent) is as follows: plagioclase 
45.3, quartz 31.5, K-feldspar 17.6, biotite 4.6, magnetite 0.5, apatite 0.1, sphene 
0.4. Hornblende makes up as much as 3 percent of the rock in some areas. The 
plagioclase is fresh to slightly or moderately altered to sericite, kaolinite. 
montmorillonite, and the biotite is slightly chloritized. Damon (1970) obtained a 
K-At age of 62.9__. 1.3 m.y. on biotite, and Stuckless (Banks and Stuckless, 
1973) a fisson-track age of 61.4 _+ 3.2 m.~,. (Paleocene) on g;u'net. 

M E L A N O C R A T I C  RHYODAC1TE PORPHYRY - -  Dark-gray rhyodacite 
dikes containing 20-30 percent phenocrysts, 0.5-10 mm in diameter, of plagio- 
clase (An~2) mostly altered to sericite, fresh quartz, biotite and hornblende, 



le northe~ast corner of the ftuadrangle 
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vet  Miocene) - -  Named by Heindl (1963); 
~s{ 1974) and Krieger ( 1974a, b, c, d). In this 
"ilvial and playa deposits at least 2,000 feet 
~,raben along Ripsey Wash extending south- 
rgle (Cornwall and Krieger, 1974). Biotite 
(fist) in the southwest part of the Kearny 
~.y. (Cobnwall and Krieger, 1974). Another 
Peak quadrangle (Krieger, 1974c) has been 
~z.{sanidine). Fossil camel and bear tracks in 
?~tomerate unit (Tst) in Ripsey Wash, SE¼ 
re a Miocene age (C. A. Repenning, oral 

Tuvial granitic conglomerate (less than 1,000 
-sey Wash forms the upper part of the San 
'~e  overall olive-gray color results from a 
ale-orange-pink, and grayish-red clasts of 
:ofdiabase. The unit is thick to thin bedded 
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~,thick lens of megabreccia, 500 feet long, is 
/~er granitic conglomerate (Tsgu) on the east 
,,T. 4 S., R. 13 E.). The dark-gray breccia is 
f f  diabase with a little granite in a finely 
:erial and is believed to be a landslide from 
r t o  the west into the Ripsey Wash graben 

orate ~ Tuffaceous sandstone and conglom- 
::~hick. Underlie the upper granitic conglom- 
~tward near where the graben enters the 
rmnt sandstone in this unit is white to pale 
t~e conglomerate is yellowish brown. Most 
l~at a few massive beds may have formed as 
~ting deposition in a playa, were observed in 
a'hstic beds become coarser grained upward 
t~e central part 

,.~are abundant in the tuffaceous sandstone 
at~so present, but not abundant, in the upper 
aglomerates. A few of the more conspicuous 
~:map. One bed of lapilli-tuff extends almost 
"the Ripsey Wash graben, in the Grayback 
::off'he tuffaceous sandstone and conglomer- 
unit (Tst) lenses out, this tuff is in the lower 
~ pumice lapilli and small pebbles of Pinal 
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gnsion. Euhedral and fragmental crystals of 
.~ne. biotite, hornblende, magnetite, apatite, 
~mt in a glassy groundmass. The crystals are 
ae.ter; a few are I-4 mm. The plagioclase is 
~hdicate that the glassy groundmass has been 

clay 

alluvial granitic conglomerate, 0-900 ft thick, 
tuffaceous sandstone and conglomerate (Tst) 
a Manuel Formation in this quadrangle. This 
~;from 0 feet at the norlh end of the Ripsey 
~ the  south end where it enters the Kearny 
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ward into the Kearny quadrangle 
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45.3, quartz 31.5, K-feldspar 17.6, biotite 4.6, m;~gnetite 0.5, apatite 0. i, sphene 
0,4. Hornblende makes up as much as 3 percent of the rock in some areas. The 
plagioclase is fresh to slightly or moderately :dtered to sericite, kaolinite, 
montmorillonite, and the biotite is slightly chloritited. Damon (1970) obtained a 
K-Ar age of 62.9 +- !.3 m.y. on biotite, and Stuckless (Banks and Stuckless, 
1973) a fisson-track age of 61.4-,- 3.2 m.y. (Paleocene) on garnet. 

M E L A N O C R A T I C  RHYODACITE PORPHYRY - -  Dark-gray rhyodacite 
d i k e s  containing 20-30 percent phenocrysts, 0.5-10 mm in diameter, of plagio- 
clase (An32) mostly altered to sericite, fresh quartz, biotite and hornblende, 
both chloritized, and magnetite. The fine-grained groundmass contains these 
minerals plus abundant K-feldspar and sericite (probably mainly altered from 
plagioclase), and accessory zircon and apatite. The dikes are dark gray owing io 
an abundance of magnetite and altered ferromagnesium minerals in the ground- 
m a s s  

R H YODACITE '  PORPHYRY - -  Light-brownish-gray, greenish-gray, and 
dark-gray rhyodacite dikes with abundant hornblende. Contains 1- to 4-mm 
phenocrysts of andesine (An35), hornblende, and sparse quartz. The pheno- 
crysts make up 1-30 percent ofthe rock. The groundmass is fine grained, locally 
trachytic, and consists of plagioclase, hornblende, magnetite, K-feldspar, 
quartz, sphene, and apatite. The plagioclase is moderately to intensely altered 
to sericite, montmorillonite, kaolinite. The hornblende is commonly fresh or 
slightly altered, but in some dikes it is completely altered to chlorite and epidote. 
A typical mode (volume percent) is: plagioclase 54.3, quartz 0.5, K-feldspar 
10.2, hornblende 31.1, magnetite 3.9 

T O R T I L L A  Q U A R T Z  DIORITE (Upper Cretaceous) - -Tor t i l la  Quartz Dior- 
ite, a sizable pluton first described by Cornwall and others (1971), extends 
westward from the Kearny quadrangle into the northeastern quarter of this 
quadrangle, and a few small isolated bodies also crop out in this area. The rock is 
typically medium grained, light to medium gray, hypidiomorphic-granular. 
fresh or slightly altered, and ranges in composition from pyroxene-hornblende 
diorite to biotite-hornblende quartz diorite and locally aplitic granodiorite. 
Pyroxene and hornblende commonly form composite crystals as much as 5 mm 
in diameter, whereas biotite and plagioclase (andesine) are scattered more 
uniformly through the rock; interstitial orthoclase and quartz tend to poikiliti- 
cally enclose the other minerals. Apatite, sphene, and zircon are accessory 
minerals. Banks and others (1972) have concluded that the most probable K-Ar 
age  is 70.5 m.y. with a range of 2.8 m.y. (an average from four nearly pure biotite 
separates). Banks and Stuckless (1973, p. 660) obtained similar fission-track 
ages on zircon and apatite. 

D I A B A S E  - -  North-trending, steeply dipping diabase sills or dikes are widely 
distributed cutting the Ruin Granite, especially in the east half of the quad- 
rangle. This dark-gray to olive-gray rock is fine to coarse grained, with ophitic 
texture. Fresh specimens are composed of plagioclase (An40-55), augite, pigeon- 
ite, olivine, hornblende, and magnetite-ilmenite. The minerals have been 
slightly to intensely altered to sericite, kaolinite, bowlingite, antigorite, limo- 
nite, iddingsite, hornblende, biotite, epidote, and pumpellyite. Intergrowths of 
quartz and K-feldspar occur locally 

A PLITE ,  RUIN G R A N I T E  - - T h e  Ruin Granite contains steeply dipping aplite 
dikes and larger irregular bodies, most abundant in the southeastern part of the 
quadrangle. This very pale orange to moderate orange pink rock is fine to 
medium grained, hypidiomorphic-granular, and consists of microcline, albite- 
oligoelase, quartz, muscovite, and magnetite. A typical mode (volume percent) 
is: albite-oligoclase (AnT_t3) 37.5, quartz 34.0, microcline 17.8, muscovite 10.6, 
magnetite 0.1 

R U I N  G R A N I T E  - -  Yellowish-gray to grayish-orange granite and quartz mon- 
zonite with pale-pink to orange-pink orthoclase and microcline phenocrysts. 
partly perthitic, in a coarse-grained groundmass of quartz, plagioclase {Ans_3s), 
biotite, and minor zircon, sphene, and magnetite. The plagioclase is partly 
sericitized; the biotite partly chloritized 

P INAL SCHIST - -  Crops out in a small area near the northwest corner of the 
quadrangle. The main rock type is quartz-muscovite-chlorite schist, with some 
biotite, K-feldspar, plagioclase, magnetite, and locally andalusite. The schist is 
commonly strongly foliated, partly contorted, light to medium gray or greenish 
gray with a silver-gray sheen due to the parallelism of muscovite defining 
schistosity. Clasts of the schist are a major component of theWhitetail  Con- 
glomerate, which overlaps the Pinal Schist in this area. 

. . . . .  Fissure zone with limonite, quartz, and locally copper oxides, showing dip where 
known 

Contact 

Fault, showing dip where known--Dotted where concealed, bar and ball on 
downthrown side 
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DESCRIPTION OF M A P  U N I T S  

S U R F I C I A L  DEPOSITS 

Talus - -  Accumulations of large to small angular blocks of Tortilla Quartz Diorite 
on the west flank of mountain in the northeast comer of the quadrangle 

Alluvium ~ Gravel, sand, and silt deposits in stream channels and young, 
low-lying terraces 

Travertine - -  Calcium carbonate deposited from ground water or surface water. 
May in part be older than pediment veneer (Qp) 

P E D I M E N T  VENEER - -  Reddish-brown soil and gravel veneer on gently slop- 
ing pediment surfaces, developed largely on older gravel (Qog) 

OLDER G R A V E L  - -  Gravel and sand deposited in channels cut in the San 
Manuel Formation along Ripsey Wash, in terraces along the Gila River, and 
blanketing most of the southwestern part of the quadrangle 

SAN M A N U E L  F O R M A T I O N  (lower Miocene) - -  Named by Heindl (1963); 
see also Krieger, Cornwall, and Banks (1974) and Krieger ( 1974a, b, c, d}. In this 
quadrangle, the unit consists of alluvial and playa deposits at least 2.000 feet 
thick and occupies a fault-bounded graben along Ripsey Wash extending south- 
eastward into the Kearny quadrangle (Cornwall and Krieger, 1974). Biotite 
from a tuff in its middle member (Ts0 in the southwest part of the Kearny 
quadrangle has a K-Ar age of 17 m.y. (Cornwall and Krieger, 1974). Another 
tuffin its upper part in the Crozier Peak quadrangle (Krieger, 1974c) has been 
dated at 18 m.y. (biotite) and 24 m.y. (sanidine). Fossil camel and bear tracks in 
the tuffaceous sandstone and conglomerate unit (Tst) in Ripsey Wash, SE¼ 
sec. 22, T. 4 S., R. 13 E., indicate a Miocene age (C. A. Repenning, oral 
commun., 1972) 

Upper granitic conglomerate ~ An ,-dlu vial granitic conglomerate (less than 1,000 
ft thick) along the east side of Ripsey Wash forms the upper part of the San 
Manuel Formation in this area. The overall olive-gray color results from a 
mixlure of lighbgrayish-yellow, pale-orange-pink, and grayish-red clasts of 
Ruin Granite and dark-gray clasts of diahase. The unit is thick to thin bedded 
and ranges from line m'ained wilh ah,md;,nt ,:;re,l,.* ..... ,.~.~_ :_ :._ ~ . . . . . . . .  
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I ,DEPARTMENT OF THE INTERIOR 
UNITED STATES GEOLOGICAL SURVEY 

TO ACCOMPANY MAP GQ-1107 

G E O L O G I C  M A P  O F  T H E  C R O Z I E R  P E A K  Q U A D R A N G L E ,  

P I N A L  C O U N T Y ,  A R I Z O N A  

By Medora H. Krieger 3. D. SELL 
REGIONAL GEOLOGIC SETTING 

The broad regional geologic and structural setting 
of the Winkelman quadrangle, of which the Crozier 
Peak quadrangle is the northeast part,  is discussed 
by Krieger (1974). Rocks within the general area 
range from Precambrian to Holocene, and all units are 
represented in this quadrangle except the Naco and 
Quiburis Formations. It is one bf the most structurally 
complex quadrangles within the region. 

STRATIGRAPHY 

The oldest Precambrian rocks in the area of the larger 
scale index map are the Pinal Schist and intrusive rocks, 
largely the Ruin Granite (Oracle Granite of  N.P. 
Peterson, 1938). Batholithic masses of Ruin Granite 
(1,430 m.y.) were intruded after a period of intense 
deformat ion that produced near-vertical east-trending 
foliation a n d  bedding in the schist. The schist and 
granite are overlain with profound angular unconform- 
ity by Precambrian sedimentary rocks- the  Apache 
.Group and the disconformably overlying Troy Quartz- 
ite. Diabase, about i ,200 m.y. old (Silver, 1960; Damon 
and others, 1962), forms sills in the Apache Group'and 
Troy Quartzite, sill-like masses in the schist and granite 
generally parallel to, and not more than 500 feet 
below, the pre-Apache surface (Shride, 1967, p. 56), 
and some dikes. The sills inflated, but  did not per- 
ceptibly tilt, the Precambrian sedimentary rocks. 

After a long period of erosion, Paleozoic formations 
were deposited paraconformably on the Precambrian 
sedimentary rocks. 

Volcanic rocks of Late Cretaceous age disconformably 
overlie older rocks in the general area. In the Crozier 
Peak quadrangle they are the Williamson Canyon 
Volcanics of andesitic composit ion and a rhyodacit ic 
to quartz latitic pyroclastic unit recognized only in 
the northwest part of the Crozier Peak quadrangle. 
The' Williamson Canyon Volcanics have been considered 
either Late Cretaceous (Willden, 1964) or Late Creta- 
ceous and(or) early Tertiary (Simons, 1964, Creasey, 
1965, 1967). They are now considered Late Cretaceous 
because in the northeast part of the Crozier Peak 
quadrangle they are intruded by diorite that in the 
Winkelman 7 ½-minute quadrangle is dated as Late 
Cretaceous. The rhyodacit ic to quartz latitic volcanic 
units are also considered Late Cretaceous because some 
of it resembles the Glory Hole Volcanics (Simons, 
1964; Krieger, 1968b), which is intruded by grano- 
diorite dated as.69 m.y. (Creasey, 1967). 

Late Cretaceous diorite and granodiorite and Late 
Cretaceous and(or) early Tertiary (Laramide porphyry 
masses of several lithologic types) intrude tile older 
rocks. 

Cenozoic stratigraphy in eastern Pinal County has 
recently been revised by Krieger and others (1974). In 
the area of  the larger scale index rfiap Tertiary sedimen- 

tary deposits, formerly called Gila Conglomerate or 
Group, are now divided into three formations--in as- 
cending order, the San Manuel, Big Dome, and Quiburis. 
In addit ion,  Pleistocene and t tolocene alluvial deposits, 
also formerly included in the Gila Conglomerate or 
Group, overlie these formations. 

The San Manuel Format ion consists of alluvial, lacus- 
trine(?) and playa deposits, and interbedded andesite 
and megabreccias. It is Miocene (probably early Mio- 
cene) in age. Discordant dates on biot i te  and sanidine 
from a rhyodacite  t u f f  bed in its upper  part are t8 
and 24 m.y., respectively (Joan Engels, writ ten commu- 
nication, 1968). The San Manuel Format ion is uncon- 
formably overlain by the alluvial Big Dome Formation.  
In the Kearny quadrangle an interbedded nonwelded 
ash-flow yields late Miocene K-Ar ages of 14 m.y. on 
biotite and 17 m.y. on hornblende (Cornwall and 
others, 1971, and Banks, 1972). The youngest of these 
formations, the Quiburis Formation,  which consists bf 
an alluvial and a laket~ed facies, was deposited in the 
basin now occupied by the San Pedro River. It con- 
tains Hemphillian vertebrate fossils (see Krieger, 1974a), 
indicating a middle Pliocene age. 

STRUCTURE 
The major structural features in the Winkelman 15- 

minute quadrangle southwest of the Gila and San 
Pedro Rivers are high-angle faults, north-northwest- 
trend{ng en echelon ridges of steeply dipping to over- 
turned diabase and Precambrian and Paleozoic sedimen- 
tary rocks, and low-angle gravity slides. As the tops of 
the beds in the en echelon ridges always face east, the 
structures are interpreted as partly eroded roots of a 
single monoclinal fold later separated by faults, or 
possibly as a series of monoclinal folds. Locally, the 
section within an individual ridge is repeated along 
what appears on a map as a high-angle fault, but which 
is inferred to be a tilted thrust. Some of the faulting, 
monoclinal folding, tilting of the thrusts, uplift, and 
the erosion of large areas now stripped of Precambrian 
and Paleozoic sedimentary rocks occurred before depo- 
sition of the San Manuel Formation,  for the oldest unit 
in that formation in the Putnam Wash quadrangle is 
composed largely of Precambrian granitic clasts. Intense 
deformation also occurred after deposition of the San 
Manuel Formation,  for adjacent to the monocIinal 
ridges, the formation dips steeply though somewhat less 
than the older rocks. The formation also has been cut 
by low-angle gravity slides and high-angle faults. 

Faults that predate the San Manuel Formation are 
the thrusts, now tilted to vertical or overturned, and 
two sets of  high-angle faults that trend east-northeast. 
Some east-northeast-trending faults resemble tear faults 
related to thrusting. 

The Ripsey Wash .fault, a tilted thrust, is a multiple- 
strand fault, in contrast to the Romero Wash fault in 
the Winkelman 7 ½-minute quadrangle, which is a single 



strand fault. The fault zone consists of near-vertical, 
north-trending, east-facing slivers of basal Apache 
Group rocks that rest on granite and lie west of granite 
that underlies the main outcrops of the Apache Group. 
West of the point where the monoclinal swings abruptly 
east, successive slivers of basal Apache overlying granite 
too small to map are repeated in close succession by 
parallel faults. The long north-trending diabase masses 
in granite, apparently well below the pre-Apache sur- 
face, also suggests repetition by thrusting. Although 
there is no surface expression of  the thrusts, tile diabase 
is inferred to be sill-like masses that were intruded not 
more than 500 feet below the pre-Apache surface. 
Exposures in the area of the Ripsey Wash fault are 
mostly poor;  many areas mapped as granite are covered 
by thin films of alluvium; some may conceal Apache 
Group rocks. 

Faults that postdate the San Manuel Formation are 
west-dipping, low-angle gravity slides, high-angle, north- 
northwest-trending faults, and a few east-northeast- 
trending faults. Some high-angle faultf,, or some of 
the movement on them, postdate the Big Dome Forma- 
tion; a few postdate the Quiburis Formation.  The 
Indian Camp fault in the northeast part of  the quad- 
rangle may be a gravity slide similar to a major fea- 
ture in the Putnam Wash quadrangle. 

Although the monoclinal structures may have formed 
as separate en echelon folds, the alternative suggestion 
of a single monocline, later separated by faulting, is 
appealing. In the Crozier Peak quadrangle, the southern 
end of  the ridge of steeply overturned strata swings 
abruptly east and abuts Ruin Granite, suggesting a 
strike-slip fault that caused the abrupt change in strike 
and dip of the Precambrian sedimentary rocks and 
separated the segment in the Winkelman quadrangle 
from the one in the Crozier Peak quadrangle. The 
segments were further separated by north-trending, 
high-angle faults. How much of  the movement on the 
strike-slip and north-trending faults is older than the 
San Manuel Formatiort and how much is younger is 
uncertain. The fold in the older rocks is reflected in 
tile younger deposits, which also swing east. Additional 
evidence for major strike-slip faulting is: ( I )  the east- 
trending high-angle faults and low-angle shear zones 
that separate Ruin Granite from diorite and Williamson 
Canyon Volcanics in the northeastern part of  the 
Crozier Peak quadrangle, and (2) the fractured condi- 
t i o r / o f  the rocks in the north east corner of the Crozier 
Peak quadrangle that extends into the Kearny 
quadrangle. In this area of at least a square mile, few 
pieces on the surface are more than 6 inches in diameter 
and fractures are filled with carbonate, manganese 
minerals, specular hematite,  and locally pyrite.  Apache 
Group rocks are not in a normal sedimentary sequence. 
Other masses of brecciated rock with at tendant  chaotic 

found within the 15-minute quadrangle, numerous 
prospect pits, shafts, a n d  adits have e x p l o r e d  the 
principal mineralized areas, which are in granitic rocks 
in the southeast corner and in the north-central and 
northwestern parts of the 15-minute quadrangle. Some 
of the mineralization may be Precambrian in age, 
but most of it probably is related to Laramide intrusive 
bodies. 

In the Crozier Peak quadrangle, mineralization is 
confined to the Ruin Granite and Cretaceous diorite 
in the northeast part of the area and to Ruin Granite 
elsewhere. In the northeast corner, brecciated areas are 
veined with calcite, manganese oxide, specularvar ie ty  
of hematite,  and goethite. Pyrite and copper staining 
is common in diorite. .Quartz-sericite alteration with 
disseminated pyrite and a little copper mineralization 
is common in the northwest part of the quadrangle. 
In the southwestern part,  two ages of  quartz veins 
were noted:  those that are older than the Precambrian 
diabase and those that are younger, probably of 
Laramide age. The younger  quartz veins strike east- 
ward, generally are I to 2 inches wide, locally 12 
inches wide, and contain small pyrite cubes (as much 
as 4 mm). Associated with some of the shear zones 
and Laramide dikes are veins of  calcite; one in the 
southeast corner of the quadrangle 5 to 10 feet wide, 
locally 20 feet wide, consists of coarsely crystalline (at 
least 1 cm) white and brown calcite and finer grained 
(less than 2 mm) pink calcite. Pink and white calcite 
are veined by brown calcite that has about the grain 
size of the pink calcite. X-ray examination proved 
that all the carbonate is calcite. 

DESCRIPTION OF MAP UNITS 

SURFICIAL DEPOSITS 
~ Alluvium (0-15 ft exposed).-Flood-plain deposits 

along valley bot toms composed of clay, silt, sand, and 
some gravel; largely unconsolidated. 

~ Talus (0-20 f t ] . ' -Veneer  of rock debris derived from 
adjacent bedrock. Many talus deposits, not identified on 
map, partly cover diabase, upper member of Dripping 
Spring Quartzite, and Pioneer Formation.  

6t~ ~ Soil and gravel veneer on ped#nents and younger 
terraces (0-25 ft).-Subangular pebbles and cobbles in a 
generally reddish brown, fine- to coarse-grained matrix. 
Originally covered wide areas west and south of Ripsey 
Hill ridge, where present surface is only slightly below 
the pediment su'rface. The dark-red-brown soils were 
developed d.uring one of  the pre-Wisconsin interglacia- 
tions. 

~ Undifferentiated gravel.- Terrace or pediment gravels, 
- t a l u s ,  and alluvium; includes isolated exposures of 

underlying rocks. 

repetition of small masses of Apache Group rocks and 
granite occur just north and northeast of  the Crozier 
Peak quadrangle. 

MINERALIZATION 

The Winkelman 15-minute quadrangle, of  which the 
Crozier Peak is a part, is adjacent to three major copper 
deposits: the San Manuel to the southeast, the 
Christmas to the northeast,  and the Ray to the north- 
west. Although no economic del~osits have yet  been 

~-.~ SAND AND GRAVEL (0-MORE TITAN 100 FT EXPOSED) 
Poorly consolidated alluvial gravel and sand composed 

largely of granules and small pebbles in a finer grained 
matrix,  derived largely from Ruin Granite and related 
rocks. Concealed in many places by alluvial and 
colluvial material on valley bot toms and slopes and by 
red soil developed on upper (pediment)  surfaces. 
Gravels east of t tackberry Wash in the northern part 
of the quadrangle were deposited in channels that were 
cut in the San Manuel Formation during the formation 
of the present drainage system. Sand and gravel in the 
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southwestern part of  the map area and east of  Ripsey 
Ranch are tentatively included in this unit.  Some or all 
of them may belong to an old6r formation. 

BIG DOME FORMATION 
(Thickness unknown, probably not more than a few 

hundred feet in this area). Named by Krieger and 
others (1974) for exposures at Big Dome, Sonora 
quadrangle, where it was mapped but not named by 
Cornwall and others(1971). Yellowish-gray, pale-olive, 
to grayish-orange pink; derived largely from Oracle 
Granite in the Crozier Peak quadrangle. Some lenses 
contain scattered to abundant clasts of  diabase, Precam- 
brian and Paleozoic sedimentary rocks and Late Creta- 
ceous and(or) early Tertiary rocks, generally in a 
granitic matrix; local beds of rhyolite tuff. Clasts 
generally pebble to cobble sized, local large boulders; 
mostly subangular to subrounded. Well indurated along 
Hackberry Wash; elsewhere poorly indurated and poorly 
exposed. 

For  a short distance along Hackberry Wash south of 
its junction with Eagle Wash, an angular unconformity 
between gently dipping Big Dome Format ion and more 
steeply dipping San Manuel Formation is exposed. Be- 
cause of relief on the underlying gravel surface and the 
presence of several fault's of small displacement, the 
unconformity was clearly recognizable only in this 
local area. Elsewhere, the contact  between the two for- 
mations is very arbitrarily located, as composit ions and 
bedding features are very similar. Where the uncon- 
formity is exposhd, the Big Dome Format ion is a little 
yellower in color and slightly finer grained than the 
underlying San Manuel Formation.  The unit mapped 
as Big Dome Formation includes the poorly exposed 
ridge-top gravels ,  Which could be .  weathered and 
slumped San Manuel Format ion or younger sand and 
gravel. 

SAN MANUEL FOILMATION C' f~)  
Thickness unknown, b/~t at least 6,000 f t . - N a m e d  

by Heindl (1963). Divided into following units in this 
quadrangle: 

Granitic alluvial deposits (thickness unknown, possibly 
1,000 to 2,000 ft).-Yellowish-gray, pale-olive, to gray- 
ish-orange-pink; derived largely from Ruin Granite and 
related rocks: granitic material largely light colored, 
locally red; some lenses with scattered to abundant 
clasts of Precambrian and Paleozoic sedimentary rocks, 
Late Cretaceous and(or) early Tertiary intrusive rocks, 
and Late Cretaceous or Tertiary andesite, generally in a 
granitic matrix. Local beds of rhyolite and rhyodacite 
tuff, concretionary tuff, and s a n d y  beds with small 
rhyolite(?) lapiUi. Table 1 gives chemical and normative 
compositions and location of the rhyodacite tuff bed 
from which K-Ar ages of 18 (on biotite) and 24 (on 
sanidine) m.y. were obtained. Clasts generally pebble 
to cobble sized, but some are 10 ft long; subangular to 
subrounded, except for angular cobbles and boulders of 
granite and Paleozoic rocks north of the east end of 
east-trending ridge of Precambrian sedimentary rocks. 
Interbeds of sand-sized particles, with or without 
scattered pebbles and cobbles, are mostly well and thin 
bedded; some can be traced for several hundred feet at 
least. In many places bedding is poor to indistinct, 
especially in southern part of area, and on ridge tops, 
where the unit is poorly indurated and poorly exposed. 
Beds with nongranitic material may be more indurated 

than adjacent granitic gravels. Near granitic bedrock, 
some granite clasts may have accumulated as talus. Near 
junction of Hackberry and Eagle. Washes, well-bedded 
and well-indurated material, with few clasts larger than 
small cobbles, resembles the playa(?) deposits  near 
Beehive Well on Putnam Wash. 

TABLE l.-Chemical and normative composition of 
rhyodacite tuf f  bed on north side of  Jim Thomas 
Wash, east edge of  see. 19, T. 5 S., R. 14 E. 
[Analysis under direction of  Leonard Shapiro, methods 

given in U.S. Geol. Survey Bull. 1144-A] 

Field No. W-158 

Chemical composit ion CIPW n o r m s  
(in percent) (wt percent) 

St02 59.4 
A12 0a 15.8 

Fe20a 2.2 

FeO " 1.7 
Mg0 2.0 

Ca0 3.7 
Na20 2.6 
K2 0 1.3 

• H2 0-  4 . 6  

H20+ 5.6 
Ti02 .64 
P20s .17 

Mn0 .12 
C02 <.05 

Sum 100 

Q 32.0 
C 4.2 
or 8.6 
ab 24.5 
an 19.2 

en 5.6 
fo .5 
mt 3.6 

il 1.4 
ap .5 

Total 100 

Salic 88.6 

Femic 11.4 

In calculating the norm, 
both H~ 0+ and H2 0- were 
omitted 

Nongranitic alluvial deposits.-Present in two areas: 
(1) larger area lies east of the granitic deposits; (2) 
smaller area underlies granitic deposits on east side of 
Ripsey Hill ridge. 

Larger area.-(Thickness probably as much as 3,000 ft 
based on outcrop width and att i tude, if not repeated by 
faults.) Pale-brown, brownish-gray, and olive-gray, 
locally grayish-red, especially in northeastern exposures. 
Angular to subrounded clasts, from silt to boulders as 
much as 8 ft in longest dimension; composed of frag- 
ments of Paleozoic limestone and sandstone and Pre- 
cambrian 'sedimentary rocks and diabase. Clasts of 
Williamson Canyon Volcanics or various Laramide in- 
trusive rocks locally abundant near the contacts with 
these rocks. A few beds near the southeast margin 
contain granitic clasts. Escabrosa Limestone usually 
forms the largest clasts. Boulders generally are erratically 
distributed; bedding is poorly developed, especially in 
southern exposures, where ratio of sand and silt to 
clasts is small. Shallow channels are fairly common. 
Some beds, especially in northern exposures, are fairly 
wel l  sorted with abundant closely packed, 2 - to  4-in. 
pebbles. The formation is more indurated in the 
northern part of the quadrangle than in the southern 
part. The-unit is part of a large area of dark non granitic 
alluvial deposits that are well exposed in the Kearny 
quadrangle and that grade into dark non~ra,,itic playa 
deposits, similar to the nongraninc playa deposits in 
the Crozier Peak quadrangle. 
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"Smaller area.-(Thickness probably as much as 1,000 
ft, based on at t i tude and outcrop width.) Coarse-grained 
and brown to yellowish brown in the western part,  
somewhat finer grained and yellov/,ish gray to pale olive 
to the east. Composed of  fragments from Preeambrian 
diabase and sedimentary rocks, Paleozoic limestone and 
sandstone, and Tertiary(?) mafic volcanic rocks, with 
local lenses containing clasts of  Ruin Granite and Late 
Cretaceous volcanic and Laramide intrusive rocks. 

Nongranitic playa deposits.-Beds up to 12 in. thick of 
light-olive-gray to light-brownish-gray sand and silt, 
alternating with conglomerate (mostly pebble sized). 
Same as the dark nongranitic playa deposits in the 
Kearny quadrangle. 

~'~r Andesitic volcanic rocks.-Andesite or basalt crops out  
along the east side of Ripsey Hill ridge from upper  Jim 
Thomas Wash,NW¼ sec. 30, T. 5 S., R. 14 E., south for 

2 ,3  miles; it is also exposed east of  Jim Thomas Wash 
in see. 20, T. 5 S., R. 14 E. Along upper Jim Thomas 
Wash near-vertical, north-trending flows, about 300 ft 
thick, are dark gray and porphyrit ic,  containing abun- 
dant 1-2 mm phenocrysts of light-brown olivine, 
pyroxene,  and magnetite in a very fine grained ground- 
mass of  plagioclase laths, pyroxene,  altered olivine, and 
magnetite. The unit consists of  several  flows with 
brecciated tops and bottoms'  that clearly flowed out 
over and baked the underlying gravels (to west). Locally, 
contact between andesite and overlying gravels is a 
high-angle fault; in other places, the contact appears to 

b e  sedimentary. Narrow band of  andesite, extending 
south from near the center of sec. 31, T. 5 S., R. 14 E., 
tentatively correlated with the flows to the north. It is 
medium light gray, finely vesticular, and contains 
fewer phenocrysts than the flows to the north. Pheno- 
crysts are hornblende and biotite, largely, altered to 
granular magnetite, and a few fresh pyroxenes. Ground- 
mass is altered, but plagioclase laths and mafic minerals 
are recognizable. East of lower Jim Thomas Wash light- 
brownish-gray vesicular andesite h a s  phenocrysts to 
2 mm in diameter of alterde mafic minerals (olivine?) 
in a groundmass of plagioclase laths, pyroxene,  and 
altered olivine. It closely resembles some of the andesite 
of Depression Canyon (of the Galiuro Volcanics), 
especially the thin flows between Bear Springs and 
Whitewash Canyons that are about 25 m.y. old (Krieger, 
1968a). 

7S~ Megabreccia.-Lenses of megabreccia interbedded in 
granitic and nongranitic alluvial deposits; extremely well 
indurated, especially those composed of quartzite and 
limestone; mostly angular to subangular fragments in a 
matrix of ground-up material of  the same composition. 
Probably formed as landslide b locks .  Essentially 
monolithologic breccias of  Ruin Granite occur in granit- 
ic and nongranitic deposits east of Ripsey Hill ridge. 
Small amounts of  breccias of Precambrian sedimentary 
rocks and diabase are locally associated with them. 
Intermittent lenses of breccia, largely of Escabroas 
Limestone, in nongranitic deposits from north edge of  
map area on both sides of Jim Thomas Wash southward 
for nearly 1 ½ miles to east of Hackberry Wash near 
west edge o f  sec. 21, T. 5 S., R. 14 E. They are the 
southern end of extensive breccias interbedded in playa 
and alluvial deposits  and composed of daiabas, Precam- 
brian and Paleozoic sedimentary rocks, Late Cretaceous 
volcanic rocks,and Laramide intrusive rocks that extend 

north of  the map area for more than 2 miles. 
A north-northwest-trending compoundlens  of  breccia, 

bounded on the west by a fault, separates gr~initic from 
nongranitic deposits between Jim Thomas and ttack- 
berry  Washes. Although most of the area is brecciated, 
at the highest point on the ridge, the lower member of 
the Abrigo Formation apparently rests conformably on 
upper member  of the Troy Quartzite;  neither unit  
appears to be appreciably brecciated. Other quartzite 
and the limestone masses are good monoli thologic 
breccia. The base of  the unit is a diabase breccia that 
rests on a thin layer of undisturbed sand and gravel, 
above unbrecciated andesitic flows. 

T h e  breccia mass east of Ripsey 'Hill ridge near the 
northern part of the area is a jumble of  Dripping 
Spring and Troy Quartzites, diabase, Mescal Limestone, 
and basalt; some of  it is not appreciably brecciated. The 
small lens of Escabrosa and Martin, shown as mono- 
lithologic breccia in NW¼ sec. 19, T. 5 S., R. 14 E., 
may be a landslide block younger than the t i l ted 
gravels, or it may result from unrecognized faults. 

Along the north side of  the diorite mass, between 
Indian Camp and Eagle Washes, brecciated diorite 
diorite grades northward into talus and sedimentary 
breccia and into nongranitic alluvial deposits composed 
largely of  diorite. In some of  the breccia just west of 
Indian Camp Wash, ctasts are subrounded and the 
matrix is similar to that in the alluvial deposits. 
DIKES AND IRREGULAR INTRUSIVE MASSES 

' ~ n d e 2 ! ~ - D a r k - g r a y  to grayish-black, 'very 
fine grained to aphanitic rock with plagioclase pheno- 
crysts, as much as 8 mm in length, making up a t  least 
one-fourth of the rock. Mafic phenocrysts,  few, incon- 
spicuous, and usually less than 2 mm long, of pyroxene,  
partly altered to hornblende,  epidote, or zoisite and 
smaller magnetite crystals. Groundmass of lathtike 
plagioclase, magnetite, and acicular hornblende. Intrudes 
Williamson Canyon Volcanics and diorite; an unmapped 
dike intrudes a small mass of older quartz latite 
porphyry in NE¼ sec. 1, T: 6 S., R. 13 E. 

tz latite porphyry.-Intrudes tatite and 
rhyolite porphyries. Most latite(?) porphyries are dikes 
only a few feet wide, very light co lo red ,  with platy 
flow structure; a few very ~nconspicuous feldspar 
phenocr.ysts, mostly less than 2 mm long, and smaller 
altered mafic minerals, probably originally hornblende 
or biotite. Aphanitic to granular groundmass; granular 
phase probably represents devitrified glass. Distinct 
from these latite(?) porphyries are the larger (50 to 
100 ft wide) "dikes of quartz latite or rhyolite (NWIA 
sec. 11, T. 6 S., R. 13 S., and N½ sec. 27, T. 5 S., 
R. 14 E.); very light yellowish, greenish, to pinkish 
gray with fairly abundant phenocrysts of euhedral to 
resorbed quartz ( l -2 ram) and K-feldspar and altered 
plagioclase (1-3 mm), with or without a few tiny 
magnetite and altered mafic phenocrysts, in an aphanitic 
and devitrified groundmass. No age data or chemical 
analyses are available for any of these rocks. They 
intrude diorite and some of the rhyodacite porphyry 
dikes. Also mapped as younger quartz latite porphyry 
is the 200-ft-wide dike in west-central part of sec. 24, 
T. 5 S., R. 13 E. It is pale red with a very few tiny 
phenocrysts of feldspar (some are microcline and may 
be xenocrysts from the granite), biotite, and quartz in 
an aphanitic, devitrified groundmass with numerous 
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tiny rugs. Flow structure is well developed, i t  may be 
Miocene in age. 

~y~__.Younger r t.~yo~tacite porphyry.-Two dikes mapped: 
(1) one in NE¼ sec. 24, T. 5 S., R. 13 E., intruding older 
quartz latite porphyry (Klo) and an o lder  rhyo- 
dacite porphyry  (TKrq); (2) one in SE¼ sec. 25, T. 5 S., 
R. 13 E., intruding hornblende andesite porphyry (Kha). 
Both are medium reenish r a  to olive gray with abun- 
dant phenocrysts of plagioclase, as much as 7 mm long, 
and smaller phenocrysts of hornblende and biotite in an 
aphanitic groundmass. Chilled margins of both dikes 
contain smaller and fewer phenocrysts. 

Hornbtende_p.o_._rph_O2Lry.-Medium-gray to greenish- or 
~ f i n e - g r a i n e d  porphyri t ic  to essentially non- 
porphyri t ic  rocks of probable hornblende andesite to 
hornblende rhyodacite composition. Many of  the dikes 
are less than I0 ft wide. Most hornblende and the rare 
feldspar phenocrysts are only slightly larger than 
groundma~s size (1-2 mm), but locally hornblende 
needle- and lath like crystals are as much as 5 mm long. 
Some dikes are darker in color and are characterized by 
a fine-grained groundmass composed of feldspar and 
numerous small hornblende needles. The east-trending 
dike in sec. 27, T. 6 S., R. 14 E., and the north-north- 
west-trending one that extends from SW¼ sec. 29 to NE 
¼ see. 30, T. 6 S., R. I4 E., are of  this type..The north- 
northwest-trending dike is cut by east-trending dikes of 
similar composit ion but lighter color that have fewer but 
longer (5 mm) hornblende crysta!s. Both types are 
probably closely related in time and probably of  
andesitic composition. 

Melanocratic rhyodacite p o r p h y r y . - ~ r a y  rock 
with a g r ' e e ~ ) ~ i h ~ . ~ e ~ ' f f ~ y s t g  of plagioclase, quartz, 

"and hornblende. In the large mass north of  Tecolote 
Ranch that intrudes older quartz latite porphyry,  
plagioclase phenocrysts and somewhat less abundant 
euhedral to resorbed quartz phenocrysts are 1-10 mm in 
diameter and scattered hornblende laths are as much 
as 8 mm, but mostly less than 3 mm. Groundmass 
generally granular, not aphanitic, as in most of  the 
rhyodacite porphyry;  composed of plagioclase, horn- 
blende, K-feldspar, and magnetite; largely altered to 
chlorite, calcite, and epidote. Most hornblende pheno- 
crysts are altered; and feldspar is sericitized and saus- 
suritized. Some dikes, .tentatively classes as melanocratic 
rhyodacite,  have few or no quartz phenocrysts and (or) 
small sparsely distributed plagioclase. A few have 
biotite. As all intrude Ruin Granite and some contain 
xenoliths of  the granite, it is possible that some fine- 
grained mafic rocks with xenocrysts have been mapped 
as melanocratic rhyodacite porphyry.  Chilled margin of 
the dike along the road about ¾ mile southeast of 
Tecolote Ranch resembles dikes mapped as fine-grained 
quartz diorite in the Winkelman quadrangle (Krieger, 
1974a), whereas the chilled margin of  the dike that cuts 
diabase, near the center of west edge of sec. 35, T. 5 S., 
R. 14 E., resembles fine-grained hornblende porphyry 
(TKh). 

Rt~'ottafite p0.r~/A2,rD2~-Dikes, a few feet to more 
than 200 ft wide, and pluglike to irregular bodies. 
Mostly aphanitic rocks with abundant phenocrysts of 
feldspar, less abundant biotite and hornblende, with or 
without quartz. Those with obvious quartz phenocrysts 
(TKrq) are medium gray to greenish gray, but light 
brownish, yellowish, or olive gray where altered; surface 
weathers to a limonitic brown. Their feldspar and quartz 

k 

phenocrysts are mostly 1-2 ram, locally 5 or more mm 
long; bioti te and hornblende phenocrysts are mostly 
!-2 mm. 'Groundmass is aphanitic and mostly creamy 
to greenish in color. Quartz is resorbed. Alteration 
products are epidote, chlorite, and opaq.ues. 

Dikes. with little or no quartz as phenocrysts (TKr) 
are medium gray to brownish or olive gray with very 
abundant plagioclase phenocrysts and less abundant 
phenocrysts of  hornblende and bioti te  in a creamy, 
aphanitic groundmass. Feldspar phenocrysts, mostly 
1-2 mm in length, locally as much as 1 cm, make up 
approximately 30 percent of the rock. Hornblende and 
bioti te phenocrysts, usually not more than 1-2 mm in 
in largest dimension, generally present in about equal 
amounts; locally, hornblende is the principal mafic 
mineral. Where badly altered, feldspar and mafic pheno- 
crysts may be difficult to see on a freshly broken sur- 
face. The groiandmass is composed of plagioclase, 
quartz, K-feldspar, hornblende, biotite,  and magnetite. 
Both the groundmass and phenocryst  minerals in some 
dikes are altered to chlorite, epidote, magnetite, and 
calcite. 

Unclassified dikes 1 
/~ DIKES, SILLS, AND IRREGULAR INTRUSIVE MASSES 

Granodiorite.-An irregular mass of granodiorite in- 
trudes Precambrian rocks along the north edge of the 

• quadrangle and east-trending dikes intrude .granite and 
diorite. The granodiorite is identical to, and some of the 
dikes, are"offshoots of, an irregular mass in the Winkel- 
man quadrangle. Biotite from the Winkelman mass 
dated by the K-Ar method 66.0+2.0 m.y. Damon and 
others (1964, Copper Hill quartz monzonite  p. 48 ) 
obtained a date of 68 m.y. on bioti te from this 'mass. 
The granodiorite is medium-light-gray with a brownish 
tinge;contains abundant 1-5 mm laths plagioclase. 1-3 
mm books of biotite;  1-5 mm laths of hornblende, and 
small magnetite crystals. Fine-grained to aphanitic 
groundmass in narrower parts of dikes, but only 
slightly finer grained than the smaller phenocrysts 
in .the larger mass. Groundmass of quartz, K-feldspar, 
plagioclase,and mafic, and opaque minerals. Most biotite 
is fresh, some is altered to chlorite; hornblende generally 
more altered than biotite. Much of the granodiorite in 
the irregular mass in this quadrangle is badly altered. 

1 ~  Hornblend Diorite.- The dike near the center of the 
quadrangle (sec. 7, T. 6 S., R. 14 E. )c lose ly  resem- 
bles the hornblende diorite in the northeast corner of 
the Winkelman quadrangle; medium gray to medium 
light olive gray with abundant 1-2 mm phenocrysts 
of  saussuri'tized plagioctase and smaller marie minerals 
(now altered to chlorite and epidote), magnetite, and 

z Numerous dikes, sills, plugs, and irregular igneous 
masses intrude Precambrian rocks, Abrigo Formation,  
Escabrosa Limestone, and Williamson Canyon Volcanics, 
and the earlier intrusive rocks. Many are only a few 
feet wide and greatly exaggerated on the map. Many 
small ones are not represented. The dikes were classified 
mainlY by comparing hand specimens during the final 
stages of mapping. The classification was hampered by 
compositional variations of the dikes along strike and by 
alteration. Separation of  narrow dikes was most difficult 
because they are multiple, branching, and offset. The 
intrusive rocks are classified as to relative age; some 
conclusions are tentative. Where insufficient data were 
collected, the dikes were lumped as unclassified ITKul. 
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very +little quartz in a badly altered, very fine grained 
groundmass. 

Diorite.-Medium-dark-gray, fine- to medium-grained 
(mostly less than 2 mm), composed of  plagioclase, 
pyroxene,  hornblende, biotite,  magnetite,  and some 
quartz and K-feldspar. Local alteration products are 
epidote, chlorite, and sericite. I tornblende from a 

specimen collected in the Winkelman quadrangle from 
the eastern extension of  the mass north of  Crozier Peak 
gave an age of 65.6_+2.0 m.y. The diorite may be about 
the same age (71 m.y., biotite, 82 m.y., hornblende) as 
the Tortilla Quartz Diorite in the Sonora quadrangle 
(see also Banks and others, 1972). 

Dacite porphyry.-Medium-gray porphyry  with olive 
tinge; phenocrysts of zoned, twinned, and altered 
plagioclase less than 1 to about 4 mm in length; of  
hornblende, less than I to more than 2 mm in length, 
and smaller pyroxene and magnetite. Smaller horn- 
blende phenocrysts almost completely altered to gran- 
ular magnetite; larger ones have narrow rims of magnet- 
ite. Groundmass of plagioclase laths, pyroxene(?),  and 
magnetite; spotty areas of epidote, chlorite, and calcite. 
Joan Engels (written commun.,  1968) has dated horn- 
blende from this mass at 71.3+2.1 m.y. by the K-Ar 
method.  The chemical and normative composit ions 
(table 2) indicate a probable dacitic composit ion.  

TABLE 2.-Chemical and normative compositions o f  
hornblende andesite porphyry and dacite porphyry 

[Analyses under direction o f  Leonard Shapiro, methods 
given in U.S. Geol. Survey Bull 1144-A] 

Field No. W-149 W-169 W-149 Wo169 

Chemical composit ion C.I.P.W. norms 
(in percent) (wt percent) 

Si02 55.3 57.3 
A1203 18.5 15.6 
Fe20a 6.7 .80 
Fe0 .84 6.0 
Mg0 2.5 3.8 
Ca0 7.8 4.6 
Na20 3.5 3.9 
K20 1.4 1.8 
H20 .25 1.3 
Hz0+ 1.7 2.9 
Ti02 .94 .82 
Pz0s .22 .18 
Mn0 .17 ~15 
C02 < .05 < .05 

Sum 100 99 

Q 11.4 9.4 
or 8.5 11.2 
ab 30.3 34.8 
an 31.3 20.8 

• w o  2.8 0.8 
en 6 . 4  I0.0 
fs 9.8 
mt 0.5 1.2 
hm 6.5 
il 1.8 1.6 
ap 0.5 0.4- 

Total 100.0 100.0 

Salic 81.4 76.1 
Femic i 8.6 23.9 

In calculating the norms,  
both H2 0+ and H2 0- were 
omitted 

W-149-Hornblende  andesite porphyry,  SE¼ sec. 25, 
T. 5 S., R. 13 E. 

W-169 - Dacite porphyry,  SE¼ sec. 1, T. 6 S., R. 14 E., 
just north of Hackberry Wash - Tecolote Ranch road. 

Older quartz latite porphyry.-Possibly latitic to rhyo- 
litic in composition. Greenish- to yellowish- and very 
light brownish-gray rock that weathers nearly white, 
composed of  scattered phenocrysts of plagioclase and 
altered mafic minerals, mostly I-2 mm long. Ground- 
-mass devitrified and altered; some of it may have been 

perlitic. Mafic phenocrysts  mos t ly  ' o f . b io t i t e ,  locally 
hornblende. A small mass in NE¼ see. 1, T. 6 S., 
R. 13 E., containing fresh biotite and small magnetite 
phenocrysts,  is correlated with older quartz latite 
porphyry.  

gha. Hornblende andesite porphyry.-Medium-gray rock 
with a blfiish tinge, containing scattered hornblende 
phenocrysts as much as 1 cm long. Very fine grained to 
aphanitic groundmass; abundant  small phenocrysts  of 
altered plagioclase, light-green clinoenstatite,  and mag- 
netite, mostly less than 1 mm in diameter;  hornblende 
usually narrowly rimmed by granular magnetite.  Spot ty  
chlorit ization of the groundmass is common. The small 
offset southern part of the mass is more altered than the 
northern part,  and hornblende phenocrysts are not as 
obvious. Chemical and normative compositions (table 2) 
indicate an andesitic to dacitic composit ion.  Hornblende 
from an identical-appearing dike in the Sonora quad- 
rangle gave a K-Ar age of 128 m.y.,  suggesting an Early 
Cretaceous age (Cornwall and others, 1971; Banks and 
others,1972).  

VOLCANIC ROCKS 
Rhyodacitic to  quartz latitic pyroclastic rocks and 

f lows . -  Occurs in two areas: 

1. South of  upper Jim Thomas Wash extending north 
from the Hackberry Wash-Tecolote Ranch road for 
about a mile and a half. Maximum thickness of  about 
300 ft. Poorly exposed, olive-gray to gray flows(?), 
flow breccias and intrusive(?) rocks containing pheno- 
crysts of  plagioclase (1-I0 mm), green hornblende(?) 
(1-15 mm), and smaller magnetite. Plagioclase and 
hornblende(?) are badly altered. Epidote occurs in the 
groundmass and as large areas that probably represefit 
volcanic fragments and (or) xeno!iths; also with calcite 
in rugs. The unit does not resemble the volcanic rocks 
to the north but may be of essentially the same age. It 
lies on the east side of  the andesite that occurs in the 
San Manuel Formation,  apparently along a major fault, 
whereas the volcanics west of Jim Thomas Wash are 
west of (below) the andesite and associated nongranitic 
alluvial deposits. 

2. West of  Jim Thomas Wash (maximum thickness of 
about 1,000 f t ) . -Composed  of volcanic clasts as much 
as a foot in diameter and smaller lithic and crystal frag- 
ments in a matrix of devitrified ash. Matrix mostly light 
to very ' l ight  gray and brownish gray. Clasts, medium- 
light brownish-gray, purplish-gray and locally moderate-  
gray, composed of  euhedral to resorbed quartz pheno- 
crysts, as much as 3 mm in diameter; fresh to sericitized 
plagioclase, a~ much as 8 mm long; fresh to altered 
hornblende, about 1 mm long; larger altered biotite,  
and smaller magnetite; some mafics altered to chlorite, 
The groundmass of the clasts is cryptocrystall ine.  
Crystal fragments of  broken and fractured quartz and 
plagioclase, fresh hornblende, biotite (now largely 
altered to chlorite), magnetite, and a little microcline. 
Matrix, in addition to the finely comminuted lithic and 
crystal fragments, probably once consisted of shards and 
pumice, although none were recognized. No evidence of 
ash-flow origin or flow structure were noted,  nor was 
bedding observed. Southern, wider part may contain 
latite or andesite flow or massive tuff. The local 
presence of conglomerate similar to that described 
below (Kc), beneath the Williamson Canyon Volcanics 
in the Saddle Mountain quadrangle suggests a correla- 
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tion, but those volcanic rocks are andesitic in composi- 
tion. Some of  the volcanic clasts in the pyroclastic 
rocks are similar in composit ion and general appearance 
to some of the flow breccias in the Glory Hole 
Volcanics (Krieger, 1968b; see also Simons, 1964). The 
volcanic rocks west of Jim Thomas Wash are intruded 
by hornblende porphyry  and by unclassified dikes. 

Basal conglomerate.-Composed of well-rounded large 
cobbles and small boulders of granitic rocks, quartzite,  
and a few of  porphyry  similar to the fragments in the 
volcanic rocks. 

Williamson Canyon Volcanics.-Named by Simons 
(1964); Wiilden (1964), called these same rocks "un- 
named volcanic and sedimentary rocks." Extend east- 
ward f rom Eagle Wash to north of  Crozier Peak. Dark- 
gray andesite(?) porphyry with phenocrysts of  plagio- 
clase as much as 6 mm long, hornblende rimmed 
with epidote(?), altered pyroxene,  and magnetite, in a 
very fine grained to aphanitic groundmass of  plagioclase, 
hornblende, pyroxene,  biotite,  and a little quartz; some 
chlorite alteration. Closely associated with and intruded 
by diorite. Contacts with diorite separate areas com- 
posed largely of diorite from those composed of vol- 
canics and as much as 50 percent diorite. Abundant  
xenoliths of Troy Quartzite, granite, and epidotized 
fragments of Escabrosa(?) Limestone, pebbles to lenses 
of mappable size. In some plases the unit is a volcanic 
breccia. Except for its finer grain size, the volcanics 
supei'ficially resemble the diorite. In a few places the 
diorite is clearly intrusive into the volcanic rocks. Be- 
cause of  their probable andesitic composit ion,  these 
volcanics are correlated with the Williamson Canyon 
Volcanics in the Saddle Mountain quadrangle,Christmas 
quadrangle, and Klondyke quadrangle (Si.rnons, 1964). 

ESCABROSA LIMESTONE (0-ABOUT 200 FT IN THIS AREA) 
Massive, cliff-forming, thick-bedded, light-colored, 

fossiliferous, mostly coarse-grained, crystalline lime- 
stone, separated by slope- and ledge-forming, thin- 
bedded, dark-colored, fine-grained silty and dol0mitic 
limestone. The basal 38 ft of  the formation above the 
measured section of the Martin Formation is composed 
of these darker beds. Limestone lenses about one-half 
mile northwest .of the top of Crozier Peak meta- 
morphosed, especially the eastern end of the southern 
mass, to massive brown and yellow andradite in 
crystals 0.1-3.0 mm in diameter, associated with 
epidote. Limestone lens near Eagle Wash contains con- 
siderable epidote. Limestone in both lenses tentatively 
correlated with the Escabrosa. Because of brecciated 
character and occurrence in an' area where Paleozoic 
formatiot:~s in normal sequence are absent, these lenses 
may represent landslide blocks later caught up in 
volcanic and intrusive rocks.(Named by Ransome, 1904). 

MARTIN FORMATION (MAXIMUM OF ABOUT 275 FT) 
Upper member (0-120 ft  thick}.-Shale and siltstone, 

in part dolomitic and calcareous; very thin bedded, 
yellowish brown to light olive gray, weathers grayish 
orange. A few thin beds of limestone and dolomite,  
especially at top. 

Lower member (0-155 f t  thick).-Dolomite and lime- 
stone; brownish gray to olive gray and medium gray; 
dense to finely crystalline. A few quartzite and cal- 
careous to dolomitic sandstone beds especially in lower 
part. The upper shaly unit is equivalent of most of the 

formation in the Holy Joe Peak area (Krieger, 1968a-d), 
where it is' 100 to 250 ft thick, with locally as much as 
50 ft of limestone at the top. The lower carbonate unit 
is equivalent to most of  the formation in the Ray and 
Superior.areas (Cornwall and others, 1971 and Peter- 
son 1969).(Named by Ransome, 1904). 

Section of  Martin Formation measured in 
NW¼ sec. 30, T. 5 S., R. 14 E., due west 
where Jim Thomas Wash swings northeast 

Escabrosa Limestone 
Martin Formation 

Upper member 
Limestone, dense, platy, very light brown- 

ish gray; weathers light olive gray i 0 
Siltstone and shale, dolomitic,  very thin 

bedded, moderate yellowish-brown to 
light-olive-gray; weathers grayish orange 110 

Total thickness of upper member 120 
Lower member 
Limestone, crystalline, light-brownish- 

gray; weathers light olive gray, moderate- 
ly fossiliferous; beds as much as 18 in. 
thick, locally thin-bedded and silty "14.5 

Limestone and dolomite,  thin-bedded 30.5 
Limestone, dense, olive-gray to medium- 

gray; weathers light olive gray to light 
gray; very fossiliferous at top;  fossils 
include Cyrtospirifer, Stropheodonta, 
Atrypa, small spiriferoids, and crinoid 
stems I 0 

Sandstone, calcareous, yellowish-gray; 
weathers nearly white 10 

Limestone, dense, light-olive to greenish- 
gray; weathers very light gray; scattered, 
rounded, frosted quartz grains 10 

Dolomite, pale-red, thin-bedded 1 
Dolomite and limestone, poorly exposed 15 
Sandstone, or quartzite, very light gray 

with pinkish-tinge, medium-grained 23 
Limestone, fine grained, brownish-gray; 

weathers light olive gray, thinly lam- 
inated 24 

Red, hematitic bed 2 
Limestone, crystalline, dark-gray (spark- 

ly); weathers medium to dark gray, 
thinly laminated; probably equivalent to 
the host rock for ore bodies in the 
Magma mine at Superior and the Christ- 
mas mine ~ 14 

Total thickness of lower member 154 
Total thickness of Martin Format ion 274 

Abrigo Formation 
l In some places a light-gray dense carbonate 

bed underlies the dark-gray ore horizon, 
and a 10- to 25-ft bed of quartzite overlies 
it 

Thickness 
(feet) 

Remarks on Abr igo  Formation (About 268 ft)  
The formation consists of three members east of the 

San Pedro River (Krieger, lt968a-c). Middle member un- 
mapped, generally absent, or only a few feet thick; 52 
feet thick below measured section of Martin Formation.  
Very fine grained, well-sorted orthoquartzi te  with a few 
silty interbeds. 



LOWER MEMBER OF ABRIGO FORMATION 
(216 ft measured, see measured section for location) 

.Pale-yellowish:brown to olive gray sandy mudstone, clay- 
stone, and s i l ts tone-with some beds of  dolomite and 
sandstone; thin-bedded, with very irregular bedding 
surfaces; very similar to the member in the Holy Joe 
Peak area(Krieger, 1968a-e). Dolomite most abundant  
near the middle of  the member.  Quartzite or coarse- 
grained sandstone with abundant  phosphatic brachio- 
pods; some dolomitic sandstone 50 ft below the top in 
the area where the Martin was measured. Locally, basal 
5 ft and uppermost  10 ft are quartzite containing 
phosphatic brachiopods. At 5 ft mafic (trachytic) sill 
occurs about 100 ft above the base. Mudstone member 
generally rests directly on Troy Quartzite, but locally a 
few feet of thin-bedded, fine- to medium-grained banded 
sandstone overlies and appears to grade downward into 
typical pebbly Troy Quartzite. Most of  this sandstone is 
believed to belong in the Troy, but some of it resembles 
thin beds at the top of  the Middle. Cambrian Bolsa 
Quartzite (not present in this quadrangle); in one place 
an angular clast o f  quartzite,  probably Troy, was 

observed. (Named by Ransome, 1904). 
DIABASE 

Dark-gray to dark-greenish- or olive-gray, fine- to  
coarse-grained rocks with diabasic to ophitic texture;  
composed of plagioclase, pyroxene,  olivine, magnetite,  
and ilmenite; l i t t le K-feldspar and quartz; some chlorite, 
epidote, sericite, and calcite alteration. The wider.sills(?) 
(200-400 ft) that  are well below the pre-Apache surface 
are identical to the known Precambrian diabase sills 
that occur in the Apache Group or within 500 ft below 
the pre-Apache surface. Their presentd is t r ibut ion  may 
be explained by known or probable faults. Some of the 
narrow (a few feet to 500 ft) dikes(?) or sill-like masses 
were questionably correlated with the Precambrian 
diabase, as they (Nos. 1-3, table 3) contain more Si02 
than and about half the Ti02 of known Precambrian 
diabase in the Sierra Ancha (Nos. 4-6, table 3) (A.F. 
"Shride, writ ten communication,1968).  Recent chemical 
analyses of  thick diabase sills in the Brandenburg Moun- 
tain quadrangle (Nos. 7-9, table 3), however, are very 
similar to the narrow masses in this quadrangle in 
Si02 and Ti02 content .  No chemical analyses of  the 
thicker sills in the Crozier Peak quadrangle are available, 
and none have been dated at yet. The consti tuent 
minerals in the narrow dikes and sills are usually too 
altered to give an age date on hornblende or biotite.  
Felsic dikes with hornblende needles that cut some of 
the large sills of  diabase probably are differentiates of  
the diabase. 
TROY QUARTZITE (ABOUT 700 FT) 

Originally considered Cambrian in age (Ransome, 
1915), but now known to be Precambrian, as it is 
intruded by diabase and unconformably overlain by 
Cambrian and (or) Devonian rocks (Krieger, 1961, 
1968a-e; Shride, 1967). Roughly separated into two 
units, both probably equivalent ' to  the Chediski Sand- 
stone Member of  the Troy-Quartzite (Shride, 1967). 

Upper unit (about 450 ft}.-White to very light gray 
and grayish-red, thin- to thick-bedded, feldspathic and 
nonfeldspathic sandstone, quartzite, and conglomerate,  
with clasts largely of  quartz, mostly less than ½ inch in 
diameter;  granules and pebbles are concentrated in 
upper few inches of  many beds. Locally fine to medium 
grained with thin beds and laminae of pinkish gray to 
very pale reddish brown sandstone near top of unit.  

Leisegang banding, not parallel to bedding, also common.  
Lower unit [165 ft  thick in SE¼ sec. 24, T. 5 S., 

R. 13 E.) .-Dark-brownish-gray outcrops of  medium- 
gray to pale-red conglomerate and sandstone, m o s t l y  
thin-bedded and lenticular; thin beds of greenish-gray 
argillite; clasts of  quartz and quartzite (some well 
rounded) and angular pieces of pink feldspar. Upper part 
consists of light-bluish-gray beds of fine-grained sand- 
stone with scattered well-rounded pebbles. Local con- 
volute laminations. 
APACHE GROUP 

Group, formations, and members named by Ransome 
(1903) except for Mescal Limestone (Ransome, 1915) 
and siltstone and arkose members of the Dropping 
Spring Quartz (Shride, 1967). 
BASALT (0-ABOUT 50 FEET) 

Local remnants between Mescal Limestone and Troy 
Quartzite, SE¼ sec. I3,  to NE¼ sec. 25, T. 5 S., 
R. 13 E. Blackish-red t o  grayish-red and brownish-black 
porphyrit ic,  amygdaloidal,  vesicular basalt (see Shride, 
1967, p. 42-44, for fuller discussion). 
MESCAL LIMESTONE (200-300 FT) 

Thin- to thick-bedded, brown to pale-red, dense to 
finely crystalline dolomite and cherty dolomite,  some 
calcareous dolomite and silty dolomite;  weathers brown 
to light gray. Locally metamorphosed by diabase to 
white silicate-bearing calcic limestone. Base of the 
formation is 0 to 15 ft of  brown, coarse-grained sand- 
stone .in a dolomitic matrix. About  20 ft above the 
base is a dolomite with conspicuous i r r e~ l a r  black chert 
layers and lenses parallel to bedding. It is separated 
from the underlying basal sandstone by about 2 ft of 
light-gray dolomite.  Pr.obably consists largely of the 
lower member of the Mescal (Shride, 1967, p.. 25-42), 
as no alg~/l structur~s-,~-~Itaracteristic o f t h e  overlying 
algal (middle) m e m b e r  o f  the formation,  were noted. 
The 293-ft section on the top of the east-trending 
ridge about 1,200 ft north of the southern border of  
sec. 24, T. 5 S., R. 13 E., is thicker than known sections 
of the lower member elsewhere. 
DRIPPING SPRING QUARTZITE (350-500 FT) 

Siltstone member (about 250 ft).-Thin-bedded, thinly 
laminated siltstone and very fine grained feldspathic to 
arkosic quartzite in shades of gray, brown, red, and 
yellow. A white to light-gray, medium, to coarse-grained 
quartzite, 25-50 ft thick, occurs near the middle of the 
member.  It was not recognized everywhere but is 
prominent  in the southernmost part of Ripsey Hill 
ridge, east of Tecolote Ranch. Granger and Raup (1964) 
subdivided the member into four units. 

Arkose member (150-200 ft).-Mostly medium-grained 
thin- to thick-bedded, cross bedded, red to pink 
feldspathic to arkosic quartzite. 

Barnes Conglomerate Member (10-50 ft.}. _ Ellipsoidal, 
well-rounded pebbles (~A - 6 in.) of quartzite, quartz, 
and red jasper, mostly closely packed, locally sparsely 
scattered, in a matrix of red to gray, coarse-grained 
arkosic sandstone or quartzite. 
PIONEER FORMATION 

(150 - nearly 300(?) ft ;  maximum thickness uncertain 
because of  poor exposures,possibili ty of unmapped sills 
of diabase and Late Cretaceous and(or) early Tertiary 
intrusive rocks, and unmapped lenses of Pioneer within 
tile sills.) 

Upper member.- Dark-red to purple siltstone and very 
fine grained sandstone with numerous pale-red to 
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TABLE 3.-Chemical  and normative composi t ions .o f  narrow sills or dikes o f  diabase, compared with large sills o f  
Precambrian age in Gila County and Aravaipa Canyon 
[Analyses under direction of Leonard Shapiro, methods given in U.S. Geol. Survey Bull. 1144-A, except in Y-19-64, 

Y-9-64, and Y-24-64, analyzed by C.L. Farker, methods given in U.S. Geol. Survey Bull. 1170] 

1 2 3 4 5 6 7 8 9 
Field No. W-181A W-192 W-210 Y-19-64 Y-9-64 Y-24-64 A-IO A-11 A-12 

Chemical composition (in percent) 

Si02 52.3 52.4 49.9 45.50 46.23 46.70 49.3 51.2 49.2 
A1203 13.1 13.4 15.3 16.69 " 16.07 18.78 16.2 14.5 15.9 
Fe 20 3 10.9 5.8 3.5 2.45 1.73 2.08 2.2 2.5 • 2.5 

.FeO 3.9 8.4 5.1 10.48 10.49 8.78 9.1 8.3 8.8 
Mg0 4.2 4.4 9.3 6.07 8.49 6.75 6.4 6.3 6.9 
Ca0 6.6 6.1 8.2 7.28 9.63 8.51 9.5 10.5 9.7 
Na20 2.6 2.5 3.2 3.02 2.76 3.33 2.7 2.5 2.7 
K20 ! .9 2.2 .73 1.72 .61 .76 1.0 .79 .91 
H20- .15 .41 .14 .25 .08 .13 .20 .14 .19 
H20+ 2.1 1.8 3.0 2.90 1.00 t.51 1.1 i .0 .81 
Ti02 1.6 !.7 .97 2.79 2.43 2.09 1.3 1.1 1.3 
P20s .26 .25 • .21 .44 .27 .32 .20 .16 .9_0 
Mno .25 .46 .18 .19 .19 .16 .17 .18 .17 
C02 .05 .05 .05 .01 .03 .04 .05 .05 .05 
CI . . . . . . . . .  .19 .12 . . . . . . . . . . . .  
F . . . . . . . . .  .05 .03 .04 . . . . . . . . .  
Sub total . . . . . . . . .  100.03 100.16 100.10 . . . . . . . . .  
Less 0 . . . . . . . . . .  06 .04 .05 . . . . . . .  '-- 

Total 100 I00 100 99.97 100.12 100.05 99 99 99 

CIPW norms (wt percent) 

Q 13.5 8.9 . . . . . . . . . . . . . . .  2..3 - - -  
or 11.5 13.3 4.5 10.5 3 .6  4.6 6.0 4.8 5.5 
ab 22.5 2 !.7 28.0 26.4 23.6 28.7 23.3 21.6 23.2 
an 18.9 19.3 26.1 27.8 30.0 34.6 29.7 26.5 29.1 
wo 5.4 4.2 6.1 2.7 6.8" 2.5 7.1 10.7 7.7 
en 10.7 11.2 19.0 1.9 4.4 1.9 12.3 16.0 12.8 
fs - - -  8.9 4.3 1.6 3 .0 .  ! .3 I 0.0 11.9 9. I 
fo . . . . . .  3.5 9.6 1 !.9 10.6 2.8 - - -  3.3 
fa . . . . . .  0.9 9.1 8.8 7.8 2.5 - - -  2.6 
mt 9.0 8 . 6  5.3 3.7 2.5 3. I 3.3 3.7 3.7 

hm 5.0 . . . . . . . . . . . . . . . . . . . . . . . .  
il 3.1 3.3 1.9 5.5 4.7 4.0 2.5 2.1 2.5 
ap .6 .6 .5 i. I .6 .8 .5 ,4 .5 
c e  . - . . . . . . . .  .02 .1 . !  . . . . . . . . .  

Total 1 100 100 I00 . 99.~;2 100 100 I00 100 I00 
Salic 66.2 63.2 58.6 64.8 57.2 67.9 59.0 55.2 57.7 
Femic 33.8 36.8 4 i .4 35.7 42.8 32.1 41.0 44.8 42.2 

1 In calculating the norms, H20+ and H20- were omitted 

W-I81A - North-south dike or sill near east edge, SE¼ sec. 14, T. 5 S., R. 13 E. 
W-192 - North-south dike or sill north edge of map area. NW¼sec. 14, T. 5 S . , R .  13E. 
W-2!0 - Northeast-trending dike, SE¼ sec. 34, T. 5 S., R. 14 E. 
Y-19-64 -Diabase, chilled border, lower contact, 780-ft sill, Sierra Ancha; data from A.F. Shrider (written commun.. 

1968). 
Y-9-64 - Fresh olivine diabase from 450 ft, above base of  780-ft sill; data from A.F. Shrider (written commun.,  

1968). 
Y-24-64 -Coarse-grained diabase in olivine-rich lower one third of 780-ft sill, 200 ft above base; data from A.F. 

Shride (written commun. ,  1968). 
A-IO - Middle or older sill, west of Aravaipa Canyon, southeast of Brandenburg Mountain, Brandenburg Mountain 

quadrangle; data from C.F. Wracke, (written commun. ,  1970). 
A-I I - Upper chilled border of younger sil!; same location and source of data as No. A-IO. 
A-! 2 - Younger sill 12 ft above base; same location and source of. data as No. A- I 0. 
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yellowish-gray elliptical leached spots; interbedded with 
grayish-orange-pink, fine- to medium-grained, cross- 
bedded arkosic sandstone and some dark-red to purple, 
coarse-grained sandstone; many beds tuffaceous. 

Scanlan Conglomerate Member(O-about-30ft).r-Sub. 
angular to round pebbles and cobbles of quartz and 
quartzite in a fine- to coarse-grained arkosic sandstone. 
Locally the conglomerate is very similar in appearance to 
the Barnes Conglomerate Member of the Dripping 
Spring Quartzite. I'n other places, it consists largely of 
fine- to coarse-grained arkosic sand that, except for 
scattered small angular to rounded pieces of quartz and 
granite, or some dark silty beds, could easily be mistaken 
for the underlying granite. 
APLITE 

Narrow dikes of pinkish- to yellowish-gray aplite in 
Ruin Granite; larger areas, shown as aplite, include 
porphyritic alaskite in an aplitic groundmass as well as 
Ruin Granite. Most of the aplite probably is related to 
the Ruin Granite, but some of it may be the younger 
aplites that cut Cretaceous granodiorite and diorite in 
adjacent areas. 
RUIN GRANITE 

Named by Ransome, (1903);same as Oracle Granite of 
N.P. Peterson (1938). Coarse-grained, porphyritic, 
pinkish- to yellowish-gray quartz monzonite, speckled 
with dark biotite books, as large as 5 ram, and con- 
taining euhedral, somewhat poikilitic and perthitic 
phenocrysts of microcline and microperthite, aslarge 
as 4x2 cm; zoned and sericitized plagioclase, mostly less 
than 1 cm; quartz as rounded crystals, about 6 mm,and 
as finer intergrowths with microcline; accessory 
magnetite and apatite; biotite locally altered to a 
mixture of magnetite and chlorite. Dikes, lenses, and 
irregular masses of pale-red to pinkish-gray aplitic 
alaskite porphyry and aplite associated with the granite. 
These finer grained rocks locally abundant in the granite 
and, because of their resistance to erosion, form many 
of the ridge tops. Biotite from the Ruin Granite near 
Oracle gave an age of 1,420 m.y. by the K-Ar method 
(Damon and others, 1962). According to Silver (1968), 
the age of granite (quartz monzonite) in Arizona, based 
on U-Pb isotope systems in zircon., is 1,430-1,460 
m.y. 
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GEOLOGIC MAP OF THE BLACK MOUNTAIN QUADRANGLE, ARIZONA 

By Medora H. Krieger 

REGIONAL GEOLOGIC SETTING 

The broad regional geologic and structural setting of 
the Winkelman 15-minute quadrangle, of which the 
Black Mountain quadrangle is the southwest par t ,  is 
discussed by Krieger (1974). Rocks within the area range 
from Precambrian to Holocene in age. Many of  the 
units, however, are not now present in the Black 
Mountain quadrangle, and because of  this, the geologic 
features appear structurally less complex than in the 
adjacent areas. 

S T R A T I G  R A P H  Y 

The oldest Preeambrian rocks in the area of the larger 
scale index map are the Pinal Schist and intrusive rocks, 
largely the Ruin Gran{te (Oracle Granite of N.P. 
Peterson, 1938). Batholithie masses of Ruin Granite 
(1,430 m.y.) were in t ruded ' a f t e r  a period of intense 
deformation that produced near-vertical east-trending 
foiiation and bedding in the schist. The schist and 
granite are overlain with profound angular uncon- 
formity by Precambrian sedimentary rocks--the Apache 
Group and the disconformably overlying Troy Quartz- 
ite. Diabase, about 1,200 m.y. old (Silver, 1960; Damon 
and others, 1962), forms sills in the Apache Group and 
Troy Quartzite, sill-like masses in the schist and granite 
generally parallel to, and not more than 500 feet below. 
the pre-Apache surface (Shride, 1967, p. 56), and some 
dikes. The sills inflated b.ut did not perceptibly tilt the 
Precambrian sedimentary rocks. 

After a long period of erosion, Pa!eozoic formations 
were deposited paraconformably on the Precambrian 
sedimentary rocks. Both the Precambrian and Paleozoic 
sedimentary rocks have been completely stripped from 
the Black Mountain quadrangle. 

Remnants of volcanic and sedimentary rocks, the 
Cloudburst Format ion of Late Cretaceous age, occur in 
the southeastern part of  the quadra~agle as a thin sheet 
of near-vertical units emplaced by gravity sliding. Late 
Cretaceous diorite and Late Cretaceous and(or) early 
Tertiary porphyry  masses intrude the Precambrian 
granite; aplite intrudes the diorite. 

Cenozoic stratigraphy in eastern Pinal County t~as 
recently been revised by Krieger and others (1973). in 
the areas of the larger scale index map Miocene and 
Pliocene sedimentary deposits, formerly called the Gila 
Conglomerate or Group, are now divided into three 
formations. In addition, Pleistocene and [Iolocene 
alluvial deposits, also formerly included in the Gila 
Conglomerate or Group, overlie these formations. None 
of the Miocene or Pliocene formations have been 
recognized in the area of the Black Mountain quad- 
rangle. 

S T R U C T U R E  

The major structural features in the Winkehnan 15- 
minute quadrangle are high-afigle faults and north- 
northwest-trending en echelon ridges of  steeply dipping 

'\\ 

to overturned Precambrian sedimentary rocks and 
diabase and, locally, Paleozoic rocks. As the tops of the 
beds in these ridges always face east, the structures are 
interpreted as partly eroded roots of a single monoclinal 
structure, or possibly a series of monoclinal structures. 
Locally, the section within an individual ridge is 
repeated along what appear on a map as high-angle 
faults but which are inferred to be tilted thrusts. Be- 
cause the Paleozoic and Precambrian sedimentary rocks 
have been completely stripped from the area of the 
Black Mountain quadrangle, the only hint of these 
structures is the long north-trending dike-like masses of  
diabase in granite. Although they appear to .have been 
intruded well below the erosion surface on which the 
sedimentary rocks were deposited, they .are inferred to 
have been intruded as sill-like masses that were intruded 
not more than 500 ft. below the pre-sedimentary sur- 
face and later separated by faulting. The gravity slides 
that floor the Cloudburst  Formation in the Black 
Mountain quadrangle may predate,  or they may be 
related to post -ear ly(?)  Miocene gravity slides in the 
Putnam Wash quadrangle. 

MINERALIZATION 
The Winkelman 15-minute quadrangle, whose south- 

west one-quarter is the Black Mountain 7-½-minute 
quadrangle, is adjacent to three major copper deposits: 
the San Manuel to the southeast,  the Christmas to the 
northeast, and the Ray to the northwest.  Little evidence 
of mineralization was observed in the Black Mountain 
quadrangle. The mineralization is mostly associated 
with quartz veins in the Ruin Granite and locally in 
shear zones in the Cretaceous diorite. 

DESCRIPTION OF MAP UNITS 

SURFICIAL DEPOSITS 
~ 1  Alluvizem (0-15 f~ exposed).-Flood-plain deposits 

along valley bottoms,  composed of clay, silt, sand, and 
some gravel, largely unconsolidated 

~ Talus deposits (0 - about 20 f t  exposed). -Veneer of 
rock debris derived from Pinal Schist; only deposits in 
sec. 27, T. 7 S., R. t3 E. are large enough to map. 

Op Soil and gravel veneer on pediments and younger 
terraces (0-25 ft). -Subangular pebbles and cobbles in 
a generally reddish-brown, fine- to coarse-grained ma- 
trix. Includes alluvium in valley bottoms,  colluvium 
o n  slopes, and small unmapped exposures of granitic 
bedrock and of gravel and sand of Pleistocene age 
older than the pediment soils, especially in northwest 
corner of  map area. The dark-red-brown soils werd 
developed during one of the pre-Wisconson interglacia- 
lions. 

Undiffercntiated grarcls. Soil and gravel on pedi- 
ments and terraces, talus, and alluvium; includes isolated 
exposures of older gravels and granite. 
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growths with microcline; accessory magnetite and 
apatite; biotite locally altered to a mixture of magnetite 
and chlorite. Intrudes Pinal Schist. According to Silver 
(1968), the age of  granite (quartz monzonite)  in Arizona 
based on U-Pb isotope systems in zircon is 1,430-1,460 
m.y.;  biotite from the Ruin Granite near Oracle gave an 
age of 1,420 m.y. by the K-Ar method,  according to 
Damon and others (1962). (See also discussion of age 
of Ruin Granite and muscovite granite in Krieger, 1974d.) 

TABLE l -Chemica l  and normative compositions o[  
diabase. 

[Analyses W-99 and A-11 under the direction of 
Leonard Shapiro, methods given in U.S. Geol. Survey 
Bull. 1144A; Y-19-64 by C.L. Parker, methods given 
in U.S. Geol. Survey Bull. 

Field No.W-99 A-11 Y-19-64 
Chemical composit ion 

(in percent) 

Si02 50.9 49.2 45.50 
A1203 14.5 15.9 16.69 
Fe203 1.6 2.5 2.45 
Fe0 9.6 8.8 10.48 
Mg0 6.4 6.9 6.07 
CaO 9.4 9.7 7.28 
Na20 2.5 2.7 3.02 
Kz0 1.2 .91 1.72 
H20 .25 .19 .25 
H20÷ 1.9 .81 2.90 
Ti02 1.I 1.3 2.79 
P20s  . 1 5  .20 .44 
Mn0 .19 .17 .19 
C02 .16 <.05 .01 
CI . . . . . .  .19 
F . . . . . .  .05 
Sub total  . . . . . .  100.03 
Less 0 . . . . . .  .06 
Total 100 99 99.97 

W-99 

A-11 

170 

W-99 A-I 1 Y-19-64 

CIPW norms (wt. percent) 

Q 0.5 . . . . . .  
or 7.3 5.5 10.5 
ab 21.7 23.2 26.4 
an 25.4 29.1 27.8 
wo 8.5 7.7 2.7 
en 16.3 12.8 1.9 
fs 15.2 9.1 1.6 
fo - - -  3.3 9.6 
fa - - -  2.6 9.1 
mt 2.4 3.7 3.7 
hm . . . . . . . . .  
il 2.1 2.5 5.5 
ap .4 .5 1.1 
ec .4 -- - .02 
Total 1100.20100.00 99.92 
Salic 54.8 57.7 64.8 
Femic 45.2 42.2 35.2 

1In calculating the norms, 
both H20+ and H20- 
were omit ted 

- Black Mountain quadrangle, Bloodsucker 
Wash, SW~A sec. 22, T. 7 S., R. 14 E. 

- Y o u n g e r  sill, 12 ft above base, west side of 
Aravaipa Canyon, southeast of Brandenburg 
Mountain, Brandenburg Mountain quadrangle; 
data from C.T. Wrueke (written commun.,  
19701. 

Y-19-64-Chi l led  border, lower contact  of  780-foot 
sill, Gila County;  data from A.F. Shrider 
(written commun.,  1968). 

DIORITE G N E I S S  

• A hybr id  gneiss; fine- to medium-grained, nearly 
white and olive-gray, sheared and fot iated. to cataclastic 
gneiss and augen gneiss. Composed of plagioclase, 
biotite,  chlorite, epidote, quartz, opaque minerals,  and 
sphene. Probably mostly Ruin Granite contaminated 
with some Pinal Schist north of Rincon Ranch and 
Pinal Schist with some granite southwest of the Ranch. 
PINAL SCIIlST 

Named by Ransome (19031. Character of original 
sedimentary and volcanic(?) rocks uncertain because of 
subsequent injection by granite, aplite, and vein quartz, 
preceded or followed by shearing. Much of the Pinal is 
a mediunMight-gray schist, augen ,, , ' s '  ~.nm. s, migmatite, :md 
locally a spotted schist. Some l ight -colored l a y e r s ,  
lenses, and augen are of granitic material, but many are. 
of quartz grains, some of  which may represent original 

sandy, beds and lenses; some probably is a quartz 
porphyry with 5-10 mm euhedral, somewhat strained 
quartz phenocrysts. Some probably was a congkm~erate 
with l-4 cm quartz and (or1 quartzite pebbles. The 
matrix in most of these rocks is fine-grained and com- 
posed of quartz and sericite with or without biotite or 
chlorite and some epidote anti calcite. Magnetite meta- 
crysts(?) (3 mm) and biotite and muscovite metacrysts 
(5 mm) are common. 
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~X~g SAND AND (;RAVEL IAT LEAST 200 FT) 
Poorly exposed; essentially unconsolidated gravel and 

sa'nd along eastern and" western edges of the quadrangle. 
Deposits in eastern part are composed largely of granitic 
rocks. Those in western part also contain abundant 
clasts  derived from Pinal Schist, diorite gneiss, and, in 
northwest part, from the Cretaceous diorite. Isolated 
exposures with steeper dips may be olde[ grayels. 
DIKES 

Tl,~kj Quartz latite or rhyolite porphyo'.-Rhyolite to 
quartz latite in composit ion.  White to very light gray, 
very fine grained Iprobably originally aphanitic to 
glassy); with widely scattered phenocrysts (I-2 mm in 
diameter) of sericitized sanidine, making up perhaps 10 
percent of the rock, less common quartz, in a ground- 
mass of quartz, K-feldspar, sericite, and goethite or 
limonite specks. Age unknown, but rock does not 
resemble the less altered Miocene rhyolite dikes in the 
Putnam Wash quadrangle (Krieger, 1974d). Tentatively 
correlated with the younger quartz latite porphyry of 
Late Cretaceous and (or) early Tertiary age in the 
Crozier Peak quadrangle (Krieger, 1974b). 

Ti<~ F, Aplite.-Light-colored aplitic to pegmatitic dikes in- 
truding diorite. Some of the aplite mapped as Precam- 

• brian may be in this group 
T k k  Hornblende porphyry.-Fine-grained rocks that range 

from andesite to melanocratic rhyodacite.  Mostly olive- 
to greenish-gray, porphyri t ic  to nonporphyri t ic  rocks 
with need le - l ike  laths of hornblende from slightly 
larger than groundmass size to rarely 2 mm long. 
Numerous very small unmapped dikes ot~ this sort in- 
trude Ruin Granite east and south of Black Mountain. 

7~r Rhyodacite porphyry.-Light-olive-gray and pate-olive 
to dusky-yellow rhyodacite  porphyry.  About  20 to 30 
percent of rock is composed of altered plagioclase from 
3 to 9 mm Iong_-Al t e r ed  euhedral hornblende and 
bioti te  phenocrysts from 1 to 2 mm long make up about 
10 percent of the r o c k . T h e  groundmass is aphanitic and 
altered. - 

~ DIORITE 
Medium-dark-gray, fine- to coarse-grained, composed 

of plagioclase laths (zoned and locally sericitized), 
biotite, hornblende, magnetite, some pyroxene,  and a 
little quartz. Some of the mafic minerals are altered to 
chlorite, epidote, a n d  magnetite. Two small masses, 
near the south edge of sec. 32, T. 7 S., R. 14 E., are 
tentatively included in the diorite. Tentatively corre- 
lated with diorite in the Winkelman 7~A minute and 
Crozier Peak quadrangles. 

](c CLOUDBURST FORMATION (6,500 FT. EXPOSED, IF NOT 
DUPLICATED BY FAULTING) 

Named by Pelletier (1957; see also Creasey, 1965, 
1967). Mafic volcanic rocks of probable latitic composi- 
tion and interbedded fanglomerate and megabreccia 
crop out in the southeast corner of the map area and are 
the northern tip of a larger unmapped mass. The Cloud- 
burst Formation is included in the Late Cretaceous be- 
cause Creasey (1965, 1967) considered it probably the 

~ s a m e  age as the volcanic rocks (Williamson Canyon 
Volcanics) in the Christmas quadrangle. These volcanic 
rocks were considered Late Cretaceous by Willden 
(1964) and Late Cretaceous and(or) early Tertiary by 
Creasey (1965, 1967). In the Crozier Peak quadrangle 
the Williamson Canyon Volcanics is intruded by diorite 
that in the Winkelman quadrangle is dated at 65 m.y. 
(Late Cretaceous). 

Volcanic rocks .  Andesitic(?) and possibly latitic flows 

and flow breccia.s; the larger mass (secs. 3, 4, 9, I0, 
T. 8 S., R. 14 E.) consists mostly of  flows to the west 
and of breccias with some interbedded volcanic con- 
glomerate to the east. Flows are vesicular to amygda- 
loidal, grayish- toblackish-red and grayish-red.-purple 
rocks with altered mafic phenocrysts,  mostly less than 
2 mm long. 

J~cg Fanglomerate.-Subangular to subrounded pebbles to 
small boulders derived from volcanic rocks of  the 
Cloudburst Formation,  Ruin Granite, and locally some 
nongranitic clasts, including Pinal Schist and Apache 
Group, in a dark-reddish matrix. 

Ke.la Megabreccias.-Small lenses of megabreccia, 200 to 
1,500 ft long and 50 to 300 ft wide, composed of a 
single rock type in an individual lens. Fragments are 
angular and mostly less than 2 ft long, in a finely 
comminuted matrix of the same material as the frag- 
ments. "Ratio of  fragments to matrix is high. Breccias of 
quartzite and granite are very well indurated. 

t lb DIABASE 
Mostly dikelike masses of dark-gray to greenish-gray 

or olive-gray, fine- to coarse-grained rock with diabasic 
to ophitic texture. Composed of plagioclase, pyre×one, 
olivine, magnetite, and ilme/ltite. Fetsic dikes with horn- 
blende needles, probably a differentiate of the diabase, 
in the SW¼ sec. 32, T. 6 S., R. 14 E. As most Precam- 
brian diabase occurs as sills in, or stightly below the base 
of, the" Apache Group, and as no Apache Group rocks 
are present in this quadrangle, correlation of these rocks 
with Precambrian diabase was originally questioned. 
Although the Si02 content is higher and the Ti02 con- 
tent lower than in known Precambrian diabase in the 
Salt River Canyon area (A.F. Shride, writ ten communi- 
cation, 1965), these constituents are present in amounts 
similar to content in known Precambrian diabase in the 
Brandenburg. Mountain quadrangle (table 1). The alia- 
base, therefore, is considered Precambrian; its present 
distribution may be clue to unrecognized faults. The 
only faults suggested are the strands of Ripsey Wash 
tilted thrust (Krieger, 1974b. 1974). 

t~ Troy Quartzite.~-Present only as megabreccia (Kbt) 
in the Cloudburst Formation,  where it was derived from 
white to light-gray, thin- to thick-bedded feldspathic to 
nonfeldspathic quartzite. 

o~/~l APLITE 
Includes some muscovite granite and pegmatite;  occurs 

as dikes and larger irregular masses. Many large areas 
are mixed zones of Ruin Granite, muscovite granite, 
and ( o r ) a p l i t e ,  with indefinite contacts  against the 
Ruin Granite. Aplite dikes adjacent to rhyoli te or 
quartz latite dikes on the 'east  side of  the Black Moun- 
tain are fine-grained granite with an aplitic texture and 
and with both muscovite and biotite. Some aplite is 
related to the Ruin Granite and some to the muscovite 
granite (see details of muscovite granite, Krieger, 1974d). 
Other aplites that have been shown as 'Precambrian,  
however, may be Late Cretaceous and(or) early Tertiary. 

r e  RUIN GRANITE 
Named by Ransome (1903)', same as Oracle Granite 

of N.P. Peterson (1938). Coarse-grained, porphyrit ic,  
pinkish- to yellowish-gray quartz monzonite,  speckled 
with dark biotite books as large as 5 mm and containing 
euhedral, somewhat poikilitic and perthitic phenocrysts 
of microcline and microperthite,  as large as 4 x 2 cm, 
locally larger; somewhat zoned plagioclase, mostly less 
than 1 cm, locally 3 cm, much of it sericitized; quartz 
as rounded crystals, about 6 mm, and as finer inter- 

2 
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DEFINITION OF MAP SYMBOLS 
SURFICIAL DEPOSITS 

Alluvium 

Talus deposits 

Soil and gravel veneer on pediments and younger terraces 

Undifferentiated gravels 

~ i ~ t  SAND AND GRAVEL 

TKly 

TKaF 

TKh 

TKr 

Kdi 

 Kcv i 
[Kc  :1 

DIKES 

Quartz latite or rhyolite porphyry 

Aplite 

Hornblende porphyry 

Rhyodacite porphyry 

DIORITE 

CLOUDBURST FORMATION (Upper Cretaceous)-Volcanic and sedi- 
mentary rocks and intercalated megabreccia. 

Volcanic rocks 

Fanglomerate 

Megabreccia. Composition shown by map color of source rock and by 
the following letter symbols: 

Kbd, diabase 
Kbt, Troy Quartzite 
Kbr, Ruin Granite 
Kbp, Pinal Schist 

DIABASE 

TROY QUARTZITE (Precambrian)-Present only in megabreccia of 
the Cloudburst Formation (Kbt) 

APL[TE 

RUIN GRANI;FE (l'recambrian)-Stippled areas indicate abundant 
xenoliths of Pinal Schist 

DIORITF GNEISS 

PINAL S('I lIST (F'recambrian) 



A ~ ~ O '  Southwestern Exploration Division 

January 28, 1977 

TO: F.T. Graybeal 

FROM: H. G. Kreis 

Geologic Mapping 
Pioneer Prospect 

The Pioneer Prospect was mapped on a scale of l" = 2,000' during late 
December, 1976, and early January, 1977. The area was rapidly mapped and 
evaluated so drilling could be completed prior to having to make large 
expenditures to hold the land (see "Progress Report, Pioneer-76 Prospect" 
dated 1-17-77) • 

Fie ld data is summarized on the attached maps. Rock names, tex tures ,  ages, 
and a l t e r a t i o n  are t en ta t i ve .  Hand samples were co l lec ted so deta i led  
studies could be made wi th  the aid o f  th in  sect ions.  

The geology that remains to be done at this time includes the following: 

yeS" 

z 

a) deta i led  mapping and evaluat ion of the mineral ized and 
a l te red outcrops, 

b) more reconnaissance about the pediment area, 
c) age dates and good petrographic desc r i p t i ons ' o f  Laramide 

type rocks, and 
d) the extent  and o r i g i n  of  epidote a l t e r a t i o n  in the nor theas t  

corner of Section 12 (T6S, RllE) should be determined. 

HGK:Ib 
At ts. 

cc: DMSmith 

14. G, Kreis 

. J.-d'p 
/.~-/ 
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"3441 East MilLer 

' A M E R I C A N  

ASARC0, Inc. 
SAMPLE SUBMITTED BY. 

Phone 889-5787 

ANALYTICAL and RESEARCH LABORATORIES 
A S S A Y E R S  - C H E M I S T S  - M E T A L L U R G I S T S  

. T U C S O N .  A R I Z O N A  0~,714  

. D A T ~  

GOLD 
SAMPL r MARKED OZ. /TON 

SN-I 

SN-2 .004 0.13 

SN-3 

SN-4 

SN-5 

SN-6 

SN-7 

SN-8 

SN-9 

SN-10 

SN-II 

SN-12 

SN-13 

SN~I4 

SN-15 

SN-16 

SN-17 

.001 

Trace 

SILVER 

OZ . /TON 

0.06 

0.08 • 

0.14 

0.07 

o.oj 

0.05 

0 . 0 9  

0.02 

0.17 

Invoice # 14416 An:il. $].47.50 
Prep. 12.75 

PPM 
COPPER 

PPM 
L I A D  

30 17 

22 37 

70 41 

23 56 

21 38 

25 79 

19 194 

32 63 

21 255 

31 

PPM 
Z INC 

83 

PPM 
MOLYBDENUM 

2 

PERCENT 

IRON 

49 

23 1 
L 

26 4 

25 2 

43 4 

113 2 

36 2 

44 } 2 
I 

22 3 

37 

22 711 8 1 

19 192 10 ! 

32 286 27 2 " 
i i i 

2 

27 ii0 38 i 3 

25 96 13 2 

18 I070 8 19 

29 93 37 2 
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3441 East Milber Phone 889-5787 

AMERICAN ANALYTICAL and RESEARCH LABORATORIES 

A S S A Y E R S  - C H E M I S T S  - M E T A L L U R G I S T S  
T U C S O N .  A R I Z O N A  0 D 7 | 4  

SAMPLE S U B M I T T E D  BY ASARCO~ Inc. D A T F '  Jan. 14~ 1977 

S A M P L E  M A R K E D  

SN-18 

SN-19 

SN-20 

SN-21 

SN-22 

SN-23 

SN-24 

SN-25 

SN-26 

SN-27 

G O L D  

O Z . / T O N  

. 0 0 2  0 .07  

o.01 

84 .25  

SILVER 

O Z . / T O N  

P P M  

C O P P E R  

33 

31 

30 

48 

25 

15 

P P M  

L E A D  

27 

23 

24 

27 

4O 

68 

17 20 

21 25 

22 26 

25.  22 

P P M  

Z I N C  

27 

19 

43 

P P M  

MOLYBDENUM 

2 

2 

2 

14 ' 3 

51 2 

i0 3 

30 2 
J 

19 3 
l 

43 2 

50 2 

( 

.,'.." '%. --I " .  ,, :,-. 

"%t:;,,,.~'~ :-->, . . / /  C H A R G E S  $ ~: , . . . . . . .  
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, ,, 3441 East Milber 

AMERICAN ANALYTICAL and RESEARCH 

P~one 889-5787 

LABORATORIES 

A S S A Y E R S  - C H E M I S T S  -' M E T A L L U R G I S T S  
T U C S O N .  A R I Z O N A  e e T i 4  

S A M P L E  S U B M I T T E D B Y  . . . .  ASARCOp Inc. DAT~ Jan. 25, 1977 

S A M P L E . M A R K E D  

SN-28 

29 

3O 

31 

32 

33 

GOLD 
O Z . / T O N  

34 

35 

36 

37 

38 

BB 

SILVER 
OZ . /TO  N 
. .  p .  

! 

PPM 
COPPER 

PPM 
LEAD 

28 

27 

35 

22 

21 15 

19 14 

33 25 

24 

21 

l q  

22 

PPM 
ZINC ,=, 

39 

57 

15 

42 

23 53 ii 

36 

43 

61 

25 17 84 

28 20 44 

29 13 82 

PPM 
MOLYBDENUM 

3 

8 

9 

4 

14 

3 

6 

3 

2 

2 

2 
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Ammlc  SMELTEa Am) I  INrNS COMPANY 
Tucson Arizona 

May 6, 1970 

Memo to: 

From: 

Re: 

W. E. Saegart 

W. G. Farley 
i 

I ®P • -RESISTIV!~I 
PIO}TEE~~PROJECT 
PINAL COUNTY, ARIZONA 

IDtsoduction 

On June 25, 1969 an I.P.-resistlvlty survey was initi- 
ated on the Pioneer Parkway GeoohysicalT#rge ~ in a search 
for sulfide mineralizatlon. This area was recommended by 
B. N. Watson in a memorandum to Mr. J. H. Courtright dated 
November 8, 1966. A copy of Mr. Watson's memorandum is 
attached to this report. 

The target area covers (T6S, RllE), (T6S, R!OE) and 
the south half of (T5S, RILE). This area lies approximately 
I0 miles southeast of the town of Florence along the Tucson- 
Florence Highway. The area was recommended for geophysical 
coverage following the discovery by sn ASARCO geologist of 
a small hill of hydrothermsl manganese oxides and blue cop- 
per stains in Section 18, T6S, RIlE. A U.S.G.S. gravity 
map of the area suggested an extensive pediment.surroundlng 
the subject hill, extending west to the north end of the 
Picacho Mountains and east to the Tortilla Nountslns. 

The Pioneer Parkway survey was completed on March 23, 
1970. Twenty-flve I.P.-resistlvity traverse lines were 
run for a total of 188 llne miles of survey. Figure I 
shows the locations of these traverse lines. Equipment 
used on this survey was the Hunter 7.5 kilowatt D.C. pulse 
transmitter ~nd the Scintrex "Ne~nont Ts~pe" Reueiver. All 
I.P. values were reduced to the Asarco Standard. Electrode 
configurations used on this survey wel~e a Wanner I000 and 
2000 foot "a" and a three-electrode 1000 foot "a". Figure 
2 shows the contoured I.P. and resistivity values obtained 
with the Wenner 2000 foot "a" and Figure 3 the contoured 
values obtained with the Wenner lO00 foot "a". The values 
obtained ~ith the three-electrode I000 foot "a" were almost 
identical to the values obtained with the Wenner I000 foot 
"a", thus they have not been included in this report. 



® 

W. E. Ssegart ~,~ -2- May 6, 1970 

Interpretations 

From the I.P.-resistivity survey in the Pioneer Parkway 
area, resistivity has confirmed the existence of a pediment 
extending from the wes_kly-mlneralized hill in Section 18, 
T6S, RILE. This pediment extends eastward to the Tortilla 
Mountains, northward into the Price P~ospect area (surveyed 
by Asarco in 1961 with a Wenner 1000 "a") and southward to 
the limits of the survey in that direction. To the west 
the pediment a~ears to be cut off abruptly by a n-6r]~H2south 

hiiY~ .... Th'~400 o~J~oot C6nto~line which isnesrly coinci- 
d-e-d~-a-l on b0th th~kU00~°~6t~d ~ 2000 foot Wenner is believed 
to mark the approximate location of the fault. West of the 
fault, bedrock is downdropped and beyond the reach of pres- 
ent I.P. which is limited to about lO00 feet of effective 
depth penetration. On the pediment area surrounding the 
weakly-mlneralized hill, I.P. did not pickup any polarizers 
that were thought to be coming from a sulfide source. Back-• 
ground I.P. values in this area ranged from less than I m. 
v/v to a m~imum of 4.9 m. v/v. The higher background val- 
ues are believed due to clay polarizers. 

North of the Picacho Mountains, resistivity indicated 
a second pedimeut o~ea extending northward from the moun- 
tains for several miles. The 200 ohm.foot contour line on 
the 2000 foot Wenner contour map is believed to ma~ the 
line ~here bedrock depth is approximately I000 feet. This 
line would be the limit of effective I.P. investigation of 
bedrock with present I.P. equipment. On this pediment area 
background values ranged from less than 1.0 m.'v/v to 4.9 m. 
v/v. No -~uomalous IoP. zones were detected that were thought 
to be coming from a sulfide source. 

Conclusions 

With the present geological ~nd geophysical information 
in the Pioneer Prospect area, there does not appear to be 
a mineralized zone worthy of drilling. I have recommended 
a low-level aeromagnetic survey over this area to be flown 
by the Salt I0~<e Geophysics Department. With the aeromag- 
netic data some of the weak I.P. responses may or may not 
have additional significance. I will review the l.P.- 
resistivity data following the Asarco aeromagnetic survey 
and report any changes in interpretation if they appear to 
be warranted. 

WGF:mt 
Att. 
cc: R°J.Lacy 

W.L.Kurtz 
R.van Bla~Icom 

Wayne G. Farley 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

November 8, 1966 
• f. 

TO: J.H. COURTRIGHT 

FROM: B. N. ~TSON 

PIONEER PARKWAY GEOPHYSICAL TARGET. 
P INALCOUNTY. , ARIZONA . . . . .  

On he l i cop te r  reconnaissance November 14, B i l l  Hoskins and I 
landed on a small h i l l  composed of Laramide-aged in t rus ives  isolated 
by several mi les of pediment cover from the nearest outcrops of Pre- 
Cambrian gran i te ,  This small h i l l  is not shown on the ABM Pinal 
County geologic map, and the USGS has only recently, made ava i lab le  
p re l im inary  topographic sheets for  the area, We feel the pediment 
around th is  outcrop is worthy of geophysical work and, for  lack of 
a bet ter  name, ,have ca l led the area the "Pioneer Parkway" target  as 
the Florence-Tucson highway is but two miles southwest of the subject 
outcrop (see Attachment A). 

Several north-south trending shears in Coolidge-type granite 
contain hydrothermal black manganese oxides on the western half of 
the hill. The manganese has been mined• On the eastern side of the 
h i l l ,  monzoni te porphyry intrudes the gran!,te a-'-~'-~d blue'--~Copp~~7~,e'~s~'i"n 

o'ng  o'nta t  .... Copper s t a  i n 
was also seen in Cretaceous (?) volcanics which cap a portion of the ¢ , ~o ~-~ 
hill ~,. -- • .. .., 

A small knob which looks to consis t  of dark volcanic mater ia l  
from the a i r  is found a mi le to the north. Three and one-hal f  miles 
southeast a low range of h i l l s  are composed of PreCambrian grani tes 

porphyry~ Four and one-half miles to the north-northeast are found 
~C~mbrian granites. 

Although the monzonite ~or~hxf~y~ntrusivejs relatively fresh, 
the area is felt to be a valid geophysical target for 3 reasons" 
I. The hydrothermal manganese deposits could be on the periphery 
of a mineralized zone; 2. The spotty alteration and copper staining 
which is not associated directly with the manganese mineralization 
suggests presence of copper-bearing hydrothermal fluids; 3. The 
existence of Laramide intrusives'surrounded by pediment cover, then 
PreCambrian ~ranites at some distance, present a generalized target 
in a region of proven porphyry copper deposits. 

Mr. Wayne Farley is opening a program of I. P. geophysical 
exploration of pediments north of the Owl Head Buttes and I have 
brought this Pioneer Parkway target to his attenticn. He says 



/ 

"Mr. Courtright November 18, 1966 

Q • . . 

the area registers a gravity high making it favorable for I .  P. work 
(cover is apparently shallow) and sees no reason why his survey 
cannot be extended northward to check the subject area. 

BNV/: pj c 
Attachment 
cc: ~gESaegart 

WGFarley~. 

BARRY N. WATSON 
• L 
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. 

S o u t h w e s t e r n  Exp lo ra t ion  Div is ion 

Apr i l  4, 1977 

I-" ~"~ ~ -  

Drilling Results & I n t e r p r e t a t i o n  
Pioneer Project 
Pinal County, Arizona 

=k displays recrystallization of its 
both of moderate intensity. Primary 
It in quartz grains of the Oracle 

~ :  3bS, DD~ COt. l~ ~es fall within the backgr0und, range 
. . s and ~,,!ebb (1962). 

The d r i l l i n g  conf i rmed the ex is tence o f  porphyry-copper- type a l t e r a t i o n  f ~,~,~l,~-~o~. 
4000 '  west of the a l te red  discovery outcrops.  This prospect should be more 

i n t e n s i v e l y  tested,  

Dri  1 1 i,ng 

~ping by H. G. Kreis (memo to F.T.G.) 
EA-OII3-O0, was tested by one rotary 
itional tO0' rotary holes were drilled .... C~I' Gt ~ 
l mining claims. Coring at the bottom)'X k _ i 
a fault zone in Oracle G nlte and ~ci~-~< ~ - %  ra " ~ ' • ' 
~hows traces of  s e r i c i t e  a ] t e r a t i o n  ofj .~'oe~/-,~ 

I 

All three holes were drilled by Shelton Drilling Company with a Failing i5OO 
Holemaster using the rotary and mud system. Spot cores were taken to aid 
in the location and identification of bedrock. Drilling of exploration 
hole PIO-I (Figure 1, Table I) was commenced on February 8,'1977 and 
terminated on February 14, 1977. The two assessment work holes were 
drilled during the afternoon and evening of the 14th. Core samples for 
assay (Table II) were taken from the bottom of the hole. Total cost of 
the drilling phase of the pr0ject was $18,370.87 (Table Ill). 

I 

P I O - I  

TABLE I - DRILL HOLE DATA 

Feb. 8-14, 1977. SWI/4 SIO, T6S, RIIE. 
Rotary: Surface to I182.5 feet (excepting five cored intervals 

totalling ]8 5 feet) 
Core: 470-473.5, 40% recovery 

740-743, 33% recovery 
900-903.5, 74% recovery 
908-911, 67% recovery 
I177-I182.5, 42~ recovery 



Southwestern Exploration Division 

April 4, i 977  

TO" F.T. Graybeal 

FROM: D. M. Smith, Jr. 

Drilling Results & Interpretation 
Pioneer Project 
Pinal County, Arizona 

Summa ry 
0 

Following reconnaissance geologic mapping by H. G. Kreis (memo to F.T.G., 
Jan. 17, 1977) the Pioneer Project, EA-OII3-OO, was tested by one rotary 
drill hole with spot cores. Two additional tO0' rotary holes were drilled 
to validate a group of twenty federal mining claims. Coring at the bottom 
of the exploration hole was done in a fault zone in Oracle Granite and 
aplite. In thin se.ction the aplite shows traces of sericite alteration of 
plagioclase while the Precambrian rock displays recrystallization of its 
mica and plagioclase sericitization, both of moderate intensity. Primary 
Type It fluid inclusions ar~ prevalent in quartz grains of the Oracle 
G ran i re. 

Geochemical values from both rock types fall within the background.range 
for felsic rocks as defined by Hawkes and Webb (1962). 

The drilling confirmed the existence of porphyry-copper-type alteration 
4000' west of the altered discovery outcrops. This prospect should be more 
intensively tested. 

Drilling 

All three holes were drilled by Shelton Drilling Company with a Failing 1500 
Holemaster using the rotary and mud system. Spot cores were taken to aid 
in the location and identification of bedrock. Drilling of exploration 
hole PlO-I (Figure l, Table I) was commenced on February 8, 1977 and 
terminated on February 14, 1977. The two assessment work holes were 
drilled during the afternoon and evening of the 14th. Core samples for 
assay (Table I!) were taken from the bottom of the hole. Total cost of 
the drilling phase of the project was $18~370.87 (Table Ill). 

! 

PIO-I 

TABLE i - DRILL HOLE DATA 

Feb. 8-14, 1977. SWI/4 SlO, T6S, RILE. 
Rotary: Surface to 1182.5 feet (excepting five cored intervals 

totalling 18.5 feet) 
Core: 470-473.5, 40~o recovery 

740-743, 33% recovery 
900-903.5, 74% recovery 
908-911, 67% recovery 
1177-I182.5, 42% recovery 



F. T. Graybeal - 2 - April 4, 1977 

PIO-2 

PIO-3 

Log: Surface-Z;40 Gravels: weakly to moderately propyIitized 
granitic rock, caliche, <15% fragments Fe 
stained. 

440-780 Conglomerate: weakly propylitized granitic rock. 
Core: 470-473.5 Conglomerate: well indurated, consisting of 

angular to subround boulders and subangular to 
subround gravel in buff-colored sandy matrix 
(80%) with calcitic cement. Fragments are gray 
unaltered fine-grained grd (95%) and dark greenish- 
brown andes'ite (5%). 

Core: 740-743 Clay and broken boulder of light pink aplite. 
780-800 Gravels: granitic rock; andesite dike (20% of 

cuttings). 
800-920 Gravels: altered granitic rock (cuttings = 60% 

red-stained feldspar, 30% clean quartz, 10% 
weakly propylitized granite fragments). 

Core: 900-903.5 Gravels: Oracle Granite and clay. 
Core: 908-911 Gravels: Oracle Granite and clay. 

920-1020 Gravels: weakly propylitized granite, <10% Fe 
stain. 

I020-I040 Dike: dark greenish-black very fine-grained 
diorite(?), 20% red Fe stain. 

I040-I]40 Gravels: weakly propylitized granitic rock, 
dike material decreases from 40% to I0% of cuttings. 

1140-1182.5 Bedrock: granitic 
Core: 1177-I182.5 Light pink aplitic quartz monzonite separated by 

a'4" clay gouge fault zone from weakly iron- 
stained Oracle Granite (quartz monzonite in thin 
section). Mica in aplite is muscovite. 

Feb. 14, ]977. NEI/4 Sl5, T6S, RIIE. 
Rotary: Surface to lO0 feet, Gravels: fresh to moderately propyl- 

itized granitic rock. <5% red-stained feldspar. 

Feb. 14, ]977. NWI/4 Sl4, T6S, Ri lE.  
Rotary: Surface to IO0 feet, Gravels: fresh to moderately propyl- 

i t ized granit ic rock. Red-stained feldspar decreases from 30% 
to less than 5% of total cuttings. 

a 

TABLE II - GEOCHEMICAL AND PETROGRAPHIC DATA FROM HOLE PIO-I 

Rock Type Footage 

qtz. monz. (aplite) I182 
qtz. monz. (Oracle) 1182.5 
background for felsic rocks 

(Hawkes and Webb, 1962) 

c- 
0 

ppm .- u 
Cu M__OO Pb Zn Ag Au Cu+Pb+Zn ~- m 

35 <2 20 70 0.2 <0.02 125 X 
25 2 15 55 3.8 <0.02 95 X 
30 1.9 48 60 0.15 0.01 138 
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TABLE I I I  "- PROJECT COSTS 

Field Charges Cost 

A. Direct Drilling (1382.5 feet) 
I .  PlO-1 ( I182.5 ' )  
2. PIO-2 (lOO') 
3. PIO-3 (lO0') 

B. Site Preparation and Cleanup 
C. Field Administration 

I. Supervision and reports 
2. Assaying and Petrography 
3. Hiscellaneoous 
4. Rental Payments (land) 

$ 8,828.00 
550.00 
550.00 
822.50 

3,216.59 
204.38 

1,639.40 
2,560.00 

TOTAL EXPENDITURES 
Authorization EA-Oll3-OO 
Overexpenditure 

$18,370.87 
17,000.00 

$ 1,37o.87 

April 4, 1977 

Cos t/Foot 

$ 7.47 
5.50 
5.50 
O.59 

2.33 
0.15 
1.18 
l .85 

$13.29 

Petrpg!aphy and Interpretations 

Examination in thin section of the two rock types cored at the bottom of 
hole PlO-I indicates that phyllic alteration although weak does indeed 
extend west of the discovery outcrops. 

The Oracle Granite (actually a quartz monzonite) displays sericite-clay 
alteration of 40-50% of the plagioclase population, but less than 5% of 
the orthoclase. About half of the biotite is recrystallized. Primary fluid 
inclusions are abundant in quartz phenocrysts with Type II>Type I>Type Ill. 
Daughter products consistprimarily of the opaque and prismatic crystal 
•varieties. 

The aplite was found to be a remarkably fresh quartz monzonite having a 
microgranitic texture. Less than 5% of the plagioclase has altered to a 
clay-sericite mixture. Accessory muscovite is unaltered. Primary fluid 
inclusions are rare and too small for good viewing. 

Several traverses across s.2 and the northern half of S. ll (Figure 2) 
indicate a rather large area of propylitic alteration spatially related 
to EW trending feldspar porphyry andesite dikes. In the andesite hornblende 
and biotite are completely altered to calcite-chlorite-clinozoisite and 
plagioclase is more than 70% replaced by sericite. Biotite in the adjacent 
granitic rocks (not examined in thin section) is ch]oritized and epidote 
is common as veinlets and coating joint surfaces. 

Miscellaneous Mapping 

The ten- foo t -w ide  massive quartz vein located in the nor th -cent ra l  part  of  
S.2 is weak to moderately stained wi th  hemati te,  but car r ies  only trace 

amounts of  green copper oxides. No boxworks were found. 
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Small outcrops of bedded Whitetail-type conglomerate were mapped in the 
SEI/2 S. IO and center of S.ll. Both strike to the northwest and dip about 
45°NE suggesting that Late Miocene or younger faulting was active in the 
a rea. 

Recommendation 

Outcrops of strong phyllic and propylitic alteration on the Pioneer Project 
area imply that a porphyry-copper-type hydr0thermal regime was active in the 
area. Late Tertiary faulting may have tilted the resultant deposit 45 ° to 
the northeast giving it a 45 ° dip to the southwest. The possibility of a 
buried porphyry system must be tested. 

Mapping to be done by Jim Sell in the near future will tie Pioneer into the 
regional geologic picture and perhaps shed new light on the conclusions 
reached thus far by Hank Kreis and myself. At such time as surface studies 
can be termed complete at least one deep (3000-5000 ft.) hole should be 
drilled to seek out a blind ore zone. 

r /  "., , ~ f  
,," Douglas M. Smith, J~. 

DMS: Ib 
Atts. / 

cc" JDSell " 
HGKrei s 
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Southwestern Exploration Division 

May 18, 1978 

TO: F.T. Graybeal 

FROM: J. D. Sell 

Ninetysix Hills SW Quadrangle 
Regional Mapping 
Pinal County, Arizona 

SUMMATION 

The 7-I/2 minute Ninetyslx Hills SW quadrangle (Fig. l) has been mapped as 
a part of the Pioneer project within the greater Kelvin-Red Hills-North 
Star-Tortolita problem. 

The main features which have been mapped within the quadrangle include: 

l) A muscovite-rich granite (Middle Mountain granite of probable 
Precambrian age) having an equigranular texture suggesting a deep 
level exposure. 

2) A number of dikes of different textural characteristics (probably 
all from a differentiating Laramide pluton) cut the muscovite granite. 
The dikes have a weak and variable alteration-fluid inclusion 
const i tuency. 

3) A probable late Laramide granite with an overprint of a gneissic, 
cataclastic, deformation phase. 

4) An extension of the mid-Tertiary Samaniego granodiorite complex 
(border phase and dike) which is the suggestive causative source 
for the overprint gneiss ic-cataclastic phenomenon. 

5) A late Miocene(?) or younger Palo conglomerate containing gneissic 
granite, hornblende volcanic, and other volcanic clasts, with the 
unit being involved in large-scale tilting. 

6) Minor copper oxide is found mainly associated with quartz granite 
aplite pegmatites and/or fault structures. 

7) Hematite, in pseudo-leached capping texture, on shears, fractures, 
and slips in generally crushed or brecciated blocks, is found in 
several zones within the Laramide gneissic granite phase and in 
general proximity to outcrops containing diabase dikes or masses. 

8) Tourmaline is found as clots and disseminated rosettes within the 
westernmost outcrop of Middle Mountain granite. 

RECOMMENDATIONS 

Mapping should be carried on in the northern quadrangle (Ninetysix Hills NW), 
which contains the Pioneer prospect, as time and personnel become available. 
As expressed by H. G. Kreis (1977), the additional study of the entire 
region and especially the dating of suspected Laramide intrusive units will 
provide the necessary information to tie the history of the region together 
and place the outcrops of favorable or potentially favorable units into a 
meaningful relationship. The mapping can be accomplished quadrangle by 
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quadrangle -- the four Ninetysix Hills quadrangles and the Paisano Hills 
portion of the Cactus Forest quadrangle -- which, added to the quadrangle 
mapping by Asarco and the USGS to the north and the USGS to the east and 
south, will provide the base for resolving the numerous problems now known 
to be present in, the greater Kelvin-Red Hills-North Star-Tortolita region. 

Around the Pioneer prospect are several small outcrops of tilted conglomerates 
which resemble the extensive outcrops of Palo conglomerate to the south and 
are undoubtedly related. Both groups of conglomerates are tilted steeply to 
the east and indicate that the Pioneer area is within a tilted fault block 
with ramifications of the Red Hills problems to the far north. 

The low geochemical values in the hematite-limonite of the Pioneer outcrop 
area are comparable to those of the hematite zones in the SW quadrangle. 
The brecciated and broken character of the rock units of the hematite zones 
is also characteristic in both areas. The association of diabase dikes near 
to the hematite zones in the SW quadrangle suggests a possible genetic 
relationship. Diabase is found within, south, and east of the Pioneer outcrop 
and further study is recommended on this relationship. 

The rather extensive and complex dike systems found in the southern end of 
the Middle Mountains extend into the NW quadrangle but apparently are less 
in number. This complex coupled with the tourmaline addition and the red 
color impartation to the western outcrops in both the SW and NW quadrangles 
hint at far more activity, which is commingly associated with porphyry copper 
systems, than has been previously noted for this section of Arizona. Continued 
investigation of this phase 7s warranted. Although the manganese workings in 
the Paisano Hills are located 2-I/2 miles NNW of the northern end of the 
Middle Mountains, this mineralization may also be related to the igneous 
dikes-tourmaline system mentioned above. 

ROCK UNITS AND PETROGRAPHIC SAMPLES 

A number of rock samples were collected for petrographic determination and 
some were assayed geochemically. Table One lists the assay (A) and thin- 
section (T) samples from within the quadrangle, as well as those secured 
outside the 96 Hills SW quadrangle. A number of additional samples had 
been previously collected for study of the various phases of the Grayback 
granodiorite in the quadrangles to the north. All of these thin sections 
are stored together under the 96 Hills label. 

Mapping of the Ninetysix Hills SW quadrangle was completed at the map scale 
of 1:24,000, and the compilation is submitted as Attachment A. The main 
units include the Precambrian Pinal Schist and Middle Mountain granite with 
several dike units; the Laramide gneissic granite and a half dozen dike 
units; and the Tertiary Samaniego granodiorite complex and the Palo conglom- 
erate along with a hornblende dike. Various types of alluvial fill material 
were also noted but not mapped. 

Descriptions of the units at various outcrop locations, from oldest to 
youngest, are recorded in Table Two and listed on the Legend of Attachment 
A. 
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MINERALIZATION, ASSAYS, AND BLACK SAND 

Mineralization is sparse within the quadrangle. Noted copper oxide was 
found in two areas within the Fletcher Tank Hills in the southeast portion 
of the map. Both were associated with quartz near a quartz-feldspar 
pegmatite zone. Also in the west side of the Middle Mountains (north 
central portion of the quadrangle) is a minor show in a quartz-sericite 
shear near a diabase mass. Within the Laramide gneissic granite near sample 
site AT-96-10, center portion of Sec. 31, T6S, RI2E, is a limited amount of 
copper oxide-silicate in fractures, along a fault zone, and in breaks with 
copper stain soaking into the tectonic breccia fragments along the fault. 

Also in this latter area is a zone of general hematite coatings with the 
copper oxide as well as within the adjacent fractured gneissic granite. 
At sample site AT-96-19, a mile southeast of site #10, is a small outcrop 
having maroon limonite on fractures cutting gneissic granite and a disrupted 
diabase sill. These fractures and cross-shears strike N30°-40°W and dip 
vertically to 45 ° east and west. The outcrop is moderately altered with clay 
and silica additions. 

The isolated hill in Sec. 33, T6S, RilE, of the Middle Mountain area has a 
general reddish coloration as a result of biotite destruction and breakdown 
of the tourmaline content of the unit. A similarly colored hill lies to the 
northwest in the adjacent quadrangle. The tourmaline rosettes are unusual 
for rocks in this part of Arizona and may suggest a fluorine increase in 
this type of granite. 

As noted under Petrography (Table One), several of the dike types in the 
Middle Mountain area are rust-stained and show pyrite pseudomorphs in thin 
sections. 

In the east side of Middle Mountain (NEI/4 NWI/4 of Sec. 34, T6S, RIIE) on 
the south side of a diabase mass is a zone of carbonated Middle Mountain 
granite. The carbonated zone (sample AT-96-7) is a porous zone of calcidm 
carbonate replacement of feldspars and has a variable amount of shiny black 
manganese. The zone is 20-30 feet wide on the south side and trends north- 
south to north-northwest. To the south it terminates in granite at about 
the projection of the east-west swarm of andesite dikes. Northward the 
carbonate-manganese splits around the diabase dike and extends for some 
distance along the west side of the diabase before becoming a mixed rubble 
of carbonated granite and oxidized andesite dike (of the T-96-6 affinity). 
(Further north the andesite dike becomes an entity within the granite bedrock.) 
The east split of the carbonate-manganese follows the southeast side of the 
northeast spur of diabase to the northeast where both give way to the 
extension of granite aplite pegmatite. Based on the general association of 
diabase with the carbonate-manganese~ it would appear that the diabase may 
be the causative force. 

As noted previously, Table One notes which samples were geochemically assayed. 
Table Three is the AARL Geochemistry report sheets with the values determined. 
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The entire quadrangle is covered by placer claims of the Great Western 
Corporation for the magnetite or black sand content of the alluvial units. 
The best surface examples are in the southeast quarter of the map and the 
Red Rock Mine is a black sand recovery area. The separation plant is 
located at the landing strip area in the lower right part of the map. The 
main drilling and evaluation are east of the map area. 

In the March 2, 1978 copy of The Northern Miner is an article by D. F. 
Strong which discussed the mineralization associated with "2-mica" granites 
of lower Paleozoic age; tin-tungsten-uranium-fluorite-beryllium-molybdenum- 
antimony-bismuth being commonly associated with the granite, and the first 
three named being in general the most economic. A copy of the article is 
attached as an addendum (Att. B). The possible association in the 96 Hills 
SW (and NW) area would be with the reddish tourmaline-bearing granite masses 
in the western portion of the Middle Mountain granite mass. The sample AT-96-1 
is the only sample originally assayed of the reddish phase and it showed no 
increase in the molybdenum content over other samples in the granite. The 
other assayed samples in the white-phase granite were AT-96-7 and AT-96-8. 
Only the carbonated manganese-bearing sample (-7) had a minor increase in 
moly and slightly more lead-zinc (Table Three sheets). No increase in 
uranium count was found when hand-specimens of both phase s oflgrani'te were 
scanned. Future investigations of these granites, and especially in the 
Paisano Hills to the north, should include a spectroanalysis of the sample 
types in checking for unusual elements. 

DRILL HOLES 

A rotary-type drill hole, possibly to check for the black sand content, was 
found in the northeast corner of Sec. 36, T7S, RilE. The site was clean and 
suggested only a minor amount of drilling. 

H. G. KreTs (verbal) reported the drill hole in the southwest corner of 
Sec. 9, T7S, RilE. It was apparently drilled by an exploration company as 
part of their claim assessment and reported to be 1500 feet deep. Only 
schist gravel type material is suggestive from the available spoil piles. 

STRUCTURAL INTERPRETATIONS 

The eastern part of the area is a portion of the 96 Hills SE and Tortolita 
complex which has been effected by a mid-Tertiary heating-metamorphic event. 
This event has been discussed by Creasey, et al (1976) and Banks, et al (1977). 
Sell (1977) related a portion of this event to the possible relationship of 
minor copper mineralization in the Owl Head District to the south. Other 
companies (Conoco-St.Joe) have also checked these thermal event centers 
throughout central Arizona, as a possible mechanism-source-remobilization- 
wall rock trap for uranium mineralization. 

The heating-metamorphic event has been dated as between 22 and 24 m.y. The 
unmetamorphosed Palo conglomerate apparently overlies these metamorphic 
units mapped as Laramide gneissic granite on Attachment A. The high dips 
determined on the Palo conglomerate beds suggest that they and the underlying 
granitic units have been involved in large-scale tilting of the involved 
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'blocks. This tilting is probably of the same style and possible magnitude 
as suggested for tilted units in the adjacent quadrangles to the north 
and south. The sample of Tertiary basalt (T-96-13), from the Tortolita 
quadrangle to the south, has an age date of 21 m.y. (Banks, et al [1977]). 
These dikes are vertical and intrude part of the mid-Tertiary heating- 
metamorphic terrain. Thus this would suggest that the age of the til~ing 
and the Palo conglomerate is probably in the narrow range between 22-24 
m.y. and the 21 m.y. date. However, as the conglomerate contains fragments 
of basalt-looking units, as well as the needle hornblende volcanic dike 
units, this line of reasoning would suggest that the Pa]o conglomerate is 
younger than 21 m.y., and as it has been involved in the tilting then the 
tilting is also younger than 21 m.y. Thus the present mapping cannot 
resolve this apparent discrepancy of event-timing. 

Within the Middle Mountain area, the dikes noted tend to have a very steep 
dip -- suggesting that this area was not involved in rotational tilting. 
Also the large expanse of similarly textured double mica granite suggests 
that the block is of a deep erosion level. 

RECENT U.S.G.S. MAPPING 

Yeend, et al (1977) recently published a map of the Ninetysix Hills 
quadrangles at the scale of 1:62,500. The mapping was very rapid and only 
gross features recorded. They included the Middle Mountain granite with 
their Laramide granite further east and north and equated them with the 
Laramrde Tea Cup Granodiorite of the Grayback quadrangle. They indicated 
no dikes within the Middle Mountain area and did not note the Pioneer 
outcrop. They split out a few conglomerate outcrops which may in part be 
my mapped Palo conglomerate, but they also included abundant alluvial 
rubble-type deposits within their conglomerate label. This mapping (and 
the adjacent Picacho quadrangle to the southwest) is probably the most 
useless and uninformative mapping released by the U.S.G.S. 

~ James D. Sell 

JDS:lb 
Arts. 

R e f e  r e n c e s  : 

Banks, N.G., eL al, 1977, Reconnaissance geologic map of the Tortolita 
Mountain quadrangle, Arizona: U.S.G.S. Map MF-864 (1:62,500), 
l sheet. 

Creasey, S.C., et al, 1976, Middle Tertiary plutonfsm in the Santa Catalina 
and Tortolita Mountains, Arizona: U.S.G.S. open-file Report 76-262, 
20 p. (Note, also published in Journal of Research, U.S.G.S., 
vol. 5, no. 6, p. 705-717 [1977].) 

Kreis, H.G., 1977, Geologic Mapping--Pioneer Project: Asarco memorandum, 
Jan. 28, 1977, l p. 
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TABLE ONE. Tabulat ion of  Assay (A) and Thin-Section (T) Samples from the 96 H i l l s  Area. 

Sample Location Slab 
Number I/4 I/4 Sec. T-S R-E Unit* Fluid Inclusion K-Stained? Notes 

AT-96-1 NW NE 33 6 II mmg small, type I yes 
T-96-1A NW NE 33 6 II mmg small, type l yes 
T-96-2 SW SE 28 6 II db cruddy, none visible yes 
AT-96-3 SE SE 28 6 II Tql not visible yes 
T-96-4 NW NW 34 6 II Tr none yes 
T-96-5 SW NW 34 6 II Tqp few type I yes 
T-96-6 NE NW 34 6 II Ta not visible yes 
AT-96-7 NE NW 34 6 ii mmg not visible yes 
AT-96-8 NE NW 34 6 II mmg abundant, type l yes 
T-96-gA SE SE 28 6 II Tdp not visible yes 
T-96-gB SE SE 28 6 ll' Tip not visible yes 
AT-96-10 NE SW 31 6 12 Lgg not visible no 
T-96-11 NW NE 31 6 12 Lgg moderate, type I yes 
T-gG-12A SW NE 6 7 12 Lgg not visible yes 
T-96-12B SW NE 6 7 12 Lgg moderate, type l yes 
T-96-12C SW NE 6 7 12 Lgg not visible no 
T-96-13 SW SW 1 9 12 Tb** not visible no 
T-gG-14A NE NE 34 8 12 ~(Yo)** broken inclusions yes 
AT-gG-14B NE NE 34 8 12 ~(Yo)** broken inclusions yes 
AT-96-15 NW SE 7 8 12 Tsgd** not visible yes 
T-96-16A NW SE 18 8 12 Tsqm** rare type 2 in feldspar yes 
T-96-16B NW SE 18 8 12 Tsqm** good type 2 in Feldspar yes 
AT-96-17 SE NE 36 7 II pi no slab no slab 
AT-96-18 SW SW 32 6 12 Lgg moderate, type 1 yes 
AT-96-19 SW NW 5 7 12 Lgg moderate, type l yes 
T-96-20 NW NW 32 6 12 Lgg small, type l yes 
96NW-D2A SE SE 17 6 II . . . . . .  yes 
96NW-D2B SE SE 17 6 II . . . . . .  yes 

red coloration, with tourmaline 
white equivalent, no tourmaline 

abundant pyrite pseudomorphs 
strongly altered groundmass 
feldspars altered 
pyrite pseudomorphs 
carbonate-manganese replacement 
typical, coarse muscovite 
pyrite pseudomorphs 
zoned feldspars, pyrite pseudomorphs 
sheared, grungy 
weakly gneissic 
border granodiorite to diorite phase 
strongly gneissic 
mafic-rich, diabasic textured gneiss 
basalt with 21 m.y. age date 
schistose granite, thermally metamorphosed 
granitic gnelssic, with hematite films 
border phase, weak iron stain 
cataclastic texture 
granite apllte dike cutting #16A 
arkosic, quartz-rich 
weakly gneissic, high muscovite content 
graphic texture, maroon limonite 
weakly porphyritic core zone 
clast from conglomerate from drill core *** 
porphyritic qtz monz from drill core (bedrock?)*** 

*See legend on Attachment A map 
**See map MF-864, Geol. of Tortollta Mountains quadrangle (Banks, eta], 1977, 1:62,500) 

***From reject pile at cored hole in 96 Hills NW quadrangle 



TABLE TWO. Description of Rock Units and Dikes. 96 SW quadrangle 

Precambrian Pinal Schist (pi) and quartz granit e aplite (~ga) pe~matit@ (peg) 
dikes. 

Fletcher Tank Hills. Section 36, T7S, RilE. 
East Hill. The schist is a quartz-muscovite spotted schist with abundant quartz 
lenses; it is isoclinally folded, has disrupted folds, and is generally contorted. 
Schistosity o11 west side strikes N20°-30°E and dips steeply to 70°E. 

Schist on the east side of hill strikes N60°E and dips steeply to the northwest 
and is generally more planar than main part of hill. 

Numerous quartz granite aplite dikes cut the schist from east to west, then 
include: 

a) a ten-foot zone composed of 2'-3' granite aplite zones which strike N45 °- 
50°E 

b) on about twenty to thirty-foot intervals, to west, have several five-foot 
dikes then a ten-foot dike 

c) about fifty-five feet further west is a twenty-foot dike contact which 
dips 250-75 ° east, with dump-pit on dike; followed westward by a twenty 
to thirty-foot wide dike of granTte aplite dipping steeply and striking 
N40°E 

d) along this main western side dike swarm on the northeast end, a 3" 
disrupted quartz vein has minor copper oxide and minor specularite 
exposed in a pit and on the dump. 

Both the schist and the dikes are cut by several NlS°W-strikTng, 450-55 ° SW- 
dipping faults showing offset to the northwest. The schist and dikes are also 
cut by steep to 70 ° south-dipping tension faults with no apparent offset. 

East hill also cut by a Tertiary Samaniego granodiorite dike. 

Sample Number A-~6-17 of Pinal Schist taken for reference. The sample contains 
no alteration-mineralization and is an arkosic, quartz-rich variety, tightly 
isoclinally folded, etc. The unit has no resemblance to the mylonitic or u|tra- 
mylonitic and schistose unit [~(Yo)] of Banks, et al, in quadrangles to the 
south. 

In the Middle Mountain area, north central edge of map, the oldest set of 
fracture-filled dikes appears to be a northeast-trending Precambrian-type granite 
aplite pegmatite (NWI/4 NEI/4 Sec. 34, T6S, RilE). The dike mass extends along 
and beyond the diabase dike-carbonated granite zone. 

The Pinal Schist in the southeast corner of Sec. 6, T7S, RI2E strikes north-south 
and dip~ 55°-70°E. It is the typical grey, quartz-rich, muscovite, phyllite 
schist. Five similar outcrops or sub-outcrops are found in Sec. 5, T7S, RI2E. 

The smaller outcrop in the NEI/4 NWI/4 SWI/4, Sec. 5 has an undulating schistosity 
striking north-south and dipping 40°E. The texture suggests a granitoid-derived 
source. 

To the north along the road (SEI/4 SWI/4 NWI/4, Sec. 5) the small outcrop 
is a phyllite muscovite schist with schistosity of NIO°E, dipping 30°E. 
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In a pit to the east (SEI/4 SEI/4 NWI/4, Sec. 5) the schist is more mafic-rich 
and no trend could be determined. The surrounding area is covered by sub-outcrop 
of schist rubble. 

(NOTE: The schist rubble hills on the east edge of the map appear to be a cover 
of schist debris with granite and granite aplite mixed in. Along the wash edges 
it appears to be 80% schist and 20% granite-granite aplite rubble set in a 
caliche and mud-granite debris matrix, and has a dumped deposltional appearance. 
It also contains minor Tertiary basalt fragments. It is not a good conglomerate 
even though some fragment blocks are I"-3" and up to 3 feet in dimensions. I do 
not consider the schist rubble to be the Palo conglomerate type although it may 
be derived from reworked Palo.) 

In the northeast portion of the map, the southern schist outcrop (SEI/4 SWI/4 
SWI/4, Sec. 5) is a very broken unit but has a N30°E schistosity trend with dips 
ranging for 80°E to 80°W. 

Several pegmatite granite dikes occur in Sec. 32, T6S, RI2E. The southern 
pegmatite strikes NIO°E to NIO°W and has a vertical dip. The northern one is 
similar with a N70°E branch joining the main trend. All are narrow, 6"-18", and 
discontinuous with large muscovite plates set in a quartz-feldspar-graphic 
granite matrix which grades into the wall rock. 

Precambrian Middle Mountain_granite (mmg). 

The Middle Mountain granite (mmg) is found in the north central portion of the 
map in Sections 27, 28, 33, and 34 of T6S, RilE. It is an equigranular double 
mica granite of 2-3 mm size grains of the approximate composition: I0-20% 
quartz, 30-40% K-spar orthoclase, I0-20% plagioclase, I0% biotite, and 15-25% 
muscovite, all of which interlock. 

In the northeast quarter of Sec. 33, the master joint strikes NS°E, dips 40°W 
with secondary joint systems at N70°W, steep north dip, and at N45°E~ steep 
southeast dip. The joint system tends to release the blocks into 2"x3"x4" 
cobble-sized units in this red-colored granite. The southwestern hills have a 
decided pinkish-red coloration and stain (stippled on the map) with tourmaline 
rosettes scattered throughout the rock. Also some hematite stain and some quartz, 
mainly along the master joint or shear, as in sample AT-96-1. This sample was 
tested for radioactivity but no counts exceeded normal background. 

Elsewhere the granite is generally a white to cream-colored unit as shown in 
samples T-96-1A and AT-96-8. In the SEI/4 of Sec. 28, the master joint is 
N70°W, dip 70°N, with the secondary at NIO°E, steep east dip, and N50°E, deep 
east dip. 

Overall the Middle Mountain granite has the joint system on the theme of NS°-IO°E, 
N70°W, and N45°-50°E, with one then another being dominant. 

Only a smidge of copper oxide was found in a half-inch quartz-sericite joint- 
fracture trending NSO°E just south of the diabase in SWI/4 SEI/4 of Sec. 28. 
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The age of the granite is unknown but its similarity to some dated double mica 
granites, and its dissimilarity to the Tertiary double mica (at times) granites, 
suggests a Precambrian origin. Also it is cut by diabase which elsewhere has a 
Precamb ri an age. 

Precambrian Diabase (db). 

The diabase within the quadrangle is typical of that within Central Arizona 
which has a Precambrian age. 

In the Middle Mountain complex, SWl/4 SEl/4 Sec. 28, T6S~ RIIE, the diabase (db) 
strikes N70°-80°E and has a steep dip and is 30-40 feet in width. Sample 
AT-96-2 is taken from this dike. The dike contains minor Middle Mountain 
granite inclusions and has chilled borders on both walls. Its general texture 
is medium diabasic with fine to ultrafine diabasic on the chilled borders. Along 
trend are several chilled border diabase masses in the adjacent quadrangle to 
the north. 

Further east, in the NWI/4 l~El/4 Sec. 34, T6S, RilE, is a dike complex composed 
of a 30-40 foot chilled border diabase dike trending NlO°-20 ° E with a spur 
trending N50°E. Along the west side of the southern half of the dike is one of 
the oxidized andesite-type dikes (T-96-6) which ultimately breaks away and cuts 
NIO°-20°W to join the north-trending swarm of andesite dikes (See Tertiary dike 
complex description). Along the northeast extension of the nor--t'h'east spur is the 
zone of aplite pegmatite (qga) previously described. 

The above zone of diabase is believed to be related to the carbonated granite 
zone which is discussed in more detail under Mineralization. 

Within the northeast quadrant of the map are several chilled diabase dike-masses 
trending northeasterly and northwesterly within the sheeted cataclastic deformed 
granite gneiss of Sec. 31, T6S, RI2E and Sec. 6, T7S, RI2E. Generally the diabase 
has minor epidote on the shear faces parallel to the elongation of the mass. 

In the NWI/4 SWI/4 NWI/4, Sec. 5, T7S, RI2E are several I'-3' wide, somewhat dis- 
continuous, chilled diabase dikes trending N60°-70°E in the wash bottom. They 
cut very grungy granite gneiss. East of these outcrops is a small outcrop with 
limonite shears (sample AT-96-19) cutting a 3"-6" diabase sill which trends 
N50°-60°W and dips I0°-15 ° southwest. The sill is very discontinuous and is 
disrupted by the strong shearing (striking NNW) containing l imonite stain. A 
small sub-outcrop of similar material is located in the alluvial rubble material 
just to the south. 

The dike shown in Sec. 32 (T6S, RI2E) strikes parallel to the pegmatite dikes to 
the north-south. It strikes NIO°E, probably has a vertical dip, and is lO'-15' 
wide and perhaps fifty feet long before being lost in local wash and grus. 

Laramide gneissic granite (L~.g). 

The large uni t  of Laramide gneissic grani te (Lgg) is a composite type grani te 
with variable shearing, crushing, brecc iat ion,  and general broken character 
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giving most outcrops a qrungy cataclastic appearance. It has a variable but 
noticeable amount of muscovite as books and smears. It most closely resembles 
the double mica granite of Middle Mountain but has been separated~out because 
of its general more porphyritic character and its cataclastic nature~ 

The Tertiary Palo conglomerate west of the main unit contains gneissic granite 
fragments suggestive of being derived from this terrain. Although no Palo con- 
glomerate was found overlying the gneissic granite it does appear that the granite 
was involved in the same titled block style of movement. Thus the granite may be 
tilted as much as 250-45 ° . 

l At sample AT-9o~lO, central portion of Sec. 31, T6S, RI2E, the granite is a 
sheared, broken~ grungy, slightly gneissic granite. The sheeting trends N20 °- 
35°E, with near vertical dip. Hematite stain and films occur on the sheeting 
planes and broken edges, in the center of the section is a shattered, sheeted 
fault zone trending N40°~5OOW, dipping 50 ° southwest, which appears to end in a 
small diabase outcrop~to the northwest. The reddish granite (hematite addition 
and biotite breakdown) is mainly west of the northwest-trending fault and extends 
over into the sample site #10 hill area. 

Sample T-96-11 is an equigranular weakly gneissic granite of the Precambrian 
Middle Mountain granite affinity. 

Within the west central outcrops of Sec. 6, T7S, RI2E, is a dirty, crushed, 
sheared gneissic granite, with shears on N35°E to N60°E. Abundant Quaternary 
alluvial rubble of schist-gneissic granite cover in the area. On the southern 
side of outcrops, the sheared gneissic granite is cut by a fault which strikes 
NlO°W, dips 55 ° west, and has 21-4 ' of crushed gneissic granite with clay-mud 
walls of gouge. A hornblende volcanic dike parallels the fault both above and 
below. The northern segment of the fault has a strike of NI5°W and appears to 
dip nearly vertical. Upstream (east) from the northern segment some hundred 
feet is another hornblende volcanic dike dipping east, and an additional hundred 
feet upstream is a six-inch crushed zone striking N45°W and with a vertical dip. 

Sample T-96-12A is a gneissic granite to granodiorite to diorite and shows a 
border phase type which is sheared, sheeted~ crushed, broken, and faulted. The 
more typical equigranular white to grey gneissic granite is represented by 
sample T-96-12B. At "The Buttes", near sample site T-96-12C, the gneissic 
granite is also white to light grey and is highly sheeted by NIO°E and N30°W 
shears, it exhibits good cataclastic textures with an older NSO°-60°E-trending 
group of shears showing up in elongated patches. 

Diabasic granite-gneiss zones (sample T-96-12C) are found in the north center of 
Sec. 6, T7S, RI2E. These mafic-rich zones strike north and dip 15 ° to the west. 
They are three to six feet wide and are cut and displaced two to six inches by 
shears of "The Buttes" type. 

In the area of sample T-96-18, the unit is an equigranular, massive, nearly a 
graphic granite with moderate cataclastic texture throughout in outcrop and 
numerous lenses within the unit. It has small to medium interstial biotite 
books and a variable muscovite content. Weak hematite occurs on tile N to N20°W - 
trending shears. 
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Throughout the areas of gneissic granite, the surface is a grus. A few diabase 
masses and a hornblende volcanic dike which trend northeasterly were mapped. 
Additional outcrops of these may also occur in the main mass within the northeast 
quadrant of the map. 

The granite in and along the roads of Sec. 32 of the northeast sector has a 
slight grungy appearance but is relatively unsheared and lacks the distinctive 
gneissic texture. It also tends to have a more porphyritic texture as shown in 
sample T-96-20. Probably this phase of the granite is a central core zone with 
the more gneissic and grungy phases on the outer zone. This more porphyritic 
phase is similar to the Southern Grayback Granodiorite found further north 
(see thin-section collection of JRK). It does contain some muscovite but is not 
as noticeable as at Middle Mountain and overall the muscovite content appears to 
decrease from the outer gneissic zone inward toward the interior more porphyritic 
core. All outcrops weather rapidly to a grus surface with the interior phase 
having somewhat more relief and nubbins projecting above the general land surface. 

Tertiar~ dike complex of Middle Mountain. 

A complex of dikes of probable Laramide age cut the Middle Mountain double mica 
granite (mmg) in Sections 27, 28, 33, and 34, T6S, RilE. None of these types 
were found in the Laramide gneissic granite (Lgg) complex to the east. 

The oldest set appears to be the northeast-trending with east-west dog legs, 
quartz latite dikes (Tgl, T-96-3). The dike appears sheeted and on the south 
end it strikes N50°E with a steep dip and is I0-12 feet wide, although somewhat 
discontinuous and distorted. As shown on the map, the dike turns east-west and 
becomes as narrow as two feet before returning back to N60°E to N40°E with a 
variable width before terminating. Further northeast, in the adjacent 96 NW 
quadrangle, the latite appears as a few small patches and one 5-foot by 25-foot 
mass trending N70°E. The offset or dog-leg area appears to be broken and somme- 
what offset by N30°W sheeting zones which cut both the granite and the quartz 
latite dike. 

Extending eastward from the east-west jog of above is a dacite porphyry-latite 
porphyry-diabase complex dike zone trending N70°E and dipping steeply. From west 
to east the sequence is a) a 2'-5' wide dike of dacite porphyry (Tdp, T-96-gA), 
with further to the east an adjacent dike of b) 5'-8' wide latite porphyry (Tip, 
T-96-gB), followed by c) a chilled border diabase dike of 20'-30' width on the 
south side of the complex. The complexzones do not cross the sandy alluvium 
along the section boundary of Sec. 27-28. 

An additional east-west dike type is exemplified by a number of dikes in Sec. 34, 
T6S, RilE, of a rhyolite affinity (Tr, T-96-4). These purplish-tan fine-grained 
dike segments are I'-3' wide and trend N60°E to N85°E and N85°W. They also at'e 
cut by a number of the N30°W sheeted zones as noted previously cutting the quartz 
latite. For the most part the rhyolite dikes form an east-west trending zone 
which nearly cuts the entire southern part of the Middle Mountains. 

Cutting, o f fse t t ing ,  and terminating the rhyol i te dikes are segments and zones 
of oxidized black-grey to purple to brown dikes of andesite a f f i n i t y  (Ta, 
T-96-6) which mainly s t r i ke  N to NIO°W in the northcentral part of Sec. 34 
and extend o f f  of the map into the adjacent quadrangle. The andesite dikes 
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vary from l to 2 feet in width and dip steeply, and occur as disrupted masses. 
Several individual masses as well as one elongated zone trend N30°-35°W in 
the central part of Middle Mountain (NWI/4 of Sec. 34). 

The largest dike, and probably the latest in the series, is a quartz eye, 
sugar-textured, porphyry (Tqp, T-96-5) in the center of the NWI/4~ Sec. 34. 
The grey-white, laminar porphyry is thirty feet wide and strikes east-west, dips 
steeply north, on the east side of the hill, then turns abruptly and trends 
north-south (dipping 65°-70°E) on the north side of the hill. The dike has 
distinct hexagonal outline quartz eyes. 

Tertiar~ Samaniego.granodiorite (Tsgd). 

In the Tortolita Mountains quadrangle to the south is a complex intrusive group 
with border phase granodiorite, quartz diorite, monzodiorite, to diorite. One 
such dike was found along the northwest extension of the main complex in the 
southern Fletcher Tank Hill, Sec. 36, T7S, RilE. Here the Samaniego granodiorite 
dike (Tsgd) trends northwesterly as somewhat discontinuous masses cutting the 
Pinal Schist and the cross-cutting granite-quartz-aplite dikes on the hill. No 
sample was taken here but AT-96-15 was taken in the equivalent hard rib in an 
exposure in Sec. 7, T8S, RI2E. 

Tertiary hornblende volcanic dike (Thv). 

The hornblende volcanic (Thv) is a greyish purple hornblende needle volcanic 
occurring as narrow, 2'-4', dikes along fault zones as in Sec. 6, T7S, RI2E, 
and along apparent faults or reactivated zones such as in Sec. 31, T6S, Ri2E 
where it occurs along the projection of one of the diabase masses. 

Tertiary. Palo conglomerate (Tpc). 

The Tertiary Palo conglomerate is named for the exposures found near Palo Tank 
in the SEI/4, Sec. 36, T6S, RilE. 

At the small exposure north of the Palo Tank, the conglomerate trends N30°W, 
dips 30 ° east. It is a pebble conglomerate with semi-angular clasts from 1" 
to plus l foot~ and some l' by 2' slabs, of principally a biotite-muscovite 
granite with dense quartz-feldspar mixture having diffuse boundaries and biotite 
books 2-3 mm, with minor muscovite books. The~anite has a weak gneissic 
texture and is undoubtedly derived from the Laramide gneissfc granite unit. 
The conglomerate also contains rare diabase and the needle hornblende volcanic 
clasts. All are set in a matrix of fine crushed gneissic granite debris (grus). 

North and east across the wash, the conglomerate sLrikes N30°-40°W, dips 25°E, 
and has a volcanic tuffaceous matrix. Here it has the character of a sheet- 
flood depositional facies with an apparent easterly source direction. 

Overall the conglomerate has a grey outcrop color with reddish streaks. 
indurated. 

It i s  
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Upstream (easterly) the matrix and general texture become more sandy-arkosic. 
In the small outcro p in SWI/4 Sec. 31, T6S~ RI2E, the conglomerate has a landslide- 
dumped appearance and a redder cast. As noted on the map, a fault with a trend 
of NIO°E, 80°W dip, cuts this outcrop. 

In general, the Palo conglomerate outcrops are overlain by similar debris of 
reworked conglomerate with a weakly cemented caliche matrix and has a sheetflood 
depositional feature. 

West of Palo Tank~on the north side of the wash~ is a caliche mudstone sediment 
having a flattish dip. Several other small patches of caliche mudstone were 
noted resting on Palo conglomerate. The dip of the mudstone is 20-5 ° flatter than 
the present drainage baselevel inclination. 

The Palo conglomerate in the SWI/4, Sec. 30, T6S, RI2E, is mainly rubble and 
debris with faint indurated outcrops throughout. They have a general northwest 
strike and a moderate east dip. 

In Sec. 6, T7S, RI2E, the small disconnected conglomerate outcrops strike NIO°E 
to N30°E and dip generally 25 ° east. They are composed of fifty percent clast 
material of schist, gneissic granite, volcanic, and diabase parentage set in 
fifty percent matrix of gritty tuff. A few very fine sandy zones are also present. 
Though poorly represented, the points available suggest a source from the northeast 
to east. 

In the NEI/4 NW!/4 of Seco 6, T7S, RI2E, the outcrop is a fine to medium coarse 
gravel conglomerate with schist, gneiss, and abundant hornblende volcanics set 
in 80% matrix. The unit strikes north and dips 65°-70°E. This facie may be 
the upper portion of the total Palo conglomerate sequence. 

The conglomerate outcrop in the east center of Sec. 7 has a strike of N25°-30°W 
and clips 75°-80°E. It is mainly clasts (60%) of Pinal Schist (80%) and gneissic 
granite (20%) set in a gritty, minor tuff matrix (40%). Minor fine hornblende 
volcanics and diabase clasts are also present. The Pinal clast attains a sfze of 
up to two feet with the granite up to 6 inches and others around 2"-3" in size. 
Color is grey to tan buff. 

A large expanse of conglomerate type rubble and debris occurs north and east of 
the small wash outcrops, but no real conglomerates were found in the rubble. 

In the southern part of Sec. 5, T7S, RI2E, along a wash cut bank areexposed 
outcrops of Palo-type conglomerate. The eastern exposure has 6"-31 clasts of 
Pinal (90%) and 4"--I-I/2' gneissic granite (10%) with minor vesicular andesite 
and andesite porphyry clasts set in a matrix (lO~o-15~o) of sand, silt, and 
muddy ruffs. Poorly defined bedding strikes NIO°-20°E, dips 600-70 ° east. The 
middle exposure has similar clast composition with an increase to 20-2.5% of 
matrix material. The strike is NIO°-20°E, dips 30°-35°E. The western outcrop 
is very schist-rich and may in fact be a rubble schist sub-outcrop. 
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3441 East Milber 

A~ER~C~N ANALZTICAL and R ~ S ~ C ~  
A S S A Y E R S  • C H E M I S T S  • M E T A L L U R G I S T S  

Phorle 889-5787 

L&BORATOR~ES 
T U C S O N ,  A R I Z O N A  8 5 7 1 4  

SAMPLE SUBMITTED BY A S A R C O ,  I N C ,  _ _  DAT 

G O L D  SILVER P P M  PPM PPM PPM 
S A M P L E  M A R K E D  O Z , / T O N  O Z . / T O N  C O P P E R  LEAD Z INC MOLYBDENUM 

AT-96-19 109 68 50 5 

DATE Nov. 14, 1977 

CHARGES $ 7 , 7 5  
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ATTACHMENT B. From The Northern Miner, 
March 2, 1978, p. B-l, -18, -19. 
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• /  INVO~C~ 

.,, ~ ~ ~ - . . . .  . 

, ~ '  ~ • ~ ~ - ~  

20 We~ Fiore~ 

Tucson, Arizona £}5705 

C°Do N. 

JUN I ,5 1977 

I N V O I C E  

" ° -  '7 7 5 2 5 

r -  
SOLD 
TO 

L 

INVOICE 
DATE June 8, 1977 

ASARCO, INC. -] 
P. O. Box 5747 
Tucson, Arizona 85703 SHIPPED 

TO J.D. Sell 

/ 

ou...°...o  T..o i..°°. ,_..°.. .... ,.O..LO. L 
77525 .-- net 30 days ,I picked,~ up I returned 

QUANTITM U N I T  D E S C R I P T I O N  " U N i T  PRICE A M O U N T  

16 
I! 
15 
15 

ea 
ea 
ea 
ea 

Standard petrographic thin sections 
K-feldspar stain (slabs only) 
Impregnation with epoxy 
Grinding in oil 

TOTAL 

?, 
o z .<." .J / / 7  " 

8 i 

3.75 
.75 
.50 
.50 

60 .00  
8 . 2 5  
7 .50  
7 .50  

$83 ,25  



/ j  ._ 



./i ~ f 

East Milber 114VOICE 140. Phone 889-5787 
15414 

AMERICAN ANALYTICAL and P~SEARCH LABOKATOI?/ES 

A S S A Y E R S  . C H E M I S T S  - M E T A L L U R G I S T S  
T U C S O N  A R I Z O N A  SST14 

~ A M P L E  S U B M I T T E D  BY ASARCO, INC. D A T ~  Oct~ 17, 1977 

Hr. J. D. R~31 

S A M P L E  M A R K E D  

AT-96-14B 

AT-96-15 

AT-96-17 

AT-96-18 

4 Samples 

A N A L Y S I S  

Geo-Chem Cu, Pb, Zn, Mo 

Preparation 

TOTAL 

THANK YOU MUCH!! 

$ 28.00 

3;00 

$ 31.00 

C H A R G E S  

g/Z  

CHARGES $ _ 31 -(~("} 

~NVO~CE NO. 15414 

Ik~F,.:.,P, 

A | I A Y | R  - C H E M I 6 T  



//,4&l Ba,t Mi|],er ,.VOICE NO. 
i ',~ ~: 15414 

~ ~/ AMERICAN ANALYTICAL and RESEARCH 

A S S A Y E R S  - C H E M I S T S  - M E T A L L U R G I S T S  

' A M P L E  S U B M I T T E D  BY, ASARCO, INC. 

Phone 889-578Y 

LABORATORIES 

T U C S O N .  A R I Z O N A  e s T J 4  

DAT~ Oct, 17,  1977 

Mr. J_ D..qe11 

S A M P L E  M A R K E D  A N A L Y S I S  C H A R G E S '  

AT-96-14B 

AT-96-15 

AT-96-17 

AT-96-18 

4 Samples 

CHAr~GES $ _ ql .00 

Geo-Chem Cu, Pb, Zn, Mo 

Preparation 

TOTAL 

THANK YOU MUCH! ! 

k / 
(- 

$ 28.00 

3;00 

$ 3 1 . 0 0  

..... INVOICE NO, 15414 AS.,~Y-6..C.-"~.,ST 
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/ =qARCO Southwestern Exploration Division 

November lO, 1977 

TO: J. D. Sell// 
H, G. Kreis 
D. M. Smith 

FROM: F. T. Graybeal 

Pioneer Project 
Pinal County, Arizona 

In several conversations over the past 6 months (mostly with JDS 
and HGK) it was generally agreed that the next step on this project will 
be to diamond drill a vertical hole in the altered outcrop. Accordingly, 
I have budgeted for a single IO00-ft. hole to be collared early in 1978 
(like Jan. 2-3) so it can be completed by Feb. 15, 1978 when our State 
Prospecting Permits expire, 

Please review the early drill data, geophysical data, recent JDS 
mapping, and agree on a location for the dri11 hole -- or give me an 
alternate proposal. ~=~ ~ "~" ~~9 

FTG:Ib 



Southwestern Exploration Division 

November 17, 1977 

TO: F.T. Graybeal 

FROM: H. G. Kreis 

Pioneer Project  
Pi.np1 County, ,Ar izona 

In view of the proposed dr i l l ing on the Pioneer Project I recommend that 
the hole be placed 500' due east of the southwest corner of Section 11 
(T6S, RILE). The location of the hole could be moved up to 150' north 
of that point depending upon the location of the wash. This d r i l l  site 
location is based upon the alteration and mineralization exposed in outcrop 
and described in my memos of January 17 and 28. 

It  is my understanding that the intent of the dr i l l ing is to acquire 
sufficient just i f icat ion to hold the property for possible future deep 
dr i l l ing.  The geology of the outcrops and the negative results of OL-I 
suggest that i f  porphyry copper mineralization is associated with the 
altered and mineralized outcrops i t  would have to be at least 1500' to 
3000' deep. The proposed dr i l l  hole should be dri l led sufficiently deep 
to eliminate the possibil i ty of f iat  fault truncation of the sulfide 
system and to check for the existence of pervasive alteration and mineral- 
ization in the third dimension. Such a hole would be on the order of 
2500' deep. 

I have discussed the proposed d r i l l  hole wi th  Mr. Sel l  and Mr. Smith. 
are in agreement that  the minera l ized outcrops should be d r i l l e d  to a 
moderate depth. 

74 S 
Henry G. Kreis 

We 

HGK:Ib 

cc: JDSe11 ~/ 
DMSmith 



Southwestern Exploration Division 

December 27, 1977 

TO: N. P. Whaley 
H. G. Kreis 
H. M. Stone 

Pioneer Project 
Pjna] County, Arizona 

This morning Mr. Crist informed me that there have been sufficient 
expenditures on the Pioneer Project to keep our state prospecting permits 
valid through February 1979. Therefore, drilling early in 1978 will not be 
required and all plans should be revised accordingly. We will have to do 
some work this summer for assessment purposes on the 20 unpatented claims. 
I have called Jack Lloyd and informed him of our plans to cancel the Pioneer 
hole. 

If everything goes as currently planned, we will attempt to deepen QDC-5 
as soon as the Superior East hole is completed -- sometime in early January. 

FTG: lb 
i 

cc: RBCrist://1 
JDSel 1 
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T E R N  

i r 

INVOICE 

2 0  West Flores 

Tucson, Arizona 8 5 7 0 5  

INVOICE 
NO. 771370 

,C.D. ~.  

V- 
SOLD 
TO 

L 

ACCOU~iTS PAYABLE 
ASARCO INC. 
P.O. BOX 5747 
TUCSON, AZ. 85703 

-1 

J 

INVOICE 
DATE 

SHIPPED 
TO 

DECEMBER 19, 1977 

J. D. SELL 

O U R O R D E R N O .  

771370 I YOUR ORDER NO, '1 TERMS 
T-96 NE' NET 30 DAYS I 

SHIPPED V I A  

PICKED UP I SURPLUS M A T E R I A L  

RETURNED 

~ U A N T I T Y  

2 
2 

UNIT 

EA 
EA 

D E S C R I P T I O N  

.~ T? l STANDARD PETROGRAPHIC THIN mmCTIONS 
K-FELDSPAR STAII~ING 

RUSH CHARGES FOR ABOVE 

I 

TOTAL: 

A~2RO~Z) FO~ ~AY~CY21~ 

~Y" - • ............................ : ........... /-l~d_. /Z~ 

UNIT  PRICE 

3.75 
.75 
+50 

A M O U N T  

7.50 
1.50 
4.50 

$13.50 



INVOICE 

20 WBst Flores 

Tucson, Arizona 85705 

INVOICE 
NO. 771370 

. . . . . .  t 

G. E). 

r -  
ACCOU~ITS PAYABLE 

SOLD ASARCO I[~C. 
TO P.O. BOX 5747 

L_ TUCSON, AZ. 85703 

--] 

_1 

INVOICE 
DATE 

SHIPPED 
TO 

DmCm~B~R 19, 1977 

J. D. SELL 

?71370 I T-96 1 I{ET 30 DAYS i PICKED UP I S U R P L U S  M A T E R I A L  

RETURNED 

~UANTITY UNIT DESC R IPTION UNIT PRICE AMOUNT 

2 
2 

EA 
EA 

STANDARD PETROGRAP}IIC THIN SECTIONS 
K-FELDSPAR STAINII~G 

RUSH CHARGES FOR ABOVE 

IiPPEO%rED ~OI~ PAYMF2~T 

TOTAL: 

L, • 

3.75 
.75 
+50 

7.50 
I .50 
4.50 

$13.50 

. . . . . . .  ! . . . .  

I . . . . .  I . . . . . . . . .  

iF 



FOR 

DATE 

M 

OF, 

. / /~ i / - /~ . . . . .  ,,M~ " i .</~ (~";'~-M. 
WHILF~ VOU t~#ErE OUT 
, ~ . , . : ~  ~ : ~ . ~ . . - l .  ..... 

/" / 

PHONE No ...... E-~-~--  "t~O~:~ ~/ 
Areo Code Number Exlension 

TELEPHONED b"rELease CALL j >  
CAULED TO SEE YOU WILL CALL AGAIN 

WANTS TO SEE YOU URGENT 

J RETURNED YOUR CALL I I 

MESSAGE 

1 

) 

I 

1 



PETROGRAPHIC ANALYSIS 

Section No. 

Rock Name 

Megascopi c description 67J~ ~-~ ~. ,, 

. ~ - a  ~ , ~ , .  k - ~  ~ ~ ,  W " . . 

~ .  I . ~ _ ' ~ . ~ > _  . ~ . ~ - ~  

Microscopic description 

Minerals 

Cd. - /  

?JL# :", • 

Textures 

. °  

• ° 



PETROGRAPHIC ANALYSIS 

~ .~~_~,.~_~. 
Microscopic description 

, S e c t i o n  N o .  

//~~? 7~cCL~ ~,AZ' Rock Name 
'1 
io 

Minerals 

" t? 

... ~-~d,.~:~ ,,.%,a i. ~/jz~.~, - ,~I 

K- -.¢u.~J 

° 

F z  . . . f  . ~1 ~ j 

Textures 

. °  

• o 



PETROGRAPHIC ANALYSIS 

Megascopic 

Section No. 

Rock Name 

cTd_ 

i, 

Microscopic description 

Minerals 
~ ~,,.~tL~ .... - .  ~ j  ~'Z'~. ~ . . . .  " 

f 

.~ ~ ~ 
<, 

Textures 

.° 



. PETROGRAPHIC ANALYSIS qdJT/~ ~/ ~-~,.eO, t,,~. 

S e c t i o n  No. ~ ' -  

Rock Name 

Megascoplc description { ~ ~  ~ ~. 

, : o °~ '  ~P/-e,~ ' , / ~ , , ~  L,o~''~ 
-~ , ,  ~ ¢~.~..~ _ ~/~. 

Microscopic description 

Minerals 

• N 

<" 7yJ 

• _ i Y  

-/ 

,+,.<:~ ~.~<., : x .  + 7 g ~ , "  '. 

Textures 



Megascoplc description 

Microscopic description 

Minerals 

~t'~tt'-<:4¢, ID~.,<., 
Section 

Rock Name 

No. 

• ,  . - 

i I ' t x , / "  i ; ,  ~ 

/,,X 3 m ~  -i C 
z...* z .  K - . ~ a . , , .  . L¢ , - ; , ~ )  ~ . 

~'t~-A';M~ ~ q'~ ~ ' ~ '  

/ < _ ~ d  

~ . ~ . c ~ E .  ~ ~ . { o  c i' ~ ,~ ~.~,~ >L.-~.~. ,~,~ , C ~ '  

~ C  2 ~ ,,">" < 
j ~ f" 

o ........ ; i . ,  > . "  '," 

Z :  . / '  ,, J . 4 , .  ~V,. : ~ 

Textures 

. °  

. .  



Megascopic description 

~-~ ,'D >, ~,.,,. 

PETROGRAPHIC ANALYS S 

Section No. C~d--..~-" 

Rock Name 

z. ~,.,.,. .~..<L l p..to.d.,.,:..&.~_v-~¢ 

Microscopic description 

Minerals 

[:7- 

7-I ' 

• ~Z '~'¢1 ~ ~-,-~ ~" "~ 

Textures 

• ° 



PETROGRAPHIC ANALYSIS 

Sect Ion No. ~.-~. 

Megascopic 

Rock Name 
" l  

description ~.~.~ .UO~ ~f-~. ~//..~,~s~ - ~ ~  
" . ~, " . • 

. ~ . -  ~ 
Microscopic description ~ [/~--~-~ 

Mineral s 

! 

,; M ..- ./ o ,.,: 'J~- "Y? . 

Textures 



PETROGRAPHIC ANALYSIS 

Sect lon No. c__~4_ ,,7 . / 1  
Rock Name I / , A ~ , ~ C L ~ ,  . ~  ~-'cC~-~_~ 

~_~ ~ ~ .  ~/'/~-~_~ ~ -~-~--~ L /<'-~ 

Microscopic description 

• Minerals 
° 

~ ~ . ~  A . . .  ~ .  ~. ~. ' ~ " 

Textures 



Hegascopic 

PETROGRAPHIC ANALYSIS 

description 

l--?_..- ¢-s~44..~ 

Sect, lon No. 

,~c~.~" Rock Name ~0~-~ 
'I 

• t. ~ " ° '' 

Microscopic description 

Minerals 

~ ...~-'/, .- 
(--~, c~j -') 

Textures 



PETROGRAPHIC ANALYSIS 

, 

Rock Name 

" " i - z . ~ -  ; ~ c ~ . . ~ _  i o  

~ , # , ~  ,,,~..,,.,~ 

Section No. ~- ~A 

I 

M.icroscop ic description 

Minerals 
• 7 I " "  ~g,~, o~,~ 

s-~o ~ ~--i 

Textures 

. °  

., . 



PETROGRAPHIC ANALYSIS ~/;"~///7/..~.~2A. llJ_~..z,,>c..f,a- 

Sect Ion No. 

Rock Name 

Megascopic description 

.~  ~ . ~  

zo 

Microscopic description 

Minerals 

Textures 

. °  



Megascopic 

PETROGRAPHIC ANALYSIS ¢d.//.zcX ~ . - ,~-  

Section No. ~'7~--/(5) 

Rock Name 

description ~ ~  ~ - ~ - ~  " ~ ~ - ~  . ~ ~ ,  

/~~.;, 

~ ~ . / / ~ , ~  

Microscopic description 

Minerals 

~ ~  ~o~-f~ 

Textures 



PETROGRAPHIC ANALYSIS 
~X~ ~I_~I/~_~.~. 

Section No. ~ ~ / /  

Rock Name 

~ Megascopic description . ~ - ~ ~  

,- ~o~ , ~  ~ ,~--io ~. 

Microscopic description ..b~. I o , .  

Minerals 

Textures 



PETROGRAPHIC ANALYSIS 

Section No. 

Rock Name 

~d- Ix__ -4 

Megascopic 
I 

description g i~ . ~  ~--'~ ~,~' 

i~,, " ~~o 

p ~ " ~ "  . ~ z ~  

Microscopic description 

Mineral's 
o . 

~L,-/I 

-- tZ-C 

Textures 

~ Q 

• ° 



PETROGRAPHIC ANALYSIS 

Section No. <:~'_ /2- /3 

Rock Name 

"1 

Hegascopic description i t . J~  ) o ~ , l ~ ,  ¢~-r.a.,.,u~<,:~){ 

~ .  z i,<l, 6~.,.<.,~,~ Z~'~,  i,~-is-~ 

Microscopic description 

Minerals 

7-~-/_ 

Textures 



PETROGRAPHIC ANALYSIS 

Section No. ' ~ ' - - / 2 -  C 

Rock Name 

Megascopic descr ipt lon /~x -~  z ~ , ~ 7 '  C ~ ~ - ~  
• ,  ~.,~ .~- ~ ..- ~, .~ 

Microscopic description 

Minerals 

. ~  ,~ ,~ .  

I 

Textures 

~f  ~/~,,q 
I 



PETROGRAPHIC ANALYSIS 

Megascopic description 

Section No. 7~-c?'~-- / . .~  

, 7 / 4 7 - ~ < ~ q  

Microscopic description 

Minerals 

Ib BASALT FLOWS-=Three or more flows of black to dark-gray, dense to vesicular porphyritic basalt. Phenocrysts 
-&~e-5zID percent euhedral to resorbed, partly glomerocrystic, glassy plagieclase (An6o_6s, as much as 

15 m long); 4-8 percent euhedral to resorbed, glassy clinepyroxene and orthopyro~ene (as much as 15 mm 
long); 3-9 percent euhedral glassy olivine (as much as 3 mm long); and <l percent subhedral magnetite (as 
much as 0.8 mm long). Groundmass has intergranular texture, makes up 75-85 percent of the rock, and 
consists of about 40 percent plagioclase laths, 25 percent olivine and pyroxene, and 15 percent opaque 
minerals. Apatite is the accessory mineral. Vesicles and quartz amygdules occur locally. Unit has been 
dated by K-Ar methods on whole rpck at 21~0±0.5 m.t~.: by Jennison (1976), whereportsi tschemf~ry' t~ "5~" 
a l k a l l b ~ l ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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ORACLE GRANITE OF PETERSON (1938) (Precambrian Y}--Coarse- to very coarse-grained porphyritic quartz monzonite to 
medium-grained hypldlomorphic quartz monzonite. Unit includes unmapped diabase, pegmatite, and apli te dikes. 
Aplite dikes are especially numerous northeast of Owl Head Buttes. Pegmatite d~kes commonly contain schorl; 
in contrast, pegmatite dikes associated with the Tertiary intrusive complex rarely do. Potassium feldspar 
phenocrysts in exposures around Antelope Peak sometimes exceed lO cm in length and grain size of groundmass 
is about 1 cm. East of  Guild Wash, beneath the Apache Group, unit is medium-grained hypidiomorphic granular 
to medium-grained porphyritic. Overall grain size, crystal form, and composition of unit varies. Plagioclase 
(An20_4o, 20-40 percent of the rock) is generally subhedral to euhedra1. Microcline phenocrysts are subhedral 
to cuhcdral and 9Pound~as~ potacs~un:  f o ~ d s p ~ r  i s  anhedPa ] ;  ~ogeth~P t h e y  make up 20-~0 p~rccnt  o f  t h ~  r o c k .  . . 
Quartz and biot i te are anhedral and compose 30-40 ~ercent and 3-15 percent of the rock respectively. 
Magnetite is generally euhedral and constitutes <l percent of the rock. Sphene, unlike sphene in the Tertiary 
rocks, is rare, metamict, and anbedral. Apatite, zircon, andjrarely, hornblende are accessory minerals, and 
biot i te is in some places converted to muscovite as well as to ubiquitous chlorite. At the margins of the 
Tertiary plutons and also in inclusions in the plutons the Oracle Granite is progressively converted to augen 
gneiss and schistose mylonite. The mylonitic rocks are strongly fol iated and t ight ly folded and except for 
their lack of variety resemble some facies of Pinal Schist. Banks, Dockter, and Briskey recognize that 
xenoliths of Pina] Schist might be present in exposures napped as mylonitic Oracle Granite, particularly the 
one on the north flank of the Tortol i ta Mountains because of nearby outcrop of unequivocal Pinal Schist. 
However, such xenoliths were not recognized by variations in composition or fo l iat ion,  and they feel that i t  
is doubtful whether positive identi f ication of such xenoliths could be made where their host rocks have been 
converted from coarse-grained igneous rock to schistose mylonite. Davis, Keith, Budden, Kiven, ano Anderson 
or iginal ly mapped the str ip of rocks shown as mylonitic O~acle Granite along the northern flank of the 
Tortol i ta Mountains as Pinal Schist, locally bounded on the north by sheared Oracle Granite• Although they 
now recognize that Oracle Granite can grade into schistose rocks, Davis, Keith, Budden, and Kiven feel that 
both alternative interpretations of these rocks are possible and prefer that this str ip of rocks be mapped 
simply as schist without desig'h~ion Of the percursor rock, pending further investigations. Anderson considers 
that the southern half of this str ip is Pinal Schist 

. o  
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yxOo) ORACLE GRANITE OF PETERSON (1938) (Precambrian Y)--Coarse- to very coarse-grained porphyritic quartz monzonite to 
medium-grained hypidiomorphic quartz monzonite. Unit includes unmapped diabase, pegmatite, and aplite dikes. 
Aplite dikes are especially numerous northeast of Owl Head Buttes. Pegmatite dikes commonly contain schorl; 
in contrast, pegmatite dikes associated with the Tertiary intrusive complex rarely do. Potassium feldspar 
phenocrysts in exposures around Antelope Peak sometimes exceed lO cm in length and grain size of groundmass 
is about I cm. East of Guild Wash, beneath the Apache Group, unit is medium-grained hypidion~rphic granular 
to medium-grained porphyritic. Overall grain size, crystal form, and composition of unit varies. Plagioclase 
(An20-4o, 20-40 percent of the rock) is generally subhedral to eunedral. Microcline phenocrysts are'subhedraI 
to cuhcdral and 9~:)undmas~ potassium, fetdspor is anhedr~li togotb~r t h e )  ~ ) ~e  ~IP 20 - -  ~O )erCc)) Of ~ )  )~k  I 

Quartz and biotite are anhedral and comeose 30-40 percent and 3-15 percent of the rock respectively. 
Magnetite is generally euhedral and constitutes <l percent of the rock. Sphene, unlike sphene in the Tertiary 
rocks, is rare, metamict, and anhedral. Apatite, zircon, and, rarely, hornblende are accessory minerals, and 
biotite is in some places converted to muscovite as well as to ubiquitous chlorite. At the margins of the 
Tertiary plutons and also in inclusions i~ the plutons the Oracle Granite is progressively converted to augen 
gneiss and schistose mylonite. The mylonitic rocks are strongly foliated and tightly folded and except for 
their lack of variety resemble some facies of Pinal Schist. Banks, Dockter, and Briskey recognize that 
xenoliths of Pinal Schist might be present i~ exposures mapped as mylonitic Oracle Granite, particularly the 
one on the north flank of the Tortolita Mountains because of nearby outcrop of unequivocal Pina7 Schist. 
However, such xenoliths were not recognized by variations in composition or foliation, and they feel that i t  
is doubtful whether positive identification of such xenoliths could be made where their host rocks have been 
converted from coarse-grained igneous rock to schistose mylonite. Davis, Keith, Budden, Kiven, ana Anderson 
originally mapped the strip of rocks shown as mylonitic O~acle Granite along the northern flank of the 
Tortolita Mountains as Pinal Schist, locally bounded on the north by sheared Oracle Granite. Although they 
now recognize that Oracle Granite can grade into schistose rocks, Davis, Keith, Budden, and Kiven feel that 
both alternative interpretations of these rocks are possible and prefer that this strip of rocks be mapped 
simply as schist without designation of the percursor rock, pending further investigations. Anderson considers 
that the southern half of this strip is Pinal Schist 
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GRANODIORITE, QUARTZ DIORITE, MONZODIORITE, AND DIORITE--Composition and texture of unit vary from fine- 
and medium-grained hypld~o6orphic granular diorite to medium-grained porphyritic granodiorite. Approxi- 
mate rock composition is: Plagioclase (An30-so), 35-65 percent; potassium feldspar (orthoclase and 
locally microcline), trace to 20 percent; quartz, 2-20 percent; hornblende (some with remanent pyroxene), 
6-18 percent; biotite, I0-26 percent; opaque minerals, 1-4 percent; sphene, I-4 percent; accessory 
apatite and zircon; and locally abundant, epidote replacing mafic minerals. Foliation is present in most 
exposures and the rock is commonly gneissic. Highly folded schistose mylonitic equivalents occur in an 
east-west-trending strip south of the pegmatite complex in the Tortolita Mountains. This strip is 
predominantly mylonitic border phase rock and mylonitic pegmatite; on the north i t  grades into gneissic 
pegmatite and quartz diorite. Davis, Keith, Budden, and Kiven prefer that this strip be designated a schist 
withOUtpinal Schistdesignati°n of the protolith pending further investigation, and Anderson considers i t  tobe 
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Tsqm qUARTZ HONZONITE OF SAMANIEGO RIDGE--Texture, grain size, and composition are variable; most commonly 
medium to coarse-grained porphyritic quartz monzonite with potassium feldspar phenocrysts as much as 
5 cm long, but equigranular textures and granite and granodiorite facies or phases are not uncommon. 
One or more phases are locally garnet-bearing two-mica gneiss (indicated by parentheses enclosing symbol) 
and locally protomylonitic, mylonitic, or ultramylonitic rock (indicated by Greek letter p). Rock in the 
gneissic and mylonitic exposures is strongly foliated and lineated and locally cDntains as much as 30 
percent unmapped pegmatite dikes. Composition of undeformed quartz monzonite rock varies as follows: 
St.bhedral to euhedral plagioclase (Anzs_2s), 25-40 percent; orthoclase, perthite, or microcline, 25-40 
percent; quartz, 15-30 percent; biot i te, 3-I0 percent; hornblende, 0-2 percent; opaque minerals, <l-I 
percent; accessory apatite, zircon, and locally abundant sphene. The gneissic quartz monzonite contains 
muscovite that replaces biot i te; garnet; plagioclase; potassium feldspar~ magnetitel and accessory 
apatite, zircon, and sphene. The grain size of the igneous minerals has been reduced by cataclasis. 
Potassium feldspar and apatite appear most resistant to cataclasls; plagioclase and magnetite are less 
resistant; and quartz, sphene, and biot i te, least resistant 
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PEGMATITE AND APLITE DIKES--Ind~vidua] pegmatite and aplite dikes. Aplite dikes are both cut by and widen 
into pegmatite dikes; some are porphyritic. Pegmatite dikes range in thickness from 5-10 cm to 3 or 
more meters and are concentrated in and near the pegmatlte complex and near and parallel to margins of 
individual intrusive bodies.. Aplites a~e co~posed of about one-third each of plagioclase (Anlo 2s}, 
~b~7]~R~eandquartzplus I-3 percent biotiteandmagnetite, Accessoryminerals areapatite, zircon, 
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-2- Apr i l  24, 1973 

REGIqNAL .GEOLOGy,. i. 

Attachment A shows the geology of the Grayback, North Butte, Ninety-Six Hills N.W., 
and Ninety-Six Hills N.E. quadrangles at a scale of one inch to the mile. The 

!geology shown in the northeast corner of the map is in part a compilation from 
work by E.A. Schmidt and H. Cornwall. The geology along the southern quarter of 
i the map was compiled from field work restricted to road reconnaissance. 

P[ecamb[~2,0r~J.e ',,l£[anj~,te~,~]420 my~.,KcA r )  and a~sg~gted ~,~,],.ite are the oldest 
rocks found in the map area. Diabase s i l l s  intrude the Oracle grani te and ap l i t e  
and are Precambrian in age (1140 my, K-Ar at Ray). The a p l i t e  and diabase are 
not d i f f e ren t i a t ed  on the regional map. In the southern part of the map area, 
east of Ninety-Six H i l l s ,  the Oracle 9ranit,e d!.,spJa~s.@._.,~n@.!.s§gid texture.,a## 

cpn~t&ot 

) 

A distinctive medium to fine-grained, two-mica granite is found cropping out in 
he N~net-y~Six-Hi°li-s~-~-~n " area, "and"to~'the° northwest of Mr. Grayback. 

These rocks are equigranular,  ~neissic qrani tes and are f e l t  to be Precambrian in 
age7~F6"ugh[y -equ]vaient-to-the~hSoi' i tud& ; '  gran i te  (800-900 my, K-Ar). 

TO the north of Ninety-Six Hills lies a coarse-grained two-mica granite stock (Ltmg), 
which is considered to be the oldest Lara~i-de(?)'St-OC~I<"~"n"-the~'aYe'a " ........ i"{cIi~splaZ/s ........... 
a very gradational contact with the Laramide(?)Southern Grayback "granodiorite" 
, ~_Lsg-9-)~-- ~-h~- n.0 r--t h" ..................................................... 

The Southern. Grayback ,'granodiorite" is a coarse-grained, one-mica (b io~! . te) ,  qua r tz  
monzonite that crops out along the Florence-Kelvin highway in the v i c i n i t y  of Box-O 
Was~"~and to the east of Red H i l l s .  This stock, along wi th the previously mentioned 
Laramide(?) two-mica grani te stock, weathers to a d i s t i n c t i v e  grayish-white grus 
I.eaving charac te r i s t i c  bou lder - f ie ld  appearing outcrops. Numerous barren andesi t lc  
sills and dikes are intruding the Southern Grayback "granodiorite" in Sections 17, 
20, and 21, and are not differentiated on the geologic map. Both the Southern 
Grayback "granodiorite" and the Laramide(?) two-mica granite could easily be 
Precambrian in age. 

A previously unrecognized Laramide(?)_granit_e.porphyry stock is shown cropping 
out in Box-O Wash north of the Florence-Kelvin road. This porphyz[tic intrusive 
is anomalous in that it appears either to be a crystal "mush" intrusion or in 
part a g ranitized sedimentary rock. Larg~is~bhed~al and anhddral pSenoc~ysts of 
orthoclase, quartz, and plag]oc|ase are suspended in an anhedral groundmass of 
orthoclase, quartz, piagioclase, biotite and muscovite, ~o the s6utheast this 
intrusive is in fauit contactwiEh'~'the~Southern~Gray~ack granodiorite and to the 
northwest it displays ambiguous gradational contacts with the Precambrian Oracle 
granite. 

, Three ~uartz d i o r i t e  stocks crop out in the map area. These rocks are medium to 
f ine-g[a ined,  equigranular hornb lende-b io t i te  qgart ~ d!..£.rites, and are probably 
cor re la t i ve  to the Sonora d i o r i t e  (69 my, K'Ar) as described by E.A. Schmidt. 
With older rocks, the quartz d i o r i t e  shows sharp in t rus ive contacts; however, w i th  
t~e Grayback granodior i te  stock, the quart z d i o r i t e  shows a non-definable grada- 
t ional  contact.. I t  is possible that the quartz d i o r i t e  may be an in t rus ive  phase 

i o~-i~.the. Grayback stock .... 
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The Grayback granodiorlte stock is an internally zoned Laramide intrusive 
~6~mY, K-Ar, " ~ 7 o n  tFack) and is correiated to the Granite Mountain 
p_9_rphy[y a t R a y .  The Graybackvar ies  f r omamed ium-g ra ined ,  equigr~nular  : 

• g ranod io r i te  border phase; to a c6arse-grained, equ~granular"gr -anod]6r i teph~se;  
to a c o a r s e - g r a ~ n e ~ ' ~ ; p ~ i t i C  quartz monzon i tec6re  phas~: ..... Th~--G?~b~-c'~[°68k 

23 and 14), by 
Tertiary(?) andesitic sills and dikes, and by ~]ary(?) porph_yritic rhy~o!ite 
dikes. 

The Laramlde porphyritic granodiorite dikes intrude only Precambrian Oracle 
~j.~~i~,i!.i~'s'e ' ...... ln 't h ~" R e d H ii I s a r ea ,° 'p or ph'y rTtl~c~'g~ " ,~6~r~'t~" ~ i~'~°k~ " s f o r m 

~ a dike swarm which is delineated by the abundance, the wrapping outcrop patterns, 
• and the areally restricted occurrence of the dikes. The porphyritic granodiorite 
, dikes control hydrothermal alteration and mineralization and, as such, delineate 
~a center of weak propylitic alteration and weak sulfide vein mineralization. 
'These dikes at the Red Hills prospect are exact duplicates (in hand specimen) 
to the porphyritic granodiorite dikes at San Manuel and at the Kalamazoo window. 

i Porphyritic quartz monzonite and porphyritic rhyolite dikes are present in parts 
;of the district, but these dikes show neither genetic control of hydrothermai 
i mineralization and alteration, nor anomalous outcrop distribution. The porphyri- 
i tic quartz monzonite dikes intrude most pre-mineral rocks and some may be L&ramide 
Jn age. All of the porphyritic rhyolites are post-mineral and arc considered 
mid-Tertiary in age. 

Other m id -Te r t l a r y  (32-11 my) un i ts  mapped are the Miocene ~ lh i te ta i l  conglomerate 
and the younger dac i te  vo lcanic  sequence. The Whi te ta i l  conglomerate s t r i kes  
nor th-nor thwest  and dips between 25 ° and 85 ° to the east.  Each Whi te ta i l  b lock 
is bounded on the east by west-dipping antithetic faults and on the west by an 
assumed east-dipping erosional surface. The dips of the conglomerates in each 
block are generally steeper (up to 85 °) near the erosional surface and become 
shallower (25 ° minimum) to the east. This indicates deposition of the Whitetail 

occurred in local basins which were forming during mid-Tertiary rotational 
~tectonism. Included as part of the Whitetail conglomerate are several monolithologic 
ibrecciated masses qomposed of pre-Whitetail rocks. The true nature of these 
units is speculative since Precambrian Oracle granite and diabase compose most 
of the mega-breccias and these rocks, by typically weathering to a grus, do not 
,ireadily form interpretable outcrops. However, the few old pits and adits still 
open in these areas always exposed monolithologic breccia in the walls. It is 
proposed that these units are mega-breccias and are therefore fault slivers or 
blocks which moved onto (or into) Whitetail basins during basin formation. These 
mega-breccias would be similar to those described by E.A. Schmidt in the Ripsey 
Wash area; by M. Krieger in the Kelvin area; and by S. Creasey in the San 
Manuel area. 

The dac i te  vo lcanic  sequence is a ca t ch -a l l  term used to re fer  to any d a c i t i c  
,vo lcan ic  or v o l c a n i - c l a s t i c  un i t  o lder  than the Gila conglomerate, but younger 
for  the most par t  than Whi te ta i l  conglomerate. This sequence is f e l t  to be 

, c o r r e l a t i v e  to the Apache Leap t u f f  of  the Superior area. In the map area, dac i te  
is in part  vo lcanic  and younger than W h i t e t a i l ,  and in part  v o l c a n i - c l a s t i c  and 

, interbedded in upper W h i t e t a i l .  The dac i te  usua l ly  dips between 20 ° and 30 ° to 
the east and is usua l ly  bounded on the east by west-d ipping a n t i t h e t i c  f a u l t s .  

I 
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CATALINA COUNCIL SOO I a/USA 

EVENT - ~VEILI~ RACE 

Four members must enter this contest, more may participate but in multiples of two. 

Each team of t~n must have a two-man tent set up, 2 sleeping bags in the tent, 
and other equipment as listed, unpacked and in the tent. Upon the signal, each boy 
leaps from his sleepingbag, dresses~ packs, and presents himself ready for a hike 
as a patrol at the lowest judging point. 

Here are the rules: 

. The sleeping bag must be stuffed or rolled and attached to the pack by 
straps or tied~.~th cord - no rubber or sp~ghooks. 

2. The Scout will wear a s%dm suit while in the sleeping bag - that' s all: 

3- He must dress in a complete Scout uniform, including T-shirt, lace up 
boots or shoes and neckerchief. 

&. Items to be carried in the pack 
a. 1 tent per 2 boys 
b. first aid kit 
c. canteen 
d. ax 
e. fieldbook or handbook 
f. note pad and pencil 
g. towel and toilet kit 
h. ground cloth 
i. eating utensil and plate 
j. raincoat or poncho 
k. jacket 
1. flashlight 
m. compass 

Speed is important, but zippers must bezipped, pockets buttoned, etc. 
should not be hanging loosely from the pack and all pockets fastened. 
rol must bring their own equipment. 

Things 
Each pat- 

The top two patrols from each district will compete in the afternoon council 
events. 
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Southwestern Exploration Division 

April 4, 1977 

t- / 

TO: F.T. Graybeal 

FROM: D. M. Smith, Jr. 

Drilling Results & Interpretation 
Pioneer Project 
Pinal County, Arizona 

Summary 

Following reconnaissance geologic mapping by H. G. Kreis (memo to F.T.G., 
Jan. 17, 1977) the Pioneer Project, EA-OII3-O0, was tested by one rotary 
drill hole with spot cores. Two additional I00' rotary holes were drilled ~ i~ G 
to validate a group of twenty federal mining claims. Coring at the bottom) ~V_,~ 

. AO 

of the exploration hole was done in a fault zone in Oracle Gran, te and ~i,~ no~-4~ 
aplite. In thin section the aplite shows traces of sericite alteration ofLJ~-~op ~°L, '~ 

r plagioclase while the Precambrian rock displays recry stallization of its ~[~zo,~-F 
mica and plagioclase sericitization, both of moderate intensity. Primary 
Type If fluid inclusions are prevalent in quartz grains of the Oracle 
G ran i te. 

Geochemical values from both rock types fall within the background.range 
for felsic rocks as defined by Hawkes and ~,./ebb (1962). 

The drilling confirmed the existence of porphyry-copper-type alteration j ~,~hz~ ~o. 
4000' west of the altered discovery outcrops. This prospect should be more 
intensively tested. 

Drilling 

All three holes were drilled by Shelton Drilling Company with a Failing ]500 
Holemaster using the rotary and mud system. Spot cores were taken to aid 
in the location and identification of bedrock. Drilling of exploration 
hole PIO-I (Figure I, Table I) was commenced on February 8, 1977 and 
terminated on February 14, 1977. The two assessment work holes were 
drilled during the afternoon and evening of the 14th. Core samples for 
assay (Table I I) were taken from the bottom of the hole. Total cost of 
the drilling phase of the project was $18,370.87 (Table Ill). 

/ 

PIO-I 

TABLE ( - DRILL HOLE DATA 

Feb. 8-14, 1977. SWI/4 SIO, T6S, RIIE. 
Rotary: Surface to 1182.5 feet (excepting five cored intervals 

totalling 18.5 feet) 
Core: 470-473.5, 40% recovery 

740-743, 33% recovery 
900-903.5, 74~o recovery 
908-911, 67% recovery 
I177-I182.5, 42% recovery 
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PIO-2 

PIO-3 

Log: Surface-440 Gravels: weakly to moderately propylitized 
granitic rock, caliche, <15% fragments Fe 
stained. 

440-780 Conglomerate: weakly propylitized granitic rock. 
Core: 470-473.5 Conglomerate: well indurated, consisting of 

angular to subround boulders and subangular to 
subround gravel in buff-colored sandy matrix 
(80%) with calcitic cement. Fragments are gray 
unaltered fine-grained grd (95%) and dark greenish- 
brown andesite (5%). 

Core: 740-743 Clay and broken boulder of light pink aplite. 
780-800 Gravels: granitic rock; andesite dike (20% of 

cuttings). 
800-920 Gravels: altered granitic rock (cuttings = 60% 

red-stained feldspar, 30% clean quartz, IO% 
weakly propylitized grantte fragments). 

Core: 900-903.5 Gravels: Oracle Granite and clay. 
Core: 908-911 Gravels: Oracle Granite and clay. 

920-1020 Gravels: weakly propylitized granite, <I0% Fe 
stain. 

I020-IO40 Dike: dark greenish-black very fine-grained 
diorite(?), 20% red Fe stain. 

I040-1140 Gravels: weakly propylitized granitic rock, 
dike material decreases from 40% to I0% of cuttings. 

I140-1182.5 Bedrock: granitic 
Core: I177-I182.5 Light pink aplitic quartz monzonite separated by 

a 4" clay gouge fault zone from weakly iron- 
stained Oracle Granite (quartz monzonite in thin 
section). Mica in aplite is muscovite. 

Feb. 14, 1977. NEI/4 SIS, T6S, RilE. 
Rotary: Surface to 100 feet, Gravels: fresh to moderately propyl- 

itized granitic rock. <5% red-stained feldspar. 

Feb. 14, 1977. NWII4 S14, T6S, RIIE. 
Rotary: Surface to I00 feet, Gravels: fresh to moderately propyl- 

itized granitic rock. Red-stained feldspar decreases from 30% 
to less than 5% of total cuttings. 

TABLE II - GEOCHEMICAL AND PETROGRAPHIC DATA FROM HOLE PIO-I 

ppm 
Rock Type . Footage Cu M o P.~b Zn A__g_g Au 

qtz. monz. (aplite) I182 35 < 2 20 70 0.2 <0.02 
qtz. monz. (Oracle) 1182.5 25 2 15 55 3.8 J <0.02 
background for felsic rocks 30 1.9 48 60 0.15 O.Ol 

(Hawkes and Webb, 1962) 

Cu+Pb+Zn 

125 
95 
138 

¢- 

O 
. m  

E:4a 

I--co 

X 
X 
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TABLE III - PROJECT COSTS 

Field Charges Cost 

A. Direct Drilling (I 382.5 feet) 
I .  PRO-1 (1182.5') 
2. PIO-2 (lO0') 
3. PI0-3 (I00') 

B. Site Preparation and Cleanup 
C. Field Administration 

I. Su.pervision and reports 
2. Assaying and Petrography 
3. Hiscel laneous 
4. Rental Payments (land) 

$ 8,828.00 
550.00 
550.00 
822.50 

3,216.59 
204.38 

I ,639.40 
2,560.00 

TOTAL EXPENDITURES 
Authorization EA-OII3-O0 
0ve rexpend i tu re 

Cos t/Foot 

$ 7.47 
5.50 
5.50 
O.59 

2 . 3 3  ~ ~ ' ~  r , c ~ k ~ - k , ~  
0.15. 
1.18 
1.85 

$18,370.87 $13.29 
17,000.00 - t . ~ c  

$ 1,370.87 ~ II .~ 

Petrography and I nterpretat!ons 

Examination in thin section of the two rock types cored at the bottom oi; 
hole PI0-1 indicates that phyllic alteration although weak does indeed 
extend west of the discovery outcrops. 

The Oracle Granite (actually a quartz monzonite) displays sericite-clay 
alteration of 40-50% of the piagioclase population, but less than 5% of 
the orthoclase. About half of the biotite is recrystallized. Primary fluid 
inciusions are abundant in quartz phenocrysts with Type If>Type I>Type Ill. 
Daughter products consist primarily of the opaque and prismatic crystal 
varieties. 

The aplite was found to be a remarkably fresh quartz monzonite having a 
microgranitic texture. Less than 5% of the plagioclase has altered to a 
clay-sericite mixture. Accessory muscovite is unaltered. Primary fluid 
inclusions are rare and too small for good viewing. 

Several traverses across S.2 and the northern half of S.ll (Figure 2) 
indicate a rather large area of propylitic alteration spatially related ~ ,/_ 
to EW trending feldspar porphyry andesite dikes. In the andesite hg~n~lende 
and biotite are completely altered to calcite-chlorite-clinozoisite and 
plagioclase is more than 70~o replaced by sericite. Biotite in the adjacent 
granitic rocks (not examined in thin section) is chloritized and epidote~W',~/~'~f 
is common as veinlets and coating joint surfaces. -~hy~of~,,~[ 

Mi scel I aneous Ma~j~i'ng ~'~ 

• The ten- foot -wide massive quartz vein located in the nor th -cen t ra l  part  of 
S.2 is weak to moderately stained wi th  hematite, but car r ies  only trace 
amounts of  green copper oxides. No boxworks were found. 

/ 
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Small outcrops of bedded Whitetail-type conglomerate were mapped in. the 
SEI/2 S.lO and center of S.ll. Both strike to the northwest and dip about 
45°NE suggesting that Late Miocene or younger faulting was active in the 
area. 

Recommenda t i on 

Outcrops of strong phyllic and propylitic alteration on the Pioneer Project 
area imply that a porphyry-copper-type hydrothermal regime was active in the 
area. Late Tertiary faulting may have tilted the resultant deposit 45 ° to 
the northeast giving it a 45 ° dip to the southwest. The possibility of a 
buried porphyry> system must be tested. 

Mapping to be done by Jim Sell in the near future will tie Pioneer into the 
regional geologic picture and perhaps shed new light on the conclusions 
reached thus far by Hank Kreis and myself. At such time as surface studies 
can be termed complete at least one deep (3000-5000 ft.) hole should be 
drilled to seek out a blind ore zone. 

7 

,," Douglas M. Smith, Jr .  

DMS:Ib 
Atts. 

cc: JDSell 
HGKreis 

!" 
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Precambr ian  Orac le  Grani te  

Quartz vein 

~ Modera te  a weak c l a y - s e r i c i t e - e p i d o t e  
al terat ion 8= ~z to 2 °/o pyrite capping 

~ Moderate to strong propylit ic a l terat ion 

- , ~  L o c a t i o n , s t r i k e & d i p  of cong lomera te  
• outcrops 

Note=  A p p r o x i m a t e l y  9 0  °/o of  the a r e a  
shown as bedrock  is c o v e r e d  by 
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Bose from Nientys/x Hills NW Z50uod. 
Geology modified from Kre/s (19Z7) 

Summary Map 
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EXPLANATION 

ASARCO Federal Lode Claims(Validated) 

ASARCO-Ar izono State ProsDecting Permit 

Current ASARCO Drilling 
(showing depth to bedrock 

8{ rock type) 

Geodota drill hole 

P ioneer-76  prosDect 

Western edcJe of continuous outcrop 

I 
I TO ACCOMPANY/~.~.,/,/~. , -~j=, . , .~-  

DAI'ED~':'Z"-'~S/~,"7~" BY 72. / / ,  ,~:,,,:~,~ J,~. 

ASARCO LAND STATlJ@ 

PIONEER PROJECT 
Pinal County, Arizona 

0 =/t I . l~  
I I I 

RBC-HGK Jan. 191 1977 
~alv~gmt4 M ~ P P h ~ " )  P~'~'Y 



3441 East Milber 

ANERICAN 
Phone 889-5787 

ANALYTICAL and RESE/LRCIt LABORATORIES 
ASSAYERS . CHEr~ISTS . METALLURGISTS TUCSON,ARIZONA 85714 

S A M P L E  S U B M I T T E D  BY ASARC_Q= INC DATE Ap__r_il 26. 1979 

GOLD SILVER 
SAMPLE MARKED ! OZ./TON OZ./TON 

l I I 

Pio-i ! 
60-80 :i 294 

80-100 

120-140 

140-160 

PPM 
COPPER 

95 

165 

52 

PPM 
LEAD 

PPM 
ZINC 

T. I I I 

CHARGES$ i0,00 

PPM 
MOLYBDENUM 

/. 



3441 East M i l b e r  

AIt~ERICAi~ ANALYTICAL and RESE?~GH 
ASSAYERS , CHEMISTS ° METALLURGISTS 

Phone 889 -5787  

LABORATORIES 
TUCSON, ARIZONA 85714 

SAMPLE SUBMITTED BY ASARCO, INC. DATE AP ril 17, 1979 

GOLD SILVER PPM PPM PPM PPM 
SAMPLE MARKED OZ./TON i OZ./TON COPPER LEAD ZINC MOLYBDENUM 
~zo-I 

100-120 164 

200-220 39 

300-320 35 
I 

400-420 34 

500-520 35 
d 

600-620 42 

700-720 41 

800-820 42 

820-840 40 

840-860 31 

860-880 33 

880-890 5O 

900-920 , 51 L 
lO00-1020 54 

I 
i020-i040 63 

i 

llO0-1120 54 

55 1140-1160 
l 

I 

I I I 

I I 

CHARGES $ 42,50 

INVOICE NO. 1 6 2 8 4  

- . j , ~  . I - r 



7". d ; / / ' t ' ~ . ,  f c~. 

3441 East Milber Phone 889-5787 

AI~IERICAN ANALYTICAL and RF~SF.~CH LABORATORIF.8 
ASSAYERS • CHEMISTS • METALLURGISTS TUCSON,ARIZONA 85714 

SAMPLE SUBMITTED BY ASARCO, INC.  DATE May 5 ,  1979 

SAMPLE MARKED 

Pio-i 
0 - 2 0  

20 -40 

40-60 

160-180 

180-200 

CHARGES $ 

GOLD 
OZ./TON 

12.50 

SILVER 
OZ/TO N 

PPM 
COPPER 

98 

97 

150 

82 

70 

PPM 
LEAD 

PPM 
ZINC 

PPM 
MOLYBDENUM 

- ' ~ :  °'~ .... 

~ :DK'/K6JI :/"-..; :--,,/C.~'Kz.c.~ 
L .  /il_i~r-.i,~. s. , ~ II 

t t r..:r. " ,  t 
, .  t,~,~--~.¢.,:Tf..,7) 0 



3441 East Mi lber  

ASSAYERS • CHEMISTS • METALLURGISTS 
COMPOSITE 

A SAMPLE SUBMITTED BY SARC0_,_/~NC . . . . .  

Phone 889-5787 

LABOFoATORIES 
TUCSON. ARIZONA 85714 

DATE May Ii, 1979 

GOLD SILVER i PPrA 
SAMPLE MARKED OZ./TON OZ./TON LE,ED 

P io-i 
800-920 

CHARGES $ 

INVOICE NO. 

7.30 

16352 

PPM 
COP,"ER 

18 

PPM 
ZINC 

715 

PPM 
MOLYBDENUM 

6 

[ 

i 

J 

A 

I 

I 

I 

I 

I 

I 

I ' "  

L_%~_~,, :, .-~.,,.J q . 



3441 East Milber 

AMERICAN ANALYTICAL end RESF,~CH 
ASSAYERS • CHEMISTS • METALLURGISTS 

Phone 889 -5787  

LABORATORIES 
TUCSON, ARIZONA 85714 

SAMPLE SUBMITTED BY ASA]~Cn _ TNC: DATE May 5, 1979 

SAMPLE MARKED 

Pio-2 
0-20 

20-40 

40-60 

60-80 

8 0 - 1 0 0  

CHARGES $ 

GOLD 
OZ. /TON 

SILVER 
OZ. /TON 

12.50 

16340  . . . . . . . . . . .  

PPM 
COPPER 

107 

116 

129 

122 

8 7  

PPM 
LEAD 

PPM 
ZINC 

PPM 
MOLYBDENUM 

L.__. 

A S I I A Y K R  - C H i E M I S T  

I I  



3441 East Niilber 

ANERICAN ANALYTICAL and RESEARCR 
ASSAYERS • CHEMISTS * METALLURGISTS 

Phone 889-5787 

LABORATORIES 
TUCSON, ARIZONA 85714 

SAMPLE SUBMITTED BY_ ASARCO. INC. DATE M~y 5, 1979 

GOLD SILVER PPM PPM PPM PPM 
SAMPLE MARKED OZ. /TON OZ. /TON COPPER LEAD ZINC !MOLYBDENUM 
Pio-3 i 

0-20 ' 88 
i i 

20-40 ! 8O 

69 

56 

62 

40-60 

60-80 

80-100 

CHARGES $ 12.50 



3441 East Mill,or 

AMERICAN 

COMPOSITES 

SAMPLE SUBMITTED BY 

f . I , ¢~' o /  .--, ~ . . . . .  

Phone 889-5787 

ANALYTICAL and RESEARCH LABORATORIES 
A S S A Y E R S -  C H E M , S T S  - M E T A L L U R G , S T S  

" 2% TUCSON, ARIZONA 85714 

ASARCO, INC. °~. D A T E  March 30, 1979 

GOLD SILVER PERCENT PPM £PM PERCENT PERCENT SAMPLE MARKED i 
OZ.~ON OZ.~ON COPPER LEAD i ZINC MOLYBDENUM IRON S-- 

I I t I [ f 

PIO-5 
83-130 Trace 0.13 43 90 1.95 

[ I [ I I 

130-151 Trace 0.08 21 I 39 1.27 

51-161+167-171~ ' ' ~ ' ' ' 

.85-188+213-231~ Trace 0.03 , 89 , 77 , , , 1.35 

~43-260 i 

Percent 

.61-167+171-185i 
I 

.88-213 ! Trace 0.08 
I I 

! 
260-291 .001 0.07 

26 , 52 , 3.71 

55 168 

291-368 , Trace , 0.16 , 43 ~ 95 2.83 

i 
I 

i i i i i i i i 

, j 
1 

i i i i i 

" , F  L ' 

CHARGES $ 7 4 . 5 0  

INVOICE NO. _ _ 1 6 2 4 2  



TO: F.T. Graybeal 

FROM: H. G. Kreis 

Southwestern Exploration Division 

June 2, 1978 

Pioneer Project 
Monthly Report 
May, 1978 

On May 9 and 10, a 300' hole (Pio-4) was air hammer drilled to meet 
assessment work requirements. Casual inspection of the cuttings showed 
the following: 

Pio-4 Drill Results 

From To Int. ppm Cu 

O 60' 60' 21 

60' I O0 ' 40 ' 45 

100' 130' 30' 115 

(130') 

130' 300'T. D. 170' 41 

Geology 

pE granite. Strong clay-sericite 
alteration of biotite and feldspars. 
Leached capping after several percent 
former total sulfides in disseminated 
form. 

85% of the interval is the same as 
described from 0 to 60' and 15% of the 
interval is the same as described from 
100' to 130' 

Fine-grained intrusive rock formerly 
having 15% mafic mineral (elongate, 
up to 3mm in length). Approximately 
20% combined epidote and chlorite 
associated with trace to 2% disseminated 
pyrite. Locally (120-130') strong ser-"7~ 
icite(?) alteration with 5 to 8% dissem- ! 
inated pyrite. -J 

(Sharp contact. No clay observed in 
raw samples for assay.) 

pE granite. 0.5% disseminated epidote, 
very weak chloritization of biotite, and 
0.2% disseminated pyrite. 

The drill hole is located 700' east and 70' north of the southwest corner 
of Section 11 (T.6S.,R. IIE.) 

HGK:jIh H.G. Kreis 
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E X P L  A N A  "~'ION 

ASARCO Federal Lode Claims(Va(idated} 

A S A R C O - A r i z o n a  State Prospect ing Permit 

PIO- I  Current ASARCO Dril l ing 
0 ( s h o w i n g  depth to b e d r o c k  

81 rock type) 

Geodoto drill hole 

+ 
I 

• o O , ,  . . . . .  , 

:. . . . . . . . . . . .  ":: 

f 
J 

f 
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/ 

P i o n e e r - 7 6  prospect  

Western edcJe of cont inuous outcrop 

+oAcco,P, ~,CCOMPANY/~2~ ~ ' ~ ' - ~  i 

DA+ED    II 

ASARCO LAND STATUS 

P I O N E E R  P R O J E C T  
P i n a l  C o u n t y ,  A r i z o n a  

0 I/z I m,le 
I I I 

RBC-HGK Jan. i%  1977 +, 
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Southwestern Exploration Division 

December 26, 1978 

TO: F.T. Graybeal 

FROM: H. G. Kreis 

Monthly Progress Report 
Pioneer Project 
December, 1978 

Core drill hole Pio-5 was collared on December 14th at a location 250' east 
and 150' north of the northwest corner of Section 14 (T6S, RilE). From the 
collar to 176' (depth to date) Precambrian Oracle granite, porphyry, and 
diabase are mineralized by pyrite in quantities varying from l to 7% by 
volume. The rock is totally oxidized and leached to a depth of about 70'. 
No copper mineralization has been observed in the core. The core is 
moderately to locally strongly brecciated, and two moderately to shallow 
dipping faults are present. 

HGK: I b 
Art. 

H. G. Kreis 



ASARCO Southwestern Exploration Division 

January 30, 1979 

? 

t 

,A 
© 

^ ~ / ~ ~  v~:~ ° 
T0: F . T .  Graybeal /p  ~ 1 1  

FROM , G : . . Kreis l L,.,~p.x~ I(-~ W~ 

ID ~p~:)~)/" I ~  Monthly Progress Report 
~ ~ ~ ~-- Pioneer Project 

bU January, 1979 

/ ~ C o r e  d r i l l  hole Pio-5 was bottomed at a depth of 536' in diabase with 0.1% 
to ta l  sul f ides (py r i te ) ,  and the r ig was released. The geology of Pio-5 
w i l l  be logged in de ta i l ,  the core w i l l  be s p l i t  and assayed, and the 
explorat ion potent ial  of the Pioneer Project w i l l  then be reviewed. A to ta l  
expenditure of $9,400 was spent on d r i l l i n g ,  materials, and road work for 
Pio-5; there is an estimated balance of $14,700. 

HGK: ] b 

H. G. Kreis 
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EXPL ANA T /ON 

I A S A R C O  Federa l  Lode  C l a i m s ( V a l i d a t e d )  

t I A S A R C O - A r i z o n a  S t a t e  P r o s p e c t i n g  P e r m i t  

P I P - !  
® 

Current  A S A R C O  Dr i l l ing  
(showing depth to bedrock,  

rock type t~ t o t o l d e p t h )  

(~  G e o d a t o  dril l  hole 

. o * . * . . . , : =  

• . P i o n e e r  p rospec t  
• . . . . .  • . . . .  . 

f 
f 

f 
W e s t e r n  edqe  of  c o n t i n u o u s  o u t c r o p  

I 
TO ACCOMPANY . L C ~ 7 , 2 / ~  ' 

• . . ~ : P ~  .#.E_ . . . . . . . . . . . .  ~ . . .  

. . . . . . .  D AT E D . ~ .  F,-....,~... ~ ~ .  

ASARCO LAND STATUS 

P I O N E E R  P R O J E C T  

Pinal County, Arizono 

O Vt I . , l *  
I I I 

R B C - H G K  Jan.  19) 1 9 7 7  
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1 ̧, 

: F-ERN 
", ~i 20 West Flores 

Tucson, Arizon~ 8 5 7 0 5  

INVOICE 

E T R O G R A P H I C  

F-- ACCOUNTS PAYABLE -7 
SOLD ASARCO INCORPORATED 
TO P.O. BOX 5747 

TUCSON ARIZONA 85703 
L 

\ .  

NOV I 0 ,~../7 

I N V O I C E  
NO. 771294 

INVOICE 
DATE 

SHIPPED 
TO 

NOVEMBER 7, 1977 

J. D. SELL 

OUROROERNO.  I Y O U R O R D E R N O .  ITERMS 

771294 196 I NET 30 DAYS 

SHIPPED VIA 

PICKED UP I SURPLUS MATERIAL  i 

RETURNED .-  

QUANTITY UNIT DESC R IPTI ON UNIT PRICE AMOUNT 

3 EA .75 K-FELDSPAR STAINING 

TOTAL: 

. . . .  

i 

2.25 

$2.25 

r ~'.° 
• [•~. 

h~ 

' i 
h 
F 



3441 Ba,t Mi|Ler 

AMERICAN 
INVOICE NO. 
15463 P~one 889-5787 

ANALYTICAL aad RESEARCH LABOP.ATOPJES 
ASSAYERS . CHEMISTS . METALLURGISTS 

• SAMPLE SUBMITTED B Y . - - - . ~ ~ ~  

SAMPLE MARKED 

8 {AT-96-19 

A. 
d. 

A/ QDC-15 |QDC-16 

k 

CHARGES S _ 7.75 

INVOICE NO. _ I ~/--=F/'-I 

TUCSON. ARIZONA es714 

OAT~ Nov. 14, 1977 

- -_______ ANALYSIS 

Geo-Chem Cu, Pb, Zn, Mo 
Preparation 

Geo-Chem Cu, Pb, Zn, Mo 
Preparation 

TOTAL 

CHARGES 

$ 7.00 
0.75 

14.00 
1.50 

$ 23.25 

~,4-o/.~g, 

- 77,:,-_ 

THAN~ YOU MUCH!° 

--'--'---'---------------- --i----.i.--.II__ 

Z~ 

A l I A  " ~ E P 4 1 S T  



/WESTERN' 

F-- ACCOUNTS PAYABLE 
SOLD ASARCO INCORPORATED 
TO P.O. BOX 5747 

TUCSON ARIZONA 85703 
L 

I N V O I C E  

PETROGRAPHIC 
2 0  West Flores 

Tucson, Arizona 8 5 7 0 5  " : " . - ' .  , \  " "  . \  
• .•% 

, "" ~ . I~, ,,~','1-" n:,:. 

• : ? , ,  ~ ¢', 

• ' 7 •,. 

_1 

C. D. N. 

NOV 1 6 1977 

I N V O I C E  
NO. 771162 

I N V O I C E  
D A T E  

S H I P P E D  
T O  

NOVEMBER 11, 1977 

J. D. SELL 

OUR ORDERNO. iYOURORDERNO. I I TERMS ISHIPPED VIA ISURPLUS MATERtAL 

771162 NET 30 DAYS I PICKED UP I RETURI\IED 

QUANTITY UNIT OESC R I PT ION UNIT PRICE AMOUNT 

EA 
EA 
EA 
EA 

STANDARD PETROGRAPHIC THIN SECTIONS 
K-FELDSPAR STAINING 
IMPREGNATION WITH EPOXY 
GRINDING IN OIL 

TOTAL: 

~ . . . ~ z ~ ~ ; ~ ; i  - 
~,~[..  c ~ J  ~~ ~ H~ z~~,. 

• ° 

/ 

. .¢, 

q 

h~ 

I 

2.75 
.75 
.50 
.50 

16.50 
3.75 
2.50 
2.50 

$25.25 

• i I 




