
FRONTIERS IN GEOLOGY AND 
ORE DEPOSITS OF ARIZONA 
AND THE SOUTHWEST 
Arizona Geological Society and the University of Arizona 1986 Symposium 

FIELD TRIP GUIDEBOOK 
#8 

Mesozoic Through Miocene 

Low-angle Tectonics and 

Related Mineralization. 

Harguahala-Granite Wash

Buckskin Mountains. West 

Central Arizona 

March 21-23, 1986 

Leaders: J. Spencer and S. Reynolds 
(Az.BGMT) and N. Lehman (Consul
tant) 

Coordinator: J. Welty (AzBGMT) 

ARIZONA GEOLOGICAL SOCIETY 
TUCSON, ARIZONA 



Cover preparation by Beverly Morgan, modified from J. Mehulka 

and P. Mirocha, AGS Digest Volume XVI 



ARIZONA GEOLOGICAL SOCIETY 
P.O. BOX 40952, UNIVERSITY STATION 
TUCSON, ARIZONA 85719 

To: Field Trip Participants 

Welcome to Arizona and the 1986 Arizona Geological Society Symposium 
"Frontiers in Geology and Ore Deposits of Arizona and the Southwest. 11 As 
field trip chairman I would like to wish you an enjoyable and informative con
ference and a worthwhile field trip experience. 

The field trip committee set out many months ago to provide field expo
sure to a broad spectrum of geological disciplines. The results include trips 
to recent precious-metal discoveries, areas of new and developing stratigraph
ic and structure concepts, industrial mineral resources, lithologic features 
significant to the petroleum potential in the Southwest, geologic hazards in 
the community, and an opportunity to attend trips from previous Arizona Geo
logical Society meetings. We hope you find your chosen field trip as exciting 
as we intended. 

At this time of very limited support from industry, it is especially im
portant to acknowledge the personal efforts of so many. I include in those 
the planning and follow through of the field trip committee, the many hours 
of preparation by the trip leaders, and the commitment of the trip coordina
tors to a smooth-running trip. A special thanks goes to Maggie Morris of the 
University of Arizona Conference Department for the transportation, lodging, 
and meal arrangements. 

Please enjoy the Southwest and remember this week of field trips and 
meetings as a step toward the frontiers of the future. 

Best regards, 

Parry D. Willard 
Field Trip Chairman 

Field Trip Committee 

Annan Cook 
Norm Lehman 

Beverly Morgan 
Jon Spencer 

Erick Weiland 
Joe Wilkins Jr. 

Jan Wilt 



ITINERARY 

FIELD TRIP 8 

MESOZOIC THROUGH MIOCENE LOW-ANGLE TECTONICS AND RELATED 
MINERALIZATION, HARQUAHALA-GRANITE WASH-BUCKSKIN tvlOUNTAINS, 

WEST-CENTRAL ARIZONA 

Leaders: 

Coordinator: 

Jon C. Spencer and Steven J. Reynolds (AzBGMT) 
Norman E. Lehman (Consultant) 
John Welty (AzBGMT) 

Friday, March 21, 1986 

6:00 pm 
6:00 pm 
9:30 pm 

Depart from University of Arizona, front of Student Union 
Travel to Wickenburg, Ariz. 
Arrive and check in at Rancho Grande Motel, Wickenburg, 
Ariz. ( 602-684-5445) 

Saturday, March 22, 1986 

8:00 am 
9:00 am 

10:45 am 
12:00 noon 

1:30 pm 
5:30 pm 
6:30 pm 

Check out and depart from Wickenburg 
"S" Mountain stop, western Harquahala Mountains 
Calcite mine stop 
Lunch* at Calcite mine 
Northern Granite Wash Mountains stop 
Arrive at Kasbah Motel,* Parker, Ariz., (602-669-2123) 
Dinner at Los Argos Restaurant* 

Sunday, March 23, 1986 

8:00 am 
8:30 am 

10:30 am 
12:00 noon 
12:30 pm 

2:30 pm 
4:30 pm 
9:00 pm 

Check out and depart from Parker 
Mineral Hill and vicinity stop (western Buckskin Mountains) 
BCC mine stop 
Lunch* at BCC mine 
Clara Peak stop 
Lincoln Ranch Basin stop 
Return trip to Tucson 
Arrive in Tucson, with stops at Holiday Inn (Broadway) 
and University of Arizona 

*Included in fees. 

Drivers: John Welty 
David Richards 
Raul Diaz 

Peter McGaw 
Ann Bykerk-Kauffman 
Arlene Anderson 
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FIELD TRIP GUIDE TO SELECTED PARTS OF THE 

HARQUAHALA, GRANITE WASH, AND BUCKSKIN MOUNTAINS, 

WEST-cENTRAL ARIZONA 

Jon E. Spencer and Stephen J. Reynolds 

Arizona Bureau of Geology and Mineral Technology 
845 N. Park Ave., Tucson, AZ 85719 

Introduction 

This two-day field-trip guide is intended to 
provide the reader with a guide to selected areas of 
the Harquahala, Granite Wash, and Buckskin Mountains 
that are illustrative of regional geologic relation
ships and styles of mineralization. All field-trip 
stops, with the possible exception of stop 3 (Fig. 1), 
are accessible by 2-wheel-drive vehicle with good 
clearance. Some of the field-trip stops are at;· 
patented or unpatented claims, and it is advisable to 
obtain permission to enter these areas. · 

The first day is focused on the geology of Meso
zoic thrust faults in the Harquahala, Little Harqua
hala, and Granite Wash Mountains. These ranges 
contain the most extensive exposures of stacked Meso
zoic thrust faults known in Arizona (Reynolds et al., 
1980, this volume; Richard, 1982, in prep.; Spencer et 
al., 1985). With minor exceptions, the thrusts are 
southwest, south, and southeast directed. The struc
turally lowest Hercules thrust, which is exposed in 
the western Harquahala, Little Harquahala, and Granite 
Wash Mountains, places Precambrian and Jurassic 
crystalline rocks over moderately to steeply dipping, 
southeast-facing sections of Paleozoic and Mesozoic 
metasedimentary and metavolcanic rocks. All of the 
field-trip stops on the first day are at outcrops 
along the Hercules thrust or related, subsidiary 
thrusts. Mineralization along the Hercules thrust 
zone is either pre- to syn-thrusting (Calcite mine) or 
is younger and was localized along the thrust zone 
(Yuma mine). 

The second day will be focused on the geology and 
mineralization of the Buckskin-Rawhide detachment 
fault i n the Buckskin Mountains. The Buckskin-Rawhide 
detachment fault is correlative with the Bullard 
detachment fault at the east end of the Harcuvar and 
Harquahala Mountains, and with the Whi pple detachment 
fault in the Whipple Mountains of California. Top-to
the-northeast displacement on the regional detachment 
fault has denuded one of the largest Tertiary mylonite 
complexes in the North American Cordillera (Davis et 
al. , 1980; Rehrig and Reynolds, 1980; Reynolds and 
Spencer, 1985 ; Spencer and Reynolds, this volume). 
Mineralization along and near the regional detachment 
fault is _better developed and more extensive than in 
any 0 iher Cordilleran met~mor~hic core complex 
(Wilkins -and ,HeidricR, 1982; Spencer and Welty, 1985, 
1986). Field-trip st;ps will be at areas · of minerali
zation along and below the detachment fault, at an 
exceptional exposure of the fault , and at a high-angle 
fault that offsets the detachment fault. 
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DAY .!_:_ Harquahala and Granite Wash Mountains 

MILE 
POST 

107.6 
(3 . 4) 

105.0 
(2.6) 

103.0 
(2 . 0) 

102 . 1 
(0 .9) 

93 . 0 
( 9 .l) 

COMMENTS 

Intersection of U.S. highways 60, 89, and 93 
in downtown Wickenburg. Proceed west under 
bridge on highway 60 to Los Angeles. 

Intersection with Vulture Mine road near 
major shopping center. Continue straight. 

Vulture Peak, highest point in Vulture Moun
tains, is visible in distance to south of 
road. Vulture Mountains are composed of 
northeast-dipping middle Tertiary volcanic 
and sedimentary rocks and underlying Proter
ozoic crystalline rocks and Upper Cretaceous 
Wickenburg Granodiorite (Rehrig et al., 
1980) . 

Black Mesa, located to north side of road, 
is capped by a gently dipping basalt that 
unconformably overlies the til ted Vulture 
volcanics and has been dated at 13.5 Ma 
(Rehrig et al., 1980) 

Excellent exposures of low- angle normal 
fault that places tilted volcanics over 
Proterozoic crystalline rocks. 

View straight ahead of Harcuvar Mountains , 
the main mass of which is composed of mylon
itic and metamorphic rocks with a gently 
dipping fabric that defines the broad north
east- trending Harcuvar Mountains antiform. 
Agu i la Ridge, in the middle distance, is 
composed of southwes&;dipping, ledge-forming 
middle Tertiary volcanics and sedimentary 
rocks that depositionally overlie Proter
ozoic crystalline rocks (Fig. 1; Reynolds 
and Spencer, 198't ). The regional Bullard 
detachment fault separates these upper-plate 
rocks from lower-plate mylonitic and meta
morphic rocks of the Harcuvar Mountains, and 
has accommodated approximately 40 to SO km 
of relative northeastward transport of the 
upper-plate rocks (Reynolds and Spencer, 
1985 ) . Smith Peak, the highest point in the 
range, is marked by communication towers. 
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Figure 1. Simplified geologic map of field-trip area 
showing roads and field-trip stops. Dashed lines 
are dirt roads that are usually passable with 2-
wheel-drive vehicles. 
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SYMBOLS 
.....__.._ .. _ .... .. LOW-ANGLE NORMAL FAULT 

.--1-- ..r. - ... . HIGH-ANGLE NORMAL FAULT 

.........._._ ... _ ... .... THRUST OR REVERSE FAULT 

-----.... HIGH-ANGLE FAULT 
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87.0 
(6.0) 

86.0 
( 1.0) 

84.4 
(1.6) 

83.0 
( 1.4) 

77 .o 
(6.0) 

74.0 
(3.0) 

66.0 
(8.0) 

63.5 
(2.5) 

60.5 
(3.0) 

59.0 
(1.5) 

56 .o 
(3 .o) 

"Eye" of Eagle Eye Peak visible south of 
road. This peak is composed of southwest
dipping, middle Tertiary volcanic and sedi
mentary rocks that are underlain by the 
northeast-dipping Bullard detachment fault. 
The topographically high Harquahala Moun
tains southwest of Eagle Eye Peak are 
composed of thrust sheets of Proterozoic, 
Paleozoic, and Mesozoic rocks, a large Upper 
Cretaceous or lower Tertiary granitic 
pluton, and numerous pegmatite and middle 
Tertiary dioritic dikes. 

Big Horn Mountains are visible in dis
tance to south of road. This range is 
composed of Proterozoic crystalline rocks, 
Cretaceous granodiorite, and tilted, Lower 
Miocene rhyolite flows and tuff, basalt, and 
andesite (Capps et al., 1985). 

Intersection with Arizona State highway 71, 
continue straight. 

Intersection with Eagle Eye Road in downtown 
Aguila. Continue straight. 

Bullard Peak, the low, dark peak at the base 
of the Harcuvar Mountains to the north, is 
composed of moderately to steeply dipping 
Miocene andesite flows that strike east
west, directly into the underlying Bullard 
detachment fault, which dips southeast off 
the flanks of the Harcuvar Mountains 
(Reynolds and Spencer, 198•, ). 

Saddle in Harquahala Mountains to south 
contains a northwest-trending, high-angle 
fault that offsets the Bullard detachment 
fault. 

Bench slightly below and to north of 
Harquahala Peak, highest point in Harquahala 
Mountains, contains the Harquahala thrust, a 
major thrust that here places Proterozoic 
crystalline rocks over a deformed, Protero
zoic porphyritic granite (see Reynolds et 
al., this volume). Lower-plate granite and 
thrust-zone mylonites are cut by numerous 
light-colored pegmatites and northwest- to 
west-trending dioritic dikes that readily 
weather to form topographic notches. 

Cunningham Pass, the topographic notch in 
the Harcuvar Mountains, is visible to the 
north. 

Stockpile of manganese ore along north side 
of road . 

Intersection of road to Alamo Lake, downtown 
Wenden. Continue straight. We will return 
to Wenden via the Alamo road at end of trip. 

'S' Mtn., visible to south, is capped by 
quartzite of the McCoy Mountains Formation 
that is overlain along the Hercules thrust 
by Proterozoic and Jurassic crystalline 
rocks. 

Intersection with Buckeye Road near Post 
Office in downtown Salome. Turn left. 

BEGIN CUMULATIVE MILEAGE 

0.3 
(0.3) 

Intersection with Harquahala Mine road to 
right. Bear left. 

2.0 
(1.7) 

2.1 
(0.1) 

4.0 
(1.9) 

Cross Centennial Wash, the master drainage 
for McMullen Valley. 

Intersection with road to Centennial Park. 
Continue straight. 

Dirt road to left. Turn left, proceed short 
distance to east, and park slightly before 
road crosses small, incised wash. 

'S' MOU!lTAIN WINDOW. 
STOP 1. At this stop we will proceed up the 
southern branch of this small wash to 
examine an excellent exposure of the 
Hercules thrust, which places my lonitic 
alaskite and quartz dioritic rocks ov er 
quartzite and stretched-pebble conglomerate 
of the basal McCoy Mountains Formation. The 
quartzite rests depositionally on deformed 
and metamorphosed Jurassic volcanic, volcan
iclastic, and hypabyssal rocks. Lineation 
in the thrust trends north-south. The 
regional significance of this thrust is 
discussed by Reynolds et al. (this volume). 

Return to Salome via Buckeye Road and 
turn left at stop sign onto Highwa y 60. 
Proceed west for approximately 2 blocks and 
turn right on Center Street, which is marked 
by a sign to the local VFW post. 

BEGIN CUMULATIVE MILEAGE 

0.0 Center Street and U.S Highway 60. 

0.3 
(0.3) 

0.8 
(0.5) 

2.6 
(1.8) 

2.7 
( 0 .1) 

3.3 
(0.4) 

4.1 
(0 .8) 

4.5 
(0.4) 

4.6 
(0.1) 

Continue on paved road as it turns to the 
left. Sign for "La Paz County Transfer 
Site." 

Pavement ends. Continue straight ahead. 
Western Harcuvar Mountains to north contain 
dark-colored pendants of foliated crystal
line rocks intruded by light-colored, Upper 
Cretaceous Tank Pass Granite. 

Turn left on less traveled dirt road where 
main road turns north (right) and becomes 
Winchester Ave. 

Continue on left fork of road. 

Continue on left fork of road to south of 
small knob of Upper Cretaceous Granite Wash 
Granodiorite. 

Stream contains exposures of high- g rade 
Proterozoic metamorphic rocks in upper plate 
of Hercules thrust. 
Road junction. Continue on main road to 
right. 

HERCULES THRUST ZONE -----
STOP ~ Park along side of road for a 
traverse through the Hercules thrust zone. 
The thrust regionally dips gently to the 
northeast but has been folded in this local
ity into a northwest-trending, near-vertical 
attitude . Lineation in the thrust zone 
plunges down the dip of the foliation. 
Starting several hundred meters north of the 
parking spot, we will walk southwest, down 
structural section, sequentially through the 
following structurally juxtaposed litholo
gies : (1) Proterozoic crystalline rocks 



that are most mylonitic to the southwest; 
(2) mylonitic rocks along the Hercules 
t hrust zone ; (3) Mesozoic quartzofeldspathic 
schists situated directly beneath the thrust 
and derived from felsic volcanic rocks, 
intermediate-composition hypabyssal rocks, 
and sedimentary rocks, including ferruginous 
quartzite; and (4) locally calcareous meta
sedimentary rocks. The ferruginous quartz
ite and schists extend along strike into the 
Calcite Mine area where they are strongly 
pyritic and have been heavily prospected. 
These rocks are locally associated with 
andalusite-rich schists which probably 
represent metamorphosed argillic alteration 
zones within the volcanic sequence. The 
Calcite mine area is interpreted as an 
occurrence of metamorphosed, Mesozoic 
volcanogenic mineralization and alteration. 

Return to Salome via the same route in, 
making sure you go straight, not turn left, 
where the less traveled Calcite mine road 
intersects Winchester Ave . 

RESUME MILEPOST MILEAGE 

52 .o 
(4.0) 

50.6 
(1 . 4) 

49 . 5 
( 1. 1) 

46 . 5 
( 3 .o) 

42.0 
(4.5) 

40 . 4 
(1 . 6) 

Intersection of Center Street with U.S. 
Highway 60 in downtown Salome. Turn west 

(right) on U.S. 60 toward Quartzsite. 

Exposures of Upper Cretaceous Granite Wash 
Granodiorite in Granite ~lash Pass between 
Little Harquahala Mountains to south and 
Granite Wash Mountains to north. 

Road cut in Mesozoic metasedimentary rocks 
intruded by Granite Wash Granodiorite. View 
of Plomosa and New Water Mountains ahead. 

Intersection with Bouse Road. Turn right 
toward Bouse and Parker. 

Vicksburg. Continue straight. No t e Salome 
Peak , h i ghest point in Granite Wash Moun
tains, which is composed of light- colored 
Upper Cretaceous Tank Pass Granite. Dark
colored rocks in foreground are mostly 
strongly cleaved Mesozoic volcanic and sedi
mentary rocks correlative with the regional 
Jurassic( ? ) volcanics and overlying McCoy 
Mountains Formation. The Mesozoic units 
define a large south-facing fold (not 
visible from this perspective) and are over
lain along the Hercules thrust by Protero
zoic crystalline rocks that form the top of 
high, pyramidal hill in middle distance, 
southwest of Salome Peak. 

Ridge of light-colored Tank Pass Granite on 
skyline t o r i ght with mottled hills of 
steeply di pping Paleozoic strata along front 
of range . 

McVay Road . Turn right . 

BEGIN CUMULATIVE MILEAGE 

0.15 
(0 . 15) 

0.5 
(0.35) 

Turn right and continue along south side of 
Jojoba plantation. 

Continue straight. 

1.6 
( 1.1) 

1.8 
(0.2) 

2.7 
(0.9) 

2.9 
(0 . 2) 

3.4 
(0.5) 

4.4 
( 1.0) 

4.5 
(0.1) 

5.0 
(0 .5) 

5 .5 
(0 . 5) 

6 . 2 
(0.7) 

7 . 1 
(0.9) 

7 . 9 
(0.8) 
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Central Arizona Pro j ect Canal. Continue 
straight . 

Road forks, turn left. 

Road bears right and crosses wash. 

Continue right on main road . 

Light-colored patch on ridge crest in 
northern Granite Wash Mountains is Paleozoic 
marble interleaved with crystalline rocks 
along thrust. 

Rough 1/ash. Go slow. 

Dark-colored hills to left are Mesozoic 
rocks beneath Paleozoic section. 

Take left fork. Right fork goes to tungsten 
occurrences near Three Musketeers mine. 

Small hill to right has mylonitic Protero
zoic crystalline rocks (out of view) thrust 
over Paleozoic dolomite and Mesozoic quartz 
porphyry. 

Tank Pass Granite on right. 

Left turn. 

NORTHERN GRANITE ~/ASH MOUNTAINS 
STOP ~ Park along road and traverse up 
high ridge to east. In this area we will 
traverse up the high ridge to the east 
through a spectacular shear zone where thin 
lenses of Paleozoic and Mesozoic meta
sedimentary roc k s are interleaved with 
Proterozoic and Jurassic crystalline rocks. 
Shear zone is probably correlative with the 
Hercules thrust of the central Granite Wash 
Mountains. Mylonitic stretching lineation 
within this zone generally trends northeast, 
although other orientations and styles of 
lineation are also present . 

Retrace the road back to the intersec
tion of the main Highway and McVay Road. 

ALTERNATE STOP 3B. If the road into Stop 3A 
is impassible, an-excellent alternative stop 
is near the Yuma Mine, which is reached by 
taking the right fork at mile 1.8 and then 
keeping left on the main road as long as it 
is passable. From this point, continue on 
foot up the road until it reaches the small 
shack and main adit of the Yuma Mine. This 
ad i t has been driven into copper mineraliza
t ion in a lens of Paleozoic carbonate rocks 
that overlie Mesozoic metasedimentary and 
metavolcanic rocks . The Paleozoic rocks are 
overlain along the Yuma Mine thrust, a 
subsidiary splay of the Hercules thrust, by 
Proterozoic crystalline rocks and Mesozoic 
alaskite, metavolcanic rocks, and metasedi
mentary rocks. 

Return to the intersection of the main 
highway and McVay Road . 

RESUME MILEPOST MILEAGE 
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40.4 

35.0 
(5.4) 

31.0 
( 4 .o) 

27.0 
(4 .o) 

131.8 
(15.0) 

(12 .0) 

MILEAGE 

0.0 

1.4 
( 1.4) 

8.5 
(7.1) 

16.6 
(8.1) 

17.8 
( 1.2) 

18.4 
(0.6) 

20.5 
(2.1) 

25.4 
( 4.9) 

27.4 
(2.0) 

McVay Road. 

Dark-colored ridge to west is composed of 
southwest-dipping Tertiary volcanic rocks in 
the northern Plomosa Mountains. Plomosa 
Pass occurs north of this ridge and contains 
a southwest-dipping, structurally complex 
sequence of Proterozoic, Paleozoic, and 
Mesozoic rocks. 

Bouse Hills, composed of middle Tertiary 
volcanic rocks in foreground and crystalline 
rocks in background, located to right. 

Down town Bouse. Continue straight toward 
Parker. 

End Arizona Highway 72. Road becomes 
Arizona Highway 95 which comes in from the 
south from Quartzsite. Continue straight 
toward Parker. 

End of first day at Parker. 

DAY 2: Buckskin Mountains 

COMMENTS 

Stoplight, downtown Parker. Chevron station 
on north corner. Head northeast on state 
highway 95 toward Lake Havasu City. Road 
goes along east side of Colorado River. 

Top of broad hill. Buckskin Mountains ahead 
and to right. Post-detachment-fault basalts 
are primary rocks visible. Whipple Moun
tains are visible across river to left. 
Light-gray rocks are lower-plate mylonites. 
Dark-brown rocks are upper-plate Precambrian 
crystalline rocks and Tertiary volcanic and 
sedimentary rocks. 

Outcrops of moderately to highly faulted and 
tilted, middle Tertiary sedimentary and 
volcanic rocks, and Precambrian crystalline 
rocks, are discontinuously exposed along 
road for next several miles. 

Bill Williams arm of Lake Havasu visibl e to 
left. 

Central 
right. 

Arizona Project pump station to 
This is intake for water for CAP 

system. Levy visible in Lake Havasu to left 
is intended to prevent sediment from the 
Bill Williams River from clogging intake. 

Turn right on dirt road just before hill. 
If you cross bridge over Bill Williams River 
you have gone too far. Drive east along 
south side of Bill Williams River. 

Gently to moderately til ted early or middle 
Miocene fanglomerate unconformably beneath 
mesa-forming basalt visible to right. 

Turn right up Mineral Wash. Sign "COUNTY 
MAINTENANCE ENDS" marks turnoff. 

Turn right to go to Mineral Hill Mine. 

27.9 
(0.5) 

MINERAL HILL MINE 
STOP 4: Park at flat 

"sulfuric acid" tanks. 
area above white 

You are located at 
the Mineral Hill Mine, which is one of the 
largest mines in the Buckskin Mountains. 
From where the vehicles are parked we will 
walk west and northwest, beginning a 0.5- to 
1.0-mile-long, clockwise loop through the 
mine workings and adjacent areas. We will 
obse rv e styles of mineralization, the 
detachment fault, carbonate replacements, 
and the Mineral Wash fault that displaces 
the ore body and underlying detachment 
fault. Please note that the Mineral Hill 
mine is a patented claim, and permission to 
enter should be obtained from the owner. 

Host rocks for mineralization are 
Lower Mesozoic quartzites and sandy phyl
lites that form the lowest stratigraphic 
unit of the tilted and faulted upper-plate 
rocks in the Planet-Mineral Hill area. They 
are overlain by the phyllite member, which 
is in turn overlain by the upper quartzite 
member. The quartzites are variably calcar
eous as indicated by calc-silicate minerals 
such as epidote. These units compose the 
informally named Buckskin formation. The 
Buckskin formation is overlain with slight 
angular unconformity by the informally named 
Vampire formation, a light-colored quartzite 
with a local pebbly base, which is overlain 
by massive quartz porphyry of the informally 
named Planet volcanics. This tripartite 
stratigraphic sequence was first recognized 
by Norm Lehman during a detailed mapping 
project for AMAX Inc. The Buckskin forma
tion is probably correlative with the 
Triassic Moenkopi Formation, the Vampire 
formation is probably correlative with the 
Lower Jurassic Aztec-Navajo Sandstone, and 
the Planet volcanics are almost certainly 
correlative with Jurassic quartz porphyries 
that are widespread in southern Arizona. 
Middle Tertiary sandstone, conglomerate, 
megabreccia, and volcanic rocks overlie the 
Mesozoic section. All of these rocks are 
tilted and unconformably overlain by flat
lying, Upper Miocene mesa-forming basalt. 

Mesozoic and Tertiary rocks are cut by 
numerous normal faults and are tilted to 
moderate or steep attitudes. The normal 
faults are truncated by, or flatten with 
depth and merge into, the basal Buckskin
Rawhide detachment fault (see cross section 
of Mineral Hill-Planet area in Wilkins and 
Heidrick, 1982). The Mineral Hill mine is 
located in rocks that are within about 50 m 
of the Buckskin-Rawhide detachment fault, 
which is exposed at several locations in the 
Mine area. Hydrothermal circulation within 
brecciated rocks along and above the detach
ment fault caused the mineralization. The 
high-angle, northeast-side down, Mineral 
Wash fault offsets the detachment fault and 
the Mineral Hill ore body and passes approx
imately through the flat area where the 
vehicles are parked. The location of the 
offset continuation of the ore body is not 
known. 

Mineralization at the Mineral Hill mine 
is typical of upper-plate, detachment-fault
related deposits in the Whipple-Buckskin
Rawhide Mountains area (Wilkins and 
Heidrick, 1982; Spencer and Welty, 1986). 
Hematite and specular hematite form perva-
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sive fracture fillings, disseminations, and 
replacements throughout the mine area, and 
mineralized rocks are typically dark red or 
black in color as a consequence. Sparse 
fracture-filling specular hematite is char
acteristic of the margins of the mineralized 
area. Chrysocolla and malachite fill thin 
fractures in the hematite-mineralized rocks. 
Quartz and calcite are locally present on 
fracture surfaces. Minor hematite and 
chrysocolla are present in lower plate, 
chloritically altered mylonitic gneisses. 

Massive brown carbonate overlies the 
basal detachment fault at the northern edge 
of the mine workings. Carbonate lenses and 
sheets such as this one are locally present 
throughout the Buckskin-Rawhide Mountains, 
and are interpreted as replacements of 
upper-plate rocks along the detachment fault 
(Wicklein, 1979). 

Leaving Mineral Hill mines, turn southeast 
up Mineral Wash. 

MINERAL WASH FAULT ZONE 
STOP 5: Narrow, deeply incised notch in 
canyo~ wall on right side of canyon. Stop 
here and walk into notch canyon. Mineral 
Wash fault zone is beautifully exposed in 
notch-canyon wall. Wide zone of variably 
crushed rock places a Tertiary megabreccia 
of Planet volcanics to the northeast against 
Planet volcanics to the southwest. Return 
to vehicles and drive up wash. 

Mineral Wash fault is clearly visible on 
southwest wall of canyon where it places 
Tertiary breccia of Planet volcanics to 
southwest over post-detachment basin-fill 
fanglomerate to northeast . Fault dips to 
southwest and thus has apparent reverse 
offset. Fault dip is highly variable, and 
fault has horizontal striations on slicken
side surfaces. 

Road leaves Mineral Wash. 

Road to left goes to Planet mine (don't turn 
left). 

Pass over northern of three foliation arches 
forming lower plate of central and eastern 
Buckskin Mountains. To southwest is Squaw 
Peak, a klippe composed primarily of Paleo
zoic carbonates . 

Turn left onto straight road that becomes 
old landing strip. 

Turn right and go by 4 white claim posts. 

BCC MINES 
STOP 6: Stop and~lk east or southeast to 
open cuts and mine dump. This is excellent 
example of lower-plate mineralization 
consisting of specu lar hematite-chlorite
quartz with local chry s6colla along frac
tures and shear zones in lower- plate gneiss. 
Specular hematite here is unusually coarse 
grained and hard, as is characteristic of 
lowe r- pl a te mineralization in the west
central Buckskin Mounta i ns. This is part of 
the Squaw Peak subdistrict of the Swansea 
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Mineral district (Keith, et al., 1983; 
Spencer and Welty, 1985). 

Return to vehicles and drive back to 
main road. 

Turn left at stopsign. 

Go straight at stopsign. Right turn goes to 
Parker, left turn goes to Swansea Mine. 
Turn left twice, head east toward Lincoln 
Ranch. (First right goes to Bouse, second 
right follows power lines to Butter Valley). 

Turn left onto small road through creosote. 
Turn is located approximately 100-200 yards 
after reddish-brown hill of tilted Tertiary 
conglomerate located to left of main road. 
F.ollow road toward road and mine cuts visi
ble on hillside of reddish-brown Tertiary 
sandstone and conglomerate located approxi
mately 1 mile north of main road. 

EL MORO MINES ------
STOP 7: Stop at wrecked pickup truck. Walk 
up hill to north to El Moro mine workings. 
Detachment fault is exposed in mine cuts. 
Extensive brecciation, however, makes it 
difficult to precisely locate the fault. 
Upper-plate rocks consist of brown, Miocene 
sandstone and sparse conglomerate, with 
local exposures of silicic volcanic
hypabssal rock of inferred mid-Tertiary age. 
Brecciated rocks along fault are highly 
stained with iron oxides and contain 
fracture-filling chrysocolla, malachite, 
specular hematite, and quartz. 'Small flecks 
of free gold have also been reported. 

Several mines and prospects, all with 
similar mineral assemblages, are located 
along the detachment fault in this area, and 
compose the Clara mineral district . 

Return to vehicles and drive to main 
road. 

Turn left at main road. Drive east toward 
Lincoln Ranch. 

Road forks, take right fork to Lincoln 
Ranch. 

At approximately 150 yards before gate to 
Lincoln Ranch, turn right and follow road 
around base of cliffs of upper Tertiary 
basin fill. Road eventually leads to south 
up and out of Lincoln Ranch area. 

At top of hill in light-colored, older 
Quaternary alluvium, turn left on old road 
and drive down ridge crest to flat. 

"A-BOMB CANYON" 
STOP 8 : Stop at flat , cleared area (looks 
like old drill pad). Walk approximatel y 50-
100 yards farther down road and look for 
burr o trail descending into canyon to east. 
Follow trail down to wash. Detachment fault 
is beautifully exposed in canyon bottom. 
Chloritic breccia and microbreccia below 
fault contains " floating" clasts of proto
lith mylonitic granitic and gneissic rocks. 
Fault contact i s sharp, with shattered 
upper-plate granite forming upper plate. 
Broken lense of dark brown carbonate is 
exposed at base of upper-plate granite. 
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Walk down canyon through shattered, 
upper-plate granite to high-angle normal 
fault in upper plate that places red Miocene 
sandstone down against the shattered 
granite. Note high-angle discordance 
between bedding and fault plane. Farther 
down canyon bedding in sandstone defines an 
anticline which probably formed by reverse 
drag above the upper-plate normal fault and 
the detachment fault. 

Return to exposure of detachment fault 
and walk up canyon. Various upper-plate 
rock types, consisting primarily of mid
Tertiary volcanic and sedimentary rocks, are 
crushed, brecciated, and cut by a reverse 
fault. Upper-plate conglomerate and 
sandstone locally contain manganese oxides 
that occur at the same stratigraphic level 
throughout the Lincoln Ranch basin. The 
deposits are stratabound sedimentary depo
sits similar to those in theArtillery 
Mountains to the east (Lasky and Webber, 
1949). 

Return to vehicles, drive back to gas
line road. 

Turn left at gasline road. 

Klippe of mid-Tertiary volcanic and sedi
mentary rocks forms dark brown hill to left. 

Road crosses wash. Down wash are good expo
sures of Mesozoic(?) sandstones and calc
silicate tectonites that occur beneath the 
detachment fault. 

Lower-plate mylonitic gneissic 
exposed along road from here 
Valley. 

rocks are 
to Butler 

Pass at crest of southern of three lower
plate arches forming eastern and central 
Buckskin Mountains. Descend from pass into 
Butler Valley. Harcuvar Mountains form 
south side of valley. 

Turn right at stopsign onto paved road, head 
south toward Wenden. 

Granitic sills to left in Harcuvar Mountains 
define broad, east-northeast-trending arch. 

Cunningham Pass 

Wenden, turn left toward Wickenburg, Phoe
nix, and Tucson. 
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MESOZOIC STRUCTURES OF WEST-CENTRAL ARIZONA 

Stephen J. Reynolds 1 , Jon E. Spencer1 , 

Stephen M. Richard 2 , and Stephen E. Laubach3 

ABSTRACT 

\-Jest-central Arizona contains the eastern half of 
the Maria fold and thrust belt, a belt of large-scale 

"folds and major thrust faults that trends east-west, 
across the northerly grain of the North American 
Cordillera. Structures within the belt document a 
comolex superposition of multiple episodes of deforma
tio~. The earliest preserved Mesozoic structures in 
several ranges are large southeast- to south-vergent 
folds and locally associated thrust faults that have 
overturned and attenuated entire sections of Paleozoic 
sedimentary and Mesozoic sedimentary and volcanic 
r ocks . Thrust faults with southwest, south, north, 
and northeast vergence discordantly truncate these 
folds and have interleaved the Paleozoic and Mesozoic 
rocks with Proterozoic and Jurassic crystalline rocks. 
Deformation was generally accompanied by metamorphism 
and some thrusts are associated with apparent inverse 
metamorohic gradients in the lower-plate rocks. The 
details of the tectonic setting of deformation are 
uncertain, in part because the timing of deformation 
is noorly constrained and controversial. Deformation 
occ~rred after Jurassic volcanism and subsequent 
de::>osition of the McCoy Mountains Formation, but 

1 mostly before emplacement of Upper Cretaceous and 
early Ter::iary plutons. 

INTRODUCTION 

Uest-central Arizona contains some remarkable 
Mesozoic structures, most of which have been dis
covered within the last six years. These structures 
include regionally developed cleavages, major thrust 
faults that olace Proterozoic crystalline rocks over 
Mesozoic and . Paleozoic strata, and large fold nappes 
with overturned and strongly attenuated sections of 
Paleozoic and Mesozoic rocks. In this paper , we sum
marize the results of our geologic mapping and 
structural studies in the Harquahala, Little Harqua
hala , and Granite Wash Mountains, and the results of 
other field studies in the nearby Plomosa and Dome 
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Rock Mountains. 1-le discuss common elements in the 
Mesozoic structural evolution of these ranges and 
place the deformation in a broader tectonic context. 

REGIONAL GEOLOGIC SETTING 

West-central Arizona and adjacent southeastern 
California contain the Maria fold and thrust belt, 
defined here as a belt of large folds and regional 
thrust faults that trends east-west across the 
northerly grain of the North American Cordillera. The 
belt is named after the Big and Little Maria Mountains 
of southeastern California, and also includes all or 
part of the Harquahala, Little Harquahala, Granite 
Wash, western Buckskin, New Water, Plomosa, Moon, and 
Dome Rock Mountains in Arizona and the Riverside, 
Arica, Mccoy, Palen, and Coxcomb Mountains in south
eastern California (Fig. 1). The thrust belt is 
coincident with or occurs along the north edge of an 
ease-west-trending belt of exposures of Mesozoic McCoy 
Mountains Formation and underlying volcanic rocks 
(Fig. 1; Harding and Coney, 1985). Structures within 
the Maria fold and thrust belt have juxtaoosed a wide 
variety of rocks units, ranging in age from Protero
zoic to Late Mesozoic. These structures have been 
locally intruded by Upper Cretaceous , lower Tertiary, 
and middle Tertiary plutons and overlapped by middle 
and upper Tertiary sedimentary and volcanic rocks. 

The oldest rocks in the region are Proterozoic 
gneiss , schist, amphibolite, and several generations 
of dioritic to granitic plutons, including the wide
spread 1.4-b.y.-old porphyritic granites. These rocks 
were depositionally overlain by a thin, cratonic 
sequence of Paleozoic carbonate and clastic rocks 

correlative with ·units in the Grand Canyon region and 
southeastern Arizona. Individual Paleozoic formations 
maintain their distinctive characteristics, even where 
metamorphosed and greatly attenuated (Reynolds, 1980; 
Hamilton, 1982; Stone et al., 1983). 

Mesozoic stratigraphy of the region is complex 
and poorly dated. Mesozoic sedimentary and volcanic 
rocks can be subdivided into four lithologic assem
blages: (1) basal siliciclastic, calc-silicate , and 

·phyllitic rocks; (2) quartzite, micaceous quartz-rich 
metasandstones, and conglomerate; (3) Jurassic inter- · 
mediate to silicic volcanic rocks; and (4) McCoy 
Mountains Formation. The basal unit generally 
consists of· fine- co medium-grained quartzite, calc
silicate rocks, and phyllite, with local marble and 
conglomeratic, feldspathic, and eva pori tic intervals. 
This unit rests deoositionally on Permian Kaibab 
Limestone and is probably correlative, in part, with 
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7riassic Moenkopi and Chinle Formations of the 
Colorado Plateau. It is present in the Buckskin, 
Granite Wash, northern Plomosa, and northern Dome Rock 
Mountains. The overlying conglo111erate, i111pure 
auartzose sandstone, and quartzite sequence is best 
exposed in the Mineral Hill area of the western 
Buckskin Mountains, where it unconformably overlies 
the basal siliciclastic and calc-silicate unit. The 
auartzite is similar in character to quartzite in the 
l!i~ t1aria· Moun cains that Ha111 il ton (1982) has corre
lated with the Lower Jurassic Navajo-Aztec Sandstone. 
It is probably also correlative with the upper Palen 
l"ormation of southeastern California (Pelka, 1973). 

The intermediate to felsic, volcanic and volcani
clastic sequence is widely distributed and known or 
oresumed to be largely Jurassic in age, but is not 
well dated. This unit generally consists of feldspar
and quartz-porphyroclastic schists that were original
ly feldsoar- and auartz-porphyry ash-flow tuffs, 
hypabyssal intrusions, and volcaniclastic sandstone 
and conglomerate . Quartzite, some of which may be 
eolian in origin, is locally interlayered with the 
metavolcanics in the Granite Wash and northwestern 
Buckskin Mountains. In addition to the volcanic 
units, granitoid plutons of presu111ed Jurassic age 
occur in the Harquahala, Little Harquahala, Granic~ 
\vash, Plomosa, and Dome Rock Mountains. 

The Jurassic volcanic and volcaniclastic rocks 
are depositionally overlain by poorly dated, dominant
ly clast.ic rocks correlative with the McCoy Mountains 

Formation (MMF). The MMF and related rocks have been 
separated into two stratigraphic packages (Hardin~. 
1982; Harding and Coney, 1985), the first of which 
includes sequences of MMF that are as thick as 7km and 
that commonly include the following six members (from 
bottom to top): (l) quartz-rich clastics of basal 
sandstone member one; (2) basal sandstone member two; 
(3) mudstone member; (4) conglomerate member; (5) 
sandstone member; and (6) siltstone member (Harding 
and Coney, 1985). These thick sequences of MMF occur 
in a west-northwest-trending belt that extends from 
the southern Plomosa and Dome Rock Mountains of 
Arizona to the McCoy, Palen, and Coxcomb Mountains of 
southeastern California. Harding and Coney (1985) 
named this belt the McCoy basin and interpreted it as 
a depositional basin of MMF that became a structural 
basin during post-MMF deformation. The second strati
graphic package identified by Harding and Coney (1985) 
includes rocks that are correlative with the MMF, but 
are thinner (approximately Z km) and consist of only 
three members: a basal conglomerate member, medial 
sandstone member, and upper siltstone member. This 
thinner section of rocks is best exposed in the Apache 
Wash area of the southern Plomosa Mountains and has 
been referred to as the "Aoache '!lash Formation" 
(Harding, 1982) or "rocks of Aoache Wash" (Harding and 
Coney, 1985). In this paper, we will refer to this 
thinner sequence of rocks as the Apache Wash facies of 
the MMF and the thicker sequence of MMF as the basin 
facies. The three members of the Apache Wash facies 



are ~ost similar in overall petrology and stratigraphy 
to the upper three members of the basin facies of the 
MMF (Harding, 1982; Harding and Coney, 1985). 

Our studies indicate that the basin facies of MMF 
occurs beneath the lowest major thrust fault in the 
Granite Wash, Little Harquahala, and western Harqua
hala Mountains, well northeast of the McCoy basin 
originally defined by Harding and Coney (1985). We 
propose, therefore, that the definition of the McCoy 
basin be expanded to include these exposures. Because 
the boundaries of the basin-facies MMF in these three 
ranges are structurally complex, we suggest that the 
term McCoy basin be used to simply indicate the 
presence of basin-facies MMF, without attaching any 
inferences regarding the margins or original configur
ation of the MMF depositional basin. We will use this 
modified definition of the term McCoy basin throughout 
the remainder of this paper. 

Our mapping has also documented a north-south 
facies change in the MMF between the Little Harquahala 
Mountains, where basal sandstone member one is present 

at the base of the section (Spencer et al., 1985), and 
the central Granite Wash Mountains, where basal sand
stone member one is absent and basal sandstone member 
two rests directly on the Jurassic volcanic substrate. 
In addition,· basaltic flows and related intrusions 
occur within basal sandstone member two in · the Granite 
Wash Mountains and andesitic and rhyodacitic volcanic 
rocks occur within the conglomerate member in the 
Little Harquahala Mountains. 

Several major episodes of deformation and accom
panying metamorphism affected the McCoy Mountains 
Formation and older rocks. The resulting structures, 
the focus of this paper, are generally older than 
Uoper Cretaceous to lower Tertiary gran! toid plutons 
and dikes, except in the Harcuvar and Harquahala 
Mountains, where some deformation and high-grade 
metamorphism accompanied this plutonism. A major 
episode of Late Cretaceous to early Tertiary regional 
uplift subsequent to plutonism and metamorphism is 
indicated by the widespread occurrence of 70 to 45 Ma 
K-Ar cooling ages on a variety of rock types, by the 
relatively deep-level character of exposed Upper 
Cretaceous and lower Tertiary granitoids, and by the 
absence of Upper Cretaceous and lower Tertiary supra
crustal rocks. 

Middle Tertiary history of the region included 
widespread volcanism and sedimentation, commonly syn
chronous with normal faulting, fault-block rotation, 
and large-scale transport on gently dipping, ductile 
shear zones and detachment faults (Rehrig and 
Reynolds, 1980; Reynolds, 1980, 1982; Reynolds and 
Spencer, 1985). In addition,.middle Tertiary intru
sions, especially northwest-trending dikes, are 
locally abundant. Late Tertiary events consisted of 
minor Basin and Range normal faulting that outlined 
some present basins, movement on northwest-trending 
strike-slip, reverse, and normal faults within the 
ranges, eruption of basalts, deposition of nonmarine 
clastic rocks and the Pliocene Bouse Formation, and 
integration of previously internal drainage systems. 

HARQUAHALA AND LITTLE HARQUAHALA MOUNTAINS 

The Harquahala and Little Harquahala Mountains, 
located at the eastern end of the Maria fold and 
thrust belt, contain an imoressive stack of gently 
dipping thrust sheets, which were first recognized, in 
part, by Wilson (1960), but were not described until 
much later (Reynolds, et al., 1980; Keith et al., 
1981; Reynolds, 1982). Additional studies in the area 
include regional reconnaiSsance (Rehrig and Reynolds, 
1980; Reynolds, 1980) and detailed mapping of a 

northeast-trending strike belt of Paleozoic rocks 
(Varga, 1977; Richard, 1982, 1983; Hardy, 1984). 
Recent mapping has covered the entire Little Harqua
hala Mountains (Spencer et al., 1985; Richard et al., 
in prep.) and most of the Harquahala Mountains 
(Richard, in prep.; Dewitt et al., in prep.). 

The Little Harquahala Mountains contain two major 
thrust faults that separate the rock units into three 
distinct plates (F.i.g. 2; Spencer et al., 1985). The 
structurally lowest Harquar plate is composed of 
Jurassic(?) quartz porphyry and andesitic volcanics 
that are nonconformably overlain by rocks correlated 
with the basin facies of the MMF. The MMF has been 
informally subdivided into a lower Ranegras member, 
composed of quartzose, calcareous, and feldspatho
lithic clastic rocks, and an upper Harquar member, 
composed of coarse conglomerate, sandstone, and ande
sitic to rhyodacitic volcanic rocks (Spencer et al., 
1985). The Ranegras member is equivalent to the lower 
three MMF members of Hardin~ and Coney (1985), and the 
Harquar member is equivalent to the conglomerate and 
possibly sandstone members of the MMF. Bedding in the 
MMF generally dips southeast to southwest and defines 
several aroad, northwest-trending folds and at least 
one large, southeast-vergent fold. The south-dipping 
bedding is cut by gently to moderately dipping 
cleavage. 

The gently dipping Hercul~s thrust places 
Proterozoic and Jurassic crystalline rocks of the 
Hercules plate over Mesozoic rocks of the Harquar 
plate (Reynolds et al., 1980; Spencer et al., 1985). 
The thrust is accompanied by gently dipping cleavage 
and cuts up section to the south across south-dipping 
bedding in the underlying Harquar plate. We interpret 
this relationship as indicating that bedding in the 
Harquar plate dipped south prior to movement on the 
Hercules thrust. In addition, rock units in the 
Harquar plate were offset by one or more northwest
trending, high-angle faults prior to movement on the 
thrusts. The thrust and thrust-related fabrics are 
int'ruded by the undeformed Upper Cretaceous .Granite 
Wash Granodiorite. 

Crystalline rocks of the Hercules plate are 
overlain by the recently discovered Centennial thrust 
and correlative(?) Sore Fingers fault, which both 
underlie an upturned, southeast-facing section of 
Proterozoic granite, Paleozoic sedimentary rocks, 
basal Mesozoic clastic rocks, Jurassic(?) volcanic 
rocks, and conglomerate and sandstone of the Apache 
Wash facies of the MMF (Richard, 1982, 1983; Spencer 
et al., 1985). The Paleozoic and Mesozoic units 
define a large., southeast-facing recumbent fold that 
has been refolded along steep axes. Both sets of 
folds probably predate movement on the Centennial 
thrust and are overprinted by a consistently oriented, 
southwest-dipping cleavage of unknown tectonic signif
icance (Richard, 1983). The sequence is cut by gently 
dipping Mesozoic or Tertiary faults that place steeply 
dipping Paleozoic rocks northward over Proterozoic 
granite. 

The Hercules and Centennial thrusts continue to 
the northeast into the western Harquahala Mountains 
(Fig. 3; Richard, in prep.). Rocks of the Harquar 
plate are exposed only in the westernmost end of the 
range and include Jurassic(?) granite porphyry, 
hypabyssal quartz-feldspar porphyry, and volcanic and 
volcaniclastic rocks, depositionally overlain by a 
thin sequence of quartz-rich basal MMF. These rocks 
are tectonically overlain along the Hercules thrust by 
Jurassic plutonic rocks and Proterozoic metamorphic 
rocks of the Hercules plate. The Hercules thrust in 
the western Harquahala Mountains cuts lower-plate MMF 
rocks at almost precisely the same stratigraphic 
position as exposures of the thrust in the 
northernmost Little Harquahala ~ountains, directly to 



NE'I. 

-AREA 
OF 

MA? 

mi. 0 2 
!----.-......... --.-... 

km. 0 2 3 

Cenozoic rocks and alluvium, undivided 

Upper Cretaceous Granite Wash Granodiorite 

Jurassic(?) -Cretaceous(?) McCoy Mountains 

~ 
~ Horquor Member } 

Horquor Plate 

Ronegros Member 

fBl<Jmc:_g Apache Wash Facies 

Mesozotc Needle Formation 

Paleozoic metasedimentary rocks 

Formation 

Jurassic(?)- Proterozoic(?) crystalline rocks of the Hercules Plate 

Jurassic(?)- Proterozoic(?) crystalline rocks of the Centemtol Plate 

high to moderate angle fault 

thrust fault 

I ow angle foul t 

~ig"re 2. Generalized ~eolo~ic man nf the Little 
'!,, rcuaitala ~1ountains (Spencer et al. , l 9HS). 

the west; this suggests that the regional strike of 
units in the Harquar plate beneath the Hercules ~hrusc 
is approximately ease-west. This is consistent with 
relationships in the Little Harquahala Mountains which 
indicate that the thrust is cutting up section co the 
south. 

1 
N 

I 

The structurally higher Centennial thrust is also 
exposed in the western Harquahala Mountains, where it 
places Proterozoic granite over crystalline rocks of 
the Hercules place. The granite is depositionally 
overlain by a southeast-facing section of Paleozoic 
sedimentary rocks and Mesozoic sedimentary rocks 
correlative co chose in the Little Harquahala 
Mountains. The Paleozoic units are folded by cascades 
of large, southeast-facing folds (Varga, 1977) and are 
cue by flac-lying faults with probable north
northeastward transport of upper-place rocks (Keith ec 
al., 1981). The Paleozoic belt is increasingly meta
morphosed and complexly deformed to the northeast, 
where it is totally inverted beneath the overlying 
Harquahala thrust (Reynolds, ec al., 1980). This 
trend continues into the southeastern Harquahala Moun
tains where an overturned section of greenschist- to 
lower-amphibolite-grade Paleozoic and Mesozoic rocks 
is exposed in a structural window (Hardy, 1984). 

The highest thrust in the range, the Harquahala 
thrust, places Proterozoic metamorphic and granitic 
rocks over the top of the Proterozoic, Paleozoic, and 
Mesozoic rocks of the Centennial plate (Reynolds ec 
al., 1980) . The thrust cuts discordantly up section 
through lower-plate rocks co the south; it succes
sively overlies, from north co south, -Proterozoic 
granite, Paleozoic rocks, and Mesozoic rocks. The 
thrust also truncates southeast-facing folds and 
apparently cuts one north-northeast-directed fault in 
the Paleozoic sequence. 

Rocks in the northern and northeastern Harquahala 
Mountains are overprinted by a gently dipping metamor
phic fabric similar in style and and geometry ~o Upper 
Cretaceous fabrics in the western Harcuvar Mountains 
to the north (Reynolds, 1982). The relationship of 
this fabric to the Harquahala thrust is uncertain. 

Mylonitic rocks along the Hercules, Centennial, 
and Harquahala thrusts have a north-trending lineation 
and cop-co-the-south sense of shear based on S-C 
fabrics in the Harquahala Mountains. Numerous north-
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vergent folds previously used to infer a nocthward 
d i rection of thrusting on the Harquahala thrust 
(Reynolds, et al., 1980; Keith et al., 1981; Reynolds, 
1982) are probably related to movement on less 
i mportant , north-directed faults, not the Harquahala 
t hrust. A southward direction of upper-plate trans
port is consistent with an inferred original north dip 
of the thrusts based on the change from ductile 
fabrics along northern exposures of the thrusts to 
more brittle cleavage along southern exposures. 

Proterozoic crystalline rocks in the northeastern 
Harquahala Mountains are locally intruded by Upper 
Cretaceous or lower Tertiary granite. The granite and 
its host rocks are overprinted by Tertiary a~ylonitic 

fabric beneath ~he Bullard detachment fault at the 
northeast end of the range (Rehrig and Reynolds, 1980; 
Reynolds, 1982), Finally, the detachment fault and 
earlier structures are offset by northwest-trending 
middle Tertiary high-angle faults. 

In summary, the Harquahala and Little. Harquahala 
Mountains contain clear evidence for several distinct 
episodes of Mesozoic deformation. The earliest major 
Mesozoic tectonism probably included faulting during 
deposition of coarse-grained conglomerates in the 
Harquar member of the MMF in the Harquar plate and in 
the Apache Wash facies of the MMF in the Centennial 
plate. Deposition of the MMF was followed by the 
formation of a~ajor southeast-facing folds in the 
Centennial and Harquar plates. Although regional 
southeast-vergent thrusting probably accompanied this 
event, such thrusts have not been recognized in either 
range. The three major thrusts, the Hercules, Centen
nial , and Harquahala thrusts, are south- to south
southwest-vergent and discordantly cut the earlier 
southeast-facing folds and one north-northeast-vergenc 
fault. We have not yet fully resolved the relation
ship between thrusting and (1) gently dipping metamor
phic fabrics in the northern Harquahala Mountains and 
(2) widespread, southwest-dipping cleavage in the 
southern Little Harquahala Mountains and western Har
quahala Mountains. In the northern Little Harquahala 
Mountains, the Hercules thrust is strongly folded by 
an ease-west-trending antiform that a~ay be related to 
a minor episode of lace-stage, souch-vergent thrusting 
in the Granite Wash Mountains (described below). 
Finally, the Mesozoic structures were locally intruded 
by Upper Cretaceous and lower Tertiary plutons and 
were tectonically denuded by normal movement on the 
regionally northeast-dipping Bullard detachment fault 
(Reynolds and Spencer, 1985). 
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GRANITE WASH MOUNTAINS 

The Granite Wash Mountains (Fig. l) are con
tiguous with the northern Little Harquahala Mountains 
and share a similar geologic setting. Previous 
geologic studies in the range consist mostly of 
regional reconnaissance (Rehrig and Reynolds, 1980; 
Reynolds et al., 1983) and two theses (Ciancanelli, 
1965 ; Marshak, 1979). Since 1981, we have mapped the 
entire Granite Wash Mountains at a scale of 1:24,000 
and performed detailed structural and petrographic 
analysis of key localities. 

The dominant structural features of the range are 
major , gently dipping thrust faults that juxtapose 
Proterozoic and Jurassic crystalline rocks against 
strongly deformed Mesozoic and Paleozoic supracrustal 
rocks (Fig. 4). The major structures are discordantly 
intruded by two Upper Cretaceous plutons, the Tank 
Pass Granite and younger Granite Wash Granodiorite. 
Important structural relationships occur in the 
central Granite Wash Mountains, south of the Tank Pass 

Granite (Fig. 4). Paleozoic strata in this area 
generally strike northeast, are nearly vertical, and 
face southeast. The Paleozoic rocks occur in two 
distinct northeast-trending strike belts that are 
separated by a steeply dipping fault oriented parallel 
to bedding. Each strike belt contains an intact 
section that commonly includes, from northwest to 
southeast, units correlative with the Devonian Martin 
Formation, Mississippian Redwall Limestone, Pennsyl
vanian-Permian Supai Group, Permian Coconino Sandstone 
and Kaibab Limestone, and evaporitic and carbonate 
horizons at the top of the Kaibab Limestone. The 
evaporitic unit is locally overlain by calcareous, 
slightly impure quartzite, sandy carbonate rocks, and 
quartz-pebble conglomerate that represents the basal 
Mesozoic unit (probably equivalent to the Moenkooi 
Formation). To the south, the Paleozoic and basal 
Mesozoic rocks are faulted against Mesozoic volcanic 
and sedimentary rocks. This fault, which need not 
have much displacement, is a complex structure that 
ranges from a nearly vertical, brittle fault to a 



gently southeast-dipping, bedding-parallel contact 
with no evidence of a brittle overprint. The fault is 
clearly folded in several locations. At the eastern 
end of che Paleozoic strike belt, Kaibab Limestone is 
over lain along 3.n unf aul ted contact by c he basal 
Mesozoic calcareous quartzite and stratigraphically 
higher volcanic and volcaniclastic rocks to the south. 

Near the center of the Paleozoic strike belts, 
the vertically dipping Paleozoic units and the steep, 
section-repeating fault are discordantly truncated by 
an overlying subhorizontal thrust sheet of Mesozoic 
sedimentary and volcanic rocks. A well-developed 
subhorizontal cleavage concordant with the thrust is 
present in both the upper- and lower-plate rocks. 
Sedding in the Paleozoic rocks directly beneath the 
thrust is isoclinally folded and transposed into 
parallelism with the flat cleavage on an outcrop 
scale, but major formational contacts generaliy retain 
their vertical attitude. 

Further to the northeast, the Paleozoic section 
is truncated by the gently dipping Yuma Mine thrust 
zone, which is probably correlative with the thrust 
describ~d above. Paleozoic units are dragged to the 
south into the shear zone as a southward-tapering 
wedge chat is overlain by thrust-bounded lenses of 
coarse-grained Proterozoic granite, Mesozoic alaskite, 
Mesozoic sedimentary and volcanic rocks, and- highly 
attenuated Paleozoic sections. The. Yuma .. Mine thrust 
continues to the south where it juxtaposes 
lithologically similar sequences of Mesozoic volcanic 
quarcz porphyry. Kyanite-bearing quartzite and 
tourmaline-bearing quartz-mica schist locally occur 
beneath the thrust. 

The southern Granite Wash Mountains are largely 
composed of a thick, south-facing sequence of McCoy 
Mountains Formation that depositionally overlies the 
Mesozoic volcanic and sedimentary rocks. The McCoy 
section includes, from north to south: (l) a lower 
sequence of sandstone, siltstone, thin conglomerate, 
and interlayered mafic volcanic and intrusive rocks; 
(2) phyllite and calcareous clastic rocks; and (3) 
conglomerate correlative with the Harquar member of 
the MMF in the Little Harquahala Mountains. The 
overall stratigraphic succession, in conjunction with 
sandstone petrography, indicates that these three 
units are correlative with basal sandstone member two, 
the mudstone member, and conglomerate member of 
Harding and Coney (1985). If this correlation is 
correct, then this sequence represents the bas in 
facies of the MMF, but is distinctive in its lack of 
quartz-rich, basal sandstone member one. Furthermore, 
chis is the first section of basin-facies MMF and 
underlying Jurassic(?) volcanics that can be shown co 
be in continuous stratigraphic sequence with Paleozoic 
rocks. 

The basal units of the MMF in the Granite Wash 
Mountains define a large, south-facing, recumbent fold 
associated W'ith a gently dipping axial-planar, slatey 
cleavage (Laubach et al. , 1984). The fold and 
associated cleavage are overprinted to the northeast 
by fabrics related to the structurally overlying 
Hercules thrust zone. The Hercules thrust places 
imbricate slices of Proterozoic gneiss and Proterozoic 
or Jurassic granite discordantly across the under
lying, folded Mesozoic section. The thrust zone is 
characterized by strongly deformed schists and 
mylonitic rocks with a northeast-trending stretching 
lineation and southwest-directed s-c fabrics and over
turned folds. Lower-plate Mesozoic rocks have been 
converted into medium-grained schists directly below 
the thrust, but become visibly less metamorphosed 
downward. 0 p per- place cry s c a 11 in e rocks are 
retrograded near the thrust , but largely retain their 
typical Proterozoic appearance within lOOm above the 
thrust . 

\ 

The thrust zone is strongly folded by a large 
(approximately lOOm amplitude), northwest-trending 
antiform or southwest-facing monoform (a monoclinal 
fold in rocks where the stratigraphic sequence is 
unknown). The folded thrust and thrust-related 
fabrics are discordantly intruded by the Opper Creta
ceous Tank Pass Granite and Granite Wash Granodiorite. 

A subsidiary thrust, the Calcite Mine thrust, 
occurs below the Hercules thrust in the southern part 
of the range. This thrust places a sheet of Mesozoic 
metavolcanic and volcaniclastic rocks, quartzite, and 
andalusite-rich schist discordantly across the south
facing MMF. The Calcite Mine thrust, overlying 
Hercules thrust, and associated thrust-related fabrics 
are folded by a vertically plunging, westward-opening 
antiform, which accounts for the sharp bend displayed 
by the trace of both thrusts (Figure 4). This 
peculiar folded geometry of the thrusts is probably an 
interference pattern resulting from successive folding 
of the thrusts by the large, northwest-trending folds 
and subsequent east-trending folds that are spatially 
associated with an ease-trending, south-vergent thrust 
that may truncate the Calcite Mine thrust. 

A sequence of Mesozoic sedimentary rocks that is 
distinct from other Mesozoic sections in the range 
occurs as lenticular thrust sheets above the Yuma Mine 
and Calcite Mine thrusts, but .below the Hercules 
thrust in the ease-central and southern parts of the 
range (Figure 4). These rocks, which consist of 
quartzose and calcareous clastic rocks, phyllite, and 
volcaniclastic rocks, deposicionally overlie a coarse
grained Proterozoic granite dated by Rb-Sr isotopic 
analysis (outcrops of granite are coo small to show on 
Figure 4). This documented occurrence of Mesozoic 
rocks deposited directly on Proterozoic granite 
requires a significant episode of tectonism and 
erosion, probably in early or middle Mesozoic time. 

The northern Granite Wash Mountains contain an 
imbricate stack of thrust faults that interleave 
Paleozoic and Mes6zoic metasedimentary rocks, Protero
zoic gneiss and granite, and Mesozoic granite. The 
Paleozoic-Mesozoic metasedimentary rocks are strongly 
attenuated and occur as a southward-thinning lens 
tectonically plated on an underlying foliated granite 
and overlain by a major ease-dipping thrust sheet of 
Proterozoic gneiss. The thrust is characterized by a 
northeast-trending stretching lineation and probably 
correlates with the Hercules thrust. Thin slices of 
Paleozoic metasedimentary rocks are enveloped within 
crystalline rocks along thrusts subsidiary to the main 
thrust. Most subsidiary thrusts are characterized by 
northeast-trending lineation, but an earlier(?) , 
northwest-trending lineation is also locally present. 

In the northeastern part of the range, the 
Cobralla thrust dips to the north and places mylonitic 
crys-t-alline roe-Ks over Pr.ote.rozoic gneiss and an 
overturried, south-southeast-facing section of Paleo
zoic and Mesozoic rocks . The Paleozoic section is 
strongly attenuated to a total thickness of approxi
mately 40 meters, or four percent of normal, yet all 
of the typical Paleozoic formations are present. The 
contacts between the inverted Paleozoic sequence and 
overlying Precambrian rocks to the north and under
lying Mesozoic rocks to the south are conformable and 
no more t~c~onized than any ocher formational 
boundary. Lineation associated W'ith the Cobralla 
thrust has a norchwest-trendin~ stretching lineation 
and southeast-d-i-rected 3-C fabr-ics (D. · Cunningham, 
1985, oral commJ. We interpret the overturning and 
extreme attenuation of the Paleozoic-Mesozoic section 
as reflecting southeast-directed thrusting on the 
overlying Cobralla thrust. Fabrics related to this 
southeastward thrusting continue as a wide shear zone 
co the west of the Paleozoic-Mesozoic rocks and are 
interpreted by us and D. Cunningham ( 1985, oral comm.) 



as being older than the Hercules(?) thrust. 
In summary, the oldest reco.l(nized Mesozoic struc

tural event was probably faultin!< and uplift 
responsible for removal of Paleozoic rocks prior to 
deposition of the Mesozoic section that rests on 
Proterozoic granite in the eastern Granite Wash 
Mountains. In contrast, a more complete sequence 
consisting of Paleozoic cratonic slrata, early 
Mesozoic sedimentary rocks, Jurassic(?) volcanics, and 
basin-facies MMF occurs in the main part of the range. 
These two different stratigraphic sections, which are 
separated frol!l one another by the Yuma Mine and 
Calcite Mine thrusts, were deposited some distance 
apart and have been juxtaposed by later thrusting. 
The first thrusting event was southeast- to south
directed and was responsible for the southeast facing 
of the Paleozoic strike belts, the south-facing fold 
in the MMF, and the Cobralla thrust and associated 
south-southeast-facing overturned Paleozoic section in 
the northern part of the range. The steep fault that 
repeats the vertical Paleozoic section in the main 
strike belts may represent an early southeast-vergent 
thrust that has been tilted on end by later, but 
related, southeast- to south-vergent folding. 
Subsequent to this event, the steeply tilted, south
to southeast-facing Paleozoic and Mesozoic section was 
discordantly cut by the southwest-vergent Hercules, 
Yuma Mine, and Calcite Mine thrusts. The southwest
vergent thrusting event is not related to the earlier, 
southeast-vergent event because the transport 
directions between the two events are at right angles 
to one another and the southwest-vergent fabrics 
clearly overprint an already tilted and folded 
Paleozoic and Mesozoic sequence. 

The southwest-vergent thrusts and thrust-related 
fabrics were folded by large, southwest-facing folds 
that trend northwest, perpendicular to the direction 

of thrusting, and that may be related to the last 
stages of thrusting. The latest structures in the 
range are locally developed northeast-vergent folds 
associated with southwest-dipping cleavage, and east
trending folds associated with the south-vergent 
thrust that is probably responsible for the complex 
folding of the Calcite Mine thrust. All fabrics 
predate the Upper Cretaceous plutons, except possibly 
for weakly developed foliation of unknown significance 
that occurs in several granitic dikes southwest of the 
Tank Pass Granite. 
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The fol lowing is excerpted from: 

Spencer, J. 1::., and Welty, J. vJ., 1985. Reconnaissance ,geolo~~y of 
mineralized areas in parts of the Huckskin, Rawhide, 
McCracken, and northeast Harcuvar Mountains. western Arizona: 
Arizona Bureau of Geology nnd Hinern1 Technology Open-File 
Report RS-6, 31 p. 

RECONNAISSANCE GEOLOGY OF MINERALIZED AREAS TN PARTS OF THE 
BUCKSKIN, RA\.JHIDE, McCRACKEN, AND NORTHEAST HARCUVAR 

MOUNTAINS, WE:STER:t-1 ARIZONA 

INTRODUCTIO N 

This report is a catalog of brief descriptions of mines and 
prospects in most of the min eralized areas of the Buckskin and 
Rawhide Mountains, plus one mineralized area each in the McCracken 
and northeastern Harcuvar Mountains (Fig. l). The descriptions 
are based on our observations and were not derived from puhlish0rl 
or unpublished sources. This report is prelim inary, and some 
mineralized areas in the Buckskin and Rawhide Mountains that are 
not covered here ~vi11 be studied by us in the future. Previous 
studies by Shackelford (1976), Keith (1978), Wicklein (1979), 
Suneson (L980), and Wilkins and Heidrick (1982) cover the geologv 
and mineral deposits of parts of the Ruckskin and Rawhide 
Mountains and contain references to earlier work. 

We have slightly modified the mineral district assignments 
used by Keith and others (1983a,h). Specifically, we have 
included the Rawhide district with the Cleopatra district in the 
Rawhide Mountains, and divided the Cleopatra, Swansea, anrl Planet 
districts into subdistricts. Metal ratios from production 
statistics, geologic setting, mineral assemblages, anrl geographv 
were all considered in making district and sub-district 
assignments. 

Production data are given for each district and snhrlistrict 
i n T a h l e 1 • L i s t i n g s o f " u n k n o 1vn " i n T a h l e 1 i n d i c a t e t h a t '" e 
helieve these areas were mined, but the U.S. Hureau of ~ines has 
no record of that production. In the Swansea district this 
unaccounted for metal production is reasonably thought to he 
sizeable. Entries of "-" indicate that there is no record of 
production for that element. The data do not permit grar:le 
calculations for manganese ores. 
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BUCKSKIN MOUNTAINS 

CLARA DISTRICT (Fix. 2) 

AREA: 2/3 mile southeast of Clara Peak 
r::oc AT I 0 N NU M B E R : 1 1 - 1 1 - 8 4 - 1 
DESCRIPTION: Mineralization along Buckskin-Rawhide detachment 
- · ·----- ~-----

fault. Brecciated volcanic rocks above 1-2 m thick gouge 
zone contain chalcopyrite, bornite, and relict pyrite cuhes. 
Chrysocolla, malachite, and selenite are present in 
fractures. Rocks below the fault are shattered, silicified 
mylonitic gneisses with fractures containing drusy quartz 
(1-2 mm cryst.s : s), chrysocolla, and specular hematite. 
Irregular veins of chrysocolla and quartz-hematite
chrysocolla, up to 1 em thick, cross cut brecciated lower 
plate rocks. Drusy quartz fills fractnres in and along 
actual fault zone, and apparently post-dates fault movement. 
Hematite below fault in breccia-gouge is late to post 
fracturing. 

AREA: mile east of Clara Peak 
LOCATION NUMBER: 11-11-84-2 
-~- --~ ·-··--· ·-------· -

_!!_EJ) _C I{ I P T I _Q.!i_ : Mine r a 1 i z at i on a 1 on g Buckskin-Rawhide de t a c h men t 
fault. Shattered chloritic breccia below fault contains 
malachite-chrysocolla-hematite-drusy quartz in fractures. 
Late-stage selenite fills fractures in upper plate. 

AREA: Clara Peak 
DE~S_gRIPTION: The Clara Peak klippe is composed of variahly hut 

typically strongly silicified or calcified brown to reddish 
brown Miocene(?) conglomerate. Conglomerate clasts are 
composed dominantly of a variety of granitic rock types, 
including medium-grained biotite granodiorite(?) and pink, 
fine-grained, equigranular, leucocratic, quartz-rich 
alaskitic granite. Also present are clasts of dark green and 
brown Tertiary(?) volcanic rocks and Tertiary sandstone, very 
sparse clasts of lineated mylonitic gneiss and chloritic 
breccia, and clasts of banded non-mylonitic gneiss, 
Mesozoic(?) argillite, and medium-grained muscovite granite 
with muscovite books up to 8 mm diameter. Clasts are 
typically 1-10 em diameter, sub-rounded, and are locally as 
large as 50 em diameter. Conglomerate grades locally into 
sandy conglomerate and sandstone with sparse shaley partings. 

One to three em thick, quartz-barite-calcite- hematite 
veins, with or without manganese oxides are locally numerous, 
and may be as much as l m thick. Some irregular veins are 
probably replacements with conglomerate clasts floating in 
quartz-barite-calcite-hematite that has replace sandstone 
matrix. Veins and replacements are typically banded with 
dark-red silicified hematite, gray calcite, and white, bladed 
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Geologic Map of the Clara Peak Area, Central Buckskin Mountains. 
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Quaternary surficial deposits. 

Miocene - Pliocene sedimentary breccia with minor conglomerate 
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mylonitic gneiss. 

Buckskin- Rawhide detachment fault. 

Horizontal bedding. 

Bedding, showing dip. 

Mylonitic foliation, showing dip of foliation and lrend of lineation. 

Location described in text . 
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barite. Calcite-barite-hematite veins 1-2 em thick locally 
form stockworks. Vein orientation is variable, hut north to 
northwest strikes and vertical to steep northeast dips are 
common. 

AREA: l-l/4 miles east of Clara Peak 
LOCATION NUMBER: ll-13-34-3 - ------- --------·--_y_x S C 10.f_I~B : Ad i t s a n d p r o s p e c t s a 1 o n g a n rl .i u s t a b o v e 

Buckskin-Rawhide detachment fault. Highly fractt1red upper 
plate rocks contain chrysocolla on fracture surfaces. ?.:ones 
up to 50 ern thick contain quartz, calcite, hematite, and 
Manganese oxides. Hematite staining is pervasive. 
Mineralized zones typically follow northeast-striking, 
southeast-dipping shears. Host is silicified and shattered 
Tertiary sandstone and possibly Tertiary volcanic or 
hypabyssal rocks. 

AREA: 3/4 mile south of Clara Peak 
L 0 CAT I 0 N NUMB E R : 1 l - l 4- 8 4- 1 
l) ESC ~_!!_l]..Q!i: A hove and ad j ace n t to B u c k skin- R a ~• hid e d e tach me n t 

fault is chrysocolla-malachite-qtiartz-calcite-hotryoidal 
hematite-silicified hematite along gently dipping fractures 
in Tertiary volcanic(?) breccia. 

AREA: mile south-southeast of Clara Peak 
LOCATION NUMBER: ll-14-84-2 --- ------·-----
[) E S C Rl_ P 1~_!_0 N : R r e c c i a t e d c o n g 1 om e r a t e w i t h s i 1 i c a- h e m a t i t e 

matrix located above and next to Btlckskin-Rawhide detachment 
fault. Gently dipping fractures contain much limonite stain 
and red to black hematite. Sparse gypsum is also present. 

AREA: 3/4 mile south-southwest of Clara Peak 
LOCATION NUHBER: ll-14-84-4 ---------·----·--·--
p_~'?_qB:_I_il_~_QB : U n rl e r g r o u n d w o r k i n g s i n c r u s h e d r o c k s a 1 o n g 

Buckskin-Rawhide detachment fault. Fractures in upper plate 
silicic Tertiary volcanic or hypabyssal rocks contain 
hematite, chrysocolla, and malachite. 

AREA: mile southeast of Clara Peak 
WCAT I 0 N NU H BE R : 1 1 - 1 5-8 4- l ··-------·-
g~~ C R_I P T I 0 N : Ad i t i n c r u s h e d r o c k s a 1 o n g B u c k s k i n- E a v.1 h i rl e 

detachment fault. Chrysocolla-malachite-hematite-barite are 
present in fractures in fault zone. Another adit 60 m to 
northwest is along upper plate shear zone containing 
chrysocolla-malachite-quartz-hernatite with quartz occurring 
primarily as fine-grained coliform overgrowths on other 
minerals. 

4 



Mineral Hill Subdistrict 

A l{ •4: A : ~!in era l H i 11 mine s 
Q_E _?_CBIJ:' ]Jg_!'f : Host rocks are shattered greenschist-grade 

Mesozoic quartzite, schist, and calc-silicates located 
immediately above Buckskin-RAwhide detachment fault. 
Mineralization is characterized by disseminated, massive, and 
fracture filling specular hematite with later, thin fractures 
filled with chrysocolla and malachite. Massive, \vhite (]URrtz 
veins also cut speculAr-hematite mineralized rocks. Local 
iron and copper oxide mineralization in lower plate, 
chloritically altered, mylonitic gneiss. Unidentified, 
white, soft, fibrous mineral locally forms veins. Locally 
occurring , b 1 a c k , soft , p o \vd e r y miner a 1 gives of s u 1 fur i c 
smell when treated with HCl and contains mixed oxides of 
copper, iron, manganese, and zinc (Boh O'Haire, pers. 
communication, · 1985). Mineralization abruptly terminates to 
northeast at northwest-striking, post-minerali~ation, 

high-angle fault with northeast-side-down displacement (Steve 
Reynolds, unpublished mapping, 1985). 
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Location Map of Mines and Prospects in the Planet District, 

Northwestern Buckskin Mountains. 

Figure 3 
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SWANSEA DISTRICT (Fig. 4) 

AR~A: 1 mi. east of Squaw Peak 
LOCATION NUHHER: 2-12-85-6 
_!?_!::_? _<~~~i]} 0 N : S p e c u 1 a r h em a t i t e- c h r y s o c o 1 1 a- c a l c i t e i n h r i t t J e 

shear zone in lower plate mylonitic orthogneiss. Mild 
chloritic alteration of host gneiss is probably the result nf 
proximity to the once overlying, hut now eroded away, 
Buckskin-Ra~vbide detachment fault. 

AREA: 1-l/4 mi. east of Squaw Peak 
LOCATION NUNBER: · 2-12-85-7 
- ·- ·- ·- --------- -·-
D E_~ R I P ].'}_C!i'l. : H a s s i v e , c o a r s e 1 y cr y s t a ll i n e , s p e c u l a r h e m a t i t e 

with euhedral quartz crystals lining the walls of fractures. 
Mylonitic orthogneiss host. 

~~£~: l-l/4 mi east of Squaw Peak 
LOCATION NUMBER: 2-12-85-8 
_!:'! E S.f B-_!0.l.QJi : S p e c u 1 a r i t e- c h r y s o c o 1 1 a- c h 1 o r i t e i n my 1 o n i t i c 

gneiss host. 

AREA: 1/4 mi. north-northwest of Squaw Peak 
LOCATION NUMBER: 3-23-85-6 ------·-----------
DESCRIPTION: Decline in shear zone striking N75 E, dipping 
-----45-o--SE:--: N i n e r a 1 i z a t i o n a 1 o n g s h e a r z o n e c o n s i s t s o t m a s s i v e 

specular hematite with chrysocolla and malachite filling 
fractures, hematite stain on fracture surfaces, and soarse, 
thin, fine-grained drusy quartz covering specular hematite 
and copper minerals on fracture surfaces. Host mylonitic 
gneiss has epidote in fractures. Adit adiacent to decline 
has same type of mineralization, with C]uartz Lining fractnres 
and vugs. Prospect shown on U.S.G.S. topographic map 
northeast of decline (Fig. 8) is also same type of 
mineralization with calcite coating some 
in massive specular hematite and gneiss 

fracture 
host. 

surfaces 

AREA: 1/2 mi. northwest of Squaw Peak 
LOCATION NUMBER: 3-23-MS-7 - - - ··---- ·----
DESCRIPTION: Brittle shear zone in gneiss, striking N65W, 
- · . ··- 0 

dipping 50 SW, containing massive , coarsely crystalline, 
specular hematite, and sparse malachite and chrysocolla • 

.{\R£~A: 3/4 mi. northwest of Squaw Peak 
LOCATION NUMBER: 3-23-85-8 
DESCRIPTION: 

quartz 
Massive specularite, 

in lower plate gneiss. 
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Table l. Production for Mineral districts anrl suhdistricts in 
t he R tl c k s k in t·l o u n t a i n s 

BUCKSKIN MOUNTAINS 

District Name Tonnage 

CLARA DISTRICT 50,000 

PLANET UISTRICT 
Mineral Hill Subdist 971,000 
Planet Subdist. 39,000 

SHANSEA DISTRICT 
Copper Penny Subdist. 
Squaw Peak Suhdist. 
Swansea Subdist. 

Unknown 
Unknown 

545,000 

7 

%Cu 

4. 6 9 

0.68 
8.05 

2.43 

%Ph %Zn oz/T Ag 

O.Cl35 

<0.001 
0.006 

0. 0 6 1 

oz/T Au 

0. ()() 7 

<0.001 
CJ.OOH 

(0.001 



BASE AND PRECIOUS METAL MINERALIZATION RELATED TO LOW-ANGLE TECTONIC FEATURES 
IN THE WHIPPLE MOUNTAINS, CALIFORNI A AN D BUC KSKI N MO UN TAIN S, ARI ZONA 

Joe Wil kins, Jr. 
Gulf Mineral Resources Co. 

2015 North Forbes Blvd. Ste. "105 
Tucson, Arizona 35745 

ABSTRACT 

Specular hematite mineralization with varying 
Cu, Au, and Mn contents commonly associated with 
quartz, barite, or fluorite is present in a vari
ety of lithologic settings immediately above, along, 
and below the Whipple-Buckskin detachment fault. 
The major deposits, Copper Basin, Planet-Mineral 
Hill, and Swansea-Copper Penny are localized a1ong 
ENE- to NE-trending synformal and antiformal mega
grooves on the fault surface associated with a 
thick sequence of non-mylonitic; but cataclastically 
deformed, metamorphosed middle-plate rocks. Exten
sional tectonics related to NE- to ENE-directed 
movement in late Oligocene to mid-~1iocene time 
created tectonic crush breccias, open to overturned 
folds, synthetic and antithetic listric faults, and 
gash veins that, along with the detachment surface 
and its unde r lying shatter breccia, served as loci 
for deposition of the metals, gangue minerals, and 
alteration aureoles. 

A detachment fault mi neralization model gener
ated from detailed mapping, drill core analyses, 
and geochemical determinations at the Copper Penny 
prospect is characterized by: 1) specularite
chalcopyrite ± Ba, Nn, F, Au concentrated along and 
decreasing away from the fault surface, 2) chlorite
dominated alteration envelopes coplanar with the 
fault , 4) deposition in extension-related struc
tures, and 5) localization alo~g megagro0ves asso
ciated with thick upper-middle plate sequences. The 
consistency of the model holds when extrapolated 
to other Whipple-Buckskin deposits with variations 
only in concentration intensities despite widely 
varying upper-middle plate lithologies. 

INTRODUCTION 

The \~hipple-Buckskin Mountains detachment sur
face constitutes a small portion of a mid-Tertiary, 
low-angle tectonic phenomena that is associated 
with metamorphic core comple xes which extend the 
1 ength of the North American Cordill era (Coney, 
1979, 1980; Rehrig and Reynolds, 1977, 1980; Davis 
and others, 1980) . The detachment fault tectoni
cally j~xtaposes Precambrian, Paleozoic( ?), Mesozoic, 
and Tertiary units onto a mylonitically deformed, 
lower-plate sequence (Davis and others, 1977, 1980 ; 
Lingrey and others, 1977; Shackelford, 1977) . Mines 
and prospects with specular hematite containing 
variable amounts of copper, gold, and manganese are 
consistently located immediately above, along, and 
below the detachment surface (Fig. l) demonstrating 
a spatial and suggesting a tectogenetic dependency. 

Past Production 

The history of production in the Buckskin and 
Whipple Mountains is dominated by entrepreneurial 
promotion, bankruptcy, and copper's cyclical price 

Torn L. Heidri ck 
Gulf Mineral Resources Co. 

1720 So . Bellaire 
Denver, Colorado 80222 

structure (Spude, 1976 ). Earl y ore shipments fror 
the Planet mi ne in 1862 and from the Sue and Lion 
Hill mines (Keith, lg78 ) were followed by a perioc 
of promotion a 1 deve 1 opment at P 1 a net in 1907 and ;• 
Swansea in 1908 (Spude, 1976 ). Sign i ficant ore ,;: 
ments began with the completion of the Parker- · 
Wickenburg and Bouse-Swansea rail lines in 1914 
(Keith, 197 8). Intermittent sh i pments and mine 
closures, corresponding to the rise and fall of 
copper prices, continued until 1923 when the Pl ane: 
mine closed and until ]g37 when Swansea ceased 
production. The Mineral Hill mine, operated ini
tially in the 1900's, was an active producer fr om 
1964 to 1970. In total, 63 . 0 million pounds of 
copper, 11 ,900 ounces of go 1 d, and about 1 ,000 tw . 
of manganese were produced from mines along the 
detachment surface (Jones , 1919; Keith, 1973; Spuce. 
1976). Production from the major mines i s l isted 
in Table 1. 

Table 1. Copper and Gold Production from 
the Buckskin Mountains, Arizona 

f·1i ne Ore Cu Cu Au 
(10 3 tons) ,, ( 10 6 1 bs ) ( 10 3 Ol 

Planet 50 10.0 10 . 0 0. 2 
t~ineral Hi 11 1 ,000 0.65 13.0 
Swansea 490 4.0 3''1. 2 
Empire-Sue-

Lion Hill 20 20 .0 0. 8 11 . .1 

Totals ~ To 63.8 rr.-9 
( avg .) 

Previous Investigations 

The iron deposits in the Buckskin Mountains 
briefly mentioned by Blake (1865, 1898 ) and by t·1cCar· 
(1904) were described at the Planet by Upham (1911 ) 
who ascribed their origin to derivation" .. . . from 
alteration of the ferromagnesian minerals in the 
adjoining rocks". Bancroft (1911) noted the marked 
lithologic and mineralogic similarity be tween many 
of the deposits and assigned a Precambrian age to 
them . He commented on the intense structural de fo~ 
mation within the orebodies but apparently did no t 
recognize their tectonic setting . Blanchard (1913) 
mapped the detachment fault as an erosional surface 
between Precambrian units and suggested that the 
deposition of cupriferous specularite was due to ho t 
springs activity associated with Tertiary volcan is111 . 
Jones and Ransome (1919 ) and Jones (1919 ) described 
the occurence of manganese with specularite and 
barite in brecciated rocks adjacent to low-angle 
faults in the Buckskin and Whipple Mountains . Wil son 
and Butler (in Cummings, 1946) mapped the Plane t 
mine in detail and i nterpreted the de t achment surface 
as a thrus t faul t . Wil son 's subsequent mapping for 
the Geolonic ~a o ~ ~ v~ · - ~ - ~ J r ~ ~ ' 10601 expanded t he 
extent of ~ Lan 1 ij e th ru5c i n ·~ 1 ~!i1so n , . l962) through
out the Buc kski n Mo untains. 
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' igure 1. Regional geologic map of the Whipple Mountains, California and Buckskin Mountains, Arizona as 
mod-ified from comoilation< byStone and Howard (1979), and Davis and others (1980) . Prospects 
and mines designated by initials are: 8C = BCC mine; C =Clara; E =Empire; LH =Lion Hill; 
M = Ma:~:·on; t~H =Mineral Hill; P =Pride; RV =Riverview. The large open circles are mines 
and deposits discussed in the text. 

Even though the low-angle faults in the Buckskin 
:nd Whipple Mountains were mapped by a number of 

1 :eologists (Ransome, 1931; Wilson, 1960; and Terry , 
1 ~72) the magnitude of the involvement of the Ter- . 
:iary units was not recognized prior to work by 
;nackelford (1976, 1977) in the Rawhide Mountains and 
~i Lingrey and others (1977) and Davis and others 
1977) in the Whipple ~1ountains . Recognitio~ of 

:ne metamorphic core camp 1 ex setting was virtually 
:1 mu1taneous (Davis and others, 1977, 1980; Lingrey 
~nd others, 1977 ; Anderson and others, 1979) . The 
=~lineation of the lithology, structure and age of 
cvement in the Buckskin and Whipple Mountains es

._-lJl i shedacritical data base for clarifying the 
- ~ology of the enig;;;atic mineral deposits in these 
·anges . 

Mineral Deposits - Their Regional Setting 

From Figure 1, it is apparent that all of the 
· : jor mines and the larger prospects are spatially 
· o:: la t ed to the detacnment surface . Although miner
~11zation along the surface is widespread - almost 
~::,iquitous- the more notable concentrations are 
:ositioned within thick accumulations of upper-plate 
reeks . At Swansea, Planet , Empire-Lion Hill, Copper 
:< ; in, and Copper Penny, the upper-plate rocks lie 
· •:nin NE- to ENE - trending troughs or megagrooves on 

1 : ·- ~ _ detachment surface tilat are subparallel to 
'~ '' forma l arches in tt1e adjacent mylonitic terrain 
·enri~ and Reynolds, 1980 ) . As sho~m by Woodward 

'": vsborne ( 1980) , :he megagrooves are primary 
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structures and do not represent a folded detachment 
surface. 

The upper plate moved NE to ENE relative to the 
lower plate during the Oligocene(?) to mid-Miocene 
extensional tectonic event (Anderson, 1971; Shackel
ford, 1976; Davis and others, 1977, 1980; and Dokka 
and L i ngrey, 1979) . This movement created tectonic 
crush breccias, open to overturned folds, synthetic 
and antithetic listric normal faults, and gash veins 
(Davis and others, 1977, 1980; Frost, 1981) that, 
along with the detachment fault and its underlying 
shatter breccia, served as loci for deposition of 
the metals, gangue minerals and alteration aureoles . 
All of these features are found at the Copper Penny 
prospect in varying degrees of intensity . The 
recently completed investigation of this deposit 
(1979) provides a data base for interoreting the 
complex geology of othPr, l ess clearly defined Da SE. 
precious and ferroalloy mineral occurrences in ~~e 
Whipple and Buckskin Mountains. 



Planet- Mineral Hill 

The Mineral Hill to Planet cross-section and 
corresponding mineralization schematic_was prepared 
from Harrer (1964), unpublished geolog1c maps by J. 
Wilkins (1969) and F. Bergwell (197B) and from drill 
hole data supplied by one of the property owners (E. 
R. Alcott) . The Planet mine was explored for 1ts 1ron 
potential by the U. S. Bureau of Mines who completed 
12 churn and 10 diamond drill holes 1n the 1nrned1ate 
vicinity of the mine . The results of a 15 hole -1979-
drilling program that explored the interval between 
Planet and Mineral Hill were provided by Alcott. 
A structure contour map on the top of the detachment 
surface provides the data base for preparing the 
geologic cross-sections shown on Figure 14. 

The lower-plate mylonite is foliated, lineated, 
augen to compositionally banded gneiss inhere~t to 
most core complexes. The detachment surface 1s a 
flinty microbreccia overlying an extensive chl~rite 
shatter breccia. A thin wedge of marble brecc1a_. 
lies paraconformably on the detachment surface at 
Planet, Mineral Hill, and in several drill holes 
located midway between the mines (Fig. 14) . The 
marble breccia represents a middle-plate tectonite . 

The Planet- Mineral Hil~ upper plate constit~tes 
a homoclinal series of NW-str1k1ng, 30-50 SW-d1pp1ng, 
weakly foliated and lineated metasedimentary and 
metavolcanic rocks . This ~ 2200 fnot-thick sequence 

is tentatively identified as Mesozoic(?) based on 
its physical resemblance to Mesozoic units in the 
Dome Rock Mountains (Marshak, 1980), and the 
Plomosa Mountains (Harding, 1980) . The Chapin Wash 
Formation outcrops along a WNW-trending belt about 
1.5 miles southwest of the Planet mine. Here the 
ChapiB Wash Formation consists of a NW- to WNW-strik·· 
40-50 SW-dipping sequence of redbed conglomerates 
and pebbly sandstone with intercalated basalt flows . 
An an as tomos i ng di ke-1 ike body of breccia with clast: 
ranging from less than 0. 1 em . to 25-30 feet across 
crops out along a WNW trend, 4000 feet southwest of 
the Planet mine. This tectonic or intrusion breccia 
is shown in the center of the crsss-section (Fig . 14 . 
The dike-like body dips about 50 NNE and cuts, defo~ · 
and displaces the intruded metatuff unit. It was 
initially mapped as a low-angle fault breccia, but, 
upon completion of the structure contour map of the 
detachment surface, the dike appears to upwarp and 
displace the detachment fault . The breccia matrix 
is stained brick-red by finely comminuted hematite 
particles surrounding large clasts (±20 feet diarreter 
of marble breccia partially replaced by specularite 
and chalcopyrite . A po<t-detachment fault and post
mineral origin for the breccia body is indicated. 

Extensive drilling along the Mineral Hill-Planet 
section (Fig . 14) demonstrates convincingly that 
the NE-dipping listric-normal faults flatten progress· 
ively with depth as shown. At Planet and Mineral Hil l. 
the detachment fault is repeatedly cut and offset 
by a series of NW- to NNW-trending high-angle normal 
faults possessing significant oblique-slip . North 
of Mineral Hill, these same faults cut and displace 
8 to 13 m.y. old volcanics of the Osborne Wash 
Formation . 

Mineralization at Planet and Mineral Hill is 
dominated by speculari te, chrysocolla, ~ malachite 
derived from the supergene oxidation of chalcopyrite. 
Specularite occurs predominately along the detachment 
fault partially replacing superjacent marble breccia 
as well as shatter veinlets and microveinlets above 
and below the fault (Fig . 14) . Relict sulfides found 
on the dump at Planet are pyrite and chalcopyrite 
showing cataclastic textures . Drill holes penetrating 
the detachment fault encountered chlorite shatter 
breccia with microveinlet and disseminated specularite. 

' pyrite, cha 1 copyri te, and in some instances, native 
copper. Metallization along listric faults is wide
spread consisting of pyrite-chalcopyrite ~ native gold 

•nd their supergene oxidation products (earthy hematite, 
J 1 achite, and chrysoco ll a ) . Gangue mi nera 1 s inc 1 ude 
,Jar tz and cryptocrystalline silica pervading marble 
reccia at the Planet mine with barite-calcite in 

't tendant listric faults. 
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r igure 14 . Generalized geologic cross-section through the Planet and Mineral Hill mines (top) and 
schematic representation of the principal structure-tectonic settings hosting Cu-Fe 
orebodies and siqnificant sulfide-oxide metallization (bottom ). 
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