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GEOLOGY AND ORE DEPOSITS OF THE JEROME AREA, YAVAPAI COUNTY, ARIZONA 

By C. A. ANDERSON and S. C. CREASEY 

ABSTRACT 

The Jerome area, in central Arizona, includes the Mingus 
Mountain quadrangle and parts of the adjacent Clarkdale, 
Mayer, and Mount Union quadrangles. The largest copper 
mines in the area at Jerome are the United Verde Extension and 
the United Verde. The United Verde Extension, closed in 1938 
and the United Verde closed in 1953. The Iron King mine at 
Humboldt, the most active mine in the area after 1953, pro
duces lead and zinc. 

The oldest rocks are the older Precambrian Yavapai series, 
conSisting of metamorphosed volcanic and sedimentary rocks. 
The Yavapai series is divided into the Ash Creek and Alder 
groups . . The Ash Creek group is divided into seven formations, 
consisting of basaltic, andesitic, rhyolitic, and dacitic flows and 
pyroclastic rocks, and a thick sequence of tuffaceous sedimentary 
rocks containing interbeds of jasper-magnetite and chert. Rocks 
of the Ash Creek group generally are nonfoliated and relict 
structures are well preserved; it is easy to distinguish the top 
and ~ottom of the lava flows or beds. The Ash Creek group 
is about 20,000 feet thick. The Alder group is separated from 
the Ash Creek group by the Shylock fault; the age relationship 
of the two groups is unknown. The Alder group is divided into 
six formations, consisting of basaltic, andesitic, and rhyolitic 
flows and pyroclastic rocks and a sedimentary sequence of slate. 
The rocks in the Alder group are strongly foliated and the 
stratigraphy and structure of the group are in doubt. The 
thickness of the Alder group is not known, but is apparently 
at least 20,000 and perhaps 30,000 feet. 

Intense deformation of the Yavapai series was accompanied 
by the intrusion of quartz porphyry that is locally foliated. ' 
Later, gabbro and then quartz diorite were intruded. The 
quartz diorite is one of the several intrusive quartz-bearing 
granitoid rocks that comprise the Bradshaw granite batholith 
of central Arizona. Swarms of granodiorite porphyry dikes, 
apparently related to the quartz diorite, intrude the older in-· 
trusive rocks and Ya,vapai series. All these intrusive rocks 
are of older Precambrian age . 

A profound unconformity separates the older Precambrian 
rocks from the overlying Paleozoic sedimentary rocks. The 
basal Paleozoic sandstone, deposited on-a surface of low relief, 
has been tentatively correlated with the Tapeats sandstone of 
Cambrian age exposed in the Grand Canyon. The Tapeats(?) 
in the Jerome area is overlain with apparent conformity by 
the Martin limestone of Devonian age, and the Mississippian 
Redwall limestone overlies the Martin. About 370 feet of the 
basal part of the Supai formation of Pennsylvanian and 
Permian age overlies the Redwall in the Jerome area, and to 
the north and east, the full thickness of the Supai is exposed. 
About 1,200 feet of Paleozoic rocks are exposed in the Jerome 
area. 

Regional evidence indicates that during Late Triassic, 
Jurassic, Cretaceous, and early Tertiary time, the Jerome area 
was a site of active erosion, and a maximum of 3,000 to 3,500 
feet of Paleozoic sedimentary rocks and an unknown thickness 
of Precambrian rocks were removed. By late Tertiary time, an 
erosional surface of 500 feet or more of relief became the site 
of deposition of the Hickey formation-1,400 feet of dominantly 
basaltic lava flows on Mingus Mountain. But along the south 
margin of the area, a thinner section of intercalated flows and 
sedimentary rocks is exposed. 

After the accumulation of the Hickey formation, faulting 
blocked out the Black Hills and Verde Valley to the east. The 
Verde formation, consisting chiefly of calcareous lake depoSits 
as much as 2,000 fl;!et in thickness, accumulated in the Verde 
Valley. 

The dominant structure of the Ash Creek group is the Mingus 
anticline, essentially domical, plunging northwestward near 
Jerome and southeastward at Black Canyon. Near Jerome, 
foliation is locally intense, essentially paraliel to the axial planes 
of the minor folds. Warping of the foliation and axial planes 
of the minor folds south of Jerome indicates that the Mingus 
anticline has been warped to a Sigmoid pattern and displaced 
by the eastward-trending Oak fault. In the southern part of 
the Ash Creek terrane, foliation is discordant to the axial planes 

. of the folds, and may date from the Sigmoid warping of the 
anticline. 

The Texas syncline, southwest of the Mingus anticline, plunges 
southeastward except near the Shylock fault where the plunge 
flattens appreciably. 

Two sets of faults are in the Ash Creek group; the older set 
strikes approximately east and the younger north. Some of 
the northward trending faults are occupied by dikes of grano
diorite porphyry. 

Deformation of the Alder group was intense; the structures are 
complex and difficult to interpret. The rocks are isocllnally 
folded and intensely foliated. Possibly as many as three periods 
of deformation, each with a characteristic trend, were recog
nized locally in the southwestern part ' of the Alder terrane. 

In the south-central part of the Jerome area, the symmetrical 
distribution of formations indicates a fold that is interpreted 
as a southward-plunging isoclinal syncline with an associated 
anticline to the west. Another isoclinal fold is suggested by the 
outcrop pattern of the units that compose the Chaparral vol
canics. Elsewhere the uniformly steep dip of beds and the varia
tion in the direction that the tops of beds face indicate many 
isoclinal folds. 

Distributive shearing characterizes the Alder group. Locally 
the shearing apparently resulted in little more than weak folia
tion. Elsewhere, such as along the eastern exposures of the 
Alder ~oup and in the Ol1aparra~ volcanics, intense distributiv.e 

1 
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shearing produced broad fault zones in which each lithologiC 
unit is in fault contact with the adjacent unit, and is thinned 
greatly. The Spud and Chaparral fau'lts bound the Chaparral 
volcanics.in the southwest corner of the Jerome area. 

The major Shylock fault which separates the Ash Creek and 
Alder groups has a minimum stratigraphic throw of 20,000 feet. 
Locally, it separate~ quartz diorite from 'slate of the Alder group, 
proving some displacement after the intrusion of the quartz 
diorite. The basal Paleozoic sandstone (Tapea ts ?) covers the 
trace of the fault proving that the fault is of Precambrian age. 

The Paleozoic and Cenozoic rocks have been tilted gently and 
faulted. Faulting occurred during three periods: (1) after the 
close of the Paleozoic but before deposition of the Hickey forma
tion; perhaps this faulting is of Late Cretaceous and early Ter
tiary age; (2) after the accumUlation of the Hickey formation; 
and (3) after the deposition of the Verde formation. On the 
northwestern fiank of Mingus Mountain, faulting of the first 
period resulted in the uplift and erosion of the rocks on the west 
side. By the time of the deposition of the Hickey formation, 
this faulting and erosion caused lava flows of the Hickey to 
rest on the Precambrian rocks west of the fault and on Paleozoic 
rocks east of the fault. Faulting during the second period re
versed the relative displacement and the western block was 
downthrown. 

The Verde normal fault on the east side of the Black Hills dis
places the Paleozoic rocks and Hickey formation; at Jerome, 
the vertical separation is abont 1,500 feet. The fault also pro
duced about 1,000 feet of vertical separation during the Pre
cambrian, and an unknown but small displacement after the de
position of the Verde formation. 

Mining in the Jerome area started about 1870, at which time 
gold and silver were the chief metals produced. Copper mining 
of the surface oxide ores started at Jerome in 1883, from which 
copper, gold, and silver were recovered. W. A. Clark obtained 
control of the United Verde mine in 1888 and under his guidance 
successful mining operations were inaugurated. The rich United 
Verde Extension ore body was discovered in 1914, and these 
two mines produced more than 99 percent of the total production 
of the Verde (Jerome) district. Early production at the Iron 
King mine was in gold and silver, but after a period of inactivity, 
lead-zinc sulfide ore was mined starting in 1936. By 1952 pro
duction had gradually increased to 600 tons daily. 

The following approximate amounts of metal have been re
covered from the Jerome area: gold, 1,890,000 ounces; silver, 
65,600,000 ounces; copper, 1,868,000 tons; lead, 37,725 tons; and 
zinc, 127,000 tons. 

The ore deposits of Precambrian age are of two types: (1) 
massive sulfide ore, and (2) fissure' veins. Most of the metal 
production has come from the massive sulfide deposits in the 
United Verde and United Verde Extension copper mines at 
Jerome, and the Iron King lead-zinc mine at Humboldt. The 
fissure veins have been mined chiefiy for their precious-metal 
content, such as the gold-quartz veins in the Cherry Creek dis
trict and silver-bearing vein of the Shea mine south of Jerome. 
Copper has been the chief metal from the Verde Central and 
Yaeger veins. The McCabe-Gladstone vein, west of the Iron 
King mine, was an important producer of gold and silver, but it 
cannot be proven that this deposit is of Precambrian age. At 
Jerome, some copper has been mined from Tertiary lava fiows 
and gravels impregnated with supergene chrysocolla. 

The massive sulfide deposits are tabular, lenticular, or pipe
like. They are dominantly pyritic and contain variable ~mounts 
of chalcopyrite, tennantite, sphalerite, and galena. Alteration 

of the host rock consists of silicification and sericitization, and 
at the United Verde mine, chloritization. The writers conclude 
that the massive sulfide depOSits are replacements of the schis
tose rock. 

The massive sulfide body a t the United Verde mine was local
ized in a north-northwestward plunging anticline, intruded by 
a semiconcordant body of gabbro. Mineralizing solutions were 
channeled by an "inverted trough" of nonfoliated gabbro. They 
r~placed foliated tuffaceous sedimentary rocks and quartz 
porphyry with pyrite thus forming a pipelike body of massive 
sulfide that conforms to the plunging anticline. The country 
rock on the footwall side (south) of the pyritic pipe was ex
tensively chloritized before the copper was introduced, forming 
ore shoots in the quartz porphyry, chloritized country rock 
("black schist"), and the massive pyritic pipe. 

The United Verde Extension ore body is buried beneath 
Tertiary and Paleozoic rocks to the east of the Verde fault, 
whereas the United Verde mine west of the Verde fault was 
exposed at the surface. Much of the ore from the United Verde 
Extension mine was high-grade chalcocite, but some mixed 
chalcocite-cuprite-malachite ore came from the higher levels, 
and some fiuxing primary sulfide ore came from the lower levels. 
The chalcocite ore was f ormed by secondary enrichment before 
deposition of the Tapeats sandstone ( ?). 

For 30 years or more the problem has been debated whether 
or 1Il0t the United Verde Extension ore body is the .down
faulted segment of the United Verde pipe. The solution of 
this problem depends on accurate determination of the dis
placements on the Verde fault. Through underground open
ings in the United Verde and United Verde Extension mines, 
the trace of geologiC contacts can be determined on both the 
hanging-wall and footwall fault surfaces of the Verde fault. 
To match the contacts of the P recambrian rocks, about 2,500 
feet of vertical separation is necessary, but only 1,500 feet of 
vertical separatioo is necessary to match the contacts of the 
Paleozoic and Ter tiary r ocks. Tllis smaller displacement of 
younger r ocks indicates that the Precambrian rocks were dis
placed about 1,000 feet before the depOSition of the PaleozoiC 
rocks. With due allowances for possible horizontal separation 
during both periods of ·movement, the United Verde Extension 
ore body could iIlot be the severed top of the United Verde ore 
pody unless the United Verde ore body shifted eastward at some 
elevation above the present erosion sUI'face, and thus did not 
follow upward along its known axis (N.200W., 65 °N.). 

The Iron King lead-zinc deposit consists of a system of 12 
westward-dipping massive sulfide veins that are en echelon 
in a mylonitic sheared zone. All ·veins plunge northward, 55° 
to 60°. The vein material conSists of banded fine-grained 
massive sulfides containing massive quartz at the iIlor th end 
of each. Sulfide vein minerals are pyrite, arsenopyrite, sphaler
ite, galena, chalcopyrite, and tennantite; non sulfide minerals 
a re ankerite, quartz, sericite, ailld a little residual chlorite. 
Banding in the massive sulfide ore resulted from deposition of 
ore minerals, cbiefly sphalerite, in fractures in early vein fill
ing, and from variation in r elative rates of deposition of vei.n 
minerals. Gold and silver are most abundant at the north 
end of the veins, and southward to the pOint where the maxi
mum cOolltent of lead and zinc occurs. The pllmge of the north 
ends ·of the veins pa rallels the mineral streaking (lineation) 
in the wall rocks. This parallelism suggests that the sheared 
zones that localized the veins were part of the regional deforma
tion which produced the general fabric of the Precambrian 
terrane. 

) 
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INTRODUCTION 

LOCATION, CULTURE, AND ACCESSIBILITY 

The Jerome area is in central Arizona in eastern 
Yavapai County (fig. 1). The area mapped for this 
report includes the Mingus Mountain quadrangle 
bounded by longitude 112° to 112°15'W.; and latitude 
34°30' to 34°45'N. (pI. 1). A small part of the Clark
dale quadl"angle to the north was aJso mapped, and 
parts of the Mayer and Mount Union quadrangles to 
the south and southwest. The southeast corner of the 
Prescott quadrangle, west of the Mingus Mountain 
quadrangle, was mapped contemporaneously by M. H. 
Krieger and W. E. Bergquist and has been included in 
this report (pIs. 1,2). 

The two largest mines in the area, the United Verde 
and the United Verde Extension, are at Jerome, near 
the center of the boundary of the Mingus Mountain and 
Clarkdale quadrangles. The purpose of this study was 
to obtain the regional geologic setting for these two 
important copper mines, and to study in detail the 
United Verde mine, which was accessible. The United 
Verde Extension mine has been inactive since 1938 and 
only parts of it were accessible. 

The increasing ~conomic importance of the Iron 
E:ing lead-zinc mine near Humboldt and its many simi
larities to the two large copper mines at Jerome made 
it desirable to include this mine in this report. 

The term "Jerome area" is here used to include all 
the area in which geologic mapping was done for this 
report. The term probably should include only a small 
part of the mapped al;'ea, centering at Jerome, but no 
satisfactory geographic term is available for the entire 
mapped area. 

Several mining districts are included: the Verde 
( Jerome) centering at Jerome, the Black Hills on the 
west, the Cherry Creek in the southeast, and the north
ern part of the Big Bug in the southwest, wh~re the 
Iron King mine is located. 

The Jerome area, as defined above, is served by many 
roads. Highway 89A. crosses the northern part and 
connects Jerome to the west with Prescott, the county 
seat of Yavapai County. Northeast of Jerome, this 
highway connects with Highway 66- at Flagstaff. The 
southwestern part of the area is crossed by Highway' 
69, which connects Prescott with Dewey and Humboldt. 
Many dirt and gravel roads join Highway 89A and pro
vide access to much of the northern half of the area. 
An excellent graded road encompasses Mingus Moun
tain, south of the highway, and connects with the high
way at the summit and at Jerome. This road, known 
locally as the "pipeline road" because in part it follows 
the pipeline supplying Jerome with domestic water, 

gives access to much of the rugged country in the north
ern part of the area. An excellent graded road extends 
east from Dewey through Cherry to the Verde Valley, 
east of the Jerome area, and dIrt roads to cattle ranches 
provide access to the southern part of the Jerome area. 

The main line of the Atchison, Topeka and Santa 
Fe Railway passes north of the Jerome area, and £rom 
Ash Fork, a branch line extends southward through 
Prescott to Phoenix. From Drake, 32 miles north of 
Prescott, a branch line of the railroad extends to Clark
dale, parallel to the Verde River throughout much of 
its course. Dewey, Humboldt, and the Iron King mine 
are served by another branch line that extends from 
Prescott to Mayer, 7 miles south of Humboldt. 

Jerome, Clarkdale, and Cottonwood are the largest 
towns in the area. Jerome, perched on the steep eastern 
slope of the Black Hills, is the home of the United 
Verde and United Verde Extension mines. Popula
tion in the town is steadily decreasing owing to the 
closing of the United Verde Extension mine in 1938 
and of the United Verde mine in 1953. Clarkdale, 
just north of the mapped area, was the smelter town 
for the United Verde mine; and with the closing of 
the smelter in June 1951, the population of the town 
decreased. 

Cherry, a small settlement in the southeastern part 
of the area, has been the site of some small gold pro
duction from quartz veins. Most of the mines have 
long been inactive. 
- Humbofdt is a small town in the southwest corner 

of the Jerome area that serves some miners working 
in the Iron King mine. Dewey is essentially a cross
road settlement where the Cherry road joins High
way 69. There are several cattle ranches scattered 
around the west, south, and east margin of the area. 

The 10,OOO-foot grid based on Arizona (central) rec
tangular coordinate system has been placed on plate 
1, and many references in this report to localities are 
made to this coordinate system. 

PHYSICAL FEATURES 

The Jerome area lies within the Mountain region of 
Arizona (fig. 1), as defined by Ransome (1903, p. 16), 
a few miles southwest of the Colorado Plateau. 

The Colorado Plateau consists essentially of fl.at
lymg . Paleozoic and Mesozoic sedimentary rocks, 
locally capped by extensive basaltic flows and cones. 
Most of the margin of the plateau is marked by a con
tinuous line of cliffs ranging from 1,000 to 2,000 feet 
in height, that to the east of the Jerome area are 
strikingly exposed across the Verde Valley below the 
Mogollon Rim, the edge of the plateau. 
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The mountain region is essentially a broad zone of 
nearly parallel short ranges, separated in part by val
leys, deeply filled with fluviatile and lacustrine deposits. 
The Black Hills in the Jerome area are an excellent 
example of one of the north to northwestward-trend
ing ranges in the mountain region, bounded to the 
east by the Verde Valley and to the west by Lonesome 
and Chino Valleys. The valleys on both sides 6f the 
Black Hills are filled with lacustrine and fluviatile de
posits, which are now being eroded to widespread pedi
ments capped by veneers of gravel. 

Paleozoic sedimentary rocks in the northern part 
of the Jerome area continue northward to the plateau 
and are deeply eroded by the eastward-flowing Verde 
River. The south margin of the plateau, on physio
graphic grounds, might bedetermined by the erosional 
escarpment of sedimentary rocks of late Paleozoic 
age (Coconino sandstone and Kaibab limestone) ex
posed to the north of Verde River. Geologically, the 
plateau might be extended southward to include the 
continuous exposures of Paleozoic rocks that crop out 
in the summit area of the Black Hills, well within the 
Jerome area. 

To the southwest, the Black Hills grade into the 
Bradshaw Mountains that culminate in a high range 
southeast of Prescott. To the south, the Black Hills 
fade into a landscape of low relief. 

Three lava-capped mesas comprise the summit region 
of the Black Hills: Mingus, Hickey, and Woodchute 
Mountains. ' 

Altitude in the Jerome area ranges from 7,834 feet 
on W oodchute Mountain to 3,318 feet along the Verde 
River at Cottonwood. The western slope of Verde 
Valley rises gradually from th.e Verde River to the steep 
eastern front of the Black Hills, and the altitude of the 
base of this escarpment ranges from 4,200 to 5,000 feet. 
A long ridge extends southeastward from Mingus 
Mountain, marking the top of the escarpment along the 
east margin of the Black Hills; the altitude along this 
ridge ranges from 6,000 to about 7,000 feet. The south 
margin of the Jerome area is a surface of low relief, 
averaging about 4,500 feet in altitude. West of the 
Black Hills, the lowest altitude is along the Agua Fria 
River; at Humboldt it is 4,581 feet. The pediment west 
of the Black Hills slopes gradually from 4,750 feet at 
the Agua Fria River to about 6,000 feet at the west mar
gin of the Black Hills. The southern part of the west 
margin of the Black Hills is an area of low to moderate 
relief; only along the northern half is a pronounced 
escarpment present. 

The Verde River in the northeast corner of the 
Mingus Mountain quadrangle is the only large peren
n.ial Btre/l.m that flows through the Jerome area. Many 

intermittent streams drain the east side of the Black 
Hills to the Verde River. The Agua Fria River drains 
the southern and southwestern parts of the Jerome 
area; the Agua Fria is largely intermittent except 
locally where a small perennial flow is present on bed
rock surfaces. During and following heavy summer 
rains, the Agua Fria may be a raging torrent. North of 
Coyote Springs Ranch on the west side of the Black 
Hills, all drainage flows westward to the northward
flowing Granite Creek in the Prescott quadrangle, 
which is an important tributary to the Verde River. 

CLIMATE AND VEGETATION 

The temperature of Arizona ranges from the very 
high summer heat of the southern desert to the extreme 
winter cold of the high plateaus and mountains to the 
north. Temperature of the Jerome area is between these 
two extremes. 

Climatic records are available from Clemenceau and 
Jerome, and from Prescott, to the west. In 1942, a U. S. 
Weather Bureau office was established at the Love Mu
nicipal Airport, 9 miles northeast of Prescott. Records 
were started in Cottonwood in 1948. The averages from 
Clemenceau, Jerome, and Prescott give a summary of 
temperature and precipitation (table 1). 

TABLE I.-Annual climatic average8, Jerome and Pre8cott area8 

I Length I j I l -or record January July Maxnnum ' Mlnlmum 
(years) . 

Temperature averages (OF) 

clemenceBu--- -- -------- - -1 Jerome ____ ____ __ ____ _____ _ 
Prescott ___ __ ______ _______ _ 

16

1 

39 
40 

44.31 42. 3 
35. 0 

84. 0 I 78. 8 
72. 5 

Precipitation averages (Inches) 
, 

Length 
of Janu- Febru- March Aprll 

record ary ary 
(years) 

--------
Clemenceau __ ___ 16 0. 95 1.12 0. 66 0. 72 
Jerome __________ 30 1. 53 1. 77 1.27 1.07 
Prescott ___ ______ 28 1. 80 2.20 1.56 1.20 

Length 
of July Au- Sep- Oc-

record gust tember tober 
(years) 

------- -
Clemenccau _____ 16 1.38 1. 80 1. 70 0.61 
Jerome __ _____ ___ 30 2.13 2. 74 1.59 1.06 
Prescott _______ __ 28 2.62 3.39 1.98 .99 

110 I 105 
105 

May June 

----
0.27 0. 24 
.43 .41 
. 44 _34 

No- De-
vember cember 

- - - -
0. 77 1. 07 
. 93 1.93 

1.08 2. 38 

9 
7 

-21 

--

An-
nUal 

--
11. 29 
16.86 
19. 98 

The vegetation (Nichol, 1937; Benson and Darrow, 
1944) in the Jerome area may be grouped into three 
types: Pine forest, chaparral, and grassland. Pine 
forest is limited to altitudes above 6,500 feet, in 
the Black Hills, except for a small area in the Cherry 
Creek district. The ponderosa pine (Pinus ponderosa) 
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dominates this forest, but in some breaks, Gambel's oak 
(Quercus gambeli) and Mexican locust (Robinia neo
meroioana) form small but compact thickets. 

The heaviest growth of chaparral is south and south
east of Mingus Mountain. Scrub oak (Quercus tur
binella) and manzanita (Arotostaphylos pungens) are 
the dominant plants in the chaparral, but some moun
tain mahogany (0 eroooarpus sp.), cliff rose (0 owania 
stanburiana) , and Apache plume (Fallugia paradoroa) 
are locally abundant. In the transition zone between 
the pine forest and chaparral, pinon pine (Pinus 
edulij]) , stringy-bark juniper (Juniperus utahensis) , 
and alligator-bark juniper (Junipe1"l1i8 paohyphZoea)" 
are present. The alligator-bark juniper generally is 
found at higher altitudes than the stringy-bark juniper. 

Grasslands a,re abundant in Lonesome Valley west 
of the Black Hills and in Verde Valley to the east. 
During spring months and after the summer rains, these 
verdant grasslands are in marked contrast to the duller 
gray chaparral areas. Small cactus plants, as well as 
cholla and prickly pear, are widely scattered in the 
grasslands. Along some of the watercourses, chaparral 
is abundant. Beargrass (N olina miorooarpa) forms 
scattered clumps in the grassland. Catsclaw or wait-a
minute bush (Mimosa biuncifera) is a low-growing 
shrub that locally forms thickets at lower altitudes. 

Century plant or mescal (Agave parryi) is common 
in the lower altitudes of chaparral on the east side of 
the Black Hills and is sufficiently abundant in the 
vicinity of Mescal Gulch to suggest this name. 

Along the larger streams in the chaparral areas, black 
walnut (J uglans rupestris) and sycamore (Platanus 
raoemosa) trees are common. In lower altitudes, the 
desert willow (Ohilopsis linearis) and cottonwood 
(Populus fremontii) occur along the watercourses in 
the chaparral and grassland areas. 

FIELD WORK AND ACKNOWLEDGMENTS 

Field work was started in' October 1945 and essential
ly completed by October 1951. From January to June 
1947, the underground workings of the United Verde 
mine at Jerome were studied; and :from September 1947 
to April 1948, Creasey mapped the underground work
ings of the Iron King mine near Humboldt and made 
surface geologic maps of parts of the north margin of 
the Mayer and Mount Union quadrangles. Creasey 
was absent from the project from September 1948 to 
June 1949. During much of 1951, Anderson did ad
ministrative work not connected with the project. R. 
E. Lehner joined Creasey in March 1951 to assist in the 
mapping of the Paleozoic and Tertiary rocks in the 
Mingus Mountain quadrangle and part of the Clark
dale quadrangle. Lehner later assisted in much of the 

map compilation and also prepared the section on the 
Cherry Creek mining district, p. 174. 

It is a pleasure to aclmowledge the cordial coopera
tion of Phelps Dodge Corp. in the study of the United 
Verde mine. J. B. Pullen, general superintendent, 
United V erd~ Branch of Phelps Dodge Corp., at the 
time of our studies of the mine, placed all the facilities 
of the mine at our disposal and gave us access to all 
mine data. His successors, C. E. Mills and W. W. 
Little, provided continued cooperation and aid. 
Thanks are due to C. R. Kuzell, general manager; 
Phelps Dodge Corp., for his enthusiastic support of the 
alteration studies in the United Verde mine and for the 
chemical analyses of the chloritic alteration products 
made by the Phelps Dodge laboratories in Douglas, 
Ariz. L. E. Reber, Jr., resident geologist at the United 
Verde mine for many years, was generous in advice 
and counsel. His successor, P. F. Yates, was our con
stant guide and counselor in our United Verde mine 
studies, and his remarkable familiarity with the geo
logic features of the mine was of invaluable aid. 

The Mingus Mountain Exploration Co., through its 
president, Arthur Notman, generously gave us access to 
the geologic results obtained by its geologist, G. W. H. 
Norman, in the United Verde Extension mine and much 
of the country near Jerome. Dr. Norman, who has had 
much experience in Canadian Precambrian rocks while 
a member of the Geological Survey of Canada, gave 
liberally of his time and experience in helping us un
ravel the complex Precambrian structure. Dr. Norman 
wrote much of the chapter dealing with the United 
Verde Extension mine. 

H. F. Mills, general manager of the Iron King 
Branch of the Shattuck Denn Mining Co., kindly per
mitted the use of all company maps and production data 
from the Iron King mine. John Kellogg, resident mine 
geologist, cordially cooperated in many ways. 

Eldred D. Wilson of the Arizona Bureau of Mines 
supplied maps and data on file in his office and gave 
useful advice in the early stages of the field work. 

Our colleagues on the Geological Survey were help
ful in many aspects of the project. M. H. Krieger and 
W. E. Bergquist furnished their geologic map of the 
southeast corner of the Prescott quadrangle for in
clusion in this report. R. S. CannoR, Jr., discussed 
many problems concerning the ore deposits and struc
tural geology, both in the field and in the office. T. S. 
Lovering and Earl Ingerson aided in the understanding 
of the hydrothermal alteration and the metamorphism. 
George T. Faust and Charles Milton helped in the 
mineralogical studies. We are grateful to James Gil
l~ly for his pertinent comments in the field about the 
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str~ctural problems and for his critical review of the 
manuscript. 

PREVIOUS WORK 

The following articles, listed chronologically, have 
been published concerning geologic features in the 
Jerome area: 
1883. Blandy, J. F. The mining region around Prescott, Ariz. : 

Am. Inst. Min. Metall. Eng. Trans. v. 11, p. 286-291. 
Contains a map showing distribution of granite, 

slate, and limestone. Location of mines of this date 
are of historical interest. 

1905 . . Jaggar, T. A., and Palache, Charles. Description of 
Bradshaw Mountains quadrangle, Ariz.: U. S. Geol. 
Survey Geol. Atlas, folio 12~, 11 p. 

First adequate description of the Precambrian 
rocks in the region; only.a small part of this quad
rangle is included in the study of the Jerome area, 
but this folio was important pioneer work in the 
region. 

1906. Reid, J. A. Sketch of the geology and ore deposits of 
the Cherry Creek district, Ariz.: Econ. Geology, v. 
1, p. 417-436. 

Description of the gold veins in Cherry Creek 
mining district. 

1916. Provot, F. A. Jerome mining district geology: Eng. and 
Min. Jour., v. 102, p. 1028- 1031. 

General discussion of the geology of the mines at 
Jerome. 

1916. Ransome, F . L. Some Paleozoic sections in Arizona and 
their correlation: U. S. Geol. Survey Prof. Paper 
98-K, p. 133- 166. 

Brief description of Paleozoic rocks in the Jerome 
area and faunal lists proving Devonian age of 
Martin limestone and Mississippian age of Redwall 
limestone. Correlates basal Paleozoic sandstone 
with Tapeats sandstone of Cambrian age in Grand 
Canyon section. 

1918. Rickard, T. A. The story of the U. V. X. bonanza: Min. 
Sci. Press, v.116, p. 9-17,47-52. 

Fasclnating account of the history of mining at 
Jerome; Rickard states that the United Verde Ex
tension ore body was not originally connected to the 
United Verde ore body. 

1918. Finlay, J. R. The Jerome district of Arizona: Eng. and 
Min. Jour., v.106, p. 557-562,605--610. 

First detailed description of the geology of the 
United Verde mine, Jerome. 

1918. Tovote, W. L. Notes on certain ore deposits of the south
west: Am. Inst. Min. Metall. Eng., Bull. 142, p. 1599-
1612. 

Main point of this report is the objection to the 
theory that ore deposits at Jerome are of Precam
brian age, contrary to the conc~usion in our present 
report. 

1920. Rice, Marion. Petrographic notes on the ore deposits of 
Jerome, Ariz.: Am. Inst. Min. Metall. Eng. Trans., 
v. 61, p. 6<Hl5. 

Good petrographic description of rocks and ores. 

1922. Reber, L. E., Jr. Geology and ore deposits of the Jerome 
district: Am. Inst. Min. Metall. Eng. Trans., v. 66, 
p.3-26. 

Excellent description of local geology and ore de
posits at Jerome, based on years of observation in 
the district. Precambrian rocks subdivided and ade
quately described. Replacement nature of ore de
posits demonstrated and first complete description 
of the ore bodies and their control given. 

1923. Jenkins, O. P. Verde River lake beds near Clarkdale, 
Ariz.: Am. Jour. ScL, 5th ser., v. 5, no. 25, p. 65-81. 

First detailed !lescription of the late Tertiary or 
early Quaternary lake beds found in the Verde Valley. 

1925. Fearing, J. L., Jr., and Benedict, P. C. Geology of the 
Verde Central mine: Eng. and Min. Jour., v. 119, p. 
609-611. 

Brief account of the history and geology of a 
copper mine southwest of Jerome. 

1926. Fearing, J. L., Jr. Some notes on the geology of the 
Jerome district, Ariz: Econ. Geology, v. 21, p. 757-773. 

Discusses geology and ore deposits in Jerome. 
Believes that United Verde Extension ore body was 
not originally connected to United Verde ore body. 

1926. Lindgren, Waldemar. Ore deposits of the Jerome. and 
Bradshaw Mountains quadrangles, Ariz. : U. S. Geol. 
Survey Bull. 782, 192 p. 

Main value of this bulletin is the wealth of in
formation on the mines and prospects in the area. 
Reconnaissance map of Jerome quadrangle included, 
but regional geology not treated in a comprehensive 
fashion. 

1927. Anderson, C. A. Voltaite from Jerome, Ariz.: Am.. 
Mineralogist, v. 12, p. 287-290. 

Brief description of one of the hydrous sulfates 
formed by the mine fires. 

1928. Lausen, Carl. Hydrous sulphates formed under fumarolic 
conditions at the United Verde mine: Am. MIner
alogist, v. 13, p. 203-225. 

Interesting description of 9 hydrous sulfate min
erals, 5 of them new, formed at or near surface 
resulting from mine fires. 

1930. Hansen, M. G. Geology and ore depOSits of the United 
Verde mine: Min. Congo Jour., v. 16, p. 306-312. 

First paper to suggest Precambrian movement on 
Verde fault. 

1930. Lausen, Carl. The pre-Cambrian greenstone complex of 
the Jerome quadrangle: Jour. Geology, v. 38, p. 174-' 
183. 

Separated a greenstone complex from Yavapai 
schist (metasedimentary rocks) and suggested an 
unconformable relationship between the two; Wilson 
(1939) later showed that a fault relationship exists 
between these units. 

1930. Newhouse, W. H., and Flaherty, G. E. The texture and 
origin of some banded or schistose sulphide ores: 
Econ. Geology, V. 25, p. 6()()--{)20. 

Brief description of ore from the United Verde 
mine at Jerome. 

1930. Ralston, O. C. Possibilities of zinc production in Ari
zona: Min. Jour., v. 14, p. 11. 

Description of zinc occurrence in the United Verde 
mine, Jerome" 
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1931. IngallB, W. R. World survey of the zinc industry: Min. 
Met. Soc. America, N. Y. 

Emphasized the zinc content of pyritic ore at 
United Verde mine, Jerome. 

1932. Ransome, F. L. General geology and summary of ore de
posite, Vn Ore deposits of the southwest: 16th Inter
nat. Geol. Gong. Guidebook 14, Excursion 0-1, p.l-23. 

Resume of Arizona geology, but gives considerable 
attention to ore deposits of Jerome. Emphasized 
Precambrian movement on Verde fault. 

1935. Tenney, J. B. The copper deposits of Arizona, Vn Gopper 
resources of the world: 16th Internat. Geol. Gong., v. 
I, p. 167-235. 

Historical data about mines at Jerome. 
1936. Stoyanow, A. A. Correlation of Arizona Paleozoic for

mations: Geo!. Soc. America Bull.; v. 47, p. 459-540. 
Described the Devonian Jerome formation, which 

is termed Martin limestone in this report. 

1938. Reber, L. E., Jr. Jerome district, Vn Some Arizona ore 
deposits: Ariz. Bur. Mines Bull. 145, p. 41-65. 

Valuable sequel to Reber's 1922 paper; later de
velopments in Jerome district adequately described 
and illustrated. Much valuable information on the 
United Verde Extension mine which closed in 1938. 

1938. Schwartz, G. M. Oxidized copper ores of the United 
Verde Extension mine: Econ. Geology, v. 33, p. 21-33. 

Petrographic study of chalcocite and oxide ore; 
paragenesis of minerals. 

1939. Wilson, E. D. Pre-Cambrian Mazatzal revolution in cen
tral Arizona: Geol. Soc. America Bull., v. 50, p. 1113-
1164. 

First attempt to divide rocks of the Yavapai schist 
of Jerome area into separate stratigraphic units and 
a forward step in the understanding of the Precam
brian geology. 

1941. Mills, H. F. Ore occurrence of the Iron King mine: Eng. 
and Min. Jour., v. 142, no. 10, p. 56-57. 

Brief description of the Iron King mine. 
1943. Gutschick, R. C. The Redwalllimestone (Mississippian) 

of Yavapai County, Ariz.: Plateau, v. 16, no. 1, p. 
1-11. 

Presents measured sections of Redwall limestone 
as exposed in Jerome area. 

1945. Huddle, J. W., and DobrovoIny, E. Late Paleozoic stra
tigraphy and oil and gas possibilities of central and 
northeastern Arizona: U. S. Geol. Survey Oil and 
Gas Inv., Prelim. Chart 10. 

Description and measured sections of Paleozoic 
rocks adjacent to the Jerome area. 

1946. Yates, P. F. Bottoming of the United Verde sulphide 
pipe: Mimeographed paper distributed at meeting of 
Ariz. Section, Am. Inst. MIn. Metall. Eng., Tucson, 
Ariz., Oct. 1946, 20 p. 

Contains level plans and section showing character 
of United Verde ore body and description of explora
tion activities on lower levels of the mine. 

1947. Mills, H. F. Occurrence of the lead-zinc' ore at Iron 
King mine, Prescott, Ariz.: Am. !nst. Min. Metall. 
Eng. Min. Tech., v. 11, no. 4, Tech. Paper 2190, 
4 p. 

1949. Mahard, R. H. Late Cenozoic chronology of the upper 
Verde Valley, Ariz.: Denison Univ. Bull. Jour. Sci. 
Lab., v. 41, p. 97-127. 

Suggests a complex history for the Verde Valley 
before deposition of the Verde formation. 

1950. Creasey, S. C. Iron King mine, Yavapai County, Ariz., 
in Arizooa zinc and lead deposits: Ariz. Bur. Mines 
Bull. 156, p. 112-122. 

Preliminary statement on the occurrence of ore 
in the Iron King mine. 

1950. Little, W. W. Radial blast holes for drilling an ir
regular ore body: Min. Engineering, p. 463-465. 

Describes copper-zinc ore to north of main ore 
body, United Verde mine. 

1950. Price, W. E., Jr. Cenozoic gravels on the rim of Syca
more Canyon, Ariz.: Geol. Soc. America Bull., v. 
61, no. 5, p. 501-508. 

Presents evidence to show that before basaltic' 
eruptions on plateau, drainage from Precambrian 
rocks in Jerome area was to the north. 

1951. Anderson, C. A. Older Precambrian structure in Ari
zona: Geol. Soc. America Bull., v. 62, p. 1331-1346. 

Preliminary statement on the Precambrian stra
tigraphy and structure in the Jerome area. 

1951. McNair, A. H. Paleozoic stratigraphy of part of north
western Arizona: Am. Assoc. Petroleum Geolo
gists Bull., v. 35, p. 503-541. 

Presents evidence for believing Cambrian sedi
mentation did not extend to Jerome area. 

1952. Creasey, S. C. Geology of the Iron King mine, Yavapai 
County, Ariz: Econ. Geology, v. 47, p. 24-56. 

Describes the local geology of this mine, the al
teration, metallization, and structural control of 
the ore. 

1952. Huddle, J. W., and Dobrovolny, E. Devonian and Mis
sissippian rocks of central Arizona: U. S. Geol. 
Survey Prof. Paper 233-D, p. 67-112. 

Description of these rocks southeast of the Jerome 
area, with discussion of the regional distribution 
and history. 

1955. Huff, L. C. A Paleozoic geochemical anomaly near 
Jerome, Arizona: U. S. Geol. Survey Bull. 1000-0, 
p.105-118. 

Sampling of the Tapeats(?) sandstone revealed 
anomalous copper concentrations of more than 100 
ppm (parts per million) near Jerome and in an 
area extending about 2 miles southeast from Jerome. 
Elsewhere this same basal sandstone contains about 
20 ppm copper. Anomalous zinc concentrations of 
more than 100 ppm are distributed in roughly the 
same area as the copper. Huff concluded that the 
abnormal copper and zinc content of the Tapeats(?) 
represents products of erosion from the ore depOSits 
and that geochemical prospecting techniques can be 
used to identify and trace heavy-metal anomalies in 
basal sandstones such as the Tapeats( ?) .• 

GENERAL GEOLOGY 

OLDER PREC~BR~ ROCKS 

Y A V AP AI SERms 

Excellent brief account of the geology of this The Yavapai series includes all the older Precam-
mine emphasizing character of ore shoots. brian volcanic and sedimentary rocks in the Prescott-

... 
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Jerome area. Jaggar and Pal ache (1905) first de
scribed this series of metamorphic rocks as the Yavapai 
schist. According to them, the rocks include slate, 
phyllite, mica schist, and chlorite schist, as well as 
local gneiss, granulite, hornfels, and hornblende schist. 
J aggar and Palache concluded that the Yavapai schist 
is of sedimentary origin and equivalent to the Vishnu 
schist in the Grand Canyon. Later, Lindgren (1926) 
recognized rhyolitic and basaltic flows in the Yavapai 
schist, and concluded that the Yavapai schist comprises 
metamorphosed sedimentary beds and a large amount 
of interbedded flows and tuffs. Lindgren also ex
tended the Yavapai schist into the Jerome area where 
metamorphosed volcanic rocks are common. 

Lausen (1930) limited the Yavapai schist to the 
schistose metasediment exposed along the west margin 
of the Black Hills. For the more massive volcanic 
rocks to the east, he used the term "greenstone complex," 
admitting, however, that some interbedded tuff and 
sedimentary rocks are present. Lausen interpreted the 
contact of the Yavapai schist and the greenstone com
plex as an angular unconformity, the greenstone com
plex being younger. Wilson (1939, p. 1159) correctly 
concluded that a fault relationship exists between Lau
sen's Yavapai schist and greenstone complex. Wilson 
also substituted the term "Yaeger greenstone" for Lau
sen's greenstone complex, and the term "Alder series" 
for the schistose metasedimentary rocks to the west, 
placing both units under the term "Yavapai group." 

The present study has shown that the separation of 
these older Precambrian rocks into two major subdi
visions has merit, but the limitation of the term "Yava
pai schist" to the western schistose metasediments is 
untenable because much of the western section contains 
volcanic flows and tuffs. Furthermore, tuffaceous sedi
mentary rocks are important constituents of the eastern 
greenstone complex or Yaeger greenstone, and locally 
the eastern rocks are schistose. In this report the 
eastern rocks have been divided into seven formations, 
and one of these has been subdivided into four litho
logic facies; the eastern rocks are assigned a group rank 
and termed the Ash Creek group. The western rocks 
have been divided into six formati<?ns, and Wilson's 
Alder series has been modified to Alder group to in
chide them. Because of the fault between the Alder 
and Ash Creek groups, no statement can be made as to 
their respective ages. Wilson (1939, p.1120) suggested 
that Yavapai schist be modified to Yavapai group, but 
in keeping with standard stratigraphic nomenclature, 
Yavapai series is used in this report to replace Yavapai 
schist. 

Although the rocks in the Yavapai series have been 
metamorphosed, our , primary interest in these rocks 

was not metamorphic processes, but their stratigraphy 
and structure as a clue to the control of the ore deposits 
contained in the Yavapai series and associated intrusive 
igneous rocks. Considerable time was spent searching 

, for relict textures and structures in order to determine 
the character of the rocks before metamorphism. 
Billings (1950) has recently emphasized the importance 
of this approach in the study of metamorphic terranes, 
which has been standard practice of the Geological Sur
vey of Canada in unraveling the older Precambrian 
geology of Canada. Following the Canadian pro
cedure, the prefix "meta" has not been used in this re
port for the rocks of the Yavapai series. Chlorite 
schist in which relict amygdules and pillow lava can be 
recognized is classified as andesite or basalt; chlorite 
schist, in which relict bedding structure is widespread, 
is classified as andesitic or basaltic sedimentary tuff or 
tuffaceous sedimentary rock. Many of the rocks of the 
Yavapai ser~es are so weakly foliated that no doubt 
exists as to their original character. In the highly 
foliated rocks, our interpretation may be open to ques
tion for particular outcrops, but by tracing formations 
along the strike, sufficient relict features have been 
found to confirm our interpretations. 

ASH OREEK GROUP 

The Ash Creek group is named from Ash Creek, 
which cuts through a representative section south of 
Mingus Mountain. The rocks consist of basaltic, an

'desitic, rhyolitic, and dacitic flows and pyroclastic 
rocks, and a thick sequence of tuffaceous sedimentary 
rocks containing interbeds of jasper-magnetite and 
chert. The Ash Creek group is exposed to the south 
and to the east of Mingus Mountain, and to the west it 
is separated from the Alder group by the Shylock fault. 
Rocks of the Ash Creek group generally are nonfoli
ated, and relict structures in the lava and tuffaceous 
sedimentary rocks are well preserved; determinations 
are easily made of the directions that the beds or lava 
flows face. Some foliation is present along the east 
margin of Mingus Mountain; it increases in intensity 
toward Jerome where locally the tuffaceous sedimen
tary rocks are highly foliated. 

The Ash Creek group has been divided into seven 
formations. The Gaddes basalt is the oldest, and is 
overlain by the Buzzard rhyolite. The Shea basalt, 
dacite of Burnt Canyon, and Brindle Pup andesite are 
lenticular units about the same age, and separate the 
Buzzard rhyolite from the younger Deception rhyolite. 
The Grapevine Gulch formation is younger than the 
Deception rhyolite. 

The section of the Ash Creek group is perhaps 20,000 
feet thick, not including the base or top. The sum of 
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the maximum thickness of each formation is 23,500 feet, 
but because some of the volcanic formations are lenticu
lar, a lower figure is a more accurate estimate for the 
group as a whole. 

GADDES BASALT 
Distribution 

Gaddes Canyon, south of Mingus Mountain (1,330,-
000 N.; 443,000 E.) contains good, exposures of the ba
salt, here defined as the Gaddes basalt. Gaddes Canyon 
is a tributary to Black Canyon, where excellent out
crops of the basalt are exposed. To the north of Black 
Canyon, a smaller outcrop is present beneath the Paleo
zoic rocks. A large outcrop of Gaddes basalt lies east 
of Mingus Mountain in the drainage basin of Oak 
Wash (1,342,000 N.; 450,000 E.), where exposures are 
not generally as good as in Black and Gaddes Canyons. 

Thickness and stratigraphic relationship 

In Black Canyon where the Gaddes basalt is exposed 
in the crest of a southeast plunging anticline, the base 
is not exposed. Precise data on the attitude are so 
meager that the thickness cannot be accurately deter
mined, but we estimate that 2,000 to 2,500 feet of flows 
are exposed in Black Canyon. No estimate of thickness 
can be made in the drainage basin of Oak Wash. 

One mile west of Ward Pocket along the contact of 
Gaddes basalt and the overlying Buzzard rhyolite 
(1,327,300 N.; 445,000 E.), the basalt is overlain by 
rhyolitic breccia that dips 40° S. and grades upward 
into bedded sandy and silty beds that are a foot thick. 
Excellent graded bedding and channeling prove that 
the top of the beds face south. In Black Canyon, north 
of Wards Pocket, rhyolitic flows dip 45° SE. overlying 
the Gaddes basalt. Three-quarters of a mile southeast 
of Allen Spring, sandy interbeds in the Buzzard rhyo
lite dip 20° S. (1,336,900 N.; 449,700 E.), and graded 
bedding indicates that the beds face south. These ex
posures prove conclusively that the Gaddes basalt is 
older than the Buzzard rhyolite, but three small out
crops of rhyolite are intercalated between basaltic flows 
in Gaddes Canyon (pI. 1) indicating that rhyolite and 
basalt were erupted, in part, contemporaneously. 

Lithology and Internal structure 

The Gaddes basalt forms black to dark-green out
crops. East of Mingus Mountain where exposures are 
poor, the hill slopes are covered by dark-brown soil. 
On unweathered surfaces, the Gaddes basalt is dark 
green. Pillow structure. is common (pI. 3A) and is best 
recognized in walls and the floors of Gaddes and Black 
Canyons, and in ,?ome of the stream floors of the Oak 
Wash drainage basin. The pillow structures range 
from 1 to 5 feet in length and average 1% to 2. A .finer 
grained shell is present on many of the pillows (pI. 3B). 

Chalcedonic filling between pillows is common, particu
larly in Black Canyon. These silicic deposits are usu
ally nearly triangular in outline but some are irregular 
to square, coinciding with the openings between pil
lows. Their size ranges from 2 to 10 inches. Amyg
daloidal facies are common in the lava flows (pI. 30) ; 
quartz is the chief amygdaloidal filling, but locally 
calcite and epidote occur. 

Weak foliation, striking east and dipping steeply 
north, is present . locally in the southern exposures of 
the Gaddes basalt. The foliation planes wrap around 
the pillows. In this southern area, the long dimension 
of the pillows also plunges north steeply, parallel to 
the weak foliation. East of Mingus Mountain, the 
Gaddes basalt is more strongly foliated locally, and the 
rock is silicified and contains chlorite along fractures 
parallel to the foliation. 

Pyroclastic rocks appear in the Gaddes basalt east 
of Mingus Mountain, but owing to the poor exposures 
and small size of the bodies, they were not distinguished 
in mapping. In part, the pyroclastic facies consists of 
highly vesicular or amygdaloidal irregular-shaped 
basaltic fragments resembling lapilli and small bombs. 
They are closely packed, resembling agglutinates 
(Tyrrell, 1931, p. 66) formed at the time of eruption 
by welding of semiplastic ejecta. Other fragmental 
facies consist of closely packed angular fragments, from 
2 to 6 inches across. 

Microscopic studies reveal that the major texture 
of the pillow basalt is pilotaxitic; that is, albite or 
albite-oligoclase microlites averaging 0.4 millimeter in 
length are separated by bluish-green or pale-green 
amphibole needles or chlorite or both. The feldspar 
crystals are subparallel, forming a trachytoid texture. 
Minute magnetite crystals are interstitial to the 
'feldspar and mafic minerals. Epidote granules are 
common, and locally the pillow lavas are strongly 
epidotized. East of Mingus Mountain, chlorite is com
mon and calcite and sericite occur in streaks and 
patches. In the southern exposures of Gaddes basalt, 
chlorite is limited to the northern part of Gaddes 
Canyon and to quartz veinlets. Quartz.is common as 
amygdaloidal fillings, in places rimmed by chlorite. 
Quartz also occurs as grains 0.1 millimeter across, in
terstitial to the plagioclase, but it cannot be determined 
if the quartz is a primary constituent or was formed 
during metamorphism. Fragments of lapilli from the 
pyroclastic facies have the same texture and minerals 
except that the plagioclase microlites are only 0.2 milli
meter long. 

The distinction between unmetamorphosed andesite 
and basalt may be difficult, and where the rocks are 

o 
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metamorphosed, the changed mineralogical character 
adds complications. The chemical analysis of the 
Gaddes basalt (table 2) indicates that the pillow lava is 
intermediate in composition between average basalt and 
andesite. In the lava of the Gaddes the Si02, A120 3 , 

and MgO contents are intermediate; the CaO and N azO 
contents are near the average andesite but the K 20 
content is low even for the average basalt, suggesting 
a spilitic character. The iron content is nearer to that 
of the average basait. 

The designation of the pillow lava of the Gaddes as 
basaltic is arbitrary, and is based mainly on the high 
content of mafic minerals, and the chemical analyses. 

/ Satterly (1941, p. 133) compiled the available analysis 
of the Canadian Precambrian pillow lavas and most 
of these are basaltic in composition, but Wilson (1941, 
p. 18) observed pillows in Precambrian dacitic lava 
in the N oranda district in Quebec. 

The presence of albite in these pillow lavas is not 
sufficient reason to refer to them as spilites (Dewey 
n,nd Flett, 1911) , for tl).e chemical analysis does not 
indicate a high soda content. The abundant epidote 
granules indicate that the original pillow lavas con
tained calcic plagioclase, and that the albite is a meta
morphic product-a conclusion reached by Gunning 
and Ambrose (1940, p. 6) for Precambrian albitic lava 
in Quebec. 

Table 2.- Chemical analyses of Gaddes basalt and average andesite 
and basalt, in percent 

1 , 2 3 

----------------------I!------I------I------
Si02 _ _ _ - - - - ' - - - - - - - - _ - _ - - - - - - - - -

Ah03 __ __ - - - - - - - - - __ - _ - - - - - - - - -

~:t?~ == === ============~ :===== == MnO __ ' ____ ___ ___ _____ ___ _____ _ 
MgO ____ ___ ___ ___________ _____ _ 
CaO ____ __ __ ________ ______ ____ _ 
K

2
0 ___ _______ _______ _____ ___ - -

Na20 ___ __ ____ ______ _ ~ _ : __ ____ _ 
Ti0

2 
_ ____________ ___ ________ _ _ _ 

P205- ----------- ----~- ----~- -- -Ignition loss ___ _______ ___ _____ _ 

54. 8 
16.2 
2. 4 , 
9. 8 
.26 

3. 7 
4. 4 
.36 

3. 2 
1.0 
.28 

2. 0 

59.59 49.06 
.17. 31 15. 70 

3.33 5.38 
3.13 6.37 

. 18 .31 
2.75 6. 17 
5.80 8. 95 
2. 04 1. 52 
3.58 3.11 
. 77 1. 36 
. 26 .45 

1. Sample of pUlow laya (Gaddes bssalt) from Black Canyon (1,329,000 N. ; 443,500 
E.) . Rapid analysis by S. M. Berthold and E. A. Nygaard . 

2. A versge andesite. ' 
3. Average basalt, both from Daly (1933, p. 16-17). 

BUZZARD RHYOLITE 

Dlstrlbutlop. 

Buzzard Canyon, southeast of Mingus Mountain, con
tains good exposures of the BU2izard rhyolite, 'suggest
ing this term for. the formation d~fined here. Buzzard 
Canyon is a tributary to Black Canyon where other ex
c~llent outcrops of the rhyolite are exposed. An in
complete section of Buzzard rhyolite is exposed east of 
Mingus Mountain. 

428436-58-2 

Thickness and stratigraphic relationship 

A complete section of Buzzard rhyolite is exposed in 
the lower part of Black Canyon where it clearly over
lies the Gadaes basalt and is overlain by the Shea basalt. , 
The thickness of the rhyolite here is estimated at 3,500 
feet. To the west where the Buzzard rhyolite is sep
arated from the .younger Deception rhyolite by the 
dacite of Burnt Canyon and Brindle Pup andesite, the 
Buzzard rhyolite is about 2,000 feet thick. 

East of Mingus Mountain and north of Oak Wash 
(1,344,000 N.; 448,000 E.), the BU,zzard rhyolite clearly 
underlies the Shea basalt, because tuffaceous interbeds 
near the top of the Buzzard rhyolite <lip and face north
west, comformable to the basal contact of the Shea ba
salt. About 2,500-3,000 feet of rhyolitic rocks are ex
posed in this section, as~uming no duplication by folding 
or faulting. The section is separated by intrusive 
quartz pOI'phyry. The Buzzard rhyolite is in fault 
contact (Oak fault) with the Gaddes basalt to the south 
and is cut off to the east by the Verde fault. 

Lausen (1930, p. 181) noted the rhyolitic rocks in 
Black Canyon and suggested that the rhyolite was 
erupted after folding of the basaltic rocks; Wilson 
(1939, p. 1159) stated that the rhyolite is in fault con
tact with the adjacent rocks. Lausen and Wilson 
grouped the younger Gral:>evine Gulch formation with 
the older basalt, and neither recognized the Shea basalt, 
dacite of Burnt Canyon, and Brindle Pup andesite that • 
separate the Buzzard rhyolite from the Deception rhyo
lite. The variations in strike noted by Lausen are an 
'expression of folds rather than an unconformity. 

Lithology and internal structure 

Much of the Buzzard rhyolite forms bold outcrops 
except in th~ forested headwaters of Black Canyon. 
The outcrops in~ the lower reaches of Black Canyon are 
tinted in shadeS of red whereas those in the headwaters 
are buff to cream. Contorted flo'.'7 banding and 
amygdaloidal and vesicular structures are common in 
the flows. Fragmental structures are common (pI. 3J)) ; 
some represent flow breccia containing fragments rang
ing in size from an inch to a foot, but averaging about 
3 to 4 inches. Some breccia beds do not have a recog
nizable lava matrix', and their origin is in doubt. The 
fragments in many of the breccia beds show a preferred 
orientation, parallel in their long dimensions. Thin 
sandy interbeds in breccia are exposed near the base 
of the Buzzard rhyolite west of Ward Pocket (1,327,300 
N.; 445,000 E.) and three quarters of a mile southeast 
of Allen Spring -( 1,336,900 N.; 449,700 E.). Similar 
interbeds of sedimentary rock are exposed near the top 
of the 13uzzard rhyolite north of Oa,k Wash. 

Megascopically, the r:hyolitic rocks are commonly por
phyritic, containing phenocrysts of quartz ranging from 
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0.5 to 1.0 millimeter in diameter, and feldspar ranging 
from 1 to 2 millimeters in length. In some specimens, 
the feldspar is in glomeroporphyritic aggregates. The 
ratio of quartz to feldspar phenocrysts is variable, and 
in some specimens, quartz phenocrysts are absent. The 
groundmass is aphanitic, ranging in color from pale 
to dark to purplish gray. Thin sections reveal that all 
the feldspar phenocrysts are albitic plagioclase and that 
the groundmass is a microgranular aggregate of quartz 
and alkalic feldspar. In some specimens the ground
mass feldspar is in radiating aggregates separated by 
interstitial quartz, and in others, feldspar forms small 
spherulites. In other samples, the groundmass quartz 
and feldspar are anhedral. The size of the crystals in 
the groundmass ranges from 0.02 to 0.06 millimeter. , 
Apatite and magnetite are common accessory minerals. 

In some of the rhyolitic specimens, sericite is inter
stitial to the quartz and feldspar, or is in parallel vein
lets that displace earlier quartz veinlets, suggesting that 
the rocks have been slightly sheared. Many rhyolitic 
rocks contain minute flakes of greenish biotite that com
monly are preferentially oriented or are distributed 
throughout the groundmass in intersecting veinlets. In 
some of the rhyolite having a dark-gray groundmass, 
chlorite is interstitial to the quartz and feldspar and is 
associated with epidote or clinozoisite granules. These 
varieties may have been originally dacitic in composi-

• tion, containing enough mafic minerals to form the chlo
rite and sufficient lime in th~ plagioclase to form the 
epidote and clinozoisite. 

The sample of Buzzard rhyolite selected for analysis 
(table 3) is representative of the flow-banded rhyolite 
that contains no phenocrysts; the rock is essentially 
sutured microcrystalline quartz and alkalic feldspar 
with some spherulites of albite. Greenish biotite and 
some chlorite are in clots and streaks, and some second
ary epidote granules are scattered through the rock. 
The high Si02 and low CaO content show that the rock 
is rhyolitic, and the excess of N a20 over 1(20 indicates 
that the rock is essentially a soda rhyolite. The ubiq
uitous albite in all the rhyolite of the Buzzard indicates 
that the rocks are all sodic. 

TABLE 3.-0hemicdl analysi8 of Buzzard rhyolite 

Flow·banded rhYOlite. south slope of Black Canyon (l,32fi,400 N; 445,300 E.). 
Rapid analy'lis by S. M. Berthold and E. A. Nygaard] 

Percent 
Sio

2 
_________________ _ __ __ _ _ _ _ __ _ ______ 75. 9 

A]203 __ ___ _______ ______ __ __________ __ __ 11. 9 
Fe203____ __ __________________________ __ 1. 3 
FeO______________________ __________ ___ 2.7 
MnO__ ___ _____________________________ .10 
MgO_ ____ ___________________ ________ __ .43 
C~O _ ___ _ _ _ ________________________ _ __ .96 
K

2
0_____ ______________________________ 1. 2 

Np
2
0________ _____ ___ ___ _______________ 4.4 

Ti0
2 

_ __________ _ _ _ .____ _ _ _ __ _ ___ _ ___ _ _ _ • 32 

P20~ ---- -- ------- - -------------------- .02 Ignition loss _____ ~ _____ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 86 

SHEA BASALT 
Distribution 

The Shea basalt crops out southeast and east of Min
gus Mountain. The southeastern exposures appear 
north and south of Black Canyon and in the canyon 
west of the Verde fault. The eastern exposures form a 
continuous belt northward from Oak Wash (1,343,000 
N.) to Mescal Gulch (1,358,500 N.). The thick flows of 
Shea basalt have a holocrystalline texture and Reber 
(1938, p. 58) termed this fine-grained dioritic rock the 
Shea diabase because of the excellent exposures near 
the Shea mine. As Gunning and Ambrose (1940, p. 26) 
state, one of the most difficult problems in mapping is 
to distinguish between intrusive diorite or diabase and 
holocrystalline facies of basaltic and andesitic flows. 
.Although some intrusive diabase probably is present in 
the areas mapped as Shea basalt, much of the holocrys
talline diabasic rock can be related to the interior of 
thick flows, and it appears desirable to modify the term 
of "Shea diabase" to "Shea basalt" to include all the 
mafic volcanic rocks of this unit. 

Thickness and stratigraphic relationship 

The thickness of the Shea basalt and interbedded tuf
faceous sedimentary rocks is about 2,000 feet on the 
north side of Black Canyon, assuming that the rhyolitic 
outcrops along the Verde fault (pI. 1, 1,333,000 N.; 
457,000 E.) represent the Deception rhyolite, marking 
the top of the Shea basalt. The base of the Shea basalt 
resting on the Buzzard rhyolite is well exposed in Black 
Canyon. No other place provides satisfactory data 
about thickness, because south of Black Canyon, the 
Shea basalt is intruded by quartz diorite and is partly 
covered by sedimentary rocks of Paleozoic age. 

East of Mingus Mountain, the base of the Shea basalt 
is exposed north of O!!.k Wash (1,344,000 N.; 44:7,000 
E.).. Interbedded tuffaceous sediments near the top of 
the Buzzard-rhyolite dip northwest, conformable with 
the rhyolite-basalt contact. Graded bedding in the tuf
faceous sedimentary rocks and vesicular flow tops in
dicate that the tops of the tuffaceous and flow rocks face 
northwest, and the Buzzard rhyolite is older than the 
Shea basalt. On the south side of Mingus Mountain, 
the site of probable contact between the Shea basalt 
and Deception rhyolite is covered by Paleozoic rocks 
(1,322,000 N.; 448,000 E.), but the eastward extension 
of the Deception rhyolite from where it overlies the 
Buzzard rhyolite indicates that the Deception rhyolite 
is younger than the Shea basalt which lenses out to the 
west. In the Mescal Gulch area, the structure involving 
the Shea basalt-Deception rhyolite contact is complex, 
and poor exposures in part mask the contact. The 
major structure in the Mescal Gulch area appears to be o 
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a northwestward-plunging anticline, so that younger 
formations appear progressively to the northwest. By 
this structural interpretation, the Shea basalt is -the 
oldest and is overlain by the Deception rhyolite and the 
Grapevine Gulch formation in that order. Supporting 
evidence occurs in Hull Canyon (1,360,000 N.; 436,000 
E.) where the Grapevine Gulch formation clearly over
lies the Deception rhyolite. Rhyolite crops out in small 
masses in tlie Shea basalt, and some basalt or andesite 
appears in the Deception rhyolite indicating that 
rhyolitic and basaltic rocks were erupted simultane
ously. 

Lithology and internal structure 

The Shea basalt is a dark-green to black rock, form
ing good exposures only in Black Canyon and south 
of the Copper Chief mine. Throughout much of the 
exposed area east of Mingus Mountain, the surface is 
covered with dark-brown soil, and bedrock is exposed 
only in stream gulches or in limited outcrops. 

The Shea basalt is composed mostly of lava flows and 
intercalated tuffaceous beds, and in Black Canyon, 
many coarse fragmental deposits contain vesicular 
fragments as much as 6 inches in diameter. These frag
ments are associated with pyroclastic deposits of lapilli 
and small bombs. Flows commonly contain quartz and 
chlorite amygdules, and in a few places, pillow lavas. 
The weathered surfaces of some of the centers of thick 
flows reveal an excellent diabasic texture. Some small 
masses of intrusive diabase probably occur in the Shea 
basalt but they are not distinguished on the geologic 
map (pl.1). 

The interbedded tuffaceous sedimentary rocks ·are 
commonly thin, from 2 to 4 feet thick, and many con
tain chert beds that range from 2 to 4 inches in thick
ness. In the northern exposures of Shea basalt, the 
tuffaceous sedimentary rocks range from 20 to 40 feet 
in thickness and contain fragments of lava as much 
as an inch in diameter .. These sedimentary rocks con
tain an appreciable amount of chlorite and are dark 
green to greenish gray. 

Thin sections reveal some variation in texture and 
mineral composition. Many of the amygdaloidallava 
flows are similar to the Gaddes basalt in having a pilo
taxi tic. texture; they are composed of albite or sodic 
oligoclase separated by hornblende or chlorite or both. 
Chlorite is more common in the northern exposures 
than in the southern. Quartz, sericite, epidote, and cal
cite are the common accessory minerals. 

The massive lava from the thick flows has a diabasic 
texture, and commonly tabular albite crystals 1 milli
meter long are separated by bluish-green hornblende 
and interstitial quartz. Near the Copper Chief mine 

where the diabasic facies is common, chlorite is the 
only mafic mineral, and secondary calcite is present in 
vein lets or disseminated granules. Slender apatite 
needles as well as magnetite grains are abundant. 

Adjacent to the quartz diorite south of Black Can
yon, the Shea basalt is massive and of uniform texture; 
the grain size averages about 1 millimeter across. Thin 
sections reveal that the rocks consist largely of sodic 
oligoclase, greenish-brown hornblende, interstitial 
quartz, and scattered magnetite grains. The horn
blende in places is poikilitic, surrounding small crystals 
of the other constituents. In other places, the basalt 
has a granular texture that resembles hornfels" 

The chemical analyses (table 4) indicate' the basaltic 

TABLE 4.- Chemical analyses of Shea basalt, in percent 

2 3 4 

Si0
2

_ _____________ _ _ ___ 51. 0 54. 4 49.88 44.02 
A120 a_____ _________ ____ 13. 6 13.6 14.48 18.05 
Fe

2
03__ ________ ____ ___ _ 3. 2 5.9 ___ ___ __ _______ _ 

FeO_________________ __ 12. 9 8. 6 16 . • 75 110.06 
MnO_____ __ __ ________ . 33 .14 _______________ _ 
MgO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 3. 5 4. 0 7. 24 7. 96 
CaO_____ __________ __ __ 6. 8 3.6 6.94 3.99 
K20_ ____ _____________ _ .14 .28 1. 14 2.45 
NIl 20__ ________________ 2. 6 3.7 4.59 4.44 
Ti0

2
_______ _ __ __ _____ __ 2.5 2. 2 .20 .10 

CO
2

_ _ _ __ _ __ __ _ _ _ _ __ __ _ _ _ _ _ __ _ _ _ _ ___ _ _ _ 5. 37 4.29 
P20s-- _ - - - - - - - _ _ _ _ _ _ _ _ _ . 70 . 40 __ ______ _______ _ 
Cu__ ___ ________ ___ ____ ____ ____ ___ _____ .01 . 02 
H

2
0_ _ __ _ __ _ _ __ _ __ _ _ __ _ _ _ _ _ _ _ _ _ __ __ ____ 3. 79 4. 84 

Ignition 10ss_ _ _ _ _ _ _ _ _ _ _ _ 2. 0 3. 1 ________ _______ _ 

100. 39 100. 22 

I All Iron determined as FeD. 
1. Pillow lava, near Shea mine (1,346,700 N .; 447,350 E .). 
2. Holocryst allInp lava, southeast of Shea mine (1,345,700 N.; 448,100 E.) . Analyses 

1 and 2 are mpid analyses by S. M . Berthol() and E . A. Nygaard. 
3. Shea bas~lt along " pipeline road" (1,346,500 N .; 445,000 E.). 
4. Shea basalt, west of Copper Chief mine (1,348,000 N.; 446,600 E.). Analyses 3 and 

4 rurnJshed by courtesy of Phelps D odge Corp. 

composition of the Shea. The pillow lava near the 
Shea mine, analysis 1, has a pilotaxitic texture of albitic 
plagioclase separated by bright~green hornblende with 
some interstitial chlorite. Epidote granules are com
mon, and probably contain the lime expelled from the 
plagioclase. The holocrystalline facies, analysis 2, is 
from the interior of one of the thick flows of basalt; 
the texture is essentially diabasic (ophitic) with albitic 
plagioclase crystals separated by chlorite and inter
stitial quartz. Secondary epidote and calcite are com
mon. Analyses 3 and 4 are from outcrops where the 
holocrystalline diabasic facies is common, and pre
sumably both samples are from the interior of thick 
flows. Appreciable alteration is indicated by the high 
C02 and H 20 content; it is possible that the low-8ilica 
content of analysis 4 is due to a loss of Si02 through 
hydrothermal alteration. 
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BlUNDLE PUP ANDESITE 

Distribution 

The Brindle Pup andesite occurs as a thick lens to 
the south of Mingus Mountain, separating the older 
Buzzard rhyolite from the younger Deception rhyolite. 
It is well exposed in Brindle Pup Gulch (1,323,000 N.; 
442,000 E.) and this name has been used for the forma.
tion defined here. 
Thickness and stratigraphic relationship 

The Brindle Pup andesite ranges in thickness from 
about 2,500 feet in the widest outcrop to a wedge line. 
The andesite is cut off by the younger intrusive quartz 
porphJ.ry along the southeastern contact and covered 
by Paleozoic sedimentary rocks along part of the north
ern contact. Intercalated Buzzard and Deception 
rhyolitic flows are distinguished on the geologic map 
(pI. 1), but intercalated basaltic flows similar to the 
Shea basalt are not. These intercalated flows indicate 
that rhyolitic, basaltic, and andesitic lava flows were 
erupted simultaneously, and indicate that the Brindle 
Pup andesite is of the same general age as the Shea ba
salt ; both separate thg older Buzzard rhyolite from the 
younger Deception rhyolite. 

Lithology and internal structure 

The Brindle Pup andesite is a dark-gray rock which 
weathers to light-brown surfaces on which cream-col
ored plagioclase phenocrysts, 4 to 6 millimeters long, 
are conspicuous. Small clots of indeterminate mafic 
minerals are present in some specimens. Vesicles and 
quartz amygdules are present, increasing in abundance 
near the flow tops where the plagioclase phenocrysts are 
smaller, averaging about 1 millimeter. The grotmd
mass is aphanitic to very finely crystalline, and in the 
highly vesicular and amygdaloidal facies, the ground
mass is darker than in the main porphyritic facies. 

Thin sections of the andesite reveal that the pheno
crysts range in composition from albite to sodic oligo
clase; in some specimens, sericite and epidote are con
spicuous inclusions in the feldspar; and in others, only 
scattered granules of epidote appear. Original mafic 
phenocrysts are represented in some slides by aggre
gates of green hornblende. The groundmass is pilo
taxi tic, and the albitic plagioclase crystals average 
about 0.1 millimeter in length. In some specimens, 
green hornblende is the chief mafic mineral in the 
groundmass; whereas in others, greenish biotite in 
flakes ranging from 0.02 to 0.03 millimeter in length are 
interstitial to the feldspar. In one slide, only chlorite 
and epidote comprise the groundmass. Tiny quartz 
crystals interstitial to the groundmass feldspar may be 
original or metamorphic. Minute magnetite crystals 

and apatite needles are common minor accessory min
erals. 

The intercalated basaltic flows are highly vesicular 
greeI.J,ish black lava, containing sparse plagioclase 
phenocrysts in a finely crystalline groundmass. Micro
scopic studies reveal that the groundmass is pilotaxitic 
and albitic microlites 0.2 millimeter in length are sep
arated by green hornblende needles. The scattered. al
bite phenocrysts, 1 millimeter in length, contain sericite 
and epidote. Magnetite crystals are abundant in the 
groundmass. 

The chemical analysis ( table 5) shows that the 
Brindle Pup is andesitic in composition, slightly more 
silicic than the average andesite, but not so silicic as 
to warrant classification as dacite. The analyzed 
sample is porphyritic; albitic to sodic oligoclase pheno
crysts, in places glomeroporphyritic, are embedded in 
a fine-grained pilotaxitic groundmass of sodic plagio
clase and flakes of greenish biotite. Secondary epidote 
and sericite are present. 

TABLE 5.-Chemical analysis of Bl'indle Pup andesite 

Porphyritic andesite from near top of section of Brindle Pup andesite (1 320 900 N ' 
443,BOO E.). Rapid analysis by S. M. Berthold and E. A. Nygaard]' ., 

Perunt 

Ignition loss__ ___ __ __ __ __ __ _ ___ _ _ _ ____ _ _ 1. 8 

DAOITE OF BURNT CANYON 

Distribution, thickness, and stratigraphic relationship 

The dacite of Burnt Canyon as defined here is ex
posed only south of Mingus Mountain where Burnt Can
yon cuts into this unit (1,333,000 N.; 434,000 E.). 

This dacite unit is about 2,000 feet thick in the widest 
outcrop and pinches out to the southeast. To the north 
the dacite is covered by Paleozoic sedimentary rocks. ' 

The dacite of Burnt Canyon appears to be at about 
the same stratigraphic position as the Brindle Pup ande
sile and Shea basalt; it separates the older Buzzard 
rhyolite from the younger Deception rhyolite. Because 
basaltic lava flows, similar to the Shea basalt, are in
tercalated between the Brindle Pup andesite flows, the 
dacite of Burnt Canyon, Brindle Pup andesite, and 
Shea basalt are of the same general age. 
Lithology and internal structure 

The dacite of Burnt Canyon contains conspicuous 
feldspar phenocrysts, ranging from 1 to 2 millimeters 

.' 
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in length, in a finely crystalline groundmass in which 
small quartz crystals are visible. Except for the quartz, 
the rock is generally similar to the porphyritic Brindle 
Pup andesite. Local vesicular facies are common, par
ticularly in the southeastern exposures. 

In thin section, the albIte phenocrysts are embedded 
in a groundmass of quartz and alkalic feldspar whose 
crystals range from 0.05 to 0.1 millimeter in diameter. 
Microphenocrysts of embayed quartz are as large as '0.6 
millimeter but average nearer 0.2 millimeter in diame
ter. Some spherulites of alkalic feldspar range from 
0.1 to 0.2 millimeter in diameter. Streaks of sericite 
and subordinate chlorite occur in the groundma!:ls as
sociated with some calcite. Magnetite and apatite are 
accessory minerals. Sufficient lime is probably present 
in the calcite indicating that the original plagioclase 
was oligoclase or andesine, and that the rock is dacite. 

The chemical analysis (table 6) indicates the dacitic 
composition of the lava of Burnt Oanyon. The lime 
content is a little low for the average dacite, but too 
high for rhyolite. The other constituents fall within 
the usual range of dacite. 

TABLE 6.- Chemical analysis of dacite of Burnt Canyon 

[Porphyritic dacite west of Burnt Canyon (1.333.600 N.; 431.250 El. Rapidanlllysis 
by S. M. Berthold and E . A . N ygaard] 

- Percent 8i0
2 

_ _____ __ __ _ _ _ _________ _ _____ _ ______ 6a 6 
AI

2
0 s __ - - ____ __ -- __ -- _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ 14. 0 

Fe20s_________ ______ __ ___ ______ _____ ___ 1. 8 FeO ______ _____ _____ _______ ____ ;_ _____ _ a 7 
MnO________________________ ___ _______ .15 
MgO_____ __________ ________ ___________ .84 CaO _____ __________ ______ __________ ___ a 1 
K

2
0___________________________________ 1. 5 

Na
2
0_____________ ____ ____ ___ _____ ___ __ 4.0 

Ti0
2
_________ _ ___ _ _________ ___ _ _ _ _ _ ___ .40 

P206--------- ____ _______ __ ____ ______ __ .15 
Ignition 1088 ______ _ ___ _ ___ _ _ __ _ __ _ _ _ _ _ _ 2. 7 

DECEPTION RHYOLITE 
Distribution 

The Deception rhyolite is well exposed in the drain
age basins of Mescal and Deception Gulches (1,362,200 
N.; 440,000 E.), which is the name for the deep rugged 
part o~ Hull Oanyon south of Jerome. A second area 
of exposed Deception rhyolite is south of Mingus Moun
tain between Ash Oreek and Black Oanyon. 

The rhyolitic rocks in the Mescal Gulch area were 
given the noncommital term of greenstone by Reber 
(1922, p. 12), but he recognized lava flows, fragmental 
volcanic material, waterworn pebbles and sand grains, 
and sedimentary stratification. Reber also noted that, 
along Deception Gulch near the quartz porphyry con
tact, the nature of the rock was less certain. The ap
pearance was similar to known volcanic rocks, but 
locally obscure features indicated the fragmental char-. 
acter of the rock. Reber reported that Finlay had 
named the rock Deception porphyry; probably this ref-

erence is to a private report, as we found no published 
account where Finlay introduced this term. 

Later, Fearing (1926, p. 159) suggested that the De
ception porphyry should be distinguished from the 
greenstone and on the basis of two sills of quartz por
phyry, the older sill was related to the Deception por
phyry. Lindgren (1926, p. 56) stated that in Deception 
Gulch, the greenstone is a quartz porphyry with typical 
phenocrysts of quartz and that it is o~der than the 
normal intrusive quartz porphyry of the ~[strict. Han
sen (1930, p. 309) limited the term Decep~ion porphyry 
to fragmental rhyolitic greenstone. 

Our study indicates that the Deception porphyry, as 
exposed in Deception Gulch and in part of Mescal 
Gulch, is a hydrothermally altered facies of rhyolitic 
flows and fragmental rocks; the term is therefore modi
fied to Deception rhyolite to include all rhyolitic rocks 
older than the Grapevine Gulch formation and younger 
than the Shea basalt, dacite of Burnt Oanyon, Brindle 
Pup andesite, and Buzzard rhyolite. 

Thickness and stratigraphic relationship 

The most complete section of Deception rhyolite is 
exposed between Ash Oreek and Black Oanyon, where 
the outcrop is about 4,000 feet wide. The upper (south
ern) contact dips 60° SW., the lower contact 40° SW.,· 
and the average dip in this area is probably between 45° 
and 55°, indicating that the rhyolite in this section is 
about 3,000 feet thick. 

In Mescal Gulch and north to Jerome, the Deception 
rhyolite is folded and faulted. East of the quartz por
phyry mass in Mescal Gulch (1,355,800 N.; 431,100 E.), 
no large-scale folds or faults were recognized in an out
crop more than 4,000 feet wide; dips range from 40° to 
60° NW., suggesting a thickness of about 3,000 feet. 

In the Ash Oreek drainage basin, the upper contact 
with the Grapevine Gulch formation presents some 
problems. Evidence is generally convincing that the· 
Grapevine Gulch formation lies conformably above the 
Deception rhyolite, particularly along the contact east 
of the northward-trending granodiorite porphyry dike 
(441,400 E.). West of this dike, embayment of the 
Grapevine Gulch formation within the rhyolite may be 
interpreted as intertonguing, or may be the trough of · 
a small syncline. However, proof of a fold by reversal 
of dips or by the outcrop pattern of beds, was not ob
tained, suggesting . that the rhyolitic rocks do inter
tongue with the younger Grapevine Gulch sedimentary 
rocks. West of the embayment, there is a slight struc-. 
tural discordance between beds in the Grapevine Gulch 
formation and the contact with the Deception rhyolite. 
In part this discordance may represent a depositional 
contact of different facies on the older rocks, but less 
than a mile east of · Kendall Oamp, the discordance is 
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greater, and the oc(mrrence of silicified zones may imply 
a fault relationship. North of Kendall Camp (1,333,000 
N.; 429,500 E.), the Grapevine Gulch formation rests 
directly on the dacite of Burnt Canyon, whereas east of 
Kendall Camp (pI. 1, 1,327,500 N. ; 436,500 E .) , the da
cite of Burnt Canyon is 2,000-3,000 feet stratigraphi
cally below the contact between the Grapevine Gulch 
formation and Deception rhyolite. Because bodies of 
rhyolitic rock are commonly lenticular, the disappear
ance of the rhyolite northward beneath the Grapevine 
Gulch formation cannot be used as positive evidence of 
a fault relationship or unconformity. 

In Hull Canyon in the northern exposures of Decep
tion rhyolite (1,360,000 N.; 436,000 E.) the Grapevine 
Gulch formation dips and faces west, and overlies a 
small body of rhyolite, which is separated from the 
main rhyolitic outcrops by intrusive quartz porphyry. 
Tuffaceous interbeds in the rhyolite are essentially con
formable to the overlying Grapevine Gulch formation. 

Lithology and Internal structure 

N ear Jerome, the outcrops of Deception rhyolite are 
a reddish hue, changing to buff and cream in Mescal 
Gulch, and are pale colored near Ash Creek. 

Rhyolitic rocks in the Ash Creek drainage area gen
erally are so similar to the Buzzard rhyolite, that a 
description of the megascopic and microscopic chl!-r
acters would be repetitious. A jasper-bearing facies of 
rhyolite is present at the top of the Deception rhyo
lite in the drainage basin of Ash Creek and in Hull 
Canyon, west of the intrusive quartz porphyry. Small 
outcrops of similar rhyolite are in the Buzzard rhyolite 
north of Oak Wash and about 1,500 feet west of the 
Verde fault. Much of the jasper-bearing rhyolite is 
brecciated; flow-banded fragments ranging from 1 to 
3 inches in diameter are cemented by jasper. Some 
jasper-bearing rhyolite also has concentric banding 
brought out by jasper veinlets and minute streaks of 
hematite. These form ellipsoidal structures ranging 
from 2 inches to a foot in length on favorable outcrops. 
In Hull Canyon there is a weak columnar jointing in 
the jasper-bearing rhyolite, and some of the ellipsoidal 
banding is related to the jointing because it is only on 
surfaces essentially perpendicular to the columns. 
Probably alteration, controlled in part by jointing, is 
the cause of the concentric structure. Jasper veins 1-3 
inches wide cut through the elliptically banded rhyo
lite. This jasper-bearing facies of the rhyolite is so 
distinctive that it is tempting to assume a single age, 
but its presence in the Buzzard rhyolite demonstrates 
that it has no stratigraphic significance. A small dike 
of similar jasper-bearing rhyolite, too small to plot on 
the geologic map (pI. ~), cuts the Texas Gulch forma-

tion 214 miles north of the Cherry Road, proving that 
tlus facies is not limited to lava flows. 

In Mescal Gulch, the breccia contains interbeds of 
tuffaceous sandstone and cherty shale. Individual 
breccia beds range from 2 to 40 feet in thickness, and 
a particular bed generally contains angular to sub
rounded fragments of somewhat uniform size; the di- • 
ameter ranges from an inch in some beds to a foot in 
others. A few breccia beds have little sandy matrix; 
others contain appreciable amounts. 

The tuffaceous sandstone and cherty shale interbeds 
range from several inches to 2 feet in thickness. Strati
fication (pI. 3E) and graded bedding commonly indi
cated the direction that beds face. 

Weathered outcrops reveal relict textures and struc
tures not visible on unweathered surfaces, and some 
relict flow banding and fragmental textures iIi the 
Mescal Gulch area are only recognizable on weathered 
surfaces. 

A minor facies of the Deception rhyolite in the 
Mescal Gulch area contains sericitized plagioclase phe
nocryst.s in 11 microcrystalline groundmass. Tlus 
facies may be intrusive in part, for locally it appears 
to be discordant to adjacent bedded breccias. Some 
bodies of this facies are from 50 to 200 feet wide and 
appear dikelike, but owing to the uncertainty of their 
origin and narrow width, they are not differentiated 
on the geologic map (pI. 1). 

Massive and amygdaloidal andesitic or basaltic flows 
are interbedded with the Deception rhyolite north of 
Mescal Gulch. They resemble the underlying Shea 
basalt and undoubtedly represent late eruptions of 
mafic lava flows. 

Five outcrops of andesitic or basaltic agglomerate 
are intercalated between the rhyolitic rocks in the 
Mescal Gulch area (pI. 1), but these may represent only 
one or two bodies of mafic ejecta, duplicated by folding 
or separated by structural movement. Similar ag
glomerate is exposed in Burnt Canyon (1,330,000 N.; 
434,500 E.). The agglomerate forms dark-green to 
black outcrops in contrast to the adjacent rhyolite. The 
fragments are highly vesicular, irregular, and suggest 
andesitic or basaltic bombs and lapilli. The matrix is 
rich in chlorite and thin sections reveal some micro
granular quartz and leucoxene associated with it. Two 
intersecting movement planes produced "pencils" in 
some of the chloritt:\~rich facies; in thin section, the 
planes are marked by intersecting flakes of brownish 
biotite. 

Hydrothermcilly altered faoies.-Most of the rhyolitic 
rocks exposed in Mescal Gulch and north to Jerome 
have been hydrothermally altered, the intensity of 
alteration increases to the north, so that in Hull Canyon 
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(Deception Gulch) the rhyolitic rocks are massive ex
cept for a weak northwestward-trending foliation. 
Relict flow and bedding structures are obliterated except 
locally. The rocks are greenish gray on unweathered 
surfaces, and are marked by irregular dark-greenish 
streaks. Some outcrops show angular to wispy black 
"fragments" or "spots" ranging from 1 to 2 inches in 
diameter. These may represent fragments in a clastic 
rock, flow breccia, or chloritized areas. Thin sections 
of these rocks are similar whether the o1,ltcrops suggest 
fragmental or flow structure. 

The principal minerals are quartz, sericite, chlorite, 
and carbonate (calcite ~) . Larger relict quartz pheno
crysts, or clastic grains, occur in rounded to angular 
grains about 1 millimeter in diameter scattered through
out the thin sectiqns. These grains are also easily 
recognized megascopically. The quartz grains in the 
"groundmnss" range from 0.01 to 0.1 millimeter in diam
eter; they are arranged in microgranular aggregates 
separated by pale-gre1m chlorite and sericite in irregu
lar patches and streaks. Epidote granules and apatite 
prisms are present in small amounts. 

The chemical analysis of the Buz~ard rhyolite (anal
ysis 1), is repeated in table 7 for comparison with the 
Deception rhyolite from near Ash Creek (analysis 2). 
The higher Si02 content of the Deception rhyolite may 
be due to introduced quartz as veinlets, as a few were 
noted in thin ' section. Otherwise the two analyzed 
rhyolites are similar, and the unaltered Deception rhyo
lite is also sodic and properly should be termed soda 
rhyolite. 

TABLE 7.-Chemical analyses of Buzzard and Deception rhyolites, 
in percent 

2 3 

Si0
2 
_______ _____ _ _ 75.9 78. 9 72.34 76.42 

AhOs _____ _________ 11.9 12.4 13.04 12.35 
Fe20s _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 3 1. 4 . 77 3. 26 
FeO _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2. 7 . 30 4. 64 . 85 

73. 40 
14. 02 
5.14 

MnO______________ .10 .02 _______ _ _________ ___ _ _ 

~fg_-~~~=====.===== : ~~ : :~ 3: ~~ 1: ~8 3.45 
K

2
0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 2 1. 8 . 93 . 81 _____ _ 

Na20_.___________ 4. 4 3. 5 .87 .97 _____ _ 
Ti0

2 
______ -------- .32 .22 _____________________ _ 

P
2
06- __ __ _______ __ . 02 . 03 _______ _ _____________ _ 

H 20 + ------------ ------- ------- . 65 . 13 } 2. 60 H
2
0- _ _ _ ________ _ _ _ ___ __ __ _____ . 11 " 11 

Ignition 1088_______ .86 .92 _____________________ _ 
S______ ___ ________ _______ _______ 1.64 1.80 
00

2 
__________________ ---- _______ 1. 15 1. 90 

100. 13 100. 16 

1. Flow-bllJ'lded Buzzard rhyolite, southern slope of Black Canyon (1,326,400 N.; 
445,300 E.). I 

. 2. Porphyritic Deception rhyolite, contalnlng abundant albite phenocrysts, near 
Ash Creek (1~319,700' N.:j 444,!lOO E .). Analysis 1 and 2, are rapid analyses 
by S. M. Bertnold and J!;. A. Nygaard. 

3. Altered Deception rhYOlite, south side of Deception Gulch (1,361,000 N.; 439,500 
EJ. ." 

4.. Altered Dereptlon rhyolite, Deception Gulch. EXllCt location unlmown. 
6. Alt~red Deception rhyolite. 10\\ er end of Deception Gulch. Analyses 3, 4, and 

Ii furnished by Phelps Dodge Corp. 

The analyses fro~ Deceptioll.Gulch (table 7. analyses 
'3, 4, and 5) are the hydrothermally altered facies of 
Deception rhyolite. These analyses show &.11 alkali 
content 'much lower t.han in normal rhyolite, intI icating 
an appreciable leaching of the alkalies. Gains in iron 
content are indicated, and in tw<?' samples (table 7, 
analyses 3 and 5) appreciable grains in Ml!O, which is 
reflected mineralogically by tho introduced chlorite. 
The low MgO content indicates that analysis 4 did not 
contain much chlorite. Introduced pyrite and car
bonate are shown by the high S and CO2 content in 
analyses 3 and 4. 

GRAPEVINE GULCH FORMATION 
DIstribution 

The Grapevine Gulch formation here defined is well 
exposed southwest of Mingus Mountain where it forms a 
broad northwestward-trending belt, cut off by the Shy
lock fault to the west and by younger quartz diorite to 
the south and east. Because of the excellent exposures 
along Grapevine Gulch (1,315,000-1,320,000 N.; 
425,500 E.), the term Grapevine Gulch formation is 
used. A small section of the formation is exposed in 
Hull Canyon east of the Wartior fault (1,361,000 N.; 
435,000 E.) . ' , 

Tbickness and stratigraphIc relatlonsbip 

The Grapevine Gulch formation rests on the dacite 
of Burnt Canyon southwest of Mingus Mountain 
(1,332,000 N.; 429,500 E.) but elsewhere it rests upon, 
and intertongues with, the Deception rhyolite. The 
top of the Grapevine Gulch fprmation is not exposed. 

.southwest and south of Mingus Mountain, where the 
most complete section' of the Grapevine Gulch forma
tion. is exposed, it appears in the trough of the Tex syn
cline, which plunges southeast. On the northeast limb 
of the syncline where the Grapevine Gulch formation 
rests on the dacite of Burnt Canyon, the thickness Of 
the formation is about 8,000 feet. A greater thickness 
is indicated in the plunging trough of the syncliue, but 
many minor structural irregularities may here make 
the apparent thickness much greater than the actual 
one. Probably 8,000-10,000 feet is a fair estimate. 

Litbology and internal structure 

Six map units were recognized in the Grapevine 
Gulch formation: (1) coarse-grained lithic tuffaceous 
sedimentary rock, (2) fine-grained tuffaceous sedi
mentary rock interbedded with chert and siltstone, (3) 
volcanic breccia, (4) jasper-magnetite beds, (5) inter
calated dacitic flows that in part grade into dacHic in
trusive masses, and (6) intercalated andesitic flows . 

Lithw tuffaoeous sedimentary rook.-The coarse
grained lithic tuffaceous sedimentary rocks generally . 
arc poorly bedded; the layers range from 4 to 50 fc,et in 
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thickness. The units shown on the geologic map (pI. 
1) contain fine-grained tuffaceous interbeds ranging 
from 2 to 50 feet in thickness; some of the units contain 
about 50 percent of the fine-textured interbeds. The 
lithic tuffs are pale-greenish gray or greenish black 
where fresh and are buff colored where weathered. The 
fragments generally range from 0.1 to 1.0 inch in diam
eter, although locally, rare fragments are as long as 12 
inches. 

The lithic fragments consist of light-colored rhyolite 
and dacite and dark-brown to black andesite. No 
basaltic fragments resembling the Gaddes or Shea ba
salts were observed. In some localities, the fragments 
are dominantly andesitic, and the matrix is dark col
ored. Elsewhere they are dominantly rhyolitic, and 
the matrix is either light or dark colored. In many out
crops, andesitic, rhyolitic, and dacitic fragments occur 
together. 

Microscopic studies reveal that many of the andesitic 
fragments contain minute plagioclase laths embedded 
in a black opaque groundmass, heavily charged with 
magnetite dust. The rhyolitic fragments are similar 
to the underlying Buzzard and Deception rhyolites, in 
that albite and quartz phenocrysts are embedded in a 
microcrystalline groundmass of quartz and alkalic feld
spar. The dacitic fragments contain albite phenocrysts 
in a microcrystalline base of quartz, alkalic feldspar, 
chlorite, and epidote. The matrix of the lithic tuffs 
consists of variable amounts of quartz, angular albite 
locally charged with sericite, chlorite, epidote, greenish
brown biotite, and calcite. Magnetite-ilmenite grains 
are present in some specimens, but in others, leucoxene 
occurs and black opaque minerals are absent. 

One variety of light-colored lithic tuff contains quartz 
grains ranging from 3 to 4 millimeters in diameter, but 
no similar quartz phenocrysts were observed in any of 
the associated Ii thic fragments. Presumably these 
large quartz grain.s were liberated from a rhyolitic 
magma during volcanic eruptions and distributed as 
crystal fragments. " 

Lithic tuffs generally are more andesitic in the upper 
part of the section, stratigraphically near the volcanic 
breccia unit, but andesitic fragments are also found in 
the lower beds near the dacite of Burnt Canyon and 
Deception rhyolite. 

Fille-gmined t~lffaoeous seddrnentari; 1'ook.-The fine
gmined tuffaceous and chei·ty sedimentary rocks are 
well-bedded, the layers range in thickness ;from ¥s to 
:2 inches. Graded bedding is well defuled in the coarser 
grained facies, and locally, crossbedding and channel .. 
ing are present. In Hull Canyon and in the pit of the 
United Verde mine at J eroine, fine-grained tuffaceous 
beds are foliated (pI. 4A), but the lithic tuff beds are 

not. Minor folds from 2 to 20 feet across occur in the 
fine-grained tuffl1ceous rocks in Yaeger and Hull Can
yons and in the pit (pI. 4B) and underground workings 
of the United Verde mine. 

The crystal tuff beds consist of angular feldspar and 
subordinate quartz grains, from Vz to 1 millimeter in 
diameter, embedded in a fine-grained chloritic matrix. 
The feldspar weathers into conspicuous pale-yellow 
grains; variations in the size of the crystals accentuate 
the bedding. " Thin-section stndy re,eals that the feld
spar' gmins are albitic awl cOlllmonly sericitized; the 
matrix consists of micl'ogrttnular quartz, albite, horn
blende, epidote, chlorite, apatite, and ilmenite or leu
coxene. 

In some of the very fine grained beqded rocks, only 
scattered quartz grains represent ~pparently original 
clastic grains, and these are embedded in a microcrystal
line aggregate of quartz, chlorite, and magnetite
ilmenite. In other specimens, chlorite is replaced by 
greenish-brown biotite. 

The cherty rocks are dark gray and weather buff. In 
some places, the chert beds are 1 to 2 inches thick, sepa
ra:ted by shaly interbeds, n qunrter to half an inch 
thi.ck. Thill sections of the chert reveal microcrystal
line quartz containing variable. amounts of greenish
brown biotite crystals, ranging from 0.005 to 0.01 mil- _ 
limeter in diameter. Fine lamination is distinct, and is 
caused by variation in the amount of biotite in the rock. 

Adjacent to the quartz diorite, the tuffaceous beds 
are recrystallized to massive rocks which are intruded 
locally by many p.arrow dikes of quartz diorite. The 
texture of this massive facies is granular; green horn
blende in' granules or poikiloblastic grain:s separate 
granular quartz and plagioclase. 

Volcanic b1'eooia.-The breccia consists of angular to 
\ . 

subangular fragments of lava, averagmg from 2 to 4 
inches in ,diameter, separated by a matrix of small 
lava chips and crystals. A few fragments are as large 
as 12 inches aeross. The fragments are dominantly 
porphyritic andesite containing numerous plagioclase 
phenocrysts from 1 to, 2 millimeters long embedded in 
a" microcrystalline" groundmass ranging from pale gray 
to dark gray to reddish b:r;own. In some fragments, ag
gregates of hornblende and chlorite , represent pseudo-
111Ol'phs after original m"afic phenocrysts. 

Light-colored rhyolitic and dacitic fragments " are 
scarce; they are similar to the flow rocks of similar 
character in the Grapevine Gulch formation and Buz
zard and DeceptioI\ rhyolites. 

The structure of the breccia is massive, and no folia
tion has been observed. "Microscopic study indicates 
some metamorphism; the plagi~clase crystals are al
bitic and heavily charged with. sericite and clinozoisite; 

o 

o 
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and bluish-green hornblende, chlorite, and epidote and 
secondary quartz are common in the matrix. 

Amygdaloidal andesitic flows are intercalated near 
the base of the breccia. Phenocrysts of plagioclase 
and augite, 1 millimeter long, are embedded in a light
green, microcrystalline groundmass. Thin sections re
veal that the plagioclase is altered to sericite and clino
zoisite, and the augite is pale-greenish gray, partly 
altered to chlorite. The groundmass consists of minute · 
tablets of plagioclase separated by an indeterminate 
greenish-gray base. 

The breccia unit intertongues at its base with the tuf
faceous sedimentary rocks. The breccia unit must be 
lenticular as it is exposed only in the west end of the 
trough of the Tex syncline, and although the east mar
gin of the breccia is in fault contact with the tuffaceous 
rocks, the displacement must be small as the fault can
not be traced for a great distance. The breccia unit is 
not the youngest unit in the Grapevine Gulch forma
tion; in the trough of the southeastward-plunging syn
cline younger rocks are exposed. 

Ja8per-magnetite beds.-The jasper-magnetite beds 
oCClIT'throughout the Grapevine Gulch formation, and 
have no stratigraphic significance. In the southeastern 
exposures, east of Ash Creek, these beds are intercalated 

- between dacitic flows. The beds generally range !rom 
1 to 10 feet in thickness; but locally reach 30 feet. In 
places the beds contain as much jasper as magnetite, 

. and grade along the strike into pure jasper. Other beds 
contain interbeds, a fraction of an inch thick, of fine-

I grained tuffaceous sedimentary rock. Some persistent 
jasper-magnetite beds are as much as a mile long, but 
others are much shorter. 

The beds are black except where jasper replaces mag
netite, and in favorable outcrops the beds form ribs 
that stand out above the adjacent rock. Mapping of 
individual beds has helped in deciphering local 

. structure. 
Polished surfaces reveal that magnetite is the prin

cipal opaque mineral, appearing as ramifying streaks 
and bands, separated by microcrystalline quartz, 0.01 
millimeter. in diameter, or by very fine ' grained, aggre
gates of quart~ and albite that range in diameter from 
0,05 to 0.1 millimeter. In the feldspathic facies, 
chlorite and pale-brown biotite are conspicuous acces
sory minerals. Individual magnetite grains are in the 
,matrix. Hematite is scarce, appearing as separate 
streaks adjacent to' magnetite, or as microscopic inter
growths. , 

I 
Jasper-magnetite beds generally resemble the Pre

cambrian iron formation of the Canadian shield (Leith, 
and others, 1935, p. 21), except that quan~itatively, the 

'II 

magnetite beds are unimportant in the Mingus Moun
tain quadrangle. The jasper-magnetite beds probably 
represent sedimentary deposits in which the iron and 
silica formed as chemical precipitates. The magnetite 
may have formed by later metamorphism of some other 
iron mineral (Gunning, 1937, p. 10), or perhaps it was 
deposited as primary magnetite (James, 1954, p. 263). 

,Dacitic flows and intrusive ma8ses.-The intercalated 
dacitic lava flows crop out extensively in the most south
easterly exposures of the Grapevifie Gulch formation; 
these flows are probably 2,000 to 3,000 feet thick. A 
much smaller thickness of dacitic flows is exposed near 
Kendall Camp, and several separate flows have been 
mapped west and south of the camp (1,320,000-1,330,000 
N.; 420,000-430,000 R). 

The dacitic lava is gray to dark gray on unweathered 
surfaces; cream-colored plagioclase phenocrysts, from 
1 to 3 millimeters in length, are conspicuous on the buff 
to gray weathered outcrops. Quartz crystals from 0.1 
to 0.2 millimeter in diameter appear in the microcrystal
line groundmass. Vesicular and amygdaloidal facies 
are common, but most of the lava is massive. 

Thin sections reveal that the plagioclase phenocrysts 
are albitic, containing a variable amount of clinozoisite, 
which indicates an original plagioclase more calcic than 
albite. Original mafic phenocrysts are outlined by clots 
of chlorite or brownish-green biotite. rr;he groundmass 
contains interlocking alkalic feldspar and quartz, lo
cally having a micrographic texture. Locally the 
quartz is in streaks separating alkalic feldspar, suggest
ing some silicification. Other minerals in the ground
mass are, epidote, chlorite, brownish-green biotite, and 
locally, green hornblende. Apatite is a common acces
sory mineral. Sphene occurs in specimens containing 
no black opaque mineral, indicating that ilmenite is 
the black opaque accessory mineral in other specimens 
that contain no sphene. 

Two intrusive masses of dacite were recognized; one 
to the east of Kendall C~mp (1,327,000 N.; 431,500 K) 
and the other to the east of Ash Creek (1,315,000 N.; 
447,000 E.). The intrusive character of these two 
masses is clearly demonstrated by the crosscutting of 
the adjacent sedimentary beds in the G~apevine Gulch 
formation. The mass near Kendall Camp grades into 
a flow intercalated between the tuffaceous sedimentary 
rocks, illdicating that these two intrusive masses are 
volcanic plugs filling old vents. 

The intrusive dacite resembles the dacitic flow rock 
except that the plagioclase phenocrysts are larger, rang-
ing from 3 to 6 millimeters in length, and the structure 
is massive. Thin sections show that the groundmass 
is slightly coarser grained than in the lava, and quartz 
grains from 0.1 to 0.2 millimeter in diameter are more 
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abundant. Clots of green hornblende or chlorite prob
ably represent original mafic phenocrysts. 

The chemical analysis (table 8) shows that the dacite 
of the Grapevine Gulch formation varies slightly from 
the average dacite by a higher content of FeO and N a20, 
and by a lower content of CaO and K 20. The analysis 
indicates, however, that the rock is sodic dacite, in keep
ing with the sodic nature of the rhyolite deposits in the 
Ash Creek group. 

TABLE 8.-Chemical analysis of dacite in Grapevine Gulch forma
tion and of average dacite, in percent 

2 

Sioi _________ ____________ ____ _____ _____ _ 65.5 65. 68 
Ala03 ___ - - _ - - - - -- - - - - -- - - - - - - - - - - -- - - - -- 15. 2 16.25 Fe

i
03 ____ ____ ______ __________ __________ _ • 3.0 2.38 FeO ___ ______ _____ _____ ______ ____ ______ _ 4. 4 1.90 1rnO ______ _____ _______ __ __________ ____ _ 

. 13 --------

~g~~~~========== == ========== ========== 
1.3 1.41 
2. 0 3. 46 ]{iO __ _______ __________________ ________ _ 1.3 2. 67 

~aiO __________ ______ ________________ __ _ 5. 6 3. 97 Ti0
2 

_ _______ __ __ ___ _ _____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
.57 .57 

P205----- --------- -------------- ---- ---- .20 . 15 
Ignition loss ______________________ ____ __ _ .95 - - - - - - --

1. D acltlc flow, Ash Creek (1!303,OOO N. ; 440,700 Eo) . Rapid analysis by S. M . 
Berthold and E . A. N ygaard. 

2. Average daCite, Daly (1933, p. 15). 

ALDER GROUP 

The Alder group is exposed along the west margin 
of the Black Hills, in the outlying hills in Lonesome 
Valley, and in the hills marking the south margin of the 
valley. It is separated from the Ash Creek group by 
the Shylock fault. The rocks have been divided into 
six formations, which fall into two classes: those of 
probable known stratigraphic succession, and those of 
unknown stratigraphic succession. The former com
prises three volcanic sequences (from oldest to young
est)-the Indian Hills, the Spud Mountain, and the 
1ron King; the latter is divided into the Green Gulch, 
the Chaparral volcanics, and the Texas Gulch forma
tion. Each of the formations contains two or more 
lithologic subdivisions; all the formations have a vol
canic source except the slate unit of the Texas Gulch 
formation, which is probably terrigenous; and the com
position of the group ranges from rhyolitic to basaltic. 

The thickness of the Alder group is not known; it 
appears to be 20,000 feet or more, and may be as much 
as 30,000 feet. 

Wilson (1939, p. 1121 and 1158) first applied the 
term "Alder series" to these rocks in the Jerome area 
because of the lithologic similarity of our Texas Gulch 
formation to his Alder series as exposed in the type 
sections in the Mazatzal Mountains, about 60 miles 
southeast of the Jerome area. A map by Wilson (1939, 
p. 1158) of part of the Jerome area shows that his Alder 

series includes other formations lithologically distinct 
from the Texas Gulch formation, indicating that Wilson 
included all the volcanic and sedimentary rocks west 
of the Shylock fault in his Alder series. Our work 
has demonstrated that one unit of the Spud Mountain 
volcanics is lithologically similar to the Texas Gulch 
formation, indicating that in a broad sense, correla
tion of the diverse formations in the Jerome area with 
the Alder series of Wilson (1939) in the Mazatzal 
Mountains has merit. It seems desirable therefore to 
retain Wilson's term of Alder for these rocks in the 
Jerome area, changing it to group rank because of our 
subdivision of it into six formations; 

The rocks of the Alder group are' foliated, and the 
texture and mineralogic assemblages are typical of re
gionally metamorphosed rocks belonging to the green
schist facies. Chlorite, actinolitic hornblende, clinozoi
site (zoisite), albite, sericite, and quartz are the domi
nant metamorphic minerals; microcline is a common 
stable relic in rhyolitic rocks. 

In metamorphic terranes characterized by pro
nounced foliation and isoclinal folds, the normal ap
proach to determine stratigraphy cannot be used. 
Stratigraphy and structure are determined con
currently through mapping of distinctive lithologic 
units whether they are beds, zones, or formations. 
Structural elements and data on the direction that tops 
of beds face are diligently searched for in all expos
ures. In this manner, the stratigraphy and structure 
unfold together, and the final interpretation of the 
geology results from the integration of the stra
tigraphic and structural information. 

During the mapping of the Alder group, structures 
indicating the direction that tops of beds face were so 
few and scattered that, in most places, one could not 
draw a distinction between normal and inverted se
quences. It was not until all mapping in the Alder 
group was completed that We decided upon the most 
probable order of superposition. It should be empha
sized that the proposed stratigraphy of the Alder group 
is based on too few facts (pI. 6), and additional map
ping in the Alder group south of the Jerome area may 
indicate the need for revision. But we believe that 
with the information at our disposal, a stratigraphic 
and structural interpretation, however tentative, has 
some merit. 

INDIAN HILLS VOLCANICS 
Distribution 

The Indian Hills volcanics as here defined is named 
from the exposures in the low hills of this name that 
protrude through the Cenozoic rocks along the western 
front of the Black Hills. The only other major out
crops of this formation are 2 miles to the north in the 
low hills west of the Coyote Spring ranch. 

o 



o 

, 

o 

GENERAL GEOLOGY 21 
Tb1ckness and stratigraphic relationship 

The thickness of the Indian Hills volcanics is not 
kno.wn, for the base of the formation does not crop 
out, and the rocks dip at unknown angles . . Judging 
by the attitude of the adj acent formations, the dip of 
the formation is presumably steep and the outcrop 
widths approximate thicknesses. The outcrops in the 
hills west of the Coyote Spring ranch reveal a maxi
mum width of 6,500 feet. The absence of stratigraphic 
subdivisions of the Indian Hills does not penuit recog
nition of small folds, so that duplication of flows prob-
ably would not be noticed. ' 

The stratigraphic relationship of the Indian Hills 
volcanics is not firmly established, but the stratigraphic 
relationship postUlated harmoniously fits the known 
data, and permits integration of the Indian Hills into 
the structural fabric of this highly deformed terrane. 
The contact between the Indian Hills and Spud Moun
tain volcanics in the Indian Hills area appears conform
able, and the presence of an intercalated rhyolitic flow 
northeast of the main contact further supports this in-' 
terpretation. Here, however, as we do not know the 
direction that beds face, we rely upon stratigraphic 
relationship in other areas. 

Along the south margin of the map area (near 1,267,-
000 N.; 391,000 E.), two determinations of the direc
tions that beds face suggest that the Spud Mountain 
volcanics underlies the Iron King volcanics. Evidence 
for this relationship occurs near the Indian Hills 
(1,317,000 N.; 416,000 E.) ; here the Iron 'King faces 
east and lies east of the Spud Mountai~. In the Indian 
Hills, therefore, it is most likely that the eastern part 
,of the Spud Mountain faces east. Once this probability 
is accepted, it is equally probable that the Indian Hills 
volcanics is older than the Spud Mountain. The reason 
is this: reversal of the direction that the Spud Moun
tain volcanics faces i1). the Indian Hills through a maj or 
fold is not likely because the Indian Hills volcanics and 
the Iron King volcanics are different and therefore can
not be correlated. Because of the probability of an east 
facing section in the Indian Hills, the conformity of 
the Spud Mountain and the Indian Hills suggests that 
the latter is older. 

The base of the Indian Hills volcanics does not crop 
out, thus its relatiohship to older rocks is in doubt. Pre
sumably, the Texas Gulch formation underlies it, but 
whether directly or whether other rocks intervene is no.t 
known. 
Lithology and internal structure 

The Indian Hills volcanics is divided into two inter
bedded units: one andesitic and basaltic, the other rhyo
litic. These units are, however, lithologic and not 
stratigraphic divisions. 

The Indian RiJJs is less fo.liated than any o.ther fo.r
matio.n o.f the Alder gro.up. Lo.cal zo.nes co.mmo.n 
eno.ugh to. give the regio.nal trend are fo.liated, but they 
are by no means ubiquitous, as in the Texas Gulch for
mation of the Alder group. Local zones common 
for the absence of a pervasive foliation is difficult to de
termine. Perhaps such a thick series of flows possessed 
sufficient strength to resist deformation, or perhaps 
stresses may have been weaker in this local area. 

The andesitic and basaltic flows are greenish black. 
They generally are blocky, but ate cut by local zones in 
which the rock is somewhat fissile. Amygdules, com
posed of members of the epidote group, and vesicles are 
abundant. The rocks are porphyritic with a holocrys
talline, but commonly aphanitic, groundmass. The 
phenocrysts, as much as three quarters of an inch long, 
are altered plagioclase and subordinate hornblende. 
The matrix, as seen in thin section, comprises granular 
albite, granular members of the epidote group, and 
small flakes of chlorite, which show a poor preferred 
orientation; The groundmass has been completely re
constituted to a metamorphic assemblage, and its. tex
ture is metamorphic. The phenocrysts, however, are 
probably altered relics of the original rock. 

The rhyo.litic flows are very pale orange or greenish 
gray on the fresh surface, and grayish orange-pink or 
pale yellowish brown on the weathered surface. The 
rocks are largely massive, but locally foliated. Flow 
banding is widespread, but not conspicuously abundant. 
Amygdules and vesicles mark local areas, and secondary 
veinlets of quartz appear characteristic. 

The rhyolitic flows are porphyritic, but inconspic
uously so. The groundmass is aphanitic; in places, it 
appears siliceous to the point of being flinty. The 
scattered phenocrysts generally range from 0.5 to 0.75 
millimeter in maximum dimension, but in the few flows 
where phenocrysts are abundant, they are as much as 
2112 millimeters long. They consist chiefly of quartz 
and albite, but a few phenocrysts of orthoclase also 
occur. The matrix consists of a, microcrystalline granu
lar aggregate of quartz, a,lkalic feldspar, and small 
amounts of sericite. Minor amounts of chlorite and 
members of the epidote group are accessory minerals. 
In the zones of sheared rhyolite, sericite is abundant. 

SPUD MOUNTAIN VOLCANICS 

Distribution and thickness 

The Spud Mountain volcanics defined here comprlses 
four lithologic units: andesitic breccia, andesitic tuff, 
rhyolitic tuff, and andesitic and ,basaltic flows (pI. 1). 
A representative section is exposed in the area shown 
on the southwest corner of plate 1, from Spud Mountain 
to the Iron King mine (1,273,000 N.; 390,000-397,000 
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E.). The name Spud Mountain is adopted for this 
volcanic formation because of the excellent exposures 
on and near this mountain. A complete section of the 
Spud Mountain volcanics is nowhere exposed in the 
Jerome area, preventing determination of the total out
crop width or stratigraphic thickness from anyone 
continuous section. The consistently high dips of the 
Spud Mountain volcanics suggest that their outcrop 
widths may about equal the stratigraphic thickness for 
local or partial sections, but small folds and thinning 
through regional deformation generally obscures the 
stratigraphic thickness. 

Andesitic orecoia.--':The andesitic b~eccia west of the 
Iron King mine occurs in a northeastward-trending 
zone 3 miles long and about 5,500 feet wide; some beds 
may be duplicated by folding. This zone passes beyond 
the map area to the southwest, and beneath the Cenozoic 
rocks in Lonesome Valley to the northeast. The zone 
reappears from beneath the Cenozoic rocks on the east 
side of the valley in the Indian Hills (1,324,000 N.; 
410,000 E.), where the maximum outcrop width is also 
about 5,500 feet. From the Indian Hills northward to 
within l1h miles of the northern boundary of the map 
area, scattered outcrops of andesitic breccia protrude 
through the Quaternary gravel beds. 

A large area underlain by andesitic breccia is between 
the Texas Gulch formation and the quartz diorite about 
2% miles east of Humboldt (pI. 1). This andesitic 
breccia crops out in a wedge-shaped zone that trends 
northward for about 8 miles from the southern bound
ary of the map area. The outcrop width narrows from 
5,000 feet at the !)outhern boundary of the map area to 
a wedge line at the northernmost outcrop. The true 
thickness of this breccia is not even approximated by 
outcrop widths, for both the east and west contacts are 
faults, and the zone contains small folds. 

Andesitio tuffaceous rock.-The distribution of the 
andesitic tuffaceous rock is like that of the andesitic 
breccia; zones of andesitic tuffaceous rock are near the 
Iron King mine, east of the Indian Hills, and southeast 
of Humboldt. The tuffaceous rock near the Iron King 
mine trends northeastward for a strike length of 1% 
miles, and ranges in outcrop width from 1,200 to 1,700 
feet. To the south, it. passes beyond the map area. To 
the north, the tuffaceous rock is concealed by the Ceno
zoic rocks in Lonesome Valley, but reappears east of the 
InCJ.ian Hills. Here the maximum outcrop width is 
about 5,000 feet, including a zone of rhyolitic tuff, 1,000 
feet wide; we believe that this section is duplicated by 
folds. Near the Indian Hills, the andesitic tuffaceous 
rock crops out in a northward trending belt from Grape
vine Gulch (1,312,500 N.; 416,000 E.) northward for 
about 7 miles. To the north, the zone is covered by 

Paleozoic and Cenozoic rocks and to the south by 
Cenozoic rocks. 

The .zone of andesitic tuffaceous rock southeast of 
Humboldt trends slightly east of north, and ranges in 
outcrop width from 7,000 to 9,000 feet, including a belt 
of rhyolitic tuff 600 feet wide. Cenozoic rocks in Lone
some Valley conceal the northward extent of the zone 
except for a band, 1,000 feet or less wide, that extends 
northward to a point near the Cherry road (1,286,000 
N.; 413,000 E.). Beneath the Cenozoic rocks, this belt 
probably joins the andesitic tuffaceous rock east of the 
Indian Hills. Southward, this zone passes beyond the 
limits of the map (pI. 1) . 

Three large fault-lenses of andesitic tuffaceous rock 
occur within the Texas Gulch formation. They range 
in outcrop width from a point to 1,500 feet, and in 
length from 1 to 5 miles. The most northerly one if! 
east of the Indian Hills, and the two southerly ones 
are east and northeast of Dewey. The latter two are 
probably continuous beneath the Cenozoic fill of Lone
!lome Valley. 

Rhyolitic tuff.-Belts of rhyolitic tuff are widespread 
in the Spud Mountain volcanics: east of the Iron King 
mine, east of the Indian Hills, and east of Humboldt. 

. Rhyolitic tuff and conglomerate beds crop out about 500 
feet southeast of the Iron King mine in a zone about 
200 feet wide that trends northeastward from the 
southern boundary of the map area for 6,500 feet be
fore passing beneath the Cenozoic rocks in Lonesome 
Valley. A zone of rhyolitic tuff, which ranges from a 
few feet to 1,000 feet in width, crops out from a point 
about 2 miles southeast of Indian Hills northwestward 
to the Paleozoic overlap north of Highway 89A. At 
least one other rhyolitic tuff bed occurs in the andesitic 
tuffaceous rocks southeast of Indian Hills, but it is too 
narrow to show on the scale of plate 1. Another belt 
of rhyolitic tuff, which is displaced by an oblique fault, 
occurs intercalated in the andesitic tuffaceous rocks 
about 1 mile east of Humboldt. This belt trends slightly 
east of north for about 2 miles and is from 350 to 650 
feet wide. To the north, it is concealed by the Cenozoic 
rocks in Lonesome Valley. 

Andesitic and basaltic jlows.-T4e largest mass of 
andesitic and basaltic flows of the Spud Mountain vol
canics forms a northward-trending belt intercalated in 
the andesitic tuffaceous rocks north of Indian Hills 
(1,343,500 N.-1,339,500 N.). It has a strike length of 
about 4,000 feet and a maximum width of 1,500 feet. 
In addition, two thin flows occur in the breccia unit" 
about 3,000 feet west-southwest and 6,000 feet south
west of the Iron King mine. Both are less than 400 
feet wide and are about 3,500-4,000 feet long. 
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Minor andesitic and basaltic flows occur elsewhere in 
the Spud Mountain volcanics, but they are not distin
guished on the map (pI: 1). The general distribution 
of these flows is indicated on plate 1 by the symbols for 
pillow lavas. East of Humboldt, a flow occurs in the 
andesitic tuffaceous unit about 600 feet west of the con
tact with the rhyolitic tuff. It trends northeastward, 
is about 100 feet wide, and occurs in two gulches 3,500 
feet apart. As no attempt was made to map it, the 
northern and southern limits were not determined. 
Possibly other thin flows in the andesitic breccia and 
andesitic tuffaceous rocks were not recognized, but it 
is believed that any section as much as a few hundred 
feet thick would not havE) been missed. I 

Stratigraphic relationship 

The Iron King volcanics apparently overlies the 
Spud Mountain volcanics, and the Indian Hills vol
canics underlies them. The basal contact of the Spud 
Mountain with the Indian Hills volcanics crops out in 
the Indian Hills. It apparently is gradational, for a 
rhyolitic flow is intercalated in the Spud Mountain 
about 500 feet above the main contact. The upper con
tact of the Spud Mountain with the Iron King vol
canics, shown on the sou.th-central margin of piate 1, is 
conformable and appears gradational, but this may be 
because of shearing along the contact. 

The lower part of the Spud Mountain volcanics ap
pears to be andesitic breccia. This grades upward into 
andesitic tuffaceous rocks, which comprise the great 
bulk of the upper part of the formation and which con
tain intercalated rhyolitic tuff. 

We regard the rhyolitic tuff as a lithologic facies or 
dubious correlative value, but wish to point out the cor
relations permissible on the basis of lithologic similari
ties and to point out the chief obstacles to such corre
lations. Rhyolitic tuff intercalated in the andesitic 
tuff occurs in three areas: about 500 feet southeast of 
the Iron King mine, about 5,000 feet east of Humboldt, 
and east and northeast of the Indian Hills. Whether 
any two of these are the same stratigraphic zone was 
not determined with certainty, but as the rhyolitic tuff 
is similar, correlations merit consideration. The rhyo
litic tuff southeast of the Iron King mine is lithologi
cally similar to the southern part of the rhyolitic tuff 
in the east edge of the Indian Hills. However, the 
rhyolitic tuff near the Iron King is at the top of the 
Spud Mountain volcanics, whereas the rhyolitic tuff 
near the Indian Hills is overlain by about 1,000 feet or 
andesitic tuffaceous rock, in fault contact with the 
Texas Gulch formation. The rhyolitic tuff east of 
Humboldt is lithologically similar to the northern part 
of the rhyolitic tuff in the east edge of the Indian llills. 
The tuff near Humboldt lies about 1,500 feet below the 

top of the Spud Mountain volcanics, a stratigraphic 
position similar to the tuff east of the Indian Hills. If 
the discrepancies of the stratigraphic position of the 
rhyolitic tuff east of the Iron King mine can be resolved 
through original lenticularity of the andesitic tufface
ous rocks or through removal of hundreds of feet by 
shearing, tentative lithologic correlation of the rhyo
litic tuff in these areas is permissible. We believe that 
neither this degree of lenticularity nor the necessary 
intensity of shearing would be exceptional in the rocks 
and structures of the Jerome area. 

The andesitic and basaltic flows are lithologic units 
only. They occur intercalated · in the andesitic tuff 
and in the andesitic breccia. 

Lithology and internal structure 

The color of Spud Mountain volcanics depends 
largely on abUndance of ferromagnesian minerals, 
chiefly chlorite. Where chlorite is abundant, such as 
in some fine-grained tuffaceous sedimentary rocks and 
in some crystal tuff, the rock is dark-grayish green on 
fresh surfaces, and weathers to a dark reddish brown. 
Where chlorite is less abundant, rock is light grayish 
green and weathers light tan or buff. Feldspathic 
rhyolitic tuff is characteristically gray with a greenish 
cast owing to sparse disseminated chlorite. The rhyo
litic tuff northeast of the Indian Hills is white Or light 
cream, mottled with pinkish- to brick-red stain, owing 
to disseminated iron oxide derived from oxidation of 
carbonate and probably pyrite. The fine-grained light 
colored tuff southeast of Humboldt is white, cream or 
very light green, spotted and streaked with briok red 
iron oxide on fresh fracture, but is commonly deep red 
to nearly black on weathered surfaces. 

Foliation varies in the Spud Mountain volcanics, 
particularly in breccia facies . . Breccia west of the Iron 
King mine and in the Indian Hills is foliated but gen
erally does not cleave readily parallel to that structure, 
owing to predominance of fibrous actinolitic horn
blende over chlorite. Breccia east of the Texas Gulch 
formation is well foliated toward the north, where it is 
essentially a fine-grained chloritic schist containing 
white streaks that probably represent original clastic 
feldspar grains, phenocrysts, and leucocratic rock frag
ments. South of latitude 34°30' foliation is obscure in 
breccia beds, and the original character of the breccia 
is evident; interbeds of tuffaceous rocks, however, are 
foliated. The transition from foliated to chiefly non
foliated breccia takes place in about 2,000 reet parallel 
to the strike. Fine-grained tuffaceous facies produce 

. conspicuous foliation-the finer the grain size, the more 
pronounced the foliation. 

Attenuation of fragments in breccia facies is extreme
ly variable, even within local areas and from bed to bed. 
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Fragments in some beds are not perc.eptibly deformed, 
but in others the length is commonly 10 times greater 
than the width and thickness. In the well-foliated 
breccia east of the Texas Gulch formation, fragments 
are visible only as "ghosts" in widely scattered out
crops. Fragments are commonly difficult to discern in 
poorly foliated outcrops where the matrix has essential
ly the same composition and grain size as the 
fragments. . 

Relict pedding occurs in all belts of Spud Mountain 
volcanics, but it is much more common in areas where 
foliation is weak. It is most common in andesitic and 
rhyolitic tuffs, and is 'particularly discernible.in water
worn outcrops in the larger gulches. The strike of beds 
generally parallels the northerly to northeasterly trend 
of the belts of Spud Mountain volcanics, and dips are 
high eastward and westward, b:ut chiefly westward. 
Graded bedding, manifest by distribution and size of 
saussuritized plagioclase grains, occurs sporadically in 
tuffaceous interbeds. 

Breccia facies of Spud Mountain volcanics consist of 
interbedded breccia beds-some probably more than 500 
feet thick-fine-grained tuffaceoui;i sedimentary rocks, 
and granular crystal tuff. Breccia predominates. 
Fragments range from less than 1 to about 18 inches in 
length and are commonly subrounded, although many 
are so deformed that the original shape is conjectural. 
Fragments vary in size in different beds, but within in
dividual beds, the size of most fragments is uniform. 

Fragments are chiefly andesite but rhyolite is com
mon, especially in local areas. Other fragmentlike 
masses, whose original composition is obscure, are com
posed largely of quartz and epidote; possibly they may 
be metamorphic. Almost all andesitic fragments are 
porphyritic and some are conspicuously porphyritic 
with somewhat equant saussuritized plagioclase in clus
ters and individual crystals. In certain beds frag
ments are highly vesicular and amygdaloidal. The 
matrix between fragments is largely andesitic, abound
ing in equant plagioclase. Crystal tuff matrix was ob
served in some beds where the fragments are chiefly 
nonporphyritic. Beds composed of rhyolitic frag
ments in a chloritic matrix occur in the western part 
of the breccia west of the Iron IGng mine. In the brec
cia facies east of the Texas Gulch formation, similar 
rocks are associated with rhyolitic fragments in rhyo
litic matrix and with massive rhyolite of uncertain 
origin. The rhyolitic fragments and the massive rhyo
lite are light colored and generally felsitic, and in 
places contain small quartz phenocrysts. Tuffaceous 
interbeds are indistinguishable from the tuffaceous 
facies of Spud Mountain volcanics. 

In the andesitic breccia east of the Texas Gulch for
mation, several purple slate interbeds and a zone that 
contains several10-foot thick marble beds interrupt the 
breccia sequence. The largest purple slate interbed is 
50 feet wide by 300 feet long. West of the Iron King 
mine in the first zone of andesitic breccia, an iron-jas
per bed, 10 feet wide and 1,000 feet long, was noted. 

East of the eastern strand of the Shylock fault, just 
north of line 1,280,000 N., breccia facies of the Spud 
Mountain volcanics on the margin of the quartz diorite 
has been metamorphosed to hornfels. In part, the 
hornfels retains the identity and foliation of the breccia, 
although it is generally no longer fissile. The breccia ' 
and crystal tuff beds still stand out in sharp contrast 
to the intercalated finer grained tuffs, owing to preser
vation of the large equant saussuritized plagioclase 
grains. Apparently the finer grained rocks and the 
finer grained fraction of the breccia and crystal tuff 
were more susceptible to recrystallization than the large 
saussuritized plagioclase. The recrystallized parts of 
these rocks consist of a compact fine-textured mass of 
interlocking crystals. Metamorphic hornblende and 
brown biotite replace chlorite as the dominant mafic 
constituent, although minor amounts of chlorite remain. 
The reconstituted plagioclase is granoblastic albite or 
oligoclase, but much saussuritized plagioclase still re
mains, and is commonly flecked with sericite. Grano
blastic quartz is abundant. 

Andesitic tuffaceous rock.-The transition from the 
andesitic breccia to the overlying andesitic tuffaceous 
rock is gradational. For nearly 1,000 feet above the 
contact, which is arbitrary, conglomeratic beds as much 
as 10 feet thick occur sporadically, especially in thicker 
beds of crystal tuff. In the upper part of the andesitic 
tuffaceous rock, coarse-grained crystal tuff and asso
ciated conglomerate are limited to a few scattered beds, 
in which the fragments are of pebble or cobble size. 

The andesitic tuffaceous rock is essentially a sedi
mentary rock formed predominantly of andesitic detri
tus. The tuff ranges in color from grayish green, 
through dusky-yellow green, to grayish-yellow green. 
The color appears to be a function of mineral composi
tion and grain size; the smaller the grain size the lighter 
the hue. The fragments range from the size of cobbles 
to that of clay, but most range between coarse sand and 
silt. The grain size varies abruptly across the strike, 
and commonly beds of uniform grain size are only a 
few inches thick. This feature helps greatly to dis
tinguish the andesitic tuffaceous rocks, for it strongly 
implies stratification. In individual exposures, how
ever, the possibility of differential shearing cannot be 
eliminated. Variation in the average grain size in 
the sequence from ' one place to another is difficult to 
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ascertain, but we have the impression that the top of 
the unit is finer grained. 

Megascopically the andesitic tuffaceous rock consists 
chiefly.of chlorite and saussuritized plagioclase; quartz 
and to a lesser extent sericite are common, but by no 
means always present. The saussuritized plagioclase 
dominates the megascopic constituents" for it is the 
most conspicuous mineral; its distribution has produced 
the obvious heterogeneities in the rock, such as bedding, 
The quartz, chlorite, seri~ite, other plagioclase, and 
other constituents together form a granular aggregate 
that comprises the matrix or background for the pseudo
porphyritic saussuritized plagioclase. 

The finer grained facies, which are not uncommon, 
are phyllite or slate. In most outcrops no individual 
minerals are conspicuous, although commonly small 
grains of quartz, or sau,ssuritized plagioclase can be re
solved with a hand lens. The most conspicuous feature 
of these rocks is the sheen on the cleavage surfaces, the 
product of the chlorite and to a lesser extent, the sericite. 
Presumably because of their fine grain these rocks have 
formed a very pronounced and regular fissility. 

Minor beds of rhyolitic tuff and associated marble are 
intercalated in the andesitic tuffaceous rock in zones too 
small to show on the maps. In general, these are of two 
types: (1) the coarse-grained rhyolitic tuff and con
glomerate, purple slate, and assoc~ated marble, like 
those of the Texas Gulch formation; and (2) the very 
fine grained rhyolitic tuff, which appears much like por
celaneous slate. Type 1 occurs in two beds not sepa
rately mapped in the region southeast of the Indian 
Hills; type 2 is more abundant in the andesitic tuffa
ceous rock along the southern border of the map area. 

Rhyolitic tuff.-The rhyolitic tuff intercalated in the 
Spud Mountain volcanics is of two lithologic varieties; 
one coarse-grained and feldspathic, with intercalated 

, conglomeratic and marble beds; the other fine-grained, 
finely laminated, and dense. 

The feldspathic rhyolitic tuff is like the rhyolitic tuff 
in the Texas Gulch formation. It is very light gray, 
but commonly has a greenish. cast, owing to small 
amounts of dissemip.ated chlorite. Medium- to coarse
grained rhyolitic tuff predominates, but minor amounts 
of fine-grained slate or phyllite occur in thin beds, In
terbeds of conglomerate and marble, like those in Texas 
Gulch formation, make up a small part of the rhyolitic 
tuff southeast of the Iron King mine and southeast of 
the Indian Hills. Quartz, potash feldspar, albite, and 
sericite are the chief constituents, and generally all are 
megascopic; in, some specimens a little disseminated 
chlorit.e also can be detected. The quartz 'and feldspar 
are commonly in lenticular grains or granular aggre
gates around which the interwoven oriented flakes of 

sericite produce a minutely wavy foliation. The pebbles 
and cobbles in the conglomerate, which generally are 
attenuated, consist of jasper, quartz, porphyry, and 
other rocks in a matrix of granular rhyolitic tuff. The 
marble is pinkish, gray, or very light gray; it is granu
lar and shows flow structures. 

The fine-grained rhyolitic tuff is characterized by its 
grain size, thin bedding, and an abundance of fine lami
nation, which apparently is stratification, further em
phasized in most places by a parallel foliation. East 
and northeast oj' Indian Hills, this rock is sericite slate, 
so white and dense that it appears porcelaneous. In the 
slate west of the Yaeger mine, zones as much as 5 feet 
wide were altered by carbonization, silicification, and 
pyritization. The quartz occurs as a general impregna
tion, and in ramifying veinlets with pyrite. Whether 
'any of the widespread sericite and 'disseminated quartz 
that give the rock the porcelaneous aspect are hydro
thermal was not determined, but the possibility cannot 
be dismissed. 

The fine-grained rhyolitic tuff southeast of Humboldt 
has several distinctive features. Beds are characteristi
cally thin, and internal stratification abundant. The 
color ranges from very light gray to dusky-yellow green, 
depending on the ratio of sericite to chlorite. The most 
characteristic feature is abundant, chiefly disseminated, 
magnetite which is probably a metamorphic mineral 
derived from ferruginous sediments. The possibility 
that it was introduced however cannot be dismissed, 
for veinlets containing quartz, carbonate, and pyrite ( ~ ) 
cut these rocks, and attest to some hydrothermal altera
tion. This type of alteration commonly produces seri
cite also, but in these rocks hydrothermal sericite would 
be difficult to distinguish from metamorphic sericite. 

The porcelaneous slate east and n~rtheast of the In-
, dian Hills is characterized by sericite and quartz. Car

bonate and, in some rocks, sparse chlorite are accessory 
constituents. The rhyolitic tuff east of Humboldt con
tains sericite, chlorite, biotite, garnet, quartz, albite
oligoclase, carbonate, and magnetite. Typical assem
blages are: sericite-quartz-carbonate, which may be due 
to hydrothermal alteration, chlorite-biotite-albite or ' 
oligoclase, and biotite-sericite-quartz-garnet. The in
dex of refraction of the garnet is 1.745, indicating a 
dominance of grossularite. The presence of biotite and 
garnet resulted from a higher grade of metamorphism 
locally along the south margin of the map area. 

Sericite-albite-quartz characterizes the feldspathic 
rhyolitic tuff southeast of the Iron King mine. Trac~s 

of clinozoisite or zoisite and of chlorite are also present, 
Basaltic and andesitic flows.-Preservation of the 

original textures and structures of the basaltic or an
desitic flows ranges from excellent to poor. In som~ 
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outcrops, the presence of pillow lavas, vesicles, amyg
dules, and flow breccia tops clearly reveal the rocks as 
flows; in others, however, such relicts are absent, and 
other features must be used to distinguish tuffaceous 
rocks from flows. Flows in the Alder group generally 
are massive, uniform in appearance, and lack the 
abrupt changes in grain size and texture every few 
inches or feet so characteristic of tuffaceous beds. 

In a few samples, thin sections of flows reveal a relict 
porphyritic and felty (pilotaxitic) texture. Amygdules 
comprising minerals stable under conditions of mod
erate stress and temperature, chiefly quartz, epidote, 
and carbonate, remain as "eyes," even where stress re
duced the massive rock to a schist. ReHct breccia struc
ture, presumed to be flow breccia, was spectacularly pre
served along the east margin of the flow lying west 
of the Iron King mine. Abundant amygdules and 
vesicles ( ~) occur in both. the fragments and the matrix 
of the breccia. In local areas, pillow lavas survived the 
regional deformation, and they are noted on plate 1 
by a symbol. The deformation necessary to destroy a 
pillow structure was incredible; probable pillow struc
tures were noted whose lengths exceeded widths by 
15 to 20 times. 

The megascopic minerals of the lava comprise chlo
rite, fibrous hornblende, saussuritized plagioclase, and 
members of the epidote group. The saussuritized 
plagioclase grains that originally were phenocrysts are 
the only mineral grains that retain a resemblance to 
the original shape. 

The andesitic and basaltic lava flows north of High
way 89A have a relict microcrystalline felty or pilo
taxitic texture, and are composed of chlorite, epidote, 
and albite. The lava west of the Iron King mine has 
a relict porphyritic texture, and consists of actinolitic 
hornblende, clinozoisite, and oligoclase; quartz, chlor
ite, and sericite are accessory minerals. 

In some places, flows may have been mistaken for 
concordant intrusive masses, for the distinction between 
flows and intrusive masses that have a fine-grained 
porphyritic or diabasic texture is most difficult. In 
the absence of other diagnostic features, textures were 
used to distinguish one from the other. Porphyritic 
mafic rocks with a phanerocrystalline groundmass, fine
grained equigranular phanerocrystalline mafic rocks, 
and phanerocrystalline diabases were regarded as in
trusive rocks, even though the interior parts of thick 
flows may have similar textures. Such a mass, which 
was regarded as intrusive, but which may be a flow, 
lies immediately to the east of the andesitic and basaltic 
flows north of Highway 89A (pI. 1). This mass is 
dominantly fine to medium grained diabase, but local 
areas of very fine grained diabase suggest a flow. 

Microscopic feavures.-In thin section, the andesitic 
tuffaceous rock and andesitic breccia consist of chlor
ite, actinolitic hornblende, albite, and albite-oligoclase, 
epidote, clinozoisite (probably some zoisite), quartz, 
and carbonate. Apatite, leucoxene, and magnetite are 
common accessory minerals. Sericite, other than small 
flakes disseminated in saussuritized plagioclase, occurs 
only in some beds in the andesitic tuff, particularly in 
the upper part of the unit. Actinolitic hornblende is 
limited to the andesitic breccia and to intercalated an
desitic or basaltic lava. . The epidote mineral in some 
specimens is clinozoisite (or zoisite) and in others epi
dote; clinozoisite (or zoisite) is most abundant. Quartz 
is distributed erratically in andesitic breccia and the 
lower port of the andesitic tuffaceous rock. It is abun
dant only in the upper part of the andesitic tuffaceous 
rock, where it is commonly associated with sericite. 

The mineral assemblage chlorite-albite-epidote 
( clinozoisite), with or without quartz, is characteristic 
of the andesitic tuffaceous rock and of the intensely 
sheared andesitic breccia east of Texas Gulch forma
tion. This assemblage is also common in breccia facies 
in Spud Mountain and Indian Hills, but there chlorite 
may be partly to completely replaced by actinolitic 
hornblende. Chlorite-sericite-albite-quartz-clinozoisite 
(or epidote) is a common assemblage in some beds in 
the upper part of the andesitic unit. This assemblage 
probably results from .a mixture of andesitic and rhyo
litic detritus in certain beds. 

Albite and hornblende in some intercalated mafic 
lava flows are the only relicts recognized. Somealbite 
crystals are clear except for scattered sericite flakes; 
in others the content of the ·epidote group of minerals 
varies. Only part of the plagioclase crystals originally 
present survived metamorphism, generally only thos·e 
whose long dimension lay parallel to the foliation. All 
the relict plagioclase crystals show some crushing; . 
some are granulated only around the periphery, others 
can only be surmi.sed from lenticular streaks of grano
blastic albite. Relict bedding is obscure in thin section. 
However, aggregates of the epidote group, with or 
without minor amounts of albite, chlorite, quartz, and 
sericite appear to preserve the approximate size and 
shape of original plagioclase and also the bedding 
structures. 

IRON KING VOLCANICS 

Distribution, tbickness, and stratigraphic relationship 

Iron King volcanics, named here from the exposures 
in Iron King Gulch, occurs in a nOi'thward-trending 
belt south of Humboldt in the southwest corner of the 
Jerome area (pI. 1). The formation crops out from 
the southern boundary of the map area northward for o 
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about 8,000 feet where it is -covered by Cenozoic rocks 
in Lonesome Valley. 

The belt of Iron King volcanics ranges in width from 
9,500 near Humboldt to 11,500 feet at the south edge 
of the map area. Because of duplication by the major 
syncline (pI. 6), the formation is only about 5,500 feet 
thick, of which all but the upper 500-1,000 feet is basalt; 
t4.e upper unit is andesitic tuffaceous sedimentary rock. 
:E;ast of the Agua Fria River, however, determination 
of .,the direction that beds face from pillow structure 
re';ealed at least one intraformational fold. Similar 
folds mayor may not be in the lava on the west flank , 
of the regional syncline, for local reversals in the strati
graphic succession could not be recognized, owing 
chiefly to pronounced foliation. Hence, a thickness of 
5,500 feet for the exposed section is a maximum and 
the true thickness is probably somewhat less. 
Exc~pt for the Chaparral volcanics and the Green 

Gulch volcanics whose stratigraphic positions are un
known, the Iron King volcanics is the youngest for
mation in the Alder group, according to our interpre
tations. The Iron King volcanics grades downward 
into the Spud Mountain volcanics; the contact between 
the two formations is placed where lava predominates 
over tuff. 

Lithology and internal structure 

'The Iron King volcanics comprises andesitic tuff
aceous sedimentary rock and basaltic and perhaps an
desitic flows. Mafic flow is perhaps a more accurate 
descriptive term, as a distinction in the field between 
metamorphosed andesite and basalt is not believed pos
sible. The chemical analysis indicates the lava flows 
are basaltic, and probably basalt predominates, buHhe 
possibility of some intercalated andesite cannot be dis-
1nissed. Although the areas mapped as flows are pre
dominantly as indicated, tuffaceous beds occur in the 
transition zone ·with the underlying Spud Mountain 
volcanics and as interbeds in the flows. To distinguish 
these flows from tuffaceous rock, relatively uniform tex
tures and structures over widths' of hundreds of feet 
were found to be the greatest aid. In a few ' favorable 
exposures, tops of flows, revealed chiefly by pillow struc
ture and by vesicles and finer grained textures, were 
recognized contiguous to tuffaceous beds. The bedded 
tuffaceous rock forming the upper unit of the forma
tion is free of lava flows, at least within the map areJ1. 

The basaltic flows range in color from 'grayish green 
to greenish black. The color .depends, in part, on 
whether the mafic mineral is chlorite or a~tinolitic horn
blende, and in part, on the degree of oliation. The 
chloritic and more :foliated flows 3Ire lighter in color. 
Megascopic structures consist chiefly of foliation, ptl
lows, and amygdules. Folia~ion is ore apparent ill 
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the lava west of the Agua Fria than in those east, 
owing to chlorite; but whether chlorite connotes more 
intensive shearing during regional deformation is prob
lematical. Relict pillow structures are obvious, in other 
places probably present, and in many places, pillow
like structures invite fruitless speculation . . Where pil
low structures are obvious, it is generally possible to 
determine the direction that the tops of the flows face. 
A.mygdules are locally abundant, and in well foliated 
facies, they are attenuated. 

Megascopically, most lava consists of irregular grains 
set in a very fine grained granular green matrix. The 
megascopic grains comprise dull, light-gray or tan min
erals of the epidote group and vitreous albite and quartz. 
Megascopic relict textures in the flows are rare. In a 
few places where foliation is weak, the relict saussuri
tized- plagioclase phenocrysts retain the lathlike shape, 
and in still fewer places, the felty (pilotaxitic) .ground
mass texture is preserved. Pillow lava facies are very 
dense and almost completely aphanitic, although very 
small needles of plagioclase show in some outcrops. 
Commonly ill-defined patches or ar~as of mafic rocks 
with a diabasic or fine-grained equigranular texture 
crop out sporadically. Whether these rocks are the in
terior parts of thick flows or small intrusive masses 
was not generally determined, but in one or two excep
tionally good exposures, these rocks. appeared to grade 
into altered lava. 

Most of the flows have metamorphic textures and . 
mineral assemblages. A few, however, contai:r:t relict 
plagioclase phenocrysts, fractured and granulated 
around the periphery; generally only the phenocrysts 
whose long dimension lay parallel to foliation survived. 
:Tn one section, ' relict phenocrysts of plagioclase in a 
relict pilotaxitic groundinass of plagioclase needles in 
a chloritic base attest the original character of the rock. 
Two mineral assemblages characterize the flows, (i) 
chlorite-albite-epidote, and (2) actinolitic hornblende
soda-oligoclase-epidote (or clinozoisite). Quartz, seri
cite, pyrite, magnetite, and leucoxene are accessory min-
81:als. Both flows and tuff contain carbonate, but how 
much of it is metamorphic is questionable, for carbonate 
in crosscutting veins and irregular pods indicates that 
some is hydrothermal. 

The chemical analysis 'of typical flow rock is given 
in table 9. It clearly shows that the rock is a basalt 
and Daly's average of all basalts is included for com
parison. The most significant variations between the 
two are the higher CaO content and lower N a20 and 
K 20 content in the flow/from the Iron King volcanics. 

The andesitic tuffaceo 1s rock, which appears identica:l 
to that in the Spud Moimtain volcanics, is pale.-yellow
ish green, dusky-yellow green, and grayish green. The 
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TABLE 9.-Chemical analY8e8 of basaltic flows, in percent 

, 1 2 

8iO,______________ _______ _______________ 47.6 49. 06 
Al,Os____________ _______________________ 15.4 15. 70 
Fe'Os___________________________________ 3.5 5. 38 
FeO_______________________ ______ _______ a 6 a 37 
MnO ________ _ :._ ________________________ .19 .31 
CaO__ ___________________________ _______ 11. 9 8. 95 
MgO__ __ _ _ __ ____ __ _ _ __ _ ___ _ _ __ _ ___ ___ __ 6. 6 6. 17 
K,O_________________ ___________________ . 14 1.52 

~I~!~~,~~~~~~~m~~~~~~m~~~~~~~~~ )} ----:~~ 
1. Rapid analysis of basalt, near Agull Frla River (1,266,600 N.; 403,400 E.). ,Rapid 

analysis by B. M. Berthold and E. A. Nygaard. 
2. Average basalt, Daly (1933, p. 17). 

texture ranges from very fine- to coarse-grained, and al
ternating zones of fine-, medium- and coarse-grained 
tuffaceous rock characterize the unit. This alteration 
is believed to reflect original bedding. Foliation is 
Ubiquitous, but is more pronounced in the finer grained 
beds. 

The megascopic minerals are chlorite, sericite, mem
bers of the epidote group, quartz, and carbonate. Abun
dant sericite and quartz are limited to certain zones. 
We believe that they indicate admixing of rhyolitic 
detritus to the original andesitic tuffaceous sediments. 
The textures and mineral assemblages of the andesitic 
tuffs are almost completely metamorphic. Two mineral 
assemblages were recognized: chlorite-albite-epidote 
( or clinozoisite), and chlorite-sericite-albite-quartz
carbonate. 

TEXAS GULCH FORMATION 
Distribution 

The Texas Gulch formation defined here, composed 
of alternating belts of rhyolitic tuff and purple slate, 
crops out in a band about 2,500 feet wide along the 
western slope of the Black Hills. The formation ex
tends from the southern border of the Jerome area 
northward for about 14 miles to a point north of the 
Jerome highway (1,341,000 N.; 419,000 E.) where the 
formation is covered by Paleozoic rocks '(pI. 1). 
Texas Gulch exposes a representative section (1,290,-
000 N.; 415,000 E.) and this name has been adopted 
for the formation. Lausen (1930, p. 176) recognized 
the distinct lithology of the Texas Gulch formation by 
referring to quartz-sericite schist and conglomerate 
(rhyolite tuff) and to the slate. Wilson (1939, p.1157-
1158) described the rhyolitic tuff as arkosic sand
stone and squeezed conglomerate and included these 
rocks and the associated slate in the Alder series. 

Thickness and stratlgraphio relationship 

The thickness and stratigraphic relationship of the 
Texas Gulch formation are not known. Within the 

formation, rhyolitic tuff bands alternate with those of 
purple slate and the explanation of the distribution of 
the rhyolitic tuff and purple slate within formational 
boundaries is dependent on the interpretation of struc
ture in local areas. The formation has been deformed 
so intensely that commonly the abrupt termination of 
a particular slate or tuff band cannot be determined as 
a fold, a lens, or a gross boudin (link in boudinage struc
ture). It appears most reasonable from the outcrop 
pattern that two or more beds of purple slate and of 
rhyolitic tuff are present. West of the Shylock mine 
(1,317,000 N.; 417,000-419,000 E.) a maximum of four 
bands of rhyolitic tuff alternate with purple slate, but 
whether any of these represent duplication by folds or 
faults is uncertain. The thickness of individual units, 
especially the purple slate, changes abruptly along the 
strike. ' 

Both the east and west boundaries of the outcrop area 
of the formation are faults. Furthermore, most of the 
contacts within the formation, such as between purple 
slate and rhyolitic tuff, are probably mechanical. , In 
our interpretation of the regional structure, however, 
the Texas Gulch formation is probably older than the 
Indian Hills volcanics, but whether or not it directly 
underlies Indian Hills volcanics is not known. 
Lithology and Internal struoture 

The rhyolitic tuff is a distinctive rock. It is light, 
generally gray or white but also commonly cream or 
light green. Abundant sericite produces a silvery sheen 
on cleavage surfaces. Quartz grains enclosed in a thin 
coating of tightly molded sericite produce, a character
istic spherulitic appearance on foliation planes. 

Rocks are erratically foliated partly as the result 
of differences in grain size and probably partly in re
sponse to local stress conditions. In some places folia
tion is pronounced, in others' almost imperceptible. 
Fine-grained tuff generally is smoothly foliated, 
whereas some pebble beds have a hackly foliation that 
is apparent from distances where the pebbles cannot 
be resolved. 

Lineation is common. It results from elongation of 
sericite flakes, or less commonly chlorite, on foliation 
planes, and from elongation of pebbles. 

Rhyolitic tuff ranges from fine-grained tuff through 
coarse-grained tuff to pebble conglomerates or to cobble 
conglomerates in local zones south of the road to Cherry. 
In it few restricted areas fine-grained tuff and inti
mately associated interbedded gray slate indicate gra
dation from tuff to slate, but the clean separation into 
rhyolitic tuff .nd purple slate generally is most re
markable. The bulk of the rhyolitic tuff is medium 
grained, and coarse grained tuff is more abundant than 
fine. , Changes !Js. grain size across the ("trike are com-

• - ~~ , f 
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mon, but systematic variations through several beds 
are rare, resulting in general uncertainty on'local stra- ' 
tigraphic sequences. ' 

Abundant quartz and sericite and locally minor 
amounts of feldspar are the chief megascopic constitu
ents of the tuff. However, ,appreciable amounts of 
feldspar and sufficient chlorite to color the tuff a light 
green occurs in the westernmost exposures ' between 
1,300,000 N. ,and i,320,000 R In some beds, pebbles 
are massed almost to the exclusion of matrix, elsewhere 
beds consist of a few scattered pebbles surrounded by 
rhyolitic tuff, generally coarse grained. Conglomerate 
beds vary in abundance, but four or five in a section of 
rhyolitic tuff 500 feet wide are not uncommon. Peb
bles in conglomeratic beds, associated with well-foliated 
rhyolitic tuff, are commonly stretched so that lengths 
are several times widths; in other beds stretching was 
not evident. ' 

Scattered throughout the rhyolitic tuffl are beds that 
show few or no fragments on surfaces perpendicular to 
foliation but have lenticular and linear streaks and 
patches rich in sericite on the foliation planes. Origin 
of these streaks and patches is uncertain; possibly they 
represent completely' sheared fragments of rhyolitic 
pumIce. 

In thin section, quartz, albite, micro cline, and sericite 
are the common minerals, and opaque minerals, epidote, 
and apatite occur in small amounts. Jasper and rhyo
lite are the dominant lithic fragments, but fragments 
composed of quartz, micro cline, and ' alb~,te and of 
microcline-quartz graphic intergrowth also are present. 

'Lithic fragments and the larger grains of relict 
quartz, microcline, and albite are set in a very fine 
grained (about 0.03 mm. maximum diameter) matrix 
compose,d of dissemi:qated sericite flakes and an aggre
gate of quartz and alkalic feldspar. Quartz is the most 
abundant mineral, forming as much as 50 percent of the 
rock. It occurs both in granoblastic mosaics and in 
relict, angular to sub angular clastic grains, some of 
which are fractured, granulated around the margins, 
and strained. Sericite is abundant as small flakes and 
patches; "ribbons" of sericite anastomose around quartz 
and feldspar grains forming the chief microscopic indi
cation of the foliation. Albite and microcline occur in 
relict clastic grains, and alkalic feldspar, subordinate to 
quartz, occUrs in' small granoblastic grains in the 
rpatrix. 

Rhyolitic fragments and sharp einbayments on quartz 
grains testify to the volcanic origin of most of the rhyo
litic tuff. However, the fragments of jasper, quartz" 
microcline in graphic intergrowth, an'd of somewhat 
equigranular 'quartz-micrbcline-albite rock were prob
ably derived from nonvolcanic sources. The remark-

ably clean separation of purple slate and rhyolitic tuff 
indicates relatively rapid deposition of the tuff, other
wise contamination by purple slate would have resulted. 

Purple slate is chiefly a purple to deep maroon rock, 
but some local areas are gray, and others grade along , 
the strike into green slate for a short distance. Several 
bands of green slate, one locally 300 feet wide, are inter
calated with purple slate in' the more westerly exposures 
in the southwestern part of the Jerome area. Purple 
slate has a very pronounced cleavage that in places is 
cut by cross slips or shears that have no recognizable 
systematic pattern. Post cleavage deformation pro
duced local masses and individual occurrences of 
crumpled cleavage; some of the axes of the small folds 
thus formeq plunge northward, others southward. 

Variations in lithology and texture are manifest 
chiefly by interbedded marble beds and by 'local varia
tions of granularity. The latter, recognized only in 
isolated outcrops, is the result of sandy layers inter
calated with the slates. The marble beds, or perhaps 
layers would be more precise terminology, as no assur
ance exists that the present layers have similar widths 
or similar locations relative to adjacent rocks as when 
originaJly formed, range from a few . inches to about 
20 feet in outcrop width, and from a few feet to about 
3,000 feet in length. ' 

Relict bedding occurs scattered sparsely throughout 
the purple slate. Generally it is recognized with as
surance only in, outcrops where bedding and cleavage 
are not paraJlel, for here bedding shows on cleavage 
planes as parallel bands slightly different in color or, 
less commonly, in grain size. . 

Microscopically, typical well-foliated purple slate 
consists of abundant oriented sericite, detrital qua.rtz, 
and he~atitic dust. Apatite is a common accessory 
mineral. The quartz' grains are about 0.05 millimeter 
in maximum dimension, individual sericite flakes are 
about 0.03 millimeter long, and aggregates or clusters of 
sericite are about 0.06 millimeter long. Locally the 
:purple slate near 1,295,000 N.; 418,000 E. and in the 
area west of the Yaeger mine contains megascopic 
quartz-carbonate alteration; the foliation in the altered 
slates is obscure, and the rock has a dulI aspect in com
parison with typical slates. Thin ' sections of these 
altere~ slates reveal that sericite is partly to completely 
absent a~d, in its place very fine grained (about 0.08 
mm. long) fibrous ,flakes of an unknown mineral occur. 
The birefringence of this mineral is low and indices of 
refraction probably 11e between'1.560 and 1.580. In one 
section, the hematitic dust, is in patches composed of 
abundant closely spaced discrete grains. ' 

Chemical analysis of the purple slate (table 10) re
veals that the slate was probably a 'normal terrigenous 
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TABLE 10.-Chemical analyses of slate and shale, in percent 

2 3 

Si0
2
__________ _ _ _ _ _ _ _ _____ _ ____ 62. 2 60.96 60.15 

Al
2
0

3
- ____ _____ _ _ ___ _ _ _ ________ 19. 4 16.15 16.45 

Fe
2
03______ ______ ______ ___ _____ 7.5 5.16 4. 04 

FeO _ _ __ __ __ ____ __ __ __ __ ___ ____ . 30 2. 54 2. 90 
MnO ________ ____ ___ ____ ___ ____ .02 .07 Tr. 
MgO__ ___ __ _______ _____________ 1. 6 3.06 2.32 
OaO_ ____ ____ ______ _________ ___ .08 . 71 1. 41 
K

2
0 _ _ __ __ ____ ______ ___ ___ __ ___ 3. 6 5. 01 3. 60 

Na
2
0 ___ _______ ___ ______ __ ~__ _ _ 1. 3 1. 50 1. 01 

Ti0
2
__ _ __ _ _ _ _ ___ _ _ ___ ___ _ _ _ __ _ _ .75 .86 .76 

P20s--_ ____ ________ _____ _______ .20 .23 .15 

*:<5t~~= ==== ================ === __ _ ~~ ~ __ ----~ i 7- ----- ~ 89 H
2
0+ _ _ __ ________ __ ____ ____ __ _ _ ___ __ _ _ 3. 08 3. 82 

BaO _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ • 04 . 04 
80

3
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ • 58 

NH
3

__ __ ___ _ __ _ _ __ __ _ _ _ ___ __ __ _ _ _ __ __ _ _ • 01 _______ _ 
0 0

2
______ _____ _ __ ______ _ __ __ ___ _ _ ______ .68 1. 46 

0 __ _______ _____ ___ _____________ ______ __ __ _____ _ .88 

TotaL __ ______ 
r 

___ _ ____ _ __ _ _ _ __ _ _ 100.23 100.46 

1. Rapid analysis of purple slate, south of Shylock mine (1,312,900 N.; 418,500 E.) . 
. Analysts: S. M . Berthold and E. A. Nygaard. 

2. Purple slate, Castleton, Vt. From Olarke, F . W . (1924, p . 554) . 
3. Composite analysis of 51 Paleozoic shales, by H. N. Stokes. From Clarke, F. 

W. (1924, p. 552). 

sedimentary rock rather than a fine-grained rhyolitic 
tuff, as might be expected here because of the dominance 
of volcanic rocks. The significant data from the analy
sis are the high Al20 3 content and the high ratio of 
K 20 to N a20. All analyses of rhyolite from the Jerome 
area show a much lower Al20 3 co:rttent and a high ratio 
of Na20 to K 20. The admixing of some rhyolitic de
tritus, however, cannot be dismissed. The analysis of 
purple slate from Vermont and the composite analyses 
of 51 samples of shale are included for comparison 
(table 10). Both show a K 20 to Na20 ratio somewhat 
similar to the purple slate from 'the Jerome area, and 
both have a higher Al20 3 content than the rhyolite 
from the Jerome area, although not as high as the 
purple slate. 

OHAP ARRAL VOLOANIOS 
D1strlbutlon 

The Chaparral volcanics, named here from the good 
exposures in Chaparral Gulch, crops out in a northeast
ward-trending belt in the southwest corner of the area 
shown on plate 1. It extends beyond the southern limit 
of the map area, and its northern limit is hidden be
neath the Cenozoic rocks in Lonesome Valley, some
where between Dewey and the Indian Hills. The for
mation crops out over a strike length of 4% miles and 
over a width ranging from 1,500 to 3,500 feet. The 
formation does not occur elsewhere in the Jerome area. 

The Chaparral volcanics is divided into two lithologic 
units: rhyolitic tuffaceous sedimentary rock and an
desitic tuffaceous sedimentary rock. At the southwest 
corner of the map area, rhyolitic tuffaceous rock crops 
out in three zones, but one of these is less than 50 feet 

wide and only about 1,500 feet long. The other two, 
which are believed to be opposite limbs' of a northward
plunging anticline, trend northeastward, and merge 
near the boundary of the Prescott and Mount Union 
quadrangles. Here quartz diorite splits the rhyolitic 
tuffaceous rock into two zones. The western, which 
ranges in width from 125 to 850 feet, crops out continu
ously from this point northeastward for about 3 miles 
to the overlap of Cenozoic rocks. The eastern zone of 
rhyolitic tuffaceous rock, about 250-600 feet wide, 
trends northeasterly from the quadrangle boundaries 
for about a mile, where it divides into two zones, which 
may be due to a reversal of plunge of the anticline. The 
outcrops of both zones trend northeastward, and extend 
for nearly 2 miles to the Cenozoic rocks. In addition, 
there is a separate narrow zone of rhyolitic tuffaceous 
rock east of the other rhyolitic zones near the quad
rangle boundary. It crops out northeast of the bound
ary for about 4,000 feet and southwest about 5,500 feet. 

Distribution of the andesitic and rhyolitic tuffaceous . 
rocks is virtually the same, except that most of the ande
sitic rocks lie east of the rhyolitic. The andesitic tuffa
ceous rock is more abundant in the Mount Union quad
rangle, but rhyolitic rock preponderates in the Prescott 
quadrangle. 
Thickness and stratigraphic relat10nshlp 

The thickness of the Chaparral volcanics is not 
known, nor can it be approximated. Strong phylloniti
zation (Knopf and Ingerson, 1938, p. 190), isoclinal 
folds, and faults that removed both the top and bottom 
of the formation, vitiates any approximation of the 
original thickness. . 

Because the Chaparral volcanics lies between two 
major faults, the Chaparral fault on the northwest and 
the Spud fault on the southeast; its stratigraphic rela
tionship is indeterminate. This stratigraphic isolation 
is one of two reasons that compel the designation of this 
unit as a separate formation. The second is the absence 
of lithology , diagnostic of any other formation. The 
proximity of the Spud Mountain volcanics and the simi
larity between the rhyolitic and andesitic tuffaceous 
rocks in the two formations intice correlation, but alone, 
none of these lithologies are diagnostic of the Spud 
Mountain volcanics. To be Spud Mountain volcanics 
without doubt, a rock unit must contain either the an
desitic brecci.a or coarse-grained crystal tuff, containing 
the large equant plagioclase crystals such as those in the 
andesite fragments that characterize the breccia. Lack
ing either of these two diagnostic rock types, the 
Chaparral volcanics ca~not be correlated with the Spud 
Mountain volcanics, and it is given tentative forma
tional rank. 

, 
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If the interpretation of the structure of the Chaparral 
volcanics is correct, andesitic tuffaceous rock overlies 
and underlies the rhyolitic rock. 

Lithology and internal structure 

The Chaparral volcanics comprises interbedded 
rhyolitic and andesitic tuffaceous sedimentary rocks. 
During deposition, there w~s limited mixing of rhyo
litic and andesitic detritus; sporadic rhyolitic tuffa
ceous beds too small to map are intercalated in the 
andesitic rock; and converSely. Minor , amounts of 
chlorite in the rhyolitic rock and of sericite in the an-
desitic rock indicate mixing. , 

The andesitic tuffaceous rock is somewhat varIable 
in texture, structure, and mineral compositiqn. The 
most abundant type is a fine-grained, well-foliated, 
fissile rock that ranges in color from green or greenish 
gray to green mottled with irregular patches and 
streaks of grayish-yellow green or pale-yellowish green. 
The color changes reflect variation in relative amounts 
of the component minerals. Intercalated in these finer 
grained andesitic tuffaceous rocks in subordiI:1ate 
amounts (but more abundantly to the east than to the 
west), are beds from 1 to 50 feet thick of medium- to 
coarse-grained andesitic tuff, characterized by abundant 
saussuritized plagioclase crystals. These rocks are 
grayish green, owing to much chlorite. Although 
these coarse-grained rocks do possess a foliation, it is 
much less pronounced and more irregular than in the 
finer grained rocks. 

In a few isolated outcrops and in one bed traced for 
3,000 feet, greatly elongated lithic fragments attest to 
the accumulation of at least minor amounts of coarse 
material in the Chaparral volcanics. In one exposure, 
the fragments formed a lineation that plunges north
eastward at 60°. Intense shearing, accompanied by 
recrystallization, has generally obliterated the original 
lithologic composition of the fragments, but in one 
locality the fragments appear to be porphyritic an
desite. 

The fine-grained, fissile andesitic tuffaceous rock is 
characterized by the assemblage, chlorite-sericite-albite
epidote-quartz, and the coarser grained, more massive 
andesitic tuff by the assemblage, chlorite-albite-epidote. 
The textures are dominantly metamorphic, and are typ
ical of foliated, low-grade metamorphic rocks. 

The rhyolitic tuffaceous rock is a fine-grained finely 
laminated, fissile phyllite that ranges in lithologic com
position from a relatively pure rhyolitic rock to a mixed 
rhyolitic and andesitic rock. It is yellowish gray to 
very light gray, and locally, where sufficiently chloritic, 
has a greenish cast. Quartz, orthoclase, microcline, 
and a,lbite are the only truly megascopic miner!ltlsl Qut 

the luster or sheen on cleavage flakes obviously indi- J 

c,ates sericite. In thin section, the micro-granular ma
trix is sericite, quartz, some potash feldspar, and a little 
albite. 

Some of the more massive beds range in color from 
pale red to yellowish gray, and contain megascopic 
quartz and feldspar. The matrix is mainly quartz and 
orthoclase. 

The mixed rhyolitic-andesitic rocks, many of which 
are finely laminated, are greenish gray to dark gray 
and contain variable amounts of epidote, actinolite, and 
biotite, or chlorite, together with quartz, potash feld
spar, albite, and sericite. The three types ' are grada
tional, even on a microscopic scale: 

• 
GnmEN GULCH VOLCANICS 

Distribution 

The Green Gulch volcanics, named' here for good ex
posures along Green Gulch in the southeastern part of 
the Prescott quadrangle, forms a triangular-shaped 
mass in the extreme southwest corner of the Jerome area 
(pI. 1). This volcanic formation is bounded on the east 
by the Chaparral fault; on the west, it extends beyond 
the map area; and to the north is covered by Cenozoic 
rocks of Lonesome Valley. On the regional geologic 
map of the .Terome area (pI. 1), the Green Gulch vol
canics is not subdiVIded, althou'gh work currently in 
progress by M. H. Krieger for the Survey will result in 
at least a twofold lithologic subdivision that consists of 
a basaltic or andesitic flow unit and of a tuffaceous unit 
of variable composition. The flow unit lies east of the 
tuff. 

Thickness and su'attgraphlc relationship 

The thickness of the Green Gulch volcanics is not 
known because neither the top not the bottom of the 
formation is exposed. The outcrop width is about 
10,500 feet, but the attitude revealed hy the direction 
that beds face indicates at least several folds of uncer
tain magnitude so that the outcrop width is greater 
than the stratigraphic thickness. Small intrusive dikes 
and lenses of gabbro, diabase, and alaskite further in
crease the outcrop widths throughout the stratigraphic 
thickness; in the basaltic unit, however, the proportion 
of intrusive material is believed small. 

The stratigraphic relationship of the formation could 
not be determined as the formation is bounded on the 
southeast by the Chaparral fault ' and on the west by 
intrusive rocks, chiefly gabbro and alaskite. Locally, 
breccia, crystal tuff, and rhyolitic tuffaceous beds in the 
Green Gulch volcanics ,somewhat resemble the Spud 
Mountain volcanics. The basaltic flows, however, more 
closely resemble those in the Iron King volcanics, which 
9v~r!i~ the Spwl MQuntain volcanics. Despite the local 
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similarities, .the lithology of the Green Gulch volcanics 
is not sufficiently like that of any other formation to per
mit a correlation. Until such time, therefore, that the 
Green Gulch volcanics is found in depositional contact 
with other units, its stratigraphic position. will remain 
unknown and the unit should be given formational rank. 

Lithology and Internal structure 

The Green Gulch volcanics comprises basaltic and an
desitic flows and sedimentary tuffaceous rocks of vari
able composition. Most of the flows are medium to dark 
~gray with a greenish cast. The exposures in the north
eastern outcrops appear somewhat darker than those in 
the southwest, possibly owing to more abundant meta
morphic hornblende. Chloritic rocks, which generally 
have a pronounced foliation, are grayish green. Locally 
in the flo~s, relict pillow and breccia structures, amyg
dules, vesIcles, and bedding are preserved, and are well 
exposed in the larger gulches; pillow structures were 
only recognized in Green Gulch and the next gulch to 
the south (pI. 1, indicated by symbol). Vesicles and 
amygdules of quartz and quartz-epidote are more abun
dant and widespread than the pillow lavas. Locally, 
calcite-filled vesiclelike structures occur, but whether 
these are true vesicles or the result of metamorphism 
was not determined. Relict bedding and draO' folds ~re 
pre~erved in tuffaceous interbeds separating

b 

the flows 
and breccia. 

Fragments of rhyolite and andesite or basalt form 
the breccia structure. They are stretched like the pillow 
lavas; lengths of some fragments exceed widths by as 
much as 10 times. 

Small saussuritized plagioclase phenocrysts and por
phyroblasts or aggregates of hornblende are the most 
abundant megascopic minerals in flows. Locally chlo
rite also can be recognized. Relict felty (pilotaxitic) 
texture was recognized in thin section "from one .flow 
but metamorphism has obliterated most original tex~ 
tures, and transformed the flows into schist. 

Two mineral assemblages were recognized from the 
flows: actinolitic hornblende-albite-epidote, and horn
blende-oligoclase-epidote. Brown biotite, sphene, and 
apati~e are associated with this latter assemblage, and 
chlOrite and carbonate with the former, where the rocks 
have been more highly sheared. 

No analyses of the flows have be·en made, but the 
predominance of mafic constituents and the lack of pro
nounced porphyritic textures in the outcrops where 
relict textures are preserved, lead us to believe that the 
flows are basaltic in composition rather than andesitic. 

The tuffaceous rocks range in composition from 
rhyolitic to basaltic. The most characteristic rock 
ranges in color, from greenish black to greenish gray 
or dark to light ol~ve gray and has a characteristic sheen 

on cleavage surfaces due to sericite and variable 
amotint~ of admixed chlorite. Fine-grained; dark-gray 
siliceous rocks that weather to a light pinkish-gray,and 
lesser amounts of light-gray porcelaneous s~ate are also 
present. 

The tuffaceous rocks range from finely laminated 
phyllite to more massive and locally coarser grained 
rocks. A few lithic pebbles, mostly of rhyolite, are lo
cally present. Relict bedding and drag folds are ap
pare:r:t in water worn outcrops along Green Gulch,but 
not . m weathered outcrops on the adjacent ridges. 
Small phenocrysts of feldspar and (or) quartz are 
sparsely to abundantly distributed throughout the rock. 
Thin sections of the tuffaceous rock in Green Gulch re
veal small grains of saussuritized plagioclase and locally 
quartz and albite in a matrix composed of quartz and 
variable amounts of sericite, chlori,te, brownish biotite . . ' magnetite, mmerals of the epidote group, and sphene. 
Porcelaneous slate and rhyolitic tuffaceous rocks con
tain a few scattered fragments of albite and quartz 
crystals in a matrix composed· of quartz and alkalic 
feldspap including minor amounts of sericite epidote , , 
and locally biotite. Magnetite is generally present and 
locally it is abundant. 

ORIGIN OF YAVAl'AI SERIES , 
The rocks of the Yavapai series are in large part 

normal products of volcanic eruptions, such as lava 
flows, flow breccia, and agglomerates. Pillow lavas are 
present in nearly all the basaltic-andesitic flow units. 
A submarine origin for pillow lavas is commonly as
sumed because of the association of many Paleozoic 
and youn~er pillow lavas with ·marine sedimentary 
rocks, partICularly radiolarian chert. However, Fuller 
(1931) has described excellent pillow structures from 
the Tertiary basalts of the Columbia Plateau that 
formed by outpouring of lava into lakes. Tyrrell 
(1929, p. 38) has suggested that extrusion into soft 
water-soaked sediments, beneath. ice sheets, or into rain
soaked air,. may induce sufficiently rapid cooling to pro
duce the pIllow structure. No evidence of glacial con
ditions was found in any of the formations in the Yava
pai series, and this possibility cannot be considered 
seriously in the ' absence of any supporting evidence. 
However, it cannot be denied that subaerial eruptions 
of the pillow lavas are a possibility. 

The agglomeratic deposits apparently represent vol
canic ejecta erupted from nearby sources. The lack of 
bedding in most of these deposits might be used as evi
dence of subaerial eruptions, for if these ejectamenta 
were deposited subaqueously, current action might re
distribute them into stratified beds, unless they were 
quickly buried by succeeding lava flows. . 

, -
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Volcanic breccia beds can form as a product of vol
canic eruptions or by transportation of volcanic debris 
by water or mudflows (Anderson, 1933, p. 246). The 
association of many of the breccia beds with interbeds 
of sandy tuffaceous rock indicates that the breccia 
largely results from water transportation of coarse vol
canic debris. The rocks do not contain evidence which 
indicates the environment Qf deposition. It cannot be 
denied that some of the br~c6ia may have formed by 
volcanic eruptions that broke up older lava flows and 
redistributed the fragments near volcanic vents. 

The bedded tuffaceous rocks so common in the Alder 
and Ash Creek groups may represent subaerial rework
ing of debris derived from the flow rocks and deposited 
along flood plains or in lakes. Conversely it must be 
admitted that marine fossils are found in similar bedd~d 
tuffaceous rocks of Paleozoic .or younger age (Heyl, 
1948, p. 17). 

The.origin of bedded chert is an unsolved .problem; 
some believe that the process is diagenetic, and that 
silica derived from siliceous organisms (Bramlette, 
1946) or from volcanic ash (Rubey, 1929), is added to 
shale. The others suggest that the bedded cherts are 
formed by direct precipitation of silica (Davis, 1918) 
of magmatic source related to contemporaneous volcan
ism (Taliaferro, 1933). Because many bedded cherts 
are radiolarian-bearing or associated with marine di
atoms, the assumption is made that the chert beds are 
of marine origin, but as marine fossils are absent from 
the Precambrian bedded chert of the Grapevine Gulch 
formation, it may be equally possible that these chert 
beds are of lacustrine origin. The origin of iron for
mation, now represented in the Grapevine Gulch forma-

. tion by the jasper-magnetite beds, presents the same 
unsolved problem. 

Only the Texas Gulch formation in the Alder group 
contains sedimentary rock that in part is clearly 
terrigenous, as shown by the non volcanic character of 
some pebbles and cobbles in the interbedded con
glomerate. The purple slate appears to represent a 
normal terrigenous shale, and the intercalated limestone 
·probably represents chemical precipitation in quiet 
water. Even 'though terrigenous material was added 
with rhyolitic debris to the basin where the Texas Gulch 
formation accumulated, this evidence does not indi
cate anything relating to the environment of deposition. 
Minor amounts of similar slate, limestone, and inter
bedded conglomerate in the Spud Mountain volcanics 
indicate intermittent supply of terrigenous material 
during the time volcanic material was the main type 
of sediment. 

In summary, the rocks of the Yavapai series do not 
contain diagnostic evidence. on thei~ envIronment of 

deposition. They may represent nonmarine accumu
lation of lava flows, pyroclastic ejecta, reworked .vol
canic debris, and terrigenous sediment deposited on 
broad flood plains or in lakes or ' both. Some of the 
rocks may be nonmarine, and some may be marine. 
And it is equally possible that the entire sequence is 
marine, as the pillow lavas, bedded chert, and jasper: 
magnetite beds possibly suggest. . . 

INTRUSIVE ROCKS 

INTRUSIVE RHYOLITE 

DIstrIbutIon and relatIon to other rocks 

The intrusive rhyolite intrudes only the eastern mass 
of the andesitic breccia unit of the Spud Mountain vol
canics south of 1,285,000 N. It forms five separate 
masses, but other masses may occur in the same general 
area. Hydrothermal alteration of the andesitic breccia 
adjacent to the quartz diorite locally resulted in irregu.
lar-shaped masses that megascopically appear so simi
lar to the intrusive rhyolite that we could not every
where distinguish between the two. 

The irregular outlines of the intrusive rhyolite
particularly of the largest mass-implies an intrusive 
origin. The structure of the andesitic breccia near the 
largest mass of intrusive rhyolite is essentially homo
clinal, so that the many divergent prongs of. rhyolite 
forming the mass must have originated through in
trusion. The age of the intrusive rhyolite relative in 
the other intrusive rocks is unknown. 

General characters 

The intrusive rhyolite is light, commonly cream or 
white. It consists of a few phenocrysts of quartz and 
plagioclase set in a felsitic groundmass. Secondary 
veinlets and disseminated grains . of pyrite-both 
oxidized"':"mark most of the outcrops with str~aks and 
patches of brick-red iron stain. Commonly the in
trusive rhyolite has a poor cleavage that cannot be re
lated to the orientation of any minerals. 

Thin sections reveal relict phenocrysts of quartz and 
euhedral albite in a microcrystalline groundmass. A 
little chlorite in irregular masses and sericite, liberally 
sprinkled throughout, are the only other constituents. 
The albite has remarkably perfect crystal outlines, in 
complete crystals and in parts of crystals. Several crys
tals of albite have cores of groundmass material. The 
quartz phenocrysts have irregular shapes, and one has 
smooth indentations, characteristic of resorption. The 
groundmass consists of a microcrystalline aggregate 
whose undulatory extinction suggests divitrified glass. 
The sericite appears to replace chlorite, penetrate 
quartz, .and rim the albite phenocrysts. Sericite is prob
ably secondary and· related to the pyritization. ..' (" . 
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QUARTZ PORPHYRY 
Distribution 

Most of the quartz porphyry intrusive bodies crop out 
in the belt of Precambrian rocks on the east side of 
Mingus Mountain, extending northward from Oak 
Wash to Jerome. Three large and several small bodies 
are in the Ash Creek drainage area, south of Mingus 
Mountain. East of Humboldt, a large body of quartz 
porphyry appears east of the Shylock fault, and several 
small bodies . lie to the west, and one small mass is ex
posed south of Humboldt. Eastward- and northeast
ward-trending dikes of quartz porphyry are in the 
drainage area of Black Canyon and east of Mingus 
. Mountain, south of Oak Wash. 

Because of excellent exposures on Cleopatra Hill near 
Jerome, the term "Cleopatra quartz porphyry" (Fear
ing, 1926, p. 758; Reber, 1938, p. 61)-, has been used for 
this rock, although Lindgren (1~26, p. 57) referred to 
the rock as rhyolite porphyry. In this report the term 
"quartz porphyry" will be used. 

At the south margin of the exposures of Texas Gulch 
formation (pI. 1, 1,265,000 N.; 415,000 E.), a mass of 
feldspar porphyry of unknown size has been included 
with the quartz porphyry. Not enough information is 
available to justify this assignment, but it was deemed 
inadvisable to add another cartographic unit for a rock 
of such limited extent. 
. Rel.atiton _to otber' rocks 

The quartz porphyry intr~de's both the Alder and 
Ash Creek groups. South of Humboldt, the quartz por
phyry intrudes. andesitie tuffaceous rock of the Iron 
King volcanics and, to the southeast of Humboldt, an
desitic breccia of the Spud Mountain volcanics. South 
of Mingus Mountain, the quartz porphyry intrudes 
the Grapevine Gulch formation, Deception rhyolite, 
Brindle Pup andesite, and the dacite of Burnt Canyon. 
East of Mingus Mountain, the porphyry intrudes the 
Buzzard and Deception rhyolite, and Shea basalt, and 
at the United Verde mine, the Grapevine Gulch forma
tion. The eastward-trending dikes of porphyry intrude 
the Gaddes basalt, Buzzard and Deception rhyolite, and 
Shea basalt. 

South of Mingus Mountain, the gabbro intrudes the 
quartz porphyry. This relationship is brought out 
clearly at 1,319,500 N., 425,500 E.; 1,307,000 N., 437,000 
E.; and 1,308,000 N., 433,500 E., where dikes of gabbro 
cut through the quartz porphyry (pl. 1). This rela
tionship is important to the local history at the United 
Verde mine, for no dikes 0.£ gabbro have been found to 
cut the ad1acent quartz porphyry in the mine and a 
screen of tuffaceous sedimentary rocks of the ·Grapevine 
Gulch formation partly separates the two intrusive 
rocks. However, the quartz porphyry is highly foliated 

(N. 20° W.) in and near the United Verde mine and the 
gabbro is massive, except at its contact where locally a 
narrow foliated zone is parallel to the margin (N.30° 
E.). On the west side of the gabbro mass (pI. 5,350 N.; 
1,150 W.) highly foliated quartz porphyry is present, 
indicating that the regional foliation (N. 20° W.) was 
developed in the quartz porphyry before the intrusion 
of the gabbro and proving that here also the quartz 
porphyry is older than the gabbro. 

South of Black Canyon, one of the quartz porphyry 
dikes is cut off by the quartz diorite, proving that the 
widespread quartz diorite is younger than the quartz 
porphyry . 

Possibly two periods of quartz porphyry intrusions 
are represented in the Mingus Mountain quadrangle; 
the eastward-trending dikes may be younger than the 
larger intrusive masses of porphyry. Evidence.:for this 
possibility is present in the United Verde mine pit and 
undergrotmd where the fine"grained tuffaceous and 
cherty beds of the Gra.peviM Gulch formation are 
folded into small northward plunging anticlines and 
synclines from 2 to 20 feet across. Sills of quartz 
porphyry, from 1 to 2 inches thick, are concordant to 
folded beds, and offshoots locally cut across the folds. 
In one exposure underground in the mine, a fold 1 foot 
wide is clearly cut off by quartz porphyry, indicating 
that the quartz porphyry was intruded after the forma
tion of that particular fold . 

In the United Verde pit, excellent exposures reveal 
.that the foliation in the folded Grapevine Gulch forma
tion parallels the axial planes of the folds (axial-plane 
foliation) and the equally well-defined foliation in the 
adjacent quartz porphyry is parallel to the same plane. 
This geometric relationship indicates that the foliation 
in both the sedimentary rocks and quartz porphyry 
formed during the folding. The cross-cutting relation
ship of dikes to minor folds indicates therefore that the 
intrusion took place at the time of folding, and while 
.the axial plane foliation was forming. 

In Mescal Gulch (1,358,000 N.; 440,000 E.), however, 
an eastward-trending dike of quartz porphyry clearly 
cuts across folds several hundred feet wide in the De
ception rhyolite. If the larger mass of porphyry was 
intruded during the period of folding, the dike is clearly 
younger than folding.' Because none of the eastward
trending dikes intersect any of the gabbro masses, their 
age relationship is unknown. 

The large masses of quartz porphyry are essentially 
concordant with the structure of the host rock, and 
where the host rooks are generally homoclinal, elongate 
sill-like bodies of quartz porphyry occur, such as at 
Jerome where the quartz porphyry body is 2,000 to 
3,000 feet wide and more than. 2 miles. long, conformable 
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with the adjacent Grapevine Gulch formation and De- . 
<leption rhyolite. North of Oak Wash, two bodies of 
quartz porphyry trend northeastward, essentially con
formable to the Shea basalt and Buzzard rhyolite. 
Where the host rocks are folded, the quartz porphyry 
masses generally conform to the folds, such as south of 
Mescal Gulch where the west-northwestward-plunging 
fold in the Shea basalt is reflected in the western con
tact Qf the quartz porphyry. In detail, however, the 
quartz porphyry masses crosscut all the flows and sedi
mentaFy beds along their contacts. 

South of Black Canyon, two masses of quartz por
phyry are discordant to the host rock. One mass cuts 
across the Deception rhyolite (1,324,000 N.; 439,000 E.) 
and the other cuts oft' the Brindle Pup andesite (1,320,-
000 N.; 447,000 E.). 

General characters 

The quartz porphyry is characterized by abundant 
quartz phenocryst's averaging about 2 millimeters in di
ameter. Near the United Verde mine, the quartz por
phyry is strongly foliated, and the quartz phenocrysts 
form "eyes" in a sericitic matrix. Elsewhere, most of 
the quartz porphyry contains plagioclase phenocrysts, 
from 2 to 4 millimeters long; in local areas, the feldspar 
crystals are 6 millimeters long. Some of the masses of 
quartz porphyry contain local facies in which quartz 
phenocrysts are absent, but quartz is abundant in the 
groundmass. The groundmass is finely crystalline and 
minute quartz and feldspar grains are recognizable with 
a hand lens; locally the ground~ass is microcrystalline 
and no minerals can be recognized except under a micro
scope. Most of the porphyry has a light to dark-gray 
groundmass, but local facies are green or purple. 

Microscopic studies add little to the descriptions 
given by Rice (1920, p. 62) ; the quartz phenocrysts 'are 
embayed and strained and some are shattered and re
crystallized. The plagioclase phenocrysts are albitic 
in large part, locally containing sericite, epidote, and 
calcite. In a few specimens, oligoclase remnants were 
recognized, veined and partly replaced by albite. No 
mafic phenocrysts were observed, but scarce aggregates 
of chlorite or hornblende may represent original mafic 
minerals. The groundmass consists of a microgranular 
aggregate of quartz and alkalic feldspar, and some poly
synthetic twinning indicates albite in part. The indi
vidual crystals range from 0.04 to 0.1 millimeter in 
size. Some of the . alkalic feldspar forms minute 
spherulites. Green biotite, hornblende, epidote, calcite, 
magnetite, and chlorite are common in crosscutting 
veinlets or filling spaces between the groundmass quartz 
and feldspar. Chlorite is abundant in many specimens 
from the northern exposure!'? 

Near the United Verde mine, particularly where the 
quartz porphyry has been foliated, feldspar pheno
crysts are not visible. Some thin sections show mats of 
sericite that may represent original plagioclase pheno
crysts, but in many only the original quartz pheno
crysts remain and the groundmass is an aggregate of 
microgranular quartz, sericite and chlorite streaks, 
and scattered carbonate rhombs and streaks. Presum
ably some hydrothermal alteration has occurred, par
ticularly in the formation of the chlorite-rich facies of 
foliated quartz porphyry. Mineralogically, the quartz 
porphyry near the United Verde mine is similar 'to 
the hydrothermally altered Deception rhyolite, except 
that the quartz phenocrysts are larger in the quartz 
porphyry. 

The quartz porphyry mass cutting the Buzzard rhyo
lite north of Oak Wash appears more granular in its 
southern exposures, and the rock is pale pink. Under 
the microscope, however, the texture is revealed as 
seriate, and the crystals range in diameter from 0.08 to 
2 millimeters. Quartz and alkalic feldspar are in 
micrographic intergrowths; some of the host feldspar 
is albite and some is orthoclase or twinned microcline. 
Sericite is present along fractures. Northward, the 
seriate facies grades into normal quartz porphyry ~ 

TABLE n .-Chemical analY8e8. oj quartz porphyry, in percent 

2 3 . 4 5 6 7 
------1--------------
8iO. ....... . ........ ... 74, 6 78,29 77.00 74.60 72.80 72.80 72. 36 
AI,O. ......... ......... 12.5 11. 30 10.11 10. 54 14.90 14.57 14.17 
Fe'O' . ..• _........... . . 1. 6 .•.. •. . . . .. . . . .• r. 71 . ....... .. . . .... 1. 55 
FeO .• • •..... . . . .... ... 2.0 12.98 11.78 1.87 12.84 12.86 1.01 
MnO. ....... . . ........ . 10 ._...... . •.. . . .. .•.•• .•• .... •..• . ... • ... .09 
MgO .•... • . ..•.•.•. . . • . 66 .87 .20 .58 1.80. 1.48 .52 
CaO................... 1. 2 .13 1. 42 2.09 . 90 1. 98 1.38 
K,O... . . .... . .. . .... . . 2.6 .73 1.08 1.90 2.38 . ...... . 4.56 
Na'O ...•...• . •. .••... _ a. 6 5.47 3.61 2.08 1. 26 .. ... . ... 2.85 

~!g:~== == ======== = === == :~ .... ~:~. ======== ====.==== ===== === == ====== :~ 
¥~?l~i~ii.=:~======= = ===i~~== ~~ ~~~~~~ ... :~~ .... ~~~~. ===i~i~= ===~~~~: ! ... ~~~ 
S................... . . . ....•••. .•...... 1.60 1.03 .50 .06 ._ ••••.• 
CO'e . •.• _.... .......... . ....... .34 .85 3. 35 ••••.... 1.35 ....... _ 
Cu . ..... ............... .. ".... . .01 "" "" . . . . . ..• .04 .02 . . ..... . 
Zn .......... _. .... .... . . . •• ••. . • ....•.. • ....•. . . •...... ..... . . . .04 ... ... __ 

100. 75 ..... •.... .•.•.. 100. 79 . •..... • ......•• 

I Total iron reported as FeO. 

1. Quartz porphyry north of Ash Creek (1,325,000 N .; 438,000 E .). Rapid analyslB 
by S. M . Berthold and E. A. Nygaard. • 

2. Quartz porphyry west of Copper Chief mille, apprOximate location .l,348,ooo N.; 
447,500 E. 

3. Brown quartz porphyry, HullCanyon approximate location 1,360,OOON.; 437,000 E. 
4. Gray quartz porphyry, south side of Hull Canyon near Deception rhyolitE< contaot. 

Approximate location 1,360,500 N.; 439,000 N. 
5. Typical quartz porphyry, handpicked at United Verde smelter. 
6. Quartz porphyry, 2,100 level, United Verde mille. Analyses 2, 3, 4, 5, and 6 fur· 

nlBhed through the courtesy of Phelps Dodge Corp. 
7. Average quartz porphyry (Daly, 1933, p. 9). 

The only available chemical analysis of quartz por
phyry not collected from areas of hydrothermal altera
tion is of analysis 1, table 11; it compares closely to 

·the average composition of quartz porphyry (analysis 
7), except for a higher N a20 and lower K 20 content. 
The remaining analyses are of quartz porphyry that 
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has undoubtedly been hydrothermally altered. The 
most southerly of these" analysis 2, is richer in Na20 
and poorer in K 20 than the quartz porphyry, in arid 
near the United Verde mine where sericite is an im
portant constituent. The CaO content is very low in 
analysis 2, indicating that albitization must have taken 
place; this is confirmed in part by microscopic studies 
of quartz porphyry in the region around the Copper 
Chief mine. The higher MgO content in analySes' 5 
and 6 is related to the introduction of chlorite in the 
rock, a common feature near the United Verde mine. 
The high CO2 content of analyses 4 and 6 indicates the 
presence of calcite or dolomite. The classification of 
the quartz porphyry is difficult because of the altera
tion of much of the porphyry in and near Jerome, and 
Reber's statement that the "usual composition is that 
of a normal rhyolite, often as albite rhyolite and rarely 
a dacite" (Reber, 1922, p. 13) is an excellent summary. 

A breccia facies of the quartz porphyry is exposed 
in Mescal Gulch, and it has been distinguished on plate 
1. The angular fragments in the breccia range in size 
from 1 inch to 1 foot and consist of tuffaceous sedi
mentary rock from the Grapevine Gulch formation and 
quartz porphyry and jasper. The .matrix consists of 
quartz porphyry locally flow banded. Dike offshoots 
of quartz porphyry cut adjacent less-brecciated rock. 
Screens of nonbrecciated tuffaceous sedimentary rock 
between masses of quartz porphyry breccia can be traced 
for several hundred feet. 

West of the main breccia mass, the quartz porphyry 
is generally massive but swirls of flow-banded porphyry 
crop out locally. The west margin of the quartz por
phyry body in Mescal Gulch is less intensely brecciated, 
and the fragments are dominantly of quartz porphyry 
in a quartz porphyry matrix. The western breccia 
facies grades into the massive facies. 

Similar but smaller breccia masses of quartz por
phyry are exposed in Hull Canyon along the west mar
gin of the quartz porphyry. Here, the fragments are 
composed largely of quartz porphyry in a quartz por
phyry matrix and the fragments average from 3 to 4 
inches in length. In some outcrops the fragments are 
oriented, the long axes strike north and plunge 80 0 

E., whereas in other outcrops, the fragments are not 
oriented. An inclusion of tuffaceous sedimentary rock, 
2 feet wide and 10 feet long, is in the breccia and is 
injected locally by breccia dikes. The matrix of some 
of the breccia is reddish purple as are some of the tuff 
beds. Thin sections reveal that the pigment is finely 
divided hematite. 

Breccia with foreign as well as <],uartz porphyry frag-' 
ments occurs in the quartz porphyry mass near the Cop
per Chief mine, east .of Mingus Mounta.i~. ·· Along the 

margins of some of the masses of quartz porphyry in the 
Ash Creek drainage area, chilled border facies are lo
cally broken and cemented by quartz porphyry. 
. Presumably the breccia facies was formed by the 
shattering of the wall rocks and early consolidated 
border zone of the quartz porphyry by later intrusions 
of quartz porphyry. If this is the proper explanation, 
probably there were several periods of intrusions and 
some quartz porphyry masses may be products of mul
tiple intrusion. 

GABBRO 
Distrlbutlo~ 

Gabbro, diorite, diorite porphyry, pyroxenite, and 
diabase are present as intrusive bodies in most exposures 
of the Yavapai series. Most of these mafic rocks are 
probably gabbro, and all have been indicated as gabbro 
on the geologic map (pI. 1). In terms of ore control, 
the most important mass of gabbro is exposed at Jerome, 
cropping out west of the United Verde mine. Pyrox
enite is exposed only north of Blowout Wash on the east 
side of Mingus Mountain (1,355,000 N.; 448,500 E.). 
The masses of gabbro on the east side of Mingus Moun
tain are small, but south of Mingus Mountain, large 
bodies of gabbro occur. Similar gabbro crops out in 
Lonesome Valley in the northwest quadrant of the 
Mingus Mountain quadrangle, and smaller bodies are 
exposed east and west of Dewey in the southwestern 
corner of the mapped area (pI. 1). 

The term "United Verde diorite" was given by Reber 
(1922, p. 14) to the gabbro exposed at Jerome, but in 
this report, the term "gabbro" will be used to include all 
the gabbroic and related rocks exposed in the Jerome 
area. 

Relation to other rocks 

The gabbroic rocks intrude most of the formations of 
the Alder and Ash Creek groups, proving that the 
gabbroic rocks are younger than the Yavapai series. 
The gabbro is YQunger than the quartz porphyry, as de
scribed earlier. Quartz diorite dikes cut the gabbro 
west of Ash Creek, proving that the quartz diorite is 
younger. 

The gabbroic bodies generally are essentially con
cordant to the structure of the host rocks, and the arcu
ate form of several masses of gabbro south of Mingus 
Mountain reflect the trough of the plunging major 
syncline in that region. In detail, however, they cross
cut the bedded rocks, and the form of the mass of 
gabbro at Jerome is irregular as discussed in the SeC
tion on the geology of the United Verde mine, page 104. 

West of Spud Mountain in the Prescott quadrangle, 
some gabbro is essentially parallel to the northward
trending Green Gulch volcanics but the dikelike masses 
of gabbro have a northeast trend, parallel to the Chap-
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arral and Spud faults. Renewed' movement on these' 
Iau1tiq>rodijced a nortlieastward-trending foliation in 
.some,of the gabbro. 

Diabase dikes, from 50 to 100 feet wide, are spatially 
associated with some of the larger masses of gabbro, 
particularly those in Lonesome Valley. The dikes cut 
the gabbro as well as the Yavapai series, but because of 
the close spatial relalionship and mineralogic similarity 
to the gabbro, the diabase is presumably related geneti-
caJly to the gabbro. ",. 

Genera.l cha.racters 

The gabbro is a dark gx.anular rock containing horn
blende and saussuritized plagioclase. The ratio of 
hornblende to feldspar is variable and the rocks of low 
hornblende-content are termed diorite. The diorite 
porphyry contains phenocrysts of saussuritized plagio
clase and hornblende embedded in a fine-grained 
gl'oundmass of feldspar and hornblende. The contacts 
between diorite porphyry, diorite, and gabbro are 
gradational and some of the larger masses contain all 
three facies. Diorite porphyry generally is present at 
the margins of the larger masses or in small masses and 
dikes, but there are also many dikes of granular diorite 
and gabbro. . 

The grain size is variable; soIrte coarse-grained facies 
contain crystals ranging from 5 to 10 millimeters in 
length, but generally most of the granular rocks are 
medium grained, the crystals range from 3 to 5 milli-
meters in length. ' 

All the gabbroic rocks are metamorphosed, and per
haps should be termed metadiorite, metagabbro, and 
metadiorite porphyry, but the original igneous textures 
are preserved and t4e extent of recrystallization is re
vealed only by microscopic study . . A few relict augite 
grains were recognized in scattered samples, but augite 
generally is replaced by a~phibole or chlorite. The 
amphibole is variable; it ranges in composition from 
fibrous green actinolitic amphibole, to needles and 
coarse crystals 'of bluish-green amphibole, to coarse 
crystals of greenish-brown amphibole (hornblende). 
The brow.nish varieties of amphibole are limited to out
crops of gabbro near the quartz . diorite, and probably 
represent some thermal metamorphic effect. Actino
litic hornblende is mote common in the masses of gab
broic rocks' west of the Shylock fault, but it is present 
in the gabbroic mass west of the United Verde mine, 
subordinate to chlorite. 

The plagioclase is altered to saussurite, a granular 
aggregate of clinozoisite and zoisite, containing rims or 
inclusions of albitic plagioclase, and scarce sericite. 
Locally, remnants of andesine or labradorite were ob
served. Calcite is a .common associate with zoisite in 

the altered plagioclase of the gabbro at the United Verde 
mine. 

Ilmenite ( ~) is common in triangular networks in 
many specimens of the gabbro, but in chlorite-rich 
facies, leucoxene takes its place. Coarse apatite crys
tals are common in all specimens. Veinlets and aggre
gates of epidote are in many of the thin sections. 

Quartz. grains , interstitial to the altered .feldspar 
and hornblende are-common in most of the rocks con
taining a moderate amount of mafic minerals, but in. 
the mafic-rich facies, quartz is ·absent. Some of the 
quartz may be primary, but much of it may be a product 
of metamorphism. 

The diorite porphyry shows the same variation in 
mineral composition as the granular gabbro, and some 
relict augite phenocrysts partly altered to chlorite were 
noted . in thin sections under the microscope. The 
groundmass is finely crystalline, composed of albitic 

. plagioclase, quartz, and greenish-blue hornblende in 
some specimens, and of , andesine, chlorite, and mag
netite in other specimens. The plagioclase pheno
crysts are altered to clinozoisite and zoisite, associated 
with albitic feldspar. 

The diabase has a relict diabasic texture recogniz
able on weathered outcrops and in thin section. The 
euhedral plagioclase is changed to granular clinoboisite 
and zoisite rimmed by albite and embedded in clots 
of amphibole crystals. 

The pyroxenite mass east of Mingus Mountain con
sists of granular augite crystals, from 5 to 10 milli
meters long, separating a few interstitial saussuritized 
plagioclase crystals. In thin section, the pale augite 
( diallage ~) is rimmed by brownish to bluish-green 
hornblende and chlorite. Nests of chlorite and epidote 
are present. The zoisite aggregates formed from origi
nal plagioclase comprise less than 10 percent of the 
rock. 

Six complete and one partial chemical analyses are 
available of the gabbroic rocks (table 12) ; five of the 
six complete analyses are of the gabbro exposed at 
Jerome, the United Verde diorite of Reber (1922, p. 
14). The average of the six complete analyses com
pares closely with the average analysis of 41 gabbro 
analyses compiled by Daly. The average of 70 diorite 
analyses, cbmpiled by Daly, is given for comparison. 
The exact chemical and mineral composition of the 
original rock is in doubt because of the alteration, but 
the ubiquitous development of zoisite and clinozoisite 
and limited · amount of albitic feldspar in the pseu
domorphsof original plagioclase feldspar indicate that 
the original plagioclase, must have been of the calcic 
variety, bytownite or anorthite, additional proof of the 
gabbroic character of most of these rocks. However, 
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TABLE 12.-Chemical analyses of gabbro, in percent 

1 Fe,O. calculated as FeO. 
1. West of Yava Wash, Bradshaw Mountains quadrangle, G. Steiger, analyst. 

From Jaggar, T. A., and PaJache, Charles (1005, p. 4). On Mayer quadrangle (1949 
edltion), Yava Wash Is labeled "Yarber Wash." 

2. United Verde mine. Analyst, W. O. Hamilton. 
3. United Verde mine 500 level. Analyst, W. O. Hamllton. 
• . United Verde mine 1,500 level. Analyst, W. O. Hamllton. 
5. Un1ted Verde mine 2,100 level. Analyst, W. o. Hamilton. 

some of the facies containing limited amounts of mafic 
minerals may have been dioritic, though it is impossible 
to postulate the composition of the original feldspar. 

QUARTZ DIORITE 

Name and distribution· 

Quartz diorite crops out throughout much of the 
southern half of the Mingus Mountain quadrangle, 
where it forms large erosional mounds that interrupt 
the usdal drab gray cover of chaparraL Smaller bodies 
are exposed west of the Iron King mine in the Prescott 
and Mount Union quadrangles (pI. 1) _ Lindgren 
(1926, p. 16) called the plutonic rock in the Mingus 
Mountain quadrangle granite, and correlated it with 
the Bradshaw granite, the term given by Jaggar and 
Palache (1905) for most of the plutonic rock in the 
Bradshaw Mountains quadrangle. Work currently 
done by M. H. Krieger in the Prescott quadrangle shows 
that the Bradshaw granite is a complex of diverse petro
graphic types, and that true granite is rare. In a broad 
sense, the quartz diorite in the Jerome area belongs to 
the Bradshaw granite but in this report, the term will 
not be used, and the more precise nomenclature of quartz 
diorite is adopted. 

The west margin of the quartz diorite in the Mingus 
Mountain quadrangle is essentially the Shylock fault, 
although some small bodies of quartz diorite appear to 
the west of the fault. The most northerly of these 
bodies is a narrow strip, about 2,500 feet long, exposed 
north ofthe Jerome highway (1,340,000 N.; 415,500 E.). 

6. United Verde mine 3,000 level. Analyst, W. O. Hamllton. 
7. Surface of United Verde mine; average sample of coarse·, medium·, and tine

grained facies collected by L. E. Reber, Jr. Analyst, J. A. Handy. Analyses 2-7, 
furnished through courtesy of Phelps Dodge Corp. 

S. Average of analyses 1-6. 
9. Average of 41 gabbro analyses from Daly (1933, p. 17) . 
10. Average of 70 dlorlte analyses from Daly (1933, p. 16). 

The largest of these separate blocks is south of the 
Jerome highway (1,327,000 N.; 418,000 E.). The small
est body is about a mile west of the Shylock fault 
(1,320,500 N.; 414,000 E.) where the northern and 
southern extensions are covered by Quaternary gravel. 
The most southerly exposure of quartz diorite is east of 
the Shylock fault, and separated from the main mass by 
older gabbro (pI. 1). 

The quartz diorite in the Mingus Mountain quad
rangle is partly separated by a southeastward-trending 
prong of Ash Creek group and intrusive gabbro, and the 
eastern part of the quartz diorite includes the basin 
surrounding the village of Cherry. The Verde fault 
marks the east margin and along the southern border 
of the quadrangle, the quartz diorite is largely covered 
by the Tertiary Hickey formation. 

In the western part, the quartz diorite is deeply 
weathered to a sandy aggregate beneath the Tertiary 
sedimentary rocks and in the areas between the Hickey 
outcrops. Presumably this weathering Qccurred before 
the deposition of the Hickey, for in the areas of present 
erosion away from the Hickey exposures bold outcrops 
weather from the quartz diorite. 

Two outlying masses of quartz diorite are exposed in 
the Mingus Mountain quadrangle, north and northwest 
of the eastern part of the quartz diorite mass. The 
larger mass is in Ward Pocket, on the south wall of 
Black Canyon (1,325,000 N.; 450,000 E.) and the 
smaller mass, only 600 feet in its longest dimension, is 
more than 21h miles from the main body of quartz 
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diorite. This small mass is exposed in one of the tribu
taries to Ash Creek (1,317,800 N.; 435,500 E.). 

West of the Iron King mine, the most southerly ex
posure of quartz diorite is shown in the southwest corner 
of plate 1, and only the northern tip of this. body has 
been mapped. A band of quartz diorite, more than 3 
miles long and 1,500 feet maximum width, is exposed in 
the Prescott quadrangle between the Chaparral and 
Spud faults. A narrow strip of quartz diorite is present 
along the Spud fault and this strip almost connects with 
the larger southern body. 

Relation to other rocks 

The quartz diorite is the youngest of the Precambrian 
major intrusive bodies exposed in the Jerome area. 
Apophyses of quartz diorite intrude the Ash Creek 
group, and the Ash Creek rocks adjacent to the quartz 
diorite are metamorphosed to hornfels. Southwest of 
the Iron King mine, apophyses of quartz diorite intrude 
the breccia facies of the Spud Mountain volcanics, and 
prove that the plutonic rock is intrusive into the Alder , 
group. Along the Shylock fault, however, the quartz 
diorite is in fault contact with the Alder group; the 
small bodies of quartz diorite west of this fault are also 
in fault relationship to the Alder group. 

The quartz diorite is in contact with quartz porphyry 
east of th~ Shylock fault along the southern margin of 
the Mingus Mountain quadrang.le (near 420,000 E.), 
but both rocks are altered and no diagnostic evidence 
was found as to their age relationship. In the most 
northerly expo'sures of quartz diorite, west of the Verde 
fault, an eastward~trending dike of quartz porphyry is 
clearlY "cut off by the yOimger quartz diorite (pI. 1, 
1,325,700 N.; 455,800 E.). ' 

Several gabbro bodies are in contact with the quartz 
diorite, but in most places the contact is sharp and 
straight, and not conclusive as to age rel~tionship. 
However, 'One small body of gabbro, west of Ash Creek 
(pI. 1, 1,300,800 N.; 437,0-00 E.) clearly contains 
apophyses of quartz diorite, proving the younger age of 
the latter rock. In addition, the widespread distribu
tion of gabbro throughout the Ash Creek terrane and 
absence in the quartz diorite, terrane, strongly suggests 
that the gabbro is older. The elongate body of gabbro 
cut off by quartz diorite (1,292,000 N.; 447,000 E.) has 
a pattern that also suggests a later age of the quartz 
diorite. The available evidence practically proves that 
the quartz diorite is younger than the gabbro. . 

The dike swarms of granodiorite porphyry in the 
Mingus Mountain quadrangle clearly cut the quartz 
diorite. • , 

The contact of the quartz diorite and Ash Creek 
group from the Shylock fault (1,316,700 N.; 419,200 E.) 
southeastward is essentially parallel to the strike of the 

Ash Creek group and the Tex syncline. Northward 
from 1,292,000 N.; 447,700 E., this contact largely trans
gresses the structure of the group except at the north 
where the contact is again almost parallel to its strike. 
This broad relationship indicates that the foldin:g in 
the Ash Creek group preceded the intrusion of the 
quartz diorite, a conclusion substantiated by the evi
dence that the older quartz porphyry was intruded 
during the period of major folding. 

The quartz diorite west and southwest of the Iron 
King mine occurs as elongated blocks parallel to the 
Chaparral and Spud faults. To account for the dike
like masses of quartz diorite along the faults, either 
intrusion during deformation, or fault slivers are re
quired. 

In the northeastern part of the quartz diorite terrane, 
the Tapeats sandstone ( n and Martin limeStone rest 
upon an eroded surface carved from the quartz diorite, 
proving on stratigraphic evidence that the quartz dio
rite is older than the Devonian. H. W. Jaffe of the 
U. S. Geological Survey (written communication, 1954) 
has determined the age of zircon from the quartz dio
rite, using the Larsen method, as 1,050 million years. 
The quartz diorite was collected east of the bridge where 
the Cherry Creek road crosses Ash Creek. This age de
termination of the zircon proves that the quartz diorite 
is Precambrian. Jaffe (written communication, 1954) 
determined the age of zircon from granodiorite, south 
of Prescott, as 910 million years. The granodiorite is 
one of the intrusive bodies that makes up the complex 
of Bradshaw granite. 

The Tertiary lava flows and sedimentary rocks were , 
deposited on an irregular erosional surface cut in the 
quartz diorite; ' the valleys were filled first. 

General characters 

Mingus Mountain quad1'angle.~The quartz diorite is 
essentially a massive rock containing very few inclu
sions of foreign material. Most of the observed inclu
sions are equidimensional and average between 3 and 4 
inches in diameter. Locally, ' a few as large as 1 foot 
across are present. Where hornblende is a major con
stituent, a crude orientation of the hornblende prisms 
can be measured; in large' part this orientation pro
duced a planar structure, ' and in part it is linear. In 
some exposures, the biotite crystals also show a crude 
alinement, and in others, the sporadi~ inclusions are 
alined parallel to the observed orientation of the horn
blende. In many exposures, no positive orientatioIJ. 
could be determined. Measurements of the observed 
orienta.tion are plotted on plate 1, and this structure is 
interpreted to be due to magmatic flow. 

Flow structure generally is more common in the west
ern part of the quartz diorite ,body in the Mingus Moun, 
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tain quadrangle. This may be due either to better ex
posures, or to larger ' hornblende crystals. Adj acent to 
the Shylock fault, the orientation is commonly north
west, essentially parallel to the northeastward-trending 
contact with the Ash Creek group, but near the end of 
the prong of older quartz diorite rock, northeast trends 
are present in the flow structure. In the eastern part of 
the quartz diorite, fewer observations of flow structure 
could be made; thesE), however, also largely trend north-

. westward, except east of Cherry near the Verde fault, 
where northeast trends are dominant. Along the west
ern contact of this eastern part of the quartz diorite, a 
few north trends of flow structure may be related to 
the northward-trending quartz diorite contact. 

The quartz diorite in the western part of the quad
rangle is coarser grained and contains a higher content 
of orthoclase than the quartz diorite in the eastern part. 
The western facies has a seriate texture and the average 
grain si~e of the rock ranges from 3 to 4 millimeters. 
Scattered stout hornblende prisms commonly are 8 to 
10 millimeters long and the associated plagioclase crys
tals range from 4 to 5 millimeters in length. Most of 
the hornblende, plagioclase, and biotite crystals in the 
rock are about the average grain size. The quartz 
grains are smaller, ranging from 1 to 2 mill~eters 
across. 

Microscopic studies of the western facies reveal that 
the plagioclase is zoned; most of the plagioclase ranges 
in composition from andesine to sodic labradorite and 
the rims are albitic. In many specimens, the calcic 
core has been altered to saussurite, an aggregate of 
clinozoisite, epidote, sericite, and calcite, separated by 
an albitic base. Orthoclase in part forms large poiki
litic crystals, containing all the other minerals as in
clusions; much of the orthoclase is interstitial. Myrme
kite occurs at the margins of some plagioclase where it 
is in contact with orthoclase. The hornblende is pleo
chroic in shades of green to yellowish brown. Biotite 
in part is altered to chlorite. Quartz occurs commonly 
as an interlocking aggregate of granules. Accessory 
minerals include magnetite and apatite, closely associ
ated with the mafic minerals. Sphene is erratically dis
tributed. Epidote is a common secondary mineral, 
flooding some specimens or appearing as veinlets. The 
modal composition of the western facies is given in 
table 13, showing that the rock is quartz-biotite
hornblende diorite. 

In the eastern facies, the texture of the quartz diorite 
is also seriate. The larger slender hornblende and some 
plagioclase crystals range from 4 to 5 millimeters in 
length, but the average grain size ranges from 1 to 2 
millimeters. The mineralogy of the eastern facies is 
essentially the same as the western although the ortho-

TABLE 13.-Modal composition of quartz diorite 

Orthoclase___ _ _ _ __ __ _ _ _ __ _ _ __ _ _ _ 9 
Plagioclase_ _ _ _ _ _ _ __ _ __ __ __ __ _ __ 56 
Quartz_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 27 
I1ornblende_____________________ 2 
Biotite_____ ___ _ _____ ____ ____ _ _ _ 5 
Accessory minerals _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 

2 3 

4 
61 
26 

4 
4 
1 

1---1--

100 100 

1. Western facies, average of 4 thin sections. 
2. Eastern facies, average of 5 thin sections. 
3. Local marginal facies, 1 thin section. 

19 
53 
14 
11 
2 
1 

100 

clase content is lower. The modal composition is given 
in table 13. . 

In the area between 440,000 E. and 450,000 E., and 
south of the prong of Ash Creek rocks, there is a broad 
transition zone from the coarser textured western facies 
to the finer textured eastern facies. In this zone, the 
larger hornblende prisms decrease in length and are 
more slender in habit than those to the west. The larger 
plagioclase crystals gradually decrease in size to the 
east, and the orthoclase content decreases. No sharp 
boundary between the two facies can be. found and the 
prevailing northwest trend of the flow structure in both 
the eastern and western parts of the quartz diorite indi
cate that· the quartz diorite came in almost simultane
ously, and that the coarse- and fine-textured parts are 
simply facies of one major intrusive body . . 

Where the westernmost dike swarm cuts the quartz 
diorite contact (1,307,000 N.; 425,000 E.), pat<;hes of a 
porphyritic facies of quartz diorite are exposed, cut by 
dikes of normal quartz diorite. The plagioclase and 
hornblende phenocrysts in the porpl}.Yritic facies range 
from 4 to 5 millimeters in length, aNd the fine-grained 
(average 1 mm) groundmass consists of hornblende 
needles, plagioclase, and quartz. Presumably this por
phyritic facies represents an earlier intrusion of the 
quartz diorite magma. . 

Southeast of the Shylock mine (1,315,000 N.; 421,500 
E.) a border facies of the quartz diorite is more equi
granular (average grain size 4 mm) and richer in horn
blende and orthoclase than most of the quartz diorite 
(table 13, analysis 3). ThIS border facies contains 
enough orthoc~ase to classify the rock as granodiorite. 
A border facies east of the prong of Ash Creek rocks 
(1,296,500 N.; 445,000 E.) is hornblende-rich and con
tains no orthoclase, and biotite is rare. 

A f~cies of quartz diorite is exposed near 1,286,000 
N.-418,500 E. (pl. 1), in which conspicuous large eu
hedral plagioclase ·crystals indicate a porphyritic tex
ture, but close examination reveals a seriate texture. 
This facies contains less quartz and biotite and more 
hornblende than the typical western facies of quartz 
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diorite, which is intermixed with this seriatic facies. A 
primary flow structure is parallel to the contacts of the 
included masses of Spud Mountain volcanics. 

The southernmost outcrops of quartz diorite in the 
Mingus Mountain quadrangle (east of the ~hylock 
fault) are lighter colored than the outcrops of the main 
body, in part because of alteration and in part owing 
to a lower content of mafic minerals. The texture of 
this quartz diorite is seriate and the average grain size 
is about 3 millimeters. A few scattered hornblende crys
tals were observed in the outcrops, but biotite, altered 
to chlorite, is the only mafic mineral observed in thin 
sections. The plagioclase is completely altered to saus
surite. The ratio of plagioclase: orthoclase: quartz is 
essentially the same as in the main boq.y of quartz 
diorite. No sphene was noted, but zircon is present as 
an accessory mineral. 

Adjacent to the Shylock fault, the quartz diorite is 
changed to buff and orange-colored foliated rock; thin 
sections reveal that the quartz is granulated, plagio
clase sheared and partly replaced by sericite, and some 
calcite is present. The mafic minerals are largely 
destroyed. The smaller bodies of quartz diorite west of 
the Shylock fault are similarly altered and foliated, 
particularly along the margins where the original 
texture is completely destroyed, and it is only in the 
centers of these bodies that the rock can be recognized 
as quartz diorite. Northeastward-trending shear zones 
well within the main body of quartz diorite show simi
lar foliaiton and alteration; many of these shear zones 
are occupied by quartz-carbonate veins, locally contain~ 
ing stains of copper carbonate. 

West of the Iron King mine.-The lar ger bOdy of 
quartz diorite, exposed in the southwest corner of the 
Jerome area (pI. 1), is similar in texture and mineral 
composition to the finer grained facies exposed in the 
eastern part of the Mingus Mountain quadrangle. 
Locally along the margins, the rock has a weak folia
tion. The elongated bodies between Chaparral and 
Spud faults are strongly sheared, and locally, highly 
schistose. In the foliated facies, chlorite has formed 
from the mafic minerals, and sericite from the feldspar. 
Toward the southwest, the degree of shearing gradually 
decreases, and relicts of quartz diorite prove the origi
nal character of the highly foliated rock. 

GRANODIORITE PORPHYRY DIKES 

Distribution 

Dikes of granodiorite porphyry, trending northward 
to north-northeastward, appear east of the Shylock 
fault in the Mingus Mountain quadrangle (pI. 1). The 
most westerly dikes form a system that extends from 
near the southern contact of the quartz diorite 
(1,283,000 N.) northward to well within the Grapevine 
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Gulch formation (1,325,000 N.), a distance of more 
than 8 miles. A second dike system, more than 12 miles 
long, esse'ntially cuts through the middle of the quad
rangle, and reaches within 3 'miles of the northern 
boundary. Two isolated dikes crop out in Black Can
yon and extend northward; the south end of this ~inor 
dike system is on the south wall of Black Canyon 
(1,325,000 N., 452,000 ' E.). 

Relation to other rookS 

The dikes of granodiorite porphyry are the youngest 
, of the Precambrian igneous rocks, for they intrude the 

, quartz diorite, quartz porphyry, and gabbro, and the 
Ash Creek group. Between Gaddes Canyon and 
Oak Wash, and southeast of the Brindle Pup mine 
(1,324,500 N.; 441,000 E.) the dikes are overlain by the 
Paleozoic rocks, proving conclusively that the dikes 
are older than the Tapeats sandstone ( ?). In the south
central part of the quadrangle, the dikes are overlain 
in part by the Hickey formation. 

Southward from Gaddes Canyon (1,332,500 N.; 
442,500 E.), one dike extends along a northward-trend
ing fault that displaces the lower formations of the 
Ash Creek group. 

General oharacters 

, The dikes of granodiorite porphyry generally are 
more resistant to erosion than the intruded host rocks . 
The most northerly dikes east of Mingus Mountain are 
more deeply weathered than the southern dikes, and do 
not form prominent outc:r:ops. In the southern half of 
the quadrangle, where quartz diorite is the host rock, 
the dikes have a tendency to crop out on northward
trending ridges. Wider dikes in the southern part of 
the quadrangle have rounded' boulderlike outcrops. 
1'he dike rocks are light gray on fresh surfaces, and 
weather buff. 

'The dikes range in width from about 25 feet as the 
minimum to 300 feet as the maximum; most are be
tween 50 and 100 feet. Wider dikes may have screens 
of older rocks within them. Near the Brindle Pup 
mine (1,327,000 N.; 441,000 E.) one of the dikes widens 
locally to 1,200 feet; this bulbbUS part is more than 
2,500 feet long. Northwest of the Brindle Pup mine 
(1,327,000 N.;439,000 E.) a stubby dike of porphyry, 
300 feet wide and 2,000 feet long, is well exposed in 
Black Canyon. , 

Many dikes are almost leucocratic, and consist of 
, quartz and dulled plagioclase phenocrysts in a pale

gray aphaniticgroundmass. Other dikes contain 
abundant hornblende phenocrysts in addition to thll 
quartz and ' feldspar, and' mafic minerals are recogniza
ble in the groundmass. Some of the wider dikes, and 
particularly the bulbQus, dike at the Brindle Pup mim~ 
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and the stubby dike in Black Canyon, have a seriate 
texture. The quartz and plagioclase cryst!lls range 
from 0.5 to 2 millimeters. 

At Johnson Wash ranger station (pI. 1, 1,291,000 N. ; 
463,000 E.) the dike is multiple; the western part con
tains phenocrysts 3-4 millimeters long, wherMs the 
eastern part has phenocrysts only 1-2 millimeters long. 
Where this dike divides (1,294,000 N. ; 464,700 E.), the 
western part is finer textured. 

The thin sections of granodiorite porphyry all show 
that it is appreciably altered. The p}agioclase is poorly 
saussuritized, and most of the hornblende is altered to 
epidote and chlorite. No biotite was observed, but 
chlorite or magnetite aggregates suggest pseudomorphs 
after biotite. The groundmass ranges from micro
crystalline to finely crystalline where quartz and alkalic 
feldspar can be recognized. In some of the coarser 
textured groundmass, local micrographic intergrowths 
of quartz and alkalic feldspar are present. Accessory 
minerals recognized are sphene and apatite. Secondary 
minerals include epidote, calcite ( ~), and sericite. 

The classification of these rocks is difficult because of 
the intense alteration. The chemical analysis of one 
of the dikes from the east side of Mingus Mountain 
(table 14), indicates a silica content higher than the 
average quartz diorite; solely on this basis, the dikes 
are classified as. granodiorite porphyry. Obviously 
there is much variation, ·chemically, and some of the 
dikes may be quartz diorite porphyry and others may 
be quartz monzonite porphyry. 

TABLE 14.-Chemical composition of granodiorite porphyry 

[Dike exposed on Copper Chief road (1,349,000 N.; 448,800 E.). Analysis furnished 
through courtesy of Phelps Dodge Corp.] 

Si0
2 
____ _________ ___ ________ _____ _ ___ _ _ _ __ _______ _ 

AJ
2
0

3 
_ __ ___ __ _________ ___________________________ _ 

FeO 1 _______ _ ________ _ ______________ _ _______ ____ _ 

~gO---------------------------- - - - --- --- --- - - - --OaO ________ __________ ____ ___ _____ _____________ _ _ 
][20 ___ _______________ ____ _______ ________ ________ _ 
Na

2
0 ____________________________________________ _ 

H
2
0 + 100°0 ______________ ___ __ __ __ _____ _____ __ _ 

002 ___ - --- - - - - - - -- - - -- - - - -- - - - - - - - - - -- - - -- -- - - - --Ti0
2 

_ _____ _ _ ___ _ _ ___ __ _ ______ _ _ _____ ____ ________ _ 

Percent 
69. 37 
15. 94 
3.26 
2. 17 
3. 00 
2. 01 
3.10 
1.14 
.53 
.20 

TotaL _______________ ___ ___ _________ ________ lOa 72 

I Total Iron reported as FeO. 

The general spatial relationship to the quartz diorite 
and similarity in mineral composition indicate that the 
dikes are genetically related to the quartz diorite, and 
represent late injections from the quartz diorite magma 
chamber. 

ALASKITE AND APLITE 
Distribution 

The alaskite and aplite are in small discrete masses 
chiefly in the southwest corner of the Jerome ar'ea, but 
a few aplite dikes are in the south-central part of tJ:te 

Jerome area in the tongue of Grapevine Gulch forma
tion and gabbro that extends into the quartz diorite, 
and one lenticular mass is near 1,318,200 N.-451,100 E. 
The alaskite and aplite dikes in the southwest corner 
occur in the Chaparral and the Green Gulch volcanics. 
Those in the Chaparral volcanics consist of two elon
gate lenses, which are 2 and 2lj2 miles in outcrop length. 
The complete horizontal extent of one of these lenses is 
exposed, but only the south end of the other crops out, 
the northern limit is overlain by the Tertiary fill in 
Lonesome Valley. In the Green Gulch volcanics a 
short distance west of these two masses, there are seven 
small lenses or pods of alaskite and aplite; the longest 
lens crops out for about half a mile, and the widest is 
about 400 feet across. 

Relation to other rocks 

The alaskite and aplite in the southwest corner of the 
Jerome area intrude the Chaparral and th~ Green 
Gulch volcanics. In each of these formations, the 
shape of the alaskitic and aplitic masses ranges from 
dikelike to lenticular pods, and all masses are oriented 
with their long dimension parallel to the trend of the re
glonal foliation. In the intensely deformed Chaparral 
volcanics the contact of the alaskitic and aplitic masses, 
in all probability, is faulted, 'so that it is doubtful that 
the contiguous rocks were those actually adjacent to 
the aplite and alaskite at the time of intrusion. The 
dikes in the south-central part of the Jerome area clear
ly cut the Grapevine Gulch formation and gabbro, and 
the dike at 1,318,200 N.; 451,100 E. cuts the quartz dio
rite. In other areas, other dikes of aplite, too small 
to illustrate on the regional maps, cut the quartz diorite. 

The spatial relationship of the aplite dikes surround
ing the periphery of the eastern mass of quartz diorite 
and of the dikes that cut it imply a genetic relationship 
to the quartz diorite. The age and genetic relationship 
of the alaskite and aplite in the southwest corner of 
the Jerome area are more difficult to determine. Cer
tainly, the aplite dikes cut gabbro and quartz diorite, 
and may be genetically related to the latter, like the 
aplite dikes to the east: Perhaps the aplite dikes are 
related to the alaskite, or both aplite and alaskite are 
genetically related to the quartz diorite. The foliation 
in the aplite and alaskite clearly demonstrates that both 
are older than the youngest known period of Precam
brian deformation, which resulted in the metamorphic 
structures in the Chaparral volcanics. 
General character 

The unweathered alaskite and aplite are pale ' red or 
grayish-orange pink; locally they are nearly white ow
ing to alteration. Dynamic metamorphism induced a 
pronounced foliation in much 'of the alaskite and aplite 
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in the southwest corner of the Jerome area. Relicts of 
the original rock particularly in the northern part of 
the alaskite mass reveal the original texture and min
eralogic composition. Shearing along the margins of 
the eastern mass of alaskite in the Chaparral volcanics 
was especially intense; so intense that the narrow south
ern whiplike prong of this mass may be entirely due 
to deformation. The contacts of this mass are zones 
of mechanical mixing of alaskite and rhyolitic tuffa
ceous rock. . Where intensely sheared, these rocks are 
schistose or gneissose. The quartz grains have been 
drawn out into "ribbons," and the feldspar partly re
crystallized into elongated aggregates. 

Locally residual orthoclase augen interrupt the even 
flow of the metamorphic layering. Mafic minerals were 
largely removed through shearing; but locally meta
morphic biotite flakes occur concentrated along certain 
planes, and locally sparse disseminated chlorite gives a 
greenish cast to the rock. 

The texture of the less sheared alaskite relicts sug
gests a medium-grained granitic rock. Most of the 
alaskite was probably equigranular, but the size of some 
of the augen indicates coarse-grained or porphyritic 
facies. The texture of the aplite apparently was nor
mal, that is aplitic or saccharoidal. 

The alaskite consists chiefly of orthoclase, microcline, 
perthite, albite, and quartz. The minor constituents are 
biotite, chlorite, sericite, epidote, sphene, zircon mag
netite, and ilmenite. . Small amounts of hornblende, 
muscovite, and pyrite were observed, but they probably 
resulted from contamination or hydrothermal ' altera
tion. The aplite was not studi~d in thin section. Mega
scopicaUy it consists of quartz, pink feldspar (presum
ably ~hiefly pot~sh feldspar), and ' loc3rlly a trace of 
chlorite. The aplite dikes associated with the eastern 
mass of' quartz diQrite are granular, but locally they 
contain pegmatitic centers from 1 to 2 inches wide. 

QUARTZ AND JASPER VEINS 
.. ", 

Under the heading of Quartz . and jasper veins, we 
include all deposits formed through introduction of aE: 
preciable amounts of silica. We have also included on 
·plate 1 the alteration zone at the Iron IGng deposit and 

. the Silver Belt-McCabe and Kit Carson veins. Intro
duced silica ,is not abundant in these two veins, which 
are included here in order to avoid use of a separate 
symbol. The alteration zone at the Iron King deposit 
contains much introduced sericite, PYrite, and probably 
some ankerite in addition to the silica. This alteration . 
zone and the Silver Belt-McCabe and the Kit Carson 
veins are described under the section on ore deposits, . . . . • I 

and-will th~~ef.9re not be considered at length here. 
428436-58---4 

Distribution 

Quartz and jasper veins are most abundant in the 
rocks of the Alder group. In the Chaparral volcanics 
and the Texas Gulch formation most, if not all, the 
veins are quartz; only the larger ones are plotted on 
plate 1. Veins and pods of quartz and jasper are par
ticularly abundant in the andesitic tuffs of the Spud 
Mountain and the Green Gulch volcanics. In these 
formations, jasEer is mpre abundant than 'quartz, and 
only jasper occurs in the largest mass of ande~itic tuffa
ceous rocks (Spud Mountain volcanics) enclosed by the 
Texas Gulch formation. 

In the rocks of the Ash Creek group, jasper is abun
dant in three areas; in the Precambrian rocks between 
the United Verde and Copper Chief deposits, in the 
Deception rhyolite near 1,318,000 N. ; 449,000 E., and in 
the Deception rhyolite. along and near the contact with 
the overlying Grapevine Gulch formation southeast of 
Kendall Peak (1,330,000 N.; 430,000 E.). 
Occurrence 

The quartz and jasper in the rocks of the Alder group 
were introduced into sheared zones or perhaps locally 
in joints. In many places the sheared zones parallel the 
foliation, but commonly they cut the foli~tion at .low 
angles, and a few cut the foliation at high angles. In 
a 'few places, the sheared zones were arranged en echelon, 
resulting, in short, relatively thick jasper veins, each 
slightly offset from the. adjacent one. 
~he jaspe~ b~t:ween the Uni~ed Ver~e and Copper) 

ChIef depOSIts IS closely assoCIated WIth quartz por
ph~ry, either occurring along the contact of the quartz 
porphyry, with the adjacent rocks, or in the rocks ad
jacent to the quartz porphyry. We do not know whether 
this association is genetic, structural, or both. The 
jasper near Kendall ~eak apparently has been chiefly 
localized by the contact between the Deception rhyolite 
and the Grapevine Gulch formation. Movement may 
have occurred along this contact, judging by the struc
tural discordance between the two formations, although 
the lenticularity of the units in both formations pre
vents a firm conclusion. The jasper veins near 1,318,000 
N.; 449,000 E. appear to be controlled by sheared,zones

l of uncertain origin. 
Local spots in the jasper veins were fractured and 

mineralized with pyrite and presumably chalcopyrit.e 
that produced enough copper stain to encourage the 
prospector into fruitless exploration; many jasper veins 
are pockmarked with shallow prospect pits and adits. 
So far as we know, no jasper vein has yielded sufficient 
ore to justify the exploration. r 

One jasper vein is overlain by the Tapeats sand
stone ( n. Inasmuch as jasper veins do not cut the 
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Tapeats(?) and younger rocks, most of the jasper, and 
presumably also the quartz veins, are probably Pre
cambrian. If so, they, probably formed after the re
gional deformation, for they show- no signs of 
deformation other than crackling, except for the altera
tion zone associated with the Iron King deposit. This 

, zone was intensely sheared subsequent to the introduc
tion of quartz and other constituents that together com
prise the alteration. 

REQIONAL CORRELATION OF THE OLDER 
PRECAMBRIAN ROCKS 

The Precambrian rocks of Arizona, at times, have 
been termed Archean and Algonkian, and the same 
rocks have been placed in both categories by different 
writers. Butler and Wilson (1938, p. 11) subdivided 
the Precambrian rocks of Arizona into older and 
younger Precambrian, a preferable designation, which 
has been adopted for this report. It should be empha
sized that there is no assurance that all the rocks 
grouped as older Precambrian are necessarily of the 
same age. These are terms used' in a provincial sense 
to indicate that for the particular area under discus
sion some evidence is available to indicate that the rocks 
are early 'or late in the Precambrian sequence. 

Rocks that have been designated as younger Pre
cambrian in Arizona include the Grand Canyon series 
and the Apache group. The Grand Canyon series, 
exposed in the Grand Canyon of the Colorado River 
north of the Jerome area, has been divided into two 
groups, the Unkar and Chuar, that contain more than 
10,000 feet of unmetamorphosed sedimentary rock at an 
angular unconformity below the basal Cambrian sand
stone (Darton, 1925, p. 23-27). The Apache group con
sists of about 1,000 feet of sedimentary rock and is ex
posed in the Mazatzal Mountains, near Globe, and in 
southeastern Arizona. The Apache group is separ~_ted 
from the overlying Cambrian quartzite or Devoni'i.tll 
limestone by a disconformity (Peterson, and others, 
1951, p. '13). Darton (1925, p. 36) and Ransome (1932, 
p. 6) suggested that the Apache group is in general 
equivalent to the Grand Canyon series, because of lith
ologic similarities. 

The Grand Canyon series and the Apache group un
conformably overlie metamorphic and granitic rocks; 
this major unconformity has been used as the boundary 
between tl?-e older and younger Precambrian rocks in 
Arizona. 

At the Grand Canyon, the older Precambrian rocks 
include the Vishnu schist, first described by Walcott 
(1890) and modified to include schist and gneiss by 
Noble and Hunter (1917) who suggested that at some 
future time it might be desirable to restrict Vishnu 

schist to mica schist and give new names to the gneiss. 
Campbell and Maxson (1938) proposed that the term 
"Vishnu schist" be discarded and that "Vishnu series" 
be used for the 25,000 feet of metasedimentary rocks 
exposed in the Grand Canyon. Originally fine grained 
argillaceous sandstone and sandy shale have been meta
morphosed to quartzite, sericite-quartzite, and quartz
mica schist. In addition, they recognized a sequence 
of basaltic lava and tuff, now represented by amphib
olite, in which relict pillow and amygdaloidal struc
tures proved the volcanic character. No name was given 
by Campbell and Maxson for the metavolcanic rocks. 
The metasedimentary and metavolcanic rocks were in
truded by plutonic rocks that range from quartz diorite 
to granite. 

In the Globe area, Ransome (1903) first described and 
defined the Pinal schist, derived in part from quartzose 
sediments and intruded by granitic rocks; the Pinal 
schist and youngerintrut?ive rocks are in turn uncon
formably overlain by the Apache group-. During his 
later work in the Ray-Miami area, Ransome (1919, p. 
35-37) recognized, in addition to metamorphosed im
pure sandstone or graywacke and shaly sediments, a 
metarhyolite or quartz latite, the composition of which 
he verified by a chemical analysis. 

Cooper (Anderson, 1951, p. 1334) recognized the 
Pinal schist in the Little Dragoon Mountains, 60 miles 
east of Tucson, unconformably below the Apache group. 
The Pinal schist here includes (1) greenstone composed 
of amphibolite that probably represents a series of 
mafic flows or intrusives or both; (2) rhyolite, probably 
representing a thick flow; (3) a complex of quartz
feldspathic sedimentary rocks (arkose) and interbeds 
of sericite schist. . 

In the vicinity of Mazatzal Peak, Wilson (1939) di
vided the Yavapai series into three units: (1) interme
diate to mafic flows, tuff, and interbeds of sedimentary 
material; (2) rhyolitic flows; (3) slate, argillaceous 
grit, conglomerate, and quartzite. The argillaceous 
grit is similar to the rhyolitic tuff unit in the Texas 
Gulch formation containing interbedded conglomerate, 
as exposed in the Jerome area. Wilson also recognized 
three formations younger than the Yavapai series: 
Deadman quartzite, Maverick shale, and Mazatzal 
quartzite. The Yavapai series and younger formations 
were folded, faulted, and intruded by granite before 
the deposition of the overlying Apache group. 

At Bagdad, about 40 miles west of Prescott, meta
morphic rocks similar to the Yavapai series in the 
Jerome area have been tentatively correlated with the 
Yavapai (Anderson, 1951, p. 1336). Three lithologic 
units were recognized: (1) andesitic-basaltic flows and 
minor sedimentary interbeds; (2) rhyolitic and rhyo-
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litic-andesitic tuffaceous sedimentary rocks and shale 
interbeds; (3) shale, -sandy shale, and sandstone, re~ 
crystallized to quartzite and mica schist. These rocks 
were folded and faulted before the intrusion of a di
verse series of igneous rocks culminating in granite. 

The repetitious and lenticular character of the flows 
and volcanic fragmental rocks in the Jerome area dem
onstrates that correlation of these types of rocks for 
more than a few miles is not justified. -The distinct 
lithology of the Texas Gulch formation, consisting of 
alternating purple slate and rhyolitic tuff-conglomerate 
beds, may be useful for distant correlations; the simi
larity of the Texas Gulch formation to Wilson's (1939) 
series (unit 3 above) in the Mazatzal Mountains is so 
striking that we believe correlation is reasonable. - On 
that basis, the Yavapai series in the Jerome area is older 
than the Apache group and can be assigned confidently 
to the older Precambrian. Even without this correla
tion, we would have no hesitation in placing the Yava
pai series in the older Precambrian because of the com
plex structural and metamorphic history accompanied 
and followed by the invasion of plutonic tocks. At no 
,place in Arizona is there evidence that the Grand 
Canyon series and Apache group were involved in a 
Precambrian orogeny comparable to that involving the 
Yavapai series in the Jerome area. -

Lindgren (1926, p. 15) suggested that the Vishnu, 
Yavapai, and Pinal schists are essentially the same 
formation, and there is some merit to this suggestion. 
All . three are definitely older Precambrian, all three 
have somewhat similar lithologic, and structural fea
tures; and the Vishnu and Pinal were deformed and 
intruded by granitic rocks before deposition of the 
Grand Canyon series and Apache group. The Yavapai 
is only known to be pre-Paleozoic on stratigraphic evi
dence, but only because no younger Precambrian rocks 
are associated with it. The only certain method of 
determining similarity in age of these nonfossiliferous 
Precambrian rocks is by tracing similar rocks_ from 
one area to the next, obviously impossible in Arizona 
with the widespread cover of younger rocks. Possibly 
such distinct lithologic units as the Texas Gulch forma
tion can be used, but so far, this distinct unit has been 
found only in the Jerome area a~d in the Mazatzal 
Mountains. Precise correlation of basalt, rhyolite, tuff, 
and other rocks, from one region to another is impos
sible. Until some more accurate methods are found 
for age determinations of these nonfossiliferous rocks, 
no precise correlations of the Vishnu and Pinal schists 
with the Yavapai series are possible. 

Some general statements can be made that provide 
evidence for regional interpretations. The older Pre-

cambrian rocks have been folded in the Little Dragoon 
and Mazatzal Mountains, and Bagdad and Jerome 
areas (Anderson, 1951, p. 1345). The trend of the 
folds generally is northwest, north, or northeast indi
cating general east-west compressive forces during the 
orogeny but Gilluly (written communication) reports 
that in the Dragoon Mountains, the trend is nearly east. 
In the areas where sufficient detailed work has been 
done to give certainty to the conclusions, only one 
period of orogeny is clearly demonstrated. In the 
Little Dragoon and Mazatzal Mountains, the orogeny 
is pre-Apache, whereas in the Jerome area, the orogeny 
can be dated on stratigraphic evidence only as pre
Paleozoic, but on' the zircon age determination of the 
quartz diorite, the orogeny is older than 1,050 million 
years. The age of the granite at Bagdad, which if.! 
younger than the orogeny, is about 1,600 million years, 
determined by the radioactive age of potassium
argon-rhubidium on muscovite and lepidolite (t., T. 
Aldrich and G. L. Davis of the Carnegie Institution, 
Department of Terrestrial Magnetism and Geophysical 
Laboratory, oral communication, 1955). The age de
terminations of the quartz diorite from the Jerome area 
and granite from Bagdad indicate that the orogeny at 
these localities occurred well within the Precambrian. -
At the Grand Canyon, it has been established that 
orogeny followed by the intrusion of granitic rock 
caused the deformatio:r and metamorphism of the 
Vislmu schist; the orogeny was older than the Grand 
Canyon series. 

It is tempting to I;ISsume that the orogenies in these 
five separate a:reas in Arizona occurred at the same time, 
particularly because" of the general parallelism of the 
folds where trends were determined. Wilson (1939) 
termed this probable widespread orogenic disturbance, 
the Mazatzal revolution. -From a purely academic 
view, one might question this conclusion, for the Pre
cambrian covers an immense period of time, and it 
would be surprising if only one period of orogeny oc
curred in ,Arizona during early Precambrian time. 
Hinds (1936) has suggested that two periods of orogeny 
and two periods of granitic intrusion occurred in Ari~ 
zona before deposition of the younger Precambrian 
Grand Canyon series and Apache group, the Mazatzal 
quartzite in the Mazatzal Mountains marking the period 
of sedimentation between these orogenies. Because no 
positive angular unconformities have been found be
tween the Mazatzal quartzite and the Yavapai series, 
some doubt exists as to the validity of this older period 
of orogeny and granitic invasion. Until more precise
age determinations can be made, we have no basis of 
correlating the orogenies in these five separate areas. 

I _ 
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UNCONFORMITY AT THE BASE OF THE PALEOZOIC 
ROCKS 

A profound unconformity separates the older Pre
cambrian rocks from the overlying Paleozoic sedimen
tary rocks. The acute deformation of the Yavapai 
series, accompanied and followed by the intrusion of a 
series of igneous rocks culminating in granitoid rocks, 
batholithic in scope, implies appreciable orogeny that 
marked the end of older Precambrian sedimentation 
and volcanism in the Jerome area. Erosion of the 
mountains formed by this orogeny exposed the meta
morphosed Yavapai series and granitoid rocks under
lying the basal Paleozoic sandstone. 

The basal Paleozoic sandstone was deposited on a sur
face of low relief, but scattered hills as high as 400 feet 
rose above this surface. At two localities, 45 and 80 
miles northwest of Jerome (see Darton and others, 
1924) basal Paleozoic sandstone is similarly exposed, 
resting on granite. The extensive outcrops of sand
stone also indicate a surface of low relief carved from 
the underlying granite. 

At the Grand Canyon, the younger Precambrian 
Grand Canyon series was also deposited on an erosional 
surface, of low relief carved from the older Precambrian 
Vishnu schist and associated granitic rocks. Subse
quently, the Grand Canyon series was tilted and eroded 
appreciably before the deposition of the basal Cam
brian sandstone. Near Globe, the younger Precam
brian Apache group was deposited on an erosional sur
face cut from the older Precambrian Pinal schist and 
associated granitic rocks; the bas~l Paleozoic 'rocks are 
only disconformable to the underlying Apache group. 

No sedimentary rocks equivalent to the younger Pre
cambrian Grand Canyon series or Apache group have 
been recognized in the Jerome area. The record merely 
indicates long erosion, that generally is repres'ented at 
the Grand Canyon and at Globe by a profound uncon
formity beneath the younger Precambrian rocks. Prob
ably in the Jerome area, the unconformity separating 
the Yavapai series and granitoid rocks from the basal 
Paleozoic sandstone represents a longer period of ero
sion than the unconformities at the Grand Canyon and 
in the Globe area beneath the younger Precambrian 
rocks. 

PALEOZOIC SEDIMENTARY ROCKS 

The Paleozoic rocks, limited chiefly to the northern 
half of the Jerome area (pI. 1) , have an aggregate thick
ness of about 1,200 feet (fig. 2) . They range in age from 
Cambrian, to Pennsylvanian and Permian. The lower
most Paleozoic rocks are placed in the Cambrian with 
reservation, for they may be the basal part of the local 
Devonian system. The uppermost Paleozoic rocks are 

represented by the lower part of the Supai formation, 
which may be either' Pennsylvanian or Permian. 

The oldest Paleozoic formation is mainly a sandstone, 
that ranges in thickness from a few inches to 100 feet 
and is tentatively correlated with the Lower Cambrian 
Tapeats sandstone in the Grand Canyon. It uncon
formably overlies older Precambrian metamorphic 
rocks and underlies, with apparent conformity, the 
Martin limestone of Devonian age. The Martin, which 
is about 450 feet thick, comprises at least three and pos
sibly four units. The Mississippian Redwalllimestone 
overlies the Martin. It comprises three units that have 
an aggregate thickness of about 290 feet. The Supai, 
in turn, overlies the Redwall. Only about 370 feet of 
the basal part of the Supai formation occurs in the 
Jerome area, but north and east of Jerome the full 
thickness of Supai is exposed superbly in the brilliantly 
hued cliffs of the Mogollon Rim. 

TAPEATS SANDSTONE(?) 
Distribution 

The Tapeats sandstone ( ?) underlies the entire sum
mit area of Mingus Mountain, though it crops out only 
around the periphery owing to the cover of younger 
rocks. This summit area occupies about 150 square 
miles in the north-central part of the Jerome area. 

Additional small areas underlain by Tapeats (n oc
cur as outliers surrounding the margin of the summit 
area and, to a lesser extent, as inliers in the younger 
Paleozoic rocks displaced by the Verde fault, which 
bounds the Black Hills on the east. The small outlying 
masses of Tapeats ( n, some of which are capped by 
younger rocks, mainly lie south of the summit area. 
Commonly they form the crests of the higher peaks and 
ridges, such as those northwest of Cherry. The most 
southerly exposure of Tapeats(?) is in the upper drain
age area of Buckbed Wash (pI. 1, 1,292,000 N.; 472,-
000 E.). 

Small areas underlain by Tapeats ( ~) occur on the 
east side of the Verde fault. At Jerome a small mass 
of highly deformed Tapeats sandstone ( ?) is within the 
Verde fault zone, and about 1,200 feet east-northeast of 
Jerome a continuous outcrop of Tapeats(?) is exposed 
for about 3,000 feet in the opencuts of the Verde Tunnel 
and Smelter' Railroad, which connected the smelter at 
Clarkdale to t~e United Verde mine (p1.1, 1,368,000 N.; 
444,000 E.). Between Blowout Creek and Copper Chief 
road (1,348,000-1,353,500 N.; 454,000 E.) the Tapeats 
sandstone ( ~) crops out in several places within an area 
about 1 square mile. Tapeats sandstone ( ?) crops out 
continuously along the west side of Mingus Mountain as 
far north as Coyote Springs and sporadically fr~m 
Coyote Springs northward nearly to the northern 
boundary of the Mingus Mountain quadrangle. 
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Section 

Heterogeneous unconsolidated accumulation of boulders, cobbles, 
: petibles. and.some finer grained" sediments 

Lenticular alluvial fan deposits,QTvg,interl)edded with lake deposits, 
QTvl . The alluvial fans consist cHiefly of boulder gravel and cobble 
gravel, but contain minor amounts of sand and sill The lake 

intercalated in the lake deposits 

and gravel. The volcanic rocks 
I an~ lesser amounts of olivine ande· 

, and basaltic sedimentary rock. The gravel beds 
of boulders and cobbles derived chiefly from local bedrock.· 
the gravel is crudely bedded and cemented by lime 

Red beds comprising chiefly red sandstone and siltstone cemented 
by lime and subordinate amounts of light·colored limestone and red 
shale. Locally a zone of breccia and rubble occurs at the base of 
the formation 

A basal lenticular unit of .slabby arenaceous limestone overlain by a 
massive cliff·forming bluish limestone unit, which is overlain by a 
light-colored coarsely crystalline unit characterized by' abundant 
conspicuous light· colored chert. An upper unit of white coarsely 
crystalline crinoidal limestone 

~~g~~~~ Impure dolomite · and dolomitic limestone characterized 'by diverse 
lithology and by thin interbeds of shale and mudstone. Divisible 
into four distinct units 

limy siltsto~e and marl grading down· 
sardstone and pebble conglom· 

paitfngs . 

FIGURE 2.-Stratlgraphlc column of Paleozoic, Tertiary, and Quaternary rocks in the J erome area. 
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Thickness and stratigraphic relationship 

The thickness of the Tapeats sandstone ( n ranges 
from a few inches to about 100 feet, and averages about 
40 to 50 feet. Resistant Precambrian hills that rise into 
the oyerlying Martin limestone caused the uneven sur
face upon which the Tapeats ( ?) was deposited, and 
resulted in the great variation in thickness. 

The Martin limestone of Devonian age overlies th6 
Tapeats sandstone ( ~). The contact between them was 
arbitrarily placed at the base of the first massive lime
stone bed, which overlies yellowish to greenish limy 
siltstone and marl. 

Lithology 

Wherever the Tapeats ( ?) is well exposed, it consists 
of two lithologic units: a lower unit, which generally 
comprises two-thirds of the total thickness, consisting 
chiefly of sandstone, and an upper unit consisting chiefly 
of limy siltstone or marl. Both units are generally 
present, but locally the lower unit wedges out against 
low hills on the old Precambrian surface. In a few 
places where erosion has removed the overlying Martin 
limestone but not the Tapeats ( ?), only the lower part 
of the Tapeats ( ?) is present, for the soft upper unit 
offers little resistance to erosion. 

The lithology of the lower unit consists o'f medium
to coarse-grained sandstone, granule sandstone, a few 
pebble conglomerate beds, and minor amounts of silt
stone. These rocks are in beds that range from about 
1 inch to 10 or more feet. The color generally ranges 
from dusky red to dark-reddish brown, but the most 
ferruginous beds are very dusky red. Local zones are 
variegated, presumably owing to local leaching of iron. 
Crossbedding, cut and fill channels, and ripple marks 
are widespread throughout the lower unit. 

In some beds sorting is poor but in others it is uni
form. In the former, the grain size ranges from medi
U111-grained to granule or locally to pebble size. Cross
bedding and cut and fill channels are common in these 
poorly sorted beds, in which thin irregular-shaped zones 
that are well sorted may be intercalated. Commonly 
adjacent to these ill-sorted beds is a zone of well-sorted, 
even-bedded, medium-grained sandstone. Such zones 
are succeeded by poorly sorted, crossbedded facies. The 
entire lower unit of , the Tapeats( 1) comprises such 
successions. 

Thickness of individual beds appears to be controlled 
by abrupt changes in grain size and, in amount of fer
ruginous cement, and by change from well to poorly 
sorted rock. Siltstone and perhaps claystone partings 
are the most common cause of bedding. In a few places, 
beds are marked by an abundance of powdery ferrugi
nous cement, and the rock can be crushed with the hand. 

Quartz, chert, and jasper constitute nearly , all the 

mineral grains in the lower unit of the Tapeats ( ~). 
The minor constituents are feldspar and lithic frag
ments that are dense, hard, and siliceous. In part at 
least, these fragments are rhyolitic. The larger sand 
grains and pebbles in the conglomerate appear rounded. 

The upper unit of the Tapeats sandstone ( ?), gen
erally 15-20 feet thick, comprises siltstone, claystone, 
marl, and 10cal1y from one to three thin sandstone beds 
near the top. Locally the upper unit appears somewhat 
fissile, resembling shale. Bedding is crude; it consists 

, of discontinuous irregular planes. Siltstone directly 
overlying the lower unit is generally dark reddish 
brown. These beds grade upward into rocks of light
colored hues, yellowish gray, pale olive, and dusky yel
low. Color changes abruptly along and across the 
strike. 

The thin sandstone beds, intercalated in the upper 
15 feet of the unit, are medium to coarse grained and 
a light cream in color. These .beds rarely crop out so 
that their extent is not known, but their presence did 
influence the decision to place these siltstone and marl 
beds in the Tapeats standstone(~) rather than in the 
overlying Martin limestone. 

.Age and correlation 

What is the age of the rocks herein called Tapeats( n 
and what rocks in adj acent areas are stratigraphically 
equivalent to them ~ ~n the past there has been no 
consensus of opinion of the age of the Tapeats sand
stone(?) in the Jerome area. Reber (1922), Ransome 
(1932), Stoyanow (1936), and McKee (1951) believed 
that it is equivalent to the Lower Cambrian Tapeats in 
the Grand Canyon section. In opposition, Fearing 
(1926) and McNair (1951) suggest that these beds are 
the basal part of the Devonian Martin limestone. We 
believe that the admittedly weak evidence favors a 
tentative correlation with the Tapeats sandstone. .A 
sample of the siltstone from the upper unit was exam
ined by W. H. Hass of the Geological Survey for 
conodonts, but none was found. The lack of diagnostic 
fossils precludes a positive age designation. 

The Tapeats ( ?) in the Jerome area resembles the 
Tapeats in the Grand Canyon area more than the basal 
part of the Martin limestone. McKee (1945, p. 16) 
writes that the upper part of the Tapeats sandstone in 
all but the eastern part of the Grand Canyon consists 
of alternating sandstone and shale beds, which is like 
the rock in the Jerome area. In contrast, shale, silt
stone, or marls have not been described from the clastic 
arenaceous zone at the base of the Martin limestone. 
The basal part of the Martin limestone is from 10 to 
20 feet thick (Huddle and Dobrovolny, 1945), whereas 
the Tapeats(?) in the Jerome area is as much as 100 
feet thick. 
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McKee (oral communication) has traced fossiliferous 
(Cambrian trilobites) Tapeats sandstone from the 
Grand Canyon to a point south of Peach Springs, Ariz. 
From the Jerome area to Peach Springs, 70 miles 
northwest of Jerome, outcrops of lithologic similarity 
occur sporadically, so that correlation based on lithol
ogy is tenable. 

In the ' J e,rome area, the lithologic gradation and 
conformity between lowermost Tapeats(?) and the 
basal Martin limestone argues for a Devonian age for 
the Tapeats sandstone ( ~). In these beds the lithology: 
changes from coarse-grained sandstone, through limy 
siltstone and marl with minor amounts of intercalated 
sandstone into impure limestone. This gradation and 
the apparent conformity fail to support the concept 
of an age hiatus between the two formations. During 
the assumed hiatus from Lower Cambrian to Middle 
or Upper Devonian, the upper part of the Tapeats( n 
could not have been above wave base, for the friable up
per unit would be susceptible to erosion. 

Stoyanow (1926; 1936, p. 499-500; 1942, p. 1268) 
found arthrodiran fish remains in a sandstone at the 
base of the Devonian in the East Verde River, about 
70 miles southeast of Jerome. The sandstone ranges 
from 50 to 75 feet in thickness and is similar to the 
Tapeats ( ?), according to Stoyanow. Fearing (1926, 
p. 759) correlates the Tapeats(?) of the Jerome area 
with the Devonian sandstone of the East Verde River. 
He believed that the apparent eonformity between the 
Tapeats sandstone ( ~) and the Martin limestone in the 
Jerome area necessitated this correlation. Stoyanow 
(1936, p. 497), however, placed the Tapeats(¥) of the 
Jerome area in the Cambrian. Stoyanow (1936, p. 
497, 499) believes that beds correlative to the basal 
Martin limestone in the Jerome area ,underlie the sand
stone in the headwaters of the East Verde River that 
contains the arthrodiran fish remains. 

McNair (1951), who studied 11 Paleozoic strati
graphic sections in northwestern Arizona, traced the 
Tapeats standstone from the Grand Canyon area south
ward to Simmons, about 20 miles northwest of the 
Jerome area. McNair believes that between Simmons 
and the' Jerome area the Tapeats sandstone is over
lapped by the Martin Jimestone and that the Tapeats 
sandstone (?) of the Jerome area is basal Martin. Mc
Nair cites the abrupt overlap of the Cambrian system 
between Fort Rock, Ariz., and Simmons in support of 
his thesis. He does not include any shale in the upper 
part of the Tapeats sandstone; but where he measured 
sections, the Bright Angel shale overlies the Tapeats 
sandstone in all but one locality. McNair considered 
that all shale overlying the coarse sandstone of the 
Tapeats belonged in the Bright Angel shale. Similar 

treatment in the .Terome area would place the lower 
sandstone and pebble conglomerate unit in the Tupeats 
and the thin upper marl and siltstone unit in the Bright 
Angel shale. In the absence of diugllostic fossils in the 
J eroine area, our interpretation is preferred to that of 
McNair. 

MARTIN LIMESTONE 
Distribution 

The Martin li~estone is limited chiefly to the north
central (Mingus Mountain) part of the Jerome area. 
In the Mingus Mountain area, which covez:s about HiO 
square miles~" younger rocks conceal' the ~f!l.l'tin lime
stone in all but the peripheral zone, and here the plat
formlike summit are~ fulls uw~y into dissected terrane 
on the east, south, and west. North"'urd this summit 
area joins the Colorado Plateau and only younger rocks 
crop out. 

, Small erosional remnants of Martin limestone also 
occur south of the Mingus Mountain area in the Cherry 
Creek district, and faulted segments of the Martin oc
curs in patches east of the Verde fault from the north
east corner of the .Terome area to a point 15,000 feet 
south of Black Canyon. Most of the Martin east of the 
Verde fault, however, is north of 1,348,000. Erosion 
of the overlying Verde formation locally exhumed the 
small patches of the Martin and the other' PaleOzoic 
rocks along the Verde fault. 

Th1clme~ 

The thickness of the Martin limestone near Haynes 
gulch 1,366,600 N.; 434,000 E.), north of Jerome, is 
441 feet; near Little Coyote Canyon on the western 
flank of Mingus Mountain (1,353,000 N.; 413,000 E.) 
it is 465 feet. · Stoyanow (1936, p. 497) measured a sec-

,tion 505 feet thick at Jerome. In the he,adwaters of 
the East Verde River, about 70 miles southeast of the 
Jerome area, Huddle and Dobrovolny (1945) measured 
390 feet of the Martin. At Simmons, about 20 miles 
northwest of the Jerome area, McNair (1951, p. 518) 
measured 381% feet of the Martin. 
Lithology 

Diverse varieties of limestone and much contamina
tion by silt and clay characterize the Martin limestone, 
not only '-in the .T erome area, but also in southeastern 
Arizona. The lithology of the Martin is so obviously 
different 'from that of the overlying Redwalllimestone 
that the two can be distinguished at a glance. Certain 
beds in the Martin contain abundant invertebrate fos
sils, and Stoyanow (1936, p. 495-500) has listeq and 
located the fauna in the section near Jerome. 

The Martin limestone comprises four units. These 
units were distinguished only in measured sections, be
cause detailed mapping of the Martin was not necessary 
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to meet our objectives. For convenience of description, 
however, each of the units wili be described individual
ly. Listed in order of decreasing age, they are: lower 
unit, lithographic unit, middle unit, and upper unit. 

AIl of the Martin, and particularly the lower unit, is 
dolomitic. The coarser the grain size, the more dolo
mitic is the rock. The dolomite is in large grains set in 
a fine-grained matrix of calcite. 

In two places where hills ()n the old erosinal surface 
prevented deposition of the Tapsats sandstone ( ~) , thin 
lenticular masses of sugary-grained, somewhat vuggy 
quartz separates the Martin limestone from the older 
rocks. These two places are south of Jerome: one on 
the west bank of the north fork of Mescal Gulch 
(1,355,000 N.; 435,500 E.) and the other on the south 
wall of Black Canyon (1,327,000 N.; 444,000 E.). The 
quartz appears to be a replacemeht of the Martin, but 
its significance is unknown. 

The lower unit ranges from 34 to 53 feet in thickness 
and is nearly uniform lithologically. A few thin beds, 
however, contrast in color, texture, and bedding. The 
lower unit is dominantly light brownish gray, and sub
ordinately yellowish gray. Color depends partly on 
grain size and partly on the amount of impurities; the 
finer grained rocks generally are of lighter hues, and 
the impurities, presumably clay, locally color irregular 
zones and beds pinkish and yellowish. Medium- to 
coarse-grained beds are most abundant, but some are 
fine, and others, coarse. Beds range in thickness from 
lis inch to 5 feet. The clastic origin of some beds is 
shown by etched out crOSSbedding and channeling. 
Other beds are massive ; whereas a few are distinctly 
fragmental. The massive beds are always coarse 
grained, perhaps owing to crystallization. 

In the lower unit, all the coarse-grained thick beds, 
and some thin ones are dolomite in which dolomitic 
limestone forms thin interbeds. The coarse-grained 
dolomite commonly is spotted with "augen" of coarsely 
crystalline white calcite, the origin of which is obscure. 
Conspicuous light-colored chert is nodules and lenses 
marks the uppermost 2 feet of the unit. 

Interrupting the sombre gray sequence of the lower 
unit, is a series of light-colored, thin-bedded, dense fine
grained limestone beds from 80. to 90 feet thick, aptly 
called the lithographic unit. These rocks are pink
ish gray on fresh fracture and white to very light gray 
on weathered surfaces. A few beds are slightly darker, 
and in Haynes Gulch, two beds near the base are dark 
gray. Beds range in thickhess from 3 inches to about 
3 feet, and are separated by sha]y or silty partings, from 
a thin film to 3 inches thick, which make the individual 
beds conspicuous. Most beds ate massive but a few 
how flat or gently nndulating internal bedding. Dis-

seminated grains of sand stand in relief on some 
weathered surfaces. The chief impurity is yellow, gray, 
and black chert, which occurs in concentric nodules, 
lenses, and thin layers parallel to bedding; no reason 
for its localization is apparent. 

Near the top of the lithographic unit is a distinctive 
pale-red sandy zone ranging in thickness from a few 
to 10 feet. Locally the beds are wholly sandstone, else
where they are sandy limestone. This zone is an excel~ 
lent key bed, locally known as the red marker bed (fig: 
27). It has been used to determine offsets of small 
faults. 

The middle unit ranges from 65 to 78 feet in thick-. 
ness. Its lithology is conspicuously uniform, but abrupt 
changes from fine- to medium-grain size distinctly 
mottle the rock and give the false impression of hetero
geneity. The mottling appears to be due to recrystalli
zation. 

The beds range in thickness from less than 1 inch to 
4 feet. Individual beds are characteristically not lami
nated but locally there are exceptions. The middle unit 
is dolomitic, and although the ratio of dolomite to cal
cite is unknown, dolomite probably predominates. 

Diverse lithology distinguishes the upper unit, which 
comprises 250 feet of beds of a total of 440-465 feet for 
the Martin limestone. It consists of alternating zones, 
the smallest of which are single beds, perhaps 1 foot 
thick, whereas the thickest is about 50 feet. For de'. 
tailed mapping, the upper unit could be further sub
divided, and the uppermost 50 feet might be mapped 
oV.er the entire Jerome area. 

The lithology of the upper unit varies in texture, 
structure, color, and composition; it includes all the 
types found in the underlying units. It consists chiefly 
of dolomitic limestone and probably some dolomite, 
with thin interbeds of limy siltstone or shale. A few 
pure limestone beds may be sandwiched in the dolomitic 
rocks, but they were not recognized. 

The lower 60 feet of the unit comprises interbedded 
(1) light-gray, very fine grained, dense dolomitic lime
stone, (2) light-olive gray, medium- to coarse-grained 
dolomitic limestone or dolomite, and (3) very light 
gray, thin-bedded, finely laminated dolomitic limestone. 
The overlying beds are generalJy similar to those just 
described, except for clay and silt impurities and inter
beds of claystone or siltstone. Clay mottles the dolo
mitic limestone purplish to reddish and commonly 
purple 'siltstone or claystone interbeds separate these im
pure beds. The zone from 100 to 140 feet above the base 
of the upper unit comprises alternating thin-bedded 
impure slabby dolomitic limestone and poorly exposed 
purplish limy siltstone that crop out between cliffs of 
maresive dolomitic limestone. These impurities re-

.. 
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appear sporadically in lesser amounts in the overlying 
beds. The uppermost 50 feet of the unit consists of 
grayish-orange-pink, medium-grained dolomitic lime
stone beds; it is uniformly and evenly bedded, and crops 
out in uniform step like ledges. 

Two similar key or marker beds occur from 40 to 42 
and from 55 to 57 feet above the base of the upper unit. 
These beds are light-olive gray, medium- to coarse
grained dolomitic limestone. But the distinguishing 
feature is many inclusions of fine-grained, moderate red 
sandstQne in irregular-shaped masses frQm a fraction 
of an inch to 9 inches long. Another excellent, but local, 
marker bed, distinguished by corals, occurs from 150 
to 157 feet above the base of the upper unit. Locally 
the abundance of both solitary and colonial types indi
cates a reef, but elsewhere, the bed was nQt recQgnized. 

Age and correlation 

Middle and Upper Devonian sedimentary rocks, 
chiefly · limestone and dolomitic limestone, are wide
spread in Arizona. McKee (1951, pI. 2) has shown that 
Devonian seas probably covered all the State except for 
the Defiance uplift, a small area in nQtheastern ArizQna. 

The Martin limeston~ crops out in several mountain 
ranges northward from the Bisbee area in southeastern 
Arizona, where it was first described by Ransome (1904, 
p. 33), to the Globe-Miami area. Huddle and Do
brovQlny (1945) traced the Martin frQm near GlQbe tQ 
the headwaters of the East Verde River, southeast of 
Jerome. They state that the Martin probably can be 
traced into the Temple Butte limestone in the Grand 
Canyon area. There is little doubt that the Martin de
scribed by .Huddle and Dobrovolny at the East Verde 
River is the same as the DevQnian system in the Jerome 
area, and we believe the name Martin for the limestQne 
in the Jerome area is justifiably applied. This correla
tion already has been made by McNair (1951, p. 516) 
who designated the Devonian system from Jerome to 
the western part .of the Grand Canyon at Hurricane 
Cliffs as the Martin. 

In contrast to Huddle and DobrovQlny and to Mc
Nair, Stoyanow (1936, p. 495) placed the northernmost 
limit of the Martin limestone near Roosevelt Reservoir. 
Stoyanow believes a land mass-Mazatzal land-existed 
during the Devonian in the area between RQQsevelt 
Reservoir and the Pine-PaysQn area. The DevQnian 
seas north of Mazatzal land were nQt connected to the 
Martin sea to the south, according to Stoyanow. He 
cites lithologic and paleontologic differences to support 
his thesis. Stoyanow (1936, p. 499) proposed the name · 
Jerome formation for the DevQnian system in the Pine
Payson and Jerome areas, and correlated the Martin 
limestone with only the upper part of his Jerome 
formation. 

Huddle and Dobrovolny (1945) point out that De
vonian rocks were deposited in the area Stoyanow called 
Mazatzal land, although in places the strata are only 
30 fe~t thick. They maintain that the designation of 
the Devonian system in the Pine-Payson area as the 
Martin limestone is justified by general lithologic 
similarities and by the indications of original continu
ity with the Martin in the Globe area. 

Huddle and Dobrbvolny (1952, p. 67) assign a Late 
DevQnian age to the Martin limestQne. They state 
(1952, p. 86) that their admittedly inadequate collec
tiQns from the Martin may contain equivalents of some 
of the faunal zones of the Devils Gate formation in 
central Nevada (Merriam, 1940) and indicate a some
w hat older age for the lower part of the Martin. Their 
middle member .of the Martin contains abundant stro
matQPQroids and cQrals, and they believe that their 
lower and middle members may represent part or all 
of the Stromatopora zone of the Devils Gate formation 
and thus be Middle Devonian. The Phillip8astrea 
(Pachyphyllwm) zone (Late Devonian) of the Devils 
Gate fQrmatiQn (Huddle and DQbrovolny, 1952, p. 86) 
is prQbably present in their upper member of the Mar
tin, and they conclude that the available faunal evi
dence indicates that the uppermost beds of the Martin 
are Late Devonian. 

REDW ALL LIMESTONE 

Distribution, thiCkness, and stratigraphic relationShip 

Tll~ Redwall.limestone, like the Martin, crops out 
only In the perIpheral zone of Mingus Mountain, for 
the lava flows of the Tertiary Hickey formation con
eeal all but the edges of the older rQcks. Soutbeast .of 
Mingus MQuntain (1,322,500 N.; 455,800 E.) there is 
also a small .outlier of Redwall resting .on Martin. Sev
eral areas of Redwall occur east of the Verde fauit 
northward from Jerome, and from Jerome south to ne~tr 
the Green Monster mine (1,348,500 N.), several small 
inliers of Redwall OCCur in the Verde formation. 

Near Haynes Gulch (pI. 1, 1,366,600 N.; 434,000 E.), 
the Redwalllimestone is 286 feet thick; on the west side 
of Mingus Mountain, near Little Coyote Canyon 
(1,353,000 N., 413,000 E.) it is 256 feet thick, but here 
erosion has removed an unknown but presumably small 
part of the formation. AbQut llh miles north of Little 
COyQte Canyon, Gutschick (1943) measured an incom
plete section of the Redwall 270-275 feet thick, and 
about 50 miles northwest of Jerome in Chino Valley, 
McNair (1951, p. 519) measured 3441h feet of the Red
wall, which indicates a general thickening of the Red
wall northwestward. 

The Redwall limestone, of early Mississippian age, 
disconformably overlies the Devonian Martin lime-
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stone, and the Supai formation disconformably overlies 
the Redwan. The surface of the Martin formation 
upon which the Redwan was deposited was somewhat 
irregular, for 30 feet or more of basal Redwall is cut out 
between Jerome on the eastern flank of Mingus Moun
tain and Little Coyote Canyon on the western flank. 

Erosion has stripped the Supai from most of the 
Mingus Mountain area underlain by Redwall, so that 
Tertiary lava and gravel of the Hickey formation, in 
part, rest direc.tly on the Redwall. The central part 
of the northern boundary of the Mingus Mountain 
quadrangle approximately marks the erosional edge 
of the Supai formation. The best exposures of the 
Redwan-Supai contact are along the road in the Clark
dale quadrangle to Perkinsville; they show at least 6 
feet of coarse limestone rubble at the base. In other 
places, the basal breccia contains detrital chert as well 
as fragments of limestone. In Sycamore Canyon, 9 
miles north-northeast of Jerome, McKee (oral com
munication) found 3 feet of conglomerate overlying 
the Redwan. Jackson,t who studied the Supai forma
tion in the Fort Apache area southeast of the Jerome 
area, found that the erosional unconformity at the top 
of the Redwall had from 15 to 20 feet of relief; and 
northeast of the Jerome area in Chino Valley, Hughes 
(1952, p. 640) found thick lenses of basal conglomerate 
of the Supai resting on the Redwall. There is little 
doubt that a significant break separates the Radwall 
from the Supai, which is further emphasized by the 
lithologic differences. 

Lithology 

The Redwalllimestone is typical of the Mississippian 
crystalline pure limestone formations in Arizona. 
From a distance, it appears white, but on close inspec
tion is seen to be light gray and pink. Most of the rock 
is distinctly granular and coarse grained; only thin 
local zones are fine grained. Abundant fossiliferous 
beds alternate with beds of fossil-poor, crystalline lime
stone; a few beds appear almost wholly crinoidal. 
Road cuts and cliffed stream canyons reveal channels 
and small caves marked by brick-red claylike sediment, 
presumably residual from solution of the limestone. ' 
From a distance, the trace of these red solution openings 
appear as a haphazard, red-on-white pattern. Parts of 
the Redwall are so massive that they stand as spectacu
lar white cliffs. These cliffs, owing to the near hori
zontal attitude of the Redwall, cqntour the , rugged 
topography. Without doubt, the Redwalllimestone is 
a handsome rock, boldly displayed. 

• Jackson, R. L., 1950, The stratigraphy of the Supai tormatlon along, 
the Mogollan Rim, Central Arizona: Unpublished thesis, Univ: Ariz., 
Tucson, Ariz. 

Gutschick (1943) studied the Redwall limestone in 
the area from Black Mesa in the northwest end of 
Chino Valley southeastward to Jerome, and subdivided 
it into four members, We recognize only three mem
bers, the lower two of which coincide with Gutschick's. 
These units were not mapped separately except locally 
where needed to decipher the structure; none are shown 
on the maps. For descriptive purposes, however, we 
recognize the three members. 

The lower member of the Redwan consists of two 
I 

distinct parts: a lower unit, which locally wedges out, 
of slabby limestone, sandy limestone, and limy sand
stone, and an upper unit of massive, thick-bedded, 
oolitic limestone. On the eastern flank of Mingus Moun
tain, the lower unit is about 35 feet thick; on the 
southern flank it is much thinner; and on the western 
flank, it is missing, presumably being cut out against 
a "high" on the erosional surface of th,e Martin. The 
lower beds are light gray, and some have a light
purplish cast resulting from impurities. They are dis
tinctly slabby, and range in thickness from about 1 inch 
to 2 feet. Commonly the bedding planes are wavy, ir
regular, and discontinuous; some beds thin and lens 
out, whereas others end unexpectedly. These beds are 
sandy and contain significant amounts of dolomite, and 
appear to be reworked Martin limestone, a belief sup
ported by a local thin basal conglomerate composed of 
fragments of the Martin. 

The upper unit of the lower member is a massive, 
thick-bedded, light-blue to gray, oolitic limestone, 50-
55 feet thick, that generally forms spectacular cliffs. 
In places the cliffs rise vertically for 50 feet, and else
where the oolitic limestone combines with the overlying 
beds to form still higher vertical drops. In most places 
the rock is a mass of conspicuous oolites, but locally it 
has recrystallized into a coarse-grained, granular rock. 

The oolitic limestone passes conformably upward into 
the middle member, which ranges from 55 to 74 feet in 
thickness. Chert, in abundant pods, lenses, layers, and 
irregular-shaped masses, is diagnostic of the middle I 

unit. The limestone is thick bedded (2-5 feet), and 
medium to coarse grained; where medium grained, it is 
nearly white, and where coarse grained is light cream. 
The chert generally ranges in color from white to yel
low, but some is dark gray or, uncommonly, nearly 
black. The middle member is fossiliferous; solitary 
corals are most conspicuous. 

The upper member, about 140-150 feet thick, is a 
yellowish-gray, massive, thick-bedded crys~alline lime
stone. It is generally coarse grained, but in local areas 
it is medium to fine grained. It abounds in fossils; 
some beds appear to be derived entirely from crinoid 
remains. Gutschick (1943, p. 7) found fossil brachio-

' .. 
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pods, crinoids, corals, bryozoa, ,blastoids, ' gastropods, 
trilobites, and fishes. 
Age and correlation 

The Mississippian limestone in northern Arizona was 
calle~ the Redwall by Gilbert (1875, p. 162, 177-186), 
who mcluded rocks older and younO'er than the Missis-

• • b .• 

slpplan. Noble (1922, p. 26, 54), as a result of studies 
in the Grand Canyon, restricted the name Redwall to 
strata of Mississippian age. The Mississippian lime
stone in the Bisbee district was named Escabrosa by 
Ransome (1904, p. 42-44) , and this term has been widely 
used in southeastern Arizona. Huddle and Dobrovolny 
(1952, p. 86) traced the two formations into each other . ' and used Redwall lImestone in their report dealing with 
central Arizona. The term "Redwall" has been used 
e~rlier in the Jerome area by Ransome (1916, p. 162), 
Lmdgren (1926, p. 9), Stoyanow (1936, p. 512-514), 
and Gutschick (1943). Fossils collected by Ransome 
.(1916, p. 162) and Wooddell (Stoyanow, 1936, p. 514) 
m the Jerome area, indicate an early Mississippian aO'e 
corresponding to parts of the Kinderhook and OS:O'~ I::> 

groups. 
SUPAI FORMATION 

Distribution 

The Supai formation crops o~t in the northern part 
o~ the Jerome area, the southern limit of the formation 
nearly coinciding with the southern boundary of the 
Clarkdale quadrangle (pl. 1). The Supai underlies the 
north margin of W oodchute Mountain and part of the 
eastward-dipping slopes that extend northeastward 
from Woodchute Mountain to the Verde Valley. Vol
canic rocks of the Tertiary Hickey formation cover 
pmch of the Supai formation, especially on W oodchute 
Mountain. 

The Supai underlies the entire northeast corner of 
Arizona. The south edge of the Supai extends from 
about the center of the eastern boundary to the approxi
mate northwest corner of the State . . The Jerome area 
is about in the center of this line marking the southern
most extent of the formation. 

Thickness and stratigraphic relationship 

In the Jerome area, a maximum of only 3'70 feet of 
the basal part of the Supai formation remains; this 
thickness represents the southernmost beveled edge of 
Supai, which erosion is forcing to retreat northward. 
From the Jerome area northward to the Mogollon Rim, 
for 10 to 12 miles, only partial sections of Supai are 
present. In the escarpment ' of the Mogollon Rim, 
however, the overlying Coconino sandstone assures a 
complete section. Here McKee (oral communication) 
measured 1,665 feet of Supai formation in Sycamore 
Canyon which includes 332 feet of Pennsylvanian rocks 
at the base. Northwest of the J erome arE:~ near Black 

Mesa on the east side of Chino ValJey about 10 miles 
south of Ashfork, Ariz., Hughes (1949, p. 33) measured 
1,155 feet of Supai. About 70 miles southeast of the 
J ero~e a::ea on Fossil Creek, which drains off the Mogol
lon RIm mto the Verde River, Huddle and D6brovolny 
(194~) measured 2,200 feet of Supai from which they 
reassIgned the basal 4'70 feet as the Pennsylvanian Naco 
formation. 

The ~isconformable .relationship of the Supai to the 
underlymg Redwall lImestone has been described in 
the s~ction on the Redwall. In the Jerome area, the 
SupaI has been beveled and covered by the Tertiary 
Hickey formation. 

Lithology 

The Supai is a red-bed formation, consisting chiefly 
of .sandstone and siltstone, but it contains subordinate 
amounts of limestone and shale. In the Jerome area 
the color ranges from moderate red to pale reddish 
brown. The Supai is well bedded, and forms a cliff and 
sl.op.e topography. Some beds are slabby, and others 
dlstmctly laminated. Many of the sandstone and silt
s~one beds are cross bedded, and cros~bedded epiclastic 
lImestone, has been reported from the Supai. Noble 
(1922, p. 60) found that the inclined laminae in the 
crossbedding dipped southward, and McKee (1940, p. 
882), .who made an exhaustive study of structures in the 
SupaI, found that the laminae inclined south and south
east, indicating the source of the sediment lay to the 
north. ~ugh.es (1952, .p. 648) suggested that sweeping 
cross lammatIon and mud cracks indicate the Supai is 
deltaic. . 

In the Jerome area, the Supai comprises a basal zone · 
of rubble or breccia overlain by an impure limestone of 
uncertain origin. Above the limestone are well-bedded 
moderately red siltstone beds, a few thin beds of lime~ 
stone, and possibly some claystone or shale. The basal 
zone is commonly poorly exposed, and probably varies 
in thickness and character from place to place. It is 
most prominent north of Jerome near the road to 
Perkinsville. Here it consists of 6 feet of 'rubble com
posed of blocks of limestone, ranging from about 1 inch 
to 3 feet in diameter, cemented by moderately red silt
stone. I On the hills above Haynes Gulch west of Jerome 
and also about 12,000 feet north of the United Verde pit 
a most distinctive pebble bed, 3-20 feet thick, occur~ 
about 20-30 feet above the base of the Supai. It con
sists of pebbles of chert, limestone, and siltstone in a 
dark-maroon limy and sandy matrix. Overlying the 
basal rubble bed is a siltstone and limestone zone which , 
north of the road to Perkinsville, consists of about 50 
feet of impure gray limestone and lesser amo)lnts of 
intercalated red siltstone. 
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Along tne Perkinsville road about 45 feet above the 
base of the Supai, a 5-foot limestone-breccia bed occurs 
in which the fragments are as much as 4 inches in di
ameter. Above the breccia bed is a zone about 70 feet 
thick composed of unsorted sedimentary detritus de
rived mostly from limestone. Patches of deep red silt
stone are also abundant. Above the head of Haynes 
Gulch west of Jerome, this zone is only 20-40 feet thick, 
and though poorly exposed, consists of gray limestone, 
partly to completely replaced by chert. Chert nodules 
and lenses form a small part of these limestone beds in 
other places, but nowhere else does it almost completely 
replace entire beds. In all exposures, this sedimentary 
chaos of limestone, siltstone, and breccia passes abruptly 
into siltstone, the characteristic facies of the Supai. 

The siltstone facies forms a cliff and slope topogra
phy, which is somewhat spectacular because of the 
bright red hue of the rocks. A maximum thickness of 
about 250 feet of these rocks remains in the Jerome 
area. They are lithologically similar throughout, ex
cept for one or two thin beds of gray limestone. The 
variations are in degree rather than kind. Siltstone is 
the most abundant rock type, but fine-grained sand
stone, minor beds of limestone, and perhaps claystone 
constitute a small part of the section. The siltstone 
consists of small quartz grains, calcareous cement, and 
iron oxide. The iron oxide occurs chiefly as a cement 
and pigment. The relative amounts of these materials 
vary from bed to bed; it was often debatable whether a 
rock was a calcareous siltstone or a silty limestone. 
Bedding ranges in thickness from about 1 inch to as . 
much as 4 feet. The thin slabby beds are generally 
friable and commonly are a deeper red than the thick 
beds, perhaps because pulverulent iron oxide comprises 
a greater part of the matrix. These beds form the slopes 
where outcrops are sparse. The thicker beds are gen
erally in cliffs and ledges and are lighter red and limy. 
Crossbedding marks many of the cliff-forming beds. 
The sweep of the inclined laminae ranges from 1 or 
2 inches to perhaps 3 feet. In summary, the features 
that characterize the Supai in the Jerome area are the 
prevailing red hue, the cliff and slope topography the 
uniform grain size of the siltstone, and the crossbedding. 

Sporadically certain beds contain minor structures 
for which we have no ready explanation and no attempt 
was made to investigate them. Chief among these were 
a "pimply" structure, a pseudobreccia, and an odd 
mottling resulting from variations in texture and com
position. The "pimply" structure, a product of 
weathering, appears as small raised surfaces liberally 
scattered on the surface of the rock. The pseudobreccia 
appears on the bedding planes as many, irregular
shaped, light-pinkish-gray areas, some of which are 

slightly raised, set in a matrix of the normal red silt
stone. Perpendicular to the bedding planes, however, 
they are tubular or branching, like the trunk and main 
limbs of a tree. The only apparent lithologic differ
ence between these odd-shaped masses and their matrix 
is in the relative abundance of iron oxide. The mottled 
rock appears to be a haphazard mixture of small irregu
lar-shaped masses of light-pinkish-gray impure lime
stone and of red calcareous siltstone. There is not the 
slightest tendency for these two rock types to be segre
gated. 
Age and correlation 

The Supai formation was originally defined by Dar
ton (1910, p. 25-27) from exposures in northern Ari
zona. It included about 800 feet of red sandstone and 
shale beds that underlie the Coconino sandstone and 
overlie the Redwalllimestone. Later, Noble (1922, p. 
64) redefined the Supai formation by reassigning from 
the top about 300 feet of red sandy shale and fine
grained sandstone, which he named the Hermit shale . ' and by addmg to the base about 250 feet of sandy shale 
limestone, and calcareous sandstone, which formerl; 
had been included in the Redwall limestone. Noble 
redefined some of the Permian beds from the top of the 
Supai, and added Pennsylvanian ( ?) rocks to the base. 
As thus defined, the Supai is of Permian and Pennsyl
vanian ( ?) age. 

In recent years, there has been a tendency amona 
some to reassign the Pennsylvanian beds .from th~ 
Supai. But the lack of an unconformity and the litho
logic similarity of the Pennsylvanian and the Permian 
beds and the scarcity of diagnostic fossils render the 
wisdom of this division questionable. Huddle and 
Dobrovolny (1945) in their study of the Paleozoic 
stratigraphy of central and northeastern Arizona re
defined the Pennsylvanian rocks from the Supai and 
called them the Naco formation. 

Ransome (1904, p. 44) originally described the Naco 
fo.rmation. fr?m th,e Bisbee area, .Arizona; following 
Glrty, he mdlCated the Naco to be of Upper Carbonif
erous age and to contain a Pennsylvanian fauna. Sub
sequently, Huddle and Dobrovolny (1945) recognized 
the Naco formation in the Globe-Miami area, Arizona. 
From there, they extended the limits northward into 
the Fossil Creek-East Verde River area of central 
Arizona, which is about 70 miles southeast of the Jerome 
area. Following Huddle and Dobrovolny, Jackson 2 

and S. S. Winters, whose stratigraphic work in the 
Fort Apache area of Arizona has not been published 
but is quoted by Jackson, reassigned the Pennsylvanian 
beds from the Supai and called them Naco formation. 

• Jackson, R. L., op. cit. 
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The lithologic similarity of the Permian and Pennsyl
vanian beds influenced these workers to choose some 
arbitrary plane for the contact between the Permian 
and Pennsylvanian beds placing it above the highest 
bed in the section that contained a marine Pennsyl
vanian fauna. This treatment resulted in Winters' 
placing the Naco-Supai contact about 570 feet higher 

. in the section than Jackson, for Winters found upper 
Pennsylvanian fossils (Virgil age), but Jackson found 
only middle Pennsylvanian fossils (Des Moines age). 

Hughes (1952, p. 656) did not differentiate the basal 
fossiliferous limestone facies from the Supai formation 
as exposed in Black Mesa, 30 miles to the northwest of 
the Jerome area. Many fossils collected by Hughes 
were too fragmental for positive identification or the 
geologic range of others was too great for precise age 
determination. Hughes concluded that the available 
evidence indicated that the basal Supai at Black Mesa 
is of early Pennsylvanian age, and related to the lime
stone of the Nevadan geosyncline to the west. 

No fossils have been found in the Supai of the 
Jerome area. Although probably it is stratigraphically 
equivalent to beds called Naco by Jackson, Winters, 
and Huddle and Dobrovolny, we believe that too little 
is known about the lateral continuity of proposed sub
divisions and about the stratigraphic relationship of 
the subdivisions offered by different workers, for the 
Supai in the Jerome area to be subdivided into other 
formations. Hence we shall call these rocks the Supai 
formation of Pennsylvania and Permian age. 

UNCONFORMITY AT THE BASE OF THE TERTIARY 
ROCKS 

Much of central Arizona southwest of the Colorado 
Plateau contains only Precambrian metamorphic and 
granitic rocks, locally covered by Cenozoic volcanic and 
sedimentary rocks, as in the southern part of the Jerome . 
area. Several lines of evidence, summarized by McKee 
(1951, p. 486), indicate that Paleozoic sedimentary 
rocks formerly covered the central Arizona area. The 
thickness and lithologic character of the .Paleozoic 
rocks, except the Cambrian, give no indication of depo
sition on the margins of a basin. The Dev~mian rocks 
thicken toward this area from the north and east. The 
most southerly exposures of Mississippian strata are 
as free of detrital sediment as to the north, and although 
they are thinner than in the Grand Canyon section, they 
thicken toward the Jerome area from the east and reach 
about 300 feet in thickness in that area. The Permian 
rocks are 2,000 feet thick at their southernmost margin. 
Isopach maps prepared by McKee (1951, pIs. 1 and 2) 
clearly indicate that Devonian, Carboniferous, and Per
mian rocks formerly extended from the Colorado 

Plateau across the central part of Arizona to the south
ern and southwestern parts of the State. Lower and 
Middle ( ~) Triassic sedimentary rocks of the Moenkopi 
formation are 300 feet thick at the south edge of the 
Colorado Plateau, and they may have extended for an 
unknown distance into the Jerome area. 

McKee (1951, p. 494) has also summarized the evi
dence for extensive uplift in the central Arizona region 
in Late Triassic time. The Shinarump conglomerate 
of Late Triassic age was deposited as a broad sheet of 
gravel throughout much of northeastern Arizona and 
adjacent areas. The large size and the high degree of 
rounding of the detritus in the gravel indicate vigorous 
erosion and long transportation from the source area. 
Among the pebbles in the Shinarump conglomerate 
McKee (1937) found distinctive lithologic types and 
diagnostic fossils that prove a source to the south for 
much of the sediment. 

Except for the possible deposition of a thin sheet of 
Moenkopi the regional evidence indicates that during 
Triassic, Jurassic, and Cretaceous time (McKee, 1951, 
pIs. 2 and 3) the Jerome area was eroded. The lack of 
early Tertiary deposits in~icates that erosion probably 
continued until the accumulation of the I-Iickey forma
tion in the late Tertiary. During this period 3,000 
to 3,500 feet of Paleozoic sedimentary rocks and an 
unknown thickness of Precambrian rocks were eroded. 

Sometimes during this period of active erosion, the 
Paleozoic rocks in the Jerome area were tilted north
ward a few degrees so that the Precambrian rocks are 
exposed to the south of the Paleozoic. There is no 
evidence to date the period of tilting: (1) it may have 
been at the time of the Late Triassic uplift, or (2) . 
during the Late Cretaceous and early Tertiary period 
of faulting discussed on page 78) or (3) as a result 
of recurrent uplift at different periods. 

The erosional surface on which the Hickey forma
tion accumulated had a relief of 500 feet or more, in
dicating perhaps, some regional uplift just before the 

.time of accumulation of the Hickey. This might favor 
the possibility of recurrent uplift during the Mesozoic 
and Tertiary period of erosion. 

The evidence seems compelling that the unconform
ity in the Jerome area separating the Supai and older 
rocks from the late Tertiary Hickey formation is a 
major unconformity in central Arizona, and represents 
a long period of erosion. 

CENOZOIC ROCKS 

In the Jerome area, Cenozoic rocks comprise the 
Hickey formation of probable Pliocene age; the Verde 
formation and the older Quaternary gravel both of 
which are younger than the Hickey formation, younger 
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Quaternary gravel, and Recent riverwash, talus, and 
terrace deposits. The Hickey and Verde formations 
consist of lava flows intercalated with sedimentary 
rocks ranging in size from boulder conglomerate and 
gravel to clay and mudstone. The younger formations 
are predominantly unconsolidated gravel, ranging in 
size from boulder gravel to pebble gravel and coarse' 
sand. 

HICKEY FORMATION 
Distrlbutton 

The Hickey formation here defined is named from 
mediocre exposures on H"ickey Mountain, a subsidiary 
upland area contiguous on the northwest to Mingus 
Mountain. The most typical exposures are on Mingus 
Mountain and logically this area should be the type 
locality; however, the name Mingus is preoccupied. 

In the Mingus Mountain quadrangle, the Hickey for
mation covers Mingus Mountain and the subsidiary 
mountains-Hickey and vVoodchute-lying northward. 
This formation occurs in many scattered patches, some 
of which crown peaks, from the summit area of Mingus 
Mountain southward to the road between Dewey and 
Cherry; the largest patch is along Ash Creek and Tex 
Canyon just north of their junction. A mantle of the 
Hickey overlies much of the area south of the road be
tweep Dewey and Cherry, and farther southward, it 
increases in extent and thickness, covering fully half 
the adjoining Mayer quadrangle on the south. Most of 
the south end of Lonesome Valley is also cut in the 
Hickey. To the north in Lonesome Valley, small strip
like exposures of the Hickey crop out on the walls of 
some of the larger gulches, separating the riverwash 
from the Quaternary gravel that mantles the pediment 

. surfaces. 
At one time, the Hickey formation must have covered 

the Black Hills and at least part of Lonesome Valley. 
But to what extent the Hickey extended eastward in 
the area now occupied by the Verde Valley, and to what 
extent it was once contiguous with the Tertiary lava 
and gravel of the Colorado Plateau, have nbt been 
determined. 
TWcl<ness and stratlgrapWc relatlonsWp 

Erosion has removed the top of the Hickey formation 
so that only partial sections occur in the Jerome area. 
Along the northern boundary of the Mingus Mountain 
quadrangle, about 1,400 feet of the Hickey, of which all 
but 50 feet is basalt, occurs at W oodchute Mountain. 
In the south end of Lonesome Valley about 1% miles 
north of the Precambrian bedrock at Humboldt, drilled 
wells penetrated 735 feet of Hickey formation. In 
addition, at least 300 feet of strata crops out to the east 
in the adjacent ridges, and along the southeast margin 
of Lon~some Valley, remnants of the Hickey formation 

lie at altitudes 300 and 750 feet above the valley floor. 
These perched remnants clearly attest to the former 
presence of a greater thickness of the Hickey, but un
certainties of initial dips and fault offsets preclude de
termination of the excess above the 1,035 feet now 
present. Presumably the thickness increases northward 
from the south end of Lonesome Valley because the 
surface of the Precambrian rocks beneath the Hickey 
formation slopes northward, whereas altitudes on the 
Hickey increase. 

The Black Hills were uplifted along the Coyote and 
Verde faults after the accumulation of the Hickey for
mation, and the Verde formation was deposited in the 
newly formed Verde Valley to the east. The uncon
formity between th,e Hickey and Verde formations is 
exposed in the area east of the Verde fault and north 
1,350,000 N. (pI. 1). 

In Lonesome Valley along the front of the Black 
Hills, erosion carved a pediment on the Hickey forma
tion, which was masked by a mantle of gravel-the tool 
of erosion. Subsequently, accelerated erosion produced 
by capture of the drainage of the south end of Lone
some Valley by the Agua Fria River stripped the gravel 
mantle from the pediments, and dissected the Hickey 
formation. 
Lithology 

The relative abundance of the sedimentary and vol
canic facies of the Hickey formation varies. On Mingus 
Mountain, volcanic rocks compose all but a small part 
of the formation, but along the south-central margin 
of the area, gravel and lava flows are intercalated. Here 
in one place four di~tinct gravel beds are sandwiched 
between five flows. In the sbuth end of Lonesome 
Valley, however, sedimentary rocks predominate, for 
only one zone of volcanic rocks occurs south of Dewey. ' 

The volcanic facies comprises chiefly flows and sub
ordinate amounts of basaltic sediments and breccia. 
The breccia beds are probably the blocky, fragmental, 
and scoriaceous tops of flows, but some may be true 
pyroclastic rocks. The basaltic sediments comprise ma
terial derived entirely from the volcanic rocks; they are 
well bedded, and are fairly well sorted. In addition in 
one locality in the south-central part of the area, a thin 
bed of rhyolitic tuff is intercalated between flows 
(1,305,000 N. ; 436,800 E.) . 

The thick pile of lava on Mingus Mountain comprises 
many flows, some 50 feet or more thick. The lava in 
the southern part of the area, however, apparently com
prises all thin flows from 10 to 20 feet thick. Frag
mental basalt or basalt breccia occurs intimately asso
ciated with flows in all areas. 

Basaltic sediments are widespread; they occur on 
Mingus Mountain, in the southeast corner of the area, 
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and under the lava flows exposed at Humboldt in the 
southwest corner of the area. On Mingus Mountain, 
the roadcuts along Highway 89A near the summit area 
of Mingus Mountain display well-sorted and bedded 
material. Small topographic sags or basins on Mingus 
Mountain, such as the Potato Patch campground, are 
believed to have formed by sluicing out of soft basaltic 
sediments by flood action, although all the exposures 
in these areas are masked by soil. In the southeastern 
part of the area, Quaternary terraces and stream cuts 
expose about 40 feet of bedded volcanic sand and fine 
gravel, composed partly of small red to pink lapilli. 
Similar material occurs under the lava near Humboldt 
in the stream oanyon that dissects the lava. All these 
well-bedded basaltic sand and gravel beds probably col
lected in local depressions during lulls in volcanism. 

The physical character and mineralogic composition 
of the basalt appears typical of many plateau basaltic 
flows. The interior parts of flows are massive, except 
for vesicles, whereas the tops of flows are blocky from 
brecciation. Vesicles, ranging from a pin point to 1 
inch in diameter, are abundant, even in dikes and re
lated lenses or pods. Columnar joining is common, and 
magnificently displayed in the peripheral escarpment 
around the summit area of Mingus Mountain. The 
basalt is porphyritic; phenocrysts of olivine and augite 
are set in a yery fine grained or microcrystalline felty 
(pilotaxitic) groundmass, composed of needles of labra
dorite in a base of mafic material-presumably augite 
and olivine. In many · places, the olivine was partly 
altered to iddingsite. Locally the augite appears to be 
limited to the groundmass, but on Crater Mountain 
south of Cherry, augite phenocrysts are one-eighth to 
one-half inch long. Local patches of biotite-bearing 
lava, probably andesite or latite, were noted east of the 
Verde fault south of Jerome. Similar rocks may occur 
elsewhere in the Jerome area, for the lithology of the 
lava was not checked in detail. Medora H. Krieger dif
ferentiated biotite and hornblende andesite in the 
Tertiary volcanic rocks in the Prescott quadrangle. 

The sedimentary facies of the Hickey formation 
ranges from fine marl or silt to coarse gravel and con
glomerate. The coarse sediments accumulated (1) in 
the area now marked by Mingus, W oodchute, and 
Hickey Mountains, (2) in the southern part of the 
Jerome area south of the road between Dewey and 
Cherry; (3) in the bedrock margins near Humboldt; 
and (4) presumably in the intervening areas where 
erosion has removed all but scatter~d gravel beds. Some 
of the boulders and cobbles, especially those derived 
from the Paleozoic limestone, are rounded to sub
rounded; others, especially those derived from siliceous 
Precambrian rocks, show little evidence of abrasion. As 

, might be expected in deposits of this type, the degree of 
sorting varies greatly from bed to bed and from one 
locality to another. It is not uncommon to see a bed 
or lens of well-sorted coarse-grained sand intercalated 
in a heterogeneous aggregate of boulders, cobbles, 
pebbles, and finer grained sedimentary rocks. . 

The finer sediments· generally accumulated away 
from the bedrock margins, and are best exposed in the 
south end of Lonesome Valley. Presumably, local 
basins were favorable for quiet-water deposition; these 
basins may have been structural in origin or the result 
of lava flow barriers in the general drainage pattern. 

The ·fragments · composing the gravel were derived 
from the Precambrian, Paleozoic, and Tertiary rocks
the same type of older rocks that are exposed in the 
Jerome and adjacent areas. Most of the gravel contains 
fragments of all three major rock types. But local 
gravel beds comprise Precambrian fragments to the ex
clusion of others and conversely. In Gaddes Canyon 
and on the adjacent ridge to the northeast, the well
consolidated gravel beds in stream channels abound in 
cobbles and boulders derived from Paleozoic rocks, and 
have only a few fragments of Precambrian rocks. The 
gravel beds, however, that underlie the basalt of Ken
dall Peak originated solely from Precambrian rocks, 
even though Paleozoic rocks crop out about 2,000 feet 
northward . . Elsewhere in the Mingus Mountain area, 
the gravel contains abundaI).t fragments of all the older 
rocks. Of special interest is the presence of basalt frag
ments in some of the gravel beds below the lowest 
lava flows on Mingus Mountain. 

In places, gravel beds at different levels in the same 
locality had different sources, as shown by the exposures 
in Tex Canyon and northeast of Jerome. In Tex Can
yon, the older cemented gravel comprises chiefly Paleo
zoic rocks, but the overlying unconsolidated gravel con
tains mostly Precambrian rocks. The exposures north
east of Jerome are similar, except that the older gravel 
contains only fragments of Paleozoic rocks. Thus the 
drainage shifted from time to time during accumulation 
of the gravel, though perhaps only on a local scale. In 

. many places, however, the lithology of the gravel re
flects the lithology of the adj a.ceht bedrock. This is 
well displayed in the northwest corner of the Mingus 
Mountain quadrangle. Here the gra.vel overlying the 
thin· wedge of Supai contains much of that formation, 
some in angular blocks several feet in diameter. Sim
ilarly, fragments of rocks of the Alder group and others 
derived from the Grapevine Gulch formation of the Ash 
Creek group predominate in the gravel in the south end 
of Lonesome Valley, but other types are present in 
minor amounts. 
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In a few places diagnostic rocks in the gravel beds 
reveal considerable information on source, and hence on 
the general direction of drainage. Of particular inter
est is the presence of alaskite and gneissic alaskite frag
ments in gravel along the east margin of Lonesome Val
ley' from 1 to 2 miles north of the road between Dewey 
and Cherry and in the gravel farther east at the same 
latitude. The source of these alaskite fragments is in 
the southeastern part of the Prescott quadrangle; they 
are not known to occur in any other place in this vicinity. 
Drainage thus at one time was from the west or south
west. Similarly, north of Jerome, some of the uncon
solidated gravel contains fragments of breccia from the 
Spud Mountain volcanics and other rock types belong
ing to the Alder group. Rocks of the Alder group lie 
only to the west and southwest of where the fragments 
were found; drainage must have been from that direc
tion. Drainage from the south is also indicated for the 
gravel that underlies the basalt of Kendall Peak; for, 
as mentioned earlier, these beds comprise only Pre
cambrian rock types and Paleozoic rocks predominate 
to the north. Drainage from the north would have 
yielded abundant detritus derived from Paleozoic rocks. 
Age ana, co rrelation 

Throughout Arizona, Cenozoic rocks are widespread; 
they consist of (1) sedimentary rocks ranging in size 
from coarse gravel to clay; (2) extensive basaltic flows; 
and (3) intercalations of varying amounts of basaltic 
flows in sedimentary rocks. The Hickey formation is 
similar lithologically to the other Cenozoic rocks found 
in Arizona. On Mingus Mountain, basaltic flows are 
dominant; near Humboldt, sedimentary rocks are dom
inant; and along the, south edge of the Mingus Moun
tain quadrangle, about equal amounts of lava flows and 
sedimentary rocks are intercalated. In southeastern 
Arizona, the widespread Gila conglomerate is domi
nantly sedimentary, but Gilbert (1875, p. 540) reported 
that in places, basaltic flows predominate over the con
glomerate. 

Age assignments for the Gila vary, but generally 
Pliocene is the favored choice, based chiefly on verte
brate fossils. Pliocene vertebrate fossils were found in 
Gila conglomerate by Gidley (1922; 1926) in the San 
Pedro Valley and by Knechtel (1936, p. 87) in the Gila 
and San Simon Valleys, although Knechtel (1936, p. 
86) states that some of the deposits along the upper Gila 
River might be Pleistocene. A recent disc9very of 
early Pliocene (J. F. Lance, oral communication) ver
tebrate fossils has been made 20 miles south of Prescott 
in the Mount Union quadrangle along Milk Creek, in a 
sequence composed of gravel, sand, clay, rhyolitic tuff, 
and intercalated dacitic and basaltic flows. 

The country near Flagstaff to the north and north
east of the Jerome area contains extensive basaltic flows 
that cover part of the Colorado Plateau. Robinson 
(1913) established three stages of eruption, (1) wide
spread basalt, (2) central eruptions of andesite and 
rhyolite, (3) basalt from scattered vents, in part Recent 
in age. On indirect evidence, Robinson concluded that 
the first-stage basaltic eruptions occurred in late Plio
cene time, and this conclusion is widely quoted. How
ever, the facts do not permit such assurance, as they are 
not based on stratigraphic 'or fossil data. Childs 
(1948) on physiographic evidence suggested that the 
first-stage basaltic eruptions are very late Pliocene or 
early Pleistocene. In the Hopi Buttes to the east of 
Flagstaff, vertebrate fossils indicate middle and late 
Pliocene age (Childs, 1948, p. 378) for a formation 
consisting of intercalated sedimentary rocks and lava 
flows. This middle and upper Plioc.ene formation is 
truncated by a pediment that Childs traced from the 
Hopi Buttes to northeast of Flagstaff where Robinson's 
first-stage basaltic flows are above the pediment. Al
though this may prove that the first-stage basaltic flows 
are very late Pliocene or Pleistocene northeast of Flag
staff, it does not necessarily prove that the basaltic flows 
north of Jerome on the edge of the Colorado Plateau 
are of the same age. 

In the Verde Valley, Mahard (1949, p. 118) reported 
lava flows intercalated between sedimentary rocks of 
the Verde formation that are younger than the Hickey 
formation. The Verde formation is clearly younger 
than the basaltic flows on the edge of the Colorado 
Plateau to the north that are believed to be the same 
a;ge as the Hickey: 

Lava flows and associated sedimentary rocks are not 
all the same age in Arizona, and age assignments to such 
rocks is difficult owing to the lack of fossil evidence. 
Unfortunately no fossils were found in the Hickey 
formation in the Jerome area. In the Prescott quad
rangle, in rocks of similar lithology, K. K. Kendall of 
the U. S. Geological Survey, in 1946, found fragmentary 
antelope and llamalike camel bones. C. L. Gazin (1947, 
written communication) of the National Museum stud
ied these fossils and has stated that there is nothing in 
the material to preclude the possibility of a Pliocene 
age, but the material is too fragmentary for certainty. 

In this report the Hickey is tentatively assigned to 
the Pliocene epoch. The reasons are as follows: (1) 
much of the satisfactory dating of comparable Cenozoic 
rocks in Arizona has been to divisions of the Pliocene 
epoch; (2) the vertebrate fossils found in the sedimen
tary rock near Prescott do not preclude the possibility 
of Pliocene age; (3) the tectonic activity subsequent to 
the deposition of the Hickey formation followed by the 
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deposition and much erosion of the Verde formation do 
not favor a Pleistocene age for the Hickey formation; 
(4) bias on our part because of the accurate early Plio
cene dating of comparable rocks 20 miles south of 
Prescott. 

VERDE FORMA.TION 
Distribution 

The Verde formation is a unique sequence of limy 
lake deposits confined to the upper Verde Valley, an 
area that covers about 300 square miles and whose maxi
mum dimensions are about 40 miles long by 15 miles 

ide. The upper Verde Valley is bounded on the east 
and\north by the Mogollon Rim and on the west by the 
Black\ Hills, which include the Jerome area. To t?e 
south, ~ills formed of older rocks enclose and restrIct 
the V ercJle Valley to a narrow canyon. About 25 square 
miles alo~g the west margin of the Verde Valley en
croaches Op. the northeast corner of Mingus Mountain 
quadrangl~,. Here the marginal facies of the Verde 
formation ~ccurs; but is only locally well displayed, 
for much of it is masked by Quaternary gravel. 

/ 
Th1ckness ..o:nd stra.tigra.phic relationship , 

J"enkins (1923), who named the Verde formation from 
its occurrence in the Verde Valley, first described in 
detaV its character and origin. Jenkins (1923, p. 71) 
state~ that iTt the vicinity of Clarkdale, surface ex
posur~s plus I well data indicate at least 1,400 feet of 
Verde \ formation. Farther south, about 2 miles south 
of Ca~lP Verde, a well, drilled in search of oil, pene
trated i,650 fe(~t. This thickness in addition to that 
exposed · in adiacent hills totals 2,000 feet or more 
( Jenkins, 1923, p. 71). Mahard (1949, p. 104) measured 
two incomplete 8>ections: one, 2 miles north of Clark
dale; the ~her, hear the place where Highway 89A 
crosses the V-~rde R,iver near the eastern boundary of the 
Mingus Mourttain qlliadrangle. The section near Clark
dale exposes 1.a~_ fee~. Similarly, the section near the 
highway crossing·~ the Verde River exposed 1,040 feet. 
In both places an unlmown part of the section lies below 
the lev~l of. the Verde ~iver. A?out 300 feet ~f Verde 
formatIOn IS exposed irl-- the Mmgus Mountam quad
rangle. The actual thic~~ess in this area is somewhat 
greater, but probably not flore than 500-600 feet. 

In the Jerome area afteq nid-Triassic time degrada
tion prevailed until the accmnulation of the late Ter
tiary Hickey formatIon. Sub~quent deformation dis
placed the Hickey formation ~nd, in part at least, 
initiated the present drainage pafte~:r: and topography. 
The Verde formation, unconformably overlying the 
HickeyA ormation, accumulated in a tOP1) raphic basin, 
the Verde Valley, that formed largely d . ring the pres
ent erosion cycle. Whether an ancestral Verde Valley 
existed before accumulation of the Hick~y formation, 
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as suggested by Lindgren (1926, p. 14) is not easily de
termined. Price (1950) found gravel beds along the 
rim of Sycamore Canyon that underlie Tertiary lava 
and that contain Precambrian rock types similar to 
those in the Jerome area. Sycamore Creek, which is 
a large tributary flowing into the Verde River from the 
northeast, forms a canyon that lies on the opposite side 
of the Verde River from the Jerome area. If these 
gravel beds on the rim of Sycamore Canyon can be cor
related with the gravel separating volcanic rocks from 
older rocks on Mingus Mountain, an ancestral Verde 
Valley did not exist. In support of this correlation, 
some channels localizing gravel on Mingus Mountain 
trend northward. It must be remembered, however, 
that the evidence in support of the correlation of the 
two gravel beds is only suggestive. The gravel units 
along the rim of Sycamore Canyon may be older than 
the Hickey formation. 

On the assumption that faulting along the east and 
west margins of the Black Hills was contemporaneous, 
the older gravel beds located north of Highway 89A 
along the western flank of Mingus Mountain accumu
lated at the same time as the coarse gravel member of 
the Verde formation adjacent to the Verde fault. Both 
of these gravel units accumulated as the result of eleva
tion of the Black Hills along boundary faults. Qua
ternary terrace deposits and riverwash are the only 
rocks in the Jerome area younger than the Verde 
formation. 

Lithology 

The Verde formation is diverse lithologically, and 
the beds are lenticular. -In the central parts of the 
basin, fine-grained clastic rocks and limestone prevail, 
but toward the west margin, these sedimentary rocks 
intertongue with coarse gravel beds and thin out, so 
that only coarse clastic rocks accumulated along the 
Verde fault. Jenkins (1923, p. 73) describes the Verde 
formation as, "hard impure reprecipitated, cavernous 
limestone interbedded with sand, gravels, and clays 
* * *. ' . Near the border or shoreline of the old Verde 
lake, conglomerate beds are in evidence." He (1923, p. 
71) states that the finer grained rocks lie near the south 
end of the Verde Valley, where apparently the water 
was deepcr in the old lake. Here salt deposits formed, 
presumably by fractional crystallization from saturated 
solutions during times when evaporation exceeded in
flux of rain water. Studies by Mahard (1949, p. 105) 
near his measured sections clearly indicate the lenticu
larity of the lake beds. Although his two sections, are 
only 5 miles apart, he was unable to make any correla
tions between them, except for a general preponderance 
of limestone in the upper part of both. He (1949, p . 
118) also describes two thin lava flows, 23 and 34 feet 


