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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 
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FIELD TRIP 7 

PROTEROZOIC GREENSTONE BELTS AND MINERAL DEPOSITS, CENTRAL ARIZONA: 

Leaders: 

Coordinators: 

JEROME CAMP AND BRADSHAW MOUNTAINS 

Patrick F. O'Hara (Kaaterskill Expl.) and Dale G. Armstrong 
(Consultant) 
J. R. Lawrence (Santa Fe Mining), and Clay Newton (U of 
A) 

Friday, March 21, 1986 

6:00 pm 
10:00 pm 

Depart from University of Arizona, front of Student Union 
Arrive and check in at Autorest Motel,* Prescott, Ariz. 
(602-445-1440) 

Saturday, March 22, 1986 

7:00 am 
8:00 am 

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

5:30 pm 
6:30 pm 

Depart Prescott for Jerome 
Jerome - UVX mine overview-Paul A. Handverger 
UVX mine geology-Don White 
Lunch* at Copper Chief mine 
Copper Chief mine discussion-Paul A. Lindberg 
Return to Prescott 
Steak fry* at Bronze Saddle Restaurant 

Sunday, March 23, 1986 

7:00 am 
7:30 am 

10:45 am 
11:55 am 
12:45 pm 

1:15 pm 

4 : 45 
8:45 

*Included in fees 

Drivers: 

Check out and depart from Prescott 
Iron King mine and McCabe mine stops-Phillip Anderson, 
Patrick. O'Hara, J . R. Lawrence, and R. L. Dixon 
Boggs mine stop-Douglas F. Hurlbut 
Big Bug stock-Patrick R. O'Hara 
Lunch* at Copper Queen mine 
Copper Queen mine-Ralph E. Higgins, Patrick F. O'Hara, 
James M. Evensen, and Douglas F. Hurlbut 
Return trip to Tucson 
Arrival at Tucson with stops at University of Arizona and 
Holiday Inn (Broadway) 

Clay Newton 
Nancy Johnson 

Field boots required. If possible, bring hard hat and safety glasses for mine 
tours. 
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Arizona Geological Society Digest Volume XVI, 1986 

PROTEROZOIC GREENSTONE BELTS AND MINERAL DEPOSITS, CENTRAL ARIZONA: 

JEROME CAMP AND BRADSHAW MOUNTAINS 

.ROAD LOG AND TRIP GUIDE 

Mileage 
Cum. Inc. 
0. 0 0. 0 

Patrick F. O'Hara 1 

and 

Dale Armstrong 2 

DAY 1. D. Armstrong, Trip Leader 

The start of the field trip will be 
in the Prescottonian Motel parking lot at 
the intersection between Arizona Route 69 
and U. S. 89 at the east end of town on 
Gurley Street. The mi 1 eage here will be 
0.0 . Our destinations are the United 
Verde Extension and Copper Chief mines. 

The rock units observed to the north 
on the hillside behind Yavapai College 
are Tertiary gravels, which extend to the 
east and cover the Government Canyon 
granodiorite. The Government Canyon 
granodiorite is a premetamorphic, pre
tectonic intrusive rock that may be 
roughly correlated with the Brady Butte 
Granodiorite, The Bland Hill Granodio
rite, the Crooks Canyon Complex, and the 
Prescott granodiorite. All of these are 
lithologically fairly similar and are 
probably of similar age . 

Krieger attempted to break apart each 
rock unit and to derive approximate rela
tive ages based on field relations. 
There are no modern U-Pb zircon dates on 
the Government Canyon granodiorite or the 
Prescott granodiorite, and they are as
sumed to be approximately 1.77 billion 
years old (using the old A) based on the 
U-Pb date on the Brady Butte granodio
rite. The Tertiary gravels form a thin 
zone above the Government Canyon granodi
orite and are in turn covered by the 
Tertiary basaltic rocks of Glassford 
Hi 11. 
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From the Prescottonian parking lot, we 
will turn right onto Route 69 and drive 
about a hundred yards and turn left under 
the underpass along Route U.S. 89. At 
mileage 0.3 is the turnoff to the left to 
the Veterans Hospital and on the right 
outcrops of Tertiary gravels can be seen . 

Across the railroad tracks and Granite 
Creek on the left is the Prescott grano
diorite, a premetamorphic, pretectonic 
intrusion, probably very similar in age 
to the Government Canyon granodiorite . 

Watson Lake. To the northeast, are 
the first outcrops of the Granite Dells. 
This granite is easily identified by its 
orthogona 1 fracturing with weathering 
along these fractures forming the bold 
rounded outcrops . This intrusion is a 
1 ithophile element-enrichment, anorogen
ic, 1.4. b.y.-old granite . 

Make a right turn off of U.S . 89 onto 
U.S . 89A . 

Crossing Granite Creek and pass out
crops of the Dells granite. 

The last Precambrian rocks are ob
served and between this l oca 1 i ty and the 
east side of Prescott Valley, all Precam
brian rocks are covered by Tertiary and 
Quaternary gravels. 

Underpass of the Santa Fe Railroad. 

The San Francisco Peaks can be ob
served at about 10:00 o'clock. 

7.2 0.2 At 3:00 o'clock the basalt flows of 

lKaaterskill Exploration. 691 Robinson Drive., Pres
cott, Arizona 86301 

2 Consulting Geologist, 1525 E. Lind Road, Tucson, 
Ai;izona 85719 
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Glassford Hill can be seen. On the far 
side of the hill, the flows are breached 
and there is a sma 11 flow dome in the 
neck of this volcanic complex. There is 
no isotopic · date available, but this 
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complex is assumed to be Tertiary in age. 

8.0 0.8 Straight ahead at 12:00 is Mingus 
Mountain, which is a part of ·the · Black 
Hills: l~ingus i":ountain is made up of 
Paleozoic sandstones and limestones, 
1~hich unconformably overlie the Precam
brian rocks and are in turn overlain by 
the Hickey basalt, which is Tertiary in 
age. 

In the immediote foreground and to the 
north are outcrops of Mazatzal-equivalent 
quartzite that are thought to be the 
youngest Precambrian rocks in the area. 

10.2 2. 2 North entrance to the town of Prescott 
Valley 

111.0 3.8 Hills off to the north at 10:00 
o'clock are Indian Hills volcanics. 

15 . 8 1. 8 The 1 ow roll i ng hills at 2: 00 o' c 1 oc k 
at the south side of the road are Indian 
Hills volcanics . These are a sequence of 
Precambrian metavolcanic rocks that can 
be traced into the Grapevine Gulch strat
igraphic section (P. Anderson, 1985, 
persona 1 commun.). The Tertiary and 
Quaternary cover between the Indian Hi 11 s 
volcanics and the Iron King and Spud 
Mountain Volcanics precludes any correla
tion between these units at the present 
time. 

19.0 3.2 The power line runs approximately 
along the Shylock lineament in this area. 
To the south the Texas Gulch Formation 
crops out. This is the youngest rock 
unit and has undergone polyphase deforma
tion. The Shylock fault zone is charac
terized by highly attenuated F1 folds, 
which may be associated with thrusting. 
Work on this problem is in progress. Map 
outcrops patterns within the Shylock zone 
suggest polyphase deformation. 

The outcrops to the 1 eft of the road 
are of the older metavolcanic metasedi
mentary Grapevine Gulch Formation, Paleo
zoic rocks crop out on top of the hill at 
10:00 o'clock on the north side of the 
road. 

20.3 1.3 A good exposure of banded iron forma-
tion crops out within the Grapevine Gulch 
Formation. This iron formation consists 
of very fine grained hematite up to 65 
percent in a matrix of quartz and various 
clays. 

21.5 1. 2 The unconformity between the Precam-
brian Grapevine Gulch Formation and the 
Cambrian Tapeats Sandstone is exposed. 

21.7 0. 2 The first outcrops of the Martin Lime-
stone (Devonian). 

22.4 0.7 The Mississippian Redwall Limestone 
crops out. 

22 . 6 0.2 The unconformity between the Hickey 
Formation and the underlying Paleozoic 
sedimentary rocks. 

23.7 1. 1 The crest line of Mingus Mountain 
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crosses the highway at an elevation of 
7,023 feet. 

25 . 3 1.6 The unconformable contact between the 
Hickey volcanics and the Paleozoic 1 ime
stones. 

26 . 7 1.4 The dirt road leaving Highway 89A from 
the southeast leads to the Verde Central 
mine and into Mescal Gulch. 

28 :7 2.0 Possible fault contact between the 
Precambrian Grapevine Gulch Formation and 
the Paleozoic limestones. 

29.0 0.3 Contact between the Precambrian Grape-
vine Gulch Formation and the Precambrian 
Deception Rhyolite. The Deception Rhyo
lite has been subdi vided into se veral 
subunits by numerous past and pr~sent 
workers; the most comrr,or divisions c.re 
those defined by Anderson and others 
( 1971). These ccr.s i st of: upper Decep
tion, Cleopatra Quartz Porphyry, breccia 
in Mescal Gulch, chloritized rocks, bed
ded breccia, and andesite breccia. 

29 . 4 0.4 By looking south across the valley, 
the dumps of the Verde Central mine can 
be seen . The Verde Central mine is con
tained within the Deception Rhyolite, 
more specifically within the Cleopatra 
quartz porphyry, and is a small volcano
genic massive sulfide deposit. The min 
eralization is located at the contact 
between the Cleopatra Quartz Porphyry and 
the upper Deception Rhyolite. Reserves 
indicated at the Verde Central mine are 
estimated to be 121,000 tons of 2. 9% Cu 
and unknown amounts of precious metals 
(P. Handverger, un~ublished data) . 

30.4 1. 0 Exposures of the Cleopatra vo 1 cani cs 
exhibit varying degrees of footwall-style 
Mg alteration. Some of these alteration 
features can be traced into the main 
sulfide mass of the United Verde deposit 
located less than a quarter of a mile to 
the north. 

30.7 0. 3 Entrance to the town of Jerome. 

31 . 2 0. 5 Main switchback. The road on the left 
leads to the entrance of the United Verde 
pit. 

31.8 0.6 An approximate location for the Verde 
fault. 

32 . 0 0. 2 Make a sharp left turn and follow the 
signs to the Jerome State Historic Park . 

32.2 0.2 The Jerome State Historic Park is 
located in what was the Douglas House. 
This is the large white building on the 
crest of the hi 11 located straight ahead. 
Located to the left of the Douglas House 
are some of the old mine offices of t he 
United Verde Exploration Company. The 
headframes also to the left of the Doug
las House are over the Edith and the 
Audrey shafts of the United Verde Exten
sion mine. The original Edith headframe 
was recently replaced to support the 
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current phase of underground gold explor
ation. 

32.7 0.5 STOP 1. Entrance to the Jerome Historic 
Park is straight ahead. We will park at 
the base of the Edith headframe. At this 
stop the trip will be directed by Paul 
Handverger, who will give a brief histor
ical review of the mining activity for 
both the United Verde and the United 
Verde Extension deposits. There wil~ 
also be a brief tour through the museum. 
At the completion of Handverger's presen
tation, a review of the current gold 
exploration at the United Verde Extension 
mine will be given by Don White. After 
his presentation, return to the vehicles 
and retrace the route back to Highway 
89A. We will proceed to the Copper Chief 
mine area located a few miles to the 
south. 

33.6 0.9 Route 89A, turn left and drive down 
the hill. As we travel down the switch
backs, we are within the hanging-wall 
rocks of the Verde fault. Exposures of 
Paleozoic s.edimentary rocks and Tertiary 
basalts and gravels are encountered al l 
the way into the town of Cottonwood. 

34.5 0.9 Major switchback. At this point, 
access to the pipe-line road can be seen. 
The pipe-line road can be driven from 
this point south for several miles 
through most of the Precambrian exposures 
of Mingus Mountain. The road ends at the 
crest of Mingus Mountain at Highway 89A. 

36.7 2.2 The Arizona Portland Cement Co. in-
stallation can be seen to the north. 

37.5 0.8 Continue right on Highway 89A. 

39. 9 2. 4 Turn right on Mingus Avenue, the Cot-
tonwood City airport road. 

40.2 0.3 On the left is the Cottonwood airport. 
Continue straight ahead. We are now on 
Forest Service Road · 493. 

41.1 0.9 Foothills straight ahead are composed 
of Paleozoic sedimentary rocks and Ter
tiary basalts and gravels, all within the 
hanging wall of the Verde fault. 

41.7 0.6 Stay to the left. 

42.1 OA Exposures of the Hickey basalt, within 
the hanging wall of the Verde fault. 

42 . 3 0.2 Good view of the Mogollon Rim can be 
seen to the left. 

42.9 0. 6 The road to the left leads to the 
smelter site that was used to treat the 
ore from the Copper Chief mine. Continue 
straight ahead. 

43.3 0.4 Both the Hickey basalt and the Paleo-
zoic carbonate sequences can be observed. 
In the canyons north and south of the 
road, exposures of these Verde fault 
hanging-wall rocks are folded, over
turned, and generally highly disrupted, 
suggesting that there is a component of 

reverse movement for the Verde fault sys
tem. This reverse movement is of proba
ble Laramide age. Exposure thickness for 
the Verde fault (swarm) in this area may 
occasionally exceed 150 feet. As we 
cross the Verde fault, we enter the Pre
cambrian and are probably within the Shea 
Basalt . 

44.1 0.8 The road is now paralleling the Cliff 
fault, which is striking generally east
west. On the left of the road is an 
exposure of a late-kinematic or post
kinematic granodiorite intrusion . The 
Cliff mine, which is straight ahead, 
is a foobJa ll feeder a l tera t i on-mi nera 1-
ization system for which no associated 
massive sulfide has ever been located. 

44.5 0.4 Drive straight ahead. The road to the 
right leads to the Cliff mine . 

44.9 0.4 On the hills directly ahead are the 
Copper Chief mine cuts and workings. 

45.0 0.1 Switchback. At this location the 
mafic rocks in the road cut contain nu
merous small banded iron formation lami
nations . These · units exhibit strong 
semi-chaotic folding. Most of the fold 
noses in these exposures also exhibit an 
axial-plane foliation suggesting that 
this deformation is related to regional 
metamorphism. 

45.3 0.3 STOP 2. Park in this area. The lower 
road leads to the lowest adit of the 
Copper Chief mine. At this location the 
trip will be directed by Paul Lindberg . 
After lunch and for the remainder of the 
day he will review the past and current 
exploration and revised geology of the 
Copper Chief mine area. 

END OF DAY 1 
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DAY 2. P. O"Hara, Trip Leader 

Start of today's field trip to the 
Bradshaw Mountains leaving from the Pres
cottonian parking lot. 

Government Canyon granodiorite is 
overlain by Tertiary gravels. 

Turn right on Route 69 and pass a 
cemetery on the right. ·Government Canyon 
turns up to the right. 

On the left-hand side of the road 
there are outcrops of the Government 
Canyon granodiorite. 

Outcrops of Government Canyon granodi 
orite are on the left . 

1. 5 0. 8 Just pass the sign for the Bradshaw 
Ranger Station. Outcrops of Government 
Canyon granodiorite. 

1.9 0. 4 Outcrops of Government Canyon granodi -
orite . 

2. 1 0. 2 Tertiary gravels 

2. 7 0.6 At the top of Bullwacker Hill, out -
crops of Tertiary basalt associated with 
the Glassford Hill Tertiary volcanic 
complex. 

3. 2 0. 5 Road heading off to the right leads to 
Lynx Lake. Outcrops on the 1 eft side of 
the road are of Government Canyon grano 
diorite . 

3. 8 0.6 Outcrops of the rocks of the Green 
Gulch Volcanics of the Big Bug Group . 

4. 1 0. 3 Entrance on the left to Yavapai Hills. 

4. 4 0.3 Outcrops on the left are of the Green 
Gulch Volcanics of the Big Bug Group . 

4.8 0.4 Outcrops of Tertiary gravels. 

5.4 0. 6 Outcrops on the left side of the road 
are of the Green Gulch Volcanics. 

5.8 0. 4 Hills off to the left are made up of 
basalts from Glassford Hill, and they 
overlie Tertiary gravels. 

6.4 0.6 Entrance to the town of Prescott Val -
ley. Straight ahead in the distance are 
the Black Hills and Mingus Mountain, 
which we traversed on the Day 1 trip to 
Jerome. 

6. 7 0. 3 On the right side of the road the 
hills are made up of the Crooks Canyon 
Complex . The rocks are a series of pre
metamorphic, pretectonic granodiorite 
similar to the Prescott granodiorite and 
the Government Canyon granodiorite . 

8. 7 2.0 Town center Prescott Valley . 

9.5 0. 8 Leaving town ot Prescott Valley. The 
valley is underlain by Tertiary and Qua
ternary gravels. 
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12.4 2.9 Outcrops of Tertiary sediments on both 
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13.6 

0.2 
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0.3 

sides of the road. 

Entrance to the Prescott Country Club 
on the right. 

Bible Training Center . 

v1ew oTT to tne soutnwest at L:UU 
o"clock. The rounded hill is Spud ~loun
tain, type locality of Spud Mountain 
Volcanics. Off to the right at 3:00 
o'clock are the outcrops of the Crooks 
Canyon granodiorite complex, and in be
tween the two is the Chaparral shear 
zone, which has a right-lateral component 
of movement. This ductile shear zone may 
be a controlling influence on the em
placement of the Laramide Walker and Big 
Bug stocks. 

15.1 1. 5 Route 169 intersects Route 69 on the 
left side of the road. 

15 . 6 0. 5 The hills off to the left from 3:00 to 
12:00 o'clock are the northern extent of 
the Iron King Volcanics. 

15 . 9 0. 3 Outcrops of Tertiary or Quaternary 
gravels. 

16 .7 0.8 Off to the left is the stack of the 
old Humboldt smelter. 

17 . 0 0. 3 To the left is the turnoff to the town 
of Humbo 1 dt. 

17 . 1 0.1 At 1:00 o'clock note the tailings from 
the Iron King mine. 

17 . 5 0. 4 Turn right onto the road to the Iron 
King mine. 

17.6 0.1 Old railroad cut off to the left; 

17.7 0. 1 Tertiary Quaternary gravels. 

17 . 9 0.2 Off to the right are the tailings of 
the Iron King mine. 

18 . 1 0.2 STOP 1. The Iron King assay office. We 
will stop here. This is the first stop. 
Phil Anderson of Precambrian Research 
Inc. and Pat O'Hara of Kaaterskill Ex 
ploration will present a discussion on 
the region a 1 stratigraphy, s tructu ra 1 
geology, and metamorphism. Richard Pape 
of Santa Fe Mining, Inc. will present a 
discussion on the geo 1 ogy of the McCabe 
mine, which is visible to the south. 

Rick Lawrence of Santa Fe Mining Inc. 
and Richard Dixon, consulting geologist, 
Reno, Nevada, will present a discussion 
on the geology of the Iron King mine and 
will lead a series of traverses within 
the Spud Mountain Volcanics and Texas 
Gulch Formation. 

Turn around and head back to Route 
169. 

18 . 8 0.7 Intersection with Route 169. Turn 
right. Reata Pass Steakhouse . At 11 : 00 
o'clock a resistant knob on the hillside 
is the ferruginous quartzite that marks 
the Lone Pine horiz~n. 
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19.5 0.7 Outcrops on both sides of the road are 
Iron King Volcanics. 

20.3 0.8 Carbonate-altered Iron King volcanic 
rocks. 

20.6 0.3 On the left side of the road, the dump 
and mine shaft of the Montezuma property 
can be seen. 

21.3 0.7 The road on the left leads to the 
Swindler property, and over the hills to 
the left is the Lone Pine property. The 
hills on the right are in the contact 
metamorphic zone of the Big Bug stock. 

22.3 1.0 Turn left on the road with the group 
of mailboxes; immediately past the cat
tle guard turn left again . 

22.5 0.2 Take the first right, Meadow Drive. 

23.3 0.8 STOP 2. Boggs deposit. The Iron Queen 
deposit can be seen past the power 1 i ne 
to the south on the first low, rolling 
hill. Doug Hurlbut of The University of 
Arizona wi 11 1 ead a traverse to see the 
nature of mineralization at the Boggs 
deposit. 

Near Parn, drive east a hundred yards 
to a turnaround and then .proceed back to 
Route 69. 

23.6 0.3 Off to the right in the gulch lies the 
Matty property. 

24.2 0.6 Turn left onto Oak Road; tht;,n turn 
right across the cattle guard to inter
section with Route 69. Tur·n right and 
immediately turn left off of Route 69. 

24.9 0.7 Outcrops of Iron King Volcanics. 

25.0 0.1 Outcrops of the Laramide Big Bug stock 
on the right and on the left side of the 
road and across the creek. 

25.5 0.2 Weathered outcrops of the Laramide 
stock on the right side. 

25.3 0.1 More of these weathered outcrops can 
be seen on the hill to the right. 

25.5 0.2 Turn left. Straight ahead on the side 
of the hill to the north are the dumps of 
the Henrietta mine. The .vein is probably 
associated with the intrusion of the Big 
Bug stock. 

25.6 0.1 Placer dredge spoils can be seen in 
Big Bug Creek. 

25.8 0.2 Continue on main road. Road to the 
right leads to the Henrietta mine. 

26.0 0.2 Take the road to the right, Forest 
Service Route 261. 

26.2 0. 2 STOP 3. Look at the fresh outcrops of 
the Laramide Big Bug stock. Discussion 
of the research of J. A. Sturdevant of 
South Dakota School of Mines, Rapid City, 
and his students on the mineralization 
and alteration associated with the Big 

Bug stock by Pat O'Hara, Kaaterskill 
Exploration. 

Retrace the route back to Arizona 
Route 69. 

Precambrian schists cropping out in 
this area belong to the Spud Mountain 
Volcanics as identified by Anderson and 
Blacet (1972). 

27.2 1.0 Off to the right between the two hills 
are outcrops of the Texas Gulch Forma
tion. The Texas Gulch Formation also 
crops out on the north side of the Lara
mide stock and continues northward occu
pying an axis of a northward-closing 
fold, which is covered by Tertiary grav
els at the Iron King mine. 

28.0 0.8 Turn sharp left across the cattle 
guard to Route 69 and then at the stop 
sign turn right onto Route 69. Off to 
the right at 2:00 to 3: 00 o'clock are 
Yavapai Series Big Bug Group rocks, which 
are capped by the Tertiary Hickey basalt. 
To the left are low rolling hills of the 
Iron King Volcanics. 

28.9 0.9 Crossing a possiblE: fold axial plane, 
which has a southward closure. The axial 
plane of this fold is occupied by a fault 
that may have originally been a thrust 
fault associated with folding. The pos
sibility also exists that there has been 
some later movement associated with this 
fault. The Hackberry, Pentland, and 
Upshot properties are located to the 
southwest. 

29.6 0.7 Approximate location of the corre-
sponding northward axial plane. 

31.0 1. 4 Entrance to the town of Mayer on the 
right leads to the uptown Mayer business 
district. Off to the left are Iron King 
Vo 1 cani cs with many ferruginous quartz
ites interlayered within mafic to ande
sitic volcanics and sediments derived 
from the volcanics. 

31.6 0.6 The Onyx quarry; a Tertiary traver-
tine deposit. 

32.0 0.4 The midtown Mayer business district 
can be observed off to the right. 

32.2 0.2 Crossing Big Bug Creek 

32.3 0.1 Turn left onto the dirt road. Do NOT 
fall ow the paved road because it wi 11 
lead into a trailer park. 

32 . 4 0.1 Off to the right is the Mayer smelter 
stack. The stack was completed just be
fore the copper bust i~ the early 1920s . 
The rest of the smelter was never built, 
and it serves as an excellent place for 
the ~layer vo 1 u nteer fire department to 
set off the homecoming bonfire for the 
high school every year. 

32.5 0.1 Off to the left is the storage area 
for the building stone quarried from 
altered felsic volcanics. It is inter
esting to note that the building-stone 



industry is making more use of the a 1-
tered rocks in the region than the metal 
lic mining industry . 

32.8 0. 3 Crossing the cattle guard, stay on the 
main road. Do NOT take any ot the small 
dirt roads that lead off to the left or 
the right. Outcrops here are graywac kes 
and pelites that are probably members of 
the "Cleator pelite . " 

33.4 · 0. 6 Gas Line Road . About a half mile off 
to the left along the Gas Line Road are 
outcrops of f erruginous quartz i te that 
are intensely folded and are the key area 
for analyzing the deformation history 
t hct Jim Evensen (1980 ) desc r ibed . 

33. 8 0. 4 Stay to the left. Do NOT take the 
road to the right . It leads t o the 
Stoddard mine and U-Cross Ranch . Rocks 
on the left have a felsic vo l canic proto-
1 ith and are wi t hin the basal Iron King 
Volcanics. Rocks to the right in the 
valley are the "Cleator pelite," and the 
hills in the distance to the east are 
rocks that occupy the eastern volcanic 
assemblage , a mixture of f elsic and mafic 
rocks in which the Binghampton, Copper 
Queen, Stoddard, and Copper Mountain · 
mines are located . In the felsic rocks 
th rough which we are driving, silica 
composition indicates that the protolith 
was probably rhyodacite; this is assum 
ing that during sericitization the silica 
was not mobile and it remained in the 
rock . 

35 . 3 1.5 "Cleator pelite . " 

35 . 7 0.4 In the steep cuts in the wash just to 
the north and down on the Agua Fria River 
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are minor folds that have preexisting 51 
foliation and 50 layering folded in t o 
northwardly plunging folds. It is 
t hought at this time that t hese are F2 
folds although they may be associ at ed 
with fault movement along a north-south 
shear zone within this area. 

36 . 0 0.3 Off to the right are the felsic and 
intermediate volcanics of the eastern 
metavolcanic belt with several very large 
ferruginous quartzite units and very 
light tolored chert units marki ng the 
approximate contact wit h the pelites. 
The contact in this area with the pelites 
on the west and the ~etavol c anics on the 
east is thought to be an unc onformity, 
with the pelites be i ng younge r . 

36.4 0. 4 Gate in the road. Tak e the lower 
roa·d, which passe s through the gate . 

36. 5 0. 1 The road curves to the eC~st (to the 
right). Fo l low it to the right and fol 
low the course of the Agua Fria River, 
which lies just to the left. 

36 . 6 0. 1 The eastern metavolcan i c zone is in -
formally named the Rattlesnake formation . 
Details about these rocks will be dis
cussed at the f i eld trip s top just ahead. 

36.7 0.1 STOP 4. Giant cottonwood tree . We will 
stop here and have lunch. After lunch, 
we will make the field trip traverse to 
the Copper Queen mine and di scuss s tra 
tigraphy and structure within this belt 
of rock. The trip will be led by Ralph 
Higgins of Conoco Inc. 

END OF DAY 2 
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RECENT GEOLOGICAL INVESTIGATIONS OF THE JEROME MASSIVE SULFIDE CAMP, 

VERDE MINING DISTRICT, NORTH-CENTRAL ARIZONA, 

A BACKGROUND REVIEW 

Dale G. Armstrong! 

and 

Paul A. Handverger2 

INTRODUCTION 

The purpose of this paper is to review some of the 
historical and background data from the Verde mining 
district, Yavapai County, Arizona (fig. 1). This 
information will help to establish the important con
tributions in this volume of recent investigations and 
exploration in this highly complex portion of the 
Proterozoic of Arizona. 

The colorfu l mining history of the Verde district 
dates from preh·istoric times. The Verde Valley-Black 
Hills region was a significant area of mining by the 
ancient Indians who exploited many of the region's 
mineral resources for local usc and for trade through
out their world. Archaeological evidence indicates 
that copper-related ·artifacts were mined from the 
cropping-out oxide zone of the United Verde massive 
sulfide. Stone axes were fabricated from the Protero
zoic diorite bodies of the Black Hills. Ancient 
open-pit mines that produced pipestone for trade are 
located in the younger Proterozoic rocks in Chino 
Valley just west of fv'lingus Mountain. The underground 
mining of salt at the southern end of the Verde Valley 
dates back to the earliest migration of man into the 
area. 

The staking of the first claims in the Verde min
ing district occurred in 1876. This was followed by 
large-scale mining operations in the late 1800s, which 
continued until 1953 with small-scale mining continu
ing on to 1975. Tota 1 production from the United 
Verde mine was approximately 33 million tons of ore 
containing 4.8% copper, 1.6 opt silver, and 0.04 opt 
gold (Anderson and Creasey, 1958). An estimation of 
the total sulfide content, predominantly pyrite, is 85 
million tons of which 10 million tons are zinc rich 
(Handverger, unpublished data). 

The United Verde Extension mine, which is located 
about a quarter mile east of the United Verde mine 
across the Verde fault, did not crop out. The initial 
discovery of rich copper ore was made in 1914 by J. S. 
Douglas and G. Tener by sinking a shaft and drifting 
underground in the hanging wall of the Verde fault. 
Production ended in 1938 after a total of 3.9 million 
tons of ore containing 10.23% copper, 1.71 opt silver, 
and 0.039 opt gold were produced. A comprehensive 
review of the more recent mining history of the centu
ry can a 1 so be found in the report by Anderson and 
Creasey (1958). 

1Consulting Geologist, Tucson, Arizona 85719 
2Consulting Geologist, Clarkdale, Arizona 85111 
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A significant contribution of explorationists in 
the Verde district over the past two decades has been 
the recognition that these ore deposits are syngenet
ic-volcanogenetic in cr~gin and that the postore depo
sition tectonic history has played a very a signifi 
cant role in the current positioning and distribution 
of the numerous 1 ithologic assemblages. The methods 
of investigations have utilized detailed geological 
mapping, new and more detailed petrologic and geochem
ical characterization of the various l i thologies, and 
enhanced geophysical investigations. 

GENERAL PRECAMBRIAN STRATIGRAPHY OF 
THE JEROME REGION 

Upon entering the Jerome a rea vi a U.S. 89A from 
Prescott, the spectacular views of the Verde Valley 
show the setting of the Verde district to be in the 
transition area between the Mogollon Rim, which de
fines the Colorado Plateau province of northern Ari
zona from the Basin and Range province of southern 
Arizona. This structurally high province of central 
Arizona is indicated by the oldest dated rocks in the 
southwestern United States, which are found at eleva
tions exceeding 6,000 feet in the Jerome area. The 
highway offers a good chance to observe many of the 
stratigraphic and structural aspects of the Precam
brian Ash Group, which is itself only a portion of the 
Yavapai Supergroup of Conway (1985) and others. All 
of the rocks in this district have been subjected to 
greenschist facies metamorphism and polyphase deforma
tion. The rocks, which contain many relict structures 
and textures, are referred to by their protolitholog
ical classifications throughout the remainder of this 
paper. The major portion of the Proterozoic units are 
overlain by younger stratigraphy restricting the 
exploration and hampering a more complete understand
ing of the Verde district. 

Figure 2 shows the stratigraphy of the Ash Creek 
Group as interpreted by Anderson and others ( 1971). 
They interpreted the Grapevine Gulch Formation to be 
the youngest member. The Grapevine Gulch Formation is 
composed of numerous volcanoclastic and epiclastic 
units, ferruginous cherts, dacite flows, and hypabys
sal intrusive rocks. Much of this unit has obv i ous 
submarine characteristics as do many of the underlying 
units. Anderson and Creasey (1958) estimated the 
thickness of this formation to be in excess of 8,000 
feet. They did note that there are complicated inter
nal structural features that probably reduce the accu
racy of their thickness estimates. 



/ 
/ 

/ 
/ --

"'-q, 
i-_,.0" 

1--$-c, 
· ~ 

• PHOENIX 

TUCSON• \ 

\ 
0 25 !50 75Mihll 
E+3 e--3 

\ 
\ 

\ 

\ 
\ 
\ 
\ 

Cement 
\ Pla~t 

\uvx 
uv')(~ 

'1!-'""""' 
VERDE_~ 
CENT\ 

~ COPPER_...-1 
"G> CHIEF'\ 
~ \ 

i-_,. ..,t. 
1- \~ 
. \()'"' 

\-4' 

\-~ 
CHERRY 

eoL. Dlit 
DISTRICT 

\ 

P.A.H. 

327 

Figure 1. Location map for Verde mining district, Yavapai County, Arizona 
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Figure 2. Stratigraphy of the Ash Creek Group. 
From Anderson and others (1971). 

The Deception Rhyolite underlies the Grapevine 
Gulch Fonnation. Anderson and others (1971) recog
nized seven units within the Deception Rhyolite, which 
from youngest to oldest consist of : upper Deception, 
Cleopatra quartz porphyry, breccia in Mescal Gulch, 
chloritized rocks, lower unit, bedded breccia, and 
andesite breccia. Technically, they do not treat the 
chloritized rocks as a singular unit but as alteration 
products of other units. It is within the Deception 
Rhyolite that most of the past investigations have 
taken place. In detail, local vertical and horizontal 
volcanic facies variations have been identified and 
local volcanic and eruptive centers recognized (Hand
verger, 1975). It is within this unit that the United 
Verde, United Verde Extension, and numerous 1 esser 
orebodies occur. 

Anderson and others (1971) .interpreted the units 
directly beneath the Deception 1\hyolite to be "time 
equivalent." These units are known as the Burnt Can
yon Dacite, the Brindle Pup Andesite, and the Shea 
Basalt. These units are exposed in the vicinity of 
and south of the Copper Chief mine. The lowermost 
units identified and described by Anderson and others 
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(1971) are the Buzzard Rhyolite and the lowermost un i t 
in the section, the Gaddes Basalt. 

DEFORMATION 

During the past 15 years there has been a con
certed effort by numerous geologists to unravel the 
complex deformation history of the Verde district. 
Polyphase fabrics have long been recognized (Lindberg, 
1974) as a major source for the complicated and some
what unpredictable nature of the rock distributions. 
Those who have visited the pit area of the United 
Verde mine have seen the highly deformed sediments at 
the beginning of the haulage road that leads into the 
bottom of the pit. Close examination of this exposure 
reveals small-scale transposition and isoclinal fold 
features that are, in turn, formed by a less intense, 
open to tight fold system . 

When the United Verde orebody is viewed in an 
isometric or three-dimensional nature, it becomes 
apparent that the orebody geometry in space is strong
iy influenced by the deformation fabrics observed in 
th i s northern portion of the camp . The orebody trends 
in a N. 65° W. direction and plunges toward the north 
west from 50 degrees to near vertical and is, in ef
fect, a very large boudin . The style of deformation 
observable in the United Verde pit i s axial-plane, 
penet r ative fabrics. At least two deformation events 
are suggested. 

Future attempts to define the strat i graphic rela
tions and locate favorable ore horizons must include a 
consideration and understanding of the nature and 
intensity of the deformation found in the region. 
Efforts to resolve the deformation problems or to "see 
through" them are underway . These investigations 
include structural reanalysis of old information, as 
well as the collection and interpretation of new data. 
This is being complemented by various petrologic, 
whole-rock, trace- and rare-earth-element geochemical 
investigations . 

RECENT EXPLORATION ACTIVITIES 

The key exploration objectives used at Jerome over 
the past several years have been aimed at recogn1z1ng 
the known ore-l i thology-alteration assoc i at i ons and 
then locating areas of similar assoc i ations elsewhere 
in the district . The previous work of talented indi
viduals and explorat i on companies identified the min
eral potential and ore significance of the district. 
It i s the responsibility of the present exploration
; sts to improve and enhance the work of the former 
generation of geolog i sts . 

Within the Verde district, numerous mining compa
nies over the past 30 years have continued the quest 
for additional base- and precious -metals discoveries. 
Most of the latest exploration projects in the dis
trict have emphasized va ri au s geophys i cal techn i ques 
in hopes of "seeing" sulfide responses f rom concealed 
bodies. However, from the widespread scope of the 
papers presented in this volume, it i s apparent that 
the newest geological and geochemical ideas and tech
niques are presently be i ng employed i n the Verde dis
trict by various wo r kers. 

The gold potential of th i s area was recognized in 
1980 by one of us (PAH).. Identification of th i s mi n
eral i zed area was based on assay data from old mi ne 
records as well as from numerous rock specimens cal 
l ected dur i ng the last years of production. The tar
get area as now envisioned encompasses the Ga l ~ Stope, 
an area that contained mi neralization in excess of 0. 5 
oz/t Au. Stratabound and recrystallized ferruginous 

cherts were recognized as the host for this gold envi
ronment. A volcanogenic exhalative or i gi n for the 
gold is suggested. The mine maps have helped to i den 
tify other areas having potential for additional re
serves if they are re i nterpreted using a volca nogen i c 
source model. The paper by Don White in this volume 
will review and expand on an ongoing exploration 
project at the United Verde Extension mine . 

Recent explorat i on in the area of the Copper Chief 
mine by Phelps Dodge has also expanded the level of 
geologic knowledge in the Verde distr i ct considerably . 
Most of the work in the Copper Chief area has con 
iisted of surface mapp i ng supported by geophysics and 
drilling . The paper by Lindberg i n this volume ad
dresses this newest exploration at the Copper Chief 
mi ne in the southern portion of the Verde district . 
Additionally, a study of the trace-element chemistries 
of the ferruginous exhalative cherts in the Copper 
Chief area is di scussed by N. Johnson in this volume . 
The results of this study shou l d be of value to geolo
gi sts interested in characterizing other Precambrian 
volcanic exhalatives. 

Preliminary results from a petrographic, trace 
element, and isotopic study of the alteration zone 
associated with the United Verde massive sulfide body 
are presented by M. Gustin in this volume. Results 
from this study shou l d advance the understanding. of 
hydrothermal system within Proterozoic volcanic 
terrains of Arizona. It is hoped that these a ltera
tion studies will also enhance the understanding of 
the distribution of areas exhibiting the most intense 
deformation. Areas of either prekinematic or synkine
matic phyllosilicate production should reflect the 
greatest amount of strain and thus produce the areas 
of greatest complexities . 

CONCLUDING REMARKS 

The Verde Mi ning district has been the focus of 
several generations of mineral exploration plus numer
ous mi scellaneous investigations by some of the best 
geologists in the business. Their contributions have 
in several ways aided and great ly assisted the devel 
opment of the current understand i ng of this camp. 

The history of exploration in this district is a 
prime example of how the entire spectrum of geological 
investigations and techniques must be utilized in 
concept if a clear picture of the geology is to be 
had. The mas t recent wave of explorations will hope
fully follow the footsteps of Douglas and Tenor, di s
coverers of the United Verde Extension, and develop 
new economic metal deposits in the Verde district. It 
is hoped that the following papers will help in lead
i ng the way. 
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GOLD DISTRIBUTION AT THE UNITED VERDE EXTENSION, 

A MASSIVE BASE-METAL SULFIDE DEPOSIT, 

JEROME, ARIZONA 

Don White, Geologist, C.P.G. 

521 East Will i s St. 
Prescott, Arizona 86301 

ABSTRACT 

The United Verde Extension mine operated from 1915 
through 1938, principally as a high-grade copper mine. 
By the 1930s, however, it was a significant gold pro
ducer. The gold accompanied high silica flux contain
ing virtually no base metals and was mined within a 
few hundred feet of the main base-metal orebody . 
Overall production was 3.9 million tons grading 10.2% 
Cu, 0.04 cz/t Au, and 1.7 oz/t Ag. Silica flux was 
produced from one area more notably than others, the 
"gold stope," containing 3b,OOO tons of 0.4 oz/t Au 
and 2.0 oz/t Ag. There is a clear spatial separation 
between massive base-metal sulfide ore and siliceous 
flux ore which contained the gold. 

The siliceous flux ore is a meta-chert. Cherts 
form wedges, thinning laterally from the stratigraphic 
top of the massive base-metal sulfide body. These 
wedges of chert are the demarcation between the foot
wall, flow-dominate volcanics and massive sulfide 
deposits and the hanging wall of dominantly pyroclas
tic rocks ~ Cherts closer to the massive sulfide body 
are more brecciated and more steeply inclined. Matrix 
material in the breccia is iron stained, comminuted 
chert of nearly the same composition as the clasts. 
Gold probably occurs in very fine quartz-healed frac
tures within clasts and possibly in some of the sili
ceous matrix. It is probably fine disseminated native 
metal with or without electrum, although the defini
tive work on this has yet to be done. 

Hydrothermal alteration is dominantly feldspar 
destruction by argillization of the immediate hanging
wall and footwall volcanic rocks and a more distant 
hanging-wall carbonate impregnation and veining. Gold 
is associated with a trace-element assemblage of Ag, 
As, Sb, Bi, Sn, Mo, V, and the base metals. Of these, 
only silver offers much help as an exploration aid as 
it occurs in a broader area than the gold. All the 
other trace elements trail off across stratigraphy at 
least as rapidly as the gold. 

The present exploration, mainly by underground 
diamond core drilling, is an effort to find other 
"gold stopes." These are probably small deposits about 
smaller, less vigorous vents peripheral to those of 
the base-metal orebodies. They formed slightly later 
than the base-metal deposits and contain higher gold 
grades and higher gold-to-silver ratios. They are 
expected to be lens shaped, a few hundred feet in 
length, and now stand near vertical. The separateness 
of the precious and base-metal ores probably reflects 
the evolution of the ore-forming fluids. 
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Since April, 1985, DMEA Ltd., representing an 
individual investor, has been exploring for gold at 
the old United Verde Extension (U.V.X.) mine at 
Jerome, Arizona (fig . 1). All current work is con
fined to some 90 acres in the immediate mine vicinity, 
leased from Verde Exploration, Ltd., successors to 
James S. Douglas' famous United Verde Extension Mining 
Company . Longyear Company has been retained for un
derground diamond core drilling and Brooks Minerals, 
Inc. for cleanup, excavation of drill stations, and 
other support services. 

The current exploration is an extension of that 
commenced by Phelps Dodge, a previous lessee, from 
1981 to 1983. Phelps Dodge instal l ed a steel head
frame and a single-drum electric hoist and rehabili
tated the Edith shaft. They drilled two holes total
ing about 1,000 feet before dropping the property. 
Their goal was apparently 1 to 2 million tons of 0.1 
to 0.2 oz/t auriferous siliceous smelter flux. Al
though such grades occur, they · do not persist for 



thicknesses necessary to provide that tonnage. The 
current work is focused mainly on auriferous siliceous 
flux o.s well, but with expectation of higher gold 
grade and a more modest tonnage. 

Search for precious metals in proximity to known 
base-metal massive sulfide deposits is a popular ap
proach of the 1980s. Such work is in progress at the 
Horne mine, Noranda, Quebec, the Bathurst district, 
New Brunswick, the Ducktown district, Tennessee, and 
in proximity to the Crandon deposit in Wisconsin. The 
purpose of this paper is to fami 1 i ari ze the reader 
with the occurrence of gold at the U.V . X, its histor
ical importance, grades, geometry, host rocks, altera
tion, trace-metal associates, possible origins, and 
significance to further exploration. 

HISTORICAL BACKGROUND 

Production 

The fame of the United Verde Extension mine stems 
from its base-meta 1 production and profitabi 1 ity . 
From 1915 through 1938, the high-grade copper body 
produced nearly 3. 9 million short tons averaging 10.2% 
Cu, 0. 04 oz/t (1.2 g) Au and 1.7 oz/t (52.9 g) Ag. 
Overall gold production was in excess of 150,000 ounc
es. Profitability is reflected by the $50 million in 
dividends paid to stockholders compared to the $5.6 
million required to develop the mine and smelter . 

These overall grades must be put in perspective 
for there was much variability over the mine life. 
Copper grades ranged from nearly 30% in 1917 to about 
5;; in the 1930s. Final-year production via the con
centrator, as opposed to smelting ore, was only about 
1. 5% Cu. Gold grades were reciprocal to copper con
tent. World War I and 1920's base-metal era produc
tion averaged 0. 04 oz/t Au. Gold content climbed to 
0. 055 oz/t by 1933 and to over 1. 0 oz/t in the fi na 1 
year of mining, 1938. This shifting grade reflects 
both the exhaustion of the base-metal ores and changes 
in gold's market price. 

Massive Sulfide Ores versus Precious-metal Ores 

A recurring point in this paper is the spatial 
separateness of the base-metal versus precious-metal 
mineralization. The U.V . X. was principally a base
metal massive sulfide deposit owing its high grade to 
geologic happenstance; the deposit was almost fully 
enriched to chalcocite and cuprite. The bulk of total 
production came from a single, nearly equidimensional 
orebody lying between the 1300 and 1600 levels. Less
er base-metal production came from so-called drag 
orebodies along and within the Verde fault and higher 
in elevation than the main orebody. These massive 
sulfide bodies averaged only 0.04 oz/t Au. 

Two other ore types are of import here. One is 
the siliceous sulfide ores such as the Maintop (1110, 
1202, and 1210) stope, the 1307-A stope, and the 1205 
stope . These stapes locally contained in excess of 
1. 0 oz/t Au and 5. 0 oz/t Ag and averaged over 0.1 oz/t 
Au and 1. 0 oz/t Ag while producing significant amounts 
of copper . The other ore type is base metal poor and 
precious metal rich . These ores were very siliceous 
and contain base metals in the parts per million range 
only . Precious-metal abundances in these ores, how
ever, were the greatest in the mine, often running 
over 0.5 oz/t Au and 3.0 oz/t Ag and averaging in 
production 0.4 oz/t Au and 2. 0 oz/t Ag. It is this 
ore type that has been the focus of attention s i nee 
the mid 1930s. 

United Verde Extension production was sent to its 
own smelter in Clemenceau (Cottonwood) as a custom 
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blend of massive sulfide and auriferous flux material 
shipped directly from the mine to the smelter. Sul
fide and si 1 ica ores went to separate ore pockets, 
which controlled the flow to rail cars in the Joseph
ine haulage tunnel (1300 level). Thus the appropriate 
amount of necessary flux could be shipped with each 
train load of sulfide ore. The flux carried enough 
gold to more than pay its own way. This advantage was 
one of many that made the U.V.X . such a profita.ble 
operation. 

Development ftnd Present Access 

The Edith shaft provides the current exploration 
access (fig. 2). It and an adjacent shaft, the Au
drey, 200 feet farther east, are both concrete-lined, 
three-compartment shafts. The Edith bottoms at the 
1900 level, the Audrey at the 1700 level. Water level 
fluctuates around the sill of the 1300-level haulage 
tunnel. The mine has not been dewatered since its 
shutdown in 1938. 

Levels accessible via the Edith shaft are the 550, 
800, 950, 1100, and 1200. Levels below that are all 
on 100-foot intervals. Most of the sulfide ores were 
mined from the 1300 through 1500 levels. Siliceous 
ores came dominantly from the 950 and 1100 levels . 

Caving of workings precludes easy access to any of 
the productive base-metal sulfide orebodies . Only a 
few siliceous bodies with insignificant production and 
insignificant gold content are accessible on the 800 
and 1200 levels. These areas have been hand sampled. 
The prohibitive expense of reopening old workings 
limits exploration to underground diamond core drill
ing. Drilling is being done, at the time of writing, 
from stations on the 800, 950, and 1100 levels. 

GEOLOGIC SETTING 

The U.V . X. is a Proterozoic volcanogenic massive 
sulfide deposit (Anderson and Nash, 1972). It is 
within structurally deformed volcanic intermediate to 
felsic submarine flows, pyroclastics, and chemical 
precipitates . That sequence is now standing nearly 
vertical. Therefore, the level plans in figure 2 are 
effectively cross sections of the primary stratigra 
phy. Stratigraphic tops are to the northeast within 
the mine area. 

All rocks are in the greenschist facies of region
al metamorphism . That and structural deformation 
intense enough to create isoclinal folds at a regional 
and outcrop scale have made recognition of protoliths 
a challenge. No current petrographic work backs the 
following discussion, which is based upon megascopic 
examination of rock textures and minerals in samples 
of drill core and of underground exposures. 

The U. V.X. is a blind orebody. It is completely 
buried by a sequence from the Cambrian Tapeats sand
stone through Tertiary Hickey conglomerate, ash, and 
basalt flows . This burial is in part explained by the 
orebodies' location within the hanging wall of the 
Verde fault, a major northwesterly trending normal 
had a long and episodic history of complex movements. 
The result has been the slicing off of various-size 
chunks of the main massive sulfide body, which abuts 
the Verde fault, and their movement to higher eleva
tions. 

NATURE OF THE GOLD OCCURRENCES 

Meta-chert Breccias 

Gold occurs principally in meta-chert breccias 
extending laterally from the main massive sulfide 
ore body. These breccias, hereafter referred to only 
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as cherts, thin with distance from the main orebody, 
pinching to insignificance, both horizontally and 
vertically, within about 1,000 feet (figs. 2 and 3). 
They vary from massive, uniformly dark red from hema
tite stain through welded silica lapilli types to 
brecciated varieties with various size and color 
clasts, various matrix types, and even a diversity of 
breccia textures or degrees of brecciation. 

The chert breccias display a variety of tex
tural patterns suggestive of their origin. The sim
plest are the "jigsaw puzzle" and "crackle" breccias 
with very little matrix. Clasts have not been rotated 
away from their original positions or their heighbors, 
only fractured, thus slightly expanding total volume. 
Matrix material is hematite-stained and/or limonite
stained silica, sometimes containing a rock flour of 
the same con1position as the clasts. Breccia fragments 
of this type are very angular. 

Clasts themselves generally have more vac;ue or 
ghostlike outlines of inter~al fragments. Second
generation breccias seem to be mo re the rule than the 
exception. First-generation clasts are sometimes 
lithic fragments, such as quartz porphyry, and common
ly have some rounding. The fine fractures sometime 
cross only the internal fragments of the first-gen
eration breccia but more often cut across those bound
aries to the walls of the second-generation breccia 
fragments. 

There is a continuum of breccia types from crackle 
breccias to fully matrix-supported breccias . Matrix 
can be up to 80 percent of the rock volume. Matrix
supported chert breccias more often have a heterogene
ity of clast types and display variations in color . 
They are also more likely to have evidence of clast 
mi 11 i ng. 

Thus far the massive cherts have been found nearly 
barren of gold, usually containing <0.005 oz/t. The 
most auriferous cherts are tho se that are brecciated. 
The gold is not visible. It ·may be extremely fir.e 
native metal with or without electrum. Assays check 
very consistently from one laboratory to another, 
suggesting the fineness and dissemination of the gold . 
It appears that this fine disseminated gold is prob
ably occurring along the silica-healed fractures. 

All the cherts run in excess of 90% Si0 2 , some
times over 98 percent . Iron content varies from less 
than 1% Fe 203 to possibly 10 percent in certain thin 
ironstone facies. Many of the cherts contain vugs up 
to 10 percent by volume . They are generally merely 
voids but sometimes contain dark-red hematitic linings 
or clear microcrystalline drusy quartz linings. If 
malachite occurs, it is the last layer within vugs or 
along fractures, usually as a botryoidal crust. The 
vugs seem to result from hydraulic fracturing rather 
than from minera.l removal such as dissolution of sul
fides or carbonates. 

Alteration 

Two alteration types have been recognized as being 
of possible significance to understanding the gold 
occurrences. One is a characteristic clay alteration 
in both the hanging wall and footwall adjacent to the 
chert . Another is carbonate in the distant hanging 
wall, generally 100 to 300 feet strati graphically 
above the chert. 

The clay alteration is intense enough that the 
hanging -wall rock for 40 to 80 feet is bleached white, 
kaolinitic, and soft. Footwall clay alteration ex
tends as little as 5 feet but is usually just as in
tense as the immediate hanging-wall alteration. Wall 
rocks are intermediate composition pyroclastics, ex
cept for one area where the footwall has been called 
meta-diorite. The feldspars of the tuffs and the 
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diorite are pseudomorphed by the clay minerals. In 
some places a massive sericite layer, 1 to 3 feet 
thick, is at the hanging-wall contact between chert 
and the altered tuffs . Nearly pure kaolinite can also 
occur locally for thicknesses up to 5 feet. 

The carbonate alteration is dominantly a distant 
hanging-~<iall phenomenon. Carbonilte occurs as dissem
inated calcite and as discordant fine calcite veins, 
making up as much as severa 1 percentage of the rock. 
This carbonate rarely occurs within a hundred feet of 
the chert. It typically extends from 100 to 300 feet 
within the stratigraphic hanging wall, with the dis
seminated carbonate less distant from the chert and 
veinlets more distant. Although only a few drill 
penetrations of mir,eralized chert have been made at 
the time of this writing, it seems that the hanging
wall carbonate alteration is more prevalent above 
mineralized than unmineralized chert. 

The silica, clay, carbonate alteration is ir; di
rect contrast to the Mg-rich black chlorite in masses 
and on fractures within the footwall to the base-metal 
massive sulfide body (Handverger, 1984). 

Trace-metal Associations 

A tight correlation exists between gold and silver 
and a series of trace metals (fi.g. 4). It is clear 
that whatever system(s) gave rise to the chert and 
gold also concentrated silver, arsenic, antimony, 
bismuth, tin, molybdenum, vanadium, copper, lead, and 
zinc . The contrast, for most of these elements, be
tween mineralized versus unmineralized chert is just 
as great as the contrast between chert and wall rock. 

Of all the trace elements correlated with gold, 
only silver is any more useful than gold itself in the 
search for gold. All the others have large abundances 
coincident with those of gold but no broader distribu
tion and hence are not useful as guides to gold. 
Silver does slightly straddle the gold peaks. Hence 
large silver abundances without gold may indicate 
proximity to gold and suggest the merits of further 
sampling or another drill hole. 

The base-metal association also requires comment . 
Although the semi-quantitative spectrographic analyses 
indicate "strong" copper, l ead, and zinc distributions 
over broader intervals than the precious-metal concen 
trations, it is also true that those base-metal abun
dances may be obtainable anywhere within hundreds of 
feet of the stratigraphic succession. Within the 
chert analyzed for figure 4 there are no visible base 
metal minerals except supergene malachite as fracture 
coatings and vug linings. With respect to contained 
metal value, the cherts are certainly base metal poor 
and precious metal enriched. 

Gold Distribution .and Geometry 

Compilation of data from old mine records reason
ably well documents the auriferous chert zone. The 
most productive area is known as the "gold stope," 
which was mined in the mid 1930s up to the time of 
shutdown. It accounted for nearly all the mining on 
the property in the last few months of operation. 

The gold stope (fig . 2) is about 500 feet south
west of the Edith shaft . It is enlarged in longitudi
nal and cross section in figure 5. The gold stope is 
about 150 feet high and 350 feet long and averages 15 
feet thick. It is· nearly vertical and is wholly chert 
hosted. It is bounded to the west (foo twall) and 
downdip by the diorite. The immediate hanging wall is 
a manganiferous, cherty ironstone, massive to faintly 
banded, and is silver rich. Above that is the charac
teristically clay-altered hanging-wall tuff, well 
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foliated, and known here and at the United Verde mine 
as the Grapevine Gulch Formation: 

The gold stope contains no visible base metals, 
although, as is typ,ical, they do occur in the parts 
per million range.· It contained gold, ranging up to 5 
oz/t. Distributions of grade by tonnage are summa
rized adjacent to figure 5. Overall, the gold stope 
produced about 35,000 tons averaging 0.4 oz/t Au and 
2.0 oz/t Ag. 

Some trends in the geometry of the mineralization 
are apparent in contoured grades (fig. 5). First, 
there are two bull 's-eyes in excess of 1.0 oz/t, major 
bodies over 0.5 oz/t, and margins 0. 1 to 0.5 oz/t 
gold. In the cross sections the mineralization is 
seen to form a cone with base against the footwall and 
top toward the hanging wall. Best gold grades cluster 
at the footwall. Both the shape and grade distribu
tion are suggestive of a vent accumulation. 

DISCUSSION AND CONCLUSIONS 

The capping and lateral extension relationship of 
the cherts to the main U.V.X. massive sulfide body 
suggest a sequence of deposition. Cherts thin with 
distance from the main vent and massive sulfide body. 
The primary cherts were 1 i kely a combination of mas
sive chemical precipitates and admixed explosion and 
hydrothermal breccias. These are effectively chert 
agglomerates just as the higher parts of the section 
contain rhyolite agglomerate. The ratio of massive to 
brecciated materials is a function of proximity to the 
main vent and force of vent explosions. 

Gold, if mainly confined to the quartz veinlets in 
clasts of early or first-generation breccia, must have 
occurred during some of the earliest ~ydrothermal and 
explosion-fracturing episodes of the chert's history. 
Alternatively, if gold content of the matrix is appre
ciable, it could have been emplaced during the later 
matrix-forming and/or matrix-silicification phases, 
perhaps even after the accumulation of several hundred 
feet of overlying pyroclastic rocks. 

These later stages of hydraulic fracturing, ex
pansion in volume, matrix injection, and silicifica
tion include the alteration phases with footwall and 
hanging-wall argillization and distant hanging-wall 
carbonate alteration . Graphic displays of the hydro
fracturing and fluid movement are the crackle brec
cias, tiny pebble dikes with flow banding, the matrix 
of fine rock flour, and clasts rounded by tumbling. 
The present chert with its multiple generation brec
cias is the product of sea-floor cherty iron formation 
exhalites (particularly more distal) hydrothermal 
breccias (particularly on the vent slopes) and later, 
after burial and development of a plug and confining 
pressure, hydraulic fracturing, and further silicifi
cation. 

The gold stope with its massive manganiferous 
cherty ironstones was probably formed in a more qui
escent environment flanking the massive sulfide body . 
This environment allowed undisturbed accumulation of 
small but high-grade auriferous vent deposits around 
subordinate vents. The vent cones were only a few 
feet high and gently sloped to extremes of only a few 
hundred feet corresponding to the mined-out gold 
stope. 

Although all the gold is considered originally 
hypogene, the extent to which any of the present gold 
distribution has been affected by later supergene 
mechanisms or early sea floor oxidation is not known. 
Some enrichment must be suspected because of the ex
tent of oxidation and the distribution of gold at 
higher elevations than the massive sulfides, along 
vertically standing stratigraphy. Indeed, at the 

United Verde mine. DeWitt and Waegl i ( 1985) reported 
approximately an order-of-magnitude increase in gal d 
concentration (G.03 to 0.2 oz/t) from unoxidized to 
oxidized ores. That contrast is not displayed at the 
U.V.X. because almost everything is oxidized, includ
ing the main orebody. Only the protore from the 1700 
level down is unoxidized. Although gold abundances 
are not known there, the fact that they are not re
ported suggests 0.04 oz/t or less. 

There is also some evidence against supergene 
enrichment such as association of gold with silver and 
numerous trace metals. It is difficult to rationalize 
that corre 1 at ion with secondary enrichment. Thus it 
seems we are dealing with reasonably well-preserved 
Proterozoic syngenetic gold deposits . 

The U.V.X. chert-hosted gold represents an episode 
of volcanogenic mineralization, following a major 
flow-dominated sequence and massive sulfide formation, 
and preceding a major volcaniclastic-dominated se
quence. This closely matches current interpretations 
at the United Verde and at other similar deposits. 
The gold's location in a hydrothermal environment on a 
vent slope explains why the gold deposits are in de
tail discordant but overall stratabound . 

There are increasing evidence and inte-rpretation 
that "go 1 d-on ly" deposits (Hodgson and MacGeehan, 
1982) are distinct in both space and time from the 
pyritic base-metal sulfide deposits. The gold-only 
deposits occur at the interface of the flow-dominated 
part of the section with the pyroclastic-epiclastic 
parts of the section rather than enveloped by flows 
and are associated with Ag, Cr. W, F, Sn, C0 2 rather 
than Fe, Cu, Zn, Pb, and Cl as in the base-metal de
posits. Both deposit types are stratabound but, al
though base-metal massive sulfides are usually strati
form, gold-only deposits are discordant in detail. 

Henley (n.d.) reported that the fluids transport
ing gold in geothermal systems to be H2S and C0 2 rich. 
Gold, silver, and their associates are capable of 
thiosulfide, carbonate, and carbonyl complexing in 
addition to chloride complexing like the base metals. 
It is suggested here that the gold-bearing fluids were 
not rapidly convecting sea water as in the instance of 
base-metal transport and deposition but were later 
much more modified and evolved fluids comparable to 
Henley's acid-sulfate fluids of volcanic fumeroles and 
that this changing fluid composition resulted in the 
separation of base and precious metals in time and 
space . 
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INTRODUCTION 

This is a preliminary report on an ongoing petro
graphic, geochemical, and stable-isotope study of the 
orebody and associated alteration at the United Verde 
volcanogenic massive sulfide deposit, Jerome, Arizo
na. This work is for a dissertation being prepared 
under the direction of Drs. Chris J. Eastoe and S. R. 
Titley . 

The project entails detailed mapping of the lith
ologic units and alteration in the Cleopatra Quartz 
Porphyry of Anderson and Creasey (1958) (fig. 1) and 
less detailed mapping of alteration in the underlying 
Deception Rhyolite and Shea Basalt. In conjunction 
with field work, petrographic and microprobe analyses 
of thin sections will aid in identifying minerals, 
textures, phase relations, and chemical components of 
certain phases within the rocks. Major- and trace
element analyses will facilitate discussion of altera
tion effects, qualitatively and quantitatively, and 
allow determination of progenitor rock types prior to 
alteration. Carbon, sulfur, and oxygen isotopes will 
be used to discuss physicochemical conditions within 
the altering hydrothermal system. Oxygen isotopes 
will also be used to delineate the extent of the hy
drothermal circulation cell. Some fluid-inclusion 
analyses will be done to test the results of Anderson 
and Nash (1972), who believed that fluid inclusions 
should not be used to discuss the hydrothermal system 
because of metamorphism. 

This paper summarizes the mapping completed thus 
far and will discuss alteration facies and present a 
preliminary interpretation of sulfur isotope data . 

GENERAL GEOLOGY 

The Cleopatra Quartz Porphyry, as shown in figure 
1, is typically lumped as one unit (e.g . , Anderson and 
Creasey, 1958) . Field work for this project has de
fined distinct mappable 1 ithologic units within the 
Cleopatra Quartz Porphyry. The portion of the quartz 
porphyry north of the Hu 11 fau 1 t (fig. 1) consists of 
two dominant 1 i tho 1 ogi ca 1 types : a quartz porphyry 
unit and a quartz feldspar porphyry unit (fig. 2). 
Volcaniclastic sediments and some chert beds are also 
present. 
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The quartz porphyry has ~ very characteristic 
appearance in both hand sample and thin section. The 
rock is typically massive with 10-20% quartz pheno
crysts. In thin section these quartz phenocrysts have 
secondary overgrowths of quartz defined by fine inclu
sions and lie within a matrix of 0.1-0 .2-mm subrounded 
quartz grains surrounded by phyllosilicates and/or 
fine-grainea quartz. The rounding of quartz in the 
matrix appears to be an alteration phenomenon, as does 
the lack of feldspars in this rock . The quartz por
phyry unit is interpreted to be a massive flow and/or 
subvolcanic intrusion. 

The quartz feldspar porphyry is interpreted to lie 
in the stratigraphic hanging wall of the United Verde 
orebody (fig . 2). It is massive to brecciated and 
consists of quartz and feldspar phenocrysts in a fine
grained matrix of quartz ±seri cite±fe 1 dspar:tch 1 ol'i te:t 
hematite:tcarbonate. 

The Cleopatra Quartz Porphyry exposed south of the 
Hull fault and in Deception Canyon is an interesting 
assemblage of rock types, including crystal tuffs, 
lapilla tuffs, breccias, fine to coarse sedimentary 
layers, chert horizons, and massive fresh quartz feld
spar porphyry representing intrusions or flows. The 
mapping of this area is ongoing; therefore, a map is 
nat available. A stratigraphic section through the 
Cleopatra package, located on figure 1, is shown in 
figure 3. Other sections through the package often 
contain a much more tuffaceous component than this 
one. The (pillowed?) dacite has been previously 
mapped as part of the Deception Rhyolite rather than 
the Cleopatra Quartz Porphyry (e . g., Anderson and 
Creasey, 1958; Lindberg and Jacobson, 197 4) . The 
quartz feldspar porphyry immediately overlying the 
Deception Rhyolite is a massive to fragmental rock 
interpreted at the present to represent a large flow 
or package of flows. 

ALTERATION 

Four alteration assemblages have been identified 
within the Cleopatra Quartz Porphyry north of the Hull 
fault . These include: 

1. A chloritic assemblage--chlorite:tsericite:tquartz. 
2. A sericitic assemblage--sericite±chlorite=quartz. 
3. A hematitic assemblage--hematite+quartz±chlorite:t 

carbonate=sericite. 
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Figure 1. Geologic map of the study area . (Adapted from Anderson and Creasey, 1958). 

4. A 'mottled' assemblage--sericite+quartz+chlor i te+ 
hematite+carbonate±epidote. 
The chloritic assemblage varies from 10-20% chlor

ite, 30-50% ser i cite, and the remainder quartz (chlor
itic in f i g. 2) to 95% chlorite (black schist) . The 
sericitic assemblage varies from sericite sch i st to a 
siliceous and sericitic massive quartz pqrphyry. 

These two alteration assemblages occur predomi nantly 
in the footwall of the orebody . The chloritic assemb
l age is also found in the hanging wall, where the 
chlorite appears to be more iron rich than that in the 
footwall chloritized porphyry . 

Hematitic alteration varies from hematitic chert
like veining to.a pervasive hematization of the rock. 
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Figure 2. Map of lithologic units and alteration assemblages, Cleopatra ~ill 

The latter has occurred along with the addition of 
si 1 ica and carbonate to produce a matrix of 10% hema
tite, 60% quartz, 15% sericite, and up to 15% carbon
ate. Carbonate partially replaces both quartz and 
feldspar phenocrysts. Rock that has abundant hema 
titic veining is typically very silicified. 

The 'mottled' assemblage is found solely in frag
mental rocks. In har;d sample these rocks consist of 
irregularly shaped pinkish fragments in a greenish
gray matrix. The boundaries between these domains are 
irregular and diffuse in both hand specimen and thin 
section. The lighter colored domain consists of pre
dominantly sericite with some small lenses of plagio
clase (albite?). This domain is typically the coarser 
grained of the two and contains subhedral quartz and 
feldspar phenocrys ts. The greenish-gray domain con
sists of 80-90 ~~ fine quartz with angular pieces of 
quartz and feldspar that are being replaced by the 
matrix quartz . Carbonate, chlorite, hematite, and 
epidote are present in both domains . 

The hematitic and mottled alteration types are 
presentl y interpreted to represent a hangi ng-wa 11 hy
drothermal alteration phenomenon. 

PRELIMINARY INTERPRETATION OF THE 
HANGING-WALL-FOOTWALL CONTACT OF 

THE UNITED VERDE OREBODY 

The hanging -wa ll-footwall contact north of the 
Hull fault is represented by the sudden appearance of 
feldspars and relatively fresh rock that is petro
graphically distinct from the footwall quartz porphy ry 
and by the appearar:ce of hematit i c and 'mottled' al
teration. 

South of the Hull fault this contact becomes some
what obscured because of the preservation of feldspars 
in the footwall rocks. This is due to a lower inten
sity of alteration laterally away from the orebody . 
The petrographic identity of the footwall may also be 
lost due to volcanic facies changes. However, if ur.e 
uses the presence of fresh rocks and hematitic altera 
tion as criteria for ident ifi cation of the hanging 
wall, recognition of the contact between the distal 
hanging wall and footwall appears possible. In figure 
3 this contact is tentatively interpreted to be the 
basal sediment and chert ho ri zon. Above this hor i zon 
is hematitic alteration, 'mottled' alteration, and 
fresh felsic rocks. 
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Figure 3. Schematic stratigraphic section through 
the Cleopatra Quartz Porphyry south of the Hull fault . 
General location of section is shown in figure 1. 

DECEPTION RHYOLITE-CLEOPATRA 
QUARTZ PORPHYRY CONTACT 

Along the Deception-Cleopatra contact lie small 
lenses of black schist, cherts, sericite schist, and 
sulfides. Carbonate al teration is present as is sili
cification. One exposure along the contact revealed a 
coarse fragmental unit with silicified blocks up to 1 
meter in the max imum direction and what appear to be 
room-size blocks. This fragmental unit may represent 
a slump breccia based on the size of the blocks, their 
angular shapes, and the chaotic nature of the unit. 

SULFUR ISOTOPE DATA 

Sulfur minerals from the fol lowing occurrences 
were sampled for sulfur-isotope analyses: (1) 
laterally and vertically through the United Verde 
orebody, (2) United Verde Extension orebody, (3) 
Copper Chief orebody, (4) Verde Central orebody, (5) 
Haynes ore body, ( 6) severa 1 prospects within the 
Deception Rhyolite, and (7) cherts in the locality of 
the Copper Chief orebody (fig. 1). All analytical 
results were within -1 and +1.3 per mil similar to 
other Archean and Proterozoic volcanogenic massive 
sulfide deposits (Franklin, :Lyndon, and Sangster, 
1981). If there was no homogenization of a3 4 S 
following deposition, the implications of these data 
are that (1) there was no biogenic activity, (2) no 
significant oxidation-reduction reactions occurred 
within the solution that deposited the sulfides, and 
(3) the potential sources of sulfur include magmatic, 
volcanogenic, and/or an H2S-dominated seawater res
ervoir. 

CONCLUSIONS 

Preliminary work at Jerome has defined distinct 
footwall and hanging-wall alteration packages as well 
as mappable lithological units in the Cleopatra Quartz 

Porphyry. The chlorite assembla ge (predominantly 
Mg-chlorite) and sericitic assemblage are dominant in 
the footwall to the United Verde orebody. The hema
titic and 'mottled ' assemblages represent a hanging
wall phenomenon. 

Completion of mapping should va lidate the deline
ation of the hanging-wall-footwall boundary. Analyt
ical methods as well as thin-section analyses will 
serve to place constraints on the extent and physico
chemical conditions of the alteration and ore-deposit
ing system. 
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GEOLOGY OF THE COPPER CHIEF MINE, 

JEROME DISTRICT, ARIZONA 

Paul A. Lindberg 

Sedona, Arizona 

GENERAL BACKGROUND: 

The Copper Chief mine was the third largest 
mine in the Jerome Mining District. Moderate amounts 
of copper, gold, and silver were produced during 
the interval from 1904-1933 and minor copper oxide 
ore was mined during World War II . The known ores 
outcropped as oxidized gossans after massive sulfide. 
The adjacent Shea vein mine is unique in the Jerome 
area in that high grade pods of silver ore were mined 
from a quartz-siderite vein which crosscuts rock 
units, polyphase folds, and the post-folding grano
diorite intrusive dikes . 

The name "Copper Chief" is now applied to the 
entire massive sulfide zone and associated gossans. 
At the time of Waldemar Lindgren's visit in 1922 
(1) it was separated into the Copper Chief and Iron 
King claim (Equator Mining Company) . Because of 
confusion with the Iron King mine near Humboldt, 
Arizona the name was unofficially dropped . The term 
"Iron King" may still appear on some topographic 
maps, however . 

The original shaft which was sunk on the Copper 
Chief gossan found oxidation to dept:1s of 230 feet. 
Most of the sulfide ore which was mined below this 
point was located on the deeper east3rn portion of 
the ore body. Lindgren ( 1) reported chat "less than 
half the oxidized material was ore and that 15 percent 
of the sulphide body could be mined at a profit," 
and that "the oxidized ore is siliceous and contains 
a little copper carbonate and in places cerussite 
indicating that galena must have occurred in the 
primary ore. The ore milled yielded 0. 3 ounce of 
gold and about 6 ounces of silver to the ton." He 
further reported that a 5 foot thick supergene ore 
blanket contained sooty chalcocite and contained 
"as much as 40 ounces of silver and 0. 75 ounce of 
gold to the ton." 

Complete production figures are poorly documented 
but statistics cited (2) report 1,300,000 pounds 
of copper produced from the Equator mine during the 
period from 1904-1905 . Between 1916-1923 the Copper 
Chief mine produced $530,000 in gold and $372,000 
in silver, with no copper production reported. Ores 
produced after these dates were probably minor in 
quantity and value. Lindgren ( 1) reported that the 
Shea vein had produced small amounts of ore containing 
"pyrite, tetrahedrite, chalcopyrite, arsenopyrite, 
and also a little galena . In the best part of the 
ore lens, west of the shaft on the 200 foot level, 
the banded tetrahedrite ore contained as much as 
100 ounces of silver to the ton. A few carloads 
of this ore were shipped." 

343 

Scale: 

One Mile 

I 
).; 
"' I M 

"'I"' 
I 
I 

Towns of 

Cor.r.om•ood 
Clarkdale 

1 Cot tonwood 
1-T'-lL!'.:.... __ AU.Pou 

---l T. 15 N. . \ 

0~\.e 
e'

c.Pq'i o 
o,o" 

1 Uni ted Verde 
2 U. V. X. 
3 Cliff 
4 Copper Chie f 
5 Shea 
6 Grand Is la nd 

Figure 1, Location map of the Jerome Mining District 
showing selected mines and prospects. 

PRE-1971 GEOLOGIC MAPPING AND CONCEPTS: 

The published maps and information contained 
in the U.S.G.S. professional paper on Jerome (3) are 
a generalization of G.W.H . Norman's 1"=200' geologic 
mapping completed in early 1950 (4). During the time 
of mining ores throughout the Jerome District it was 
believed that all massive sulfide ores were produced 
by hydrothermal replacement of selected volcanic 
and sedimentary host beds. 

Norman did not differentiate between various 
types of "quartz porphyry" which are now distinctly 
mapped as separate units . Nor did any of the earlier 
workers in the Copper Chief area make any distinction 
between basalt flows (sometimes pillowed), and the 
intrusive diorite found all along the western margin 
of the mine area. It also became clear that effects 
of folding were either misunderstood or ignored in 
the mapping and exploration processes. 

Nevertheless, the work of Norman (4) and Ander
son and Creasey (3) had a profound influence on the 
overall understanding of the district and laid a solid 
foundatio~ for future work. 
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POST-1971 GEOLOGIC MAPPING AND CONCEPTS: 

Following the publication of the professional 
paper on Jerome in 1958 ( 3) there was an increasing 
acceptance by a number of workers that many massive 
sulfide deposits throughout the world were products 
of volcanic processes. The volcanogenic concept 
unlocked many of the mysteries that were not under
stood clearly before. Paul Handverger's work on 
magnesian chlorite in the footwall of the massive 
.sulfide bodies (5) was patterned after similar studies 
in the Noranda District in Canada. 

Beginning in 1971 the author began .mapping 
in the Jerome District with the Anaconda Company, 
and this led to an agreement to map a large portion 
of the outcropping Precambrian rocks. Much of this 
land belonged to the Phelps Dodge Corporation. By 
1975 much of the complex stratigraphic and structural 
synthesis was completed. A specific request by Phelps 
Dodge in 1983 led to the detailed mapping on scales 
of 1":200' and 1":100' in the immediate Copper Chief 
mine area . 

The mapping techniques used by the author in 
this district utilize the best available topographic 
base map, survey control as required for accuracy, 
and the tracing out of individual contacts throughout 
their folded courses. This form of "contact mapping" 
is the only method known by the author to delineate 
the complexities of folding and facies changes occur
ring in poly-phase deformed terrain. 

The Copper Chief deposit is a classic example 
of a volcanogenic massive sulfide. There is a clear 
dichotomy between an altered "Lower Succession" and 
a post-ore "Upper Succession" as postulated by Meyer 
for the United Verde area in 1972 ( 6). The small 
size of the deposit is a direct reflection of the 
small volumes of pre-ore, host rhyolites. There 
are a number of similarities of the Copper Chief 
deposit to many of the described Kuroko ore sites 
located close to the apex of small siliceous submarine 
domes and breccia piles. 

GEOLOGIC NOMENCLATURE: 

Anderson and Creasey have applied the term 
Ash Creek group to the volcanic and sedimentary rocks 
of the Jerome District (3). The individual formations 
within this group have been widely applied to the 
region, but the only one retained in this report 
is the Shea Basalt. Post-1971 mapping in the district 
demands that a re-interpretation of the stratigraphy 
for the Jerome District is in order, especially based 
upon more detail and structural understanding. 

PRECAMBRIAN GEOLOGY OF THE COPPER CHIEF AREA: 

The unambiguous base to the rock succession 
in the Copper Chief mine area is the Shea Basalt . 
It is generally a massive, structure less flow rock 
but sometimes it exhibits large, well-formed pillow 
structures. At the tops of thick flows a thin hyalo
clastite horizon can be discerned. On occasion a 
thin, discontinuous jasper horizon can effectively 
trace out superimposed structural effects. In a 
general way the Shea Basalt lies at lower topographic 
levels than other rocks and it outcrops extensively 
to the east and southeast of the mine area. Excellent 
pillow structures can be seen in the gully exposures 
approximately 250 feet due north of the Shea mine 
shaft. An interflow jasper horizon, now folded, 

can be seen crossing the access road (Forest Service 
No. 493) where it first encounters the large, eastern
most . Copper Chief mine dump. 

Figure 2 shows the geology of the area based 
on the 1983 detailed mapping. The Shea Basalt, and 
perhaps other higher level basalts, hyaloclastites 
and associated tuffs are all marked with the symbol 
B for simplicity. 

Outcrops of rhyolite lava and associated breccia 
conformably overlie the basalt flows. A continuous 
rhyolite sheet, severely poly-phase folded, extends 
from outcrops seen below the access road (east of 
the mine) to a point subjacent to the main massive 
sulfide gossan. On the map this ls shown by the 
symbol R which includes massive to rinded flows, 
flow breccias, and local minor tuff layers. It is 
clear from mapping that this rhyolite sheet has dis
tinct areal limits . It is found from the area near 
the western end of the orebody and extends to the 
east where much of it has been eroded off the Shea 
Basalt basement. 

In sharp contrast is a localized mass of rock 
of uncertain parentage, but tentatively classed as 
a dacite . It outcrops to the west of the ore body 
and may represent an emission of flows, tuffs, and 
breccias that were time equivalent with the rhyolite, 
but separated in space . On the maps this unit is 
shown by the symbol De. It is not known to be in 
contact with massive sulfide lenses but it contains 
associated jasper exhalites related to ore-forming 
processes. 

The most important rock type believed to be 
responsible for massive sulfide development is the 
"quartz porphyry" which directly underlies the western 
end of the Copper Chief orebody. Megascopically 
it is identical to the "Silver Plate quartz porhyry" 
further to the north, and to the Cleopatra "quartz 
porphyry" which hosts the United Verde and U. V. X. 
ores further to the north. It is the author's belief 
that this quartz phenocryst-rich rhyolite is most 
l ikely time-equivalent with the Cleopatra. 

Field relationships are somewhat ambiguous 
as to the exact sequencing of rhyolite , dacite (?), 
and quartz porphyry. There are a number of reasons 
for the ambiguity. Poly-phase folds are very severe 
in this area and it is sometimes unclear whether 
or not an observed fold closure is anticlinal or 
synclinal. Another problem arises with the pinching 
out of mappable horizons, followed by tight folding . 
The main Copper Chief adit was driven to the north 
into the orebody but, unfortunately, lies beneath 
the "Flat Fault" which moves the upper· plate and 
surface exposures an undetermined distance to the 
east. To complicate matters further the extant mine 
maps and cross sections from the days of mining used 
such terms as: "Ledge Matter, Greenstone, Acid Erup
tive, etc . " to describe the rocks encountered ( 7) . 

A preferred stratigraphic model is suggested 
in Figure 3 which attempts to show the relationships 
in a pre-fold position . This tentative model will, 
no doubt, be subject to modification as exploration 
continues in the area. Less ambiguous, however, 
is the field observation that each of the three units 
can lie directly on the Shea Basalt basement because 
of their limited areal extent. The "quartz porphyry" 
is believed to have been a flow rock and where it 
underlies ore it is strongly chloritized. 
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Geologic map of the Copper Chief and Shea mine area, Jerome Mining District, Arizona. 

This map is derived from 1"=200' and 1"=100' geologic mapping in 1983. Portions of the detail have 
been simplified for purposes of clarity. Access to the property is by Forest Service Road No. 493, or 
from Jerome via the Pipeline Road (See Figure 1). 
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Figure 3, Schematic Pre-Fold Section Through Copper Chief Orebody. 

This idealized cross section shows the preferred interpretation of stratigraphic succession . The 
doming of the rhyolites and hydrothennal venting at a relatively high point in the submarine vent 
appears to have formed exhalite layers at several stratigraphic horizons . The rhyolite, dacite, and 
quartz porphyry rest confonnably on Shea Basalt, and all are pre-ore in age. The massive sulfide 
lense forms on the top surface of the rhyolite and the quartz porphyry. Post-ore rock units include 
Basaltic types, chiefly hyaloclastites and tuffs, and a large sheet of crystal lithic tuff (QFP) . 
The QFP contains conspicuous quartz and fresh feldspar phenocryst·s plus some basal clasts of jasper. 

The "quartz porphyry" lavas (QP) were probably 
quartz-feldspar porphyritic flows prior to sericitic 
and chloritic alteration. Nonnan's mapping made 
no distinction between the two, but field relation
ships demand a clean separation into pre- and post
ore time allocations . Wherever the QFP blankets 
the succession , massive sulfide exploration must 
revert to indirect means of search to reach down 
to the prospective horizon. 

Near the western end of the Copper Chief caved 
zone, at the point where the road intersects the 
southern wall, the gossan after massive sulfide can 
be seen resting on the top of strongly chloritized 
quartz porphyry. At the United Verde mine in Jerome 
this concentration of magnesium-rich chlorite would 
be known as Black Schist. This was obviously a site 
of hydrothermal venting. A very short distance to 
the northeast (approximately 100 feet) is the abrupt 
western edge of the rhyolite dome, complete with 
a vent breccia. Gossan permeates this fractured 
zone which had to be one of the main points of entry 
onto the sea floor of the hydrothennal fluids. The 
former massive sulfide blanket extends for another 
750 feet to the northeast. At that point, just above 
the top of the largest of the eastern dumps, a gossan 
after massive sulfide breccia can be seen. It is 
possible that this breccia is located at the toe 
of the dome, resulting from ores broken loose from 
the high portion of the sheeted dome. 

Once the ore blanket was deposited, hydrothermal 
venting nearly came to an end. Basaltic tuffs, and 
possibly some flows (?), lapped against the rhyolite/ 
ore dome for a short time. Minor jasper beds were 
formed on each of their surfaces. 

At this point in time a catastrophic event 
took place which eclipsed all local events up to 
that time. An extensive crystal lithic tuff was 
ejected over the seascape, burying the Copper Chief 
deposit. Because of its relatively unaltered feld
spars and abup.dant quartz phenocrysts, it. is called 

the QFP (quartz feldspar porphyry) . Near the base 
of the otherwise monotonous unit there are abundant 
jasper clasts. It is believed that these were torn 
up from the apex of the rhyolite dome where late 
stage jaspers formed a cap over the end phases of 
the mineralization event . From the areal extent 
of the QFP, and the local geology, it appears that 
an eruptive center may have been located nearly 3000 
feet to the northwest of the Copper Chief mine site. 
The QFP blanket extends over several miles of outcrop 
and was confused for "intrusive quartz porphyry" 
by Anderson and Nash ( 8, see especially Figure 9, 
Page 857). They attempted to show that Na2o was re
moved in the altered footwall and that K20 increased 
as one approached the ore zone . Their logic was 
correct, assuming one used the same formation, but 
their results are invalid since they compared an 
altered pre-ore rock with a different, fresh post
ore rock. 

The pre-ore quartz porphyry at the Copper Chief 
mine would be expected to contain diminished Na20 and 
increased K2o relative to a "normal" value for the 
fresh, overlying QFP. In essence this is the signifi
cance of Meyer's Upper and Lower Succession (6). 
The critical potential ore horizon will lie at the 
top of the altered units and be buried by fresh rock 
of one sort or another. 

Jasper beds, often associated with thin re
worked volcaniclastic debris, can be followed for 
considerable distances outward from the presumed 
site of venting. Nancy Johnson (9) is currently 
conducting research into the chemical variations 
and fundamental characteristics of these interesting 
strata. Very often the jasper beds measure only 
a few inches thick but occasionally are ponded into 
low spots on the irregular volcanic terrain and reach 
20 feet thick and more. They may also disappear 
completely where the chemical and mechanical debris 
bypasses a high point . In this area it appears that 
the submarine topography was locally abrupt, but 
overall exhibited low sl~pes . 
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Figure 4, North-South Cross Section Through Copper Chief Orebody (Viewing to West). 

This cross section passes through the main Copper Chief adit and shows the location of the mine cave 
zone. The former location of the in-situ gossan is shown as it was described in the old mine records. 
Geologic interpretations have been based on the best available data, but hard evidence between the 
adit level and surface outcrop is not available at present. This presentation is in compliance with 
the preferred model shown in Figure 3. 

INTRUSIVE ROCKS: 

Intrusive rocks are found in the Copper Chief 
mine area. They can be divided into two distinct 
types; pre- and post-folding. The pre-folding types 
were not recognized as intrusives by earlier workers 
and the diorite was mapped as basalt ( 4) . Other 
pre-folding dikes include sparse, thin basic types 
as well as feeder dikes to the overlying QFP unit. 

The largest masses of diorite can be seen high 
in the sequence, with many good examples outcropping 
along the pipeline road. Most of the diorite is 
wholly contained within the QFP strata where it takes 
the form of sill-like bodies. The texture is quite 
fine-grained and it is easy to see how it was mistaken 
for a massive flow rock. But the complete lack of 
any associated bedded units, the chilled margins, 
and feeder dike apophyses demand that this rock is 
truly an intrusive. It typically intrudes the QFP 
which is devoid of internal bedding features . It 
is uncertain whether the observed irregular nature 
of the diorite bodies is due to its uneven emplacement 
or due to superimposed polyphase folding. It is 
probable that both features have contributed to the 
present distribution. 

The recognition of the diorite intrusive has 
also cleared up another mystery that troubled the 
old miners at the Copper Chief. There is a prospect, 
open to the surface, with good massive sulfide ore 
lenses, but it appears disconnected with the main 
ore zone. It is also isolated in a mass of what 
had formerly been mapped as "basalt." When considered 
in context }'lith the volcanogenic model , the massive 
sulfide at the• Wonderful Workings simply does not 

fit the accepted scheme of things. The 1983 mapping 
revealed that the "basalt" was in large measure a 
diorite sill. 

Figure 5 shows a sketch map of the Wonderful 
Workings area to the west of the main Copper Chief 
ore body. The disjointed massive sulfide bodies in 
3 prospect workings at the site contain pods that 
were dilated away from their associated rhyolite 
host rocks. Once this dilation effect has been taken 
into account, the massive sulfide lenses fit their 
proper host units. Following the mapping phase the 
Copper Chief adit was re-opened by Phelps Dodge and 
the exploratory tunnels beneath this site were in
spected. Similar isolated pods of good looking mass
ive sulfide ores were seen with fine-grained diorite 
boundaries. It is unknown whether or not a new ore 
zone might be found in this area with additional 
exploration . 

QFP 
& 

Di Sill~ 

Figure 5, Sketch Map of Wonderful Workings. 
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The recognition of the intrusive diorite within 
the "Upper Succession" is very similar in relationship 
to the large gabbro sill which intrudes the post
ore Grapevine Gulch formation rocks above the United 
Verde deposit at Jerome. 

The post-folding granodiorite dikes are quite 
different, and these dikes can be followed in swarms 
to the south all the way to the Cherry batholith. 
These dikes cut across all types of lithologies 
as well as across poly-phase folded horizons. No 
known mineralization is associated with these intru
sives. The injection of these dikes, however, pre
dates the development of the Flat Fault which thrust 
the Copper Chief ore zone anywhere from 160 to 300 
feet (or more?) to the east . The Flat Fault and 
associated vein material will be discussed later 
under the sub-heading of Faulting History. 

FOLDING HISTORY: 

It is difficult to unravel realistic fold 
interpretations based on previous mapping by Norman 
(4) and the scenarios presented in the professional 
paper ( 3, especially as shown in Figures 3 and 4, 
pages 64 and 67). This attempted synthesis merges 
primary folds trending north-northwest with secondary 
folds ("cross folds") that trend near east-west. 

Many of the folds have gone unrecognized due 
to the lack of mapping detail, but their effects 
are seen everywhere in the district. Figure 6 shows 
an example of the poly-phase folded strata to the 
south of the Copper Chief mine along the access 
road leading up to the pipeline road. The major 
folds here trend nearly north-south. A primary 
syncline passes through the two "pods" of QFP which 
lie on top of the basalt. Cross folds pass across 
the zone at right angles and generate interference 
patterns. Where two synclines coincide there is 
a basin formed. Two superimposed anticlines form 
a dome in the basement. Anticline and syncline 
more or less nullify one another. Within the area 
of this small figure there are at least 2 pairs 
of anticline-syncline of the north-south primary 
type, and at least 3 pairs of cross folds. 

Figure 7 is a highly stylized block diagram 
showing the effect in three dimensional form. No 
area in the entire Jerome District is free of this 
poly-phase folding in the experience of the author. 
Individual strata (including ore horizons) may show a 
flat attitude in one area and then turn vertical 
to overturned within a very short distance. 

FAULTING HISTORY: 

The Copper Chief mine area is unaffected by 
the Verde Fault which lies east of the deposit. 
Within the volcanic pile itself faults are either 
unrecognized or of very small amplitude and their 
effects obliterated by subsequent folding. There 
is one late-stage fault, however, that did play 
a major role in the Copper Chief and Shea mines. 

The "Flat Fault" has been known for a long 
time, and Reber devoted a great deal of effort in 
understanding the amount of offset on the structure 
in exploring for potential ore below the Copper 
Chief mine ( 10) . The Flat Fault is often healed 
by bull quartz which can reach thicknesses of several 
feet in places. In other spots the secondary healing 
effects by silica are minimal, and the structure 
does look like a fault. 

..; 
0 

Si 
"'. !~ ~ SCALE: 
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Figure 6, An example of poly-phase folded strata 
seen south of the Copper Chief mine area. 
The QFP unit is preserved in infolds on top 
of the Shea Basalt basement. 

Figure 7, Stylized block diagram showing interference 
patterns formed by poly-phase folding . 
Only the major folds are shown in this 
simplified scenario. Uneven erosional 
effects complicate the patterns . 



The age of movement on the Flat Fault is unknown 
but is assumed to be Late Precambrian. There is 
a remote poss i bility, however, . that it could be as 
young as Tertiary, since the fault only cuts Precam
brian rocks where observed. The only exact age rela
t ionship that can be established with any certainty 
i s that it cuts the granodiorite dikes which post
date the folding in the district. 

The recent work shows that the quartz-siderite 
veins of the Shea mine and Flat Fault are on one 
and the same system. The Shea vein strikes nearly 
east-west and dips at a low angle to the south, but 
i t merges with the west-dipping Flat Fault to the 
north of the Shea mine dump . 

Despite the difference in age and mineralogy 
of the veins versus the older volcanogenic massive 
sulfide deposits, the close proximity of the two 
ore types presents an interesting problem for future 
mineral exploration programs to contemplate. 
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INTRODUCTION 

The volcanogenic massive sulfide deposits of the 
Jerome district, Arizona, occur within the Proterozoic 
Yavapai "greens tone" Supergroup (Conway, 1985). 
Locally at the Copper Chief mine, eight distinct 
lithologies making up a complex volcanic package have 
been distinguished. The geochemistry of exhalites 
associated with this volcanic package is currently 
being studied to identify spatial and temporal 
geochemical changes that may be useful in mineral 
exploration. 

Because the volcanic package is complicated by 
alteration and folding in addition to original deposi
tional discontinuity of most units, stratigraphic 
reconstruction is not easy. By using the 1" = 100'
scale map compiled by Paul Lindberg for the Phelps 
Dodge Corporation (Lindberg, 1986), reconnaissance 
mapping was done to determine stratigraphic up . Once 
done, the stratigraphic succession was unraveled and 
correlation of exhalites became more than just specu
lation. In the following geologic description, key 
up - indicating contacts are described as is the dispo
sition of exhalites in the stratigraphic succession. 

GEOLOGY 

Shea Basalt 

The Shea Basalt is believed to be the oldest rock 
unit in the mapped area . The term used for the Shea 
i n this report will be the "lower basalt." The rest 
of the units described here are given lithologic field 
names. 

Petrographic work done by Phelps Dodge personnel 
indicates that this rock is a moderately chloritized 
basalt (Duhamel, 1985, personal commun.) with minor 
disseminated pyrite, which becomes andesitic in the 
upper portion ot this sequence. In outcrop, change 
within the lower basalt can be best seen by walking up 
the creek bed from 8775E, 1866S to 8680E, 18500S (fig. 
1). Here the unit changes from massive flows to more 
thinly bedded, ropy flows with a moderate amount of 
amygdules. The top foot of this unit comprises small 
pillows (1 foot long by 6 inches wide) with siliceous 
rinds. Elsewhere the lower basalt becomes thinly 
bedded and fissile near its upper contact. 

Rhyolite 

The rhyolite within the mapped area has been pet
rographically determined to be a rhyodacite (Duhamel, 
1985, personal commun.), which is locally albitized, 
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silicified, and chloritized. In outcrop, two textural 
varieties exist, massive and brecciated, with excel
lent exposures of both types seen in the vicinity of 
10500E, 180005 (see Lindberg, 1986, fig . 2). The 
contact between the 1 ower bas a 1 t and the rhyo 1 ite is 
seldom sharp but is more typically marked by a thin 
and discontinuous, brecciated to bedded exhalite lay
er . At 10300E, 180755 (see Lindberg, fig. 2, this 
volume) the basalt is overlain by 1-2 feet of brecci
ated felsic tuff and exhalite with fragments averaging 
1-2 inches long . The amount of chert and tuffaceous 
fragments rapidly decreases toward its upper contact 
and gradationally becomes a silicified and sericitized 
rhyolite breccia, which loca l ly exhibits moderate 
chloritization. The massive variety of rhyolite is 
typically cryptocrystalline and featureless; however, 
flow banding is 1 oca lly present between the massive 
variety and the breccia. 

The upper rhyolite contact is not easily defined 
because rhyolite extrusion was occurring synchronously 
with other volcanism. The best example of this con
tact is seen at 9305E, 1715GS (fig. 1, NJ-OH sample 
site). Here the breccia contains rhyo 1 ite, exha 1 i te 
and gossan fragments, disseminated pyrite in both 
matrix and clasts, and abundant carbonate veinlets . 
Overlying the rhyolite breccia is a finely brecciated 
to bedded chert pod (approximately 9 feet thick at 
widest point), which is in turn overlain by a thin 
(6-10 inches) bed of rhyolite breccia. This chert pod 
can be traced out and shown to be the lateral equiva
lent of the Copper Chief orebody; this finding indi
cates that some rhyolitic volcanism postdated ore 
deposition. Intense chloritization of the rhyolite 
immediately adjacent to the massive sulfide deposit, 
however, indicates preore deposition for the bulk of 
the rhyolite in the mapped area . 

Quartz Porphyry 

The unit mapped as quartz porphyry is a pinkish
beige cryptocrystalline rock with quartz phenocrysts 
(average diameter, 1 mm). The quartz porphyry is 
locally silicified, albitized, and chloritized. Pet
rographic analysis by Phelps Dodge personnel (Duhamel, 
1985, personal conmun.) indicates that this rock i s 
also a rhyodacite . Intense chloritization of the 
quartz porphyry has occurred immediately underlying 
the massive sulfide mineralization. 

Transitional Unit 

The transitional unit is a complex package of both 
volcanic and sedimentary constituents. The volcanic 
component _has been petrographically de~ermi ned to be 



an andesite (Duhamel , 1985, personal commun.). A 1-
though this unit is locally a breccia, it is predom
inantly composed of thin andesite flows and tuffaceous 
sedimentary rocks. Field observations indicate that 
the tuffaceous component is andesitic and rhyolitic. 
The contact between the 1 ower basalt and the trans i
tional unit is not clear but rather appears to be 
gradational. 

Massive Sulfide Mineralization 

Little remains to be seen of the main Copper Chief 
orebody due to caving; however, old mining records 
reported that most of the ore mined between 1916-1918 
was siliceous oxide ore yielding 0.3 oz / t Au and 6 
oz/t Ag (Lindgren, 1926). Anderson and Creasey (1958) 
reported that during this same period 71,849 tons of 
ore were mined. An unknown amount of chalcocite ore 
containing up to 0. 75 oz/t Au and 40 oz/t Ag was 
reportedly mined in 1922 (Anderson and Creasey, 1958). 

Upper Basalt 

Thinly bedded basalt flows immediately overlie the 
massive sulfide ore at 9100E, 17075S (fig . 1). Here 
the presence of fragments of gossan and exha lite at 
the base of the b~salt indicates that the upper basalt 
postdates the ore and is not the same unit as the 
lower basalt. 

Quartz Feldspar Porphyry 

A massive outpouring of quartz feldspar porphyry 
followed extrusion of the upper basalt and blankets 
possible ore horizons to the west. Because the feld
spars are relatively unaltered, this rock is consid
ered postore. Evidence for extrusion can be seen 
locally along the lower contact where it contains 
exhalite fragments (fig 1. 8680E, 17130S) . 

Sedimentary Units 

Sedimentary units at the Copper Chief mine fall 
into two basic categories: clastic and chemical . 
Because the two types are commonly associated in the 
field, they are discussed together here. The clastic 
constituent comprises mafic and felsic , bedded, tuffa
ceous epiclastics. An excellent example of these 
clastic sedimentary rocks can be seen in the sedimen
tary package overlying the upper basalt at 8560E, 
18600S (fig . 1). 

Chemical sedimentary units, or exhalites, at the 
Copper Chief mine occur as both bedded and brecciated, 
laterally discontinuous chert horizons, which can be 
found at all contacts as can be seen from the map 
(fig. 1) . It should be noted here that the discontin
uous nature of these units is probably due to several 
factors : ( 1) original discontinuous deposition in 
topographic lows, (2) boudinage during folding, and 
(3) availability of outcrop. Individual exhalite 
horizons are typically bedded on the millimeter to 
centimeter scale, can be black, gray, green, red, or 
white, are rarely greater than a foot thick, and are 
rarely continuous in outcrops for distances over 5 
feet . One exception to this is the stratigraphically 
highest exhalite horizon seen at 8560E, 18600S (fig 
1), hereafter referred to as the Acme horizon, which 
was chosen for the geochemical study because it is . 
continuous in outcrop for several hundred yards . 

Petrographically, the bedded exhalites are predom
inantly fine-grained quartz with hematite spherules, 
magnetite, and minor pyrite cubes, which are commonly 
oxidized to limonite. Millimeter-thick layers of tuff 
are common but make up a relatively small part of the 
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exhalite. Most exhalites examined contain a moderate 
amount of chlorite. Samples of exhalite collected 
underground contain up to 10% pyrite and have abundant 
carbonate. The red, black, and green color is a func
tion of the presence of hematite, magnetite, and 
chlorite, respectively. 

The less common massive pods of exhalite are fine
ly brecciated (millimeter to centimeter-scale frag
ments that commonly appear to be rotated) and rece
mented with silica. The breccias are mineralogically 
similar to the bedded variety with quartz and quartz
pyrite veinlets abundant in the brecc ia. Examples of 
the breccia are seen at 8775E, '18200S and at 9310E, 
17150S (fig 1. base of ore-horizon exhalite). 

GEOCHEMISTRY OF SOME SELECTED EXHALITES 

Possibly the most significant units found associ
ated with volcanogenic massive sulfide deposits are 
the exhalites, or chemical sedimentary units . Because 
these units are commonly found above or away from the 
massive sulfide ore, it seems to be a reasonable con
clusion that the volcan·ic emanations responsible for 
ore deposition are also responsible for exhalite depo
sition. As such, the geochemistry of exhalites should 
change with the degree of sea-water mixing (or dis
tilnce from volcanic vent) . Studies done to determine 
the usefulness of exhalites as geochemical exploration 
tools at Bathurst, New Brunswick (Graf, 1977) and at 
Kuroko, Japan, and Noranda, Canada (Kalogeropoulos, 
1982) have shown that, although certain trace and 
rare earth elements are present in elevated concentra
tions near the massive sulfide ore, multiple vent 
sites greatly complicate the picture. 

Preliminary examination of the geochemistry of the 
exhalites indicates that exhalite geochemistry on a 
local scale may be helpful in delineating favorable 
ore horizons and hydrothermal vent sites. 

Nine exhal ite samples from several stratigraphic 
horizons at the Copper Chief mine and one sample of 
the exhalite on the south wall of the United Verde pit 
at Jerome were analyzed by instrumental neutron acti
vation at the Lunar Planetary Laboratory, The Univer
sity of Arizona, for 30 major, trace, and rare earth 
elements. Only the analyses pertinent to this discus
sion are reported in table 1 with sample locations 
given on figure 1. 

As previously mentioned, exhalites are not later
ally continuous for great distances, and therefore the 
Acme horizon, being the most continuous exhalite at 
the Copper Chief mine, was the likely candidate for 
this study. This unit is composed of two 4-6-inch
thick layers of finely bedded, black, red, and green 
chert separated by approximately 2 feet of mafic sedi
mentary rock that contains an increasing amount of 
exhal ite fragments to the north. The Acme horizon is 
not correlative with the ore horizon but rather is 
stratigraphically above it. 

Four samples were taken along the Acme horizon to 
identify 1 a tera 1 geochemi ca 1 changes. Pre 1 imina ry 
examination of the geochemical data shows that the 
Jerorne exha 1 i te is enriched up to severa 1 orders of 
magnitude inTi, Co, Zn, As, Au, and U relative to the 
Copper Chief ore horizon and Acme units (table 1). 

Concentration vs. distance plots for the Acme 
horizon show that of the Acme samples, sample Acme 1 
has the most Mo, Ta, As, and Au, that sample Acme 2 
has the most Ti, Sa, Sb, Ca, and Co, and that sample 
Acme 3 has the most Fe, Zn, Th, U, Sc, Lu, Na, K, and 
rare earth elements. 

Ohmoto and others (1983) reported that the solu
bility of elements in fluids issuing from hydrothermal 
vents associated with Kuroko-type ore formation is a 
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Figure 1. Geologic map, Copper Chief mine, showing Acme sample sites . Mapped 
on a 500- foot grid by P. A. Lindberg fo r Phelps Dodge Corporation with minor modification 
by N. Johnson. 
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Table 1. Element concentrations for selected meta-exhalites from the Copper Chief mine, Arizona in order 
of increasing distance from the Copper Chief orebody 
=----=-=-=- - --=-= 

Concentration (in ppm) for sample 

Element NJ-OH Acme-4 Acme-3 Acrr.e-1 Acme-2 Jerome 

Na 44.97 35.33 202.7 881.8 96 .79 90.93 
K 345.8 139.7 935.1 1,522 563 . 5 353.3 
Sc 0.8349 0.4937 0.6171 1. 99 0.644 1. 287 
Ti 51.57 32 . 84 355 . 6 295.8 140.6 586 . 3 
Fe 52,660 97,240 159,200 65,120 99,720 91,420 
Co 9.469 4.567 7.941 7. 218 5.209 13 . 53 
Zn 137 . 3 24.87 29 . 31 35.28 17 . 02 53,890 
As 25.72 43 .3 24 . 82 13 . 62 19 0 44 55.56 
Rb 1. 583 2. 655 2. 402 3.868 n.d . n. d. 
Mo 1.648 7.953 2. 18 1. 747 2.164 1.185 
Sb 6 0 561 14.61 16.87 10.72 11.64 n .d. 
Ba 48.88 38 0 53 228.1 174 . 7 133.5 n.d. 
La 0.9567 0. 44 3. 789 6. 744 3. 121 1. 985 
Ce 1.869 0.74 8. 491 15.06 8.348 8. 995 
Nd 0.8422 0.7016 3. 549 7. 157 2. 998 n. d. 
Sm 0. 2354 0.1775 0. 7631 1. 558 0. 6691 0. 5202 
Eu 0. 0993 r. . d. 0. 302 0. 4066 0 0 1895 0. 1186 
Tb 0.0424 n. d. 0. 1232 0. 2755 0. 096077 0. 1247 
Yb 0. 2527 0. 1013 0. 4618 1. 076 0. 3977 0. 537 7. 
Lu 0.0419 0.0164 0.0657 0.1593 0. 05585 0.09 53 
w 0. 5986 1. 332 2. 025 1.811 2.245 0.9145 
Au 0. 01255 0. 02058 0. 00989 0. 00826 0.00535 2.817 
Th 0.1818 0. 1259 
u 0.06455 0. 06914 

fun~tior. of _!:emperature, pH, activity of 02 , Cl-, 
H2S , and so; , and the concentration of the element 
in the hydrothermal flu i d. Metal-ion solubility, 
predon1irantly a function of the acti vity of the sulfur 
species present, decreases as H2 S activity increases . 
Nearest the vent, where the H2 S species is most con
centrated, the metal ions are inso luble and will pre
cipitate . As mixing between the hydrothermal fluid 
and sea water takes place, the so2= spec i es becomes 
the dominant sulfur species and more oxidized minerals 
precipitate . 

A plot of residence time vs . the sea -water-upper 
crust partition coefficient (from Taylor and Mclennan, 
1985) is shown in fig . 2. This graph shows that Fe, 
Th, Al, Sc, Co, and the rare earth elements have short 
residence times and low part ition coefficients and 
t herefore s hou 1 d be expected to precipitate nearest 
the volcanic vent. It can be seen that sample Acme 3 
is relatively enriched in those elements associated 
with short residence times and l ow partition coeffi
cients and that elements with longer residence times 
are relatively enriched in sample Acme 1. In addi
tion, the concentration of metal i ons is greatest in 
sample Acme 3, a finding that indicates that it was 
t aken from a location c loser to a hydrothermal vent 
than the other Acme sample sites. Barium concentrated 
in samp 1 e Acme 2 can be exp 1 a i ned by the fact that 
barium precipit_gtes virtually instantaneously in the 
presence of S0 2-, thus explaining its relative deple
tion in sample Acme 1. 

SUMMARY 

From the geochemical information presented, it 
appears t hat the vent responsible fo r the deposition 
of the main orebody at the Copper Chief mine may not 
have been the only hydrothermally active vent contrib-
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Figure 2. Plot of residence time (log y) vs . sea

water-upper-crust partition coefficient (l og ~W ) . 

Data from Taylor and Mclennan, 1985) . 

uting to the formation of the Acme exhalative horizon . 
Moreover, the geochemical evidence seems to indicate 
that the Acme 3 site was closer to another hydrother 
mally active vent than the other Acme sites sampled. 
The effects of greenschist- facies metamorphism and 
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mineralization of the nearby Shea vein need to be 
considered; however, it appears thus far that distri
bution patterns of elements do exist in the exhalites 
and that these patterns may be helpful to the explora
tion geologist i n the district. 
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Jagger and Palache (1905) published the first 
geologic map of the Bradshaw Mountain region. They 
separated the Precambrian schists from Precambrian 
intrusive rocks and Tertiary volcanic rocks. Metased
imentary and minor metavolcanic lithologies make up 
the schistose rocks, which they considered to be the 
oldest rocks in the region. The schists were thought 
to be involved ·in several episodes of deformation 
including isoclinal folding. Attitudes of bedding 
planes are near vertical with a northerly strike. 
Granitic intrusions are divided into the Bradshaw 
granite and separate stocks of quartz diorite, which 
are recognized as the latest intrusive rocks. Meta
morphism is considered to be a contact event near the 
intrusions with hornblende produced in the schist. 

Lindgren (1926), using Jagger and Palache's (1905) 
map as a base, described the geo 1 ogy of many ore de
posits and their host rocks. The presence of metavol
canic lithologies within the Yavapai schist was noted. 
Amphibolite was interpreted as a schistose-altered 
mafic volcanic rock, and rhyolitic protoliths within 
the Yavapai schist were described for the first time. 

Jerome (1956) described rocks within the Black 
Canyon schist belt according to his interpretation of 
the original protolith . A major overturned asymmetri
cal anticline is believed to exist near Cleator with 
the "Cleator" granite intrusive into the core (Jerome, 
1956). Rocks extending along the east side of Black 
Canyon are on the overturned 1 imb of this fold, and 
the top of the section is considered to lie to the 
east. Metamorphic grade increases from east to west 
based on the first appearance of biotite, garnet, and 
staurolite . These minerals are considered evidence of 
Barrovian-type metamorphism, although kyanite and 
sillimanite were not reported. Andalusite is consid
ered a contact metamorphic mineral related to the 
intrusion of the "Cleator" granite. 

Since 1958 parts of the Prescott-Jerome district 
were mapped at scales of 1: 24,000 and 1:62,500 by the 
U.S .· Geological Survey. Recognition of Jerome, Ari
zona, as a stratabound massive sulfide deposit (Ander
son and Nash, 1972) led to the realization that explo
ration for new massive sulfide deposits in the dis
trict would require detailed knowledge of stratigraphy 
and structure. C. A. Anderson and his co-workers 
aeveloped a stratigraphic and structural model for the 
area surrounding (Mingus Mountain quadrangle) and 
attempted to extend this model to other areas within 
the district. This pioneering work provided an excel
lent base that allowed later authors to pursue more 
detailed projects in the region. 

Krieger (1965) mapped the area north of the Chap
arral fault (Prescott arod Paulden quadrangles), 1-1hile 
Anderson and Creasey (1967) mapped the Mingus Mountain 
quadrangle and Anderson and Blacet (1972a, 1972b) 
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mapped the ~iount Union and Mayer quadrangles. 
Blacet's (1968) Ph.D. dissertation covered the SO of 
the Mount Union quadrangle (now know as the Batt l e 
Flat 7.5-minute quadrangle). Originally the Yavapai 
Series near Mingus Mountain was divided into the Ash 
Creek Group east of the Shylock fault and the Alder 
Group west of the Shylock fault. The U-Pb cogenetic 
zircon dates reported in 1971 completely revised the 
stratigraphy in the region (Anderson and others, 
1971). The term "Big Bug Group" was substituted for 
the Alder Group, and the Texas Gulch Formation was 
recognized as a separate formation unconformably over
lying the Big Bug Group. The Spud Mountain and Iron 
King Volcanics of the Big Bug Group and the Texas 
Gulch Formation are the metavolcanic and metasedimen
tary rocks exposed in the area investigated in this 
field trip guide. 

Prior to the 1972 paper of Anderson and others the 
foliated nonporphyritic Brady Butte Granodiorite was 
considered to be the oldest rock unit in the region, 
with the Texas Gulch Formation unconformably overlying 
the granodiorite and the rest of the sequence overly
ing the Texas Gulch Formation. The porphyritic phase 
of the Brady Butte Granodiorite was considered intru
sive into the older granodiorite and the Spud Mountain 
formation . The U-Pb dates on cogenetic zircons by 
Silver and Stern (cited in Anderson and others, 1972) 
indicate that both phases of the Brady Butte Granodio
rite and the metavolcanic rocks are the same age with
in the resolution of isotopic methods (Anderson and 
others, 1971). The chemistry of both phases of the 
granodiorite is indistinguishable. Therefore, the 
Brady Butte Granodiorite is not the oldest rock in the 
region but is younger than the Spud Mountain Volcanics 
(field relationships) and older than the Texas Gulch 
Formation. A U-Pb date of 1748 m.y. B.P. by Silver 
(1978, oral commun.) indicates that the Texas Gulch 
Formation is significantly younger than all the other 
pretectonic rocks in the area. 

Even though steeply plunging isoclinal folds were 
observed along with shall ow-p 1 ungi ng fo 1 ds (Anderson 
and Blacet, 1972a, 1972b), maps and cross sections 
show only shallow-plunging fclds . Boundary faults are 
placed at the contact of the Texas Gulch Formation 
with older rocks everywhere except at the northern 
terminus of the Brady Butte Granodiorite . Most of 
these faults do not exist, and the contact can be 
reasonably reinterpreted as a refo i ded unconformity 
(O'Hara and others, 1978). If this model is correct, 
then several of the stratigraphic corrections of An
derson and Bl acet ( 1972c) are suspect and the age 
relationships within the older metavolcanic rocks may 
have to be revised. 

Blacet (1968) mapped several isograds and noted an 
increase in metamorphic grade from north to south . 
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This increase in grade is attributed to posttectonic 
intrusions. 

Evensen (1969) completed a Ph.D. dissertation at 
The University of Arizona on the geology of the cen
tral portion of the Agua Fria mining district. Strat
igraphic units within the Yavapai Series were subdi
vided and presented on a geologic map. The origin of 
the ore deposits and alteration assemblages was con
sidered to be either epigenetic or remobilized during 
and after deformation from an original syngenetic 
source. Steeply plunging 1 ineations were associated 
with a single deformation event during which the prin
cipal stress direction was vertical. Evensen is cur
rently mapping folds associated with these lineations 
and has reinterpreted the origin of the ore deposits 
(Evensen, 198D) . 

DeWitt (1976, 1978, 1979) mapped stratigraphy, 
structure, and isograds in the Iron King and Spud 
Mountain Volcanics between the towns of Crown King and 
Mayer . A model that accounted for steeply plunging 
fold axes was presented for the first time. A region
al fold pattern was interpreted by connecting isolated 
iron formation into an outcrop pattern . Evidence for 
polyphase deformation in the vicinity of the Brady 
Butte Granodiorite (O'Hara and others, 1978) is not 
recognized. The variations in style and orientation 
of fold geometry are ascribed to refraction of strain 
about the granodiorite "buttress" during one episode 
of deformation. 

P. A. Anderson is currently completing a Ph.D. 
dissertation at The University of Arizona . His work 
includes determination of the stratigraphic and struc
tural history of the older Precambrian in Arizona and 
the crustal setting of the Precambrian in Arizona 
(Anderson, 1978, n.d . ; Anderson and Guilbert, 1978) . 
Detailed mapping of the lower grade rocks in the 
Jerome-Prescott district is included in his project . 
Anderson (n.d.) considered the metavolcanic rocks as 
island arcs. These island arcs mark the site of new 
crust generated at a convergent plate boundary . 
Stratigraphic reconstructions are based upon cross
cutting relationsh i ps and the presence of unconform
ities within the stratigraphy . O'Hara (1980b, 1981c, 
O' Hara and others (1978), and Karl strom and O' Hara 
(1984) have presented evidence for at least two epi
sodes of regional deformation. The recognition of the 
polyphase deformation in these rocks led to an ongoing 
investigation of potential stratigraphic models within 
the older volcanic rocks that are consistent with the 
multiple-folding hypothesis. The conclusiun that the 
pelitic rocks that crop out near Cleator are the old
est rocks in the region (O'Hara, 1980b) is now re
jected. Metamorphic mineral assemblages are consid
ered to be caused by a regional metamorphic event 
(O'Hara, 1980a, 1980b, 198lb; O' Hara and Stamm, 1978). 
Highly contorted i soreaction 1 ines appear to be con
tro lled by variations in the mole fraction of C0 2 in 
the metamorphic fluid (O'Hara, 1980b; 1981b). Recog
nition of felsic metavolcanic protoliths and altera
tion assemblages is presented by O'Hara (1981; n.d.a). 
The relationship between F1 folding and thrusting is 
being reviewed. 

Ka~lstrom (n.d.) presents a structural model that 
relates various orientations of F1 and F2 lineations, 
foliation, and fold axes to variable strain rates 
during each event. Two of Karlstrom ' s students at 
Northern Arizona University, Flagstaff, are working on 
structural problems within the region . Rebecca Wi 1-
liamson is studying the cataclasis associated with 
deformation in the Chaparral shear zone, and Mark 
Barrach is analyz i ng field data and petr.ofabric data 
from the Shylock zone . 
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I NTRODU CTI ON 

Isoclinal folding obscures the original stratigra
phy (Anderson and Blacet, 1972c; DeWitt, 1976, 1g79; 
Anderson, 1978; O'Hara and others, 1978); therefore, 
the only way to develop a stratigraphy is to fit the 
lithologic units into a fold model. The lack of mark
er horizons of adequate lateral extent hinders struc
tural and stratigraphic analysis in the region. C. A. 
Anderson and co-workers using a structural model based 
on folds with shallow plunges extended stratigraphy 
southward from low- grade metamorphic rocks near Jerome 
into the high-grade rocks near Cleator and Crown King. 
Stratigraphy was based on the similarity between in
terpreted protoliths of high-grade rocks and low-grade 
rocks . Some of these correlations are in doubt be
cause steep ly plunging fold axes and the associated 
deformation were not considered in the model. 

DeWitt (1976) chose the iron formations within the 
Iron King Volcanics as marker horizons. This approach 
assumes that the iron formations were either original
ly continouss units later broken during folding or 
were all deposited in the same stratigraphic horizon 
as pods which corre 1 ate with one another. The iron 
formations along with a basaltic agglomerate were used 
to interpret the stratigraphy within the framework of 
a structural model based solely on the steep fold 
axes. Shallow fold axes were attributed to refraction 
of structural elements by differential strain about 
the pretectonic Brady Butte Granodiorite. 

Evidence of faulting is present locally at the 
boundaries of and within the Texas Gulch Formation. 
These zones of fracturing and brecciation have been 
cited as evidence for a boundary fault system sur
rounding the Texas Gulch Formation (Anderson and 
Blacet, 1972c). Nevertheless, many of the boundaries 
do not show evi de nee of faulting and appear to be 
sedimentary or sedimentary-volcanic contacts . Blacet 
(1966) presented ev i dence of an unconformable contact 
between the Brady Butte Granodi or_ite and the Texas 
Gulch Formation. Silver (1978, oral commun . ) dated 
the Texas Gulch Formation at 1740 m.y. B.P. (no error 
reported; U-Pb on zircons, us i ng the old A). This 
date impl i es an unconformable relationship between the 
Texas Gulch Formation and the 1770 to 1760 m.y. B.P. 
granodiorite and the 1770 ± 10 m.y . B.P. metavolcanic 
rocks . O'Hara and others (1978) observed evidence of 
po lyphase deformation north of the Brady Butte Grano
diorite with the Texas Gu 1 ch Formation . The outcrop 
pattern of the Texas Gulch Formation demonstrates at 
least two episodes of fold_ing and is somewhat mod ifi ed 
by fault i ng. 
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STRATIGRAPHIC UNITS OF C. A. ANDERSON 
AND CO-WORKERS 

Yavapai Series 

Metavolcanic and metasedimentary rocks of the 
Yavapai Series (Anderson and Creasey, 1958) crop out 
within the area described in this study. These rocks 
were originally subdivided into the Ash Creek Group 
and Alder Group (Anderson and Blacet, 1972c) . 
Isotopic data led Anderson and others (1971) to rename 
the Alder Group the Big Bug Group, which includes all 
the rocks of the Yavapai Series exposed in the area 
de~cribed in this study. 

Big Bug Group. The Big Bug Group is divided into 
three formations . From oldest to youngest they are: 
(1) Green Gulch Volcanics, (2) Spud Mountains Volcan
ics, and (3) Iron King Volcanics (Anderson and Si lver, 
1976). The Green Gulch Volcanics are not present in 
the area of this study and wi ll not be discussed . The 
thickness of the Big Bug Group cannot be measured with 
confidence because of the prcbabil i ty that unrecog
nized small fo 1 ds on the flanks of major fo 1 ds dup 1 i
cate the section and because of probable thinning and 
thickening of units during deformation (Anderson and 
Bl acet, 1972c). 

The following description of the Spud Mountain and 
Iron King Volcanics is taken from the report by Ander
son and Silver (1976, p . 17). For more detailed in
formation the reader is referred to the many art i cles 
coauthored by C. A. Ande r son listed in the refe r ences. 

The lower part of the Spud Mountain Volcanics is 
characterized by andesitic-rhyolitic breccia conta iro 
i ng interbeds of crysta 1 tuff, tuffaceous sands tone, 
and siltstone. Clasts in the breccia range from 3 to 
50 em in diameter, and individual breccia beds range 
from 3 to 10 meters in thickness. The dominant rock 
type forming clasts is porphyritic andesite containing 
phenocrysts 4 to 8 mm l ong; clasts of rhyolite may be 
absent in many beds and abundant in others. The brec
cia beds form the core of an overturned anticline in 
the northeastern corner of the Mount Union quadrangle 
(fig. 1). In the southern part of the Mount Union 
quadrangle, the breccia beds are thin and appear as 
interbeds in thickly bedded and massive crys t al · tuff 
containing stubby crystals and clasts of quartz and 
albite . 

The upper part of the Spud Mountain Volcanics is 
dominated by andesiti c tuffaceous rocks, 1 oca lly con
tain i ng rhyolitic f lows and tuffs. Zircons from one 
of these flows exposed north of the Big Bug Mesa gave 
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Figure 2. Simplified stratigraphic and structural recon
structions, Mayer-Crown King area. A. Simplified stratigraph
ic reconstruction (cross section) showing volcanic section 
truncated and unconformably overlain by pelites. B. Simpli
fied structural reconstruction (plan map) prior to intrusion of 
Brady Butte Granodiorite, Crazy Basin quartz monzonite, or 
Laramide(?) intrusive rocks (from DeWitt, 1976). 
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Figure 1. Cross sect i on of. the Mount Union quadrangle. From Anderson and Blacet (1972c) . 

an i sotopic age of 1775 ± 10 m.y. (L. T. Silver, cited 
in Anderson and ethers, 1971). This date suggests 
that a large part of the Big Bug Group is younger than 
the Ash Creek Group. 

In the northwest corner of the Mayer quadrangle, 
the andesitic tuffaceous rocks in the Spud Mountain 
Volcanics contain ferruginous cherts that intertongue 
with the Iron King Volcanics. Southward in this quad
rangle and west of the Shyloc::k fault zone, light
cclored, sandy and sil ty tuffaceous rocks become domi
nant. 

The Iron King Volcanics is a thick sequence of 
pillow and amygdalcidal andesitic and basaltic flows, 
locally contain i ng th i n interbeds of rhyolitic tuffs 
and flows. The youngest unit is a mixed andesitic
rhyolitic tuffaceous rock that crops out in the trough 
of the overturned syncline . 

Metagabbro . Anderson and B l acet ( 1972c) reported 
sill-like and massive gabbroic units intruding rocks 
of the ~ig Bug Group. These gabbros have been recrys
tall i zed to varying degrees by later metamorphic 
events . Most of the metagabbros are massive and weak
ly foliated amphibolites. However, a few samples 
taken from the lower grade metamorphic terrain in the 
north contain relict diabasic texture (Anderson and 
Blacet, 1972c). Anderson and Blacet (1972c) suggested 
that the gabbro within the Iron King Volcanics repre
sent si l ls of mafic magma injected during the accumu
lation of the Iron King Volcanics. Kreiger (1965) 
reported that the Crooks Canyon Granodiorite intrudes 
gabbroi c reeks in the Prescott quadrangle. Cross
cutting r elationsh i ps illustrate that a metagabbro 
south of Battle Flat within the area of t his study is 
intruded by the Brady Butte Granodiorite. 

Brady Butte Granodiorite. The Brady Butte Grano
diorite was originally consider ed by Blacet (1968) to 
be the basement upon which the Yavapai Series was 
deposited . Later isotopic dates indicate that the age 
of the Brady Butte Granod iorite is 1770 ± 10 m.y., 
wh i ch is indistinguishable from the 1775 ± m.y . age of 
the Spud Mountain Vo l canics . In the southeast corner 
of the Battle Flat quadrangle the Brady Butte Granodi
orite appears to intrude the Spud Mountain Volcanics . 
Therefore, even though radiometric dating cannot dis
tinguish age differences between those rock units, 
field evidence indicates that intrusion of the Brady • 

Butte Granodiorite occurred after at least part of the 
Big Bug Group was deposited. 

The Brady Butte Granodiorite is a tabular body, 
which is elongate north to south . This intrusive rock 
is medium or coarsely crystalline with average diame
ter of quartz and plagioclase grains ranging from 3 to 
7 mm. ~1etamorphic foliation is developed to varying 
degrees throughout the exposed extent of the granodio
rite and semi schistose, and mylonitic textures are 
locally well developed (Blacet, 1968). Ori9inally the 
porphyritic granodiorite near Tuscumbia Mountain was 
considered to be a younger intrusive rock (Blacet, 
1968) . However, later work indicated that it is a 
porphyritic phase of the Brady Butte Granodiorite 
(Anderson and Blace t , 1972c). 

Texas Gulch Formation . The Texas Gulch Formation 
(Anderson and Blacet, 1972c) is made up of two 
distinct units: (1) slate (pelite) and (2) bedaed 
rhyolitic tuff grading into sandy tuff and rhyo .l itic 
tuffaceous sandstones. Pebble-and-cobble conglomer
ates occur within the slate but more commonly with the 
sandy beds. Blacet ( 1966) observed the unconformity 
at the base of the Texas Gulch Formation where the 
Texas Gulch Formation overlies the Brady Butte Grano
diorite . In this locality the basal conglomerate 
grades upward into cross-bedded sandstones, congl om
erates and ultimately into slate. Even though the 
basal conglomerate is not continuous, O'Hara and oth
ers (1978) suggested that the contact between the 
Texas Gulch Formation and rocks of the Big Bug Group 
and Brady Butte Granodiorite may be interpreted as an 
unconformity . Locally, three faults are found along 
the contacts between these units. 

Tertiary-Cretaceous(?) Granodiorite . Two stocks 
of posttectonic granodiorite intrude the Precambrian 
rocks in the region . The northern stock is located 
along Big Bug Creek (Anderson and Blacet, 19 72c) and 
the southern stock is located west of Crown King 
(DeWitt, 1976). The northern stock has been dated 64 
m.y. B.P . and 70 m.y. B. P. (Anderson and Blacet, 
1972c). However, these are K-Ar determinations on 
biotites (Anderson, 1968) and therefore give a minimum 
age. The following description of the granodiorite is 
taken from Anderson and Blacet (1972c, p. 52). 

The granodiorite in general is medium grained. It 
contains conspicuous zoned plagioclase crysta ls be-



tween 2 and 3 mm in length composed of sadie to calcic 
oligoclase. Potassium feldspar is generally smaller 
except for occasional poikilitic grains 2 mm or more 
in diameter. Interstitial quartz grains average about 
1 mm in diameter, with some as small as 0.3 mm. Horn
blende is conspicuous, particularly in hand specimer,, 
and in the eastern part of the stock along Big Bug 
Creek, hornblende crystals are locally 5- 7 mm long. 
In general, they average about 2 mm in length, and a 
few crystals are as l ong as 3 mm. The large horn
blende crystals contain biotite and n1agnetite inclu
sions. Biotite is rarely larger than 21 mm in size, 
generally averaging between 1 and 2 mm. Accessories 
are magnetite, irregular sphene, stubby apatite, and 
minute zircon crystals. 

STRUCTURAL INTERPRETATIONS OF C. A. ANDERSON 
AND CO-WORKERS 

Detailed geologi c maps summarizing the structural 
models ot C. A. Anderson and co-workers, U. S. Geologi
cal Survey geologists, are available as GQ-996 and 
GQ-997 (Anderson and Blacet, 1972a, 1972b). The east
ern half of the Poland Junction quadrangle and western 
half of the Mayer 7. 5-minute quadrangle encompass the 
area of study. Fold structure consists of overturned 
folds with horizontal or shallow-plunging fold axes. 
The spud Mountain Volcanics in the Mount Union quad
rangle cores an overturned anticline, and the Iron 
King Volcanics in the Mayer quadrangle are in the core 
of an overturned syncline. The anticline within the 
Texas Gulch Formation is cut off by the ~1est boundary 
fault and apparently is considered a fold that was 
transported by faultir,g to its present position. The 
Texas Gulch Formation is bounded everywhere except at 
the northern contact of the Brady Butte Granodiorite 
by boundary faults . Figure 1 is a cross section that 
summarizes the structural model of Anderson and Blacet 
(1972c). The stratigraphic description is in part 
based on this model and is presented in its final form 
by Anderson and Silver (1976). 

SUMMARY STATEMENT CONCERNING THE STRATIGRAPHY 
OF C. A. ANDERSON AND CO-WORKERS 

A complete description of all rock units described 
by C. A. Anderson and his co-workers at the U. S. Geo
logical Survey is beyond the scope of this report. 
The reader is referred to the many articles coauthored 
by C. A. Anderson included in the references in this 
study. The overall timing of events, description of 
rock units, and protolith interpretations for the most 
part are excellent. The stratigraphic relationships 
within the Big Bug Group and the structural interpre
tat i ons are open to some question (O'Hara and others, 
1978; DeWitt, 1979). Only detailed structural and 
stratigraphic analysis will further refine these prob
lems . The rest of this section will describe DeWitt ' s 
(1979) structural model and the constraints imposed in 
the stratigraphic interpretations within the Big Bug 
Group and my own st r uctural model, which differs from 
both of the previous models . 

STRATIGRAPHIC AND STRUCTURAL MODEL OF DeWITT 

DeWitt (1979) also presented a structural and 
stratigraphic model based on a single episode of de
formation {fig. 2). The detailed geologic map pre
sented by DeWitt includes the boundary of the Texas 
Gulch Formation on the west and the pelitic rocks east 
of the Iron King Volcanics. Steeply plunging fold 
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axes and lineations are present in this a rea and are 
considered to be related to one epis ode of folding. 
Minor folds that plur.ge southward 30°-45 c within the 
Texas Gulch Formation are considered to be the same F, 
tolds but are oriented differently due to refraction 
of strain about the Brady Butte Granodiori te during 
deformation. The major regional folds interpreted 
fro m these data plus the map patterr.s of l ithologic 
units have steep plunge s . Therefore , strati graphic 
interpretations are quite different from those of C. 
A. Anderson and co-workers. Stratigraphic units with
in the Iron King Volcanics are differentiated and 
mapped and extended fartht:r to the south. The major 
structure interpreted by DeWitt ( 1976, i979) is a 
south-closing, overturned, steeply plungi r. g antic line 
within the Iron King Volcanics (f ig. 3). Based on 
reconnaissance mapp ing, DeHitt ( 19 79) inferred a 
north-closing, steep ly plunging syncline cored by the 
pelitic unit (fig. 3). 

A stratigraphic column (DeWitt, 1979) based on the 
structure mcdel and protol ith ident ification is pre
sented i n figure 3. For a complete des cription of 
specific stratigraphic units determined by DeWitt, the 
reader is referred to DeWitt (1976) or DeWitt (1979) . 
Figure 2A illustrates DeWitt's (1979) stratigraphic 
reconstruction of the Iron King Volcanics and overly 
ing pelitic rocks. The ccntact between the Iron King 
Volcanics and the pel i tic rocks is conside red to be an 
unconforn1ity. Figure 2B illustrates the structural 
reconstruction of DeWitt (1979 ) with later intrusions 
not included . 

POLYPHASE DEFORMATION MODEL AND IMPLIED STRATIGRAPHY 

During in i tial reconna is sance mapping the follow
ing two problems with the previous work became appar
ent : 
1. Steeply plunging fold axes are parallel to the 
dominant lineation directions. This indicates that 
the lineations are not "a" lineations as Blacet (1968) 
stated; therefore, the structures present are proba
bly more complex than reported. 
2. All previous workers identified and mapped the 
rock units as protoliths. Contrary to the previous 
workers' assertion of excellent primary feature 
retention, only an occasional cross-bed or graded bed 
was observed and in most cases these features were in 
the Texas Gulch Formation. 

Aerial photographs were used to 1 ocate key areas 
to test the various stratigraphic and structur"al mod
els. The map pattern of the Texas Gulch Formation 
(Anderson and Blacet, 1972c) apparently indicates the 
presence of a refolded fold. The proposed boundary 
faults (Anderson and Blacet, 1972c) surrounding the 
Texas Gulch Formation were investigated at several 
localities, and aside from the two faults along the 
eastern contact of the Texas Gulch Formation no evi
dence of faulting was observed. The unconformable 
relationship between the Texas Gulch Formation and 
Brady Butte Granodiorite ( Bl acet, 1968) was confirmed 
and on this basis, along with the isotopic date of 
1740 m.y . B. P. on the Texas Gulch Formation, O'Hara 
and others (1978) claimed that the boundary surround
ing the Texas Gulch Formation was a folded unconform
ity and that this is evidence for at l east two epi
sodes of deformation, Based on this interpretation, 
the Spud Mountain Volcanics and Iron Ki ng Volcanics 
can be interpreted as at least partially correlative. 

During reconnaissance mapping in the Iron King 
Volcanics between Mayer and Crown King, no evidence of 
DeWitt's {1976, 1979) major fold or folded stratigra
phy was observed. In fact, the rock unit cropping out 
below the Texas Gulch Formation on the Mayer-Goodwin 
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Read is intermediate to mafic rock, not a basalt or 
andesite as shown by DeWitt (1979). Therefore, the 
regional F 1 syncline is defined by the south-closing 
contact of the Texas Gulch Formation . The rock units 
aeformed in the F1 event are refolded about t he north 
ern boundary of the Brady Butte Granodiorite. The 
refolding causes the reappearance of the F1 synclinal 
axis in the Battle Flat area west of the Brady Butte 
Granodiorite. 

Revised Stratigraphy 

The revised stratigraphy is based on the structural 
model proposed above and reco.nnaissance mapping in the 
pelitic and metavolcanic rock units. The youngest 
rocks are in the core of the F1 sync l ine within the 
Texas Gulch Formation. Even though the sequence is in 
part duplicated by mi nor folds and thicknesses have 
been changed by deformat i on, the overall stratigraphic 
sequence can be determined. The base of the pelitic 
unit unconformably overlies the eastern metavolcanic 
sequence observed in the Shy l ock "zone." Near the top 
of the pelitic unit, metagraywacke(?), fragmental 
metafelsites, and minor cherty layers are interlayered 
with pelitic rocks. Included in this sequence is an 
amphibolite of unknown origin . In the DeSoto mine 
area an amphibole-bearing calcareous metapelite is 
i nterl aye red with the pe 1 iti c sediments. Unconforll)
ably(?) overlying these rocks are amphibolites, 
quartz-muscovite schist, and sil i cified metarhyolite. 
An agglomerate (DeWitt, 1979) or lag conglomerate 
overlies and truncates these rocks and crops out north 
of Turkey Creek. This rock unit may mark the base of 
another unconformity. Overlying the agglomerate(?) 
are the amphibolites, quartz-muscovite schists, and 
metarhyolites of the Blue Bell mi ne area. These rocks 
may be intruded by a metagabbro (DeWitt, 1978) that is 
now an amphibolite. This metagabbro(?) may be a 
southward extension of a metagabbro (diabasic texture) 
that crops out southwest of Mayer. The rocks i n the 
Blue Bell mine area are overlain by a sequence of 
amphibolites, quartz-muscovite schist, minor metagray
wacke, and marb 1 e. The rocks in both the B 1 ue Be 11 
mine area and the DeSoto mine area are overlain by 
calc-silicate rocks intercalated with amphibolites (at 
lower metamorphic grade these rocks are greenstones) 
and marble. This unit thickens southward where it 
comes i n contact with the pelites near Crown King. 
Northward this rock unit thins and is replaced by 
calcareous fragmental rocks that are similar to frag
menta l rocks in the Spud Mountain Volcanics west of 
the F2 fold axis. The pebble-and-cobble conglomer
ates, metarhyo 1 ites, and quartz-muscovite schist of 
the Texas Gulch Formation overlie the Spud Mountain 
and Iron King Volcanics unconformably. The youngest 
rock unit in this unit appears to be the phyllitic 
pel ite in the center of the area of outcrop of the 
Texas Gu l ch Formation. Stratigraphic relat i onships 
within the Texas Gulch Formation are difficult to 
decipher due to the extreme deformation (Blacet, 
1968). 

Deformation and Folding 

Overtu r ned steeply pl unging isocl i nal folds are 
the youngest folds (F 1 ) observed in the region. These 
folds are observed in thin section, outcrops, and as 
folds with up to 2-km amplitude. Layering (5 0 ), which 
in these rocks appears to coincide with lithologic 
contacts, is folded , whereas the observed foliation 
(5 1 ) i s parallel to the axial pl anes. Lineations 
(either small-scale fold axes or the intersection of 
layering with foliation) are parallel to the fold 
axes . Therefore, the lineations are most likely "b" 

lineations. sl foliation i s the dominant foliation 
observed in the region. 

East of the Brady Butte Granodiorite, outcrops of · 
the Texas Gulch Formation contain linea tions and fol d 
axes that plunge 30° - 45° S. wi t hin the plane fo lia 
tion. The foliation, which dips steeply to the west, 
is paralle l to the regional foliation pattern in the 
area . There appears to be a transition from east to 
west from steepl y plunging lineations to shallow
plunging l ineations and fold axes . At present it is 
believed that these loc a l folds are also F1 folds but 
are designated F1a because of the diffe r ent or ienta
tion of the fold axes. DeWitt ( 1976) attributed these 
axial attitudes to refraction of strair: about the 
Brady Butte Gra nodiorite during deformation . An al
ternate hypothesis 111 i ll be proposed later. 

A second generation of minor folds ( F2 ) i s ob
served north of the Brady Bu t te Granodiorite in t he 
Mule Canyon area . These fo lds a re overt ur ned and open 
to t i ght folds pl unging oo to 20 ° N. Laye ring ( S0 ) 

and schistosity (5 1 ) are folded by these F2 folds. 
Small-scale F1 or F1a isoclinal fo l ds are f ol ded by 
the F2 folds. 52 foliat i on is rep resented by fracture 
cleavage that dips steeply to the west and is parallel 

" to the axial planes of F2 folds. The shear sense and 
level of flexure of t hese folds confirm the presence 
of the anticline of Anderson and Bl acet (1972c) within 
the Texas Gulch Formation. Mi nor F2 folds are rare in 
the rest of the region. The large number of minor F2 
folds i n the Mu l e Canyon area is attributed to the 
fact that it lies in the axial area of the regional F2 
fold. 

Faults and Fractures 

Many faults and large fractures a r e observed in 
the field and on aeria l photographs. The faults or, 
the east limb of the F2 antiform, which cut the Texas 
Gulch Formation and Iron King Volcanics, are the most 
obvious. These faults appear to have a major left
lateral strike-slip component. Detailed mapping on 
the southern structure indicates that it is a F1 axial 
area that i s cut off by the fault and that the fold 
axis is displaced to the south. Therefore, this 
structure cannot be interpreted as a simple left
lateral strike-slip fault. It can be explained in ei
ther of two ways : (as a left-lateral strike-slip 
fault through a minor fold displacing the axial area 
to the left or (2) as a vertically dipping norma I 
fault with the west block displaced upward. This 
movement displaced the downplunged axis of the fold 
upward in contact with the west side of the fold . 
Other major fractu r e zones are observed on aerial 
photographs. Fi eld evidence indicating the presence 
of faults include mylonitization, c l osely spaced indi
vidual fractures , quartz and carbonate veins, and 
changes in the attitude of 50 and 51 near the 
fractures. However, no apparent displacement can be 
measured on many of these fractures. All the 
f ractures and faults are considered to postdate the 
folding and to predate the eruption of the Tertiary 
volcanics. 

Shylock Fault Zone 

Anderson and Blacet (1972c) interpreted a sequence 
of metavolcanic rocks about 2 km thick that are in 
contact with the western boundary of the Badger Spring 
Granod i orite as part of a major regional structure; 
the Shylock fault zone. Fracturing and mylonitization 
in the granodiorite and metavolcanic roc ks along with 
the lack of a contact metamorphic aureole in the meta
volcanic rocks suggests.that the granodiorite i s in 
fault contact with the metavolcanics. At least local-



ly, the metavolcanics seem to be in fault contact with 
the metapelites. However, this contact is about 0.5 
km west of the boundary of the Shylock fault zone. 
The rocks between these faults are vertically dipping 
quartz-muscovite schists. The · vertical orientation in 
this region presents a very strong lineation on aerial 
photographs, but no evidence of crushing, fracturing, 
or granulation was observed in this zone. The rootless 
folds and en echelon slabs of iron formation (boudin
age?) suggest that the rocks in this region underwent 
extreme transposition during F1 deformation. For 
these reasons it appears that these rocks are not part 
of a fault zone but are a zone of extreme strain that 
occurred during the F1 deformation. 

Tectonic Model 

Removing the posttectonic intrusive rocks and 
using the fold model presented above allow the formu
lation of a hypothesis concerning regional tectonic 
movements. If the stratigraphic arguments and fold 
history are reasonable, then F1 folding would produce 
regional recumbent isoclinal folds with associated 
thrust faults(?) that are overturned from southwest to 
northeast. Axes of these folds would trend roughly 
northwest to southeast. During this event the over 
turned limb of the regional fold would be oversteep 
ened as the folds formed, and at this time slumping of 
the youngest rocks into the core of the syncline might 
be expected . Blacet (1968) asserted that the stratig
raphy within the Texas Gulch Formation is extremely 
complex. The complex stratigraphy and the presence of 
F1a folds may be accounted for by the slump hypothesis 
if the allochthonous rocks moved down the slope of the 
basin at an angle to the direction of folding. Alter
natively, the F1a fold may have been caused by the 
refraction of strain about the Brady Butte Granodior
ite (DeWitt, 1976). These structures would then be 
deformed by the F2 event, which may have been accom
panied by upward movement of the granodiorite in the 
core of the F2 antiform . However, the granodiorite 
may have simply acted as a focal point for deforma
tion . These deformations would be responsible for the 
present outcrop pattern, which was only locally modi 
fied by later events . Large-scale faulting and frac
turing apparently postdates this event . 
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GEOLOGIC OVERVIEW OF THE TRANSECT FROM THE IRON KING MINE 

TO THE COPPER QUEEN MINE 

Phillip Anderson 

Precambrian Research and Exploration· Inc. 
810 Owens Lane, Payson, Arizona 85541 

I NTRODU CTI ON 

The Geology between the Iron King and Binghampton
Copper Queen mines is an important transect across the 
eastern half of the 1800 m.y.-old, Proterozoic Pres
cott volcanic belt. The rocks encountered span from 
almost the oldest to the youngest formation in the 
belt, but many of the unconformab 1 e contacts between 
the older and younger formations have beer: obscured by 
intense deformation in the Shylock tectonic zone, thus 
rna king the recognition of these important contacts 
difficult without extensive mapping of the stratigra
phy in the be 1 t. 

A simplified geologic map of the major rock units 
between the Iron King and Binghampton-Copper Queen 
mines (fig. 1) is included with this discussion to 
help those participating in the field trip locate 
themselves and the mines they visit with respect to 
these major geologic formations. The formation termi
nology used here is in part new, is proposed by me for 
formal adoption, and will be published more explicitly 
in a forthcoming Arizona Geological Society Digest. 

METAMORPHIC AND ALTERATION FEATURES 

All rocks exposed in the region were originally 
Precambri~n volcanic rocks and their tuffaceous or 
volcaniclastic derivatives, but most rocks have since 
been converted to fissile schists and semi-schists by 
low-grade greenschist metamorphism. This means that 
sericite, albite, and locally clays take the place of 
original volcanic feldspars, and usually chlorite, 
sericite, magnetite, anc locally actinolite take the 
place of original pyroxene or hornblende. Quartz 
usually survives and is enhanced by most greenschist 
metamorphic reactions. 

Not all rocks were originally fresh prior to meta
morphism; in fact, large portions of the volcanic 
piles were extensively hydrothermally altered in their 
original depositional sites prior to metamorphism. 
The most widespread alteration types are chloritiza
tion and sericitization of thick felsic volcanic 
units, particularly in the Binghampton-Copper Queen 
area. Abundant quartz eyes in a strongly chloritic 
rock nearly always signifies original chloritic alter
ation. Elsewhere, rocks that are mostly sericite and 
clays also denote zones of original volcanic altera
tion rather than retrograde metamorphism. 

In many places, the alteration systems worked up 
through the volcanic piles by circulation of magmatic 
fluids or heated sea-water brine, but in other places, 
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such as above the Copper Queen adit, it is clear that 
the chlorite was an original exhalative product of 
volcanism and was deposited in thin layers within the 
main exhal ite horizon. South of the Copper Queen 
area, the Stoddard mine is a classic example of a clay 
alteration pipe cutting through rhyodacitic fragment
als that has not significantly metamorphosed after 
original volcanic alteration. 

MAJOR STRUCTURAL FEATURES 

All Proterozoic stratified volcanic and clastic 
rocks in the Prescott volcanic belt are foliated to 
some degree, leaving them with the appearance of 
schists, semi-schists, phyllites, and locally slates .. 
This foliation results from a major event of deforma 
tion 1700 m.y. ago in which the relatively incompetent 
stratified rocks acted passively and were penetrative
ly impr inted by foliation and locally lineation, com
pared to adjacent relatively competent plutonic rocks, 
which were not as strongly foliated or lineated. 

This pronounced north- to northeast-trending foli
ation is the dominant structural feature of stratified 
volcanic rocks in the Prescott belt. Lineations, 
folds, original bedding, and other structural features 
are much less obvious because of the relatively poorly 
bedded nature of volcanic piles. The predominance of 
this foliation and relative obscurity of other struc
tural features has led to some controve~sy and misun
derstanding as to exactly how the volcanic belts have 
been deformed, with the absence of any folding versus 
several periods of refolding being the two extreme 
viewpoints. 

The foliation is a measure of the total strain 
experienced by the rocks, and it varies in direction 
and intensity from place to place across the volcanic 
belt . In the Bradshaw Mountains west of the field 
transect, the rocks are only weakly fo l iated and rela
tively slightly strained . From the Chaparral shear 
zone 1. 5 miles west of the Iron King mine to the Agua 
Fria River 4 miles southeast of the Iron King mine, 
foliation trends N. 40° E. to N. zoo S. and is of 
moderate to strong intensity. East of the latter 
point, from Bell Ranch to the Binghampton-Copper Queen 
mine, foliation trends north-south and is of strong to 
extreme intensity. 

Part of this eastern zone was originally mapped as 
the Shylock fault and was proposed by C. A. Anderson 
of the U.S. Geological Survey as a major strike-slip 
fault with transcurrent displacement . Subsequent 
detailed mapping in the north by me traced the Grape-
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vine Gulch Formation from Mingus Mountain right across 
the Shylock zone west into the Indian Hills, 'thus 
disproving any strike-slip offset. A similar transect 
through cant i nuou s, but high 1 y deformed rock types is 
possible from the Copper Queen mine area east across 
the Shylock zone but is complicated in the southern 
area by the presence of strongly deformed unconform
ities. 

The Shylock zone is now understood to be a zone of 
very strong to extreme strain in which the stratified 
volcanic and clastic rocks have been intensely flat
tened and strongly extended in both north-south and 
vertical directions, leaving many of the rocks in the 
zone as fissile paper schists. Notwithstanding this 
extreme strain, there is general stratigraphic and 
structural continuity within the zone, and small 
faults within the zone, such as the Bear Track Canyon 
fault east of the Copper Queen mine, are not compo
nents of major strike-slip faults. 

The rotation of foliation from its usual northeast 
trend in the rest of the Prescott volcanic belt into a 
true north-south direction in the Shylock tectonic 
zone results from the buttressing effect of two major 
plutonic or batholithic masses . The Cherry Springs 
batholith lies east of the volcanic rocks in the Mayer 
area, and much of the alluvial-covereci valley from 
Humboldt north ·to Prescott Valley is underlain by 
Prescott-type granodiorite. . These two competent 
plutonic masses effectively flattened the incompetent 
stratified rocks between them, causing them to flow 
both horizontally and vertically into a north-south 
elongate zone of high strain that is now call the 
Shylock tectonic zone. The southern part of the Shy
lock zone in the Black Canyon belt records similar 
flattening and extension between plutons . 

MAJOR STRATIGRAPHIC UNITS 

The following stratigraphic sequence has been 
worked out by me through detailed mapping of all quad 
rangles in the Prescott belt. It can only be gleaned 
from understanding the structure and stratigraphy of 
the entire volcanic belt and the complex, laterall y 
interfingering nature of rock units within it . The 
sequence will not be evident frorr. the brief fie 1 d 
inspection involved in this transect. All formations 
described below are redefined as belonging to either 
the Mayer group, which extends from near the Iron King 
mine to the eastern outskirts of Mayer, or the Black 
Canyon Creek group. which occupies the easternmost 
part of the Prescott volcanic belt and is the younger 
of the two rock groups. 

Mayer Group 

Round Hill formation. The oldest rock sequence 
in the transect from the Iron King mine to the Bing
hampton- Copper Queen mines lies between the Agua Fria 
River and Round Hill and is newly named the Round Hill 
formation . It is a complex sequence of mafic, inter
mediate, and felsic flows , tuffs, and clastic equiva
lents in which many cher t, iron formation, and exhal
ite horizons are interbedded. A white rhyolitic dome, 
visible from the Iron King mine and Highway 69, lies 
near the top of this vo 1 cani c sequence and produced 
the felsic tuffs in which the Bell Ran gold deposit 
lies. The Round Hill formation is capped by a thick 
and highly distinctive, dark-red to black, shaly iron 
formation, which extends from near Humboldt intermit
tently south to Mayer, thence under cover to reappear 
east of the Bluebell mine. This iron formation de
fines an important time horizon in the volcanic stra
tigraphy. 
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Agua Fria River formation. Stratigraphically 
overlying the Round Hill formation is a very thick 
sequence of tholeiitic basalt flows, pillow lavas, 
mafic tuffs, and hematitic cherts, which is named as 
the Agua Fria River formation. The pillowed basalt 
flow sequences are well exposed in the Agua Fria Rive r 
canyon, where one finds pillowed tops alternating with 
mass ive microgabbroic flow cores and at the base of 
the sequence microgabbroic sills intruding strata of 
the Round Hill formation . 

The Agua Fria River basalt sequence underwent 
fractional crystallization to produce more felsic 
feldspar-phenocrystic andesite and rhyolite end prod
ucts , which are interbedded along the western edge of 
the sequence from the Lone Pine fll'ine south through the 
Baggs-Iron Queen mine sites to the Pentland and Hack
berry mine sites. All of the mines are related to 
rhyolite flows and fragmentals that were deri ved by 
fractional crystallization from the tholeiitic basal
tic parent (Phillip Anderson, Ph.D. dissertation, in 
preparation). 

Spud Mountain formation. In variable disconform -
able to unconformable relation upon the rhyolites and 
andesites described above is a thick sequence of in 
termediate breccias, tuffs, and agglomerates named the 
Spud Mountain formation for its type section on Spud 
Mountain, the rounded knob just west of the Iron King 
mine. The Spud Mountain formation began with dl':posi 
tion of andesite to dacite flows, breccias, and tuffs, 
now exposed on its eastern side along Highway 69. The 
nearby cuts of the o 1 d ra i 1 road grade expose e 1 onga te 
dacitic fragments in the breccias and agglomerates . 

Dacitic pyroclastic volcanism · originating from a 
center to the south near Battle Flat quickly over
whelmed earlier volcanism such that most of the Spud 
Mountain formation consists of dacitic pyroclastics , · 
and lithic-crystal ash-flow tuffs, as seen in the Spud 
Mountain area. The Iron King mine itself and the 
Butternut mine to the south were produced by exha 1 a
tive activity related to the waning or final volcanic 
stages of the Spud Mountain formation. Other mines in 
the same area may relate to later intrusion of the 
Laramide Big Bug pluton. 

BLACK CANYON CREEK GROUP 

The extremely thick sequence of felsic volcanic 
flows, fragmentals, tuff, and volcanic conglomerate 
that 1 ies east of Mayer is part of the Black Canyon 
Creek group, a group that is both spatially and strat 
igraphically distinct from formations in the Mayer 
group, even though the difference is not shown on 
former U.S. Geological Survey maps. The group con
sists broadly of an older felsic volcanic component, 
just mentioned, and a younger sedimentary component 
named the Cleator formation. 

Along its eastern side, the Cleator formation 
overlies felsic volcanics of the Black Canyon Creek 
group from the Black Canyon belt north into the Shy 
lock zone, the contact varying from a disconformity to 
slight angular unconformity. However, the western 
contact of the Cleator formation more obviously uncon 
formably truncates rock units in the underlying Mayer 
group, cutting downsection northerly from the Agua 
Fria River formation into the Round Hill formation 
(see map). Thus, prior to deformation, the Cleator 
formation was originally a shallow spoon-shaped depos
it laid down unconformably across the underlying rock 
units. 

The older part of the Black Canyon Creek group is 
a thick assemblage of felsic to intermediate (domi-
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nantly rhyodacitic to dacitic) pyroclastics, flows, 
and tuffs in which the complexity of facies changes, 
local unconformities, lensoidal depositional units, 
and alteration patterns defy resolution by all but the 
most painstaking detailed mapping. Of the many units 
identified, only two western ones in the Binghampton
Copper Queen mine areas are pertinent to this tran
sect. 

The two units are a prominent quartz-eye rhyolite, 
informally named the quarry rhyolite, which occupies a 
long ridge east of the road to the Copper Queen mine, 
and a unit of dacitic breccia immediately east of 
this; both are formally included in the Binghampton 
Mine facies. The quarry rhyolite is capped by a thin 
prominent ridge of hematitic chert and has a core of 
chloritic alteration, which is especially obvious in 
quartz-eye rhyolites either side of the Bi nghampton 
mine shaft. On the eastern ridge, the intimate inter
relationship of syngenetic copper mineralization to 
this chloritic alteration is evident. 

The dacitic breccia unit seen on the road up to 
the Copper Queen adit appears to occupy the local core 
of a fold where highly deformed in the canyon. The 
quartz-eye rhyolite unit wraps around the nose of this 
north-closing, steeply plunging fold continuously from 
the ridge west of the Bi nghampton shaft to the ridge 
between the B i nghampton and Copper Queen mines and 
thEnce off to the north. Complex facies changes a.re 
present in the mine areas and were sites for localized 
high strain during later intense deformation in this 
part of the Shylock zone. 

The youngest rock unit the Prescott volcanic belt 
(defined as part of the Ash Creek Group on Mingus 
Mountain) is the Texas Gulch Formation. This is a 
dominantly sedimentary formation of well-bedded, re
worked volcaniclastic detritus, which is separated 
from the preceding, dominantly volcanic formations by 
an event of plutonism, uplift, and unroofing of some 
plutons. Thus, contacts of the Texas Gulch Formation, 
both to the north and south, are partly unconformable 
upon pluton rocks of the Brady Butte Granod iorite and 
the Cherry Springs batholith. 

The Texas Gulch Formation is seen in two places 
along this transect: (1) just east of the Iron King 
mine, where sulfide-bearing clasts from the Iron King 
mine strata are recycled into basal units of the Texas 
Gulch, and (2) north of Round Hill, where Texas Gulch 
rocks unconformably overlie the Round Hill and Cleator 
formations as well as volcanic units in the Black 
Canyon Creek group. 

PRECAMBRIAN VOLCANOGENIC MINERAL DEPOSITS 

All stratabound base- and precious-metal deposits 
described here are part of a single, brief Proterozoic 
metallogenic event spanning the period between 1780 
and 1750 Ma, which produced metal concentrations syn
genetic to their enclosing strata (Anderson and Guil
bert, 1979). The older deposits formed in the deep
water submarine environment at or near the sea floor, 
whereas the younger ones formed in shallower water 
marine environments or in volcanic edifices. Thus, 
each mineral deposit is intimately and uniquely re
lated in age, geology, and geochemical characteristics 
to its enclosing volcanic or volcaniclastic strata. 
After deposition, metamorphism, and deformation sub
stantially modified the geometry and mineralogy of 
each deposit and obscured the original sharp cut-off 
between mineralized and postore strata. 

Iron King Mine 
The Iron King mine lies entirely within the Spud 

Mountain formation near its upper contact with the 

Texas Gulch. Formation. Feldspar-phenocrystic dacitic 
breccias distinctive of the Spud Mountain formation 
are found both east and west of the narrow strip of 
Texas Gulch sediments, thus refuting the uniqueness of 
a map unit labeled "Iron King Volcanics" on published 
U.S. Geological Survey maps of the area . Most rocks 
in this obsolete map unit have been reassigned to the 
Agua Fria River formation, and new mapping now recog
nizes that the Spud Mountain formation extends from 
the Iron King mine east to Highway 60 and west past 
the Chaparral fault. 

Both 1,000 feet of and just east of the Iron King 
ore horizon, the distinctive feldspar-phenocrystic 
dacitic breccias can be seen in highly deformed condi
tion .. The eastern breccias are locally chloriticall y · 
altered, whereas the western breccias are carbonate 
and epidote altered over a wide area. Stratigraphy 
less than 1,000 feet west of the ore horizon consists 
generally of fine-grained, finely bedded, intermediate 
to felsic, most ly dacitic tuffs in which tops to the 
east can be found. In this area, bedding is not par
alleled by foliation, and stratigraphic units progress 
northeasterly across foliation. 

As the Iron King ore horizon i s approached from 
the west, the proportion of felsic material increases 
such that tuffs within 200 feet of the ore horizon are 
strongly iron-stained, silicic rhyolitic tuffs in 
which veinlets of hematite after sulfides are clearl y 
apparent. Note that the most fissile sericite schists 
in this area are the most strongly crenulated. Imme
diately under the Iron King ore horizon are thin mafic 
units that may appear to be basalt flows, but upon 
closer inspection are seen to be mafic dikes that 
cross cut stratigraphy. 

The Iron King ore horizon itself at surface is a 
classic sulfide facies iron formation, which is promi
nent because of its highly siliceous character, and 
consists entirely of bedded silica and limonite
goethite boxworks after sulfides, mainly pyrite . 
Right at the dump of the small timberEd shaft, a 1-
foot-wide exposure of massive goethite gossan can be 
found; this is the horizon that was slotted out near 
surface to produce the open cuts and, interestingly, 
was mined solely for its precious-metal content, pri
marily gold, in the early mining of the Iron King 
mine. 

Only later did deeper drifting discover and mine 
the massive sulfide portion of the orebody, which 
plunges steeply to the north under the 1 arge waste 
dump and glory hole to the north in parallel with most 
other structures in the area. The massive sulfide ore 
from the Iron King mine consisted of mainly very fine, 
i nterbedded and fine-grained pyr i te, sphalerite, gale
na, and chalcopyrite with 0. 123 oz/t gold content and 
3.7 oz/t silver content (Gilmour and Still, 1968). 

Baggs-Iron Queen Area 

The Boggs and Iron Queen mine shafts l ie JUSt east 
of Poland Junction, immediately north and south, re
spectively, of an alluvial-covered area that has a 
housing development on its western part. The Boggs 
mine is representative of the character of mineraliza
tion and host-rock types found in the upper portion of 
the Agua Fria River formation, where andesitic and 
rhyo 1 iti c rocks were extruded and i nterdepos ited in 
repetitive succession. The oldest of three thin rhyo
l itic flows contains the Lone Pine mine to the north, 
the Boggs and Iron Queen mines in the central area . 
and the Upshot mine south of Highway 69 (cf. Webb, 
1979). The middle rhyolite appears to be unproduc
tive, but the upper, partly fragmental rhyolite pro
duced the huron deposit to the north and the Pentland 
and Hackberry mines to the south of the highway. 



The Boggs mine involves a narrow, massive sulfide 
bed adjacent to a more broadly mineralized, pyritic, 
sericitically altered area of rhyolite. Both parts 
carry important base- and precious-meta 1 values. 
Little of the massive sulfide bed is seen in outcrop 
as goethite-hematite gossan, and a much greatet width 
is seen at the Iron Queen mine to the south. On the 
Boggs dump, samples of relatively coarse-grained 
s ph a 1 erite-pyri te -chalcopyrite-gal en a massive sulfide 
can be found. 

Binghampton-Copper Queen Mines 

The genera 1 setting of these two mines has been 
described above. The Binghamptori mine lies in the 
western, and the Copper Queen adit i n the eas tern of 
two car,yons occupied by north-facing closures of a 
recessive dacitic breccia unit rimmed by ridges of 
silicic rhyolite. The highest ridge between the Bing
hampton and Copper Queen mines is an altered chlo
rite-chalcopyrite (now malachite) feeder zone that 
underlies the Binghampton massive sulfide horizon. 
This horizon is not exposed at surface and is mostly 
mir,ed out at depth . Massive pyrite on a small dump 
below the main Bingl\ampton shaft marks the lateral 
pyritic facies of the ore horizon . The Binghampton is 
a small but ideal synvolcanic rhyolitic system where 
all three components-ch l cri te-cha 1 copyri te feeder 
zone, stratabound and bedded mass iv e sulfide horizon, 
and siliceous pyritic cap--are well ·displayed. 

The Copper Queen mine, in contrast, seems to be a 
distal expression of coeval rhyolitic volcanism, where 
most of the sulfides were deposited in a sulfide
facies iron formation. Samples of this iron formation 
bed on the dump well display a stratiform relationship 
between chalcopyrite, pyrite , sphalerite , and the 
hematitic chert unit. Other zinc mineralization, more 
broadly disposed than in a single iron formation bed, 
is reported at depth by several workers. On the ridge 
above the Copper Queen adit to the east, superb sur
face exposures of the stratiform nature of thin sul 
fide and chlorite layers between thicker beds of rhyo 
litic tuff, breccia, and chert, as well as facies 
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variations in iron formation horizons, can be found, 
given sufficient time to trace them out in detail. 

The Binghampton-Copper Queen area is a perfect 
example of the problem facing exploration geologists 
working in Precambrian volcanic belts: Given two 
adjacent mineral deposits shown to have originally 
lain at the same stratigraphic position, how can one 
cor rectly reconstruct the primary depositional geome
try and facies changes of the original mineralizing 
system so as to acc urately predict in t hree dimensions 
where its center of mineralization will be considering 
the extreme state of deformation and retrogradeD meta
morphic condition of the rocks? An answer to this 
ques.tion demands successful integration of structure, 
detailed facies analysis, and ore deposit stud
ies-perhaps the greatest frontier in the geology of 
the western United State~. 
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GEOLOGY OF THE SPUD MOUNTAIN TUFF IN THE VICINITY 

OF THE IRON KING MINE 

J. R. Lawrencel 

and 

R. L. Dixon2 

I NTRODU CTI ON 

The Iron King mine, located 10 miles east of Pres
cott in Yavapai County, Arizona, is a polymetallic 
stratabound massive sulfide deposit of exhalative 
origin hosted by generally fine-grained epiclastic 
tuffaceous sediments of the Spud Mountain tuff . This 
paper brings to light new data regarding the Spud 
Mountain tuff as exposed along the southwest extension 
of the Iron King mine (fig . 1) and discusses aspects 
of related hydrothermal alteration and base-metal soil 
geochemistry. 

Outstanding reports by Anderson and Creasey 
( 1958), Anderson and others ( 1971), and Anderson and 
Blacet (1972) provide the regional geologic setting 
surrounding the Iron King mi ne . The geology and min
eralization specific to the Iron King mine have been 
well described by Creasey (1962) and Gilmour and Still 
(1968). We wish to express our gratitude to Santa Fe 
Mining, Inc . and Stan West Mining Corporation for 
releasing the geologic and geochemical data presented 
here . We also thank Mr. Jack C. Pierce, former Iron 
King mine manager for Shattuck Denn Mining Corpora
tion, for providing updated mine production figures . 

HISTORY AND PRODUCTION 

The Iron King mine, operated i ntermittently from 
about 1880 until its final closing by Shattuck Denn 
Mining Corporation in 1968 . Early miners explored the 
oxidized portion of pyritic silica horizons for gold 
and silver prior to 1906, when production began for 
lead, zinc, and lesser copper. Data compiled by Shat
tuck Denn i n 1968 (table 1) indicated that total pro
duction for the Iron King mine exceeded 6 million tons 
with an overall recovered grade of 0.115 opt Au , 3. 42 
opt Ag, 2. 38 percent lead, 6.95 percent zi nc, and 0. 19 
percent copper. Recoverable amounts of cadmi urn were 
also reported (Gilmour and Still, 1968). Principally 
known as a lead-zinc producer, its overall production 
of nearly 700,000 ounces of gold and more than 20 
million ounces of silver make the Iron Ki ng the lead
ing lode gold-silver deposit i n the Big Bug district 
(Wilson, Cunningham, and Butler, 1967). 

GEOLOGIC SETTING 

Precambrian rocks in the i mmediate vicinity of the 
Iron King mi ne i nclude the Spud Mountain and Iron King 

1Project Geologist, Santa Fe Mining, Inc., Pres
cott, Arizona 

2Consult i ng Geologist, Reno, Nevada 
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Figure 1. Generalized geologic map of the 
southwest extension of the Iron King m1ne showing 
location of cross section A- A' and points of interest 
for the Bradshaw Mountains and Jerome field t r ip. 
Fi gure modified from Gilmour and Still (1968). 

volcanic sequences, locally making up the Big Bug 
Group of the Yavapa i Series (Anderson and Blacet, 
1972). These strata of volcanic and related clastic 
and chemical sedimentary origin are dated at 1.77-1.88 
b.y . B. P. (Anderson and others, 1971). Unconformab ly 
overlying the volcanics in the study area is the Texas 
Gulch formation composed of mixed fine-grained sedi
ments, cobble conglomerates, and inter layered tuffa
ceous material . These rocks have undergone intense 
structura l deformation, exhibiting isoclinal folds 
with steep axial planes and well-developed steep foli
ation and display greenschist facies regional metamor-
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Year Tons Gold Sflver Lead Zinc Copper 

(ounces) (ouncas) (pounds) (pounds) (pounds~ 

1906-38 78,452 15,690 313,808 3,138,080 6,276,160 470,700 

1 938 13,477 2. 31 7 45,938 404,300 1,078,160 67,400 

1 939 70,227 9. 911 272,604 1,872,680 5,854,020 351 • 1 2 0 

1 940 65.812 9,239 266,497 1,891,060 7,220,440 329,060 

1941 69,159 9,720 331,746 2,320,040 7,617,100 345,800 

1 942 88,200 11 • 65 9 392,458 3,540,100 10,585,560 441,000 

1 94 3 7 3. 7 21 9.1 67 307,465 3,164,380 10,095,300 220,720 

1944 99,164 9,460 308,567 3,611,660 13,623,860 423,820 

1945 11 7; 287 13.068 436,506 5,259,640 16,156,180 455 , 280 

1946 115,615 13,065 467,387 5,734,280 16,875,320 485,780 

1 94 7 122,368 15,298 533,642 6,194,880 16,925,320 411,820 

1 948 145,823 1 7. 036 540,5"48 6,854,120 19,048,100 453,020 

1 949 1 7 5. 111 21.432 737,925 8,414,680 23,547,440 546,660 

1950 203,063 27,289 904,284 10,645,040 28,220,800 686,460 

1 951 202,581 2 7. 1 35 764,731 9,528,680 26,015,380 657,100 

195 2 197,747 23,430 730,280 10,203,740 29,306,000 672,000 

1 95 3 190,735 26,703 730,515 10,528,000 27,008,000 610,000 

1 954 180,512 28.1 06 745,514 11,372,000 30,074,000 722,000 

1955 222,909 31 • 2 96 884,949 12,170,000 32,902.000 758,000 

1 95 6 253,956 35,452 992,968 14,476,000 37,992,000 914,000 

1 95 7 300,729 38,644 1 • 118.71 2 16,540,000 47,696,000 1,082,000 

1 958 314,266 3 9. 62 9 1,147,071' 18,038,000 53,236,000 1,194,000 

1 95 9 299,981 38,728 1,124,929 17,338,000 51,476,000 1,140,000 

1 960 304,485 34,285 1,020,025 16,442,000 52,980,000 1,158,000 

1 961 235,885 22,857 702,937 11,700,000 39,912,000 1,038,000 

1962 271.1 71 28,066 854,189 13,776,000 44,635,000 1,138,000 

1 963 280,807 27,463 901,390 12,468,000 39,200,000 1,010,000 

1964 314.163 30,348 917,356 13,132,000 39,522,000 1,320,000 
1 965 333,743 25,738 713,930 12,518,376 38,135,352 1,254,987 
1966 318,830 24,100 663,179 11,023,904 32,009,890 1,159,239 
1 967 273,737 21 ,586 569,741 9,869,966 25,988,296 961,727 
T968 IOO,T96 5. 53 7 184,712 3,263,855 7,098 , 752 177,995 

06-68 6,033,912 693 .,454 20,626,053 287,433,461 838,370,430 22,655,688 

Table 1. Base- and precious-metal production at the Iron King mine for the 
period 1906-1968. Data compiled and furnished by Jack C. Pierce, former Iron 
King mine manager, Shattuck Denn Mining Corporation. 

phic grade. At the Iron King mine, the steeply west
ward-dipping volcanic sequence is considerea by Ander
son and others (1971) to be overturned such that the 
stratigraphic footwall of the deposit is now the 
structural hangi~g wall. 

SPUD MOUNTAIN TUFF 

The Spud ~ountain Volcanics were subdivided by 
Anderson and Creasey ( 1958) into the Spud Mountain 
breccia and younger Spud Mountain tuff. In the mine 
area the tuff unit is 1,200-1,400 feet thick. Follow
ing the terminology of Gilmour and Still (1968), we 
wi 11 refer to the 1 ower member of the Spud Mountain 
tuff as that which hosts the massive sulfide mineral
ization at the Iron King mine; the upper tuff member 
contains r.o known mineral izaticn of economic impor
tance. 

Lower Member, Spud Mountain Tuff 
Recent detailed mapping in the lower member of the 

Spud Mountain tuff revealed a complex interfingered 
sequence, abcut 800 feet thick, of chlorite-quartz-

sericite, quartz-sericite, and chlorite schists strik
ing N. 25°-30c E. and dipping steeply westward. Lo
cally well-reserved, abundant quartz and feldspar 
phenocrysts suggest that these rocks originated as 
crystal-rich tuffaceous sediments of alternating in
termediate-to-mafic and felsic composition. Minor 
interbedded flow of intermediate composition have been 
i denti fi ed in drill core. The upper 200 feet are 
marked by multiple sulfide-bearir,g siliceous exhalite 
horizons, which generally increase in thickness from a 
fraction of an inch to 14 feet at the top of the unit. 
The "footwall alteration zone" is a term used here for 
the strongly oxidized lower portion of this sequence 
containing numerous thin to laminar sulfide chert 
lenses (gossans) ir.terlayered with pyritic schist . 
The uppermost exhalites, forming prominent iron
stained outcrops with adjacent open stapes and shafts 
in the study area, are laterally traceable for hun
dreds of feet. These define the "Ore Horizon" (Gil
mour and Still, 1968) containing the tabular lenses of 
massive pyritic lead-zinc ere exploited to depths of 
2,700 feet in the main parts of the mine. The exhal
ites gradually diminish in number and thickness along 
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strike southwest of the mine, virtually disappearing 
approximately 2,500 feet from the No. 5 Shaft, as the 
ore horizon exhibits a gradual facies change to tuffa
ceous quartz-sericite±chlorite schistose rocks. 

Thin sections from the footwall alteration zone 
and ore horizon show well-developed cataclastic tex
tures indicating extreme shearing of all rock units 
present. Outcrop patterns also suggest that isoclinal 
folding and transposition of bedding has taken place. 
Small-scale isoclinal folds preserved in the exhalites 
commonly exhibit steep northerly plunges in the plane 
of foliation parallel to local lineation development. 
A later lineation and related chevron folds have a 
moderate south-southwest p 1 unge. Structu ra 1 transpo
sition is considered to be so advanced as to have 
detached the limbs from the larger scale fold closures 
that may have existed. Two hypotheses are considered 
for the presence of multiple exhalite units in the ore 
hori zan ar:d for their en eche 1 on arrangement: ( 1) 
isoclinal folding and transposition of a single exhal
ite horizon or (2) a stacked system containing several 
exhalites later displaced by shearing. 

Zones of intense hydrothermal alteration occur in 
two distinct portions of the lower member of the Spud 
l'iountain tuff. A band (10-50 feet wide) of black 
high-magnesium chlorite (nimite and leuchtenbergite by 
X-ray ana lyses) schist, commonly with abundant bull 
quartz and copper oxide staining, trends along folia
tion about 150 feet below the ore horizon. Termed the 
"copper zone" by Gilmour and Still (1968), this 1 ens
oidal pattern of magnesium metasomatic alteration can 
be traced at least 1,000 feet north and south of its 
thickest portion at the Copper Shaft from which minor 
tonnages of copper ore were exploited. The black 
ch l orite alteration clearly affects both the felsic 
and mafic tuff units, and its outcrop pattern suggests 
a once-verti ca 1 footwa 11 hydrotherma 1 stringer zone, 
now severely deformed parallel to foliation. We in
terpret the Copper Shaft area as being one of possibly 
several centers of hydrothermal exhalative activity 
responsible for the overlying massive sulfides and 
chert horizons. 

The footwall alteration zone, spatially associated 
with the zone of thin oxidized chert lenses and pyrit
ic schist immediately below the ore horizon, is char
acterized by a quartz-sericite±kaolinite assemblage, 
which is particularly intense near the No. 5 Shaft. A 
narrow zone of similar alteration also exists near the 
Copper Shaft, immediately below the black chlorite 
schist. 

Upper Member of the Spud Mountain Tuff 
A sharp, apparently conformable contact exists 

between the ore zone and the upper member of the Spud 
Mountain tuff. The upper member, about 500 feet 
thick, is composed dominantly of mafic tuffs with 25 
percent interlayered felsic tuff and minor ferruginous 
cherts and calcareous horizons . Tuffaceous units i n 
the upper member are lithologically similar to those 
of the lower member. 

SOIL GEOCHEMISTRY 

Base-meta l soil geochemistry was effective in 
1 oca t i ng the pri nc i pa 1 rr.i nera 1 i zed trends a 1 ong the 
Iron King extension. The geologic ar:d soil geochemi-

.cal profiles shown in figure 2 typify copper, lead, 
and zinc distribution in soils with respect to the 
Iron King copper zone, footwall alteration zone, and 
ore horizon. The graphs illustrate the Iron King 
mine, as discussed by Gilmour and Still (1968, p. 
1247). Strongly anomalous lead and zinc (up to 7,000 
ppm Pb and 5,000 ppm Zn) shows a close spatial rela-

tionship to the thick sulfide-bearing ore horizon 
exhalites at the top of the lower member of the Spud 
Mountain tuff. This horizon contained the massive 
pyrite-sphalerite-galena lenses locally stoped out, as 
indicated in figure 2. Anomalous copper (up to 3,500 
ppm Cu) is generally confined to the stratigraphic 
footwall of the deposit (copper zone), somewhat above 
the zone of black schist alteration . 

The metal zonation demonstrated by the Iron King 
deposit is characteristic of numerous well-documented 
deposits, among them Sullivan, British Columbia 
(Sangster, 1972); Japan (Matsukuma and Horikoshi, 
1970), and Crandon, Wisconsin (Schmidt and others, 
1978). The massive sulfide deposit at Jones Hill, 
Pecos,· New Mexico, simi larly displays footwall copper 
mineralization and a zinc-rich upper horizon. The 
soil geochemical data here presented support the con
cept that the Iron King stratigraphic section and 
enclosed depos i t have been overturned. 
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The Boggs mine is located near Poland Junction, 
Arizona, 2,500-3,000 feet east of Highway 69 within 
sec. 4, T. 12 N., R. 1 E. A well-maintained dirt road 
provides easy access from the highway at Poland Junc
tion. The dumps of the Iron Queen mine are visible 
across Boggs Flat approximate ly 2,000 feet to the 
south of the Boggs mine. 

Mining commenced at the Boggs and Iron Queen de
posits in the late 1800s, and the mines were operated 
for a number of years by the Commercial Mining Compa
ny, a aivision of Phelps Dodge (Lindgren, 1926). From 
1905 to 1909, these deposits were worked by the George 
A. Treadwell Company and ore was processed at the 
Mayer Smelter (Lindgren, 1926). Lindgren reported the 
grade of ore processed from the Iron Queen to be 0.025 
ounces gold and 1. 0 ounce s i 1 ver per ton and 2. 0 to 
2. 75 percent copper. This was apparently used as a 
flux for richer ores from other deposits, pn:sumab ly 
the Boggs being one of them. No records of ore ton
nage have been found for either deposit from this 
early period of mining. Lindgren reported that mining 
proceeded to the 500-foot l eve 1 at the Boggs and the 
300-foot level at the Iron Queen. From 1943 to 1945, 
Liberty Hills Mining· Company leased and operated the 
Boggs mine. A shipment in 1943 of 98 tons from the 
200-foot level assayed 0. 45 ounces gold and 5.2 ounces 
silver per ton, 1. 07 percent copper, and 4. 3 percent 
zinc (Anderson and Blacet, 1972). Two holes drilled 
at the Iron Queen mine by the New Jersey Zinc Company 
in 1953 failed to encounter substantial mineralization 
at depths below the old workings. 

The Boggs deposit lies stratigraphically within a 
package of interlayered quartz-sericite schist and 
chlorite schist interpreted as felsic to intermediate 
volcanic and volcaniclastic rocks (fig. 1). Porphy
ritic and clastic volcanic textures are common and 
fairly well preserved . A coarse felsic fragmental 
rock is a prominent unit in the structural footwall of 
the deposit with quartz-eye porphyry, both hosting and 
structurally overlying the ore. The ferruginous 
quartzite (chert) forms a broken but continuous hor
izon 200 feet east of the mine. Units are oriented 
roughly conformably with regional foliation at N. 
15°-20° E. with a steep southeasterly dip. This lith
ologic package is confined to the west and east by 
massive porphyritic and clastic mafic volcanics and 
has a cross-sectional dimension of greater than 700 
feet. Similar lithologies can be followed more than a 
mile north to the Lone Pine mine and can be projected 
to the south under and beyond extensive alluvial cover 
within · the Big Bug drainage. - This sequence of felsic 
to mafic volcanic rocks is included within the Iron 
King volcanics of Anderson and others (1971) and 
Anderson and Blacet (1972). The mineralogy of the 
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rocks is indicative of greenschist facies metamorphism 
Webb, 1979). 

Preliminary study indicates that the host rocks 
have been subjected to strong polyphase deformation . 
a~ a small scale near the ore horizon, two fold orien
tations have been observed. Steep northerly plunging 
isoclines are common, and superimposed shallowly 
plunging folds have been seen . Outcrop evidence of 
shearing is seen through transposition of fine folded 
layers near the ore horizon and highly attenuated 
fragments within the felsic fragmental unit to the 
west . Rocks within this felsic to intermediate host 
package show strong development of foliation. 

The Boggs orebody has been described as a thin 
tabular deposit ranging in thickness from 10 inches to 
several feet, striking N. 20° E. with a steep norther
ly dip (Anderson and Blacet, 1972; Farnham (cited by 
Anderson and Blacet, 1972). The orebody lies within a 
schistose quartz-eye porphyry that is highly sericit
ized at the surface. Evidence of mineralization at 
the surface consists of bands and discordant veinlets 
of oxide iron and copper minerals and rare gossanous 
masses . Mineralization observed on the dumps consists 
of sulfide bearing siliceous hornfelsed rock, as re
placement masses in carbonate associated with quartz, 
garnet, epidote, and tremolite and in veinlike quartz 
masses (Lindgren, 1926; and personal observations). 
Sulfides present are pyrite, sphalerite, chalcopyrite, 
and arsenopyrite. These mineralogic and textural 
relationships led Lindgren to propose a hydrothermal 
replacement origin for the ore. 

In recent years, many workers have reinterpreted 
this and other similar deposits in the Poland Junction 
area to be of Proterozoic volcanogenic origin (Ander
son and 81 acet, 1972; Anderson and Guilbert, 1979; 
Webb, 1979). This interpretation was based on simi
larities in ore mineralogy and alteration typifying 
volcanogenic deposits and primarily their affinity 
with felsic volcanic host rocks and siliceous "exhal
ite" horizons. An important complication exists at 
the Boggs mine in the definite modification of 'Ore 
mineralogy and host rocks by "Laramide" intrusive 
activity. Evidence for this comes from obvious re
placement sulfide, skarn mineralogy, and late-stage 
discordant ep i dote veining. The presence of a "Lara
mide" granodiorite dike in the north pit and adjacent 
to the shaft at the south end of the workings is also 
evidence of intrusive activity. The dikes in them
selves do not appear to have had a significant effect 
on adjacent surface rocks and show epidote alteration 
including crosscutting epidote veinlets. However, 
numerous cupolas of granodiorite crop out to the north 
adjacent to hornfelsed schist as at the Lone Pine 
mine. New Jersey Zinc Company's dri 11 hole BIQ #2 
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Figure 1. Surface geology of the Boggs mine 

bottomed in zones of granodiorite and silicified 
schist within 1,000 feet of the surface near the Iron 
Queen mine . 

A detailed study of surface geology at the Iron 
Queen mine is greatly inhibited by mine dumps and 
extensive alluvial cover. Other published accounts 
suggest strong similarities with the Boggs mine . 
Lindgren (1926) reported finding schist and calcite 
replaced with masses of garnet , epidote, actinolite, 
and magnetite in association with pyrite, chalcopy 
rite, sphalerite, galena , marcasite, and specularite. 
Webb (1979) found the host rocks to be very similar 
and considered the aeposit to be in the same "strati
graphic position" as the Boggs deposit, although the 
alluvial cover between the deposits makes correlation 
difficult . 
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INTRODUCTION 

The Copper Queen mine was active from the 1900s to 
1920s and saw limited mining in 1948-49 and 1967. The 
1900- 1920 production produced 8 million pounds of 
copper, 33 , 000 oz silver/ton, and 200 oz gold. Esti
mated grade was 2. 5%-3% copper/ton, 0.5 oz silver/ton, 
and 0.1 oz gola/ton from other mines in the district 
(Lindgren, 1926). 

The area has been actively explored during the 
last 20 years. The recent activity is due in large 
part to the recognition of the nearby Iron King mine 
os a volcanogenic massive sulfide deposit (Gi lmour and 
Still, 1968). Such types of deposits have strata form 
and possibly stratabound relationships with the sur
rounding lithologic units . Thus, the distribution of 
original rock units (protoliths) is highly important 
to exploration efforts. The map of the area (f i g. 1) 
presented in this guide uses protoliths as map units. 
Therefore, it is interpretive . 

LOCATION 

The Copper Queen mine is 1 ocated 4t miles north 
east of Mayer, Arizona, just north of the Agua Fria 
River, which bisects the area on an east -west course. 
The area is generally composed of north-south running 
ridges and valleys of moderate relief with juniper and 
catclaw vegetation. The area is accessible year- round 
by a gravel road from Mayer . Crossing the Agua Fria 
River in high water, however, can be hazardous . 

REGIONAL GEOLOGIC SETTING 

The Copper Queen area is with Proterozoic metavol
canic and metasediments in the eastern foothills of 
the Bradshaw Mountain Greenstone Belt . The rocks of 
the area have been assigned to the Spud Mountain For
mation (Anderson and Blacet, 1972), which are part of 
the Big Bug Group . The formation is composed of sub
marine volcan i c and sed imentary rocks , which have been 
regionally metamo rphosed to mineral assemblages indic
ative of the greenschist facies . 

STRUCTURE 

Rocks of the Big Bug Group are well foliated, 
doubly deformed, and dissected by faults. The region
al foliation is N. 10°-20° E. with 75°-90° westerly 
dips with subparallel to parallel contacts of folia
tion to lithology . Large-amplitude recumbent folds 
with east-west fold axes have been refolded i~to mod-

377 

era t e-ampl itude recumbent fo l ds with north-s outh fold 
axes and steep plunges. The Copper Queen area i s 
completely within a limb of a refolded fold, which has 
its fold nose H miles to the north . Regional rake 
and plunge in the area are thought to be an important 
localizer of ore . Other mines in the area have rod-
1 ike ore zones with south-southwest rake and W. 70 ° 
dip . 

Regional structural features in the area are an 
unconformity to the west and a fault zone to the east . 
The unconformity is marked by a large chert unit be 
tween the epiclastic siltstones and the lapil l i tu ffs 
(see map) . There are truncations of units along this 
boundary. Major faulting in the region is confined t o 
one major fault in the canyon to the east of the Cop
per Queen mine . This is the eas t ern edge of the Shy-
1 ock fault zone of Anderson and others ( 1971) . The 
sense of motion on the fault is not possible to deter
mine due to a lack of stratigraphic relationships . 
Underground mapping shows many small shears, which are 
not recognizable at the surface . 

LITHOLOGIC UNITS 

The rocks in the area could be described in meta 
morphic terminologies as chlorite and seric i te 
schists. However, protolith determinations are inter 
pretive and necessary to define targets for explora
tion of volcanogenic massive sulfide deposits. 

The westernmost unit is a group of epiclastic 
siltstones . They were probably derived from nearby 
volcanic material . These rocks are thought to be 
unconformably upon the lapilli tuffs to the east. The 
lapilli tuffs have chemical compositions indicating 
that they are rhyo 1 ites . The rocks have re 1 i ct pheno 

·Crysts of quartz (2-10 mm), plagioclase (2-8) mm), and 
pumice fragments up to 10 em in a quartz-sericite ma 
trix . The rocks are lapilli tuffs and tuff breccias 
with mappable clast size distributions . The clasts 
are largest to the south and decrease in size to la
pilli in the north . 

The flows mapped as dacite feldspar porphyry have 
dominant relict plagioclase phenocrysts (1-2 mm) in a 
chlorite-epidote matrix . The textures indicate that 
brecciation dominated its history . I have interpreted 
the brecciation as one occurring during emplace
ment--autobrecciation. 

The mine horizons are located i n a series of da
cite tuff and quartz porphyry . The re l ict phenocrysts 
quartz (1-5 mm) and plagioclase (2-7 mm) in a matr i x 
of fine-grained chlorite, muscovite, and quartz . 
Patches (5-25 mm) of nea r -solid muscovite, which are 
different colored than other areas, are interpreted as 
lapilli or large-size pumice fragments. 
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Figure 1. Geologic sketch map of Copper Queen-Binghampton mine area, Mayer, Arizona 



The easternmost units are graywackes and basalts, 
which are massive units of black to dark-brown rocks 
with abundant iron oxide coatings of fractures. In 
fault contact with these rocks are the dacite tuffs 
and crystal tuffs. Intrusive into this unit is a 
quartz sericite rock interpreted as a rhyolite plug. 
Cherts are present in the eastern unit and along the 
western edge of the area. They are iron oxide rich 
( 10%-15J: ) with magnetite and specular hematite the 
specific minerals. 

ALTERATION 

Alteration assemblages are composed ot sericite 
and quartz with chlorite being minor, but it increases 
near sulfide mineralization. The silica-sericite 
rocks are thought to have formed when hydrothermal 
fluids passed through the pyroclastic units. The 
degree of alteration is variable and widespread 
throughout the area and is on ly mapped as a unit where 
it is cominant. Chlorite becomes a major alteration 
product near anomalous copper .values (1,000 ppm or 
greater). On the ridges above the Copper Queen and 
Binghampton mines are well-developed chloritic altera
tion zones. 

ORE MINERALIZATION 

The Copper Queen mine was developed along an ore 
zone that I originally interpreted to be exhalative 
horizons 1 nterbedded with tuffs. The exha l ative zones 
are composed of silica and sulfide minerals. Field 
and petrographic data indicate that selective replace
ment by hydrothermal fluids of existing pyroclastic 
layers is the most probable origin for much of the 
mineralization zones in the Copper Queer. area . 
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GEOCHEMICAL EVALUATION OF FOSSIL HYDROTHERMAL SYSTEMS 

IN PROTEROZOIC VOLCANIC ROCKS 

AND THE ORIGIN OF MINERALIZATION 

Patrick F. O'Hara 1 

and 

Ralph E. Higgins2 

Stratabound mineralized systems that share some 
characteristics of stratiform "massive sulfide" depos
its and some characteristics of epithermal systems 
exist in the Proterozoic rocks of central Arizona. 
Volcanic rocks associated with these mineralized sys
tems are variably altered (silicification, silica
sericite and (or) chloritic alteration) containing 
semi-massive "ore" zones at best and do not occur at a 
major break in volcanic or sedimentary deposition 
(Copper Queen mine) . 

This type of mineralization is considered to be 
formed in the subsea-floor regime by processes inter
mediate between the "exhalative" system and that of a 
porphyry system at greater depth . An epithermal re
placement-type system i~ hypothesized that may or may 
not vent at the sea-water interface as the hydrother
mal fluid cocls . A massive sulfide system such as 
Jerome is considered to have had a period of epither
mal alteration and replacement at depth below the 
sea-water interface. As the fluid cooled (potentially 

1Kaaterskill Exploration, 691 Robinson Dr., Prescott, 
Arizona 86301 
2Conoco Incorporated . Ponca City, Oklahoma 74601 
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by adiabatic boiling) the deposition of mineralization 
would have proceeded upwards through the volcanic pile 
and quenched when the fluid vented at the sea floor. 
Thus, Jerome is thought to be a true massive sulfide 
system in the "exhalative" sense and an epithermal 
system within the volcanic rocks below the sea-water 
interface. A "distal" deposit may have formed at 
greater depth by simple quenching of a hydrothermal 
fluid with very little associated alteration . A sys
tem such as that present at the Copper Queen mine may 
have never vented at the sea floor and may be inter
preted as a replacement system. 

Constraints on th~ type of mineralization present 
at any location are based upon depth of sea water, 
variations in lithostatic or hydrostatic pressure i n 
the rocks below the sea-water interface, temperature 
and composition of the hydrothermal fluids, and rock 
preparation caused by accessib l e bedding structures, 
fracturing, and possible growth structures. 

Examples illustrating the role of hydrothermal 
fluid temperature and salinity associated with mineral 
deposition will be presented at the Copper Queen mine 
field trip stop. 
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MAP PATTERNS OF PROTEROZOIC ROCKS WITH TWo-DIMENSIONAL MODELS 

BETWEEN MAYER AND THE COPPER QUEEN MINE, ARIZONA 

Patrick F. O'Hara! 

and 

James M. Evensen2 

Structural movements appear to have influenced the 
form, orientation , and size of ore deposits in the 
rocks of the Precambrian (1770 ± 10 m.y. B.P.) Big oug 
Group of the Yavapai Series near Mayer, Arizona . The 
Big Bug Group has been divided into five facies: (1) 
chlorite schist (andesite to basalt), (2) quartz-ser 
icite-chlc·. ~tc schist (latite to dacite), (3) quartz
sericite (rhyolite), (4) metachert, and (5) metacon
glomerate. 

Principal structural elements in the Big Bug Group 
are 1 ithologic contact (S 0 ), foliation indicated by 
schistosity ana axial plane cleavage (S 1 ), flexural 
flow and passive-slip to passive-flow folds (F 1 ), 
flexural-flow folds (F 2 ) , joints, and faults . Subpar
allel lithologic contacts and foliation strike north 
to north-northeast ~nd dip steeply west. The F1 folds 
trend south to southwest and ~lunge 50 to 75 degrees . 
Attitudes of these structural elements suggest that 
the layered rocks cf the Big Bug Group were isoclinal
ly folded and that layering was transposed parallel to 
the foli.ation planes . The rocks were simultaneously 

1Kaaterskill Exploration , 691 Robinson Or . , Prescott , 
Arizona 86301 
2California Lutheran College, Thousand Oaks, Califor
nia 91350 
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rotated and (or) tilted (Evensen, 1980) or refolded 
(O'Hara, 1980) . 

P_assive-slip models using simple shear are used to 
illustrate the manner in which defonnation proceeds 
and produces the current outcrcp patterns observed i n 
the area . Depending on the initial angle of slip 
planes with S0 , S-C relationships can be demonstrated 
throughout defonr.ation . Preliminary results of this 
study will be presented at the Copper Queen field trip 
stop . 
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