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ITINERARY 

Field Trip Leaders: Hugo Dummett and Nora Colburn. 

Saturday, October 22, 1988 

6:30 a.m. Registration in the parking lot at the EI Con Mall. 

7:00 a.m. Depart in Arizona Stagecoach buses for Tombstone. 

8:00 a.m. Stop 1 .  East side of the Whetstone Mountains. 

9:00 a.m. Stop 2. Overview of the Huachuca Mountains. 

1 0:00 a.m. Stop 3. Overview of the Tombstone district. 

1 0: 1 5  a.m. to 1 .00 p.m. Stop 4. Tour the Tombstone district with our guides Jim Briscoe 
and Roger Newell. 

1 :00 p.m. to 2:00 p.m. Lunch in Tombstone at the public park. 

2:00 p.m. Depart from Tombstone. 

2:30 p.m. Stop 5 .  Overview of Government Butte. 

3:00 p.m. Stop 6. West end of Juniper Flat. 

3:30 p.m. Arrive in Bisbee, check into hotels. 

4:30 p.m. Field trippers reassemble in buses for trip to Bisbee Elks Park which is about 
five miles south of Bisbee. 

Sunday, October 23, 1988. 

8: 1 5  a.m. Meet buses in Bisbee for short trip to Lavender Pit overlook. 

8:30 a.m. to 1 1 :00 a.m. Stop 7. Tour of Bisbee area with Phelps Dodge guides. 

1 1 : 1 5  a.m. Leave Bisbee. 

1 2: 1 5  p .m. to 1 : 1 5  p.m. Lunch at Commonwealth Mine. 

1 : 1 5  p.m. to 3: 1 5  p.m. Stop 8. Tour the Commonwealth Mine with John Guilbert as our 
guide. 

3: 1 5  p.m. Leave Commonwealth Mine. 

4: 1 5  p.m. Stop 9. Overview of the northern Dragoons. 

4:45 p.m. Leave for Tucson, arriving back at about 6: 1 5  p.m. 



INTRODUCTION 

We will be visiting a number of mine localities in southeastern Arizona that have a 
fascinating history. Each of the districts has been through periods of production and shut 
down and it is interesting that each of these districts are now being re-evaluated because 
of the current price structure for precious metals and base metals. 

This part of Arizona has been mapped and interpreted by a number of geologists. One of 
these geologists is Harald Drewes who will accompany this field trip and will comment on 
his current views of the structure of many of the ranges that we will see as part of the 
trip. Drewes has mapped this part of Arizona in detail and his "Tectonic Map of Southeast 
Arizona" ( I 980) and comprehensive summation "The Tectonics of Southeastern Arizona " 
(USGS Prof. Paper 1 144, 1 98 1 )  are landmark contributions to our understanding of the 
structural framework within which ore deposition took place. 

Drewes recognizes three significant orogenic episodes in southeast Arizona, the Precambrian 
events, the Cordilleran (Laramide) orogeny (Lake Cretaceous to Early Tertiary) and the Mid
Tertiary extensional event. 

Precambrian orogenesis began with the Mazatzal Revolution ( 1 .5 - 1 .7 Ga) that produced 
schists and gneisses. Near the close of this orogeny this area was cut by major northwest
trending dip slip and strike slip faults. These faults appear to have been important 
throughout the subsequent structural history of Arizona, so that Drewes proposes that the 
major mineral districts in the southeast, despite their younger age in some instances, occur 
within 1 km to 5 km of one of these NW -striking major faults (see his attached Fig. 2). 
Subsequent to the Mazatzal event, tectonism in Arizona during the Paleozoic and most of 
the Mesozoic was evidently limited to faulting with little folding or regional metamorphism. 

The Cordilleran orogeny is defined by Drewes between 90 Ma and 53 Ma. The Cordilleran is 
subdivided into Piman and Helvetian phases which total about 1 2  million years during which 
time most of the major structural features were emplaced. 

The Piman phase consisted of uplift, thrust faulting and folding. Regional uplift during the 
early Pi man phase was followed by northeast-directed compression. This compression 
produced northwest-striking folds and large thrust faults that bounded plates of regional 
extent. Postulated transport for the Pi man thrust faults is significant, ranging from 1 5  km 
to 1 00 km. 

The individual thrust plates were further subdivided by a high-angle, northeast-trending 
fault into two portions, the northwest and southeast lobes, each of which has somewhat 
different internal characteristics. The southeast lobe contains two main thrust plates while 
the northwest lobe may contain three plates (see attached Fig. 3 of Drewes). Thrust 
faulting during the Piman phase was followed by the emplacement of epizonal, calc-alkaline 
plutons that are aligned along a northwest-trending zone from Tombstone to the Tucson 
Mountains. 

The Helvetian phase consisted of intrusive activity, strike-slip faulting and localized thrust 
faulting. The intrusives associated with this phase include stocks genetically associated with 
porphyry copper mineralization in the Sierrita Mountains. Left lateral motion on 
Precambrian northwest-striking faults was induced by compression which changed from 
N600E to more directly eastward during Helvetian time. 



The post-Cordilleran orogeny was a combination of high angle block faulting and crustal 
extension to produce detachment faults of a regional scale associated with metamorphic core 
complexes. 

The three mining districts that we will be visiting are Tombstone, Bisbee and Commonwealth. 
The Tombstone district, although historically famous, is now once again the focus of re
examination by one of the major mining companies - currently this company is drilling in 
the area. The ores of the Tombstone area are somewhat typical carbonate replacement ores 
of copper, lead and zinc with important silver and gold credits. The mineralization is 
probably Laramide in age and occurs in Pennsylvanian-Permian and Cre ceo us carbonates. 
Ore zones are localized within and adjacent to northeast and east striking faults. 

At Bisbee we will re-visit the famous Lavender pit which hosts the only Jurassic age 
porphyry copper deposit in Arizona that was an important mine. We will also have 
described to us and visit Phelps Dodge's new Cochise ore body which is a recently delineated 
oxide porphyry copper deposit immediately adjacent, on the north, to the Lavender open pit. 

The Commonwealth deposit is a Tertiary epithermal precious metals deposit in which gold 
and silver occur in east-striking quartz veins associated with chalcedony, amethyst, adularia 
and sericite. Like the Tombstone and Bisbee districts, Commonwealth is also being re
examined and drilled at the present time to determine the viability of mining the deposit. 
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DAY I 
ROAD LOGS 



ROADLOG - FROM TUCSON TO TOMBSTONE 

Modified, with thanks, from the logs of Stanley B. Keith and Jan C. Wilt that were prepared 

for the "Land of Cochise" meetings in 1 978. The field trip will assemble in the parking lot of 

the El Con shopping mall and proceed by buses south along Alvernon and Palo Verde and the 

log will commence at the Palo Verde on-ramp to the 1- 1 0. 

0.0 Palo Verde entrance to Interstate 1 0. 

Start road log! 3.3 

3.3 Exit 268. Craycroft Road. 2.0 

5.3 Exit 270.  Red and white checkered 

tank at 9:00 is over the facility 

formerly occupied by Anaconda for 

its exploration, metallurgical research 

and mining groups. Now occupied in 

part by Ceralox who specialize in 

"high purity aluminas". 0.8 

6. 1 Water tank at 3:00 just as we pass 

over the ramp is at the site of a small 

community previously known as 

Galeyville. Exxon drilled a deep 

stratigraphic test into the Tucson 

basin about 2 miles south of here. 

The upper 7,277 ft is sand, gravel and 

clay, filling Basin and Range grabens 

formed after 1 2  Ma. From 7,277 to 

9,000 ft the hole penetrated a volcanic 

section of tuff, andesite and rhyolite. 

Selected cuttings from a tuff at 7 ,940 

to 7,960 ft yielded a K -Ar age of 

23.4 Ma. Below the volcanic section 

from 9,000 to 9,500 ft reddish brown 

conglomerates were encountered. At 

9,500 to 1 0,000 ft another volcanic 

unit was found which yielded K-Ar 

ages of 1 6. 1  and 1 8 .0 Ma. This was 

interpreted to be an intrusive dike or 

sill. From 1 0,000 to 1 2,000 ft more 

reddish brown conglomerates, slits 

and shales were drilled. At 1 2,000 ft 

was a quartz monzonite dated at 6 1  

M a  b y  K-Ar and 1 20 M a  by Rb-Sr 

methods. Eberly and Stanley ( 1 978) 

regard the section from 7,277 to 

1 2,000 ft as deposited after the 

Eocene and before the Basin and 

Range faulting at about 1 3  Ma. 0.4 

6.5 At 3:00 are the Santa Rita Mountains. 

1. 1 

7.6 Milepost 272. At 1 0:00 is the large 

IBM General Products Division plant. 

As many of you no doubt know this 

plant is being phased out and 

reportedly IBM will only retain their 



8.6 

9.6 

R&D staff in Tucson. Rumors are 

that a number of large computer tape 

manufacturers are considering 

purchase of all or part of the plant, 

e.g. the 3M Company. 1.0 

Exit 273. Rita Road. 1.0 

Milepost 274. I - I  0 traverses an 

aggradational surface on Plio

Pleistocene valley fill. The upper red 

clay-rich (argillic) horizons have been 

stripped away, exposing a thick 

caliche horizon. This stripping has 

occurred over most of the Tucson 

basin and demonstrates that the red 

soils are not of modern origin. 1.4 

1 1 .0 Exit 275.  Houghton Road and turn-off 

to Colossal cave and Pima County 

Fairgrounds. 1.1 

1 2. 1  Milepost 276.5. Broad domal 

physiography of the Rincon Mountains 

is seen from 9:00 to 1 1 :30. 

The large rounded peak at 1 0:00 in 

the Rincon Mountains is Mica 

Mountain (8,666 ft). The conspicuous 

ridge trending west-south-west from 

Mica Mountain is Tanque Verde Ridge 

or the Tanque Verde Mountains. Cow 

Head Saddle separates Tanque Verde 

Ridge from Mica Mountain. The top 

of Tanque Verde Ridge gently plunges 

southwestward and generally marks the 

culmination of a la�ge; antiformal 

foliation arch in mylonitic gneisses. 

Mica Mountain is separated from 

Rincon Peak (8,482 ft at 1 0:30) by 

Happy Valley Saddle. The small 

peak north of the cuesta-like peak 

and south of Rincon Peak is Wrong 

Mountain which hosts the Wrong 

Mountain quartz monzonite crops out 

extensively throughout the Rincon 

Mountains. 

Layers of mylonite schist 

commonly separate layers of Wrong 

Mountain Quartz Monzonite from the 

darker layers of deformed 

Continental Granodiorite. These 

schistose lenses have been correlated 

with Pinal Schist by Drewes ( 1 977).  

Low foothills at 3:30 in middle 

distance are underlain by Paleozoic 

rocks. Colossal Cave, a local tourist 

attraction, is in the foothills at 9:30. 

Paleozoic rocks in the Agua Verde

Colossal Cave area are part of a 

series of deformed Phanerozoic rocks 

that also occur at Martinez ranch at 

the base of the Rincon Mountains in 

the Lorna Alta area at the southern 

base of Tanque Verde Ridge, and in 

the Saguaro National Monument area 

just northeast of the nose of Tanque 

Verde ridge at 9:00. A large 

pediment in Rincon Valley between 

Lorna Alta and Colossal Cave is cut 

on Precambrian Rincon Valley 

Granodiorite. 



The Precambrian and Paleozoics 

are in the upper plate of the major, 

low-angle, Santa Catalina fault, which 

is located at the break in slope 

between the main Rincon massif and 

the foothill block. The Santa Catalina 

fault separates the unmetamorphosed, 

but highly deformed, upper plate rocks 

from lineated mylonites of the 

metamorphic core in the main Rincon 

Mountain mass. Inevitably these 

complicated geometric relationships 

have several interpretations. Davis 

( 1 975) analyzed fold geometries in 

Paleozoic and Mesozoic rocks of the 

upper plate and concluded that they 

represented a period of major 

gravitational sliding of the cover down 

the Santa Catalina fault surface in 

mid- Tertiary time. Drewes ( 1 977) 

recognized this mid-Tertiary gravity

induced movement, but also suggested 

that the low-angle fault was older and 

represented former thrusts which were 

emplaced at about 73 Ma via regional 

north-east-southwest compression of 

Laramide age. These faults were 

reactivated in Oligocene time (25 Ma) 

during arching of the mylonite rocks 

of the metamorphic core. 1.S 

13.6 Milepost 278.  Northern Santa Rita 

Mountains from 2:00 to 3:00. Mount 

Fagin at 2:00 consists of Late 

Cretaceous Salero Volcanics which 

unconformably overlie. folded Bisbee 

Group. A defunct limestone quarry is 

the prominent scar on the hillside at 

3:00. However there is an active 

limestone quarry that is lower on the 

slopes that is operated by Calcium 

Products of Arizona mostly for 

decorative and landscaping purposes. 

1.3 

1 4 .9 Exit 279. Vail and Wentworth roads 

to Colossal Cave and Saguaro 

National Monument. 2.1 

1 7.0 Exit 28 1 .  Arizona 83 south to 

Sonoita. The R.W. Webb Winery is 

the building at 1 0:00 when we first 

see the Exit 28 1 sign. The building 

at 1 1  :00 houses Mountain States R&D 

International's assay and metallurgical 

research lab. 1.6 

1 8 .6 Milepost 283.  Northern Empire 

Mountains are at 1 :30. The oldest 

rocks in the Empires are Precambrian 

Pinal schist and gneiss which occur 

immediately south of 1-1 0  for about 

three miles. These units are mantled 

by outward dipping and overturned 

Cretaceous Bisbee Group. Further 

south, near Martinez Ranch, a 

Laramide quartz monzonite intrudes 

Pennsylvanian carbonates that are 

overlain by Bisbee Group sediments 

and slightly younger Salero volcanics. 

2.0 



1 9.6 Milepost 284. Angular unconformity 

between Pliocene(?) valley fill and 

lower fanglomerate member of 

Oligocene Pantano Formation in 

roadcuts on either side of the 

highway. 0.4 

20.0 Bridge over Davidson Canyon. 

Roadcuts east of Davidson Canyon are 

in lower fanglomerate member of 

Pantano Formation with pronounced 

eastward dips. The Pantano 

Formation south of the Rincon 

Mountains generally exhibits a 

uniform, moderately east to northeast 

inclination throughout a thickness of 

over 1 0,000 ft. 0.7 

20.7 Milepost 285.  Roadcut in Turkey 

Track Andesite flow that dips east at 

450 at the top of the lower 

fanglomerate member. This volcanic 

unit takes its name from clusters of 

large (± I" long), elongate plagioclase 

phenocrysts. Roadcuts ahead are in 

the claystone member of the Pantano 

Formation. The lower half of the 

Pantano Formation is 28 Ma to 36 Ma 

on the basis of several radiometric 

dates (Keith & Wilt, 1 978). Reddish 

clastics similar to Pantano Formation 

a r e  w i d e s p r e a d  

southeastern Arizona. 

t hr o u g h o u t  

They may 

represent basin ward facies shed from 

time-equivalent Oligocene ignimbrite 

piles. They may i.n some way be 

linked with the late Oligocene (28 to 

22 Ma) activity in the metamorphic 

areas. They may also be linked to 

synclinal fold basins formed at the 

margins of mid-Tertiary basement 

uplifts, as in the Tortilla Mountains 

north of the Catalina Mountains . .  

The 28 to  36 Ma dates of the 

Pantano Formation in this area are 

slightly older than the cooling ages 

(22 to 28 Ma) in the Rincon

Catalina metamorphic complex to the 

north. 

Drewes ( 1 977) suggested that parts of 

the Rincon Mountains were a 

structural basin through which the 

underlying metamorphic terrain was 

arched. Thus, the 22 to 28 Ma 

cooling ages of the metamorphic 

rocks represent the time of uplift and 

not necessarily the time of 

metamorphism, which is older by an 

unspecified amount .  This 

metamorphism could have been 

Laramide in age, Precambrian 

(Mazatzal orogeny) in age, or a 

combination of both. For Drewes the 

profound lineation and accompanying 

metamorphic event of Laramide time 

would have been coincident with 

major low-angle thrusting during the 

Pi man phase of the Laramide orogeny 

(Drewes, 1 972, 1 976a, 1 978).  



2 l . l  

Others (Coney, 1 978) suggest that the 

Pantano Formation is syntectonic 

with the development of extensive 

m i d - T e r t i a r y  

metamorphism. 

l i n e a t i o n  a n d  

The lineation 

represents an extreme attenuation or 

thinning of the crust. This would 

have created a basin into which thick 

Pantano clastics were deposited. 

Rebound of the crust following the 

attenuation event would arch the 

metamorphic rocks through their 

Pantano cover. The Pantano 

Formation would then accumulate 

around the uplifted metamorphic 

terrain as large, gravity-slide blocks, 

which record a tectonic denudation of 

the dome during its arching from 22 

to 28 Ma. 

Gneiss clasts are conspicuous by their 

absence in the fanglomerate member of 

the Pantano Formation although every 

other pre-Tertiary rock is represented 

(Brennan, 1 957; Finnel, 1 970b). 

Imbrication directions as determined 

from aligned tabular c lasts 

consistently indicate stream transport 

direction from the east and southeast. 

0.4 

Roadcuts here and ahead are in 

upturned, nearly vertical, east-

striking, mid -Cretaceous, Bisbee 

Group strata. These are in fault 

contact with the claystone member of 

the Pantano Formation to the west. 

This deformation in Bisbee Group 

strata is part of the east-west belt 

of the Late Cretaceous deformation 

which extends from the north end of 

the Whetstone Mountains through the 

north end of the Empire Mountains 

and disappears under pediment 

alluvium at the north end of the 

northern Santa Rita Mountains. This 

block of Bisbee Group also represents 

a north-trending, upthrown horst 

block bounded by normal faults that 

developed after deposition of the 

Pantano. Perhaps this horst is a part 

of the late Miocene-Pliocene Basin 

and Range faulting episode. 0.9 

22.0 Roadcuts in lower fanglomerate 

member of Pantano Formation, which 

is in fault contact with north

trending Bisbee horst to the west. 

This fault is well-exposed in the 

west-bound lane of 1- 1 0. Note the 

steep eastward dips in the 

fanglomerates. This tilting is at 

right angles to the east-west tectonic 

zone in the Bisbee Group horst. 

Deformation in the Bisbee and 

Pantano has been truncated by an 

extensive pediment, upon which rests 

a veneer of Plio-Pleistocene(?) 

gravels. 0.2 

22.2 Rhyolite tuff unit (29.4 Ma) within 

the lower fanglomerate member of 



the Pantano Formation is exposed in 

low roadcuts on either side of the 

highway and is better exposed in 

west-bound lane. 0.5 

22.7 Roadcuts in lower fanglomerate 

member. Fault within this member 

separates finer grained from coarser 

grained units. Turkey Track Andesite 

flow in roadcut on right is faulted 

against finer grained material. Note 

that the Turkey Track unit is 

completely faulted out in the roadcut 

on left side of highway. Numerous 

faults cut Pantano Formation in 

roadcuts ahead. 1.1 

23.6 Milepost 287.  Quarry at 9:00 is in red 

colored sandy, argillaceous Pantano 

units that contain intercalated I til 

thick gypsum beds. These beds are 

overlain unconformably by a green

colored brecciated argillite(?). 0.2 

23.8 Fault(?) contact between claystone 

member (in roadcuts ahead) and 

fanglomerate . member. The Turkey 

Track Andesite marker unit is faulted 

out here. Claystone member ahead is 

angularly overlain by Plio-

Pleistocene(?)  gravels. Farther east 

and northeast claystone member is 

overlain by upper fanglomerate 

member of Pantano 

(Drewes, 1 977). 1.0 

Formation 

24.8 Cienega Creek bridge. Highway 

ascends onto a post-mid-Miocene 

aggradational surface on Plio-

Pleistocene(?) gravels for the next 

several miles. 0.6 

25.4 Exit 289; Marsh Sta Road. 0.2 

25.6 Milepost 290. Whetstone Mountains 

( 1 :00) on skyline contain southwest

dipping Bisbee Group strata. A fuller 

description of the Whetstones is 

given later in this log. At 2:00 10 

the middle distance are relatively 

flat-lying conglomerates in upper 

fanglomerate member(?)  of Pantano 

Formation. They may also be 

Miocene Nogales Formation which 

Drewes ( 1977) mapped south of the 

Rincon Mountains and north of 1- 1 0. 

Total Wreck Ridge (3:30) in the 

northeastern Empire Mountains 

contains Concha Limestone and Rain 

Valley Formation. East of Total 

Wreck Ridge a thick (to 5 ,000 ft), 

so u th ward -thinning, fanglomerate 

wedge of Glance Conglomerate 

represents a clastic wedge that was 

shed southward from an uplifted 

block exposing older Precambrian 

granite and Pinal Schist in Early 

Cretaceous time (Finnell, 1 97 1 ;  

Bilodeau, 1 978).  South of the east

west tectonic belt (which 1- 1 0  is in), 

the southwest-dipping strata in the 



central Whetstone Mountains and 

southeast-dipping layers in the 

Empire Mountains form a broad, 

south-southwest-plunging syncline. 

2.6 

28.2 Exit 292; Bell Road to Empirita ranch 

and vicinity. 0.4 

28.6 Low hills ahead and at 2:00 are in 

narrow, north-trending, Basin and 

Range horst block containing east

trending, north-dipping, overturned, 

tight folds of Bisbee Group strata with 

subordinate Pennsylvanian carbonates 

and Precambrian felsic gneisses. This 

is a relatively upthrown continuation 

of the east-trending, Late Cretaceous 

structural zone. 1.2 

29.8 Roadcuts here and ahead for next 

mile are in deformed, east-striking, 

nearly vertical, Bisbee Group overlain 

by flat-lying gravels veneering the 

pediment. At 9:00 steep, topographic 

scarps on the east side of the 

Rincons mark a large Basin and 

Range fault which is continuous with 

the east boundary of the horst block 

now being crossed by 1- 1 0. 0.8 

30.6 Milepost 295. Fault contact between 

late Miocene-Pliocene(?)  basin-filling 

alluvium (post-Pantano Formation) 

and Bisbee Group. The fault is 

excellently exposed in . roadcut on 

right. This fault strikes north, dips 

70 to 75 degrees east, and is a 

continuation of the fault which marks 

the eastern boundary of the Rincon 

metamorphic range massif to the 

west. The Happy Valley block of 

eastern Rincon Mountain area has 

been dropped down a minimum of 

5 ,000 ft to the east on this fault 

zone. It is significant that this 

faulting post-dates the metamorphic 

events and the low-angle fault 

phenomena which are associated with 

the development of the Rincon

Catal ina- Tortol i ta  metamorphic 

complex. Many people now interpret 

the age of this metamorphic complex 

to be of late Oligocene (22 to 28 

Ma). This roadcut is an excellent 

example of Basin and Range faulting. 

which in southeast Arizona is 

generally younger than 1 4  Ma and 

possibly younger than 1 0  Ma Most 

of the Basin and Range faulting had 

terminated by about 5 Ma, although 

some has lingered to the present day. 

The low rounded ridge ahead is 

underlain by valley fill. 1.2 

3 1 .8 Entering Cochise County. El Paso 

Natural Gas compressor station on 

left. Happy Valley area at 8:30; 

Little Rincon Mountains at 9:00. 

Johnny Lyon Hills ( 1 0:00) are backed 

by the Winchester Mountains and the 



southern Galiuro Mountains in far 

distance. The Little Dragoon 

Mountains are at 1 1 :30 with the "big" 

Dragoon Mountains at 1 2:00. 0.8 

32.6 Exit 297. Mesca1-J Six Ranch road. 

Roads north from this exit lead to 

Happy Valley, an area of very 

complex structure related to the 

Rincon metamorphic complex to the 

west. 1.0 

33.6 Road continues across a mid-

Pleistocene surface which now slopes 

toward San Pedro Valley and extends 

to the foot of the northern 

Whetstone Mountains at 2:30, where 

it merges with a Pliocene(?) pediment 

cut on 1 ,400 Ma(?) Precambrian 

granite. 1.2 

34.8 Exit 299. Skyline road. 0.8 

35.6 Milepost 300. The Johnny Lyon Hills 

(9:30 to 1 0:30) consist of an oblong, 

north-trending structural block which 

is separated from the southern 

Galiuro Mountains by the west

northwest-striking Antelope Tank 

fault zone at 9:30. The Antelope 

Tank fault zone was thought to be an 

element of the Texas lineament by 

Cooper and Silver ( 1 964). 

The east border of the Johnny 

Lyon Hills block is marked by a series 

of arcuate, north- . to northwest-

trending ridges which extend 

northward from Sheep Camp Ridge 

( 1 0:00) and are backed by the 

Winchester Mountains at 9:45 on the 

skyline. These ridges consist of 

east- and northeast-dipping, younger 

Precambrian Apache Group and 

Paleozoic strata. These strata 

unconformably rest on 1 ,625 Ma 

Johnny Lyon Granodiorite and 1 ,680 

Ma Pinal Schist; they form an 

extensive pediment west of the low 

ridges. Relationships of the older 

Precambrian rocks in the Johnny 

Lyon Hills allowed Silver and Deutsch 

( 1 963) to date what they regarded the 

Mazatzal orogeny of Wilson ( 1 939). 

Pinal Schist was deformed into north

east-trending isoclines. This 

deformed terrain was intruded by the 

post-deformational, Johnny Lyon 

Granodiorite,  bracketing the 

Mazatzal tectonic event between 

1 ,680 and 1 ,625 Ma. 

East-dipping Paleozoic and Apache 

Group strata, Pinal Schist and Johnny 

Lyon Granodiorite are truncated by 

several low-angle faults, which 

contain Paleozoic strata and some 

Apache Group strata in the upper 

plate. These plates are thought to 

be northeast-directed Laramide 

thrusts. These strata occupy the 

high area around Keith Peak ( 1 0: 1 5) ,  

Sheep Camp Ridge and Javelina Hill 

(to the northeast behind Keith Peak). 



The low-angle faults are intruded by 

Tertiary lamprophyre and rhyolite 

dikes (Cooper and Silver, 1 964). 1.0 

36.6 Milepost 30 1 .  The southern Galiuro 

Mountains appear in the far distance 

behind the east end of the Little 

Rincons at 9:00. The southern 

Galiuro Mountains are mostly 28-22 

Ma o l d  ignimbrites which 

unconformably overlie pre-Tertiary 

rocks. See Creasey and Krieger 

( 1 978) for a discussion of volcanic 

stratigraphy in the northern Galiuro 

Mountains. 1.2 

37.8 Exit 302. Arizona 90 south to Fort 

Huachuca and Sierra Vista. The field 

trip will turn south here on Arizona 

90. 

To the east are badlands in flat

lying lake beds of the late Pliocene 

St. David Formation, which occur in a 

local. basin within the complex San 

Pedro Valley graben system. Numerous 

age dates reported by Scarborough 

( 1 975) from tuffs interbedded with 

lake sediments below the fluvial 

member of the St. David Formation 

range from 2.5 Ma to 3 .2 Ma. 0.1 

37.9 Milepost 29 1  (Arizona Highway 90). 

for next 0.9 miles road-cuts on both 

sides of the road are in flat-lying, 

red-brown, Holocene to Miocene, 

pediment-forming sands and gravels. 

3.0 

40.9 Milepost 294. Northern end of the 

Whetstone Mountains are at 1 :00 to 

2:30. High ridges closest to the road 

at 1 :30 are Precambrian Y biotite

chlorite granodiorite porphyry and 

quartz monzonite. The higher ridges 

on the skyline at 2:00 are Cambrian 

Bolsa and Abrigo quartzites, 

Mississippian Escabrosa limestone and 

Devonian Martin Formation. The 

Paleozoic overlies the Precambrian 

here unconformably and in places 

Drewes has mapped a thrust fault at 

this contact with transport from west 

to east. 3.0 

43.9 Milepost 297. Quarry on hillside at 

2:30 is the site of the old Ricketts 

Mine which exploited a very thick 

white quartz vein for silica flux. 

The quartz vein occurs at the 

contact betweeen Precambrian Y 

alaskite and quartz monzonite. 1.9 

45.8 Rest Area. The prominent hill at 

3:00 is capped by cliff-forming 

Cambrian Bolsa quartzite that dips to 

the west at about 20°. The Bolsa is 

intruded by a sill of fine-grained 

Cretaceous granodiorite that is the 

slope former. Pinal schist forms the 

lowermost slopes of the hill. Middle 

Canyon is at 3:30 and the low hills at 



4:00 are Precambrian alaskite and 

schist. The Lone Star Mine produced 

20,000 tons of fluorite between 1 946 

and 1 967 from a vein in the Pinal 

Schist. The James Mine was a small 

mine that produced several hundred 

pounds of scheelite and wolframite 

concentrate from quartz veins in the 

alaskite. The hills in the foreground 

at 2:00 are capped by cliffs of west

dipping Bolsa quartzite. The 

prominent ridges on the skyline from 

1 :00 to 3:00 are Mississippian 

Escabrosa formation that strikes NNW 

and dips to the west at angles 

between 20° and 30°. It overlies 

Devonian Martin Formation and 

Cambrian Bolsa quartzite that forms 

the cliff halfway down the slope. 

The small foothill in the middle 

distance is also Bolsa quartzite 

overlying Pinal Schist. 3.6 

49.4 Hills in the middle distance at 3:00 are 

north-striking, west-dipping (±25°) 

Paleozoic units. The hills are capped 

by Pennsylvanian Horquilla limestone 

t h a t  c o n f o r m a b l y  o v e r l i e s  

Pennsylvanian Black Prince limestone, 

Mississippian Escabrosa limestone and 

Devonian Martin Limestone. 

The high ridges on the skyline at 

3:00 are made up of members of the 

Permian Scherrer formation. Two, 

north-striking thrust faults occur just 

below the ridge top. . These thrusts 

enclose Scherrer formation and 

Permian Epitaph carbonate and overly 

Permian Colina limestone and 

Pennsylvanian Horquilla units which 

form the lower slopes (Wrucke, et aI, 

Drewes, 1 980). 2.5 

5 1 .9 Milepost 305. At 4:00 the foothills 

are capped by Permian Horquilla 

limestone that overlies Black Prince 

l imestone (Pennsylvanian)  and 

Mississippian Escabrosa and Devonian 

Martin Formations. The dun-colored 

hills that form the skyline are 

Cretaceous Bisbee group sediments 

that have been intruded by a 

Laramide granodiorite porphyry. The 

highest part of the range is underlain 

by this toval stock. 

East of the hills on the skyline is 

the Mine Canyon area in which 

Wrucke et al ( 1 983) report a porphyry 

copper target near the Nevada and 

Mascot mines with a resource reserve 

of 32 million tons of 0.28% copper 

and 0.0 1 %  molybdenum. The 

mineralization occurs in a Laramide 

grandiorite and adjacent skarns in 

Permian carbonates. 

The lower group of hills at 2:00 to 

3:00 that are separated from the 

Whetstones by Mescal Creek are a 

block of Permian sediments that have 

been strongly faulted by east-west 

high-angle faults. The Mescal Creek 

drainage follows the trace of one of 



these structures - the Mescal Spring 

fault zone. The sharply pointed, 

conical hill at 3:00 (south of the 

fault) is capped by Scherrer Formation 

which overlies Permian Epitaph and 

Colina carbonates. The prominent 

cliff-former on the ridge line, south of 

the conical hill is Colina limestone, 

(Wrucke, et aI, 1 983). In this small 

range the middle member of the 

Epitaph Formation is gypsum-bearing 

and some of the beds here are up to 

33 feet thick. This particular locality 

is on the east-facing slope of the 

conical hill at 3:00. 2.0 

53.9 Milepost 307 to 308.5 .  Community of 

Whetstone mostly on east side of the 

road. Directly ahead are the main 

ranges of the Huachucas. 1.4 

55.3 Junction of Arizona 90 with Arizona 

82.  Turn left towards Tombstone. 

For the next eight miles the road 

crosses Holocene to Miocene gravel of 

the San Pedro valley. As we face 

south we view the Huachuca Mtns. 

The foothills of the range are of the 

range are Precambrian granites 

overlain unconformably by Cambrian 

quartzines and Devonian and 

Mississippian Martin and Escabrosa 

Formations. At the foot of the 

range, striking NW and dipping NE is 

the Nicksville Fault (Drewes, 1 983) 

that is down to · · the northeast. 

Exposures on the down-dropped side 

of this fault include small outcrops of 

Permian/Pennsylvanian carbonates and 

Bisbee Formation. 5.0 

58.3 Milepost 58 (Arizona 82) .  Low hills 

at 3:00 are Tertiary Bronco volcanics 

which are comprised of a lower 

andesite and an upper member that is 

predominantly quartz latite (±72 Ma). 

At 1 :00 are the Tombstone Hills. 

3.0 

6 l .3 Milepost 6 l . Road descends through 

cuts in pediment gravels adjacent to 

the San Pedro wash. 0.2 

6 l .5 Cross the San Pedro. 1.0 

62.5 Road ascends through roadcuts in 

valley gravels. 2.8 

65.3 Milepost 65. Prominent hills at 3:00 

are Bronco volcanics. The highest 

hill on the right is "The Dome". 2.5 

67 .8 Junction with U.S. 80. Turn right 

towards Tombstone (milepost 3 1 4  on 

U.S. 80). 1.3 

69. 1  Road ascends through cuts in gravels 

(subhorizontal). 1.2 

70.3 Enter Tombstone. Boothill Graveyard 

on left. Road log will commence 

after Tombstone tour at Milepost 3 1 8  

on south side of Tombstone. 



ROADLOG - TOMBSTONE TO BISBEE 

Modified from the log of Stanley B. Keith and Jan C. Wilt that was prepared for the "Land of 

Cochise" meetings in 1 978.  This road log commences at milepost 3 1 8  on the south side of 

Tombstone, driving southeast. 

0.0 

1 .5 

2.0 

Milepost 3 1 8 . Recommence road log 

driving southeast from Tombstone. 

For next mile, roadcuts are in Plio

Pleistocene alluvium overlying 

bedrock pediment cut on upturned 

Bisbee Group. The Tombstone Hills 

at 3:00 are separated from the 

Dragoon Mountains at 9:00 by a broad 

valley about 8 mi wide which marks 

the position of a northwest

trending Basin and Range graben of 

unknown depth. Note cut and fill 

aspect of coarse terrace alluvium 

which overlies finer-grained valley 

fill in roadcuts. Also note locally 

thick caliche layers in roadcuts. 1 .4 

Roadcuts on right are in Bisbee 

Group within down thrown block north 

of east-striking Prompter fault. 

Ridge to south at 1 :00 to 2:00 is 

north-dipping Horquilla Limestone in 

block south of Prompter fault which 

is intruded by 62 Ma rhyolite 

porphyry. 0.6 

Milepost 320. Hills at 9:00 to 1 0:00 

are Miocene to · Upper Oligocene 

andesites and dacites (Turkey Track 

equivalents ± 26 Ma). . East of these 

hills the low- lying topography is 

underlain by the Jurassic Glesson 

quartz monzonite that hosts gold in 

quartz vein stockworks at Gold 

Camp currently being drill evaluated. 

1 .0 

3.0 Milepost 32 1 .  Hills to left are 

Horquilla and Earp formations with 

complicated bedding attitudes. Davis 

Road turn-off east to Gleeson. 1 .0 

4.0 Roadcuts on right and left for next 

0.2 miles are in Martin and Escabrosa 

units at top of the hill and in Colina 

Limestone near bottom of hill. These 

units are intruded in this area by a 

number of small bodies of Laramide 

age felsic porphyries (lathes and 

dacites) .  Note fault and drag fold in 

roadcut on right at first road cut. 

Numerous small faults are exposed in 

the roadcuts that are not obvious in 

the outcropping section. 1 .0 

5.0 Milepost 323.  Intricate bedding 

attitudes in Paleozoic strata west of 

road indicate complicated structural 

history of Tombstone Hills. They 

were mapped and described by Gilluly 



( 1 956) who argued for the presence 

of two orogenies. The first orogeny 

formed east-trending folds and 

reverse faults related to a north-

south to north-northeast/south-

southwest  compression after 

deposition of the Bisbee Group and 

before deposition of the Bronco 

Volcanics. 

The first orogeny was followed by 

widespread deformation, intrusion (72 

Ma) and mineralization from a second 

orogeny. This orogeny caused north

trending folds, north-striking reverse 

faults, and strike-slip movement on 

east-west faults near and after 72 

Ma. His second orogeny has been 

correlated by many workers with the 

Laramide. 

Davis ( 1 98 1 )  views the Tombstone 

Hills as a comparatively undeformed 

block in a large, northwest-trending, 

basement-cored uplift. Its structural 

margins are in the Dragoon 

Mountains to the northeast and the 

Huachuca Mountains to the southwest. 

Jones ( 1 966) offered another 

interpretation; "that in Laramide time 

rising magmas; (a) broadly domed the 

area of the Tombstone Hills causing 

local compressional features of 

diverse trends but primarily causing 

normal faulting, (b) pushed up the 

Precamb,rian granite, (c) permitted 

access ' to the surface of various 

extrusive rocks, and ' (d) concluded 

their active rise by intruding some of 

the faults and then solidifying in the 

near surface rocks. 

Prominent unnamed hill at 4:00 

consists of Colina Limestone intruded 

by a conspicuous light colored 62 Ma 

old rhyolite. Note small, sharp kink 

fold in cliff -forming ledges of Colina 

Limestone above rhyolite intrusion. 

1.0 

5.0 Between mileposts 323 and 324 look 

to the west for a view of the 

southern Tombstone Hills. The 

distinctive ridge is Colina Ridge and 

contains the type section of Permian 

Colina Limestone on the western 

slopes near the north end. Epitaph 

Gulch at the west end and the 

eastern slopes of the north end of 

Colina Ridge contain the type section 

of the Permian Epitaph Dolomite. 

Horquilla Peak (high peak at 1 0:00) 

contains the type section of the 

Pennsylvanian Horquilla Limestone. 

Regional l y  the Horqui l la  

disconformably overlies Black Prince 

Limestone and is gradational into the 

overlying Earp Formation. On 

Horquilla Peak the eroded Horquilla is 

1 ,000 ft thick and consists of a series 

of thin-bedded, blue-gray limestones 

(pinkish gray on fresh fracture) with 

a few thicker beds which form ledges 

and a few reddish-weathering shaly 

limestones near the top. 



The Earp Formation is 595 ft 

thick here (Gilluly and others, 1 954). 

It generally forms gentle slopes and 

low areas because of the greater 

percentage of shales (particularly in 

the lower part) and clastics than in 

either the gradationally underlying 

Horquilla Limestone or the 

gradationally overlying Colina 

Limestone. 

The Colina is 633 ft thick on 

Colina Ridge, but is 947 ft thick on 

the unnamed ridge extending 

southeast from Horquilla Peak from 

at 3:00 only a mile from Colina 

Ridge (Wilt, 1 969). The variation in 

thickness is probably attributable to 

the varying downward extent of 

diagenetic dolomitization in the 

Epitaph (Patch, 1 969), as the same 

bed can be traced from 

undolomitized Colina into dolomitized 

Epitaph. The Colina Limestone is 

dominantly a dark-gray, thick-bedded 

l imestone that forms cliffs 

characterized by massive ledges and 

steep slopes only slightly less 

precipitous than the Escabrosa. On 

fresh fracture the limestones are very 

dark gray to black and have a fetid 

odor. 

The lower contact of the Epitaph 

Dolomite is taken as the first massive 

dolomite above the transitional zone 

of partially dolomitized limestone at 

the top of the Colina. The lowest 

member is 200 ft of medium- to 

light-gray to yellow and buff, 

medium-bedded dolomite containing 

silica nodules weathering as knots on 

the surface. It is exposed as the dip 

slope on the east side of Colina 

ridge. The middle part of the 

Epitaph is exposed in the saddle at 

3:00 and 4:00 between Colina Ridge 

and the low foreground hill. The 

middle part of the Epitaph consists of 

about 250 ft of poorly exposed, 

reddish, sandy limestone or limy 

sandstone containing shallow water 

indicators such as crossbedding, 

ripple marks and intraformational 

breccias, and a higher proportion of 

maroon shale and less dolomite. The 

upper part of the Epitaph, also 

exposed in the same hill, consists of 

over 1 00 ft of bluish-gray, thin

bedded limestone. 

The Epitaph is unconformably 

overlain by Glance Conglomerate 

containing boulders and pebbles of 

dolomite, limestone, granite, rhyolite 

and quartzite with an angular 

discordance of about 1 5  degrees and 

with an erosion surface with relief 

exceeding 20 ft in 300 ft (Gilluly 

and other, 1 954). 

The large hill at 1 0:00 is 

Government Butte which is described 

after milepost 328. The Huachuca 

Mountains are on the skyline from 

1 2:00 to 2:00. 1.0 



6.0 

7.0 

8.0 

Milepost 324. Hill to left at 2:00 

contains well-exposed, slope-forming 

Earp Formation in lower slopes. The 

Earp is in fault contact with Colina 

Limestone which is anticlinally 

folded. 1.0 

Milepost 325. 

Government Draw. 1.0 
Bridge over 

Milepost 328. From milepost 327 to 

milepost 329 Government Butte is the 

large hill on the east side of the 

road. At this point we will face 

north. 

GOVERNMENT BUTTE 

Introduction 

Government Butte consists of upper 

Paleozoic strata, the type sections of which 

were measured in the Tombstone Hills. From 

this stop a controversial east-west structural 

zone is visible at the southern end of 

Government Butte. This structure is related 

to complex "Laramide" structural development 

here and in the southern Tombstone Hills. 

Stratigraphy 

The lower southern slopes of Government 

Butte from this view contain typical 

outcrops of Horquilla Limestone. At the 

west end of Government Butte ( 1 2:30) 

Horquilla Limestone forms alternating thin 

ledges and slopes; above this is a slope

forming unit · with a few orange limestone 

ledges. This is the typical outcrop 

expression of the Earp Formation which 

contains the Pennsylvanian -Permian 

boundary. Above this slope interval are 

bluish-gray, thick ledges and slopes typical 

of the Colina Limestone. Colina Limestone 

comprises most of Government Butte, 

particularly on the north side. 

The strata just described continue east 

through several east-striking faults mapped 

as high-angle reverse faults and thrust 

faults by Gilluly ( 1 956), each with the north 

side slightly up. Consequently, the slope

forming Earp section is structurally higher 

in a topographic reentrant at I :00. Farther 

east Earp Formation is again structurally 

lower and crops out at the southern base of 

Government Butte from 1 :00 to 2:00. 

Structural Geology and Tectonics 

The southern slopes of Government Butte 

are on the complexly folded and faulted 

southern limb of a large, west-plunging, 

anticlinal fold which makes up the bulk of 

Government Butte. Numerous bedding plane 

"thrusts" may indicate flexural slip. Gilluly 

( 1 956) showed the southern edge of the 

butte to be marked by numerous east

striking, steeply north-dipping reverse 

faults. 

The structures in Government Butte are 

part of a 25-mi-Iong (and possibly as much 

as 50-mi-Iong) east-west deformational 

belt, The Sawmill Canyon Complex Fault 

of Drewes ( 1 980 & 1 98 1 .) The Government 

Butte block is separated from the flay-



lying Bisbee Group strata of the northern 

Mule Mountains by a complex, east-west 

structural zone of folding and reverse 

faulting, which passes through the notch at 

2:45. This zone extends westward from 

Government Butte to the southern 

Charleston Hills ( 1 0:00), where east-west 

folds in the Bisbee Group are truncated by 

andesites of the Bronco Volcanics. From 

there the zone may continue west, 

concealed under alluvial cover, to the north 

end of the Huachuca Mountains at 9:00, 

where it may be represented by the Kino 

Spring fault zone and related structures. 

The age of this deformation is post-Bisbee 

Group (about 94 Ma) and pre-Bronco 

Volcanics (75(?) Ma), which is earlier than 

the Laramide. 

To the east this zone extends through 

the Bisbee Group as a south-facing 

monocline. Interestingly, the Bisbee Group 

has flexed, but not faulted, over the trace 

of the east-west tectonic zone as it also has 

over the eastward projection of the Dividend 

fault (Hayes and Landis, 1 964). The 

interbedded siltstones and shales of the 

Bisbee Group seem to be capable of 

absorbing strain by flexure rather than by 

the brittle rupture which is more common in 

the underlying Paleozoic section. This theme 

is persistently repeated throughout deformed 

Phanerozoic strata of south-eastern Arizona. 

1.0 

1 1 .0 Milepost 329. Hills from 9:00 to 

1 1 :00 are the Mule Mountains which 

here are composed of subhorizontal, 

Cretaceous Bisbee Group sediments. 

1.5 

1 2.5 Hill at 9:00 is Devonian Martin 

Formation. 0.1 

1 2.6 Bridge. Outcrops in arroyo are 

Escabrosa Limestone. 0.4 

1 3 .0 Milepost 33 1 .  Low hill at 3:00 is 

Horquilla Limestone. Juniper Flat 

granite (Jurassic) intrudes the Martin 

in low ridge at 1 2:00 to 2:00. 

Outcrops of the granite are next to 

the road on the west side. Low 

ridge to left is Cambrian Abrigo and 

Bolsa quartzite which are cut by 

granophyre dikes, presumably of 

Juniper Flat granite. 1.0 

1 4.0 Milepost 332.  Roadcut in east- and 

northeast-striking fault slices of 

aphanitic dolomites of Martin Limes

tone, Juniper Flat Granite, and 

Percha Shale(?) .  Strike-slip, oblique

slip and dip-slip slickensides indicate 

a complicated 

Note brittle 

deformation. 0.3 

movement history. 

aspect of this 

1 4.3 Junction of U.S. 80 and Arizona 92. 

Hill at 3:00 is capped by crinoidal 

Escabrosa Limestone. Slope-former at 

base of hill is Martin Limestone, 

which contains aphanitic dolomite and 



sandstone and siltstone lenses. At 

the base of the Escabrosa cliff is  a 

well-vegetated slope-forming unit that 

is probably olive-green mud-shales of 

Percha Formation. The yellowish

gray ledge below the presumed Percha 

Shale is probably a sandy dolomite in 

the upper Martin Limestone. 

Both Martin and Escabrosa are cut 

by granophyre dike apophyses of 

Juniper Flat Granite. Note west

striking fault which offsets these 

Paleozoic strata. 

Facing south at 1 2:00 Horquilla 

Limestone in hills to right ( 1 0:30 to 

1 2:00).  Mississippian and 

Pennsylvanian strata are well exposed 

in the long ridge from 8:30 to 1 1 :45.  

The base of the northwest end of the 

ridge at 1 1 :30 is massive crinoidal 

limestone 

Limestone. 

in upper Escabrosa 

At 1 0:00 is the basal 

siltstone -shale-micrite unit of 

Horquilla Limestone. The lower 

slope-forming unit of Horquilla 

Limestone rests unconformably on 

limestones of Black Prince Formation. 

Above . the slope former, prominent 

fusulinid- bearing limestone ledges 

occupy the upper slopes of the ridge 

from 9:30 to 1 0:45. The top of the 

ridge is a sill- like intrusion of 

Juniper Flat Granite. 

In the low ridge on right, west

dipping
· 
Bolsa Quartzite, overlain by 

Abrigo Formation is . intruded by a 

prominent Juniper Flat Granite dike. 

These dikes are part of a prominent 

northwest-trending dike swarm which 

cuts Paleozoic rocks in Escabrosa 

Ridge to the southeast and in the 

unnamed low hill to the north. As 

mapped by Gilluly and by Hayes and 

Landis ( I  964), these dikes constitute 

a separate intrusive mass that is 

largely separated from the larger 

intrusion. The prominent massive 

cliffs of granite are also designated 

as Juniper Flat Granite by Gilluly and 

Hayes and Landis. 

After the road junction, U.S. 80 

swings to the southeast and follows a 

valley that is the trace of the 

Dividend Fault. This fault separates 

Juniper Flat granite, that is much of 

the area on the left of the road, 

from Precambrian Pinal schist, which 

is on the right of the road, the south 

side. The Pinal is unconformably 

overlain by Paleozoic sediments. 0.2 

1 4.5 Roadcut on right is southwest-dipping 

lower Abrigo Formation with 

numerous faults. 0.5 

1 5 .0 Milepost 333.  Roadcuts on left side 

of road are in middle carbonate 

member of the Cambrian Abrigo 

Formation. 



1 5 .2  Bridge across Banning Creek. 

1 6.0 Milepost 334. Roadcuts are in 

southwest-dipping Bolsa Quartzite 

overlain conformably by Abrigo 

Formation. These are intruded at the 

southeast end of cut by a dike of 

Juniper Flat Granite. 

From Milepost 334. Numerous 

roadcuts on the left of the road 

expose cobble-boulder colluvium which 

unconformably overlies Juniper Flat 

Granite and sheared Pinal Schist. 

The sheared schist may represent 

gouge related to the Dividend fault 

or deformation related to intrusion of 

the Juniper Flat Granite. For about 

3 miles the highway nearly parallels 

the contact between Juniper Flat 

Granite and Pinal Schist. High ridge 

to left is Escabrosa Ridge. For the 

next four miles roadcuts are in 

locally mineralized and altered 

Juniper Flat Granite and sheared 

Pinal Schist. 5.0 

2 1 .0 Milepost 339. As we top the ridge, 

Juniper Flat Granite crops out in 

immediate vicinity. Visible terrain to 

the southwest is mostly Pinal Schist 

intruded by dikes presumably related 

to the Juniper Flat Granite. Some of 

the ridge tops are capped by Bolsa 

Quartzite resting unconformably on 

Pinal Schist. 

Mule Pass tunnel cuts through 

drainage divide. Tombstone Canyon 

drains eastward to Sulphur Springs 

Valley and Banning Creek drains 

northwest to San Pedro Valley. 0.6 

2 1 .6 U.S. 80 Bisbee business loop 

intersects from the left. 0.2 

2 1 .5 Bridge. Roadcuts ahead in Juniper 

Flat Granite. Turnoff to Bisbee and 

Tombstone Canyon on right. 0.1 

2 1 .6 Roadcuts ahead will be 10 Pinal 

Schist for 0.8 mi. Note extremely 

deformed character of Pinal Schist, 

which is probably related to motions 

along Dividend fault. The Dividend 

fault is difficult to trace northwest 

of these roadcuts. Its projected 

trace has been a matter of 

considerable speculation. 0.8 

22.4 Pinal Schist with thermal alteration. 

Pinal Schist is here separated from 

Abrigo Formation by a northeast

striking fault strand of the Quarry 

fault. 0 .4 

22.8 Bolsa Quartzite in roadcuts on both 

sides of road. Note numerous faults 

within the relatively competent Bolsa. 

The contrasting deformation styles in 

Bolsa Quartzite and Abrigo Formation 

illustrate the response to stress of 

rocks of differing ductilities. 



The Bolsa Quartzite was named by 

Ransome ( 1 904) from exposures in 

Bolsa Canyon on the southwest side 

of Escabrosa Ridge, although the best 

exposures are on Mount Martin. The 

Bolsa unconformably overlies 

Precambrian Pinal Schist and grades 

upward from a basal conglomerate to 

c oa r s e - g ra i n e d ,  c r o s s - b e d d e d  

quartzites. The upper layers o f  the 

430 ft-thick Bolsa are thinner-bedded, 

more v i treous ,  fine - grained 

orthoquartzites. It is  conformably 

overlain by the Late Cambrian Abrigo 

Formation. 0.1 

22.9 Abrigo Formation in roadcuts on both 

sides of highway. Note numerous 

kink folds in the comparatively 

incompetent strata of Abrigo 

Formation. Also note distinctive 

"graham cracker" texture and ribbed 

"tire track" aspect of carbonate beds 

within this part of the Abrigo. 

The Cambrian Abrigo Formation 

was named by Ransome ( 1 904) from 

exposures in Abrigo Canyon, 3 miles 

southwest of Bisbee. The Abrigo on 

Mount Martin is a 770 ft-thick 

sequence of dark greenish-yellow, 

t hi n - bedded,  cherty- laminated 

limestones, which alternate with 

calcareous shale, and with some sandy 

limestone and sandstone in the upper 

part. 0.1 

23.0 Milepost 34 1 .  Covered area to left 

conceals Martin Limestone and much 

of the Abrigo Formation. Martin 

Limestone was named by Ransome 

( 1 904) from exposures on Mount 

Martin on Escabrosa Ridge south of 

the highway. 0.4 

23.4 Escabrosa Limestone on left. 

Escabrosa Limestone was named by 

Ransome ( 1 904) for exposures on 

Escabrosa Ridge, south of the 

highway. It consists of about 700 ft 

of high cliff-forming, thick-bedded, 

nearly white to dark-gray, crinoidal, 

granular limestones (see Armstrong, 

this guidebook.) 

Castle Rock, the conspicuous 

turreted crag which overlooks 

downtown Bisbee is down and to the 

right of the highway. Castle Rock is 

mainly composed of Escabrosa 

Limestone and Martin Limestone 

which are in fault contact with the 

Dividend fault to the north. 

Excellent views overlooking 

Tombstone Canyon and Bisbee (to the 

right) for the next mile. 0.2 

23.6 Road to right to business section of 

Bisbee and the picturesque Brewery 

Gulch section. Bisbee, one of the 

more colorful mining towns in the 

American Southwest, was named for 

Judge DeWitt Bisbee of San 

Francisco, a shareholder and father-



in-law of one of the promoters in the 

Copper Queen Consolidated Mining 

Company. Judge Bisbee never visited 

the town which bore his name. 

To the right is the Copper Queen 

mine; worthwhile mine tours are 

offered daily. Within the 

underground workings of the Copper 

Queen mine, some of the world's 

finest examples of secondary copper 

minerals have been found. The 

Warren district is particularly famous 

for its stalactitic and crystallized 

specimens of azurite and malachite. 

It is said that high school proms and 

Bisbee town council meetings were 

held in underground caverns adorned 

with spectacular malachite stalactites 

locally covered with crystallized 

rosettes of azurite. To the left just 

beyond the Copper Queen is a small 

amount of Martin Formation of 

Devonian age. 0.6 

24.2 Sacramento Hill, what is left of it, is 

on the right. Along this stretch of 

road are spectacular roadcuts of 

alteration related to porphyry copper 

mineralization in alkali granite of the 

Jurassic Sacramento stock. The 

surfaces of hills in this vicinity are 

covered by a bright red oxidized zone 

which follows the contours of the 

hills. This constitutes the classic 

oxidized zone present over many 

porphyry copper .sulfide systems. 

Below the oxidized zone is hypogene 

( primary Quartz-sericite- pyrite) 

alteration in the Sacramento stock. 

Note how the upper oxidized zone 

extends down into primary altered 

rock along fractures. The red iron 

oxide cap was the flag that initially 

drew many of the old prospectors 

into what are now major porphyry 

copper districts. 0.2 

24.4 Turn left from Lavender Pit overview 

on U.S. 80. 

The Lavender Pit is one of the 

smaller open pit porphyry copper 

mines in the United States. To the 

right are the remains of Sacramento 

Hill. Across the pit one can see 

where the pit intersected old 

underground workings. The power 

house at 1 0:00 is at the head of 

major slumpage. 

The Lavender Pit, which began 

stripping in 1 954, included the 

Sacramento Pit, initiated in 1 9 1 3  at 

what is now the northwest end of 

the pit. The Lavender Pit was named 

for Harrison Lavender, who became 

mine superintendent of the Copper 

Queen Mine in 1 93 1 ,  having started 

as a miner, and became general 

manager in 1 937 for Phelps Dodg�. 

The head frames across the pit at 

1 0:00 are the Campbell shafts. This 

mine was the main underground 

producer in the Warren district, 



extending 3,600 ft deep and supplying 

three-fourths of the total district 

production. The ore bodies 

consisted of rich lead-zinc-copper 

replacement bodies in Escabrosa, 

Martin and Abrigo formations. 

Production data for the Warren 

mining district is as follows: 

8 ,05 1 ,276,000 pounds of copper; 

309,756,000 pounds of lead; 

378,450,000 pounds of zinc; 2,726,000 

ounces of gold; and 1 02,86 1 ,000 

ounces of silver. Although the 

Warren district is popularly known as 

a copper camp, not so well known is 

the fact that the Warren district is 

by far the leading precious metal 

district in Arizona. It leads in both 

silver and gold production by a large 

margin. 

The Warren mining district was 

named after George Warren, a 

prospector grubstaked by the army 

scout John Dunn, who had noticed 

rich ore in 1 877 while camping in 

Mule Pass in pursuit of Apaches. 

Warren and Dunn owned the Copper 

Queen which merged with Phelps 

Dodge after 1 880. 

The upper benches of the 

southeast pit wall (9:30 to 1 1 :30) are 

10 maroon outcrops of Glance 

Conglomerte containing over 90% 

Pinal Schist-clasts. The Glance rests 

depositionally on the Jurassic 

Sacramento stock in the greenish 

brown outcrops of the lower benches 

( 1 1 :00 to 1 :00) .  Glance 

Conglomerate here con tains 

mineralized clasts of Pinal Schist. 

The southwest pit wall ( 1 2:00 to 2:30) 

is contac t - al tered Horqui l la  

Limestone, Earp Formation and 

Colina Limestone (upper benches) , 

which are overlain at 1 2:00 by Glance 

Conglomerate. The entire south wall 

of Lavender Pit has been downfaulted 

along the west-northwest-striking 

Dividend fault which traces through 

the center of the pit. The north 

wall of the pit is in up thrown Pinal 

Schist and is intruded by the 

Sacramento stock, named for 

Sacramento Hill at 3:00. Behind the 

ridge north or the road, Pinal Schist 

is overlain by Glance Conglomerate 

(50-200 ft thick). Thus 5,000 to 

6,000 ft of Paleozoic section has been 

removed from the north block in 

Triassic-Jurassic time by activity 

along the Dividend fault. Bisbee is 

anomalous in that it is the only 

known Jurassic porphyry copper 

deposit in southeastern Arizona. 

The Bolsa Quartzite, Abrigo, 

Martin, Escabrosa, Horquilla and 

Colina limestones were intruded by 

the Jurassic Sacramento stock along 

the Dividend fault. The initial stage 

of mineralization was intense 

silicification and pyritization of 

limestone, schist and porphyry. An 



estimated 500 million tons of pyrite 

were deposited during this stage. 

Additional intrusive activity formed 

dikes, sills and irregular bodies and 

at least two stages of intrusive 

breccia. Copper, followed by lead

zinc mineralization, is associated with 

this stage. Following renewed 

activity on the Dividend fault, the 

resulting pattern is that of a rimless 

spoked wheel cut in half at the 

Dividend fault. A hub of pervasive 

mineralization, centered on the one

mile diameter Sacramento stock, has 

replacement bodies in brecciated 

Abrigo and Martin formations along 

faults radiating out from this hub. 

The mineralized zones may range up 

to 2,000 ft vertically, 500 ft 

horizontally and extend to over 

1 2,000 ft from the Sacramento stock. 

Final depths are in excess of 3,600 

ft. Individual ore bodies ranged up 

to 1 million tons in size but about 

two-thirds of them were less than 

25,000 tons. 

Exhaustion of minable open pit 

reserves and the extremely high cost 

of underground mining, exploration 

and maintaining openings in the 

highly shattered altered rocks forced 

the final closing of the operation in 

1 975.  



DAY 2 
ROAD LOG 



ROAD LOG - BISBEE TO 1- 1 0  (SECOND DAY) 

Compiled by Nora Colburn Sept./Oct. 1 988 

South end of Tombstone Canyon road joins US 90 (south) 1 .5 miles to junction. Scenic overlook 

to Lavender open-pit, on the southeast; dividend fault on the northwest: 0.6 miles to junction. 

0.0 

1 .9 

Circle-type intersection of US 80 and 

AZ 82, near junction with Bisbee

Warren Road. On the south and 

southeast edges of the loop are 

outcrops of Glance Conglomerate, the 

basal member of the Bisbee Group. 

HEAD EAST through Mule Gulch, 

towards Douglas. This route follows 

the SE extension of the Dividend 

Fault as it traverses the Lower 

Cretaceous Bisbee Group sediments, 

deposited at the northwestern end of 

the Chihuahua Trough. Several NE

striking normal faults offset these 

units down to the northwest. 

Milepost 345. Within the Morita 

Formation, which overlies the Glance 

Conglomerate. High point to the N

NE is Grassy Hill, capped by the 

Cintura Formation. The youngest 

unit in the Bisbee Group, the Cintura 

Formation is near-shore and fluvial 

clastics, in part reddish-colored, and 

reaches 540 m in thickness . Lower 

down the massive, prominent 

limestone unit (up to 3 1  m thick of 

shoal and some reef facies) is within 

the Upper Member of the Mural 

Limestone. This Upper Member 

(about 82 m thick) pinches out to the 

north and south. So that the Mural 

Limestone here, near its type locality 

at Mural Hill, consists of two 

members. The Lower Member is 

about 1 3 1  meters of gray-green, 

slope-forming sandy limestone, 

sandstone, siltstone and shale, which 

overlies the uppermost prominent 

sandstone of the Morita Formation 

(up to 780 to 1 260 m thick). 

This general area is within the 

northern end of the Gold Hill mineral 

district, forming part of the Warren 

District. Of presumed Late 

Cretaceous age,  this mineralization 

consisted of 1 ,600 oz. gold and 52,600 

Ibs. manganese, plus very minor 

silver, which was mined from 190 1 to 

19 1 1 . 

4.4 to 4 .7  Note that the Mural Limestone 

units and the underlying "redbeds" of 

the Morita Formation have fairly 

consistent 1 5-40° northeasterly dips. 

However steepening occurs (in some 

places to 80 or more degrees), as can 

be seen road crosses the southward 



extension of the Mule Fault and 

leaves the southern end of the Mule 

Mountains. 

4.9 TAKE ELFRIDA TURN OFF and 

continue ENE on paved road for 

about 8 miles. Last outcrop was in 

Cintura Formation. Gravel road 

branching to north immediately after 

turn was completed, is sometimes 

called the 'High Lonesome' road. 

5.5 Tavern on left, road descends slope 

into southern portion of the Sulphur 

Spring Valley; at 1 2:00 are the Perilla 

Mountains, located south of the 

6.5 

Swiss helms and Pedregosa ranges. 

Bald Knob extrusive rhyodacitic flows 

and pyroclastics (Oligocene-Miocene) 

at 1 1 .50, located about 1 5  miles north 

of Douglas. 

8 .7 to 9.4 Arroyo on left, the extreme. fine

grained nature of the soils may be 

indicative of playa-like conditions of 

deposition. In general view at 1 2:00 

is the area of low-lying Cretaceous? 

andesitic volcanics and sediments 

between the Swisshelm Mountains on 

the north, the Perilla Mountains on 

the south and the Pedregosa 

Mountains toward the northeast.  

1 0.0 Intersection with Frontier Road. It 

is asphalted all the way north to its 

intersection with Davis Road. 1 0 .83 

Cross N-S ranch road. 

l 3.0 STOP SIGN. TURN LEFT/ NORTH on 

to Central Highway, leading to Mc 

Neal, Elfrida and Wilcox. Almost 

immediately road crosses arroyo of 

south-flowing Whitewater Draw; 

nearby houses and school form the 

community of Double Adobe. 

1 3.3  to 1 5 . 1  Central Highway road 

continues northward, slightly west of 

the axis of the Sulphur Springs 

1 7 .2 

Valley. Light colored patch at 1 : 1 5  

is granitoid mass (Upper Oligocene

Miocene), on the western side of 

Swisshelm Mountains which extend 

from 1 :00 to 2:30, the Pedregosa and 

Perilla ranges extend southward to 

about 4: 1 5 . Two "double" peaks can 

be seen at 1 0:30 AND 1 1 :30, these are 

Hay Mtn.,  Signal Hill and Outlaw . 

Mtn. and Sugarloaf Hill formed in the 

Tertiary rhyolitic volcanics and 

Jurassic granite/quartz monzonite of 

the southern Dragoon range. From 

9:45 and back are the eastern slopes 

of the Mule Mountains, consisting 

almost entirely of the upper units of 

Bisbee Group. 

Chili factory. 



1 9.2 Bagby Road on west. Whitish 

granitoid patch in Swisshelms now at 

2:00. The darker, brownish layer 

overlying lighter-colored rocks mark 

the contact of at least one thrust 

plane, separating older units 

(Precambrian granites or Paleozoic 

sediments) above from lower younger 

units (sediments of the Bisbee Group). 

2 1 . 1  Ranch on left. Square top Hills can be 

seen at 1 :00; distant mountains at 

1 2:30 are the Dos Cabezas; the 

"double" peaks of the southern 

Dragoons begin to overlap part of the 

Tombstone Hills at about 9:45. Brown 

Peak may be at 1 0:45 or 1 1 :00. 

22.4 STOP SIGN. Intersection with Davis 

Road, Elfrida is 6 miles to the north

northeast; McNeal is 2 miles east. 

Patch of light-colored rocks in . 

Swiss helms at 2: 1 5; the southern end 

of the Dragoon Mountains begins with 

knob at 9:40 to peaks west of 

Courtland at 1 0:00 to 1 0:45.  

24.7 At 1 : 1 5  are the isolated Squaretop 

Hills, composed of Tertiary 

rhyodacitic volcanics. 

25.0 to 25 .5  Road makes jog to east, then 

north again. 

26.0 Approaching Elfrida; good views of 

the southern Dragoon Mountains and 

scattered hills from 8:50 to 1 0:45; at 

1 1 .00 reddish slope marks the western 

edge of the Courtland mining and 

townsite area. 

27.8 Cross 1 2th Street at southern edge of 

Elfrida. 

28.4 STOP SIGN at intersection, continue 

NOR TH on US 666. 

29.3 MP 25.  Approaching turn off to 

Gleeson road, a sharp left, shortly 

after posted 55 speed limit sign. 

29.7 TURN LEFT - WEST on to GLEESON 

ROAD. 

29.8 Sign: "Courtland - 7 ,  Gleeson - 1 1  

miles, Tombstone -27 miles." Mule 

Mountains at 9: 1 5  - 1 1 :00, scattered 

hills to 1 2:20 and northern portion of 

Southern Dragoons, with isolated peak 

at 2: 1 O. The isolated 'cone-shaped' 

hill at 1 1  :30 is Sugarloaf Hill, 

composed of quartz latite (74.50 ± 
2.90, K-Ar/bio, from welded tuff 

(Reynolds and others, 1986). At the 

eastern base of the Sugarloaf quartz 

latite is a patch of Q-T basalt. 

33.8 Road intersection from south; Cochise 

Packers. Visible toward the NW from 



road mileage 33.8 to 35.6 are the 

three northwest-trending ridges, 

formed from single to multiple fault 

slices. This is the Courtland-Gleeson 

area. The southern gray-colored 

ridge at 1 2:45 - 1 :  1 5  is a mixture of 

Escabroas and Horquilla limestones, 

and Earp Formation positioned on top 

of Copper Belle monzonite porphyry. 

The middle ridge is less well defined 

but is notable for reddish coloration 

of the Bolsa quartzite, with Browns 

Peak at the southern end. This is 

Turquoise Ridge has Cretaceous 

rhyolite along its eastern base, and 

the Cambrian sediments above some 

Precambrian Pinal schist, intruded by 

Triassic monzonite. The easternmost 

ridge at 1 :45 - 2:00 a eastward

dipping jumble of both Lower and 

Upper Paleozoic sediments above 

Triassic monzonite, the Copper Belle 

in this case. 

35.6 Ranch road from SE. Road begins to 

curve to NW; ranch road, cattle guard 

and another ranch road at cumulative 

mileage: 36.0. 

36.5 Cattle guard. Sugarloaf Hill now at 

1 0:00. 

37.0 PAVEMENT ENDS, graded dirt road 

begins. 

37.4 Dirt joins at angle from south. 

Nearing intersection to Courtland. 

Sign: "Gleeson -4 miles, Tombstone -

1 5  miles" ahead. 

37.5 TURN NORTH/RIGHT ON TO ROAD 

TO COURTLAND (4 miles) and 

PEARCE ( 1 2  miles). An additional 

mileage log will start at this point. 

37.6 (0.0) ON ROAD TO COURTLAND. 

Limestone hills at 9:00. This is the 

southern edge of the Turquoise 

Mining District. Mineralization is 

associated with the Jurassic 

monzonite porphyries. Production 

was primarily silver and copper; 

1 ,049,00 oz Ag; 2 1 ,600 oz gold; 

50,397,000 Ibs. Cu; 5,747 ,000 Ibs. lead, 

plus some 78,500 Ibs. manganese, 

mined from 1 902 to 1 978.  Additional, 

probably high-grade silver and copper 

was mined from 1 883 to 1 900. The 

Turquoise granite/quartz monzonite is 

named for a pale green-blue 

turquoise found in certain localities. 

37 .7-37.8 (0. 1 - 0.2) Cross dip in wash. 

Road off to right at angle; some 

dumps are visible, as are scattered 

outcrops of carbonates. 

38.0 (0.4) Cross under powerline. 



38.1 (0 .5) Cross cattle guard, powerline 

angles off into valley. Sugarloaf 

quartz latite knob at 9:00, with 

Abrigo to Horquilla fragments. 

38.49 (0.89) Road off to right. Browns Hill 

at 1 0:00. 

39.1 . ( 1 .5) Dirt road off to left. 

39 .6 - 39.8 (2.0 - 2.2) Cross a series of 

dips and washes; several roads go off 

in various directions. 

40. 1 (2.5) Bottom of dip. 

40.3 (2.7) Cattle guard; south fork of Y

intersection on right leads to Elfrida 

(7 miles). Abandoned mining town of 

Courtland, which once had a 

population of 1 ,000 people, - 1  mile 

ahead; Gleeson 4 miles back. 

Limestone hill at 1 2:00; cross wash. 

40.4 (2.8) North branch of Y -intersection. 

Purple hills at 9:30 - 1 :00; haulage 

railroad grade visible on eastern 

slope, as well as reddish alteration. 

40.6 (3.0) Outcrops along road; Triassic 

Copper Belle monzonite feldspar 

porphyry. 

40.7 (3. 1 )  Ruin with cobbled-walls on 

right at 1 :00. Still in monzonite 

porphyry; major workings and main 

part of town off at 9:00 - 1 2:00. 

4 1 .0 (3.4) Abandoned building at 1 :00. 

4 1 . 1  (3.5) Road junctions, take RIGHT 

fork; left branch goes around hills, 

now in limestone outcrops/hills. 

4 1 .2 (3.6) Tight right curve; limestone 

on right, may be Martin or 

Escabrosa. Mine workings now 

behind, occasional glimpses of Suphur 

Spring Valley ahead. 

4 1 .3 (3.7) Side road; rubbly, blocky 

limestone outcrop behind ruin. 

4 1 .4 (3.8) Concrete building foundation. 

4 1 .4 - 4 1 .7 (3.8 - 4 . 1 )  Another curve to 

left; buildings plus tailings at 1 :00. 

Mines in this immediate area include 

Mary, Silverton, and King Plomo. 

Bedrock along left side of road, 

showing steep bedding and Fe-oxide 

stained, altered marly 

limestone/siltstone, and black shale. 

Area from about 4 1 .6; 4.0 miles, also 

has scattered dumps and mine 

workings. At 4 1 .7; 4 . 1  = Small shaft 

and dump on right side of road. This 

may be the Germania mine, which 

Keith, 1973 describes as having a 

"blanket-like" copper carbonates and 

oxides in a thrust fault breccia, with 



Bolsa quartzite in the upper plate and 

Carboniferous limestone in the lower. 

Other mines in this area are the 

April Fool and Maid of Sunshine. 

About 4 1 .75 (4. 1 5) Small dump; road off to 

left, just before road curves 

right/east and uphill to U -curve to 

north. 

42.0 (4.4) Ruin at 8:00; old road off to 

right; jumbled appearing limestone 

outcrop indicate road is possibly 

crossing over a thrust fault zone. 

Now out of Courtland. Occasional 

view Squaretop, Pearce hills beyond. 

42.2 (4.6) Cattle guard; Sulphur Hills at 

1 :00. 

42.6 (5.0) Milepost sign; in sandy wash, 

road narrows. 

42.7 (5. 1 )  Road intersects from right. 

42.8 (5.2) Road intersects from left. 

Low-lying outcrops of Cretaceous 

Bisbee Group nearer to mountain 

front. 

43.0 (5.4) Ranch road off to left. 

Central Dragoon Mountains from 8:30 

to 1 1 :00. 

43.4 (5.8) Cross sandy washes. 

Middlemarch Pass at 8:30 - 9:00, 

Cochise Stronghold at 1 0:30 - 1 1 :00. 

43.7 (6. 1 )  Hill immediately on right is 

probably one capped by andesite 

(33.90 ± 0.60, K -Ar, WR: Reynolds and 

others, 1 986) over Sugarloaf quartz 

latite. Good view of Dragoon 

Mountains; north of Middlemarch Pass 

are the jagged peaks of Stronghold 

area at 1 0:00 - 1 1 :30. 

44.0 (6.4) Major sand wash. 

44. 1  (6.5) Ranch road on left. 

44.3 (6.7) Ranch road; Pearce Hills and 

Squaretop Hills cross Sulphur Spring 

Valley from 1 2:00 to 3:00, visible 

when road rises on top of drainage 

divides. 

44.7 (7. 1 )  Ridge of Stronghold intrusive at 

9:00. 

45.2 - 45.5 (7.6 - 7.9) Cross several sandy 

washes. 

45 .8  (8 .2)  Ranch road from west. 

46.2 (8.6) Cattle guard. Good view of 

Chiricahua Mountains at 3:00, Dos 

Cabezas Mountains at 1 :30. 

Prominent ridge in Dragoon 

Mountains from 9.30- 1 0.00; because of 



the overlaping thrust sheets the 

entire Phanerozoic sequence is 

telescoped and thinned. The lower 

slopes on this east side include 

Bisbee Group and non-Bisbee Group 

Cretaceous sediments and volcanics, 

both intruded by sill- like Oligocene 

rhyolitic dikes. From 1 1 :00 to 2:30 

the predominantly volcanic Pearce, 

Sulphur and Square top Hills show 

easterly dips. 

47.3 (9.7) From 1 1 :00 to 3:00 Pearce, 

Sulphur and Squaretop Hills; at 9:30 

view of southeast side of Stronghold 

granite weathered spires. 

48. 1 ( 1 0.5) and 49.0 ( 1 1 .4) Cross dips. 

49.7 ( 1 2. 1 )  Southernmost tuffaceous 

volcanics of Pearce Hills area. Mine 

dump ahead at 1 1 :45; approaching 

Pearce and Commonwealth Mine. 

49.8 ( 1 2 .2) Cattle guard, small mine 

workings now at 1 :00 on southwest 

side of hill; town of Pearce at 1 1 :30. 

50.5 ( 1 2.9) Now entering outskirts of 

Pearce. 

50.9 ( 1 3 .3)  Road to right. 

5 1 . 1  ( 1 3 .5)  CROSSROADS IN PEARCE. At 

general store is intersection of 

Middlemarch road from west; on right 

road goes to Commonwealth Mine and 

US 666 at 1 mile (junction is at MP 

45.6); road north also continues 1 . 1  

miles to US 666 (junction is at MP 

47). 

FIELD TRIP STOP WILL BE AT THE 

COMMONWEALTH MINE. TURN RIGHT. 

The next few entries assume travel 

direction is north out of Pearce. 

5 1 .6 ( 1 4.0) Cattle guard. Sulphur Hill 

and the more distant Pat Hills at 

2:00-2:45, with the Dos Cabezas 

Mountains beyond at 1 :00; Dragoon 

Mountains extend from 1 1 :00 back 

and from 1 1 :30 to 1 2: 1 5  are the Red 

Bird, Gunnison and Steele Hills . 

Stronghold canyon is at 9:30. 

52.2 ( 1 4 .6) STOP SIGN. Pearce road 

intersects US 666 at MP 47.  New 

cumulative mileage log will begin at 

this junction, HEAD NORTH. 

Milepost 47 (0.0) JUNCTION OF US 666 

(North) and Courtland-Pearce Road. 

Milepost 47.9 (0.9) Arizona Sunsites Sign. 

Milepost 48 ( 1 .0) Treasure Road. 

Milepost 49 (2.0) Be prepared for SHARP 

LEFT TURN AT IRONWOOD ROAD. 



Milepost 49 . 1  (2. 1 )  TURN LEFT/WEST on 

to Ironwood Road, a gravel road; 

COCHISE STRONGHOLD - 1 0  miles. 

2.2 Granitic spires at 1 1 : 1 5; at 1 2:00 

white limestone unit visible on slope 

above NE extension of Stronghold 

granite. 

6.8 

7 .3  

8 .9 

9.2 

9.3 

COCHISE ROAD intersection. Forest 

Road 84 straight ahead to Cochise 

Stronghold (4 miles); graded road to 

north leads to Dragoon road (Willcox 

27 miles). 

(8 .3) A series of cattle guards. 

Cattle guard; power line off to south. 

Broken Arrow Baptist Camp road to 

right. 

Camp buildings can be seen at 1 :00, 

at base of granitic knob. Cross 

gravel wash. 

( 1 0.9)  A series of cattle guards as 

road passes in and out of private 

land holdings; also repeated crossings 

of a rocky stream bottom. 

1 1 . 1  Entrance to camp/picnic area as road 

diverges granite boulder. 203.7; fee 

area 

0.0 Reset mileage as pass boulder on way 

out. 

4.4 TURN NORTH/LEFT on to COCHISE 

ROAD. 

0.0 Begin new cumulative mileage. 

0.57 Ranch road. 

1 .05 Eastland Road. 

2. 1 Abandoned windmill; ranch house. 

2.2 Better view of north end of main 

Dragoon Mountains; Mount Glen at 

9:45- 1 0:00. 

3 .2 - 3 .3  Triple A Ranch entrance on west 

(pistacho orchards); power plant stack 

and building can be seen at 1 :00 near 

AZ 666; Dos Cabezas main mass at 

2:00, Gunnison Hills at 1 1 :00. 

4.0 Richland Road from east. 

4.6 Ranch road both ways. When not 

hidden from view Red Bird Hills at 

1 2:00 with Steele Hills beyond. 

5 .2 Steele Hills ? at 1 1  :00 - 1 1  :30. 

6. 1 STOP SIGN. TURN WEST/LEFT at 

intersection of Dragoon Road with 

Cochise Road to the south and the 

Yucca Ridge Ranch road to the north. 

0.0 Begin new cumulative mileage. 



0.3 Road parallels various power lines. 

Good view SW into Middlemarch area; 

Mount Glenn peak at 1 1 :00; broad 

pass at 1 2:00 separates the Dragoon 

Mountains from the Gunnison Hills to 

the north. 

0.7 - 2.25 Several roads from south; 

distinctive carbonate layering (Late 

Paleozoic units on the east side) in 

hills at 1 : 30. 

2.8 Cattle guard. Golden Rule mine road. 

Actively mined from 1 883 to 1 957,  

the Golden Rule (Old Terrible, 

Manzoro, Santa Lucia) mine produced 

about 1 0,500 oz. gold; 1 6,300 oz. 

silver and 2 1 8 ,000 Ibs. lead, plus 

3,000 Ibs. copper. Galena, pyrite and 

oxidized zinc ore is found in coarse, 

vuggy quartz and/or calcite veins. 

Host is Paleozoic limestone, and in 

the case of the Golden Rule it 

Cambrian Abrigo Formation. 

Mineralization is associated with 

trust-fault breccias and/or small 

rhyolitic porphyry plugs. A NE

striking basaltic dike, which cuts 

mineralized veins in the Abrigo, has 

been dated at 74. 1 0  ± 2.00, k-Ar/W.R. 

(Reynolds and other, 1986). 

3.8 - 4.0 Pass area. To the south thrust 

plates are dominant structures, in 

part repeating stratigraphic packages. 

While in the Gunnison Hills to the 

north, low-angle faults are not 

exposed and normal faults are more 

obvious. Cretaceous Glance 

conglomerate occurs in both mountain 

ranges. A large mass of Pinal Schist 

is located of the pass area and off to 

the west. Overall dips are toward the 

SE. Dragoon wash is visible, marked 

by the trees are at 2:00-3:00. Texas 

Canyon stock is at 1 :00 -2: 1 5 , with 

the Little Dragoon Mountains beyond; 

Johnson Peak is at 1 .00. The notable 

ridge formed by the Texas Canyon 

intrusive is composed of a finer

grained, aplitic "border" or "cap" 

phase which may be a true granite in 

places. 

4.6 Road curves; Johnson Peak at 2:00. 

5.8 Truck access road from south. This 

is the general vicinity of the Four 

Ranch. 

6. 1 5  Sign on south, locates site of historic 

Butterfield Stage Station. 

6.6 At 2:00 town of Dragoon, behind 

tree-lined wash. 

7 . 1 5  Cross cattle guard, at east side of 

town of Dragoon. 

7 .3 Road curves away from corner of 

Main and Black Prince. 



7.4 

9.6 

Cross railroad tracks, continue 

straight. Off to the north at 7.4 1 is 

Johnson Road, which meets 1- 1 0  at 

"The Thing". To the north the 

Proterozoic Pinal schist is 

represented by conglomeratic and 

arkosic units, rather than the more 

common silver-gray phyllite. The 

street in Dragoon called the "Black 

Prince" is named after a mine in the 

Dragoon (Golden Rule) mining 

district. The mine also provided a 

name for one the carbonate ore/skarn 

units: the Late? Carboniferous Black 

Prince limestone. This unit has a 

restricted depositional area. Around 

the early part of the 20th century, 

tungsten production from placers 

north of Dragoon was second only to 

the Boulder Canyon deposists of 

Colorado. 

Cottonwood trees; within Texas 

Canyon quartz monzonite. 

9.95 Road to north leads to Amerind 

Foundation, formerly the Fulton 

Ranch. 

1 0.4 Triangle T Guest Ranch turn off to 

north. Now in Texas Canyon stock, 

and typical exfoliation-rounded 

boulder forms. Near this area was 

the site of the October, 1 86 1  signing 

of a significant treaty between the 

Chiricahua Apaches and the U.S. 

Army. 

1 0.85 Cross wash. 

1 0.9 - 1 1 .0 Cattle guard; entrance to and 

underpass to 1- 1 0  at about MP 3 1 8.9.  

ENTER INTERSTATE HIGHWAY 

(Road log to be read as heading west 

toward Tucson) 

Milepost 3 1 6.5  Cochise Stronghold, west 

side of Dragoon Mountains at 9:00; 

Tombstone Hills at 9:30- 1 0:30. Road 

still in Texas Canyon plutons. 

Huachuca Mountains at 1 0:00- 1 1  :00, 

and at 1 1 :00- 1 :30 are the Whetstone 

Mountains. 

Milepost 3 1 6  (2 1 8 .4) ROAD CURVES 

Milepost 3 1 3 .2 Exit 3 1 2  to Sybil Road. 

Milepost 3 10.7 Some distance 

stratigraphically below the top, 

St.David's/Benson formation,  is 

typified by badlands erosion into 

fine-grained silts and sands, 

lacustrine, below erosional terrace 

surface (Pleistocene). The number of 

terrace levels varies along the San 

Pedro depending upon local post

Pliocene geological events. This may 

be one of the higher terrace with 2 



to 3 more to cut through before 

reaching the present flood-plain. 

Milepost 309.8 Cross Adams Peak Wash. 

Milepost 306.2 Cross center of bridge over 

San Pedro River 
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The Tombstone Min ing District 
Part of the Laramide Tombstone Caldera Complex 

Cochise County, Arizona 

October 17, 1988 

A Summary Updated From a Private Report 
by James A. Briscoe and Thomas E. Waldrip ,  J r. 

November, 1 982 

The Tombstone D istrict,  then in Arizona territory,  was d i scovered by Ed 
Schi effl in ,  son of Californ ia  4ger's, in  1877. Tombstone, though isolated and 
subject  to marauding Indians and outlaws in  its early days, was affected by  
world events through their effect on silver prices. Co incident with Sch ieffl in 's  
d iscovery of rich s i lver mineralization at Tombstone, s i lver pr ices began a 
decl ine from which they woul d  not see the same price of s ilver as i n  the year 
of  Sch ieffl in's  d iscovery for almost 86 years. During the 34 year period from 
1 877  to 1 91 5 ,  when most of the ore was produced at  Tombstone, dec l in ing 
s i lver  pr ices, f inancia l  panics,  and the  removal of the  United States cu rrency 
from the s i lver standard had immeasurably more effect on the mines than the 
Earp-Clanton feud ,  Apaches, bandits, and underground waters. I n  1 9 1 1 ,  s i lver 
prices of approx imately $0.55 per ounce (less than one-half of th at in  effect 
when Schieffl in  discovered Tombstone) brought the demise of efforts to 
unwater the mines and the bankruptcy of the Development Corporation of 
American and its Tombstone Consol idated Mines subsidiary. The Phelps Dodge 
Corporation operated the mines in a desultory fash ion under its  subs i d iary,  the 
B un ker Hill  Mining Company, from 1 9 1 4  through 1 933,  when the Tombstone 
Development Corporation, was formed. Higher gold  prices i nst ituted by 
Roosevelt in  1 932, stimulated some development for a few years,  as  d i d  
manganese a n d  copper production during World War I � .  However, production 
n ever came close to the halcyon years, b etween 1 877 and 1 9 1 0. The 
Tombstone Development Company properties have been operated and explored 
only sporadically from the end of World War I I  to the present t ime.  In  the 
period 1 980 to 1 985, Tombstone Exploration, Inc. (T.E.!.) operated the 
Contention P i t  and heap leach from ore along the Contention vein zone. A 
s ign ificant but  undocumented amount of gold and s i lver was recovered. In  
1 985,  T.E.I. f i led  for bankruptcy. At the  t ime of this  f ie ld  tr ip  (October 22, 
1 988) ,  PBR Minerals,  Inc. is  working toward re-opening the Contention Mine. 
Further, Santa Fe Pacific Mining is doing deep dri l l  testing of  the lower 
P aleozoic  sediments in the central part of the Tombstone Basin.  

I 
Tombstone has primarily been a silver camp, though s ignificant gold and 
subordinate  lead ,  

'
copper, zinc and manganese has  also b een produced. 

P ro duction has come mainly from mineral ized vein fractu res, cutt ing folded,  
Lower Cretaceous sediments of the Bisbee group with in  the Tombstone Basin .  
Ninety-five percent or more of the production is from zero to 600 feet  below 
the su rface and is  primarily from oxide ore minerals. 

Page 1 of 3 
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Frontispiece - Tombstone Looking South 

This v iew of Tombstone looks almost due south towards the Mexican-American 
border, with the Huachuca Mountains and Mil ler Peak on the right hand  
horizon. At the foot of the  Huachucas, at  the  right edge  of th is  photograph, 
l ies Ft. Huachuca and the bedroom community of S ierra Vista.  The San Pedro 
R iver flows northward, closely parallelling the trend of the Huachucas. The 
Tombstone Basin occupies the center of this photo, with the T.E.I .  Contention 
open pit lying just  south of the boundaries of the Tombstone vi l l age. The pi t  
i s  cut a long the Contention-Tranquil i ty fault zone, the  north end of the pit  
lying approximately over the location of the Pump Shaft. Trending east
westerly a short d istance south of the Contention Pit is the P rompter Fault  
zone, behind which are up-thrown Paleozoic sediments. The high escarpment 
at  approximately one o'clock from the Contention Pit, is  Mi l i tary Hi l l  - a hog
back consist ing  of  Bolsa quartzite. Its steep west escarpment marks the 
Mil itary Hi l l  Fault ,  which is  the eastern margin of the Tombstone caldera. 
Stratigraphic throw along the Mil itary Hill Fault is  approx imately 5,000 feet, 
with B isbee Group Sed iments overlain by intra-caldera Uncle S a m  Tuff lying to 
the west. More than 95% of the production of the · Tombstone D istrict has 
come from the Contention Pit  area,  and to the east along the flanks of the 
Empire Anticl ine and associated drag folds. Total production from the central 
Tombstone District includes approximately 260 thousand ounces of gold, 32.5 
million ounces of s i lver, 651 mill ion pounds of lead, 2.5 mi l l ion pounds of 
copper, and 1 mi l l ion pounds of zinc.  



Tombstone Summary 
October 1 7 , 1988 
Page 3 of  3 

Abrigo and Martin at Bisbee may be s imilar to those suspected beneath 
Tombstone. This deep potent ia l  i s  presently being tested by Santa  Fe Pacific 
M i n ing,  who is  dri l l ing d iamond dril l  holes as  deeply as 3,000 feet. 

Mult ipl e  porphyry copper centers are thought to occur associated with 
Laramide granodioritic to quartz monzonit ic  plutons, within the caldera 
complex. One such center, confirmed by deep dr i l l ing  by ASARCO in  1 973-74, 
occurs at the Robbers Roost, where i ntense phyll ic  alteration and b reccia pipe 
emplacement are exposed by erosion. Here too, the hydrothermal system is  
superimposed on the Paleozoic  sed imentary sequence, h idden beneath the Uncle 
Sam quartz l atite tuffs, S i lver Bell type andesites, and rhyol i tes of  the Bronco 
volcanics. S i lver, lead, zinc, mantos and copper replacement bod ies are to be 
expected in  this environment rather than ore grade i gneous  hosted copper porphyrys. 
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Geology 
OLDER OR lJNDlFFEREfIIT1TED SURFlCAl DEPOSITS (HOLOCENE TO OUGOCENE):

Gravel, sand, and silt (Pleisto:ene and PIioceneMainly alluvium cI bouins; includes some 
colluvium and landslide deposits. Genenlly light· 
pinkish gray, weakly indurated, and IAlith poorly rounded clasts; locally wem indurated. Thickness several meten to hundreds of meten. 

Basalt (Pleisto:ere to �ne)-lava flows, �tic rocks, and some intercalated grlIvei. "Thickness st"Jef<lI meters to III lew hundred meters 
in most places. Radiometricalydated at 0.25, 1.0, 
and1.2 m..y. oId 

Extensive andesite and dltcite (Miocene an:! lJpper 
OIigocene}-Lwa flows, woclasnc rocks, some: 
intercalated epic0stic ro:ks, and cikes. Mostly 
gray, fine.grained., porphyrlncrocks;lnciudes 
some: \lETY c(IllJ"Se fe\d:sp;u porphj,Ty andeslIe 
(Turkey track porphyry, an woJorJT\Id ferm 01 
Cooper, 19(1). Thickness mostly !W!Verai meters 
10 severai tensa meters.. Dated at 24, 25, 27, 33, 
and39 m..y. 

Extrusive rhyoite a..-"Id rhyOOac:lle (Miocere and lJpper 
Oigocene-lava flows, welded ndf, pyroclasnc 
rocks, and some inlerc.alatoo epic:lastic rocks. 
li!jlt-gray to !JI'"ay\sh·ptnk, IIItric to fine-gralned, 
porphyritic. Commonly a few tens to a Jew 
thousand of meters thick. Daled al 23, 24, 25, 26, 
26, 26, and 27 m..y. An .xldirional date of 47 m.y., If 
SUbstantialed, may indicate the presence of 
Eocene rocks in the lower member 01 the S 0 
Volcal"'llCS cI Cochise Co. 

Lower congjomerate, g!"lI'oIeI. an:! san:! (Oligocene and 
Eocene?)-AI1uvium; commonly grayISh·red 
depOOts of small, wei rounded, ooovoIcal"lC 
clasts. Mosdy !W!Veral meters 10 a lew tens of 
rneters thick. 

UPPER CORDlLlERAN (lARAMIDE) iGNEOUS 
ROCKS (LOWER PAL.£OCENE):-l...ower � rocks-Rhyolite to andesite lava flows, 
pyroclastic rocks, and some Ifltercalated epclasbc 
rocks. Dated at 57 m.y. Possi:lIy � age to 

MAIN CORDUllRAN (lARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and apliric IfltfUS/W rocks 
(Paleocene and lipper Cretaceous)-Mostly iatlnc 
porphyry to da.citic porphyry in small 510Cks and 
plugs an:! apitic bodies no! associated ...... th other 
graritoid $f0:ks. OlIled al 61, 63, 63, 64, and 65 
m.y. 

Fluidil:ed intrUSive breCCIa-eJllll(l age unknown, but 
penelrates. and thus younger rhan Uncle Sam 
porphyry. 

RhyodaCite luff and welded luff -Includes part5 01 
Salero Formation. SugarloClf Quartz Lallte, and 
Bronco VolcanICS. and all of Red Bay Rhyolite. Cat 
Mountain RhyoliTe 01 Brown (1939) and Uncle Sam 
Prophyry. Includes tocal lntrUSlllt' bodies and locally 
contains fragmenls of eKotlC rocks. ThICkness 
commonly several lens of meters to several 
hundreds of meters. Dared at 66('1, 70. 72, 73. and 7J m.y. The Uncle Sam. In II"w Tombstone area. IS 
dated n m.y. 

ArUsitic to dacibc voIc.anic brecaa.-JrrlJdes parts 
01 Solem Formation, 5ug;.,lriooI Quartz unte, and 
Bronco VoIcarics, ard aI d Otrrnetm Vckal"lC:S 
and � Formation of Courtrighl (958). 
Corrmon/y contain5 1arge blocks of exotic rocks 
and locally inc:kdes sonw: setimenlary rocks and 
intrusiw: rocks. Several tens of meters to several 
hundreds of meters thick in mosr places. 

Lowt'r qwrll monl:OOItf' and graodlOl'lte-Jncludes 
some quarll diorite: appears In small stocks. 
Locally associated ...... th minerllhzatlOn. Dated III 70. 71, n. 73. 74. 74. 74. and 76 m.y. The Schleffhn 
granociorile at Tombstone is n m.y. 

Roads and Highways 

� � . --- Dry wash 

II I I : I I : I I I I ! ; I Southern Pacific Railroad 

- - - - Government Reservation Boundary 

-- -- ---- Aqueduct 

A----A '  Cross section line 

K. 

PIP. 

IPh 

MD. 

Explanation 

BlSBEE FORMATION OR GROUP, UNOIFFERENT1ATED (LOWER 
CRETACEOUS):-lJpper part of Bisbee 
Formation or Group, undiffereTiMted, and related 
rocks.-1nc:1udes upper pari of Bisbee Formation, 
Mural Umestone, Morita, Cintura, Willow 
Ca�, Apache Canyon, ShellenbeTger Canyon 
and Tumey Ranch Formations (not listed in 
straflgraphic sequence) of the Bisbee Group, AmoIe Arkose cI Brya.nt and Kinnison (1954), and 
Angelic Arkose. Consists 01 brownish· to reddish· arkose, gray siltstone, sandstone, coogIomerate, 
and some: fossiliferous gray MTiestone. Commonly 
se:veraI hundred meters thick 

GRANITE AND QUARTZ MONZOMTE 
(JURASSlC�Sto:ks 01 pinkish-gray coarse· 
sramed rock.. Locally associated with minera5zation. Dated al 140, 148. 149, 149, 150, 
153. 160, 161. 167, 178, 185 m.y. 

Sedimenlary rocks (l..ower F'ennian and Upper
�rian}-<:onsists of Epitaph Ooiorrite (1...OI.o.er Perman), Colina limesTone (l...ower 
Pemian), and Earp Formation (Loo.oRr �n 
and lipper PennP)uarian), W'ldifferenriaterl.. 
Epitaph Doiomte is a dark· to light-gray sIigltly 
cherty dolomite, imestone, marl, siltstone, a01d !l/P5UfTl, 120-281 melers thick. Colina UmesTone 
is a medium gray, thick-bedded, sparseiy cherty, 
an:! sparsely fossiliferous bmestone l2().2S) 
meters thick. Earp Formation is a pale·red 
siltStone, mudstone, shale, and limestone, 12Q.240 
metmthick. 

HorquiDa Umestone (Upper and Middle 
Pems!,Avarian)-l..jght·pinkish-gray, thick· 10 thin· bedded, cherty, fossiliferous limestone and 
Interc.alatedpale-broum topale·reddish-gray 
siltstone thai increases in abundarv:e upward. 
Typic.aIy JOO.490 meters thick. 

SEOlMENTARV ROCKS (MlSSlSSIPPlAN AND 
DEVONiAN)-Coosists mai� of � 
I..imnrone (�n)-1ocaIy (Armstrong 
and SitIerman. 1974) called � Group-
and Martin Forma[lOfl (Upper DeYorian), 
undifferentiaterl.. ln pMt oi the Chiric.ahua 
Mountains also irddes Paradise Formation 
(lipper �n) and Portal Formation cI 
Sabins, 1957a (Upper �n). In the l.Jttle 
Dragoon Mountains and some adjacent NBs also 
InCJudes Black Prince limestone, whose fauna 
and correlation sh<Mo strooge:St affinities IAlith 
Mississippian rocks but wtKh may include some 
�n rocks. Escabrosa l.imestone is a  
medilm�, massive to thick-bedded, commonly 
crinoidal. cl"wl1y. fossiliferous limestone 9O-JIO 
melers thick. Martin Formation is thick· to thin· bedded, srlllY to bro.wn ddomite, gray sparsely 
fos.siJiferous, and SOfTle siltstone and �ndstone, 
90-120 meters thick. Paradise Formation isa brown, f06Siiferous, shaIy VnestCJOe. Portal 
Formation is a bIaock shale and limestone 6-1(6 
meters thick. Black Prince limestone is pinkish. 
srlli limestone IAlith a basal shale and chert 
Cor9ornerate, 05 much as 52 meters ttwck. 

SEDIMENTARY ROCKS (LOWER OROOVlCIAN 
TO MIDDlE CAMBRlAN}:-El Paso lJmestone (lD.wr OrdovCian end lipper Cambrian), Abrigo 
Formation (I.}pptr and Middle Cambrian), and Boh.a Q;wtz (� Cambrien), 
undifferentialed..-El Paso Linestone is a srlllY, ttw.-bedded ct-erty �one ard doIorrite 90 
meters to about 220 meters tt-ick. Abrigo 
Formation is a brow-n, lhin-bedded fossiiferous Jrnestone, sandstone, quartzite, ar.:! shale. 21(). 
240 meters thick. Boh.a Quartzite is a brown 10 
white Of �, ttW::k-bedded, coarse· 
gramed quartzite and sandstooe with a basal 
conglorrwrate, 90-Ul) metersthic:k. To the east, 
equivlllents 01 part cI the Abrigo Formation and BoIsa Quartzite are known as tne Coronado 
Sandstone. 

!\/� .. : ·
·
·
·1 

I �� I  
I .: �� I 

f' 

o (Olgu) 157  

Sedimenl:ary rocks (lJpper and MidcIe Cambrian� 
Abrigo Formation (Upper and Middle Cambrian), 
and Balsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN V):-Main/y 
granodiorite and quartz monsonite, unfoliated to 
foliated, in part metamorphosed. GeneraDy in 
slo:ks,which ahve beentinle 5tudied. 

PINAL SCHIST (PRECAMBRIAN X)-Chiorite schist, 
phylliTe, and some metavolcanic rocks, 1"TlIrtavoIcanlc rtCks, metaqua.rtZlte, metaquartzite 
conglomerate, and gneiss. One: metllvoicaoc rock 
dated at 1715 m.y. 

CONTACT-Dotted lA.'here conceaied.. 

MARKER HORIZON-Dotted where concealed. 

DlKES-Showing dip. 

FAUL TS-Sho.wIg lip. Dotted where concealed or 
intruded: ball an:! bar on downthrou.m side. 

R.,.,,� 

Strike·slip-Arrow couple sho,..os relatIVe displacement. 
Single arrow � movement 01 active block. 

Mitior thrust fauh-Sawteeth on upper plate. 

ThrusT buh-Sawteeth on upper plate. 

Anbdine. 

5ync1tne. 

Inclined strike and dip cI beds. 

EXOTIC·BLOCK BRECCIA-Rock contains ctjp or 
block inclusions of rock different from those d 
host or other blocks nearbo;. Typically d volcanic· 
le<:tonic or sedimentary-tectonc Otijn;ucludes 
Tertiary megabre<:cia delX$t5. 

Site 01 well or genenized !ite d several wets, showing 
unit penetrated, if known, and dep(h 01 wei, Irl 
feet. 100 feet eqaIs 30.5 meters. 

COLlECTION SITE-Radioge:Nc.aIIy daled rock 
showing age in millions 01 years Query before symbol where preose IocaIIOn uncerllun. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, RA, 1973. 

By James A. Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 3 ,  Generalized geological and structural map on screened 
topographic base, 
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Land Status 
Public Domain - Mineral and Surface owned by 

Federal Government. 

State Domain - Mineral and Surface owned by 
State of Arizona. 

Public Domain Mineral and Surface. Mineral 
owned by Federal Government; Surface owned 
by State of Arizona. 

Fee Simple - Mineral and Surface privately owned. 

Fee Simple Surface and Public Domain Mineral 
Private Surface ownership Mineral owned by 
Federal Government. 

Spanish Land Grants - Fee Simple. Mineral and 
Surface privately owned; Reservation of Gold, 
Silver and Mercury to Federal Government. 

Military Reservation - Restricted Mineral Entry. 
Not open to Mining. 

Water & Power Resource Service & Various 
other Withdrawals - Not open to Mineral Entry 
or Mining. 

Mineral and Surface owned by Federal 
Government. Mineral Rights privately claimed. 

Mineral and Surface owned by State of Arizona. 
Mineral leases, prospecting permits or 
applications privately held. 

Public Domain Mineral and State of Arizona 
Surface. Mineral rights privately claimed. 

Public Domain Mineral and Fee Simple Surface. 
Mineral rights privately claimed. 

Tombstone Development Company, Inc. Lands 

111111111111111 

111111111111111 

Public Domain Mineral and Surface. Mineral 
rights claimed by Tombstone Development 
Company, Inc. 

Mineral and Surface owned by State of Arizona. 
Prospecting permits or applications held by 
Tombstone Development Company. 

Public Domain Mineral and Surface owned by 
State of Arizona. Mineral rights claimed by 
Tombstone Development Company, Inc. 

Patented Mining Claims owned by Tombstone 
Development Company, Inc. 

Public Domain Mineral and Fee Simple Surface. 
Mineral rights claimed by Tombstone 
Development Company, Inc. 

Fee Simple Surface and State of Arizona Mineral. 
Prospecting Permit held by Tombstone 
Development Company, Inc. 

Roads and Highways 

-... -. . ........... Dry wash 

IIIII11 I1I11 I Southern Pacific Railroad 

Government Reservation Boundary 

Aqueduct 

A ----,A '  Cross section line 

T.22 

1 o 

Tombstone Development Company, Inc. � iiiJ 
Tombstone, Arizona 
Land Status Map, Tombstone 
15 min . Quadrangle 

By Thomas E. Waldrip, Jr. 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 5. Property map showing ownership of major 

holdings of mineral rights in the Tombstone 

area. Red overprint shows state, federal and 
private land and lands with mineral rights held 

by the Tombstone Development Company as 

of October 15, 1981 .  
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Geology 
OLDER OR UNDIFFEREf'fIlATED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
GT<lvel, sand, and sill (P\eistocene and Pliocene
Mainly alluvium of basins; includes some 
colluvium and landslide deposits. GeneraUy fight 
pinkish gray, Wl'(lkly indurated, and INiln poorly 
rounded clasts; locally \OJl1U indurated. Thckness 
several meters to hundreds of meters 

Basalt (Pleistocene to Pliocene)-�va flows, 
pyroclastic rocks, and some intercalated gravel. 
Thickness several meters to a few hundred meters 
in most places. Radiometrically dated al 0.25, 1.0, 
and 3.2m.y. old 

Extensive andesite and dacite (MioceM and Upper 
OIigocene)-Lava flows, pyroclastic rocks, some 
intercalated epicl3stic rocks, and dikes. Mostly 
gray, fine-grained, porphyritic rocks; includes 
some very coarse feldspar porphyry andesite 
(Turkey trock porphyry, an inforrn.al lerm of 
Cooper, 1961). lhickness mostly several meters 
lo severaJ lens 01 melers. D<lted <It 24, 25, 27, 33, 
<lnd39 m.y. 

Exlrusive rhyolite <lnd rhYQd<lcite (Miocene <lnd Upper 
Oligocene-Lava flows, welded tuff, pyroc\(ls tit: 
rocks, <lnd some inlerc<llilled epiclaslk: rocks 
Lighl-gray 10 grayish·pink, vitric 10 fine-grained, 
porphyrilit:. Commonly <I few lens to a few 
thOU'iand of meters thick. Daled al 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional dale of 47 m.y., if 
substantiated, may indicate the presence of 
Eocene rocks in the IoIuer member of the S 0 
Volcanics of Cochise Co. 

Lower conglomerate, gravel, and sand (Oligocene and 
Eocene?)-AlIuvium; commonly grayish·red 
deposits of small, well rounded, nonvolcanic 
clasts. Mostly several meters to a few tens of 
meters thick. 

UPPER CORDIllERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower 
vokanic rocks-Rhyo�te to <lndesite IiIva flows, 
pyroclastit: rocks, and some intercalated epiclilslk: 
rocks. Dated at 57 m.y. Possibly you�r age to 

MAIN CORDlllEHAN (lARAMIDE) IGNEOUS 
ROCKS:-Porphyritit: and aplilic intrusive rocks 
(Paleocene and lipper Cretaceous)-Mostly latilk: 
porphyry to dacitic porphyry in small stocks <lnd 
plugs and aplilic bexlies not associated with other 
granitoid stocks. Dated at 61, 63, 63, 64, <lnd 65 

Fluid1zed intrusive breccia -ex<lct age unknown. but 
penetrates, and thus younger than Uncle Silm 
porphyry 

Rhyodacite tuff and welded tulf. ·-Includes parts of 
Salero Form<llion, Sugarloaf Quar1z Lalite, and 
Bronco Voicimics, and all of Red Bay Rhyolite. Cal 
Mountain Rhyolite. of Brown (1939) and Uncle Sam 
Prophyry. Includes loc<ll intrusive bodies and locally 
cont<lins Irilgments of exotic rocks. Thickness 
commonly several tens of melers 10 sever<ll 
hundreds of meters. Dilted at 66(?), 70, 72, 73, and 
73 m.y. The Uncle Sam. in the Tombstone are3. is 
daled 72m.y. 

Andesitic to dacitic volcanic breccia.-Inctudes parts 
of SoIero Formation, Sugarloaf Quartz Latite, and 
Bronco Volcanics, and all 01 Demetrie Volcanics 
and Silverbell Formation of Courtright (1958). 
Commonly contains iarge blocks of exotic rocks and kx:aIIy includes some sedimentcuy rocks and 
intrusive rocks. Several tens at meters to several 
hundreds of meters thick in most places. 

Lower quartz monzonite and graodiorite-Inc!udes 
some quarll diorite: appears in small stocks. 
Locally associated with mineralization. Dated a1 70, 
7 l .  72, 73, 74. 74. 74. and 76 m.y. The Schielnin 
gr,modorite at Tomb5ton� is 72 m.y. 

Roads and Highways 

" - Dry wash 

+l++l+>+++H+++ Southern Pacific Railroad 

- Government Reservation Boundary 

- Aqueduct 

A-.. --- -A' Cross section line 

Explanation 

BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):�Upper part 01 Bisbee 
Formation or Group, undifferentiated, and related 
rocks.-Includes upper part of Bisbee Formation, 
Mural Limestone, Morita, Cintura, Wdlow 
Canyon, Apache Canyon, SheUenberger Dmyon 
and Tumey Ranch Formations (not hsted in 
stratigraphic sequence) of the Bisbee Group, 
Amole Arkose of Bryant and Kinnison (1954), and 
Angelic Arkose. Consists of brownish· to reddish· 
ilrkose, gray siltstone, sandstone, conglomerate, 
and some fossiliferous gray �mestone. Commonly 
several hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-Stocks of pinkish-gray coarse· 
grained rock. Locally associated with 
mineralization. Dated at 140, 148, 149, 149, ISO, 
153, I60, 161, 167, 178, 185m.y. 

Sedimentary rocks (Lower Permian and Upper 
Pennsylvanian)--consists of Epitaph Dolomite 
(Lower Permian), Colina Limestone (Lower 
Permian), and Earp Formation (Lower Permian 
and Upper Pennsylvanian), undifferentiated. 
Epitaph Dolomite is a dark· to light-gray slightly 
chert y dolomite, hmestone, marl, siltstone,artd 
gypsum, 120-2� meters thick. Cotina Umestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sparsely fossiliferous Umestone 12Q.2� 
meters thick. Earp Formation is a paIe·red 
siltstone, mudstone, shale, and timestOIl€, 120-240 
meters thick. 

Horquilla Umestone (Upper and Middle 
Pennsylvanian)-lJght.pinkish-gray, thick· to thin· 
bedded, cherty, fossiliferous hrnestone and 
intercalated paIe·brown to paJe·reddish-gray 
siltstone that increases in abundance upward. 
T ypkally .300-490 meters thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-Consists mainly of Escabrosa 
Limestone (Mississippian)-Iocal!y (Armstrong 
and Silberman, 1974) called Escabrosa Group--
and Martin Formation (Upper Devonian), 
undifferentiated. In part of the Chiricahw 
Mountains also includes Paradise Formation 
(lipper Mississippian) and Portal Formation of 
Sil.bins, 1957a (Upper Devonian). In the UIlIe 
Dragoon Mountains and some adjacent hills also 
includes Black Prince Limestone, whose fauna 
and correliltion show strongest affinities with 
Mississippian rocks but which may include some 
Pennsylvanian rocks. Escabrosa Limestone is a 
mediwn-gray, massive to thick·bedded, commonly 
crinoidal, cherty, fossiliferous timestone 9().310 
meters thick. Martin Formation is thick· to thin· 
bedded, gray to brown dolomite, gray sparsely 
fossiliferous, and some siltstone and sandstone, 
9().120 meters thick. Paradise Formation is a 
brown, fossiliferous, shaly Hmestone. Portal 
Formation is a black shale and 6mestone 6-105 
meters thick. Black Prince umestone is pinkish· 
gray limestone wilh a basal shale and chert 
conglomerate, as much as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):-El Paso limestone (Lower Ordovician and Upper Cambrian), Abrigo 
Formation (Upper and Middle Cambrian), and Balsa Quartz (Middle Cambrian), 
undifferentiatoo.-El Paso Limestone is a gray, 
thin·bedded cherty 6mestone and dolomite 90 
meters to about 220 meters thick. Abrigo 
Formation is a brown, thin·bedded fossiliferous 
Hmestone, sandstone, quartzite, and shale, 21()' 
240 melers thick. Balsa Quartzite is a brown to 
v..-hite or purplish-gray, thick-bedded, coarse

· 

grained qwrtzite and sandstone with a basal 
con9omeTate, 9().1� meters thick. To the east, 
equivalents 01 part at the Abrigo Formation and Balsa Quartzite are known as the Coronado 
Sandstone. 
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Sedimentary rocks (Upper and Middle Cambrian)
Abrigo Formation (Upper and Middle Cambrian), 
and BoJsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mainly 
granodiorite and quartz monSOnite, unfoliated to 
foliated, in part metamorphosed. Generally in 
stocks, which ahve been little studied. 

PINAL SCHIST (PRECAMBRIAN X)�Chlorite schist, 
phyllite, and some rnetavolcanic rocks, 
metavolcanic rocks, metaquartzite, melaquartzite 
cong\omer<lte, and gneiss. One metavokanic rock 
dated at 1715 m.y. 

CONTACT -Dotted where conceilled. 

MARKER HORIZON-Dotted where concealed. 

DlKES-ShCMling dip. 

FAULTS--ShCMling dip. Dottlld where concealed or 
intruded; ball and bar on downthrown side 

No"",, 

Reverse 

Strike·s�p--Arrow couple shOOlS relallve displacement. 
Single arrow shows movement 01 ilClive block. 

Major thrust fauh-Sil.wtellth on upper plate. 

Thrust fauh-SaW\eeth on upper plate. 

Anticline. 

Syndne. 

Inclined strike <lnd dip 01 beds. 

EXOTIC-BLOCK BRECCIA-Rock contains chip or 
block inclusions of rock different from Ihoseof 
host or other blocks nearby. Typically of volcanic
tectonic or sedimentary·tectonic origin; excludes 
Tertiary megabreccia deposits. 

Site 01 weD or generillized site of several wells, showing 
unit penetrated, if known, and depth of well, in 
feel. 100 feet equals 30.5 meters. 

COLLECTION SITE-Radiogenic ally dated rock 
showing age in millions 01 years. Query before 
symbol where precise location uncertain. 

• Dump sample location 

Silver 

Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, RA, 1973_ 

By James A Briscoe 

James A, Briscoe and Associates 

Tucson, Arizona 

Figure 6. Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults, from Newell, RA. , 1973. 

Distribution pattern for high silver ratios in dump 
samples (in red), 
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Geology 
OWER OR UNDIFFERENTlA TED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, arx:l silt (Plei$tocene and P1iocene
Mainly alluvium of basins; includes some: 
colluvium and landslide deposits. Genernlly light· 
pinkish gray, weakly indurated, and with poorly 
rounded clasts; locally weD indurated. Thickness 
several meters to hundreds of meters. 

Basalt (Pleistocene to P1iocene)-Lava flows, 
pyrocklstic rocks, and some inten:aillted gravel. 
Thickness several meters to a few hundred meters 
in most places. RadiometricaUy dated al 0.25, 1.0, 
and 3.2 m.y. old 

Extensive andesite and &cite (Miocene and Upper 
OIigocene)��va flows, pyroclastic rocks. some 
intercalated epiclastic rocks, and dikes. Mostly 
gray, fioe-grained, porphyritic rocks; includes 
some: very cwrse feldspar porphyry andesile IT urkey track porphyry, an infOl'llloSl term of 
Cooper, 1961). Thickness mo5tlyseveraJ melers 10 several lens of melers. Dated al 24.25, 27, 13, 
and 39 m.y. 

Exlrusive rhyolite and rhyodacite (Miocene and Upper 
Q!igocene-l...ava flows, welded tuff. pyroclastic 
rocks, and some intercalated epiclastic rocks. 
Light·gray to grayish·pink, vitric to fine-grained, 
porphyritic. Commonly a few tens to a few 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional date of 47 m.y., if 
substantiated, may indicate the presenc:eof 
Eocene rocks in the lower member of the S 0 
Volcanics at Cochise Co. 

Lower congJomerate, gravel. and sand (Oligocene <lne! 
Eocene?)-AIIuvium; commonly grayish·red 
deposits of $maIl, weU rounded, nonvolcanic 
cla!;ts. Mostly several meters to a few tens at 
meters thick. 

UPPER CORDILlERAN (LARAMIDE) IGNEOUS 
ROCKS {LOWER PAl£OCENE):-1...ower voIcaric rocks-Rhyolite to andesite lava I\ows, 
pyroclastic rocks, and some intercalated epiclaslic 
rocks. Dated at 57 m.y. Possibly YOWlgel' age to 

MAIN CORDlUEkAN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyrilic and aplihc �ltfllSive rocks 
(Paleocene and lipper Creti!ICeous)-Mostly latitic 
porphyry to dacitic porphyry in small stocks lind 
plugs and <lplitic bodies not associaled with otner 
granitoid stocks. Dated al 61, 63. 63, 64, lind 65 
m.y. 

Fluidized intrusive brecciil - eltacl age unknown. bul 
penelr<lleS, and Ihus younger than Uncle S�m 
porphyry. 

RhyodilCil{' luff <lnd welded luff. -Includes parts of 
Salero Formation. Sug<lrloaf Quartz lallIe. and 
Bronco Volcanics. <lnd all of Red Bay Rhyolite. Cat 
Mountain Rhyolite 01 Brown (1939) and Uncle Sam 
Prophyry. Includes local intrusive bodies and locally 
contilins fragments 01 elloti( rocks. Thickness 
commonly several tens of melers to several 
hundreds of melers. Dated at 66t?J. 70. 72. 73. and 
73 m.y. 1he Uncle Sam. in the Tombstone area, is 
dated 72 10.'1. 

Andesilic to dacitic volcanic breccia.-fndudes parts 
of Solem Formation, Sug.moaf Quartz utile, lind 
Bronco Volcanics, and ill of Demetrie Volcanics and Silverbel Formation at Courtright (1958). Commonly contains large blocks 01 exotic flxks 
and kx:aUy includes some sedimentory rocks lind 
intrusive rocks. Several tens 01 meters to 5eVI!ral 
hundreds of meters thick in most places. 

Lower quartz monzonite and graodiorite�In.cludes 
some quartz diorite: appears in small slocks. 
Loca!iy associated with mineralization. Dated ill 70, 
71.  72. 73. 74. 74. 74. <lnd 76 m.y. The Schielnin 
gr"nodorite al Tombstone is 72 m.y. 

Roads and Highways 

.--. . . .  - -. . . .  -� Dry wash 
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' 

Cross section line 

BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-Upper part of Bisbee 
Fonnation or Group. undifferentiated, and related 
rocks.-Indudes upper part at Bisbee Formation, 
Mural umestone, Morita, Cintura, Willow 
Canyon, Apache Canyon, Shellenberger Canyon 
and Turney Ranch Formations (not �sted in 
stratigraphic sequence) of the Bisbee Group, 
Amole Arkose of Bryant and Kinnison (1954), and 
Angelic Arkose. Comiists of brownish· to reddish· 
arkose, yraysiltstone, sandstone, congiomerate, 
and some fossiliferous gray fimestoT1e. Commonly 
several hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC}-Stocks of pinkish-gray coarse· 
gr1lined rock. l.ocaUy associated with 
mineralizalion. Dated at 140, 148, 149, 149, ISO, 
153, 160. 161, 167, 178, 185 m.y. 

SedimentalY rocks (Lower Permian and Upper 
Pel'V"lsy!varian)-consists of Epitaph Dolomite 
(Lower Permian), Co�na Umestone (Lower 
Permian), and Earp Formation (Lower Permian 
and lJpper Pennsj,Wanian),undifferentiated. 
Epitaph Dolomite is a dalk· to !ight-gray slightly 
cherty dolomite, fimestone, marl, siltstone, arxl 
gypsum, 120-280 meters thick. Colina Umestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sparsely fossiliferous limestone 12Q.2fK> 
meters thick. Earp Formation is a pale-red 
siltstone, mudstone, shale, and timestone, 12().240 
meterS lhick. 

Horquilla Umestone (Upper and MidclJe 
Pennsy!val"lian)-Light·pinkish-gray, thick· to trun· 
bedded, cherty, fossiliferous limestone and 
intercalated paIe·brown to paIe·reddish-gray 
siltstone that increases in abundance upward. 
Typically 300490 meters thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-Consists mainly of Escabrosa 
Umestone (Mississippian)-locaHy (Armstrong 
and Si/bennan, 1974) called Escabrosa Group
and Martin Fonnalion (Upper Devonian), 
undifferentiated. In part of the Chiricahua 
Mountains also includes Parctdise Fonna tion (Upper Mississippian) and Portal Fonnation 01 
Sabins, 1957a (t.Jwer Devonian). In the Utile 
Dragoon Mountains and some adjacent hills also 
includes Black Prince Umestone. whose fauna 
and comiation show strongest affinities with 
Mississippian rocks but which may include some 
Pennsylvanian rocks. Escabrosa limestone is a 
medium-gray, massive to thick-bedded, commonly 
crinoidaJ, cherty, fossiliferous Hmestone 9().310 
meters thick. Martin Fonnation is thick· to thin· 

bedded, gray to brown dolomite, gray sparsely 
fossiliferous, lmd some siltstone and sandstone, 
9().120 meters thick. Par� Formation is a 
bro ... .m, f06si1iferous, shaly limestone. Portal 
Formation is a black shale and Emestone 6-1QS 
meters thick. Black Prince Umestone is pinkish· 
gray Hmestone with a basaf shaJe and chert 
conglomerate, 1>5 muc:h as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICiAN 
TO MIDDl£ CAMBRIAN):-B Paso limestone (Lower Ordovician and lJpper Cambrian), Abrigo Formation (Upper and Mickle Cambrian), and BoIsa Quartz (Middle Combrian), 
uncmerentiattd.-B Paso umestooe is a gray. thin·bedded cherty limestone and dolomite 90 
metm to about 220 meter5 thick. Abrigo 
Formation is oil brown, thin·bedded f06Siiferous 
�mestone, sandstone, quartzite, and shale, 21()' 
240 meters thick. Balsa Quartzite is a brown to 
white or purplish-gray, thick·bedded, cwrse· 
grained quartzite and sandstone with a basal 
conglomerate, 9().18O meters thick. To the east, 
equivalents 01 part of the Abrigo Formation and 
Balsa Quortzite are known as the CoroMdo 
Sandstone. 
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Sedimentary rocks (Upper and Middle Cambrian)
Abrigo Fonnation (Upper and Middle Cambrian), 
and Balsa Quartzite (Middle Gambrilln), 
undifferentiated 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mainly 
graoodiorite and quartz monsonite, un!oIiated to 
foliated, in part metamorphosed. Generally in 
stocks, which ahve been little studied. 

PINAL SCHIST (PRECAMBRIAN X)-Chlorite schist, 
phyllite, and some metavokanlc rocks, 
metavolcanic rocks, met<lquartzite, melaquartzite 
conglomerate, and gneiss. One metavolcllnic rcxk 
dated at 1715 m.y. 

CONTACT -Dotted ....toere concealed. 

MARKER HORIZON�Dolled whe;re concealed. 

DIKES-ShCltWlg dip. 

FAUL TS-Shov.-iog dip. Dotted where concealed or 
intruded; baD and bar on downthrown side 

Normal 

Reverse 

Strike·shp-Arrow couple shows relatlllC displacement. 
Single arrow shoo'S movement of ilCtive block. 

Major thrust fault-&!wteeth on upper plate. 

Thrust lault-Sawteeth on upper pL. ... te. 

Antic6ne 

Syndne. 

Inc�ned strike and dip at beds. 

EXOTIC·BLOCK BRECCIA-Rock contains chip or 
block inclusions 01 rockdifterent from Ihose of 
host or other blocks nearby. TypicaUy of volcanic· 
tectonic or sedimentary·tectonic origin; excludt:s 
Tertiary megabreccia deposits. 

Sile at-.veUor generalized site 01 several weOs, shCltWlg 
unit penetrated, if known, and depth of -.veil, in 
feel. 100 feet equals 30.5 meters. 

COLlECTION SITE-RadiogenicaUy dated rock 
showing age in minions of years. Query before 
symbol where precise location uncertain. 

• Dump sample location 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R.A., 1973. 

By James A Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 7 .  Dump sample location map showing area of influence 
boundaries and the Ajax,  Prompter, and Horquilla 
faults, from Newell, R.A., 1973. 

Distribution pattern for high zinc ratio in dump samples 
(in red). 
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Geology 
OLDER OR UNOIFFERENllA TED 5URFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, and sill (Pleistocene and Pliocene
Mainly alluvium 01 basins; includes some 
colluvium and landslide de�sit5. GenllraUy light
pinkish gray, weakly indurated, and with poorly 
rounded clasts; locally weU indurated. Thickness 
several meters to hundreds of meters. 

&5<111 (Pleistocene to Pliocene)-Lava flows, 
pyroclastic rocks, and some intercaiated gravei. 
lhickness several meters to a few hundred meters 
in most places. Radiometrically dated at 0.25, 1.0, 
ancl 3.2 m.y. old 

Extensive andesite and dacile (Miocene arxl Upper 
OIigocene)-Lava flows, pyroclastic rocks, some 
intercalated epiclastic rocks, and dikes. Mostly 
gray, fine-grained, porpnyrilk rocks; includes 
some very coarse feldspar porphyry andesite 
(Turkey track porphyry, an info!lT'dl term of 
Cooper, 1961). Thickness mostly several meters 10 several tens of meters. Dated at 24, 25, 27, 33, 
and 39 m.y. 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
OIigccene-Lav<l flows, welded tuff, p�ocklstic 
rocks, and some intercalated epidastic rocks. 
Light·gray to grayish·pink,vitric to fine.grained, 
porphyritic. Commonly a few tens to a few 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An additioOi.ll date of 47 m.y., if 
substantiated, may indicate the presence of 
Eocene rocks in the lower member of the S 0 
Vokanics of Cochise Co. 

Lower conglomerate, gravel, and sand (Oligocene and 
Eocene?)-Alluvium; commonly grayish·red 
deposits of small, well rounded, nonvokanic 
clasts. Mostly several meters to a few tens of 
meters thick. 

UPPER CORDlU..ERAN (u\RAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower 
vokanic rocks-Rhyo�te to andesite IiIva flows, 
pyroclastic rocks, and some intercalilled epidastic 
rocks. Dilted at 57 m.y. Possibly younger age to 

MAIN CORDIUEHAN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and aphtic intrusive rocks 
(Paleocene and Upper Cretaceous)-Mostly latitic 
porphyry to dacitic:: porph�y in small stocks and plugs and aplitic bodies not associated v.rith other 
granit oid stocks. Dated at 61, 63, 63, 64, and 65 
m.y. 

FluidIzed intrusive breccia·�exact age unknown. but 
penetrates. and thus younger than Uncle Sam 
porphyry. 

Rhyodacite tuff ,md welded tufl.·�lnciudes parIs of 
Salero Formation. Sugarloaf Quartz Lotite, and 
Bronco Volcanics. and <Ill of Red Bay Rhyolite, Cat 
Mounlilin Rhyolite of Brown (1939) and Uncle Sam 
Prophyry. Includes local intrusive bodies and locally 
contains Iragments of exotic rocks. Thickness 
commonly several tens of meters to several 
hundreds of meters. Dated at 66(7), 70, 72, 73, and 
73 m.y. The Uncle Sam. in the Tombstone area. is 
dated 72 m.y. 

Andesitic to dacitic volcanic breccia.-Includes parts of SoIero Formation, Sugarloaf Quartz Latite, and 
Bronco Volcanics, and all of Demetrie Vok:arics 
and SilverbeII FOrrn/ltion of Courtright (1958). Commonly contains IiIrge blocks 01 exotic rocks 
and IocaDy includes some sedimentary rocks and 
intrusive rocks. Several tens ol meters to several 
hundreds of meters thick in most places. 

Lower quartz monzonite and graodiorile-Includes 
some qUOlrrz diorite; OIppears in small stocks. 
Locally OlSsociated wirh mineralization. Daled at 70, 1L 72. 73. 74, 74. 74. and 76 m.y. The $chiemin 
granodorite at Tombstone is 72 m.y. 

Roads and Highways 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOU5):-Upper part of Bisbee 
Formation or Group, undifferentiated, and related 
rocks.-lncludes upper part of Bisbee Formation, 
Mural Umestone, Morita, Cintura, Willow 
Can�n, Apache Can�n, Shellenberger Oln�n 
and Turney Rarx:h Formarions (not listed in 
stratigrOlphic sequence)of lne Bisbee Group, 
Amole Arkose of Bryant and Kinnison (1954), and 
Angelic Arkose. Consists 01 brownish· to reddish· 
arkose, gray sillstone, sandstone, conglomerate, 
and some los.si.Iiferous gray limestone. Commonly 
several huoored meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-Stocks of pinkish..gray coarse· 
grained rock. Locally associ<lled with 
mineralization. Dated at 140, 148, 149, 149, ISO, 
153, 160, 161, 167, 178, I85m.y. 

Sedimentary rocks (lovJer Permian and Upper 
Pennsyivanian)-<:onsists of Epitaph Dolomite 
(Lower Permian), CoIiIl1l Umestone (Lower 
Permian), and Earp Formation (lower Permian 
and Upper Pennsylvanian), undifferentiated. 
Epitaph Dolomite is a dark· tp light-gray slighUy 
cherty doiomite, limestone, marl, siltstone, arxl 
gypsum, 12().200 meters thick. Colina Umestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sparsely fossiHferous �mestone 12().200 
meters thick. Earp Formation is a pale·red 
siltstone, mudstone, shale, and tirnestone, 12().240 
meters thick. 

Horquilla Umestone (Upper and Middle 
Pennsylvanian)-Light·pinkish.gray, thick· to thin· 
bedded, cherty, fossiliferous Hmestone and 
intercalated paIe·brown to paIe.reddishllray 
siltstone that increases in abundance upward. 
Typically 300490 meters thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-Consists mainly of Esc�brosa 
Umestone (Mississippian)-localIy (Armstrong 
and Silberman, 1974) called Escabrosa Group
and Martin Formation (Upper Devonian), 
undifferentiated. In part of the Chiricahua 
Mountains also includes Paradise Formation 
(lipper Mississippian) and Portal Formation of 
Sabins, 1957a (lipper Devonian). In the Uule 
Dragoon Mountains and some adjacent hills aJso 
includes Black Prince Umestone, whose fauna 
and correlation show strongest affinities with 
Mississippian rocks but which may include some 
PeTUlSylvanian rocks. Escabrosa Urnestone is a  
medium.gray, massive to thick-bec:ided, commonly 
crinoidaJ, cherty, fossiliferoustimestone 9().310 
meters thick. Martin Formation is thick· to thin· 
bedded, gray to brown dolomite, gray sparsely 
fossiliferous, and some siltstone and sandstone, 9().120 meters thick. Paradise Formation is a 
brown, fossiliferous, shaly limestone. Porta! 
Formation is a black shale and imestone 6-105 
meters thick. Black Prince Umestone is pinkish· 
gray Hmestone with a basal shale and chert 
cCM"90merate, <ss much as 52 meters thick. 

SEOlMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRIAN):-El Paso Umestone (Lower Ordovician and Upper Cambrian), Abrigo 
Formation (Upper and Mickle Cambrian), arxi Balsa Quartz (Middle Cambrian), 
undifferentiated.-El Paso Limestone is a gray, 
thin·bedded chniy timestone and dolomite 90 
meters to about 220 meters thick. Abrigo 
Formation is a brown, trun.bedded fossiiferous 
fimestone, sandstone, quartzite, and shale, 21(). 
240 meters thick. BoIsa Quartzite is a brown to 
white or purplish.gray, thick.bedded, coarse· 
grained quartzite and IaJldstone with II basal 
con9omerate, 9().18J meters thick. To the eMt, 
equivalents 01 part 01 the Abrigo FOI"lTIlInon and Balsa Quartzite are knoum as the Coronado 
Sandstone. 
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SedimentilTY rocks (Upper and Middle Cambrian)
Abrigo Formation (Upper and Middle Cambrian), 
and Balsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mainly 
granodiorite and quartz monsonite, unfolialed to 
foliated, in part metOlmorphosed. GeneraUy in 
stocks, lAIhich ahve been Httle studied. 

PINAL SCHIST (pRECAMBRIAN X)-Chlorite schist, 
phyllite, and some metavolcanic rocks, 
metavolcanic rocks, metaquartzite, metaquartzile 
conglomerate, and gneiss. One metavolcanic rock 
dated at 1715 m.y. 

CONTACT-Dotted where concealed. 

MARKER HORIZON-Dolled where concealed. 

DIKES-Showing dip. 

FAULTS-Showing dip. Dolled where concealed or 
intruded; baD and bar on downthrown side. 

Normal 

Reverse 

Strike·slip-Arrow couple shows relatIve displacement 
Single arrow shows movement of active block. 

Major thrust fault-Sawteeth on upper plate . 

Thrust fault-Sawteeth on upper plate 

Anticline. 

5yncHne. 

Inclined strike and dip of beds. 

EXOTIC-BLOCK BRECCIA-Rock contains chip or 
block inclusions 01 rock different from those of 
host or other blocks nearby. Typically 01 volcanic· 
tectonic or sedimentary·tectonic origin; exc!udes 
Tertiary megabreccia delXlsits. 

Site of weD or generalized site 01 several weDs, showing 
unit penetrated, if known, and depth of weU, in 
feel. 100 feet equalsJO.5 melers. 

COLLECTION SITE-Radiogenically dated rock 
skov,.;ng age in millions of years. Query before 
symbol where precise location uncertain. 

Dump sample location 

Lead - - 0 , (OTgu) 27.0 

Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R_A, 1973_ 

By James A Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 8. Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults, from Newell, RA, 1973. 

Distribution pattern for high lead ratios in dump samples 
(in red). 
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Geology 
OLDER OR UNDIFFEREmlA TED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, and silt (Pleistocene and Aiocene
Mainly alluvium of basins; includes some 
colluvium and landslide deposits. Generally light. 
pinkish gray, weakly indurated, and """;th poorly 
rounded clasts; locally well indurated. Thickness 
several meters to hundreds of melers. 

Basalt (Pleistocene to Aiocene)-Lava flows, 
pyroclustic rocks, and some intercalated graveL 
Thickness several meters to a few hundred meters 
In ITlO5t places. RadiomelricaDy dated at 0.25. 1.0, 
and 3.2m.y. old 

Extensive andesite and dacite (Miocene and Upper 
O!igocene)-L1\Ia Ilow!-., pyroclastic rocks, some 
intercalated epiclastic rocks, and dikes. Mostly gray, fine.gfi!ined, porphyritic rocks; includes 
some very coarse feldspar porphyry andesite 
(Turkey track porphyry, an informal term 01 
Cooper, 1961l- l1tic�s mostly several meteu 
to several tens of meters. Dated at 24, 25, 27, 33. 
and 39 m.y. 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
Oligocene-lava flows, _Ided tuff, pyroclastic 
rocks, and some intercalated epiclastic rocks. 
Light·gray to grayish·pink, vitric: to fine.grained, 
porphyritic. Commonly a few tem to a few 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An t\dditional date of 47 m.y., il 
substantiated. may indicate the preserx:e of 
Eocene rocks in the \ower member 01 the S 0 
Vokanics of Cochise Co. 

Lower conglomerate, gravel, and sand (Oligocene and 
Eocene?)-AlIuvium; commonly grayish'red 
deposits 01 small, weU rounded, nonvokanic 
clasts. Mostly several meters to a few tens 01 
ml!lersthick 

UPPER CORDlU.£RAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-lower 
vokanlc rocks-Rhyo.:te to andesite Lava flows. 
pyroclastic rocks, and some intercalated epiclaslic 
lOCks. Dated al 57 m.y. Possibly younger age to 

MAIN CORDILLEHAN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and apliric intrusive rocks 
(Paleocene and Upper Cretaceoos)-Mostly iatitic 
porphyry to dacitic porphyry in small stocks arod 
plugs and aplitic bodies not assocklted """;thother 
granitoid stocks. Dated at 61, 63. 63, 64, and 65 
m.y. 

Fluidized intrusive breCCIa -exact age unknown. but 
penetrates. and thus youngcl thiln Uncle Sllm 
porphyry. 

RhyodilClle tuff i1nd �Ided lull. -Includes pilr\s of 
SilieTO Formiltion. Sugilrloaf Quartz Latite. and 
Bronco Volcanics. and .,11 of Red Bay Rhyolite, Cat 
Mounlilin Rhyolite 01 Brown r 1939) and Uncle Sam 
Prophyry. Includes local intru�e bodies and locaUy 
ronlains fragments of exotic rocks. Thickness 
commonly !;("Veral tens 01 meters to several 
hundreds of meters. Dated at 66(?), 70, 72. 73. and 
73 m.y. The Uncle Sam. in the Tombstone area, IS 
dated 72 m.y. 

Andesitic: to dacitic volcanic brecda.-b'lCtudes parts of SoIero Formation, Sugarloof Quartz Latite, and 
BToreo Vokanir:s, arod all 01 Demetrie Volcanics 
and Silverbel Formation of Courtright (1958). 
Commonly contains large blocks 01 exotic rocks 
and locally includes some sedimentary rocks and 
intrusive rocks. Several tem of meters to several 
hundreds of meters thick in most places. 

Lower QUilTtz monzonite and graodiorite-Includes 
some quartz diorite: appeiITs in small stocks. 
Locally ilssociated with mineralililtion, Dated at 70, 
71.  72. 73. 74. 74. 74. and 76 m.y, The &:hiefnin 
gTanodorite ill Tombstone is 72 m.y. 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-Upper part of Bisbee 
FOl1'1'\<ltion or Group, undifferentiated, and related 
rocks.-Iocludes upper part oI Bishee Formation, 
Mural Limestone, Monta, Cinturi!., Willow 
Canyon, Apache Canyon, Shellenberger Canyon 
and Turney Rarx:h Formations (nol listed in 
stratigraphic sequerx:e) of the Bisbee Group, 
Amore Arkose of Bryant and Kinnison (1954), and 
Angelic Arkose. Consists 01 brownish· to reddish· 
arkose, grlIy siltstone, sancistone, congiomerate, 
and some fossiHferous gray �me5tone. Commonly 
several hundred meters thiclc 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-Stocks 01 pinkish.gray coarse· 
grained rock. Locally associated with 
mineralization. Daled 011 140, 148, 149, 149, 150, 
153, 160, 161, 167, 178, 1&5 m.y. 

Sedimentary rocks (Lower Permian and Upper 
Pennsylv.lnian)-consisIS ol Epitaph Dolomite 
(Lower Perrrian), Colina Limestone (Lower 
Permian), and Earp Formation (lower Permian and Upper PeMsylva�n). undifferentiated. 
Epitaph Dolomite is /I dark· to lighl�ray slightly 
cherty dolomite, limestone, marl, siltstone, aTld 
�um, 12{).28'J meters thick. Colim Limestone 
is a rTlI."<Iium gray, thick·bedded, sparsely cherty, 
and sparsely fossiliferous hmestont? J20.2BO 
meters thick. Earp Formation is a paIe·red 
siltstone, muclstoOl!, shale, and 6mestone, 12().240 
meters thick. 

Horquilla limestone (Upper and Middle 
PCTVlsy!Vimian)-light·pinkish.gray, thick- to thin· 
bedded, cherty, fossiliferous bmestone and 
intercalated pale·brown to pa!e·reddish.gray 
sUtstone that increases in abundance upward. 
TypicaIly JOO.490 meters thick. 

SEDIMENTARY ROCKS (MISSISSIPPlAN AND 
DEVONlAN)-Consists mainly of Escabrosa 
limestone (Mississippian)-Iocally (AnMlrong 
end Silberman, 1974) called E.scabrosa Groupand Marlin Formalion (Upper Devonian), undifferen tiated. In part of the Chiricahua 
Mo�lains also includes Paradise Formation 
(Upper Mississippian) and Portal Formation of 
Sabins, 195701 (Upper Devonian). In the litlle 
Dragoon Mountains and son.! adjacent hills also 
includes Black Prince Umestone, whose fauna 
and CQfTelation show strongest affinities v.rith 
Mississippian rocks but which may include some 
PeMsylv;:r�n rocks. Escabrosa Umestone is a 
rnedium.gray, massive to thick·bedded, commonly 
crinoidal, cherty, fossiliferous �mestone 9().310 
rMters thick. Martin Formation is thick· to thin· 
bedded, gray to brown dolomite, gray sparsely 
fos.siliferous, and some siltstone and sardstone, 
9().120 meters thick. Paradise Formation is a 
brown, fossiliferous, shaly timestonc. Portal 
FOTmlltion is a black shale ard timestone 6.105 
meters thick. Black Prince Umestooe is pinkish· 
gray limestone """;th a basal shale and chert 
conglornerate, as much as 52 meters thick. 

SEUIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBR1AN):-B Paso umes10ne (lower Ordovician and lJppe:r Cambrian), Abrigo 
Formlltlon (lJpper and Middle Cambrian), and BoIsa Quartz (Middle Cambrian), 
unditferenti;:rted.-B Paso Umestooe is a gray, 
thin·bedded cherty limestone and dolomite 90 
meters to about 220 meters thick. Abrigo 
Formation is II brown, thin-bedded fossiliferous 
tirne:slone, sardstone, quartzite, and shale, 21Q. 
240 meters thick. BoIsa Quartzite is a brown to 
v.+tite or purptish.gTll.Y, thick-bedded, coarse 
grained quartzite and sandstone with a basal 
conglomerate, 9(}.UIl meters thick. To the east, 
equivalents 01 part dthe Abrigo Formation and 
Balsa Quartzite are kl'lOlloln as the Coronado 
Sandstone. 
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Sedimentary rocks (Upper and Middle Carnbrian)
Abrigo Formation (Upper and Middle Cambrian), 
and Balsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (pRECAMBRIAN Y):-Mainly 
graoodiorite and quartz monsonite, unfoliated to 
foliated, in pari metamorphosed. Generally in 
stocks, which ahve bEen �ItJe studied. 

PINAL SCHIST (PRECAMBRIAN X)-Chiorite schist, 
phyllite, and some metavolcanic rocks, 
metavolcanic rocks, melaquartzite, metaq,uartzite 
con9omerate, and gneiss. One metavolcanic rock 
dated at 17lS m.y. 

CONTACT -Dotted where concealed. 

MARKER HORIZON-Dotted where concealed. 

DIKES-91Owing dip 

FAULTS-Showing dip. Doued where concealed or 
intruded; baD and bar on downthrown side. 

Reverse 

Strike·slip-Arrow couple shows relaltve displacement. Single arrow shows movement of active block. 

Major thrust fault-Sawteeth on upper plate . 

Thrust fault-Sinvteeth on upper plate. 

Antic6ne. 

SYldne. 

Inc�ned strike and dip 01 beds. 

EXOTIC·BLOCK BRECCIA-Rock contains chip or 
block inclusions of rock different lrom those of 
host or other blocks nellrby. Typically 01 volcanic· 
tectonic or sedimentary·tectonic origin; excludes 
Tertiarymegabreccia deposits. 

Site 01 weU or genera6zed site of several _Ds, sho.vins 
unit penetrated, if known, and depth 01 well, in 
feet. 100 feet equals 30.5 meters, 

COLLECTION SfTE-Radiogenicady dated rock showing age in millions 01 years. Query before 
symbol where precise: location uncertain. 

• Dump sample location 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, RA, 1973. 

By James A. Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 
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Geology 
OLDER OR UNDIFFERENTIATED SURFICAl 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, and sill (Pleistocene and Pliocene
Mainly allU\lium of basins; includes some 
colluvium and landslide deposits. Generally light· 
pinkish gray, weakly indurated, and with poorly 
rounded clasts; locally well indurllied. Thickness 
several melers to hundreds of meters. 

Basalt (Pleistocene to Pliocene)-Lava Hows, 
pyroclastic rocks, and some intercalated gravel. lhickness several meters to a few hundred meters 
in most pktces. Radiometrically dated al 0.25, 1.0, 
aoo 3.2 m.y. old 

Extensive ,mclesitl.' and dacite (Miocene and Upper OIigocene)-Lava 1Iows, pyroclastic rocKs, some 
intercalated epiclastic rocks, and dikes. Mostly 
groy, fine-grained. porphyritic rocks; includes 
SOfTlIl very coarse feldspar porphyry andesite 
(T utkey track porphyry, an informal term of 
Cooper, 1961). ll1ickness mostly several meters 
to sewraJ lens 01 melers. Daled al 24, 25, 27, l3, and 39 m.y 

Extrusive rhyolile and rhyodacite (Miocene and Upper 
OIigoc:ene-Lava flows, welded tuff, pyroclastic 
rocks, and some intercalated epiciastic rocks. 
Ught-gray to grayi�h·pink, vitric 10 line.grained, 
porphyritic. Commonly a few tens to a few 
thousand 01 meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional date 01 47 m.y., if 
substan tiated, may iOOicate tile presence of 
Eocene rocks in the lower member of the S 0 
Vokanics of Cochise Co. 

Lower conglomerate, gravel, and sand (Oligocene and 
Eocene?)-Alluvium; commonly grayish·red 
de�ts 01 small, weU rounded, flOnvoicanic: 
clasts. Mostly several meters to a few tens of 
meters thick. 

UPPER CORDlU£RAN (LA.RAMIDEl IGNEOUS 
ROCKS (LOWER PALEOCENE):-L..ov.ter 
vokanic rocks-Rhyolite to andesite lava 1Iows, pyroclastic rocks, and 501"T"Ie intercalated epiclastic 
rocks. Dated at 57 m.y. Possibly yoWlger age to 

MAIN CORD1UEkAN (u\RAMIDE) ]GNEOUS 
ROCKS:-Porphyritic and aplitic i"ltrusive TC)cks 
(Paleocene and Upper Cretoceous)-Mostly latitic 
porphyry to dacitic porphyry in small stocks and 
plugsand aplitic bodies flOt associated with other 
granitoid stocks. Odted at 61, 63, 63, 64, and 65 
m.y. 

Fluidized intrusive breccia - eKacl age unknown. but 
penetrates. and thus younger Ihan Uncle Slim 
porphyry. 

Rhyodacite tuff and welded lufl. - Includes parts of 
Salero Formation. Sugarlo<1f QU<1rtz Ultite. and 
Bronco Vokanics. aocl all of Red Bay Rhyolite. Cal 
Mountain Rhyolite.ol Bro-"m (1939) and Uncle Sam 
Prophyry. Includes local intrusive bodies and locally 
contains fragments oll'lIotic rocks. Thickness 
commonly several tens of meters to several 
hundreds 01 ml'ters. Dated at 66(?l. 10, 72, 13. and 
13 m.y. The Uncle Sam. in the Tombstone area. is 
dated 12 m.y 

Andesitic to dacitic volcanic: breccia.-Includes paf1s 
01 SoIero Formation, Sugarloaf Quartz latite, and 
Bronco Volcanics, and aD 01 Demetrie Volcanics 
and SilverbeU Forma tion 01 Courtright (1958). 
Commonly contains large blocks 01 ellotic rocks 
and locally includes some sedimentary rocks and 
intrusive rocks. Several tens of meters to several 
hundreds 01 meters thick in most places. 

Lower quartz monzonite and graocliorite-lncludes 
some quartz diorite: appears in small stocks. 
Locally associated with mineralization. Dated at 10, 
1\. 12, 73. 74. 74. 74. and 76 m.y. The Schielmn 
granodorite at Tombstone is 72 m.y. 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-Upper part of Bisbee 
Formation or Group, undifferenttdted, and related 
rocks.-Indudes upper part of Bisbee Formation, 
Mural Umestone, Morita, Cintura, W�low 
Canyon, Apache Canyon, Shellenberger Canyon 
and Tumey Ranch Formations (not Hsted in 
stratigraphic sequencll) of the Bisbee Group. 
Amole Arkose 01 Bryanl and Kinnison (1954). and 
Angelic Arkose. Consists of brownish· to reddish 
arkose, gray siltstone, sandstone, conglomerate, 
lind some fossi/ilerous gray hmestone. Commonly 
several hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-Stocks 01 pinkish-gray coarse· 
grained rock. Locally associated with 
mineralization. Dated al 140, 148, ]49, 149, 150, 
153, 160, 161, 161, 118, 185m.y. 

Sedimentary rocks (Lower Permian and Upper Permsylvanian)-<onsisls at Epilaph Dolomite 
(lower Permian), Colina Umestooe (Lower 
Permian), and Earp Formation (Lower Pennian 
and Upper Pennsylvanian), undifferentiated. 
Epitaph Dolomite is a dark- to light-gray slightly 
cherty dolomite, Hmestone, marl, siltstone, a'ld 
gypsum, }2().200 meters thick. Cohna Umestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sparselyfossiliferollS limestone ]2()'200 
meters thick. Earp Formation is a pale·red 
siltstone, mudstone, sh.ale, and timestone, 12().240 
meters thick. 

Horquilla Umestone (Upper and Middle 
Permsylvanian)-Light.pinkish.gray, thick· to thin 
bedded, cherty, fossiliferous Hmestone and 
intercalated pale·brown to paIe·redd:ish.gray 
siltstone tkat increases in abundance upv.rard. 
Typic/lUy .]OO.490mt!tersthick. 

SEDIMENTARY ROCKS (MISSISSIPPiAN AND 
DEVONiAN)-Consists mainly 01 Escabrosa 
limestone (Mississippian}--Iocally (Armstrong 
and Silberman, 1974) called Escabrosa Groupand Martin Formation (Upper Devonian), 
undifferentiated. In part 01 the Chiricahua 
Mountains a1!1O includes Pamdise Formation 
(Upper Mississippian) and Porlal Formatioo 01 
Sabins. 1957a (Upper Devonian). In. the Utile 
o,.<19OOn Mountains and some adjacent hiDs also 
includes Block Prince Umestone, whose fauna 
and correl/l.tion show slrongesl affinities with 
Mis.sissippian rocks but which may include some 
Pennsylvanian nxkS. Escabrosa Umestone is a 
medium.gray, massive to thick.bedded, commonly 
criflOidaJ, cnerty, fossiliferous 6mestone 9Q.310 
meters thick. Martin Formation is thick· to thin· 
bedded, gray to brown dolomite, gray sparsely 
fossiliferous, and some siltstone and sandstone, 
90-120 meters thick. Paradise Formation is a 
brown, fossiUferous, shaly hmestone. Portal 
Formation is a black shale and Emestone 6-105 
meters thick. Black Prince Umestone is pinkish· 
gray 6mestone with a basal shale and cnerl 
conglomerate, as rrloch as S2 meters thick.. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):-B Paso Umeslooe 
(Lower Ordovic.iIIn and Upper Cambrian), Abrigo FotTTIAtion (Upper and Middle Cambrian), and 
Balsa Quartz (Midde Cambrian), 
undifferentiated.-B Paso limestone is a gray, 
thin·bedded cherty �meslone and dolomite CXI 
melers 10 about 220 meters thick. Abrigo 
Forma tion is a broo.r.rn, thin·bedded fossiliferous 
timestooe, sandstone. quartzite, and shale, 2]()' 
240 meters thick. Balsa Quartzite is a brown to 
white or purp/ish.gray, thick·bedded, coarse· 
grained quartzite and sandstone with a basal 
conglomerate, 90-100 meters thick. To the east, 
equivalents of pari of the Abrigo Formation and BoIsa Quartzite are known as the Coronado 
Sandstone. 
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Sedimentary rocks (Upper and MiddJe Cambrian)
Abrigo Formation (Upper and Mkidle Cambrian), 
and 80Isa Quartzite (Middle Cambrian). 
undilferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y);_Mainly 
granodiorite and quartz monsonile, unloliated to 
foliated, in part metamorphosed. Generally in 
stocks, which ahve been btlle studied. 

PINAL SCHfST (PRECAMBRIAN X)-Chiorite schist, 
phyllite, and some metavolcanic rocks, 
metavolcanic rocks, meta quartzite, metaquartzitll 
conglomerate, and yneiss. One metavolcanic rock 
datoo at llI5 m.y. 

CONTACT -Dotted where concealed. 

MARKER HORIZON-Dolled where concealed. 

DIKES--ShoNing dip. 

FAULTS-Showing dip. Dolled where concealed or 
intruded; ball and bar on do.wlthrown side. 

Nom" 

Reverse 

Strike.sUp-Anow couple ShOOMi rel<1lLYe displacement. 
Single arrow shows movement 01 octive block. 

Major thrust fault-53wteeth on upper plate . 

Thrust 'auh-5.lwteeth on upper pl"te. 

Antictine. 

Synchflll. 

IncHned strike and dip of beds. 

EXOTIC·BLOCK BRECCIA-Rock contains chip or 
block inclusions of rock different from those 01 
host or other blocks nearby. Typically of volcanic· 
tectonic or sedimentary·tectonic origin; ellcludes 
Tertiary TT1e9<lbreccia deposits. 

Site of weD or generaUzed site 01 severn! weUs, showing 
unil penetrated, if known, and depth of weY, in 
feet. ]00 feet equals 30.5 meters. 

COllECTION SITE-Radiogenic:aUy dated rock 
showing age in miDions of yearS. Query before 
symbol where precise location uncerlain. 

• Dump sample location 
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Geology adopted from Drewes, Harold, 
1980, and Newell, RA, 1973. 

By James A Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 10. Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults, from Newell, RA, 1973. 

Distribution pattern for high molybdenum ratios in 
dump samples (in red). 
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Geology 
OLDER OR UNDIFFERENTlATED SURFIeAl 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, and silt (Pleistocene and Pliocene
MaiNy alluvium 01 w5in5; includes some 
colluvium and Landslide deposits. Gener&liy light· 
pinkish gray, \WakJy indurated, and u..ith poorly 
rounded clasts; locally well indurated. Thickness 
several meters to hundreds of melers. 

Basal! (Pleistocene toF'liocenel-l...avaflows. 
pyrocl3stic rocks, and some intercalated gravel. 
Thickne!>S several meters to a lew hundred meters 
in most places. RadiometricaUy dated at 0.25, 1.0, 
and 3.2 m.Y, okI 

Extensive andesite and dacite (MKx;ene and Upper 
O!igocene)-l...avil flows, pyroclastic rocks, some 
intercillated I!pidastic rocks, and dikes. Mostly 
gray. fine-grained, porphyritic rocks; includes 
some very coarse feldspar porphyry aflde.sile 
rrurkey track porphyry, an informai term of 
Cooper, 19(1). Thickness mostly several meters 
to 5eWral tens of meters. o"ted at 24, 25, 27.31, 
and 39 m.y. 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
Oigocene-lava Rows. welded tuff, pyroclastic 
rocks, and some intercalated epiclastic rocks. 
[jght·grayto grayish·pink,vitric to fine·grairoe<i, porphyritic. CommorJya few tens to a few 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional date 01 47 m.y., if 
subsl3ntiated, may indic::ate the presence of 
Eocene rocks in the lower member of the S 0 
Vokanics 0/ Cochise Co. 

Lower conglomerate, gravel, and sand (Oligocene and 
Eocene?)-Alluvium; commorJy grayish·red 
deposits of small, well rounded, nonvokaric 
clasts. Mostly several melers to a few leTlS of 
melers thick. 

UPPER CORDIlLERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower vokaric rock5-Rhyotile 10 andesite lava flows, pyroclastic rocks, and some intercalated epiclastic 
rocks. o"led at 57 m.y. Possibly yoooger age to 

MAIN CORDIU£F<AN (lARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and aplitic ntrusive rocks 
(Paleocene and Upper Cretaceous)-Moslly kltitk 
porphyry to dacilic porphyry in small stocks and 
plugs and aplitic bodies not associated with olher 
granitoid stocks. Oated at 61, 63, 63, 64, and 65 
m.y. 

FluidIzed intrusive breccia -eKact age unknown. but 
penetrates. and thus younger than Uncle Sam 
porphyry. 

Rhyodacite luff ,md welded lulr. -Includes pMts of 
Salero Formation. Sugarloaf Quart: Latile. i'lnd 
Bronco Volcanics. and all of Red Bay Rhyolite, Cat 
Mountain Rhyolite 01 Brown (1939) and Uncle Sam 
ProphYTY- Includes local intru5ive bodies and locally 
contains fragments 0/ ellotic rocks. Thickness 
commonly several tens of meters to several 
huodreds of meters_ Dated at 66(?). 70. 72, 73. and 
73 m_y. The Uncle Sam. in the Tombstone area, is 
dated 72 m.y. 

Andesitic to dacitic volcanic breccia..-lnctudes par1s 
01 SoIero Formation, 5u9arloaf Ouanz Latite. and 
Bron:::o VoIca.rVcs, and all 01 Demetrie Volcanics 
and SilwrbeU Formation of Courtright (]958). 
Commonly contains large blocks of exotic rocks 
and locally includes some sedimentary rocks and 
intrusive rocks. Several tens 01 meters to several 
hundreds 01 meters thick in most places. 

Lower quart� monzonite and grilodiorite-Includes 
some quartz diorite; appears in small stocks 
lOl·ally associated with minerali�ation. Dated at 70, 
71. 72. 73. N. 74. 74, and 76 m.y. The Schielnin 
granodorile al Tombstone is 72 rn.y . 
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Explanation 

BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS);-Upper part of Bisbee 
Formation or Group, undifferentiated, and related 
rocks.-Includes upper pan 0/ Bisbee Formation, 
Mural Umestone, Morita, Cintura, WdJow 
Canyon, Apache Canyon, Shellenberger Canyon llfld Tumey Ranch Formations (not listed in 
Slratigraphic sequence) of the Bisbee Group, 
Amole Arkose 01 Bryant and Kinnison (1954), and Angelic Arkose. Consists of brownish- to reddish· 
arkose, gray siltstone, sandstone, conglomerate, 
and some fossiliferous gray limestone. CommorJy several hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-St'ocks of pinkish-gray coarse· 
grained rock. Locally associated with mineralization. Dated at 140, 148, 149, 149, ISO, 
153, I60, 161, 167, 178, I85m.y. 

Sedimentary rocks (Lower Permian and Upper 
PefWlSylvarjan)-consists of Epitaph Dolomite 
(Lower Permian), Colina. umestone (Lower 
Permian), and Earp Formation (Lower Permian 
and l.Ipper Pennsylvarian), undifferentiated. 
Epitaph Dolomite is a dark· to light-gray slightly 
cherty dolomite, limestone, marl, siltslone, 1Irx1 
!M>5um, 120-28'J meters thick. Colina Umestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sparsely fossiliferous hmestone 12().2BO 
meters thick. Earp Formation is a pale·red 
siltstone, mudstone, shale, and timestone, 120-240 
meters thick 

Horquilla Umestone (Upper and Middle 
Pennsylvanian)-light.pinkish-gray, thick· 10 thin
bedded, cherty, fossiliferous �mestone and 
intercalated paIe·brown to pale·reddish-sray 
siltstooc lka! increases in abundance upward. 
Typically JOO.490 meters thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-Consists mainly of �brosa 
Umestone (Mississippian)-locaIIy (Armstrong 
and Sberman, 1974) called Escabrosa Group
and Martin Formation (Upper Devonian), 
undifferentiated. bl part of lhe Chiricahua 
t.ioWllains also includes Paradise Formation 
(Upper Mississippian) and Portal Formation of 
Sabins, 1957a (Upper Devonian). In the utile 
Dragoon Mountains and some iKJjacent hills also 
includes Black Prince umeslone, whose fauna 
and correlation show strongest affinities with 
Mississippian rocks but which may include some 
PeMSylvanian rockS. Escabrosa Umestone is a 
medium-gray, massive to thick.bedded, commonly 
criooidal, cherty, fossiliferous �mestone 9().31O 
meters thick. Martin Formation is thick- 10 thin· 
bedded, gray 10 brown dOlOmite, gray sparsely 
fossiliferous, and some siltstone and sandstone, 
90-120 meters thick. Paradise Forma tion is a 
bf"OYm, fossiliferous, shaly timestone. Portal 
Formation is a black shale and timestone 6-105 
meters thick. Black Prince urnestone is pinkish· 
gray &mestone with a basal shale and chert 
conglomerate, G5 much as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRIAN):-B Paso limestone (lDwer Ordovician and Upper Cambrian), Abrigo 
Formation (Upper and MidcIe Cambrian), and BoIsa Quart: (Middle Cambrian), 
undifIerentialed.-B Paso limestone is a !Vay, 
thin·bedded ct-eny timestone and dolomit e 90 
meters to about 220 meters lhick. Abrigo 
Formation is a brown, thin·bedded fossiliferous 
limestone, sandstone, quartzite, and shale, 21()' 
240 meters thick. Balsa Quartzite is a brown to 
white or purplish-gray, thick.bedded, coarse· 
grruned quartrite and sa.ndstone with a basal 
c�mefi!lte, 9O-18'J meters thick. To the east, 
equivalents 01 part 01 the Abrigo Formation and 
BoIsa Quartzite are known as the Coronado 
Sandstone. 
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Sedimenta.ry rocks (Upper a nd  Middle Cambrian)
Abrigo Formation (Upper and Middle Cambrian), 
and Balsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):_Mainly 
granodiorite and quartz monsonite, unfoliated to 
foliated, in part metamorphosed. Generally in 
stocks, which ahve been little studied. 

PINAL SCHIST (PRECAMBRIAN X)-Chlorite schist, 
phyllite, and some metavolcanic rocks, 
metavolcanic rocks, rnetaquartzite, metaquartzite 
conglomerate, and gneiss. One metavolcanic rock 
dal� al l715 m.y. 

CONTACT -Dolled where concealed. 

MARKER HORIZON-Dotted where con:::ealed. 

DIKES-Showing dip. 

FAUL TS-Stll"l'.ving dip. Dotted where concealed or 
intruded; ba.Il and bar on downthrown side 

No,"'" 

Reverse 

Strike·slip-Arrow couple shows relatIve displacement. 
Single arrow shov.os movement 01 active block. 

Mater thrust fault-Sawteeth on upper plate. 

lhrust lault-SaWleeth on upper plate. 

Anlic6ne 

Sync�ne. 

IncUned strike and dip 01 beds. 

ExonC-BLOCK BRECCIA-Rock contains chip or 
block inclusions ol rock different from chose of 
host or other blocks nearby. Typically of volcanic· 
tectonic or sedimentary·tectonic: origin; excludes 
Tertiary rnegabre(cia deposits. 

Site 0/ well or genefi!lfi�ed site of Wlleral wells, showing 
unit penetrated, if k!lOWn, and depth 01 well, in 
feel. 100 feet equals 30.5 meters. 

COLLECTION SITE-Radiogenically daled rock 
showing age in mi150ns of years. Query before 
symbol where precise location uncertain. 

Dump sample location 
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Geology adopted from Drewes. Harold. 

1980, and Newell, R.A_, 1973_ 

By James A. Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 1 1 .  Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults, from Newell, RA , 1973_ 

Distribution pattern for high molybdenum and zinc 
ratios in dump samples (in red), 
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Geology 
OLDER OR UNDIFFERENTIATED SURF1CAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, S3nd, and sut (Pleistocene and Pliocene
Mainly aDuvium of basins; includes some 
colluvium and landslide deposits. Generally light· 
pinkish gray, weakly indurated, and with poorly 
rounded clasts; locally wen indurated. Thickness 
several meters to hWKIreds 01 meters. 

&!.salt (Pleistocene to Pliocene)-Ulva flows, 
pyroclastic rocks, and some inteTcalated gravel. Thickness several meters to a few hundred meters 
in most places. RadiometricaDy dated at 0.2S, 1.0, 
and 3.2 m.y. old 

Extensive arv;\esite and dacile (Miocene and Upper 
O6gocene)-Lwa flows, pyroclastic rocks. some 
intercalated epiclastic rocks, and dikes. Mostly 
gray, fine-gr3ined, porphyritic rocks; includes 
some very coarse leldsp;tT porphyry andesite 
(Turkey track porphyry, an inf01"1"Nil terrn 01 
Cooper, 196I). Thickness mostly several meters 
to several tens of meters. Dated at 24, 25, 27, 33, 
and 39m.y 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
O6gocene-l..ava flows, welded tuff, pyroclastic 
rocks, and some irItercalated epiclastic rocks 
Light·gray 10 grayish·pink. vitric to fine-grained, 
porphyritic. Commonly a few tens to a few 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional date of 47 m.y., if 
substantiated, may indicate the presence of 
Eocene rocks in the Iov..rer member of the S 0 
Volcanics of Cochise Co. 

Lower conglomerate, gravel, and sand (Oligocene and 
Eocene?)-AlIuvium; commonly grayish.red 
deposits of small, well rounded, nonvolcanic 
clasts. Mostly several meters to a few tens of 
meters lhick 

UPPER CORDIll.ERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower voIcarM:: rocks-Rhyoite to andesite lava flows, 
pyroclastic rocks, and some intercalated epiclastic 
rocks. Dated at 57 m.y. Possibly younger age to 

MAIN CORDlll.EHAN (LARAMIDEI IGNEOUS 
ROCKS:-Porphyriric 3nd aplitic intrusive rocks 
(Paleocene and Upper Cretaceous)-Mostly Iatiric 
porphyry to dacilic porphyry in small stocks and 
plugs and aplitic bodies not associated wi1h other 
granitoid stocks. Dated at 61, 63, 63, 64, and 6S 

Fluidized intrUSIVe breccia eKact age unknown, but 
penetrates, and thus younger thiln Uncie Sam 
porphyry. 

Rhyodacite tuff ilnd welded tuff. - Includes Pillts uf 
Salero Formation. Sugarloaf QU3rtz Latite, and 
Bmnco Volcanics, and all of Red Bay Rhyolite. Cat 
Mountain Rhyolileof Brown (19391 ilnd Uncle 5.1m 
Prophyry. Includes loc31 intrusive bodies and locally 
cnntains fragments of eJmtic rocks. Thickness 
commonly several tens of meters 10 several 
hundreds 01 meters. Dilted al 66(?). 70. 72. 73. and 
73 m.y. The Uncle Sam, in the Tombstone are3, is 
d.lted 72 m.y. 

Andesitic to dacilic volcanic breccia.-lnclUdes paris 01 SoIero Fomlation, Sugarloaf Quarlz Lalite, aoe:! 
Bronco VoIcarWcs, and aI of Demetrie Volcanics 
and Silverbell Formation of Courtright (1958). 
Commonly contains large blocks of f!Koric rocks 
and locaDy includes some sedimentary rocks and 
intrusive rocks. Several tens 0( meters to several 
hundreds of meters thick in most places. 

Lower quartz monzonite and graodiorite-Includes 
some quartz diorite; appeMS in small stocks. 
Locillly associated with minerahzation. Da1ed at 70, 
71.  72. 73. 74. 74. 74. and 76 m.y. The Schielnin 
gr,uUJdurite at T ombstolle is 72 m.y. 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-Upper part of Bisb� 
Formation or Group, undifferentiated, aoo related 
rocks.-Includes upper part of Bisbee Formation, 
Mural Limestone, Morita, Cintura, Wdlow 
Canyon, Apache Canyon, Shellenberger Canyon 
and Turney Ranch Formations (not tisted in 
s1ratigraphic sequence) of the Bisb� Group, 
Amole Arkose of Bryant aoo Kinnison (1954), and 
Angelic Arkose. Consists 0/ brOl.VT1ish· to reddish 
arkose, gray siltstone, sandstone, conglomerate, 
and some fossiliferous gray limestone. Commonly 
several hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlq-Stocks of pinkish�ray coarse· 
grained rock. Locally associated with 
mineralization. Dated at 140, 148. 149, 149, 150, 
153, 160, 161, 167, 178, 185 m.y. 

Sedimentary rocks (Lower Permian and Upper 
Pemsylvanian)--<:onsists 01 Epitaph DoIomile 
(lDwer Permian), Colina Umestone (Lower 
Permian), and Earp Formation (Lower Pennian 
and Upper Pennsyivani3n), undifferentiated. 
Epitaph Dolomite is a dark· tp light�ray slightly 
cherty dolomite, limestone, marl, siltstone, arxl 
gypsum, 121).280 meters Ihick. Colina Limestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sparsely fossiliferous limestone 12()'28O 
meters thick. Earp Formation is a paIe·red 
siltstone, mudstone, shale, and hmestone, 12()'240 
meters thick. 

Horquilla Limestone (Upper and Middle 
Pennsy!varuan)-Llght.pinkish·gray, thick· to thin· 
bedded, cherly, fossiliferous limestone and 
intercaklted pale·brown to pale·reddish-gray 
siltstone tkat increases in abundance upward. 
Typically 3()).490 meters thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-Consists mainly of Escabrosa 
Umestone (Mississippian)-JocaIIy (Armstrong 
and Silberman, 1974) caned Escabrosa Group
and Martin Formation (Upper Devonian), 
undifferentiated. tn part 0I1he Chiricahua 
Mountains also includes P3radise Formation 
(Upper Mississippian) and POrlal Formation of 
Sabins, 1957a (Upper Devonian). In the Utile 
Dragoon Mount3ins and some adjacent hills also 
includes Black Prince Umestooe, whose fauna 
and correlation show stroogest affinities with 
Mississippian rocks but lWhich may ioclude some 
Pertn$y1vanian rocks. Escabrosa Umestone is a  
medium·gray, massive to thick·bedded, commonly 
crinoidal, cherty, fossiliferous �mestone 9IJ.310 
meters thick. Martin Formation is thick· to thin· 
bedded, gray 10 brown dolomite, gray sparsely 
fossiliferous, and some siltstone and sandstone, 
9(). 120 meters thick. Paradise Formation is a 
brown, fossrriferous, shaly �mestone. Portal 
Formation is a black shale and hmestone 6-105 
meters thick. Black Prince Limestone is pinkish· 
gray limestone with a basal shale and cheri 
conglomerate, CoS much as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRIAN):-B Paso UmestOJll.> (Lower Ordovkian and Upper Cambrian), Abrigo 
Formation (l./pper and MiddJe Cambrian), and 
BoIsa Quam (M.iddIe Cambrian), 
undifferenllated.-B Paso limestone is a gray, 
thin·bedded cherty limestone and dolomite 90 
meters to about 220 meters thick. Abrigo 
Formalion is a brown, thin·bedded fossiliferous 
limestone, sandstone, quartzite, and. shale, 21()' 
240 meters thick. BoIsa Quartzite is a brovm to 
white or purplish�ray, thick·bedded, coarse· 
grained quartzite and sandstone with a basal 
conglomera!e, 90-180 meters thick. To the east, 
equivalents of part of the Abrigo Formation and 
BoIsa Quartzite are known as the Coronado 
Sandstone. 
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Sedimentary rocks (Upper and Middle Cambrian)
Abrigo Formatioo (Upper and Middle Cambrian), 
and Bolsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mainly 
granodiorite and quarlz monsoni1e, unfoliatcd to 
foliated, in pari metamorphosed. Generally in 
stocks, whichahve been little studied. 

PINAL SCHIST (PRECAMBRIAN X)-Chlorite schist, 
phyllite, and some metavolcanic rocks, 
metavolcanic rocks, metaquartzite, metaquarlzite 
conglomerate, and gneiss. One metallOkanic rock 
d.ltoo at I7IS rn.y. 

CONTACT -Dotted where concealed. 

MARKER HORIZON-Dolled where concealed. 

DIKES-Showing dip. 

FAUL TS--Sh�ng dip. Doued where concealed or 
intruded; ball and bar on downthrown side. 

Normal 

Reverse 

Strike·sUp-Arrow couple shows relative displacement. 
Single arrow shows movement of active block. 

Major thrust fault-Sawteeth on upper plate. 

Thrusl fault-Sawte4?th on upper p!3te. 

Antic6f11;>. 

Inclined strike and dip of beds. 

EXOllC-BLOCK BRECCIA-Rock contains chip or 
block inclusions of rock different from those of 
host or other blocks nearby. Typically of volcanic· 
tectonic or sedimentary·tectonic origin; e)ldudes 
Tertiary megabreccia deposits. 

Site of well Of generafized sile of several weUs, sho..ving 
unit penetrated, if known, and depth of weD, in 
feet. 100 feet equals 3O.S meters. 

COLLECTION SITE-Radiogenically dated rock 
showing age in millions of years. Query before 
symbol where precise Iocalion uncertain. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R.A., 1973_ 

By James A. Briscoe 

James A_ Briscoe and Associates 

Tucson, Arizona 

Figure 12_ Distribution pattern of silver in mesquite trees (in red), 
from Newell, RA, 1973. 

3 Mil.. � I 
, 



I I 

r--·------I I QTgu I L._. ___ ._._._._J 

,-'-'-';;'-'-'- l 
L._._._._._._._.J 

r----···-------·----l 
I lie I L._._._._._._._._J 

[-------1 
-.-��----j 

Geology 
OLDER OR UNDIFFERENTIATED SURFlCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, and silt (�slocene and Pliotene
Mainly aIItrvium of basins; includes some 
colluvium and landslide deposits. Generally light· 
pinkish gray, weakly indurated, Imd ""';th poorly 
rounded clasts; locally well indurated. Thickness 
several meters to hundreds of meters. 

Basalt (Pleistocene to PIiocene)-Lava Haws, 
pyroclastic rocks, and some intercalated gravel. 
Thickness several meters to II few hundred melers 
in most p0c:es. RadiometricaJly dated at 0.25, to, and 3.2 m.y. old 

Extensivt! imoosile and ddcite (Miocene ard Upper 
Otigocene}-LavafJows, pyroclaslic rocks,50me 
intercalated epiclastk rocks, and dikes. Ml»tly 
gray. fine-gr.Uned, pcnphyritic rocks; includes 
5OmI:! very coarse feldsJli'T porphyry andesite 
rrurkey track porphyry, aninformlil term 01 
Cooper. 1961). Thickness mostly several meters 
10 sever'" teosol meters. Dated a1 24, 25, 27, ll, and 39 m.y. 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
OIigocene-lava floo.vs,YJelded tuH, pyroclastic 
rocks, and some interc.uated epidasti<: rocks, 
Light·gray to grayish·pink, vitric to fine-grllined, 
porphyritic. Commonly a few tens to II few 
thousand 01 meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional date of 47 m,y., if 
substantiated, may indicate the presence 01 
Eocene rocks in the lower member of the S 0 
Volcanics of Cochise Co. 

Lower conglomerate, gravel, ard sand (Oligocene lind 
Eocene?)-N1uvium; commonly grllyish·red 
deposits 01 small, II."eD rounded. nonvolcanic 
clasts. Mostly several meters to a few tens 01 
meters thick. 

UPPER CORDIllERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower 
volcanic rocks-Rhyolite to IIndesite llIva flows, 
pyroclastic rocks, and some intercalated epiclastic 
rocks. Dated at 57 m.y. Possibly yoW"tge1 age to 

MAIN CORDIU£1<AN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and aptitic intrusive rocks 
(Paleocene and Upper Cret�eousl-Mostly latitic 
JXlf1)hyry to dacitic: porphyry in small stocks lind 
plugs and aplilic bcxlies not associated with other 
graritoid stocks. Dated lit 61, 63, 63, 64, and 65 
m.y. 

Fluidized intrUSive brecciil -e�a(t a9\" unknown, but 
penetrates. and thus younger than Uncle Sam 
porphyry. 

Rhyod3cile luff and welded tuff. -Includes parts of 
Salero Formation, Sugarloaf Quartz Latite, and 
Bronco Vokanics. and all of Red Bay Rhyolite, Cal 
Mountain Rhyolite 01 Brown ( l939) and Uncle Sam 
Prophyry. lncludi!s local intrusive bocIies andlocaRy 
contains fragments of e�otic rocks. Thickness 
commonly severill tens 01 meters 10 several 
hundreds of melers. Dilled ilt 66(?), 70, 72, 73. and 
73 m.y. The Uncle Sam. in the Tombstone areil, i5 
dated 72 m.y. 

Ardesitic to OOcitic vo!tilnic breccia.-Lncludes parts 01 Sclero Formation, Sugarloaf Quartz Latite, and Bronco Volcanics, and aD 01 Demetrie Voicanici arc:! Silverbell Formatioo 01 Courtright (1958). 
Commonly contains large blocks 01 eKotie rocks 
arc:! iocaDy includes some sedimentary rocks and 
intrusive rocks. Several tens 01 meters to several 
hundreds of meters thick in most places. 

Lower quartz monzonite ilnd grllodiorite-Indudes 
some quartz diorite: appears in small stocks. 
LO("ilily associated with mineralization. Dated /It 70, 
71.  72, 73. 74. 74. 74, and 76 m.y. The Schiemin 
gri"!nodorite at Tombstone is 72 m.y. 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-l}pper part of Bisbel! 
Fonrotion or Group, undifferentiated, and related 
rocks.-Includes upper part 01 Bisbel! Formation, 
Mum! limestone, Morita, Cintura, W�1ow 
Canyon, Apacne Canyon, Shellenberger Canyon 
and Tumey Ranch Formations (not �sted in 
stratigraphic sequence) of the Bisbee Group, 
Amole Arkose 01 Bryant and Kinnison (1954), and 
Angelic Arkose. Consists of brownish· to reddish· 
arkose, gr<Iy satstOl1l', sandstone, conglomerilte, 
and some fossiliferous gray limestone. Commonly 
sevem! nundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-Stocks 01 pinkish-gray coal"!;e· 
grained rock. Locally associated INith 
mineraliution. Dated at 140, 148, 149, 149, 150, 
153, 160, 161, 167, 178, 185 m.y. 

SedimentalY rocks (Lower Permian and Upper 
Penns�nian)-<onsists 01 Epitilph Dolomite 
(Lower Permia.n), Colina limestone (Lower 
Permian), lind Earp Formation (Lower Permian 
/lind Upper Penns�rR.n), undifferentiated. 
Epitaph Dolomite i5 a dark· to light.gray slightly 
cherty dolomite, limestone, marl, siltstone, i'Jnd 
llIPSUm, 12().28) meters thick. Colina umestone is II medium gray, thick·bedded, sparsely cherty, 
and sparsely lossili1erous �mestone 120.280 
meters thick. Earp Formation is a paIe·red 
siltstone, mud5tone, shale, ilnd 5meslone, 120.240 
meters tnick. 

Horquilla limestone (Upper and Middle 
Pennsylvanian)-Light·pinkish-gray, thick-to thin· 
bedded, cherty, fossitilerous timestone and 
intercalated paIe·brovm to paIe·reddish-gray 
siltstone tMt increases in abundance upward. 
Typic:aJIy JOO.490 meterslhick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONlAN)-Consists mainly 01 Escabrosa lJmestone (Mississippian)-iocaIy (Armstrong 
lind Silberman, 1974) called Escabrosa Groupand Martin FOll1"\lltion (Uppl!r Devonian), 
undifferentiated. In part 0( the Chiricahua 
MQlr.tains also includes Paradise Formation 
(Upper Mississippian) and Portal Fonrotion of 
Sabins, 1957a (Upper Devonian). In the little 
Dragoon MoWltain& arc:! some adjacent hills also 
includes BIlIck Prince limestone, whose fauna 
and correlation shO\N strongest affinities with 
Mississippian rocks but which may include some 
Pennsylvanian rocks. Escabrosa limestone is a 
medium'gr<ly, massive to thick.bedded, commonly 
crinoidal, cherty, fossiliferous �mestone 9Q.310 
meters thick. Martin Formation is thick· to thin· 
bedded, gray to brown dolomite, gray sparsely 
fossiliferous, and some siltstone and S2IOOstone, 
9().120 meters thick. Paradise Fonnation is a brown, fossiliferous, shaly Hmestone, Portal 
Formation is a black shaJe and limestone 6-105 
meters thick. Black Prince limestone is pinkish· 
gray lirnestone with a basal .shale  and cheri 
conglomerate, os much as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN TO MlOOt£ CAMBRIAN):-B Paso limestone (Lower Ordovician and Upper Cambrian), Abrigo 
Formation (Upper arc:! Midde Cambrian), and EloIsa Quartz (Middle Cambrian), 
unditferentiated.-B Paso limestone is a gray, 
thin·bedded cherty �meslone arc:! dolomite 90 
meters to about 220 meters thick. Abrigo 
Formation is /lI brovm, thin·bedded lossiliferous 
timestone, sandstone, quartzite, ilnd shale, 210-
240 meters thick. Balsa Quartzite i5 a brown to 
v.tJite or purpIish-gray, thick.bedded, coarse· 
grbined quartzite and S21ndstone with a basal 
conglomerate, 9().18) meters tnick. To the east, 
equivalents 01 part of the Abrigo Formation and 
Balsa Quartzite Me known as the CoroMdo 
Sandstone. 
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Sedimentary rocks (Upper and Middle Cambrian)
Abrigo Formation (Upper and Middle Cambrian), 
and Balsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mainiy 
granodiorite and quartz monsonite, unfoliated to 
foliated, in part metamorphosed. Generally in 
stocks, v.tJich anve been �ttle studied. 

PINAL SCHIST (PRECAMBRIAN X)-Chiorite schist, 
phyllite, and some metavolcanic rocks, 
metavolcanic rocks, metaquartzite, metaquartzite 
con9omemte, arc:! gneiss. One metllvolcanic rock 
dated at 1715 m.y. 

CONTACT -DoUed where concealed. 

MARKER HORIZON-Dotted where concealed. 

DIKES-Showing dip. 

FAULTS-Showing dip. Dotted where concealed or 
intruded; bali arc:! bar on downthrown side. 

NonnoJ 

Reverse 

Strike·slip-Arrow couple shows relallve displacement. 
Single arrow �ows movement 01 active block. 

Major thTU5t fault-Sawteeth on upper plate. 

Thrust fault-Sawteeth on upper plate. 

Anticbne. 

Syndne. 

Inclined strike and dip of beds. 

EXOTIC·BLOCK BRECCIA-Rock contains chip or 
block inclusions 01 rock different from tnose of 
host or other blocks nearby. Typically 01 volcanic· 
tectonic or sedimentllry.tectonic origin; eKcludes 
Tertiary megabreccia deposits. 

Site 01 weD or generafzed site of several wells, sho.ving 
unit penetrated, if known, lind depth of weD, in 
feet. 100 feet equals 30.5 meters. 

COLLECTION SITE-Radiogenicaliy cIllted rock 
showing age in millions of years, Query belore 
symbol where precise location uncertain. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R.A., 1973. 

By James A. Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 13. Distribution pattern of zinc in mesquite trees (in red), 
from Newell, R.A. ,  1973. 
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Geology 
OLDER OR UNDIFFERENTIATED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, and sill (Pleistocene and Pliocene
Mainly alluvium of basins; includes some 
colluvium and IcIndslide deposits. Generally light· 
pinkish gray, weakly indurated, and with poorly 
rounded clasts; locally well indurated. Thickness 
several meters to hundreds of melers. 

Basalt (Pleistocene 10 P\iocene)-Lava fIoo.vs, 
pyroclastic rocks, and some intercalated gravel. 
"Thickness several meters 10 II few hundred melers 
in most places. Radiometrically dated at 0.25, 1.0, 
'lOd 3.2 m.y, old 

Exleru;ive andesite and dacite (Miocene and Upper 
Otigocene)-L.!va flows, pyroclastic rocks, some 
intercaJated epiclastic rocks, and dikes. Mostly 
gray, line.grained, porphyritic rocks; includes 
some very coorse feldspar porphyry andesite 
(Turkey tTack porphVl'Y, an infon-nal term of 
Cooper, 1961). Thickness mostly several meters 
10 sewral tensof meters. D.lted ilI1 24, 25, 21, D. and 39 m.y. 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
Oligocene-Lava flows, welded ruH, pyroclastic 
rocks, and some intercalated epidastic rocks, 
Ught·gray to grayish· pink, vitric to finellrained, 
porphyritic. Commonly a few tens to a few 
thOU:So3nd of meters thick. Dated at 23,24, 25,26, 
26, 26, and 27 m.y. An ildditiol"0l date of 47 m,y., if 
substan tiated, may indicate the presence of 
Eocene rocks in the lower member of the S 0 
Vokanics of Cochise Co. 

I...oYJer congJomerate, gravel, and sand (Oligocene and 
Eocene?)-Alluvium; commonly grayish.red 
deposits of small, well rounded, non\.clcanic 
clasts. Mostly several meters to a few tens of 
meters lhick. 

UPPER CORDIllERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE);-l..ooNer \.clcanic rocks-Rhyolite to andesite bva flows, 
pyroclastic rocks, and some intercalated epiciaslic 
rocks. Daled al 57 m.y. P05Sibly yoooger age 10 

MAIN CORDllLEF<AN (lARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and aplitic inlrusive rocks 
(Paleocene and Upper Cretaceousl-Moslly latitic 
porphyry to dacitic porphyry in small stocks and 
plugs. cmd aplitic bodies not associated I4rith olner 
granitoid stocks. Dated at 61, 63, 63, 64, and 65 
m.y. 

Fluidized intrusive breccia -e)(act age unknown, but 
penetrates, and thus younger than Uncle Sam 
porphyry. 

Rhyodacite tuff and welded luff. -Includes parts 01 
Salero Formation, Sugarloaf Quartz Latite. and 
Bronco Volcanics, imd all of Red Bay Rhyofite, Cal 
Mountain Rhyolite of Bro-.vn (1939) and Uncle Sam 
Prophyry. lnclude5 local intrusive bodies andlocally 
contains fragments 01 e)(otic rocks. Thickness 
commonly several tens of meters to several 
hundreds of meters. Dated at 66(?). 70. 72. 13, and 73 m.y. The Uncle Sam, in the Tombstone area, is 
dated 12 m.y. 

Andesitic to &,citic voIcaric breccia.-Includes parts of Solem Formation, Sugarloaf Quartz Lalite, and 
Brooco Volcanics, and aI of Demetrie Volcanics 
and Silverbell FOlTl"\lltxm of Courtright (1958). 
CorMlOnly contains large blocks d exotic rocks 
and locally includes some 5edimentary rocks and 
intrusive rocks. Several tens of meters to several 
hundreds of meters thick in moSt pk!ces. 

Lower qUilrtz monzonite and grilodiorite-Includes 
some qUilrtz diorile: i1ppears in smilll stocks. 
Locilily ilssociilted with mincralizalion. Dilted at 70. 
71. 72, 13. 74. 14, 74, and 16m.y. The SchiefAin 
grilnodorite at Tombstone is 12 m.y. 

Roads and Highways 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-lJpper part of Bisbee 
Formation or Group, undifferentfated, and related 
rocks.-Includes upper part of Bisbee FOl1l"liltion, 
Mural umestone, Morita, Cintura, Willow 
Canyon, Apache Canyon, Shellenberger Canyon 
and Tumey Ranch FOTTTliltions (not listoo in 
stratigraphic sequence) of the Bisbee Group, 
Amole Arkose of Brydnt and Kinnison (1954), and Angelic ArkO$l!. Consists of brownish· to reddish· 
arkose, gray siltstone, sandstone, congiornerilte, 
and some fossiliferous gray Hmestone. Commonly 
several hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-Stocks of pinkish-gray coarse 
grained rock. Locally associi!ted �Ih minemzarion. Dated at 140, 148, 149, 149, 150, 153 .. 160, 161, 167, 178, IBS m.y. 

Sedimentary rocks (l...ower Permian ilnd Upper 
Pennsylvaniiln)--consists d Epitaph Dolomite 
(l..ooNer Permian), Colina Limestone (Lov.oer 
Pel"1Tliaon), and Earp FOTTTliltion (Lower Pi!rmian 
and Upper Pennsylvanian), undifferentiated. 
Epitaph Dolomite is a dark· to light-gray slightly 
cherty dolomite, �mestone, marl, siltstone, arxl 
!M'sum, 120-2fJJ meters thick. Colina. Limestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sparsely fossi/iferous tirnestone 120-200 
meters thick. Earp Formation is a paIe·red 
siltstone, mudstone, shilJe, i1nd timestone, 120-240 
rneters thick. 

Horquilla Umestone (Upper and Middle 
Pemsylvanian)-(jght·pinkish�ray, thick- to thin· 
bedded, cherty, fMSiliferous limestone and 
intercalated paIe·broo.rn to JlOlle·redcish-gray 
siltstone that ioc:reases in abundilnce upward. 
TypicaJlyJOO.490meters lhick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN}--Consists mcUnly of �brosa 
Limestone (Mississippian)-locaDy (Armstrong 
and Silberman, 1974) called Escabrosa Groupand Martin FOlTl"\ll tion (Upper Devonian), 
undifferentiated. In part 01 the Chiric.ahua 
MooIltains also includes Paradise Formiloon 
(Upper Mississippian) and Ponal FOTTTI"-Ioon of 
SlIbins, 1951&. (Upper Devonian). In the Utile 
Dragoon Mountains and some ad)ocent hills also 
iocludes Black Prince umestone, whose fauna 
and correia tion show strongest affinities with 
Mississippian rocks but which may include some 
Pennsylvanian rockS. Escabrosa Umestone is a 
medium-gray, massive to thick.bedded, commonly 
criooidal, cherty, fossiliferous �mestone 90-310 
meters thick. Martin Formation is thick· to thin· 
bedded, gray 10 brown dolomite, gray sparsely 
f06Siliferous, <!Ind some siltstone and sandstone, 
90-120 meters thick. Paradise FOTTTliltion is a 
brov.'l"l, fossiliferous, shaly �me5tone. Portal 
Formation is a black shale and Hmestone 6-105 
meters thick. Black Prince Limestone is pinkish. 
gray timestone with !I bMaI shale and chert 
congiomerate, os ffluch as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):-B Paso Limestone (Lower Ordovicilln and Upper Cambrian), Abrigo 
Formation (Upper and Middle Cambrian), and 8oIsaQua,rtz(Middle Camnn), 
uncIifferentiated.-B Paso Limestone is a !JaY, 
thin·bedded cherty limestone and dolomite 90 
meters to aboul 22() meters thick. Abrigo 
Formation is a brown, ttm-bedded fossiliferous 
limestone, sandstone, quartzite, <mel shale, 210-
240 meters thick. BoIsa Quartzite is a brown to 
....tIite or purptish�ray, thick-bedded, coarse· 
grained quartzite and sandstone �th a basal 
conglomerate, 90-100 meters thick. To the east, 
equivalents of part of the Abrigo Formation and 
BoIsa Quartzite are known as the Coror0do 
Sandstone. 
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Sedimentary rocks (Upper and Middle Cambrian)
Abrigo Formation (Upper and MiddJe Cambrian), and BoIsa Quartzite (Middle Cllmbrilln), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mainly 
granodiorite and quartz monsonite, unfoliated 10 
folia.ted, in part metamorphosed. Generally in 
stocks, ......ruch ahve been tittle studied. 

PINAL SCHIST (PRECAMBRIAN XJ-Chlorite schist, 
phyllite, and some metavolcaric rocks, 
metavolcanic rocks, met<!lquartzite, metaquartzite 
conglomerate, and gneiss. One metavolcanic rock 
dated at 1715 m.y. 

CONTACT-Dotted ..mere concealed. 

MARKER HORIZON-Dolled �rt concealed. 

DIK£S-Showing dip 

FAUL TS-ShOlNing dip. Dolled IIo.o"here concealed or 
intruded: ball and bar on do.Imthrown side, 

Normal 

Reverse 

Strike·slip-Arrow couple show.s relatIve displacement. 
Single arrow shO\OlS mowment of active block. 

Miljor thrust filUlt-SaW'leelh on upper plate. 

Thrust fault-Sawteeth on upper pIilte, 

Anticline. 

Syncline. 

Inclined strike and dip of beds. 

EXOTIC-BLOCK BRECCIA-Rock contains chip or 
block inclusions of rock different from those of 
host or other blocks nearby. T\lPicillly of volcanic· 
tectonic or sedimentary.tectonic origin; excludes 
Tertiary megabreccia deposits. 

Site of weU or generalized site of several weDs, shOlNing 
unit penetrated, il kOov.'l"l, and depth of well, in 
feet. 100 feet equals 30.5 melers. 

COLLECTION SITE-Radiogenically dated rock 
.showing age in m�lions of years, Query belOIt symbol where precise location uncertain 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, RA, 1973. 

By James A. Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 14. Distribution pattern of copper in mesquite trees (in red), 
from Newell, R.A., 1973, 
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Geology 
OLDER OR UNDIFFERENTIATED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, and sill (Pleistocene and PIiocene
Mainly alluvium of basins; includes some 
collu"';um and landslide deposits. Generally light-
pinkish gray, weakly indurated. and u.rith poorly 
rounded clasts; locally well indurated. Thickness 
several meters to hW'tdreds of meters. 

Basalt (Pleistocene to Pliocene)-Lava flows, 
pyroclastic rocks, and some intercalated gravel. 
Thickness several meters to a few hundred meters 
in most places. Radiometrically dated at 0.25, LO, 
and 3.2 m.y. old 

Extensive andesite and dacite (Miocene and Upper 
O!igocene)-Lava flows, pyroclastic rocks, some 
intercalated epclastic rocks, and dikes. Mostly 
gray, fine·grained, porphyritic rocks; includes 
some very coarse feldspar porphyry andesite 
(Turkey track porphyry. an info� tenn of 
Cooper. 1961). Thickness mostly several meters 
to�rallensoi meters. Dated aI 24,25, 27,33, 
and 39 m.y. 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
O!igo:;ene-Lava flows, welded tuff, pyroclastic 
rocks, and some intercalated epiclastic rocks. 
l
i
ght-gray to grayish· pink, vitric to fine�rained, 

porphyritic. Commonly a few tens to a few 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional date of 47 m.y., if 
substantiated, may indicate the presente of 
Eocene rocks in the lower member of the S 0 
Volcanics 01 Cochise Co. 

Lower conglomerate, gravel, and sand (Oligocene and 
Eocene?)-Alluvium; commonly grayish·red 
deposits 01 small, weD rounded, nonvolcanic 
clasts. Mostly several meters to a few tens of 
meteTs thick. 

UPPER CORDllilRAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower 
vokanic rocks-Rhyolite to andesite lava flows, 
PYfocIMtic rocks, and some intercalated epidaslic 
rocks. Dated al 57 m.y. Possibly younger age 10 

MAIN CORDllilf<AN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and aplilic inlrusi\li! rocks 
(Paleocene and Upper Cretaceous)-Mostly latitic 
porphyry to dacilic porphyry in small stocks and 
plugs and aphtic bodies not associated with other 
granitoid stocks. Dated at 61, 63, 63, 64, and 65 

Fluidized intrusive brecciil �exact age unknown, but 
penetrales. ilnd thus younger tniln Uncle Sam 
porphyry. 

Rhyodacile lulf and welded lull. -Includes parts of 
Salero Formalion. Sugarloaf Quartz Latite. and 
Bronco Volcanics, ilnd all of Red Bay Rhyolile, Cal 
Mountain Rhyoliteof Brown (1939) and Uncle Sam 
Prophyry. Includes local inlrusive bodies and locally 
contilins fragments of exotic rocks. Thickness 
commonly severi'll tens of melers 10 several 
hundreds of melers. Daled al 66(?), 70. 72. 73. ilnd 
73 m.y. The Uncle Sam, in the Tombstone area, is 
dated 72 m.y. 

Andesitic to dacitic volcanic brecciil.-Inclvdes parts 
of SoIero Formation, Sugarloaf Quartz Latile, and 
Bronco Volcanics, and all of Demetrie Volcanics 
and Silverbel1 Formation of Courtright (1958). 
Commonly contains large blocks of exotic rocks 
and locally includes some sedimentary rocks and 
intrusive rocks. Several tens of meters to several 
hundreds of melers thick in most places. 

Lower quartz monzonite and graodiorite-Includes 
some quarlz diorite: appears in small stocks. 
Locally associilted wilh mineralization. Dated ilt 70. 
71. 72, 73, 74, 74, 74. ilnd 76 m.y. The Schielnin 
grimodorite at Tombstone is 72 m.y. 

Roads and Highways 

---. . . - -. . . " - Dry wash 

' I+i H H+rH+++ Southern Pacific Railroad 

- Government Reservation Boundary 

- Aqueduct 

A-···-- -A' Cross section line 

Explanation 

BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-Upper part of Sisbee 
Formation or Group, undifferentii,lIed, and related 
rocks.-Iocludes upper part of Bisbee Forma tion, 
Mural limestone, Morif�, Cintura, Wtllow 
Canyon, Apache Canyon, Shellenberger Canyon 
and Tumey Ranch FormatioT1S (001 hted in 
stratigraphic sequence) of the Bisbee Group, 
Amole Arkose of 6rv<tnl and Kinnison (1954), and 
Angelic: Arkose. Consists of brownish· to reddish· 
arkose, gray siltstone, sandstone, conglomerate, 
and some fossiliferous gray limestone. Commonly 
several hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-Stocks of pinkish-gray coarse· 
grained rock. locally associated "";th 
minera6zation. Dated at 140, 148, 149, 149, 150, 
153, 160, 161, 167, 178, 185m.y. 

Seclimenlill"Y rocks (Lower Permian and Upper 
Permsylvanian)-consists of Epitaph Dolomite 
(lov..oer Permian), Colina limestone (lower 
Permian), and Earp Formation (Lower Permian 
and Upper Pennsylvanian), undifferentiated. 
Epitaph Dolomite is a dark· to light-gray slightly 
cherty dolomite, �mestone, marl, siltstone, and 
gypsum, 12().28) melers thick. Colina limestone is a medium gray, thick·bedded, sparsely cherty, 
and sparsely fossiliferous limestone 12()'200 
meters thick. Earp Formation is a paIe·red 
siltstone, mudstone, shale, and timestone, 120-240 
melers lhick. 

Horquilla Umestooe (Upper and Middle 
Permsy!vanian)-light.pinkish-gray, thick· to thin· bedded, cherty, fossiliferous Hmestone and 
intercalated pale·brown to pale·reddish.gray 
siltstone that increases in abundance upward. 
Typically JOO.4CXl melers thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-Consisls mainly of Escabrosa 
Limestone (Mississippian)-Iocally (Armstrong 
and Silberman, 1974) ca.lIed Escabrosa Group� 
and Martin Formation (Upper Devonian), 
undifferentiated. In part of the Chiricahua 
MOWltains also includes Paradise Formation 
(Upper Mississippian) and Portal Formation of 
Sabins, 1957a (Upper Devonian). In the Utile 
Dragoon Mountains and some adjacent hills also 
includes Black Prince Umestone, whose fauna 
aod correlation show strongest 3ffinities with 
Mississippian rocks but which may include some 
Pennsylvanian rocks. Escabrosa Umestone is a 
rnedium-gray, massive to thick-bedded, commonly 
crinoidal, cherty, fossiliferousfimestone 9()..310 
meters thick. Martin Formation is thick· to thin· 
bedded, gray to brown dolomite, gray sp<1rsely 
fossiliferous, and some siltstone and sardstone, 
9()..120 meters thick. Paradise Forma tion is a 
brown, fossiliferous, shaly �mestone. Portal 
Formation is a black shale aod limestone 6-105 
meters thick. Black Prince Umestone is pinkish· 
gray limestone with a basal shale and chert 
conglomerate, asmllCn as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):-B Paso Umestone (Lower Ordovician and Upper Cambrian), Abrigo 
Formation (Upper and Middle Cambrian), and 80lsa Quartz (Middle Cambrian), 
undifferentiated.-B Paso Urnestone is a grilY, 
thin·bedded cherty timestone and dolomite 90 
meters to about 220 meters thick. Abrigo 
Forma tion is a brown, thin·bedded fossiJjferous 
limestone, sandstone, quartzite, and shale, 21()' 
240 meters thick. 801511 Quartzite is a brown to 
white or ptu"ptish.gray, thick·bedded, coarse· 
grained quartzite and sandstone with a basaJ 
conglomerate, 9()..Ull meters thick. To the east, 
equivalents 01 part 01 the Abrigo Formation and 
80Isa Quartzite are known as the CoroMClo 
Sandstone. 
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72. 

� 5 ppm 

5. 1 - 9 ppm 

9.1 - 14 ppm 

2 14 ppm 

Sedimentary rocks (LIpper and Middle Cambrian)
Abrigo Formation (Upper and Middle Cambrian), 
and BoIsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-MainIy 
granodiorite and quartz monsonite, unfoliated to 
foliated, in part metamorphosed. GeneraUy in 
stocks, which ahve been Httle studied. 

PINAL SCHIST (pRECAMBRIAN X)-Chlorite schist, 
phyllite, and some metavolcanic rocks, 
metavolcanic rocks, metaquartzite, metaquartzite 
cong&omerate, and gneiss. One metavolcanic rock 
dated at 1715 m.y. 

CONTACT -Dotted where concealed. 

MARKER HORIZON-Dotted whllre concealed. 

DIKES-ShCJYJing dip. 

FAUL TS-ShCJYJing dip. Dotted where concealed or 
intruded; baD and bar on downthrown side. 

No"",, 

Reverse 

Strike.slip-Arrow couple shows relative displacemenl. 
Single arrow shows movement of acti\li! block. 

Major thrust fault-Sawteeth on upper plate. 

Thrust fault-Sawteeth on upper plate 

Antidne. 

SyncHne. 

Inclined strike and dip of beds. 

EXOllC-BLOCK BRECCIA-Rock contains chip or 
block inclusions of rock different from those of 
host or other blocks nearby. TypicaUyofvolcanic· 
tectonic or sedimentary·tectonic origin; excludes 
Tertiary megabrecciil deposits. 

Site of weD or generatized site of several weDs, shCJYJing 
unit penetrated, if known, and depth of weU, in 
feet. 100 feet equals 30.5 meters. 

COLLECTION SITE-Radiogenically dated rock 
shooNing age in millions of years. Query before 
symbol where precise location uncertain 

Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R.A., 1973. 

By James A Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 15. Distribution pattern of molybdenum in mesquite trees (in 
red), from Newell, RA, 1973, 



Geology 
OLDER OR UNDIFFERENTIATED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, and silt (Pleistocene <Inc:! Pliocene
Mainly alluvium of basins; includes some 
colluvium and landslide dep:lsits. Generally light 
pinkish gray, weakly indurated, and with poorly 
rolU1ded clasts; locally well induTClted. Thkkness 
SIlvera! meters to hundreds 01 meters. 

Basalt (Pleistocene to Pliocene)-L..ava Hows, 
pyroclastic rocks, and some intercalated gravel. 
llrickness several meters to a few huoored meters 
in most places. Radiometrically dated al 0.25, 1.0, 
and 3.2 m.y. old 

Extensive andesite and dacite (Miocene and Upper 
OIigocene)-Lava flQ\.VS, pyroclastic rocks, some 
intercalated epidastic rocks, and dikes. Mostly 
gray, fine·grained, porphyritic rocks; includes 
some very coarse feldspar porphyry andesite 
(Turkey track porphyry, <In inform.il term of 
Cooper, 1961). Thickness mostly several meters 
to several lens of melers. Dated at 24, 25, 27, 33, 
and39 m.y. 

Extrusive rhyolite aad rhyodacite (Miocene and Upper 
Oligocene-lava Rows, W€lded tuff, pyroclastic 
rocks, and some intercalated epiclastic rocks. 
[jght·gray to grayish·pink, vitric: to fine-grained, 
porphyritic. Commonly a few tens to a few 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional date of 47 m.y., if 
substantiated, may indicate the presence of 
Eocene rocks in the lower member of the S 0 
Vokanics of Cochise Co. 

Lower conglomerate, gravel, and sand {Oligocene ilnd 
Eocene?)-AIluvium; commonly grayish·red 
deposits of small, well rounded, nonvokanic 
clasts. Mostly several meters to a few tens of 
meters thick. 

UPPER CORDILl..ERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower 
vokanic rocks-Rhyo�te to andesite lava flows, 
pyroclastic rocks, and some intercalated epiclastic 
rocks. Dilted at 57 m.y. Possibly younger age to 

MAIN CORDIUEF<AN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and aplitic intrusive rocks 
(Paleocene and Upper Cretaceous)-Mostly latitic 
1Xlrphyry to wcitic porphyry in small stocks and 
plugs and aplili<: bodies not associated \\lith other 
grilnitoid stocks. Dated at 61, 63, 63, 64, and 65 
rn.y. 

FluidIzed intrusive breccia ·� exilct age unknown. but 
penetriltes. and thus younger than Uncle Sam 
porphyry. 

Rhyodilcitl' ruff (lnd welded tuff. - Includes PMtS 01 
Salero Formiltion, Sugilrloill QUilrtz latite, ilnd 
Bronco Volcanics. and all of Red BilY Rhyolite. Cal 
Muuntilln Rhyoliteol Brown ( 1939) and Uncle Sam 
Prophyry. lncludes locill intrusive bodies ilnd Iocillly 
contilins frugments of exotic rocks. Thickness 
commonly sever31 tens of meters to severill 
hundreds 01 meters. D31ed al 66{?). 70. 72. 73, ilnd 
73 my Thl' Uncle Silm. in the Tombstone ilrea. is 
dilted 72 m.y 

Andesitic to dacitic vokanic breccia.-Includes parts 
of SoIero Formation, Su9ilrloaf Quartz Latite, and 
Brooco Vokanics, and all of Demetrie Volcilnics 
and SilverbeU Formation of Courtright (1958). 
Commonly contilins large blocks of exotic rocks 
and locally includes some sedimentary rocks and 
intrusive rocks. Several tens at meters to severill 
hundreds of meters thick in most places. 

Lower quartz monzonite 3nd graodiorite-Includes 
some quarlz diorite; ilppeilrs in small stocks. 
Lrx·illly ilssociilled with minerulization. Daled ilt 70. 
71. 72. 73. 74. 74. 74. ilnd 76 m.y. The SchieWin 
yr,modonle ,�t Tumbslone is 72 m.y 

---- Roads and Highways 

" -- Dry wash 

,-++04+' +++ +" Southern Pacific Railroad 

Government Reservation Boundary 

, Aqueduct 

A- �A < Cross section line 

Explanation 

BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-Upper part of Bisbee 
Fom"lation or Group, undifferentiated, and related 
rocks.-Includes upper part of Bisbee Formation, 
Mural Umestone, Morita, Cintura, Willow 
Canyon, Apache C3nyon, Shellenberger Canyon 
ilnd Tumey Rilnch Formations (not �sted in 
stratigraphic sequence) of the Bisbee Group, 
Amole Arkose of Bryant and Kinnison (l954), ilnd 
Angelic Arkose. Consists of brownish· to reddish 
arkose, gray siltstone, sandstone, conglomerate, 
and some fossiliferous gray limestone. Commonly 
several hundred meters thiek 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-Stocks of pinkish-gray coarse· 
grilined rock. L.ocaUy associilted with 
mineraliZiltion. Dated at 140, 148, 149, 149, ISO, 
153, 160, 161, 167, 178, I85 m.y. 

Sedimentary rocks {Lower Permian 300 Upper 
Pennsylvanian)---<onsists of Epitaph Dolomite 
(Lower Perrniiln), Colina Umestone (Lower 
Perrniiln), and Earp Formation (LoW€r Permian 
and Upper Pennsylvanian), undifferentiated. 
Epitaph Dolomite is il dark· to Jight-gray slightly 
cherty dolomite, �mestone, TJ"IarJ, siltstone, a'lli 
gypsum, 120-200 meters thick. CO�TIiI Umestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sparsely fossiliferous limestone 12()'200 
meters thick. Earp Formation is a paIe·red 
siltstone, mudstone, shale, and 6mestone, 120-240 
meters thick. 

Horquilla limestone (Upper ilnd Middle 
Pennsylvanian)-Ught.pinkish-gray, thick· to thin· 
bedded, cherty, fossiliferous limestone and 
intercalated paIe·brown to pa.1e·reddishiJrily 
siltstone that increases in ilbundance upward. 
T ypicalJy JOO.4'Xl meters thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-Consists mainly of Escabrosa 
Umestone (Mississippian)-Iocally (Armstrong 
and Silbennan, 1974) called Escabrosa Group
ilnd M3rtin Formation (Upper Devonian), 
undifferentiated. In part of the Chiricahua. 
Mountilins also includes Paradise Formation 
(Upper Mississippian) and Portal ForTJ"lation of 
Sabins, 1957a (Upper Devonian). In the Utile 
Dragoon Mountains and some ildjacent hms also 
iocludes Black Prince limestone, whose fauna. 
ilnd correlation show strongest affinities with 
Mississippian rocks but which IlliIY include some 
Pennsylvanian rocks. Escabrosa Umestone is a 
mediwn-gray, massive to thick·bedded, commonly 
crinoidaJ, cherty, fossiJiferous limestone 9().31O 

. meters thick. M3rtin Formation is thick· to thin 
bedded, gray to brown dolomite, gray sparsely 
fossiliferous, and some siltstone and sandstone, 
<;K)·120 meters thick. I'ilradise Formation is a 
brown, fossiliferous, shaly Hmestone. Portal 
Formation is a black shale and timestone 6-105 
meters thick. Black Prince Umestone is pinkish. 
grilylimestone with a basal shale and chert 
conglomerate, "s much as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CMfBRlAN):-8 Paso Umestone (Lower Ordol.>ician and Upper Cambrian), Abrigo 
Formation (Upper ilOO Middle Cambrian), and BoIsa. Quartz (Middle Cambrian), 
undifferentiated.-8 Paso Umestone is a gray, 
thin·bedded cherty �mestone and dolomite 90 
meters to about 220 meters thick. Abrigo 
Formation is a brown, thin·bedded fossiliferous 
limestone, sandstone, quart<'ite, and shale, 210-
240 meters thick. Bolsa Quart<'ite is a brown to 
white or purplish-gray, thick.bedded, coarse 
grained quart<'ite and sandstone with a basal 
conglomerate, 9().19J meters thick. To the east, 
equivalents of part of the Abrigo Formation and 
BoIsa Quart<'ite are known as the Coronado 
Sandstone. 

o {QTgl.l} 1 5 7  

Flight line 

Sedimentary rocks (Upper and Middle Cambrian)
Abrigo Formation (Upper and Middle Cambrian), 
and Bolsa Quilrt<'ite (Middle Cambrian), 
utldifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y);-Mainly 
grill00iorite 3nd quartz monsonite, unfoliated to 
foliated, in part metamorphosed. Generally in 
stocks, whichahve been �ttle studied. 

PINAL SCHIST (PRECAMBRIAN X)-Chlorite schist, 
phyllite, and some metilvokanic rocks, 
metavolcanic rocks, metaquartzite, metaquilrtzite 
conglomerate, and gneiss. One metavolcanic rock 
dated ilt I715 m.y. 

CONTACT-Dolled where coocealed. 

MARKER HORIZON-Dotted where concealed. 

DIKES-Showing dip 

FAULTS-Showing dip. Dotted where concealed or 
intruded; ball and bar on downthrown side. 

Norrrol 

Reverse 

Strike·s�p-Arrow couple shows relatIve displacement 
Single arrow shows movement of ilCtive block. 

fvlajor thrust fault-Sawteeth on upper plate. 

Thrust fault-Sawteeth on upper plate. 

Anticline. 

Syncline 

Inclined strike ilnd dip of beds 

EXonC-BLOCK BRECCIA-Rock contains chip or 
block inclusions of rock different from those of 
host or other blocks nearby. Typically of volcanic 
tectonic or sedimentary·tectonic origin; excludes 
Tertiary megabreccia deposits. 

Site of W€U or generillized site of several W€Us, shOl.\l1ng 
unit penetrated, if known, and depth of well, in 
feet. 100 feet equals 30.5 meters. 

COLLECnON SITE-Radiogenic311y dated rock 
showing age in millions of years. Query before 
symbol where precise kx;ation uncertain. 

Index contour line 

Contour line 

Contour interval: 25 gammas 

• 
• 

• • • • • • • • • • • • • • • • 

Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R-A-, 1973, 

By James A Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 16, Aeromagnetic map of the Tombstone area. 

From Residual Aeromagnetic map of Southeastern 
Arizona, Sauck, W.A, and Sumner, J.S" 1970, From 
Andreason, G E ,  Mitchell, eM" and Tyson, NS" 1965 
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Geology 
OLDER OR UNDIFFERENTlA TED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE):
Gravel, sand, and sill (Pleistocene and Pliocene
Mainly alluvium of basins; includes some 
colluvium and landslide delX>sits. Generally light· 
pinkish !JfiIy, weakly indurated, and 'Nith poorly 
rounded clasts; locally well indurated. Thickness 
several meters to hundreds of meters. 

Basalt (Pleistocene to PHocene)-Lava Hows, 
pyroclastic rocks, and some intercalated gravel. 
lhickness several meters to a few hundred meters 
in most places. Radiometrically dated at 0.2S, 1.0, 
and 3.2 m.y. old 

Extensive andesite and dacite (Miocene and Upper 
OIigocene)-LaVi! flows, pyroclastic rocks, some 
intercalated epiclastic rocks, and dikes. Mostly gray. fine·grained, porphyritic rocks; includes 
some very coarse feldspar porphyry andesite (T mkey track porphyry, an informal term 01 
Cooper, 19(1). Thickness mostly several meters 
to several tens 01 meters. D.lted al 24, 2S, 27, 33, 
andJ9 m.y. 

Extrusive rhyolite and rhyodocite (Miocene and Upper 
Oligocene-lava I\ow!;, welded tuff, l¥ociastic 
rocks, and some inlercalated epiclastic rocks. 
Light·gray10 grayish·pink, vilric to fine-grained, 
porphyritic. Commonly a few tens 10 a few 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional dllTe of 47 m.y., if 
substantiated, may indicate the presence of 
Eocene rocks in the lower member of the S 0 
Vokanics of Cochise Co. 

Lower conglomerate, grilvel, ilnd sand (Oligocene and 
Eocene?)-Alluvium; commonly grayish·red 
deposits of small, wen rolIDded. nonvolcanic 
ClasTs. Mostly several meters to a few tens of 
meters thick. 

UPPER CORDlUERAN (LARAMIDEI IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower voIc:aric rock5-RhyoIite to andesite lava 11ows, 
pyroclastic rocks, and some intercalaTed epKlastic 
rocks. [);,ted al 57 m.y. Possibly younger age to 

MAIN CORDtUEkAN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and aplitic intrusive rocks 
(Paleocene an:! Upper Cretaceous)-Mostiy latitic 
porphyry to dacitic porphyry in small stocks ",rd 
plugs and aplitic bodies not associated with other 
granitoid stocks. Dated at 61, 63, 63, 64, and 65 

Fluidized intrUSive breccia- exilct age unknown. but 
penetrates, and thus younger than Uncle Sam 
porphyry 

Rhyodacite tutl and welded tuff. Includes pilrts of 
5alero Formation. SugarlOilf Quarlz Liltite, and 
Bronco Volcanics, and all of Red Bay Rhyolite. Cat 
Mountain Rhyolite of Brown ' 19391 and Uncle Sam 
Prophyry. Includes 1ocol1 ;ntmo;ive bodies "nd locally 
contains fragments 01 exotic rocks. Thickness 
commonly 5e\Ierai tens of meters to selo'eral 
hundreds 01 meters. Dolted "I 66(?I. 70. 72, 73, and 
73 my The Uncle Sam. In the Tombstone area. is 
dated 72 m.y. 

Andesitic to dacitic vok:anic breccia.-Includes parts 
of SoIero FOllTlillion, Sugarloaf Quartz urite, and 
BrOTI:O Volcanics, and aI of Demelrie Volcanics 
and Silverbell FOllTliltioo of Courtright (19581. 
Commonly cootains large blocks of eKotic rocks 
and loci!l1y includes some sedimentary rocks lind 
inTrusive rocks. Several lens 01 meters to sever/ll 
hundreds or melers thick in TT1O$t places. 

LOIl.'er quartz monzonite and grilodiorite- fncludes 
some quartz diorite: appeilTS in small stocks 
L()('ilily associilled with mineralization. Dated at 70, 
71 .  72. 73. 74. 74. 74. <lnd 76m.y. The Schiefnin 
grilnodorite al T ombslone is 72 rn.y. 

Roads and Highways 

, i+++I I +;-I++H+ Southern Pacific Railroad 

Explanation 

I·-·--·----·--l 
! Kb I 
L __ .". __ . ____ .J 

r-'-'-'-'-'-'---l 
I PrP& I I I L_._. ____ .. __ . _____ -' 

r---·-·-·-· .. · .. · .... ··J I tph i L ..... _._ ......... _._j 
:-------·-1 
! MOl) ! L _______________ l 

BISBEE FORMATION OR GROUP, 
UNDIFFERENTIAlED (LOWER 
CRETACEOUS):-Upper part 01 Bisbee 
FOllTlilt\on or Group, undifferentiated, and related 
rocks.-Includes upper part of Bisbee Formation, 
Murnl umestone, Morita, Cinlura, Willow 
Canyon, Apache Cilnyon, Shellenberger Canyon 
and Turney Ranch Formations (not �sted in 
stratigraphic sequence) of the Bisbee Group, 
Amole Arkose of Bryant and Kinnison (1954), and 
Angelic Arkose. Consists of brownish· to recklish· 
arkose, gray siltstone, sandstone, conglomerate, 
and some fossiliferous gray �mestone. Commonly 
several hundred meters thicl< 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)-Stocks of pinkish-gray cOilrse 
grained rock. Locally associaTed v..rith 
mineralization. Dated al 140, 148, 149. 149. ISO, 153, 160, 161, 167, 178, ISS m.y 

Sedimentary rocks (Lower Permian and Upper 
Pennsy!vanian)--consists 01 Epitaph Dolomite (Lower Permian), Colina umestone (Lou.oer 
Permian). and Earp Formation (Lower Permian 
and Upper Pennsylvarian), undifferentiated. 
Epi1aph Dolomite is a dark· to IighT.gray slightly 
cher1Y dolomite. 6mestone, man, sil1stone, arx:l 
gypsum, 120-2Ell meters thick. Colina Limestone 
is a medium gray, Ihick·bedded, sparsely cherty, 
and sparsely fossiliferous limestone 120-280 
meters thick. Earp FOTTTliItion is a pale·red 
siltstone, mudstone, shale, and timestone, 120-240 
metels thick. 

Horquilla umestone (Upper and Middle 
Pennsy!Vilnian)-light.pinkish-9ray, thick· to thin 
bedded, cherTy, fossitiferous limeSTone and 
intercalated pale·brown to pale·reddish-gray 
s�tstone thilt increases in "bundance upward. 
Typically JOO.4SQ meters thick. 

SEDIMENTARY ROCKS (M1SSISSlF'P1AN AND 
DEVONIAN)-Consists mainly of Escabrosa 
limestone (Mississippian)-locaDy (�strong 
and SilbellTliln, 1974) called Escabrosa Group
and Martin Fonnation (Upper Devonianl. 
undifferentiated. In part of !he Chiricahua 
Mountains also includes Paradise FOllTliltion 
(Upper Mississippiall) and Portal FOTTTIiItion of 
Sabins, 1957a (Upper Devonian). In the UttJe 
Dragoon Mountains and some adjacent hills also 
includes Black Prince Umestone, whose fauna 
ard correlation show strongest affinities 'Nith 
Mississippian rocks but which may include some 
PeMsyivanian rock's. Escabrosa Umestone is a 
mediurn-gray, massive to thick·bedded, commonly 
crinoidal. cherty, fossi1iferous �mestone 90-310 
meters thick. Martin Formation is thick· to thin 
bedded, gray TO brown dolomite, gray sparsely 
fossiliferous, and some siltstone and sandstone. 
90-120 meters thick. Paradise Formation is a 
brown, fossiliferous, shaly �mestone. Porta! 
Formation is a black shale and Hmestone 6-105 
meters thick. Black Prince umestone is pinkish. 
gray �mestone 'Nith a basaJ shale and chert 
conglomerate, os much as 52 meters thick. 

SElJIMENTARY ROCKS (LOWER ORDOVlClAN 
TO MIDDLE CAMBR1AN):-B Paso umestone (Lower OrdOOcian and Upper Cambrian), Abrigo 
Formation (LIpper and Middle Cambrian), and Bo!sa Quart:t (Middle Cambrian). 
undifferen tiated.-B Paso Umeslone is a gray, thin·bedded cherty �mestone and dolomite 90 
melers lo about 220 meleT5 thick. Abrigo Forma tion is a brown, thin·bedded fossiliferous 
�mestone, sandstone, quartzite, and shale, 21Q. 
240 meters thick. 80Isa Quartzite is a brown 10 
while or purplish-gray. thick·bedded, coarse· 
grained quartziTe and sandstone 'Nith a basal 
conglomerate, 90-100 meters thick. To the east, 
equivalents 01 pari of the Abrigo Fonnation and 
Bolsa Quamite are known as the Coronado 
Sandstone. 

- Government Reservation Boundary 

.... ... Aqueduct 

A- ·· _· -A' Cross section line 

t --.-t---.-.-.-.-.-
• 

--_ ... _+-

o (OTgO') 157  

7 2. 

Sedimentary rocks (Upper and Middle Cambrian)
Abrigo Formation (Upper and Middle Cambrian), 
and 80Isa Quartzite (Middle Cambrian), 
undifferentiated 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mainly 
grarodiorite and quartz monsonite, unfolillted to 
foliated, in part metamorphos.ed. Generally in 
stocks, which ahvebeen littlesludied. 

PINAL SCHIST (PRECAMBRIAN X)-Chlorite schist, 
phyllite, and some metavolcanic rocks, 
metavolcilnic rocks, metaquartzlte, metaquartzile 
conglomerate, and gneiss. One metavolcanic rock 
daTed at 17lS m.y. 

CONTACT -Doned where concealed. 

MARKER HORIZON-Dotted where concealed. 

DIKES-Showing dip. 

FAUL TS---Showing dip. Dotted where concealed or 
intruded; baU and bar on downlhrown side. 

Normal 

Reverse 

Strike'5�p-ArTow couple shows relative displacement. 
Single "rTOW sho.vs movement of active block. 

Major thrust fault-Sawteeth on upper plate. 

Thrust fault-Sawteeth on upper plate. 

Anticline. 

Syncline. 

Inclined strike and dip 01 beds. 

EXOTIC-BLOCK BRECCIA-Rock contains chip or 
block inclusions of rock different from those of 
host or other blocks nearby. Typically of volcanic 
tectonic or sedimentary·tectonic origin; excludes 
Tertiary megabreccia deposits. 

Site of well or generalized site 01 several weUs, sho..ving 
unit penetrated. if known, and depth of well. in 
feet. 100 feet equals 3O.S meters. 

COLLECTION SITE-Radiogenically dated rock 
showing age in millions of years. Query before 
symbol where precise location uncertain 

-150 Gravity contour line 

Contour interval: 5 milligals 

Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R.A., 1973. 

By James A. Briscoe 

James A. Briscoe and Associates 

Tucson, Arizona 

Figure 17.  Gravity map of the Tombstone area. 

From Bouguer Gravity Anomaly map of Southeastern 
Arizona, West, E.E. , Sumner, J.S., Aiken, c.L.V. , and 
Conley, J .N. ,  1973. 
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Aus t i n ,  W .  L . , 1 8 8 3 , S i l ver m il l i ng a t  Cha rl eston , Ar i z o na : 
Eng . Mi n i ng J ou r . , v .  3 5 , Jan . 2 7 , P .  4 4 - 46 . 

B lake , W.  P . , 1 8 82 a ,  The geol ogy and v ei n s  of Tombs t one , 
Ar i z ona : Am .  I ns t .  Mi n .  Metal l .  Eng . Tran s . , v .  1 0 , p .  
3 3 4 - 3 4 5 . 

- --------- 1 8 82 b ,  The g e ol ogy and vei n s  of T ombs t one Ar i z o na - - I :  
Eng . Mi n i n g  J ou r . , v .  3 3 , Mar .  1 8 , p .  1 4 5 - 1 4 6 . 

---------- 1 8 82 c ,  The g e ol ogy and v e i n s  of Tombs t one , 
Ar i z ona- - I I : E n g . Mi n i n g  J ou r . , v .  3 3 , Mar . 2 5 , p .  1 57 .  

-- -------- 1 8 82 d ,  Por phy ry di ke , Tombs t one Di str i ct ,  Ar i z o na : 
Eng . Mi n i ng J ou r . , v .  3 4 , July 1 5 , p .  2 9 - 3 0 . 

---------- 1 9 0 4 a ,  Mi ni ng i n  th e southw es t : E n g .  Mi n i ng J ou r . , 
v .  7 7 , Jan . 7 ,  p .  3 5 - 3 7 . 

---------- 1 9 0 4 b ,  T ombst one and i t s  m ine s : Am .  In s t .  Mi n .  
Me tal l .  Eng . Trans . , v .  3 4 , p .  6 6 8- 6 7 0 .  

B lan char d ,  Rol and ,  1 9 6 8 ,  I nt e r pr eta ti o n  of L ea ched O ut cr ops , 
Nevada B u r eau of M i ne s B ul l .  6 6 , Ma c kay School of Mi ne s ,  
Unive r s i ty of Nev ada , Ren o . 

B r i scoe , Jam e s  A . , 1 9 7 3 ,  I nt e r um g e ol ogi c r epor t  on th e 
Tombs t one Mi n i n g  D i st r i ct ,  Coch i se County , w i th pa r t i cul a r  
em ph as i s  o n  the S ta te o f  Mai ne Mi ne a r e a : P r i vate r epor t 
to S i e r r a  Mi ne r a l  Mana gem ent C o . , 7 1  p .  

B r i scoe , Jam e s  A .  and W al d r i p ,  Thomas E .  J r . , 1 9 82 , A S umma ry o f  
the Tombs t one Deve l opment Com pa ny Lands i n  t h e  Tombs tone 
Cal de r a  Com pl e x ,  Cochi se County , Ar i z ona - A G eo l ogi c 
Appr ai sa l and E st i ma te of Mi ne r al Potent i al , un pub l i shed 
r epo r t  t o  the Tombstone Devel opment Com pany , G rand I sl a n d ,  
Nebr a ska . 

But l er , B .  S . , and W i l son , E .  D . , 1 9 3 7 , S tr u ct u r al contr o l  of 
th e or e depsi t s  at T ombs t one , Ar i z ona ( a bs . ) :  E co n .  
Geol ogy , v .  3 2 , p .  1 9 6 -1 9 7 . 

---------- 1 9 3 8 ,  S om e  Ar i z ona or e depo s i t s : Ar i z .  Bur . Mi n e s  
Bul l .  1 4 5 , p .  1 0 4 - 1 1 0 . 
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------ ---- 1 9 4 2 , O r e  depo s i t s  a t  T ombs t on e , Ar i z ona , i n  
N ew house , W.  H . , ed. , Or e depo s i t s  a s  r el a ted t o  st r u ct u r al 
f ea tu r es : N ew Yor k ,  H af ne r  Publ . Co . , p .  2 0 1 -2 0 3 . 

B ut l e r , B .  S . , Wil son , E .  D . , and Rasor , C .  A. , 1 9 3 8 ,  Geol ogy 
and or e depo s i t s  of the T ombs t one Di st r i ct ,  Ar i z o na : A r i z .  
Bur . Mine s G eol . Ser . N o .  1 0 , Bul l .  N o .  1 4 3 , 1 1 4 p .  

Ch apman , Thomas G . , 1 9 2 4 , The Me t al l u r gy o f  Chl or i de O r e  f r om 
th e s ta te of Mai ne Mi ne i n  the Tombs t one Mi ni n g  D i st r i ct ,  
M . S c .  The s i s ,  Univ e r s i ty of Ar i z ona , 4 7  pa ge s .  

Chur ch , J .  A. , 1 8 87 a ,  Concentr ati on and sme l ti ng a t  Tombs tone , 
Ar i z ona : Am .  Inst . Mi n .  Met a l l .  Eng . T r a n s . ,  v .  1 5 , p .  
6 0 1 -6 1 3 . 

- - -------- 1 8 87 b ,  Concent r ati on and sme l ti ng a t  Tombs t one , 
Ar i z ona : Eng . Mi n i ng J ou r . , v .  4 3 , Apr i l  1 6 , p .  2 7 4 - 2 7 6 .  

- - -------- 1 90 2 , Tombs tone , Ar i z ona , mini ng d i st r i ct : Eng . 
M i n i n g  J our . , v .  7 3 ,  Apr i l  2 6 , p .  5 8 4 . 

- - -------- 1 9 0 3 , The Tombs t one , Ar i z ona , m i n i ng d i st r i ct : Am .  
I n s t . Mi n .  Metal l .  Eng . T r a n s . ,  v .  3 3 , p .  3 -3 7 . 

Cl a r k ,  F .  N . , 1 9 1 4 , water ana ly s i s ( fr om th e 1 0 0 0 - f o ot l ev e l , 
Contenti on m ine , Tombs tone , Ar i z ona ) : U .  S .  Geol . S ur v ey 
Wa ter - S upply Pape r 3 6 4 , p .  3 9 . 

Com st o c k , T .  B . , 1 9 0 0 , The g e ol o gy and v e i n- phenom ena of 
Ar i z ona : Am .  Ins t .  Mi n .  Metal l .  Eng . Trans . ,  v .  3 0 ,  p .  
1 0 3 8 -1 1 01 . 

C r e a s e y , S .  C . , and K i st l e r , R .  W . , 1 9 6 2 , Age of s om e  coppe r 
b e a r i ng por phy r i e s  a n d  oth e r  igneous r oc k s  i n  s out h e a s t e r n  
Ar i z ona : U .  S .  Geo l . S u r v ey Prof . Pape r 4 5 0 -D ,  p .  D I -D 5 . 

Dam o n , P .  E . , and B i ke rman , M . , 1 9 6 4 ,  Pot as s i um- a r go n  da ti ng of 
po st-Laram i de pl utoni c and v o l ca n i c r oc k s  w i th i n  the B a s i n  
a n d  Range pr ovi nce o f  southea s t e r n  Ar i z ona and a d j acent 
a r ea s : Ar i z .  Geol . S o c .  D i ge s t , v.  7 ,  p .  6 3-7 8 .  

Dam on ,  P .  E . , and Mauge r ,  R .  L . , 1 9 6 6 , Epe i ro geny- or o ge ny v i ewed 
f r om th e B a s i n  and Range pr ovi nce : Am . I n s t . Mi n .  ?<le tal l .  
Eng . Trans . ,  v .  2 3 5 , p .  9 9 -1 1 2 .  

Devel opment Compa ny of ��e r i ca ,  1 9 1 1 , Ann ua l r epor t :  Eng . 
Mi n i ng J ou r . , v .  9 2 , July 8 ,  p.  6 1 .  

D r ew e s , Haral d ,  1 9 80 , Te ct oni c map of south e a s t  Ar i z o na : U .  S .  
Geol . Survey mi sce l lane ou s  i nv e s t i g a ti on se r i e s ,  Map 
1 - 1 1 0 9 , 2 sheet s , sca l e  1 : 1 2 5 , 0 0 0 . 
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---------- 1 9 7 1 , Me s o z oi c s t r ati g r aphy of the S anta Ri ta 
Mount a i n s , south east of Tucso n ,  Ar i z ona : U .  S .  G eo l . 
S urvey Prof . Pape r 6 5 8 - C ,  8 1  p .  

Dumbl e ,  E .  T . , 1 9 0 2 , Notes  on the ge ol ogy of southea s t e r n  
Ar i z ona : Am .  I ns t .  Mi n .  Metal l .  E n g .  Tran s . , v .  3 1 ,  p .  
6 9 6 -7 1 5 . 

Dunn i ng ,  C .  H . , 1 9 5 9 , Rocks t o  r i che s : Phoeni x ,  Ar i z o na , 
S outhwest Publ . Co . , I nc . , 4 0 6  p .  

Eng i ne er i ng and M i n i ng J ou r na l , 1 87 8 ,  Gene r al mining  news : E n g .  
Mi n i n g  J ou r . , v .  2 6 , Oct . 1 9 ,  p .  27 9 - 2 8 0 . 

---------- 1 87 9 , Gene r al m i n i n g  new s : Eng . Mi n i ng J ou r . , v .  2 7 , 
May 3 1 , p.  3 9 2 . 

---------- 1 87 9 , Gene r al m i n i n g  new s : Eng . Mi n i ng J our . , v .  2 7 , 
June 2 8 , p .  4 6 8 .  

---------- 1 87 9 ,  Gene r al mini ng news : Eng . Mi ni ng J ou r . , v .  2 8 ,  
Aug . 1 6 , p .  1 1 2 . 

---------- 1 87 9 ,  Answ e r s  t o  som e  i nq u i r i e s  co nc e r n i n g  Ar i z ona 
and N evada m i n e s : Eng . Mi n i n g  J our . , v .  2 8 , Nov . 1 ,  p .  
3 1 1 -3 1 2 .  

---------- 1 87 9 ,  T ombst one m 1 n 1 n g  d i str i ct ,  Ar i z ona : Eng . 
Mi n i ng J ou r . , v .  2 8 , Nov . 8 ,  p.  3 4 0 . 

Engi ne e r i ng and M i n i ng J ou r na l , 1 87 9 ,  Tombs t one di st r i ct ,  
Ar i z ona : E n g .  Mi ning J ou r . , v .  2 8 , N ov . 2 9 , p .  3 9 3 . 

- - - - ------ 1 8 80 , Gene r al m i n i n g  new s : Eng . Mi n i ng J ou r . , 
Ma r .  2 0 , p .  2 0 4 . 

-- - ------- 1 8 80 , Gene r al mini n g  nevi S : Eng . Mi n i n g  J ou r . , 
�1a r • 2 7 , p .  2 2 1 . 

---------- 1 8 80 , Gen e r al min i ng new s : Eng . Mi n i n g  J ou r . , 
P.pr i l  3 ,  p.  2 3 8 .  

- - - --- - - - - 1 8 81 , Gene r al min i ng new s : Eng . Mi n i ng J ou r . , 
Apr i l  9 ,  p .  2 5 2 . 

v .  

v .  

v .  

v .  

2 9 , 

2 9 . 

2 9 , 

3 1 ,  

- - -------- 1 8 81 , Tombst one , Ar i z ona : Eng .  Mi n i ng J ou r . , v .  3 1 ,  
May 7 , p.  3 16 -3 1 7 . 

-- - ------ - 1 8 82 , Gene ral min i ng new s : Eng . Mi n i ng J ou r . , v .  3 3 , 
Mar . 1 8 ,  p.  1 4 7 . 
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---------- 1 8 82 , Off i ci al sta tement and r epor t s-- Tombs t one Mi l l  
and M i n i ng C o . , T omb s t one , Ar i z ona : E ng . Mi n i n g  J ou r . , v .  
3 3 , May 6 ,  p .  2 3 4 .  

---------- 1 8 82 , Gene r al m i n i ng news : Eng . Mi n i n g  J ou r . , v .  3 4 , 
July 2 2 , p .  4 6 -4 7 . 

---------- 1 8 83 , The T ombs t one Mi l l  and l-U ning C o . , T ombs t on e , 
Ar i z ona : E n g .  M i n i n g  J ou r . , v .  3 5 , May 1 2 , p .  2 6 7 - 26 9 .  

---------- 1 8 83 , The pr esent co nd i ti on of the m ine s of the 
Tombs t one Mi l l  and M i n i n g  C o . : E ng .  Mi n i n g  J our . , v .  3 6 , 
Oct . 1 3 , p .  2 2 9 - 2 3 0 .  

---------- 1 8 83 , Gene r al m i n i n g  news : Eng . Mi n i n g  J ou r . , v .  3 6 , 
Nov . 2 4 ,  p .  3 2 8 . 

---------- 1 8 83 , Gene r al m i n i n g  new s : Eng . Mi ni n g  J ou r . ,  v .  3 6 ,  
De c .  2 9 , p .  4 0 0 .  

---------- 1 90 2 ,  The m i n i n g  r ev ival at Tombs t one : E ng .  Mi n i n g  
J ou r . , v .  7 3 ,  Ma r . 1 ,  p .  3 1 4 - 3 1 5 . 

----- - - - - - 1 9 0 4 , G ene r al m i n i n g  news : Eng . Mi n i n g  J ou r . , v .  7 7 , 
F e b .  2 5 , p .  3 3 4 -3 3 8 .  

---------- 1 9 0 4 , G en e r al m i n i n g  new s : Eng . Mi n i n g  J ou r . , v .  7 7 , 
Apr i l  1 4 , p .  6 1 8 - 6 2 1 . 

---------- 1 9 0 4 , The T omb s t one m ine s ,  Ar i z ona : E n g .  Mi n i n g  
J 0 u r . ,  v .  7 7 , J u n e  9 ,  p .  9 1 9  - 9 2 0 • 

---------- 1 9 82 , F e a tu r ed th i s  month : P e l l eti z in g  A i ds 
Tombs t one L ea ch i n g  O pe r ati ng : E n g .  Mi n i n g  J ou r . , v .  1 8 2 , 
N o . 1 ,  Janua r y , 1 9 81 , p .  9 4 - 95 . 

Escapul e ,  C .  Bai l ey J r . , 1 9 81 , Geol ogi cal Repor t o n  t h e  G r a ce 
Claim G ro up , Co c h i se County , Ar i z ona f or Tombs t on e  S i l ve r  
M i ne s ,  I n c . , un pub l i sh e d  pr ivate r epor t .  

Farnham , L .  L . , S tewa r t ,  L .  A. , and Del ong , C .  vJ . , 1 9 6 1 ,  
Manganese depo s i t s  of east e r n  Ar i z ona : U .  S .  Bur . Mi ne s I .  
C .  7 9 90  � 1 7 8 p .  

Genth , J .  A . , 1 8 87 ,  H e s s i t e  f r om th e west s i de m ine , Ar i z o na : 
Am .  Ph i l o s ,  S o c . , v .  2 4 , p .  3 6 . 

Gil l uly , Jam e s , 1 9 4 5 , Empl a cem e nt of U n c l e  S am por phy ry , 
Tombs t one di str i ct ,  Ar i z ona : �� . Jour . S ci . , v .  2 43 ,  P .  
6 43 -6 6 6 . 
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---------- 1 9 5 6 , Gene ral geol ogy of c e nt r al C o ch i se County , 
Ar i z ona : U .  S .  Geol . S u r v ey P r o f . Pape r 2 8 1 , 1 6 9  p .  

- - -------- 1 9 6 3 , The tectoni c evolut i on of th e weste r n  U n i t e d  
S t a te s : G eol . S o c .  Lond o n  Q ua r t .  Jou r . ,  v .  1 1 9 , p .  
1 3 3 -17 4 .  

G i l l uly , Jam e s , Coope r , J .  R . , and w i l l i am s ,  J .  S . , 1 9 5 4 , Late 
Pal e oz oi c str ati g r aphy of centr al C o ch i se County , Ar i z ona : 
U .  S .  G eol . Survey Prof . Pape r 2 6 6 ,  4 9  p .  

Gooda l e ,  C .  W. , 1 8 8 9 , The occu r r en c e  and tr eatm ent of th e 
a r genti f e r ous mangane se or es of the Tombs t one di s t r i ct ,  
Ar i z ona : Am . Inst . Mi n .  Me ta l l .  Eng . Tran s . , v .  17 , p .  
7 67 -7 7 7 . 

- - -------- 1 8 9 0 , Add i t i on t o  the o c cu r r en c e  and tr eatment of the 
a r ge nt i f er ous man ganese or es of T ombst one di str i ct ,  
Ar i z ona : Am .  Inst . Mi n .  Metal l .  Eng . T r a n s . ,  v .  3 8 ,  p .  
9 1 0 - 9 1 2 .  

G rav es , Ar thur J . , 1 9 84 , Geol ogi ca l and P r e l im i na ry Val ua ti on 
Repor t on th e S ta te of Mai ne Ar e a , Coch i se County , Ar i z ona , 
pr ivate r epor t  to Tombs tone S i l ve r  Mi ne s ,  I n c .  

- - -------- 1 9 85 , pr ivate r epo r t  t o  T ombst one S i l ve r  
Mine s ,  Inc . o n  e xp l or ati on a n d  d r il l i ng pr o gr am s  sta r t i ng 
i n  J un e , 1 9 84 . 

H ay e s ,  P .  T . , 1 97 0 , C r e ta ce ou s  pa l eoge ogr aphy of southea s t e r n  
Ar i z ona and adj a cent a r ea s : U .  S .  G e o l . Survey Prof . Pape r 
6 5 8- B ,  4 2  p .  

Hay e s , P .  T . , S imons , F .  S . , a n d  R a u p ,  R .  E . , 1 9 6 5 , Lower  
Me so z oi c  e xt r usive r o c ks in  south east e r n  Ar i z ona- - th e  
Cane l o  H il l s  v o l ca n i cs : U .  S .  Geol . S ur v ey Bul l .  1 1 9 4 -M ,  
p .  MI -M9 . 

H ewett , D .  F . , 1 97 2 , Magani te , hau smann i t e , b r aun i te : f e a tu r es ,  
mode s of or i gi n : E co n .  Geol ogy , v .  6 7 , p .  8 3 -10 2 .  

H ewett , D .  F . , and P a r de e , J .  T . , 1 9 3 3 , Manganese i n  w este r n  
hydr oth e rmal or e depo si t s ,  i n  O r e  depo s i t s  o f  the w e s t e r n  
sta tes ( l i ndg r en volume ) :  Am . I n s t . Mi n .  Me tal l .  Eng . , p .  
6 80 -6 8 1 . 

Hewett , D .  F . , and Radt ke , A. S . , 1 9 6 7 , S i l ve r  be a r i n g  bl a c k  
cal c i t e  i n  weste r n  m i n i n g  d i st r i ct s : E co n .  Geol ogy , v .  6 2 , 
p.  1 - 21 . 

Hewett , D .  F . , and R ov e ,  O .  N . , 1 93 0 ,  Occu r r ence and r el a ti ons 
of al aba nd i te : E co n .  Geol ogy , v .  2 5 , p .  3 6 -56 . 
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H i l l ebr and , W .  F . , 1 8 86 , Emmon s i te , a f e r r i c  tel l ur i t e  
( Tombs tone , Ar i z ona ) : Col o .  S ci . S o c . P r oc . , v .  2 ,  p 

2 0  - 2 3 . 

---------- 1 8 8 9 , Ana lyse s  of th r e e  de s cl oi s i te s  f r om new 
l ocal i t i e s : Am .  Jou r . S ci . , v .  3 7 , p. 4 3 4 - 43 9 .  

Hol lyday , E .  F . , 1 9 6 3 , A g e ohydr aul i c  analy si s of mine 
dew a te r i ng and water devel opment , Tombs t one , Co ch i se 
County , Ari z ona : M . S c .  th e s i s , Uni v . of Ar i z ona . , 9 0  p .  

Huf f ,  L .  C . , 1 9 7 0 , A ge ochem i ca l  s t u dy o f  al l uv i um- cov e r e d  
coppe r de po s i t s  i n  Pima Count y , Ar i z ona : U .  S .  Geo l . 
Sur v ey B ul l .  1 3 1 2- C ,  p .  C I -C 3 1 . 

Jense n ,  Mea d L .  & B a t eman , Al an M . , 1 9 81 , E co nom i c  M i ne r al 
Depos i t s ,  Joh n  W il ey & S on s ,  New Yor k .  

Ke i th ,  S .  B . , 1 9 7 3 ,  I nd e x  o f  m i n i n g  pr ope r t i e s  i n  Coch i se 
County , Ar i z ona : A r i z .  Bur . Mi ne s  B ul l .  1 87 , 9 8  p .  

Ke i th , ' S ta n l ey B . , Gest , Don E . , e t  al . ,  1 9 83 , Metal l i c H i n e r al 
Di st r i ct s  and P r oduct i on i n  Ar i z ona , Ar i z ona Bur eau o f  
Geol o gy and M i ne r al T e chnol ogy , Geo l ogi ca l Survey B ra n c h , 
Univ e r s i ty of Ar i z ona , Tucson , Ar i z ona . 

Lake s ,  Ar t h u r , 1 9 0 4 , Ore  i n  ant i cl i na l s ,  as  a t  B end i go ,  
Aus t r i l i a ,  and T ombs t one , Ar i z o na : M i n .  S ci .  Pres s ,  v .  8 8 , 
p .  1 9 3 . 

Lee , L .  C . , 1 9 6 7 , The eco nom i c  g e ol o gy of por ti ons of th e 
Tombs t one- Ch a r l eston di str i ct ,  Coch i se County , Ar i z ona , i n  
l i gh t  o f  1 9 6 7  s i l ve r  e co nom i cs : M . S c .  th e s i s  ( un pub . ) ,  
Univ . of Ar i z ona , 9 9  p .  

Lingr en , Wal dem a r , 1 9 3 3 , Mi ne r a l  Depo s i t s  4 th Editi o n ,  
McG raw- H i l l Book C om pa ny , I n c . , New Yor k & L ondo n .  

Luepk e ,  G r e t c h e n ,  1 97 1 , A r e- e xam i na ti on o f  th e type se cti o n  of 
the S che r r e r  Forma ti on ( Pe r m i a n ) i n  Coch i se County , 
Ar i z o na : Ar i z .  Geol . Soc . D i ge s t , v .  I X ,  p .  2 45 - 2 57 . 

Mo se s ,  A.  J . , 1 8 9 3 , E tt r i ngi te f r om T ombs t one , Ar i z ona , and a 
f ormul a ' f or ettr i ngi t e : ".m . Jour . S c i . , 3 r d se r .  4 5 , p .  
4 89 - 4 9 2 . 

Mo se s ,  A.  J . , and L aque r , L .  M.  I . , 1 8 9 2 , Alaband i t e  f r om 
Tombs tone : C o l umbi a U ni v .  S ch o ol o f  M i n e s  Qua r t . ,  v .  1 3 , 
p .  2 3 6 - 2 3 9 .  
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Needh am ,  A.  B . , and S to rm s ,  W.  R . , 1 9 5 6 , Inves t i g a ti on of 
Tombs t one di st r i ct man gane se depo s i t s ,  Coch i se Count y , 
Ar i z ona : U .  S .  Bur . Mi ne s RI 5 1 8 8 ,  3 4  p .  

Newel l ,  Rog e r  A . , 1 9 7 4 , E xpl or ati on g e ol ogy and geochem i st r y  of 
th e Tombs t one- Cha r l eston Area , Cochi se County , Ar i z o na : 
PhD .  d i s se r ta ti on ( un publ . ) , S tanf or d U ni v e r s i ty ,  2 0 5  p .  

N ewhouse , W.  H . , ed . , 1 9 4 2 , O r e  de po s i t s  a s  r el ated t o  
str uct u r al featu r es : P r i nce ton , N .  J . , P r i nce ton U ni v .  
P r e s s , 2 80 p .  

Oet k i n g ,  Ph i l i p ,  1 9 6 7 , Map N o . 2 ,  Geo l ogi ca l H i ghw ay Map of th e 
S outh e r n  R o c ky Mountai n Regi on , The Ame r i can Asso c i a ti on of 
Pe t r o l e um G eo l ogi s t s ,  P .  O .  Box 97 9 ,  Tul sa , Okl ahom a .  

Pa r k ,  Cha r l es F .  J r . , & Ma cDi a rm i d ,  Roy A . , 1 9 7 5 ,  O r e  Depo s i t s ,  
3 r d E di ti on , W .  H .  F r e eman and C om pany , S an F r an c i s co .  

Pa t ch ,  S usa n ,  1 9 6 9 , Pe t r o l ogy and s t r a ti g r aphy of th e Epi t aph 
Dol om i te ( Pe r m i an ) in the T ombs t one H i l l s ,  Coch i se County , 
Ar i z ona : M . S c .  th e s i s  ( un publ . ) , Univ . of Ar i z ona , 4 2  p.  

- - - - ------ 1 97 3 , ·  Pe t r o l o gy and s t r a ti g r aphy of th e Epi taph 
Dol om i te ( Pe r m i an ) in th e T ombs t one H il l s ,  Coch i se County , 
Ar i z ona : J ou r . S e d .  Pe t r o l . ,  v .  4 3 , no . 1 ,  p .  1 07 -1 1 7 . 

Penr o se , R.  A .  F . , 1 8 9 0 , The mangan i f e r o u s  s i l ve r  or es of 
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B i s b e e  i s  l o c a t e d  i n  t h e  W a r r e n  m i n i n g d i s t r i c t o f  C o c h i s e 

C o u n t y , A r i z o n a . I t  i s  s i t u a t e d  o n  t h e  S o u t h e r n  e n d  o f  t h e  M u l e 

M o u n t a i n s , a b l o c k - f a u l t e d  b a s i n  a n d  r a n g e  f e a t u r e  i n t r u d e d b y  t h e  

J u n i p e r  F l a t  g r a n i t e .  S m a l l e r m i n e r a l i z e d  s t o c k s  w h i c h a r e  

g e n e t i c a l l y  r e l a t e d  t o  t h e  J u n i p e r  F l a t  g r a n i t e h a v e i n t r o d u c e d  

c o p p e r  a n d  o t h e r m e t a l s i n  t h e  d i s t r i c t .  

A c t i v e m i n i n g b e g a n  i n  l a t e  1 8 7 7  a n d  c o n t i n u e d  e s s e n t i a l l y  

u n i n t e r r u p t e d  u n t i l m i d - 1 9 7 5 . D u r i n g  t h a t  p e r i o d m i l l i o n s  o f  t o n s  

o f  o r e  a n d  w a s t e  w e r e  r e m o v e d  f r o m  t w o  o p e n  p i t s  a n d  n e a r l y 2 0 0 0  

m i l e s o f  u n d e r g r o u n d  w o r k i n g s . 

C o p p e r  w a s t h e  m o s t  i m p o r t a n t  m e t a l  p r o d u c e d  i n  t h e  

d i s t r i c t ;  h o w e v e r , l e a d , z i n c ,  s i l v e r , g o l d a n d  m a n g a n e s e  w e r e  a l s o  

e c o n o m i c a l l y  i m p o r t a n t . I n  f a c t  m o r e  l e a d , z i n c ,  s i l v e r  a n d  g o l d 

w e r e  p r o d u c e d  f r o m B i s b e e  t h a n  i n  a n y  o t h e r  d i s t r i c t i n  A r i z o n a . 

M e t a l  p r n d u c t i o n t h r o u g h  M a y  1 9 7 5  i s  l i s t e d  b e l o w . 

fQQQ�r Z i n c L e a d  

1 0 0  b i l l i o n p o u n d s  3 5 5  m i l l i o n p o u n d s  3 2 4  m i l l i o n p o u n d s  

S i l v e r  G o l d ------

1 0 0 m i l l i o n o u n c e s  2 . 7  m i l l  i o n o u n c e s  1 1  m i l l i o n p o u n d s  
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S i n c e  1 9 8 0  t h e  d i s t r i c t h a s  b e e n  u n d e r  e v a l u a t i o n t o  

d e t e r m i n e  t h e  p o t e n t i a l f o r  u n d i s c o v e r e d  u n d e r g r o u n d  a n d  

o p e n - p i t a b l e c o p p e r , g o l d a n d  s i l v e r  d e p o s i t s .  B e t w e e n  1 9 8 1  a n d  

1 9 8 4 , g o l d a n d  s i l v e r  o r e s  w e r e  m i n e d  f r o m  s e v e r a l  u n d e r g r o u n d  

m i n e s . A p p r o x i m a t e l y 3 5 , 0 0 0  o u n c e s  o f  g o l d w e r e  p r o d u c e d  f r o m t h i s  

e f f o r t . T h e  p o t e n t i a l f o r  u n d e r g r o u n d  b a s e  a n d  p r e c i o u s  m e t a l s  i s  

f a r  f r o m  e x h a u s t e d ; h o w e v e r , c u r r e n t  e c o n o m i c c o n s t r a i n t s  

a s s o c i a t e d  w i t h d e w a t e r i n g t h e  m i n e s  a n d  u n d e r g r o u n d  m i n i n g 

p r o h i b i t s  p r o d u c t i o n o f  t h e s e  d e p o s i t s .  

L a s t  y e a r , P h e l p s  D o d g e  C o r p o r a t i o n a n n o u n c e d  t h e  

d i s c o v e r y o f  t h e  C o c h i s e c o p p e r  d e p o s i t  l o c a t e d  n o r t h  o f  t h e  

L a v e n d e r  P i t  a n d  t h e  D i v i d e n d  F a u l t .  T h e  C o c h i s e d e p o s i t  i s  a 

s u p e r g e n e  e n r i c h e d  c h a l c o c i t e b l a n k e t  t y p i c a l  o f  m o s t  p o r p h y r y  

c o p p e r  d e p o s i t s .  D r i l l i n g o f  t h e  d e p o s i t  h a s  r e c e n t l y b e e n  

c o m p l e t e d  a n d  e n g i n e e r i n g s t u d i e s c o u p l e d  w i t h  e c o n o m i c a n a l y s e s  

a r e  c u r r e n t l y  b e i n g c o n d u c t e d . 

T h e  b a s e m e n t  r o c k  i n  t h e  d i s t r i c t  i s  t h e  P r e c a m b r i a n P i n a l  

S c h i s t w h i c h h a s  b e e n  u n c o n f o r m a b l y o v e r l a i n  b y  b o t h  P a l e o z � i c 

l i m e s t o n e s  a n d  M e s o z o i c  a r e n a c e o u s  r o c k s . T h e  P i n a l  S c h i s t a n d  

t h e  P a l e o z o i c  s e c t i o n s  a r e  i n t r u d e d  b y  t h e  J u r a s s i c  ( 1 8 0  m y a )  

J u n i p e r  F l a t  g r a n i t e a n d  i t s c o r r e l a t i v e ,  t h e  S a c r a m e n t o  s t o c k . 

T h e  S a c r a m e n t o  s t o c k  i s  d i v i d e d  i n t o  t w o  d i f f e r e n t  u n i t s , t h e  o l d e r  

q u a r t z  p o r p h y r y a n d  t h e  y o u n g e r  q u a r t z - f e l d s p a r  p o r p h y r y . T h e  

o l d e r  q u a r t z  p o r p h y r y  p r e d a t e s  t h e  y o u n g e r  q u a r t z - f e l d s p a r  

p o r p h y r y  b y  a p p r o x i m a t e l y 2 m i l l i o n y e a r s . T h e  m a j o r i t y o f  

m i n e r a l i z a t i o n  i n  t h e  d i s t r i c t i s  r e l a t e d  t o  t h e  y o u n g e r  p o r p h y r y . 
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T h e r e  a r e  a t  l e a s t  t h r e e  o t h e r  i n t r u s i v e r o c k s  f o u n d  i n  t h e  

d i s t r i c t ,  h o w e v e r , t h e i r  r e l a t i o n s h i p s t o  m i n e r a l i z a t i o n  i n  t h e  

d i s t r i c t , i f  a n y , h a v e  n o t  b e e n  d e t e r m i n e d . 

S o m e  t i m e a f t e r  e m p l a c e m e n t  o f  t h e  y o u n g e r  p o r p h y r y , 

n u m e r o u s e p i s o d e s  o f  f a u l t i n g a n d  a d d i t i o n a l  m i n e r a l i z a t i o n t o o k  

p l a c e . T w o  d o m i n a n t  s e t s  o f  f a u l t s o c c u r  i n  t h e  d i s t r i c t . T h e  

. o l d e s t  f a u l t s  t r e n d  N W - S E . T h e s e  f a u l t s  m a y  b e  o f f s e t  b y  y o u n g e r  

f a u l t s  t r e n d i n g r o u g h l y o r t h o g o n a l  t o  t h e  t r e n d  o f  t h e  o l d e r  

f a u l t s . O n e  m a j o r f a u l t i n g e v e n t  s p l i t s t h e  d i s t r i c t i n  h a l f a l o n g  

t h e  N W - S E  t r e n d i n g D i v i d e n d  F a u l t .  T h e  n o r t h  s i d e o f  t h e  D i v i d e n d  

F a u l t w a s  u p l i f t e d  b y  a s  m u c h  a s  5 0 0 0  f e e t . S u b s e q u e n t  e r o s i o n h a s  

r e m o v e d  a l l o f  t h e  P a l e o z o i c  r o c k s  a n d  a n y  c o n t a i n e d  o r e b o d i e s 

f r o m  t h e  u p t h r o w n  s i d e o f  t h e  d i s t r i c t . T h r o u g h  n a t u r a l  l e a c h i n g 

a n d  e n r i c h m e n t  p r o c e s s e s  o n  t h e  u p t h r o w n  s i d e ,  a c h a l c o c i t e b l a n k e t 

w a s  f o r m e d  i n  t h e  g r a n i t e p o r p h r i e s ,  t h e  b r e c c i a s a n d  t h e  P i n a l  

S c h i s t .  L a t e r  t h e  e n t i r e d i s t r i c t w a s c o v e r e d  b y  C r e t a c e o u s  s e a s  

w h i c h d e p o s i t e d  t h e  t h o u s a n d s  o f  f e e t  o f  s a n d s t o n e s , s i l t s t o n e s  

a n d  1 i m e s t o n e s  w h i c h m a k e  u p  t h e  B i s b e e  G r o u p. 

t1INIRAlIIAIIQN 
M i n e r a l i z a t i o n  o c c u r r e d  i n  a t  l e a s t  f o u r  d i f f e r e n t  s t a g e s  

i n  t h e  W a r r e n  d i s t r i c t .  M a j o r  o r e b o d i e s a r e  g e n e r a l l y  l o c a t e d  a t  

t h e  i n t e r s e c t i o n s  o f  N W - S E  a n d  N E - S W  t r e n d i n g f a u l t s  i n  P a l e o z o i c  

l i m e s t o n e s . B r e c c i a s w e r e  o f t e n  f o r m e d  a t  t h e  f a u l t i n t e r s e c t i o n s  

p r o v i d i n g c h a n n e l s f o r  m i n e r a l i z i n g f l u i d s . S u l f i d e m i n e r a l i z a t i o n 

b o t h  f i l l e d v o i d s  a n d  r e p l a c e d  l i m e s t o n e  f r a g m e n t s  i n  t h e  b r e c c i a s . 

S o m e  l i m e s t o n e  h o r i z o n s  w e r e  a l s o  r e p l a c e d  b y  s u l f i d e s  f o r m i n g  

II b e d d e d ll d e p o s i t s c l e a r l y  a s s o c i a t e d  w i t h  t h e  b r e c c i a s .  
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T h e  m o r p h o l o g y  o f  a t y p i c a l  b r e c c i a  o r e b o d y  r e s e m b l e s  a n  

e l o n g a t e d  c i g a r - s h a p e d  m a s s  p l u n g i n g i n  t h e  d i r e c t i o n  o f  t h e  f a u l t 

i n t e r s e c t i o n .  A c o r e  o f  s i l i c a a n d  p y r i t e f o r m s  t h e  m a j o r i t y o f  

t h e  o r e b o d y  a n d  i s  s u r r o u n d e d  b y  a c o n c e n t r i c  z o n e  o f  c o p p e r  

s u l f i d e s  w h i c h i n  t u r n  h a v e  i n t e r m i t t e n t  p e r i p h e r a l  z o n e s  o f  l e a d  

a n d  z i n c s u l f i d e s . A n  e p i s o d e  o f  g o l d a n d  s i l v e r  m i n e r a l i z a t i o n 

i s  s u p e r i m p o s e d  o n  a l l t h r e e  z o n e s . 
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View towards the west looking up Tombstone Canyon at Bisbee. The Lavender Pit that we 

will visit is in the left foreground and the contact between grey, unoxidized copper ore and 

overlying, red, oxidized ore is readily apparent. Phelps Dodge's new Cochise deposit, that 

we will also visit, underlies the red hill to the right of the Lavender Pit - note the drill 

road. Juniper Flat granite outcrops are prominent on the skyline above and to the right 

of Bisbee. 
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It is a little-known fact that R.A.F. Penrose, he who was to become the greatest benefactor 
of the Geological Society of America in its history and one of the founders of the Society 
of Economic Geologists, visited the Pearce area in 1 893. Recently graduated from Harvard 
(in 1 886), he was seeking to make his fortune. Optimist that he was, and already 
philanthropically inclined, he renamed the prospect at Pearce "The Commonwealth", and 
acquired it in 1 895 .  It proved to be the basis of a career that included co-founding the 
Utah Copper Corporation that was to become Kennecott. He sold his interest in the 
Commonwealth at a huge profit in 1 903 and went onward to the benefit of us all. 

The mine itself is a 'little-known fact'. Oddly, the Commonwealth, along with the Great 
American, Ash Creek, Stein's Pass, and other epithermal mines and prospects in southeastern 
Arizona, has never been included on maps and inventories by USGS scientists, in spite of 
excellent exposures of classic volcanic-hosted epithermal mineralization that occur there. 
There are only two publications of any consequence on the Commonwealth, namely M.S. 
theses by Lewis A. Smith ( 1 927)  and Kim K. Howell ( 1 977),  both at the University of 
Arizona. The Advanced Ore Deposits class at The University of Arizona is currently 
engaged in a comprehensive study of the district, with the cooperation of Warren Hinks and 
Westland Minerals Corporation, that will result in a 1 989 paper. 

PRODUCTION 

Smith ( 1 927) reported that production from the Commonwealth to that date had been 940,000 
tons at an average grade of $ 1 1 .7 1  per ton. The price of silver in 1 927 was $0.65 per 
ounce, close to the average for the 1 895- 1 927 period, so the average grade was about 1 8  
ounces per ton (560 ppm). The value then was $ 1 0,407,000, about half of which was profit. 
At today's $6.50 per ounce, gross modern revenue would be over $ 1 00 million from the 1 7  
million ounces of silver extracted. Gold apparently ran about 0 . 1 oz. per ton (3 ppm), so 
some of the $ 1 1 .7 1  historic value (about $2 at $20.00 gold) resulted therefrom. 



The mine closed in depression times, and has been sporadically and trivially operated, 
mainly by leasors, since then. Stamp-milled amalgamation and younger cyanidation tailings 
piles north of Pearce Hill (Figure 2) have recently been reprocessed. 

The mine reached the 8th level about 500 feet deep down dip from the "D" Shaft near the 
east end of the main hill. A major collapse of some 500,000 tons of hangingwall volcanics 
in 1 905 resulted in the slot at the surface and the dangerous glory hole at the east ead of 
the main hill near "D" Shaft. 

Modern exploration -- mostly shallow drilling without known benefit of modern lithologic
structural mapping until now -- has not revealed significant new ore. Westland Minerals 
seeks new extensions of the Main Vein and intercepts of disseminated values that would 
permit bulk mining methods. About 20 reverse circulation rotary holes are planned for 
completion before year's end. 

GEOLOGY 

The Commonwealth Mine (Figure 1 )  is a classic vest-pocket-size epithermal volcanic-hosted 
bonanza precious metal silver-gold deposit in Bisbee Group sediments (?) and, almost 
totally, Mid-Tertiary felsic volcanics. Bisbee Group sediments outcrop at the base of the 
Pearce Hill and to the east near Huddy Hill. The Pearce volcanics that make up the whole 
of the Pearce Hill surface include andesite flows described by Drewes ( 1 980) as Eocene or 
Oligocene mainly greenish-gray propylitized pyroxene, amphibole, and feldspar porphyritic 
flows and pyroclastics, and younger extrusive vitric and crystal rhyolitic and rhyodacitic 
flows, welded tuffs, and pyroclastics with sparse volcaniclastic sedimentary units. These 
younger units are coeval with the main Chiricahua volcanic event at 25±2 my. Excellent 
petrographic description and stratigraphy is provided by Howell ( 1 977),  who distinguished 
several easily recognized subtypes on the Pearce Hill. 

The principal veins (Figure 2) are the east-west North Vein that dips 40-50° S and the 
N700W Main Vein that dips 60-80° S. The North Vein can be traced along surface through 
the silicified, heavily veined area east of D Shaft; the Main Vein runs through the collapsed 
zone and the glory hole and on to the southeast. They comprise massive to banded and 
comb quartz in normal faults with associated steep sheeted zones. Clear quartz and 
amethyst predominate, but values lay in greenish, oily chalcedonic veins and veinlets.The 
vein structures contained high grade ore shoots that were originally sulfide-sulfosalt 
(proustite, tetrahedrite, chalcopyrite, galena) but were silver halides (embolite, bromyrite) 
and native gold, oxidized and locally redistributed by supergene processes, when mined. 
Smith ( I 927) described several subhorizontal enrichment bands that he related to old proto
Wilcox-Playa lake levels. The primary system was undoubtedly a near-surface hot-spring 
environment. 

Alteration consisted of ubiquitous silicification, with propylitization in andesite and potassic 
alteration in all rocks at upper levels and near the veins that 'upgraded' rhyodacites and 
latites to trachyte-rhyolite compositions. 

BE CAREFUL - - OPEN SHAFTS. STEEP SLOPES. LOOSE ROCK I ! !  
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FIELD TRIP TARGETS 

We will park at D Shaft if the bus can make it or at the base of the hill on the north side 
east of the Thetford mill if it cannot. In either case, proceed to the D shaft where maps 
and sections will be posted. There are excellent specimens of classic epithermal textures on 
dumps, in outcrop, almost everywhere. It is especially worthwhile to roam the hill west of 
D Shaft and east along the North Vein to see "exploration outcrops" of undisturbed surface. 

Two maps will be provided, one 1 : 1 200 ( 1 "= 1 00 feet) by Tom Patton, courtesy of Tom 
Patton and Westland Minerals, one 1 :920 ( 1 "= 85 feet) by Kim Howell. Use them to establish 
your own traverse, which should include a trip through the caved area to see the contact in 
the west wall of rhyolite breccia (TCP)-First Flow (KKH) beneath and Upper Andesite 
(TCP)-Second Flow (KKH) above. The veins and workings are exposed here too. Waxy 
green mineraloid like Vaseline is embolite; earthy green is montmorillonite. Bisbee Group 
outcrops at the west end near the Thetford mill building. (NOTE: fragments of specularite
diopside-pyrite-chalcopyrite skarn here are from the Black Diamond in the Dragoons, not the 
Commonwealth. Custom milling was done here.) Work along eastward past the glory hole, 
with splendid samples of comb quartz, amethyst, etc. As you proceed east with Huddy Hill 
to the near east-northeast and Metat Hill to the near east-southeast you pass over outcrops 
of Upper Andesite-Second Flow that have been extensively potassically altered to trachyte
rhyolite. The new drill-hole location stakes in general bracket and define the trace of the 
Main Vein. Don't miss the strong veining that webs between the North and Main Veins out 
to the east along the ridge before you get to Huddy Hill. All the while imagine yourself in 
the shallow roots of a hot-spring system -- sulfur-depositing springs were active a few 
miles east (hence the Sulphur Springs Valley name) until the 1 887 Bavispe Sonora 
earthquake. 
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Figure 1 (above). Oblique aerial photo toward the southwest showing Huddy Hill (lower 
left), the old concentator foundations downhill from the Main Vein cave zone on Pearce 
Hill, and Six-Mile Hill (right center, upper margin) The old Pearce store is at the upper 
right margin. 

Figure 2 (below). An overlay sketch map showing pertinent geography-geology and culture. 
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THE TOMBSTONE MINING DISTRICT 
HISTORY, GEOLOGY AND ORE DEPOSITS 

B. J. DEVERE, JR. 
ASARCO, Incorporated 

Tucson, Arizona 

INTRODUCTION 
The Tombstone mining district, located in a small group of 

hills 6 mi north of the San Pedro River and 65 mi southeast of 
Tucson, Arizona, was one of the rich "bonanza" silver districts 
of the late 1800's. Mining commenced in 1878, escalated 
rapidly until 1882, and then slowly declined until the last 
mine closed in the late 1930's. The total production from 
1878-1957 amounted to approximately one million tons of 
ore worth about $39,000,000; of that total value, half was 
derived from the production during the seven-year period 
1879-1886 (Wilson, 1962). 

The district has been described in the literature by Blake 
(1882), Church (1903), Ransome (1920), Butler and others 
(1938), Gilluly (1956) and Newell (1974). Of these works, 
that by Butler and others was the most extensive and detailed. 
The accompanying geologic map and section (figs. 4, 5) are 
from their publication and have been reproduced without 
modification. 

HISTORY 
Ed Schieffelin discovered silver chlorides and lead carbon

ates in a quartz vein in the southwestern part of what became 
the Tombstone mining district in the late summer of 1877. On 
the third of September, 1877, he recorded his "Tumbstone 
Mine" and "Graveyard" claims in Tucson, County of Pima, 
Arizona Territory (Devere, 1960). After recording his claims, 
it took Schieffelin almost a year before he could raise suffi
cient money and convince his brother AI, and Richard Gird, a 
mining engineer, to join him in developing his discovery. The 
vein proved to be small and poorly mineralized, so while the 
disgruntled AI Schieffelin and Richard Gird attempted to 
mine, the ever-optimistic Ed Schieffelin prospected further to 
the north and east, and in two successive days, discovered the 
large, rich lodes of the Lucky Cuss and Toughnut silver de
posits (Butler and others, 1938). 

With the discovery of the Lucky Cuss and Toughnut lodes, 
the Tombstone silver boom was born. In rapid succession, the 
lodes of the Goodenough, Grand Central, Contention, Vizna, 
Empire and Tranquility mines were discovered. A town, 
named after Schieffelin's original claim, the Tombstone (fig. 
1 ), was established and mills were built on the San Pedro River 
at what became the towns of Charleston, Contention and Fair
bank. The "Arizona Weekly Star" of November 2, 1879, 
reported that Tombstones' petition for incorporation had been 
granted by the Pima County Board of Supervisors. The town 
boasted a population of 1000-1500, while Charleston, a mill 
town on the San Pedro River claimed 600-800 inhabitants 
(Devere, 1960). 

The silver-lead ores were high grade, near surface and easily 
extractable. The only problem was the lack of local water for 
milling; therefore mills were built along the San Pedro River 
and ore was transported the 9 mi at a cost of $3.50 per ton 
(Blake, 1882). That problem was solved in 1881 when water 

was encountered at a depth of 520 ft in the Sulphuret mine. 
With water, the future for mining seemed bright, but the water 
that was thought to be the mines' savior, turned into their 
executioner. In 1886, the pumps at the Grand Central mine 
burned, leaving only the Contention mine pumps to handle the 
water. Those pumps were inadequate, forcing the suspension 
of all mining below the water table. From 1886-1901, mining 
was at a low ebb, being carried on largely by lessees. 

In 1901, the Grand Central Company, the Tombstone Mill 
and Mining Company and the Contention Company were 
joined to form the Tombstone Consolidated Mines Company. 
With the joining of the three companies, the majority of the 
larger mines in the district were consolidated and the decision 
was made to once again pump the water and develop the 
deeper ores. The company sunk the four compartment Boom 
shaft, constructed a new 125 ton per day cyanide mill and 
reconditioned the old levels in the Grand Central, Contention, 
Empire, Lucky Cuss, Silver Thread, Toughnut and West Side 
mines. By 1906, the Boom shaft had reached the 1 000-ft level 
and water was being pumped at the rate of 3000 gpm (fig. 2). 

The deeper ores were only partially oxidized, so in the same 
year the cyanide mill was converted and expanded. Using 
stamps, slime cones, Wilfley tables and cyanide tanks, the mill 
operated at a capacity of 225 tons per day (Butler and others, 
1938) . Independent mines reopened and mining at Tombstone 
regained some of its old vigor. Silver was selling for 67 cents 
per ounce, lead at 5.6 cents per pound and gold at the fixed 
price of $20.67 per ounce. 

In June 1909 water again dealt Tombstone mining a serious 
blow. Due to defective fuel for the boilers, the steam pumps 
on the 1 000-ft level (fig. 3) of the Boom shaft seized and 
stopped. Eight large steam sinking-pumps were installed, but 
they were incapable of handling the water and it rose to the 
900-ft level. As the water rose the overtaxed boilers ruptured 

Figure 7. Grand Central mine surface plant in 7 884, with the 
town of Tombstone in the background (Macia-Devere collec
tion). 
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Figure 2. Surface boilers for the steam pumps in the Boom 
shaft near Tombstone about 7904 (Macia-Devere collection). 

almost simultaneously, stopping all pumping. In 1910, a4,000 
cubic-foot compressor was installed and the sin king pumps 
were run by air. With the air pumps and the installation of new 
boilers, the submerged pumps were finally recovered and 
development on the 1 ,000-ft level was resumed by the end of 
the year (Butler and others, 1938). 

The cost of defeating the water, pumping 3,500 gpm, the 
decreasing silver price and the lack of sufficiently large, high
grade orebodies at depth, finally took their toll. On january 
11, 1911, pumping stopped and the pumps on the 600, 700, 
800 and 1 ,000-ft levels of the Boom shaft were allowed to 
flood (Butler and others, 1938). With the flooding of the 
lower levels, mining by the Tombstone Consolidated Mines 
Company ceased, though lessees continued to work the dumps 
and search for ore above the water table. 

In 1914, Phelps Dodge Corporation, one of the principal 
creditors of Tombstone Consolidated Mines Company, 
acquired all the company's holdings and started mining under 
the name of Bunker Hill Mines Company. That company made 
no attempt to recover the lost pumps or reopen the lower 
workings. Rather, they concentrated on mining the shallower, 
lower grade manganese-silver ores in the southern and western 
part of the district. They mined until 1918, when they turned 
their operations over to lessees. 

In 1933, the properties of Bunker Hill Mines Company were 
taken over by the Tombstone Development Company, which 
attempted to operate the mines via lessees; their operations 
continued sporadically into the late 1930's. 

The Tombstone Extension, a lead-carbonate vein mine 
located in the eastern part of the district, opened in 1930. 
During 1932-33, the mine was the largest lead producer in 
Arizona (Asarco files). That mine was turned over to lessees in 
the mid-1930's and closed in the late 1930's. 

Since the Second World War, the Anaconda Company and 
Newmont Mining Corporation have both examined the district 
in some detail; however, neither company was successful in 
discovering sufficient ore to justify reopening the mines. 

Two mining operations are being conducted in the district 
at present. The Escapule Brothers, Charles and Louis, are 
leaching the dumps from the State of Maine mine and plan to 
commence mining and leaching of low-grade underground ores 
in the near future. The other operation is that of Sierra Min-
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Figure 3. Steam pumps on the 1,000-ft level of the Boom 
shaft near Tombstone about 1906 (Macia-Devere collection). 

erals, which has during the last few years, been reworking the 
old mine dumps and recovering silver and gold via a cyanide 
leach process. The large dump east of Tombstone is the site of 
their current operation. 

REGIONAL GEOLOGIC SETTING 
The Tombstone mining district lies along the axis and just 

west of the deepest part of the Sonoran geosyncline. It also 
lies within a belt of north-northwest trending mountain ranges 
that are separated by broad alluvial-filled valleys and extend 
from the Colorado Plateau in central Arizona, to Sonora, Mex
ico. The region is underlain by a relatively thick blanket of 
Paleozoic and Mesozoic sediments. 

GEOLOGY 
Rocks of the Tombstone mining district consist of schist, 

granite, limestone, dolomite, shale, sandstone and conglomer
ate of Precambrian through Mesozoic age, and younger grano
diorite, tuff, rhyolite sills, plugs and dikes, andesite dikes, 
valley fill and a basalt plug. 

Precambrian rocks, Pinal Schist and granite, are exposed in a 
north-south elongate window in younger sediments and vol
canic rocks in the south-central part of the district (fig. 4) . 

Overlying Precambrian rocks are 440 ft of Cambrian Bolsa 
Quartzite (Ransome, 1916) and 844 ft of Cambrian Abrigo 
Limestone (Gilluly, 1956). Devonian Martin Limestone, 230ft 
of alternating limestone and shale, unconformably overlies the 
Abrigo Limestone (Gilluly, 1956). The Mississippian is repre
sented by 786 ft of Escabrosa Limestone and dolomite 
(Gilluly, 1956). 

The Pennsylvanian-Permian Naco Group, first described by 
Ransome during his early work in the Bisbee district, 20 mi to 
the southeast (Ransome, 1904), is well exposed in the Tomb
stone Hills. Due to the excellent exposures, Gilluly and his 
co-workers (Gilluly, 1956) were able to subdivide the Naco 
into 999 ft of Horquilla Limestone, 584ft of limestone, sand
stone and shale in the Earp Formation, 633ft of Colina Lime
stone and 783 ft of limestone and dolomite in the Epitaph 
Dolomite. 

Unconformably above the Naco Group is the Cretaceous 
Bisbee Formation (Gilluly, 1956). The Bisbee Formation at 
Tombstone is not to be confused with the Bisbee Group 
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(Ransome, 1904) in the Mule Mountains to the southeast, as 
the Glance Conglomerate, Morita Formation, Mural Limestone 
and Cintura Formation do not occur, but their stratigraphic 
equivalents may be present. It has been suggested that Cre
taceous beds at Tombstone are all younger than the Mural 
Lime stone and "possibly even post-Cintura Formation" 
(Stoyanow, 1949, p. 30) . However, Reeside has noted that 
"although the fossils of the Blue limestone (in the Bisbee For
mation) at Tombstone are not precisely identifiable, they 
resemble those of the Mural closely" (Gilluly, 1956, p. 77) . 
While there is little doubt of the Cretaceous age of the Bisbee 
Formation at Tombstone, direct correlation of stratigraphic 
units of the Bisbee Group, as they occur in their type locality, 
cannot be made. The formation exposed at Tombstone is a 
much faulted and metamorphosed sequence of sandstone, 
shale and limestone that is 3,079 ft thick (Gilluly, 1956). Of 
considerable importance as far as mineral deposition is con
cerned is the lower 128 ft of the formation , which consists of 
the "Novaculite" unit which contains 60ft of basal shale and 
limey sandstone with localized limestone conglomerate, the 
"Blue limestone" which is 34 ft thick, 24 ft of shale and a 
1O-ft thick bed of limestone (Gilluly, 1956). 

Late Cretaceous igneous rocks, the Schieffelin Granodiorite 
and the Uncle Sam quartz latite tuffs (Butler and others, 
1938), are exposed in the western and southern part of the 
district, and dikes of granodiorite are found throughout its 
central part. The granodiorite is a holocrystalline rock with a 
hypidiomorphic granular texture. It is light gray to grayish
pink and medium-grained, consisting of 35-40% plagioclase, 
15-20% orthoclase, 5-10% quartz, 5-10% green hornblende, 
3-5% biotite and 1-5% augite with minor amounts of clino
zoisite, zircon, magnetite, sphene and apatite (Newell, 1974). 

Newell (1974) describes the Uncle Sam quartz latite tuff as 
a hypocrystalline rock that is slightly welded and contains 
ash-phenocl asts that are embayed and set in a devitrified 
matrix. The light yellowish-brown to gray-brown lithic tuff, 
with moderately well-defined flow structures, contains 40-50% 
plagioclase, 20-25% quartz, 15-20% orthoclase, and 1-5% bio
tite with traces of magnetite and apatite . 

The tuffs have been dated at 71.9±2.4 m.y. (Newell, 1974), 
whereas the granodiorite is 72 m.y. old (Creasey and Kistler, 
1962) . The close relationship of the two rock types, both 
spatially and temporally , and the tendency for the tuff to be 
less mafic and more siliceous than the granodiorite, suggest 
that they are differentiates from the same magma. 

The granodiorite and tuffs are cut by dikes of hornblende 
andesite that are bluish gray to light olive-gray in color. They 
consist of medium to coarse-grained hornblende phenocrysts 
and fine-grained plagioclase in a microcrystalline groundmass 
(Newell, 1974). 

Rhyolite porphyry, dated at 63 m.y. (Creasey and Kistler, 
1962) occurs as sills, plugs and dikes south and east of the 
main part of the district. The rock is pinkish gray and made up 
of medium- to fine-grained phenocrysts in devitrified ground
mass. The texture is hypocrystalline, being typically porphy
ritic aphanitic. 

To the north and east of the district, the pediment of the 
Tombstone Hills is covered by Gila Conglomerate. The rock 
unit, which is probably a fanglomerate, is several hundreds of 
feet thick, contains boulders up to 3 ft in diameter, as well as 
cobbles and pebbles, all of which are set in a fine sand matrix. 
The unit is generally poorly sorted, becoming finer grained and 
vaguely bedded in its upper part. 

DEVERE, JR. 

The youngest rock in the area is a basalt plug which intrudes 
the Gila Conglomerate on the east side of Walnut Gulch, north 
of the central part of the district. The elliptically shaped plug 
is dark gray to greenish black in color, being made up of fine
grained olivine, diopside and enstatite that occur in the inter
stices between felted plagioclase laths (Newell , 1974). 

STRUCTURE 
The Tombstone mining district is structurally complex. 

Several periods of faulting, with movement along the same 
structure, sometimes in different directions, has complicated 
the unravelling of the tectonic history. 

Two structural features predominate : the Ajax Hill horst 
and the Tombstone basin (Butler and others, 1938). The Ajax 
Hill horse, located mostly south and east of Figure 4, is a 6 
mi 2 area that is bounded on the west by the north-south 
trending Ajax Hill fault, on the north by the east-west trending 
Prompter reverse fault, and on the south by the northeast
southwest trending Horquilla Peak fault (Gilluly, 1956). To 
the east, the boundary is concealed by alluvium. Displacement 
along the boundary faults has been significant; the Ajax Hill 
fault has brought rocks of the Bisbee Formation, on the west, 
into contact with Balsa Quartzite, on the east; the Prompter 
fault separates the northern Naco Group limestones from 
southern Pinal Schist; while the Horquilla Peak fault has 
brought upper Naco Group limestones on the south to rest 
against the Abrigo Limestone on the north. 

North of the Ajax Hill horst is the Tombstone basin, which 
is shown by the large area of Cretaceous sediments on Figure 
4. The basin is a broad synclinal warp, the axis of which trends 
east-west and plunges gently to the east. The syncline is com
plicated by a series of smaller west-northwest trending, anti
clinal and synclinal folds that were called "rolls" by the early 
miners . To the west the broad syncline and its associated 
tighter folds abut and are truncated by the Schieffelin Grano
diorite which is clearly younger than the folding. 

Prior to the intrusion of the Schieffelin Granodiorite the 
Tombstone basin was subject to east-west and north-south 
faulting. Following the intrusion of the granodiorite, dikes of 
similar composition were emplaced along many of the pre
existing faults. The basin was then faulted along north-north
east trends, and there was renewed movement along the east
west and north-south faults which brought about the develop
ment of a series of northeast tension fractures. Thereafter, the 
faults and the tension fractures were mineralized, with the 
tension fractures becoming the northeast fissure veins. Follow
ing mineralization, the basin was again disrupted by faulting 
along west-northwest and north-northwest trends. Movement 
along the newly created and pre-existing faults tilted the basin 
to the north and northeast. 

METAMORPHISM 
The intrusion of the Schieffelin Granodiorite and its accom

panying dikes metamorphosed the rocks in the Tombstone 
mining district prior to mineralization . Shale and sandstone of 
the Bisbee Formation were converted to hornfels and quartzite 
which fractured well and helped develop the long continuous 
tension fractures during the many periods of faulting. Lime
stone of the Bisbee Formation and upper Naco Group were 
recrystallized, while the "Novaculite," the basal member of 
the Bisbee Formation, altered to a jasperoid. 



TOMBSTONE MINING DISTRICT 

ORE DEPOSITION 
The hornfelsic shales played a dual role: they fractured well, 

thus providing excellent, confined channel ways tor ascending 
mineralizing solutions; and, because they were unshattered and 
competent except in the immediate vicinity of the fissure 
veins, they formed impermeable caps under which the solu
tions could spread and replace favorable limestone horizons. 
Since the Bisbee Formation is mostly shale and sandstone that 
altered to hornfels and quartzite, much of the ore was con
fined to fissure veins and faults. However, the largest orebodies 
occurred as limestone replacement deposits. Favorable hori
zons for replacement deposits were the "10-foot limestone," 
the "Blue limestone" and the "Novaculite," of the lower Bis
bee Formation and the uppermost beds of the Naco Group. 

The most favorable loci for ore deposition were where a 
northeast fissure vein, dike or premineral fault cut a favorable 
horizon that had been folded by one of the west-northwest
trending anticlinal flexures. In most cases, the "1 0-foot" and 
"Blue" limestones were more tightly folded and fractured than 
were the underlying Naco limestones. These features, together 
with the fact that the "10-foo~" and "Blue" limestones were 
capped and bottomed by impermeable hornfelsic shales, made 
them the most receptive hosts in the district. Fracturing and 
permeability are the greatest where the bends are the sharpest. 
The folds are not symmetrical, and the sharpest bends may or 
may not be at the crest of a fold. In some folds, slip along beds 
produced permeable zones on the limb of the fold, and 
mineralization often extended for some distance down a limb. 

The Silver Thread fold has a flat crest that bends sharply 
into a nearly vertical northeast limb. The bend has intensely 
fractured the "Novaculite," and it is continuously mineralized 
for 600 ft between a dike and a northeast fissure vein. The 
"Blue limestone" on the same roll was replaced by sulfides for 
400 to 500 ft from the dike (Butler and others, 1938). The 
"Blue limestone," where it is cut by a large fissure vein along 
the Sulphuret fold, produced an orebody that was stoped for 
300 ft; the stope varies in width from 25 to 100ft and from 3 
to 8 ft in height. The ore averaged $70 per ton when it was 
mined in 1904-05 (Butler and others, 1938). Figure 5, taken 
along the West Side fissure between the Boss and Sulphuret 
dikes is a good example of the complexity of folding and 
localization of replacement ores within the district. 

Several ore shoots occur in the fisure veins. The Skip-Shaft 
fissure was mineralized for about 900 ft along strike and for 
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more than 600 ft below the surface. Stratigraphically, the 
fissure made ore from the Naco Group to about 400ft above 
the "Blue limestone" in the Bisbee Formation. The fissure was 
most productive along its intersection with the "Blue lime
stone," where the limestone was replaced for some distance 
away from the fissure. Maps of the old workings indicate the 
fissure was stoped over a width of several feet regardless of the 
rock type. The Arizona Queen fissure on the surface is a shear 
zone 4 to 5 ft wide. Like the Skip-Shaft fissure, the Arizona 
Queen has been most productive where it crossed the "Blue 
limestone." However, in the altered shales the fissure was well 
mineralized over a width of 10 to 12 ft, reaching a maximum 
width of 20ft (Butler and others, 1938). 

In addition to the replacement and fissure vein deposits, 
several orebodies were formed with in the larger faults. These 
deposits generally occurred at the intersections of faults and 
fissure veins, particularly where a fissure vein hooked into and 
paralleled the fault for some distance before continuing in a 
northeasterly direction. Orebodies so formed were usually 
irregular, erratic and pipelike in shape. The Prompter fault 
contained irregular pipelike and tabular orebodies from the 
surface to the water level, where mining stopped. In one stope 
on the third level of the Prompter mine, approximately 180ft 
below the surface, the entire fau It zone, a width of 30ft, was 
ore (Buchard, 1884). 

The bulk of the Tombstone ores have been silver chlorides 
and lead, zinc and copper carbonates, with the majority occur
ring above the water table that stands at 4,120 ft above sea 
level, 450 to 600 ft below the surface. At some time in the 
past, the water table must have been lower, as oxidized ores 
have been mined from below the water table in the Grand 
Central, Lucky Cuss, Bunker Hill and Emerald mines. 

There appear to have been at least two phases of mineraliza
tion: an earlier iron, lead, zinc, copper sulfide phase that was 
rich in silver and contained significant gold and a later man
ganese-silver phase. The ore related to the sulfide phase of 
mineralization contains little manganese and occurred as 
masses of pyrite, galena, tetrahedrite and sphalerite with minor 
amounts of chalcopyrite. The galena is later than the other 
sulfides as it replaces them, but it does not appear to be asso
ciated with the later manganese-silver mineralization. Galena 
and tetrahedrite are both argentiferous as is some of the 
pyrite. A sample of massive pyrite from the Sulphuret mine 
assayed 4.18 ounces per ton silver (Butler and others, 1938). 

Figure 5. Cross-section along West Side fissure, looking northwest (from Butler and others, 7 938). 
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The sulfide ore oxidized to limonite and cerussite that con
tained considerable bromyrite and cerargyrite with minor 
amounts of smithsonite, malachite, native gold and silver. In a 
few phases, chalcocite and argentite were found with the 
oxides. 

The later manganese-silver ores occur mostly in the southern 
and western parts of the district principally in ore bodies asso
ciated with the Prompter and Lucky Cuss faults. Most of the 
manganese occurs as psilomelane; however, a mass of ala
bandite was mined from the 350-ft level of the Lucky Cuss 
mine. The alabandite occurred in a replacement deposit in 
crystalline Naco limestone adjacent to the Lucky Cuss fault 
and was surrounded by pyrite, galena and sphalerite, which it 
in part replaced (Butler and others, 1938). The manganese ore 
generally contained less silver and lead and more copper than 
the oxidized sulfide ores, with the silver content usually being 
less than 20 ounces per ton. Typical manganese ore from the 
Dry Hill mine assayed 17 ounces per ton silver, 0.04 ounces 
per ton gold and 0.17% copper (Butler and others, 1938). 
However, some of the manganese ores from the Prompter mine 
averaged 35 ounces per ton silver from production in 1883 
(Buchard, 1884). Ransome (1920) concluded that there was 
little doubt that the manganese-silver deposits occurred, at 
least in part, due to the reaction between the carbonate host 
rocks and the oxidizing sulfide deposits. However, the much 
lower silver and lead, and the higher copper content of the 
manganese-rich ores compared to the low-manganese sulfide 
ores suggests a separate, distinct phase of mineralization. 

Silver was the most economically important metal pro
duced, but gold and lead were also significant. The silver to 
gold ratio for ores produced was 6 :1 in dollar value. The dis-
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trict has produced 45,000,000 pounds of lead (Keith, 1973, p. 
13), an average of approximately 45 pounds of lead per ton of 
ore mined. 
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9 9 9 GEOLOGY AND ORE DEPOSITS OF THE 

WARREN MINING DISTRICT 

BY DONALD G. BRYANT AND HARRY E. METZ 

INTRODUCTION 
The Warren mining district is in the Mule Moun

tains of Cochise County in the southeastern corner of 
Arizona and is about 6 miles north of the Mexican 
International Boundary. The producing area, as it is 
now known, comprises about 3 square miles at a mean 
altitude of about 5,000 feet above sea level. A concen
trator of 18,000 tons-per-day capacity is located in 
Lowell, and the smelting works are at Douglas 25 
miles to the east. The mine area is connected with the 
smelter by the Southern Pacific Railroad and U.S. 
Highway 80. 

The earliest published geologic study of the district 
was by Ransome in 1902 ( 8, 9). These excellent 
publications are constantly used today as the authori
tative geologic source of information for the Warren 
mining district. Since 1904 a number of papers have 
been published and are cited in the bibliography; 
however, particularly noteworthy are the ones of Bon
illas, Tenney, and Feuchere in 1916 ( 1) and a number 
of papers by Trischka ( 13), former chief geologist of 
the Copper Queen Branch, Phelps Dodge Corp., the 
last of which was in 1938. 

Copper ore was discovered in the Warren mining 
district in 1877 by Jack Dunn, a member of a govern
ment scouting party, while he was searching for water 
in Mule Gulch. The first mining claim was the Rucker, 
and it was located by Dunn, Lt. Rucker, and T. D . 
Byrne on August 2, 1877. The Halero claim was lo
cated in December 1877 and was later relocated as the 
Copper Queen, destined to become one of the major 
producers of the district. 

The first smelter was erected in 1878 to treat lead 
ore. It was unsuccessful and in 1881 was replaced by a 
copper smelter. On the recommendation of Dr. James 
Douglas, the Phelps Dodge interests entered the dis
trict with the purchase of the Atlanta claim for $40,000. 
After ore was discovered on the Atlanta, Phelps Dodge 
bought out the Copper Queen, which adjoined it, and 
in 1885 began large-scale mining operations that have 
continued to date. 

In 1899 a syndicate of mining men in Red Jacket, 

Michigan, organized as Lake Superior and Western 
Development Co., purchased a group of mining claims 
in the Warren district, of which the Irish Mag claim 
was one. Ore was discovered in the Irish Mag claim on 
the 750-foot level in 1900, and serious production 
began in 1902 by a newly organized company, the 
Calumet and Arizona Mining Co. The Calumet and 
Arizona Mining Co. and the Copper Queen Consoli
dated Mining Co., which later became Phelps Dodge 
Corp., became the two largest producing companies in 
the district. A third company, the Shattuck Denn 
Mining Co., although considerably smaller than these 
two, was also important. In the fall of 1931, the Phelps 
Dodge Corp. and the Calumet and Arizona Mining 
Co. merged, and the active holdings of the Shattuck 
Denn Mining Co. were purchased in 1947, making 
complete the consolidation of the mining operation in 
the Warren mining district under one mining company 
-the Phelps Dodge Corp. 

GENERAL GEOLOGY AND REGIONAL SETTING 

Generally speaking, the Mule Mountains in which 
the deposits are located are divided into two geologic 
tracts by the northwest-southeast-trending Tomb
Stone Canyon, the site of the town of Bisbee. On the 
southwest side of the canyon the exposures are princi
pally Paleozoic rocks with a few windows showing the 
Precambrian Pinal Schist. On the northeast, except for 
the strip adjacent to the canyon, the rocks are Creta
ceous in age. The exposures in the strip on the north
east side of the canyon consist principally of Juniper 
Flat Granite. As exposed, this granite extends from 
Mule Pass down the canyon for about 5 miles and has 
a maximum width of nearly 2 miles. The northeastern 
side of the granite passes under the Cretaceous beds, 
and consequently this dimension of the intrusive is 
unknown. On the southwest side of the canyon there is 
a strip of Precambrian Pinal Schist overlain to the 
south by Paleozoic rocks. These rocks are transected 
with northwest-southeast-trending dikes of granite 
and rhyolite believed to be apophyses of the Juniper 
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Photograph by Paradise Aerial Photo Service 

FIGURE I.-Aerial view of Bisbee and Warren looking westerly up Tombstone Canyon. 

Flat Granite. The Paleozoic beds have a gentle to 
moderate dip away from, and more or less normal to, 
the southwestern side and ends of the Juniper Flat 
Granite, suggesting northwest-southeast anticlinal 
doming related to its emplacement. The production 
area of the Warren mining district consists of about 3 
square miles situated on the southeastern end of the 
anticlinal dome. The nearest ore of consequence is 
about U4 miles from the southern end of the granite 
mass. The relative ages of the granite intrusive and ore 
deposition imply a genetic relation between the two. 

About 2 miles east of the Juniper Flat Granite is the 
stocklike mass of Sacramento Quartz Porphyry, which 
manifests itself as the focus of mineralization in the 
district. Although very irregular in outline, it may be 
described as about a mile in diameter. A major fault of 
east trend, the Dividend, splits the stock. On the north 
or footwall side the fault wall is Pinal Schist; on the 
south or hanging wall it is Paleozoic sediments. Dis
placement on the Dividend fault is normal and is 

about 2,000 feet at the old Glory Hole in Bisbee and 
about 5,000 feet 2Jf miles eastward at the Saginaw 
shaft. Remnants of Cambrian Bolsa quartzite on the 
footwall and the Paleozoic sediments on the hanging 
wall make these displacement figures fairly reliable. 
On the west, the Dividend fault is lost where it passes 
into the Pinal Schist near Bisbee. There has been 
speculation that the southwesterly contact of the Jun
iper Flat Granite is the Dividend fault because it is 
fairly straight and regular and the alignment is about 
right for the projected strike. Also, there has been 
speculation that .the Quarry fault, the major limiting 
fault on the west side of the Bisbee district, is the 
continuation of the Dividend curving to the southwest. 
Evidence for verifying either of these concepts is 
lacking. Eastward the Dividend fault is lost in the 
alluvium of Mule Gulch. 

There is a marked change in the strike of the 
Dividend fault where it passes through the Sacra
mento stock. Westward from the stock, it has a strike 
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of N. 70° W ±., which conforms more or less to the 
lineation of the other geologic features in the vicinity 
of Tombstone Canyon. Eastward, it assumes a more 
nearly east-west strike for nearly 2 miles until it is lost 
in the alluvium. In the Sacramento stock where this 
change in strike occurs, the fault apparently splits 
westward into a number of branches, which leave the 
main break on an east-west-trending strike and curve 
southward as horsetails. The most conspicuous strand 
of this horsetail in the Lavender pit workings has been 
designated as the Lavender Pit fault. It dips south
ward about 70°, conforming to the Dividend fault. 
Displacement is normal and is believed to be about 
500 feet. The Lavender Pit fault is probably one of the 
faults noted in the early mining of the limestone 
replacements, which dropped the ore-bearing horizons 
in the Irish Mag and Spray mines about 500 feet with 
respect to the ore horizons to the northwest. Also, this 
displacement plus the cumulative displacement of the 
other branches could account for some of the wide 
discrepancy of movement on the Dividend fault be
tween its east and west ends. 

South of the Dividend fault the Paleozoic rocks of 
the productive area have been cut by a great number 
of northeast fractures. These have been separated into 
fault zones and have been indicated on the majority of 
the geologic maps of the Bisbee area as single fault 
planes. They have a strike that is complementary to the 
Dividend fault, roughly N. 20° E., and dip steeply to 
the west. Individually, even the strongest fractures 
lack persistency in strike and dip. It is common for 
breaks containing as much as a number of inches of 
gouge and resembling a plane of major dislocation to 
fade out and become lost within a few feet both on 
strike and dip. Displacement on individual fractures is 
insignificant. However, collectively, across a zone that 
might be as much as 1,000 feet wide, the cumulative 
displacement may be considerable-500 feet or more. 
In all, there have been more than 20 fault zones 
identified, most of northeast trend. Ore occurrence is 
intimately associated with these northeast fractures. 
The major fracture zone in the Junction area is in 
Mexican Canyon. It is a zone possibly 1,000 feet wide, 
which has an overall displacement of from 400 to 500 
feet. Ore has occurred intermittently in this zone for a 
vertical extent of more than 2,000 feet. The Mexican 
Canyon fault, which so conspicuously displaces the 
Cretaceous Mural Limestone in the hills north of the 
Dividend fault, has a strike that projects into this ore 
zone. This relation has been used as evidence of a post
Cretaceous age for the mineralization. It has been 
reasoned that the ore-zone fractures and the fault 
which displaced the Cretaceous beds were one. Other 
evidence, which will be enumerated later, places the 
age so overwhelmingly in the pre-Cretaceous that this 
cannot be the case and can be explained by recurrent 
faulting. 

About 8,000 feet south of the Dividend fault is the 

first of another system of faults that is more or less 
parallel to the Dividend and limits the productive area 
on the south. The zone of breaking, referred to as the 
Don Luis block in some of the earlier literature, is 
about 3,000 feet wide. Generally, displacement is nor
mal, and the downthrown side is on the north for the 
northernmost breaks and on the south for the southern 
breaks. In the northern section, the Paleozoic rocks are 
dropped in stages on each break until the Precambrian 
Pinal Schist is exposed. Progressing southward this 
condition is reversed until Paleozoic rocks on the south 
are abutted against Precambrian Pinal Schist on the 
north. 

ROCK DESCRIPTIONS 

Precambrian Metamorphic Rocks 

The oldest rock in the Warren mining district is the 
Precambrian Pinal Schist, a quartz sericite schist. This 
rock is probably the result of regional metamorphism 
of thin-bedded clastic sediments. Bedding, when 
detectable in the field, is very steep. Neither the top 
nor the bottom of the schist has been found; conse
quently, the thickness of these sediments is indeter
minate. In thin section, essential constituents are 
quartz and very fine grained aggregates of sericete 
with accessory tourmaline and rare red garnets. 

Paleozoic Sedimentary Rocks 

The Bolsa Quartzite, deposited with angular uncon
formity on the nearly level plane of eroded Pinal 
Schist, is of Middle Cambrian age. The Bolsa Quart
zite is 430 feet thick, as measured by Ransome ( 8) at 
the Mount Martin type section. The basal beds of the 
Bolsa consist of quartzite conglomerate, which grades 
upward into a pebbly grit, commonly crossbedded. 
The upper part of the Bolsa is argillaceous and calcar
eous and grades into the overlying Abrigo Lime
stone. 

The Abrigo Limestone of Middle and Late Cam
brian age is 770 feet thick at the Mount Martin type 
section ( 8). The lower contact of the Abrigo with the 
Bolsa is conformable and is arbitrarily set at the top of 
the uppermost quartzite bed in the transitional zone. 
The lower half of the Abrigo is characteristically shaly, 
and the upper half is distinctly crystalline. The crystal
line upper half of the Abrigo is divisible into two 
mapping units. The lower unit of 170 feet is a distinc
tive series of remarkably evenly bedded crystalline 
limestone beds, averaging 2 inches thick, separated by 
wavy greenish laminae. The upper unit of 220 feet 
consists of massive-6 inches to 2 feet-sandy lime
stone with some crossbedding, terminated by a quartz
ite bed. This quartzite, known in the district as the 
Parting Quartzite, is composed of equigranular, well
rounded, white quartz grains cemented by silica. The 
thickness is very irregular and ranges from 0 to 16 
feet. 

Rocks of Ordovician through Middle Devonian age 
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have not been recognized in the Warren mining dis
trict. 

The Upper Devonian Martin Limestone, unconform
ably overlying the Cambrian Abrigo Limestone, is 
from 300 to 375 feet thick. The lower part of the Martin 
consists characteristically of black shaly limestone. 
The upper part of the formation is thick bedded and 
consists of very fine grained black crystalline lime
stone. 

Conformably overlying the Martin Limestone with
out a well-defined contact is the Escabrosa Limestone 
of Early and middle Mississippian age. The Escabrosa 
Limestone seems to thin to the southeast. Measure
ments of the thickness of the Escabrosa in the Warren 
mining district range from 600 to 800 feet. The 
Escabrosa is predominantly a very thick bedded, light
gray to white, coarse granular crinoidal limestone with 
subordinate dark-gray aphanitic beds. About 250 feet 
above the base of the Escabrosa are the "lower" chert 
beds, which are about 50 feet thick. The distinctive 
chert beds are 1 to 8 inches thick, dark gray to black, 
finely crystalline, and are interbedded with dark-gray 
aphanitic limestone. The contact of the Escabrosa with 
the overlying Horquilla Limestone of Pennsylvanian 
age is not well defined but is considered to be at the 
top of the Escabrosa cliff. This contact is marked 
neither by erosion, stratigraphic break, nor by marked 
lithologic change, although faunal assemblages indi
cate that the Upper Mississippian is absent. Of pos
sible significance during recent work in the Naco Hills, 
only 5J~ miles southwest of the Warren district, is the 
discovery of 144 feet of shaly limestone lying conform
ably between the Escabrosa and the Horquilla Lime
stones. This shaly limestone is very similar to the Late 
Mississippian Paradise Formation described by Her
non ( 5, p. 653-696) and Stoyanow ( 11, p. 508-511). 

The Pennsylvanian Naco Formation, named and 
measured by Ransome ( 8), is about 3,000 feet thick 
in the Warren mining district. Gilluly, Cooper, 
and Williams ( 4, p. 15-42) raised the Naco Formation 
to the Naco Group and divided the group into six new 
formations. Only the lower three of these formations 
are present in the district. These formations are the 
Pennsylvanian Horquilla Limestone, about 1,000 feet 
thick; the Pennsylvanian-Permian Earp Formation, 
about 460 feet thick; and about 250 feet of the lower 
part of the Permian Colina Limestone. 

In the mining area, the Earp and Colina are exposed 
from the southerly wall of the Lavender pit to the 
Dallas shaft in a small downdropped fault block. 

The Horquilla Limestone, of Middle to Middle-Late 
Pennsylvanian age, is a predominantly thin-bedded ( 6 
inches to 2 feet thick) blue-gray limestone with a few 
thicker beds as much as 6 or even 8 feet thick and 
subordinate granular crinoidal beds. Near the top of 
the Horquilla, shale beds become increasingly numer
ous. The base of the overlying Earp Formation is 
placed where the shale is predominant. 
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The Earp Formation, of Middle-Late Pennsylvanian 
to Permian age, consists predominantly of clastic sedi
ments in the lower part and massive limestone and 
conspicuous orange dolomite toward the top. The 
uppermost of these dolomite beds is considered the top 
of the Earp Formation. The incompetent clastic beds 
in the Earp, lying between the massive limestone 
of the Naco and Colina, are especially susceptible to 
intense faulting in the Warren district, making the 
estimated thickness of 460 feet completely unre
liable. 

Conformably overlying the Earp is the Permian 
Colina Limestone. The Colina Limestone is a black, 
fossiliferous, massive limestone and is about 250 feet 
thick. 

No younger Paleozoic rocks have been recognized in 
the Warren mining district. 

Mesozoic Sedimentary Rocks 

In the Warren mining district, Mesozoic sedimen
tary rocks consist of an accumulation of predominantly 
clastic rocks about 5,000 feet thick of Lower Creta
ceous age. It is probable that Jurassic and Triassic 
sediments were never deposited in the district. The 
Cretaceous beds were first described in 1902 by 
Dumble and designated as the Bisbee Group. Ran
some ( 8) retained the name of Bisbee Group and 
divided it into four formations-the Glance Conglom
erate, the Morita Formation, the Mural Limestone, 
and the Cintura Formation. 

The basal member of the Cretaceous Bisbee Group is 
the Glance Conglomerate, which ranges from 0 to more 
than 3,000 feet thick. The Glance Conglomerate con
sists of bedded angular to imperfectly rounded pebbles 
and boulders imbedded in a reddish fine-grained ma
trix. These pebbles and boulders have been derived 
from all the pre-Cretaceous rocks of the Warren mining 
district. The terrain upon which the Glance Conglomer
ate was deposited is characterized by radical differ
ences in relief. North of the Dividend fault, which is the 
northern boundary of the ore-producing area, the 
Glance Conglomerate was deposited on a surface of 
low relief cut principally on Pinal Schist with a few 
remnants of Balsa Quartzite and Juniper Flat Granite. 
Ransome ( 8) believed that this surface is probably 
equivlent to the Precambrian surface upon which the 
Balsa Quartzite was deposited. In this area, the Glance 
is from 0 to 75 feet thick and consists predominantly of 
schist fragments. South of the Dividend fault, the relief 
of the pre-Cretaceous surface was characterized by 
very deep canyons and low hills in Paleozoic limestone. 
This concept of extreme relief was recently verified by 
diamond drilling at an area about 7 miles southwest of 
Bisbee. One hole collared and advanced 2,725 feet in 
the Naco Limestone, but less than a mile away another 
hole cored Glance Conglomerate with predominant 
limestone boulders through its entire length of 2,210 
feet. Between the two holes there is no recognizable 
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post-Glance faulting. Only in the upper part of the 
Glance south of the Dividend fault does schist detritus 
become common. The explanation of the origin of this 
extreme contrast of lithology and thickness of the 
Glance Conglomerate depends on the Dividend fault. 
First, pre-Glance movement of several thousand feet 
on the Dividend fault elevated the northern block 
higher than the southern block. Then subaerial erosion 
stripped the Paleozoic sediments and intrusive igneous 
rocks from the northern block and dumped this debris 
onto the complexly faulted southern block. With rapid 
submergence, as evidenced by the variable size and 
angularity of the fragments, the seas covered the area 
except for the higher schist terrain. Erosion of the 
north block continued until the irregularities of the sea 
bottom were leveled by deposition of Glance with 
predominant schist boulders . With complete submer
gence of the area, deposition of the Glance Conglom
erate ended with a gradual change of lithology to the 
fine clastic material of the conformably overlying 
Morita Formation. 

The Morita Formation is 1,800 feet thick and con
sists of alternating shale and sandstone. It becomes 
increasingly calcareous toward the top and grades into 
the overlying Mural Limestone. 

The Mural Limestone is 650 feet thick and is divided 
into two mappable units. The lower 300 feet consists of 
thin-bedded impure limestone, and the upper 350 feet 
is a thick-bedded very fossiliferous limestone. In the 
predominantly clastic Bisbee Group, this upper mem
ber is distinctive, as it forms a white cliff in much of 
the district. 

The Cintura Formation consists of 1,800 feet of 
alternating shale and sandstone, which conformably 
overlies the Mural Limestone. The original thickness is 
unknown because the top is an erosion surface. 

Cenozoic Rocks 

The only other sedimentary rocks in the district are 
Quaternary and Recent fluviatile deposits and a few 
very local landslide deposits. These fluviatile rocks 
consist of coarse angular to subrounded detritus and 
are rarely bedded. 

Post-Paleozoic-Pre-Cretaceous Igneous Rocks 

In the Warren mining district, the important igneous 
rocks were intruded during the post-Paleozoic-pre
Cretaceous interval. Although these intrusives differ 
in form, size, texture, and geologic environment, the 
similarities of granite composition and age indicate a 
probable comagmatic origin. The intrusive rocks are 
grouped into two geologic classifications on the basis 
of the extent of hydrothermal activity. Northwest of 
Bisbee the first group, including the Juniper Flat 
Granite and the Escabrosa Ridge dikes, is not appre
ciably altered. The second group, which includes the 
Sacramento stock and the "underground" porphyries, 

is intensely altered and intimately associated with 
mineralization. 

The Juniper Flat Granite forms a northwest-trend
ing elongated stock located in the central part of the 
Mule Mountains and is resistant to erosion and forms 
topographic highs, cliffs, and steep slopes. In general, 
the Juniper Flat Granite has typical granitoid texture, 
but a distinct porphyritic phase is present locally, 
particularly on Juniper Flat. The coarse-grained va
riety of Juniper Flat Granite is composed of quartz, 
orthoclase, plagioclase, and biotite. The finer grained 
porphyritic rock, although megascopically similar to 
the coarse variety, is distinctly different when studied 
under the microscope. Microscopically, the porphyri
tic phase consists of orthoclase and quartz with minor 
amounts of plagioclase and biotite. Associated with 
the Juniper Flat Granite are numerous dikes, irregular 
intrusive bodies, and sills intruding all the pre-Creta
ceous rocks. These intrusives are especially well devel
oped along Escabrosa Ridge as a northwest-striking 
interlaced network parallel to the elongation of the 
Juniper Flat Granite. Megascopically, the minor intru
sive rocks consist of irregular, embayed, and idio
morphic quartz and flesh-tinted orthoclase phenocrysts 
imbedded in an aphanitic groundmass. Under the 
microscope, the groundmass is a microgranitic aggre
gate of quartz, orthoclase, and muscovite. Ransome 
( 8) referred to these intrusives as granite porphyries, 
but modern usage requires the groundmass of granite 
porphyries to be megascopically crystalline or phaneri
tic ( 12, p . 9) . Since the groundmass is aphanitic, 
rhyolite porphyry is believed to be better terminol
ogy. 

The most important intrusive body of the altered 
group is the Sacramento stock. This stock, which is 
about a mile in diameter, appears to be the center of 
mineralization, as indicated by peripheral distribution 
of the ore bodies shown in figure 2. Geologic mapping 
during recent open-pit operations indicates that the 
stock is an intrusive complex rather than a single 
intrusion. Identifiable are: 1. an intensely silicified 
pyritized quartz porphyry more or less in the center 
and believed to be the earliest intrusive; 2. a breccia 
consisting of an intensely silicified mixture of schist, 
quartzite, limestone, and quartz porphyry fragments, 
more or less confined to the southerly side of the stock, 
which is designated as intrusion (?) breccia and is 
believed to have been formed during the emplacement 
of the early quartz porphyry; 3. a sericitized slightly 
pyritized feldspar quartz porphyry, which is more or 
less in the easterly part of the stock but is also 
prevalent in the mineralized area as dikes and sills and 
is designated as "underground" porphyry; and 4. a 
breccia consisting of a heterogeneous agglomeration of 
rounded fragments of schist, quartzite, limestone, both 
types of porphyry, and low-grade siliceous sulfide, 
which is designated as intrusive breccia and is quite 
prevalent as large irregular masses within the stock 



....
....

. 
,_.

 ! 
V

E
R

T
IC

A
L 

P
R

O
JE

C
TI

O
N

 
O

F 
O

R
E

 
B

O
D

IE
S

 
F

A
LL

IN
G

 
W

IT
H

IN
 

4
5

0
 F

E
E

T
 

O
N

 E
IT

H
E

R
 

S
ID

E
 

O
F 

S
E

C
T

IO
N

 L
LN

E
 A

-A
 

W
A

R
R

E
N

 
M

IN
IN

G
 

D
IS

T
R

IC
T

, 
A

R
IZ

O
N

A
 

1
0

0
0

 
5

0
0

 
0 

1
0

0
0

 
2

0
0

0
 

3
0

0
0

 
loo

 
-

""
 

-
-
-
-
-
-
-

-
-
-
-
-
l
l
 _

_
_

 ..
. 

S
C

A
LE

 
IN

 
F

E
E

T
 

F
IG

U
R

E
 
2a

. 

E
X

P
L

A
N

A
T

IO
N

 
Cn

 
P

E
R

M
tA

N
·P

E
N

N
S

Y
L

V
A

N
tA

N
 

N
A

c
o

 
L

IM
E

S
T

O
N

E
 

C
e 

.... 
,s

s
ts

s
t 

P
P

IA
N

 
ts

c 
.... a

R
o

s
A

 
L

IM
E

s
T

o
N

E
 

Dm
 D

E
V

O
N

IA
N

 
M

A
R

T
IN

 
u

-.
.E

s
T

o
N

E
 

(Q
 

C
A

M
B

R
IA

N
 

A
B

A
IG

O
 

L
IM

E
S

T
O

N
E

 

? 
O

R
E

 
B

O
D

IE
S

 
M

IN
E

O
 



~
 

,_
 ~
 

.... 

• 
J 

.. 

--,., ..
 

...
 J. 

'·'
 

.. 
' 

~(
~ 

I "· \ 
~~

 

"
v

f
l 

f· 
v,

)'
'v

vv
v
v
~
~
:.
 

v 
, 

v
"

 v
 

1..
1 

)'
 

v 
9P

o 
~ 

'\.
 

' 
I'

 
\"

.,'
/•

'•
 ,

'v
' 
·~"

,'·
V 

;-...
:..::

_v
v"

V:
:v

 j\
 
0 

'
11

',
1

1
'\

•,
v
,
,,

.,
' 
"
''

)'
tl

l;
";

:.
_v

..
,J

:'
/1

'(.
.,)

\ 
K

g 
p 

11
1

' 
-r

rr
-,.

.,_
,,/

 ~ ~
 • ~

 :, 1
1 1 

1 
I 

1 
'\:

:)
 I

II
;'

V
..

,·
')-

i.!U
.,!..J
~
 • ..,"g

"p
"0

• 
v 
\'t

il~
 11/

 111
11~J;:v

ji~
 

• 
v 

'•
v

v
v

 
v

••
 

1
/ 

l
t
li
 

I 
/)

 
'.

, 
• 

• 
..,

 .
., 

• 
• 

v 
v 

v 
•.J

 I.
',

 !
I 

• 
I;

 \-
f'9

p 0 
1 

A
 

_ 

1
1

,,
,,

11
/1

1/
f;

-' 
i/

't'
t1 t

1 (;
1

 
I 

'I
V

';
 (

t-
'1

1 1
1 /
tl

 

~ 
I 

I 
II

 
,

, 
0

1
\f

l(
.t

fN
D

 
tA

U
l7

 
"!"

i?.
u~

g' 
#,

...
 

,, 
' 

• 
I 

t.
f 

' 
i)

 
. ,

 

,
.f 
:~
f~
::
~ 

.!-
~;:~ 

. 
..f

'· 
'. :

1~
 

. 
\·_

 
., .

. 
r-

,. 
. .

 
,,.(

 -~ 
.. 

"I 
. 

'It•
 

If
! f·
 

;...
-:~
 

....
. 

. 
.. 

·' 
'

. 
L

 
~ -

tl 
-~

~ 
;!
(-

-:.'
"
' 

,'
i 

.•
 

~
~
 

ii 
.

. 
~ 

~" 
~ 

. .
 ' 

. 
. 

. ' 
~·~
 ' ~
 ... ·

' 
y·
~ 

q 
.. 

H
O

R
IZ

JN
T

A
L 

P
RO

J
f"

: T
IO

N
 

oc
 

'R
<

 
9

2
·:

 
~
s
 

W
4
R

R
t
~
.
'
 

'J
 

·,
 

'.
~,

; 
4 

..
 \

A
. 

";;
.."
-

~"
;.
.,
 

j 

F
IG

U
R

E
 2

b.
 

~
 

:'
 

I I 
-;

--
. 

E
X
P
.
!
,
~
N
A
T
I
O
N
 

J0 0°K
%'&

J G
LA

N
C

E
 C

O
N

G
LO

M
E

R
A

TE
 

[
f
l
~
 I

N
T

R
U

S
IV

E
 B

R
E

C
C

IA
 

J•.
ex

,•J
 IN

T
R

U
S

IO
N

(?
) 

B
R

E
C

C
IA

 

It 
gp

y]
 

Y
O

U
N

G
E

R
 

P
O

R
P

H
Y

R
Y

 

J\
9P

o>
J O

LD
E

R
 

P
O

R
P

H
Y

R
Y

 

~
N
A
C
O
 L

IM
E

S
T

O
N

E
 

J1 ;
f1

;~
(;,

1 
P

IN
A

L
 S

C
H

IS
T

 

-
F

A
U

L
T

 

-
·
-
·
-

C
O

N
T

A
C

T
 

~
-
-
~
,
L
A
V
E
N
D
E
R
 
P

IT
 O

U
T

L
IN

E
 

• 
O

R
E

 
B

O
D

IE
S

 
M

IN
E

D
 



196 

area and in the mineralized limestone as small irregu
lar bodies. 

The quartz porphyry of the Sacramento stock has 
been thoroughly altered, silicified, and pyritized so 
that the character of the original rock is indetermin
able. The altered rock consists of anhedral grains of 
quartz, intergranular pyrophyllite, and scattered, 
large, rounded, and embayed phenocrysts of quartz, 
commonly termed quartz "eyes ." Accessory minerals 
include dickite, alunite, and rutile with minor zircon, 
apatite, and bastite. The sulfide content is more than 15 
percent, mostly pyrite. 

The feldspar quartz porphyry is a rather soft, green
ish-gray, thoroughly altered rock with scattered dis
seminated pyrite. In the stock area it is on the south and 
easterly contacts of the stock and occurs in the miner
alized limestone area as irregular dikes and sills. The 
porphyry is distinctive by the absence of silicification 
and intense pyritization, although it is commonly in 
contact with large massive siliceous bodies in the 
undergound exposures. In some instances, along the 
porphyry contact, a shear or breccia zone of black 
mylonitic material with oriented fragments of massive 
pyrite is present, indicating a post-massive sulfide age 
for this porphyry. Pyritization and silicification of the 
early quartz porphyry and the formation of the low
grade, siliceous, massive sulfide limestone replace
ments undoubtedly occurred at the same time. This 
surge of mineralizing activity, which acted on one but 
not the other porphyry, is believed to separate the two 
intrusions in time. 

The feldspar quartz porphyry exposed in the pit has 
been intensely sericitized without destruction of the 
original texture. The alteration of the undergound 
intrusive rocks, through their extent, is remarkably 
uniform in intensity and indicates a possible deuteric 
origin of the alteration. The rock may have been 
quartz monzonite porphyry, but alteration has de
stroyed all the evidence of the original composition. 
The altered rock consists of embayed phenocrysts of 
quartz, pseudomorphs of sericite after feldspar, and 
chloritic biotite phenocrysts in a groundmass of micro
crystalline quartz and sericite. The accessory minerals 
are zircon, apatite, and rutile. Alunite and dickite have 
not been recognized in this rock. Pyrite mineralization 
is slight and appears to be concentrated in the altered 
biotite phenocrysts. In areas of supergene enrichment, 
the altered biotite phenocrysts are completely de
stroyed, probably by action of downward-circulating 
water. 

Age of Granitic Intrusions 

The Juniper Flat Granite intrudes the Precambrian 
Pinal Schist and the Pennsylvanian Horquilla Lime
stone ( 4, p. 54). The Cretaceous Glance Conglomerate 
rests directly on an erosional surface of Juniper Flat 
Granite. Thus, the age of the Juniper Flat Granite is 
definitely post-Paleozoic-pre-Cretaceous. The Sacra-

DONALD G. BRYANT AND HARRY E. METZ 

mento intrusive compiex intrudes the Pinal Schist and 
all the Paleozoic rocks up to and including the Per
mian Colina Limestone. The Sacramento stock-Glance 
Conglomerate contact has been exposed recently by 
stripping operations in the Lavender pit. The Glance 
Conglomerate is deposited on an erosional surface 
carved on porphyry and contains numerous large an
gular boulders of the same porphyry. The condition of 
these porphyry boulders indicates that distance of 
transportation was negligible. Thus, the major intru
sive rocks of the Warren mining district are definitely 
post-paleozoic-pre-Cretaceous. 

The only igneous activity of definite post-Creta
ceous age is expressed by a few andesitic dikes cutting 
the Glance Conglomerate, the largest of which is about 
6 miles southeast of Bisbee. 

Intrusive Breccias 

Intrusive breccias are a heterogeneous agglomera
tion of rock fragments that are embedded in a matrix 
of pulverized rock and have been transported, some
times for considerable distances, and emplaced in their 
present condition in what appear to be pre-existing 
fractures. At Bisbee, all the underlying formations may 
be represented in the breccia, but none of the over
lying formations have ever been identified in it. The 
intrusive breccias of the Warren mining district have 
been divided into two mappable units, which are desig
nated as intrusion (?) breccia and intrusive breccia. 

The intrusion ( ? ) breccia has been so designated 
because of its close association with the early quartz 
porphyry of the Sacramento complex and the possibil
ity of its being formed in the emplacement process of 
this porphyry. It is in the southerly part of the intru
sive complex near the Gardner shaft. Here, it is in 
contact with the quartz porphyry on the north and 
limestone on the south with a finger that extends 
northeast beween the quartz porphyry and the feld
spar quartz porphyry. (See fig. 3.) It is composed of a 
heterogeneous mixture of fragments of schist, quartz
ite, limestone, and porphyry, which, like the quartz 
porphyry, has been intensely altered, silicified, and 
pyritized. The groundmass or matrix is pluverized rock 
composed of the same material as the enclosed rock 
fragments . Many of the contacts of the fragments in 
this breccia are not distinct but are gradational from 
matrix to fragment as if a semidigestive process had 
taken place. There has been pervasive silicification and 
pyritization of this breccia to about the same degree as 
in the quartz porphyry. However, there are more small 
massive sulfide bodies in the breccia. Overall sulfide 
content is probably about the same. 

The intrusion ( ? ) breccia is the so-called contact 
breccia described in earlier publications ( 1) . It was 
believed at that time that this breccia was volcanic 
explosion debris intruded by the older quartz por
phyry. Subsequent work both in underground and 
open-pit operations has established that the breccia 
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FIGURE 3.-Geologic plan and section of the Lavender pit. 

was formed either during or after, but not before, the 
intrusion of the breccia. 

The intense silicification and pyritization of the 
Sacramento stock and the intrusion of later units into it 

have obscured the character of the intrusion (?) brec
cia. The areal restriction of this unit to the southerly 
contact of the older porphyry and the presence of 
contorted swirling flow structure seem to indicate that 
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the unit is an intrusion breccia that has been dragged 
or pushed from depths by the forcible intrusion of 
magma. There are other features that are more com
patible to the designation of the unit as an intrusive 
breccia. These conflicting features are the lack of 
igneous matrix, extreme heterogeneity of included 
fragments, and the rounding of fragments. In addition, 
the presence of broken, separated, and transported 
fragments of ptygmatic silica bands, which were 
formed during the stage of intense silicification, indi
cates that the breccia was still active after emplace
ment of the porphyry. The intrusion ( ? ) breccia is a 
very complex unusual rock, and much more research 
will be needed to resolve the history. 

The other unit, designated as intrusive breccia, is 
later, cuts the Permian rocks, and is widely distributed 
in the Bisbee district. The size of the intrusive breccia 
bodies ranges from dikes and sills of less than an inch 
wide to irregular masses with dimensions of several 
hundred feet. Because of the strong influence of pre
existing structures, the resulting shapes of intrusive 
breccia masses are very irregular. Commonly, intrusive 
breccia material will travel along a fracture as a dike, 
then intrude along a bedding plane or move into a 
fracture intersection to produce an intrusive breccia 
pipe. The extreme mobility of this material is indicated 
by the ease with which it changes controlling struc
tures to form an intricate network even in tightly 
fractured rock. In areas of very intense fracturing, 
complete engulfment with removal and (or) rework
ing of the broken ground results in large irregular 
intrusive breccia masses. The contacts with the in
truded rocks are usually knife-sharp and smooth as if 
irregularities and projections of the walls have been 
scoured. 

The characteristic internal structure of the intrusive 
breccias is turbulent with random distribution and 
orientation of fragments. Only adjacent to the walls 
and peripheral to the larger fragments are flow struc
tures observed. Adjacent to the walls the flow struc
tures are indicated by rude parallelism of the frag
ments. Careful study of sliced oriented specimens 
containing these flow structures indicates that the 
direction of flow is not necessarily vertical but may 
vary from horizontal to vertical. No definite subsid
ence or downward movement of fragments has been 
observed. In thin masses less than 1 or 2 feet thick, this 
parallelism persists from wall to wall, but in the 
thicker bodies, the central areas indicate turbulence 
during transportation. 

Fragments of all the pre-Cretaceous rock types are 
found in the intrusive breccias. Included as fragments 
are the following rock types: Pinal Schist, all the 
Paleozoic sediments, silicified and altered early quartz 
porphyry, intrusion ( ? ) breccia, silicified pyrite and 
silica of the early barren stage, and the later feldspar 
porphyry. Notably absent are exotic fragments of rock 
types not known in the district. 

DONALD G. BRYANT AND HARRY E. METZ 

These fragments vary greatly in size and shape, 
depending on the original competency of the rock 
type, the distance traveled, and (or) the turbulence 
during transportation. The sizes range from large 
blocks measured in tens of feet to microscopic rock 
flour of the matrix. These larger fragments probably 
did not travel far but were merely suspended as the 
finer intrusive breccia material was emplaced. That 
these large blocks are truly unsupported in three 
dimensions, except by the breccia-forming mechanism, 
has been demonstrated many times during the map
ping of the Lavender open-pit mine. Fragments of 
quartzite, silicified porphyry, and schist are commonly 
large and well rounded or spherical. The presence of 
comminuted rock in the matrix indicates that the 
rounding was accomplished by attrition and abrasion 
rather than corrosion. The largest well-rounded boul
der observed is an ellipitical boulder of Bolsa Quartz
ite measuring 7 feet along the minor axis and 11 feet 
along the major axis. Generally, the rounded fragments 
range in size from 3 feet to less than 1 mm in diameter. 
As the name "intrusive breccia" implies, these frag
ments have been transported upward into the higher 
formations of the stratigraphic column. The distances 
traveled may vary from a few inches to several thou
sand feet. For instance, in an exposure of intrusive 
breccia cutting the Pennsylvanian Horquilla Lime
stone, the presence of Pinal Schist fragments indicates 
a minimum upward displacement of 3,000 feet. 

Under the microscope, the matrix of the intrusive 
breccias is composed of fine-grained rock fragments 
usually cemented by calcite and (or) silica and heav
ily impregnated by pyrite and copper sulfides. These 
cementing materials are later than the emplacement of 
the breccia and are associated with the subsequent 
stage of ore mineralization. The composition of the 
matrix is extremely heterogeneous, and usually all the 
pre-copper mineralization rock types are present. The 
matrix maintains this heterogeneity even in exposures 
of breccia in which the large fragments are predomi
nantly of the immediate wall rocks. Major parts of the 
large intrusive breccia of the Sacramento complex in 
the north-central area of the Lavender pit are made up 
of porphyry fragments. Both early quartz porphyry 
and later feldspar porphyry are present. The other part 
of this breccia consists of mixtures of fragments of both 
porphyries, Pinal Schist, Balsa Quartzite, intrusion (?) 
breccia, and siliceous pyrite and silica of the early 
barren stage. 

The determination of the alteration undergone by 
the fragments during transportation is very difficult for 
several reasons. First, in most instances, these breccias 
are closely associated with ore, and, therefore, the ore 
alteration is superimposed upon any previous altera
tion. Also, the extent of alteration of the fragment at its 
point of origin is unknown. In addition, the products 
of alteration occurring during transportation and em
placement are subject to removal by abrasion. In the 
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few exposures of intrusive breccia that seem to be 
unassociated with mineralization, the alteration of 
fragments is very weak or nonexistent. Limestone may 
show slight peripheral recrystallization, and porphyry 
fragments are slightly bleached along the periphery. 
In some instances a thin skin of talcose or chloritic 
alteration has been observed on the surface of the 
fragments. These same difficulties arise when altera
tion of the intruded rocks is investigated. 

The origin of breccias containing transported frag
ments has been discussed exhaustively and adequately 
in several recent articles ( 2, 3, 6, 7). Rather than 
reviewing these discussions, distinctive features of the 
Bisbee intrusive breccias, which should be considered 
in any discussion of origin, are enumerated: 

1. The complete lack of appreciable subsidence. 
2. Transportation and abrasion of fragments up

ward for thousands of feet. 
3. Lack of any indication of explosive violence. 
4. Extreme fluidity or nonviscuous behavior of 

the breccia mass. 
5. Sharp contacts with nonbrecciated wall rocks. 
6. Chemical nonreactivity of the transporting 

medium. 
7. The absence of igneous material in the matrix 

except as fragments and comminuted rock 
powder. 

8. The presence of spherical boulders. 
9. The absence of exotic boulders. 

THE LA VENDER PIT ORE BODY 

The low-grade disseminated mineralization of the 
Lavender pit ore body is of the hypogene and super
gene type. The localization of the ore body in the 
Sacramento intrusive complex was controlled by the 
"horsetailing" of the Dividend fault. This "horsetailing" 
in its earlier phases was probably also responsible for 
the emplacement of the various units of the Sacra
mento complex. The ore body is restricted to the south 
or downthrown side of the Dividend fault. As has been 
true of nearly all the so-called "porphyry" copper 
deposits, detailed mapping has proven that spatial and 
temporal distribution of ore and rock types are not 
simple. 

Oxidation, leaching, and redeposition of the copper 
between Permian and Cretaceous times developed a 
chalcocite blanket. This blanket dips easterly and is 
from 50 to 400 feet thick. The upper surface of the 
blanket is irregular and undulates conformably to the 
erosion surface upon which the Cretaceous Glance 
Conglomerate was deposited. The oxidation-leaching 
process has thoroughly removed the copper from the 
oxide capping, and no mixed oxide-sulfide ores are 
present in the area now being mined. There is very 
abrupt transition from oxide capping to sulfide ore. 

The distribution of ore can be summarized in four 
types segregated on the basis of the host rock and 

environments. These are: 1. the intrusive breccia; 2. 
the intrusion (?) breccia; 3. the argillized younger 
feldspar porphyry; and 4. the intensely sheared and 
broken siliceous older quartz porphyry. In each of 
these rocks the ore is distinctly different. At present, no 
correlation between grade of ore and intensity of 
alteration is apparent because the alteration appears to 
be spatially controlled by rock types. 

In the intrusive breccias, which are concentrated 
more or less jn the interior of the intrusive complex 
(fig. 3), the ore occurs as supergene replacement of 
hypogene sulfide minerals, principally of copper, 
which are disseminated in the matrix and in the 
fragments along fractures. The ore mineral in this 
supergene zone is "sooty" chalococite with local covel
lite. In polished section, microscopic cores of primary 
sulfide-including chalcopyrite, bornite, and sphaler
ite-have often been observed in the chalcocite grains. 
With depth, below the main supergene zone, the 
supergene chalococite becomes subservient to the 
unreplaced hypogene copper minerals as to prepon
derance in the ore. The grade of the intrusive breccia 
ore is high compared to the average grade of the 
Lavender pit ore body, but the ore-grade material is 
distributed very erratically. 

The copper ore in the intrusion(?) breccia on the 
southerly margin of the pit consists of sporadic, rela
tively small, irregular lenses of very rich chalcopyrite 
and bornite, which grade outward into more typical 
disseminated "porphyry" ore. These ore bodies are the 
same as the "ore plums" mined by underground-min
ing methods in the "contact breccia" early in the 
history of the Bisbee district and described by Bonillas 
and others ( 1). There is very little evidence of super
gene enrichment, indicating that the "tough" slightly 
fractured intrusion (?) breccia did not permit percola
tion of the meteoric solutions. 

Most of the ore in the younger quartz feldspar 
porphyry is localized in the eastern end of the pit 
adjacent to the intrusive breccia. This area is charac
terized by intense argillization that may be related to 
the supergene process. The ore consists of dissemi
nated shattered grains of pyrite, which have been re
placed by sooty chalococite more typical of the classi
cal concept of "porphyry" copper ore bodies. In the 
younger porphyry, the ore is erratically distributed 
and is generally low grade except adjacent to zones of 
intense fracturing. 

Least productive of the Sacramento intrusive com
plex is the older quartz porphyry. It is a hard, tough, 
thoroughly silicified rock that is very resistant to frac
turing and erosion. The prominent topographic feature 
of Sacramento Hill resulted from the resistant charac
teristics of this rock. It contains 15 to 18 percent sulfide 
minerals, practically all pyrite that was from the early 
barren stage of mineralization. Because of the very 
impervious characteristics of the silicified quartz por
phyry, the action of supergene solutions has been 
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superficial. Except for a small area of intense fractur
ing in the southwestern part of the Lavender pit where 
hypogene solutions have deposited a few high-grade 
"plums," this formation is largely noneconomic. 

The ore of all the formations of the Sacramento 
complex is very erratic. Even in the ore area, there 
is seldom a bank shot that does not contain ore, leach 
ore, and waste. Careful selective mining is necessary 
and is made possible with truck haulage and blast
hole control samples. As a shovel advances along a 
face, loaded trucks are dispatched according to the 
blast hole that broke the material. 

From a metallurgical standpoint, the ore of the 
Sacramento complex is difficult to treat. Except where 
there is hypogene copper mineralization or supergene 
mineralization influenced by the presence of hypogene 
copper minerals, concentration is difficult because of 
the incomplete replacement of the pyrite grains by 
chalcocite. The pyrite grains have been shattered, 
resulting in numerous "hairline" fractures, the faces of 
which are each coated with a film of chalcocite. Con
centrates in the range of 12 percent copper are the 
general average from this ore. 

LIMESTONE REPLACEMENT ORE DEPOSITS 

Before the Lavender pit was opened, the majority 
of the copper production in the Warren mining district 
was from underground-mining methods from lime
stone replacement deposits. A horizontal projection of 
the ore bodies (fig. 2) shows a semicircular arrange
ment around the Sacramento stock with offshoots ra
diating outward like the spokes of a wheel. This 
arrangement is the result of ore-body concentrations in 
fracture and fault zones. The semicircular arrange
ment is in the shattered zone around the stock, proba
bly the result of its emplacement, and the "spokes" 
reflect the fracture or fault system mentioned earlier. 

Copper ore has been found in all the Paleozoic 
limestone; however, the most productive formations 
have been the upper half of the Abrigo Limestone, all 
of the Martin Limestone, and the lower half of the 
Escabrosa Limestone, a total thickness of about 1,000 
feet (fig. 2). The favorable formations are brittle and 
tend to shatter when subjected to diastrophic 
stresses, whereas the other formations above and be
low tend to yield, resulting in a fold or failure along a 
single break. 

The limestone replacement ore bodies consist of a 
variety of occurrences and shapes. The feature com
mon to all is that the host rock must have undergone 
intense fracturing or brecciating prior to the surge of 
copper solutions. Composition of the host rock is also a 
factor; however, this property appears to be secondary 
to ground preparation. The upper horizons of the 
Abrigo Limestone are particularly brittle, and the 
resulting ore bodies are cigar-shaped deposits along 
the intersection of a particular bed and fracture or 
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fracture zone. The vertical dimensions of these depos
its are small in comparison to the horizontal dimen
sions. The Martin Limestone is rather uniformly 
friable but ranges in chemical composition from very 
shaly impure limestone to highly dolomitic limestone 
to fairly pure limestone. The beds are massive and fine 
grained. As a result of the chemical variance in a fairly 
thick horizon of uniform brittleness , the ore bodies still 
show influence of the attitudes of the beds but are 
typically more football-shaped-that is, the vertical 
dimension is greater with respect to the horizontal 
than in the Abrigo deposits. The long axis again is the 
intersection of the favorable limestone horizon and a 
fracture. The productive horizon of the Escabrosa is a 
fairly pure, massive, crinoidal limestone with a series 
of thin chert beds toward the top. Deposits in this 
formation appear to depend on more powerful disrup
tions, such as intersecting fracture systems, breccia
tion, accompanying igneous intrusion, and particularly 
strong fracture zones. These deposits are typically 
pipelike with the vertical dimension much greater than 
the horizontal. The chert beds that add to the brittle
ness of this formation are particularly remunerative. 

The type of limestone in which the deposits occur 
also influences the ground condition for mining pur
poses. Replacements occurring in the shaly Abrigo and 
Martin Limestones usually require some type of 
timber-support method of mining because of the poor 
bond between beds due to the residual altered shale. 
Replacements in the pure massive limestone beds of 
the Escabrosa and parts of the Martin are usually 
massive uniform deposits permitting open-type mining 
methods. 

Certain formations are more productive in one part 
of the \Varren mining district than in another. In the 
Cole-Dallas area, the Abrigo Limestone is the most 
favorable. Practically all the ore in this area is found in 
the Abrigo with only scattered ore bodies in the lower 
Martin and none at all in the Escabrosa. In the White 
Tailed Deer-Congdon area, the favorable horizon is 
the Abrigo at the south transgressing into the Martin 
northward. In the Queen-Irish Mag-Lowell area, the 
Martin was the most productive horizon, and in the 
Junction-Briggs zone (fig. 4) the Escabrosa is the 
favorable limestone. Stratigraphically below each of 
these productive formations are large bodies of low
grade siliceous pyrite. This is believed to be the key to 
the area segregation of the favorable formation. The 
early surge of low-grade siliceous pyrite reacted pro
gressively with the limestone from the depths, forcing 
the later copper solutions to the reactive beds above. 
Below the large ore bodies of the Junction-Denn area 
(fig. 4) there are immense areas of very low-grade 
siliceous pyrite in the Martin, Abrigo, and Bolsa, 
which are believed to have formed during the very 
early surge of mineralizing solution. The later copper
bearing solutions were forced to pass through these 
formations, which had already been neutralized, to the 
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reactive beds above. Below the large ore bodies of the 
Cole-Dallas area is a similar situation; the lower 
Abrigo and Bolsa have been completely mineralized 
with silica and pyrite, forcing the copper solution to 
the formation above. The Shattuck, Irish Mag-Lowell, 
and Oliver zones bottomed in similar mineralization. 
In the instance of the lower Campbell ore body, the 
early siliceous pyritization was incomplete, and Abrigo 
ore is being found below the large Escabrosa-Martin 
ore bodies. 

This same reasoning is believed to apply to the ore 
occurrences on a smaller scale. Practically without 
exception, the copper ore bodies are closely associated 
with larger low-grade bodies of siliceous pyrite. In 
arrangement, they are commonly peripheral to the 
siliceous pyrite but with scattered ore bodies within 
the mass. There is a tendency for a greater concentra
tion of ore along the footwall or keel of the sulfide 
masses. It is believed that, following fracturing or 
brecciation, the early siliceous pyrite, following paths 
of least resistance, replaced the center of the fractured 
or breccia zone. Then subsequent copper solutions 
along the same channels preferred the surrounding 
limestone to the siliceous pyrite; however, fracturing 
of the pyrite mass permitted some penetration, and 
scattered ore bodies formed in and around the mass. 
Occasionally, post-siliceous pyrite faulting brecciated 
considerable parts of the siliceous pyrite, which were 

later permeated by the copper solution depositing 
copper minerals in the interstices and partially replac
ing the earlier sulfide. This is the sulfide breccia type 
of ore. 

Much of the ore, particularly in the Briggs, Junction, 
and Campbell areas, is closely associated with por
phyry dikes and sills. Commonly, the ore will occur 
along the porphyry in contact with it but practically 
always replacing limestone. Except for the main stock 
area, it is very rare for the porphyry to contain 
sufficient ore minerals to become economic. Irregulari
ties in the contact, such as embayments or abrupt 
changes in the dip or strike ore, are particularly 
favorable to ore occurrence. This association of por
phyry and ore is structural. Fractures that formed the 
channels for the introduction and emplacement of the 
porphyry likewise served as plumbing for the hydro
thermal solutions. Delimiting the underground por
phyry masses is one of the most fruitful methods of 
prospecting. 

Closely associated with the limestone replacement 
bodies are the "underground" intrusive breccias. In 
form they are protuberant, pinching and swelling 
between the limestone beds or along joints and frac
tures. At times the breccia may be the wall of the ore 
body, or it may pass through it as a waste dike or sill. 
Also, the breccia may be the host rock for the copper 
minerals with practically complete replacement. This 
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close association of ore and intrusive breccia is be
lieved to be structural. The presence of the intrusive 
breccia indicates deep persistent fracturing, which 
provided not only the plumbing for the intrusive 
breccias but also for the later ore solutions. 

Size of individual ore bodies is quite variable-from 
a few thousand tons to, in exceptional instances, more 
than a million. Possibly two-thirds of the production 
has been from ore bodies of 25,000 tons or less. 

In the ore zones, intermittent lenses of ore may be 
found over quite a long range, both horizontally and 
vertically. The Denn-Side-line ore zone has been pro
ductive for more than 2,000 feet vertically in an area of 
about 2,000 by 500 feet horizontally, with elongation 
parallel to the Dividend fault. The Baras-Home
Reindeer ore zone has a vertical extent of more than 
1,000 feet and a horizontal of about 300 by 1,200 feet. 
As mentioned earlier, these zones commonly bottom in 
large low-grade bodies of pyrite and silica. 

Practically all the mining in the early history of the 
district was from "oxide" ore bodies. The oxide ores 
were so prevalent at the time of Ransome's study ( 8, 
9) that he was skeptical of the importance of the 
deeper primary sulfide zones. A small amount of the 
production even today is from this type or ore. In 
general, these oxide ore bodies, by simply substituting 
the oxidation products for the sulfide minerals, are 
the same geologically as the sulfide ore bodies dis
cussed earlier. Normally, there is a relatively large 
mass of ferruginous silica with peripheral ore bodies 
consisting of the usual copper oxide minerals. Within 
the ferruginous silica mass, smaller ore bodies also may 
occur. The ferruginous silica is synonymous to the low
grade pyrite of the primary bodies and the copper 
oxides to the primary copper minerals. Normally, in 
the oxidation process there was very little transpor
tation of the copper. Any upgrading of the original 
sulfide ore was due to removal by leaching of the 
soluble oxidation products, resulting in a light gangue 
with the same amount of copper present, often as a 
richer ore mineral. The oxide copper minerals that 
occur in these ore bodies are malachite, azurite, dela
fossite, cuprite, native copper, and chalococite. An ore 
body may contain predominantly any one of these 
minerals, or they may occur together in various combi
nations. Often one mineral will predominate in one 
section of an ore body and another mineral elsewhere. 
Many other oxide minerals of copper occur in the 
Bisbee district, but normally they are of insufficient 
quantities to be important as an ore mineral. 

GEOLOGIC IDSTORY 

The first event in the legible geologic history of the 
Bisbee district was the deposition of a thick series of 
arenaceous sediments now represented by the early 
Precambrian Pinal Schist. Subsequently, these rocks 
were tightly folded along a generally northeasterly 
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axis and mildly metamorphosed to quartz sericite 
schist. Between the time of early Precambrian low
grade metamorphism and the advent of the Middle 
Cambrian seas, erosional forces produced a surface of 
remarkable smoothness. The Paleozoic marine seas did 
not reach the Bisbee district until Middle Cambrian 
time when the Bolsa Quartzite was deposited as the 
sandy strand deposits of an encroaching sea. The seas 
gradually deepened, and the finer grained strata of the 
Upper Cambrian Abrigo Limestone were deposited. 
No break or sedimentation occurred between the Mid
dle and Upper Cambrian strata. With continued sub
sidence, the clay and nne sandy sediments of the 
lower Abrigo gave way to the more calcareous deposits 
that constitute most of the Abrigo Limestone. The seas 
withdrew before the end of Cambrian time, leaving 
a sand bed (now quartzite) at the top of the Abrigo 
as a record of regression. No deposition occurred 
during the interval between the beginning of the 
Ordovician and Late Devonian periods. The absence 
of appreciable erosion of the Cambrian deposits sug
gests that the area was near sea level during this 
hiatus. During Late Devenjan time, a shallow sea, 
as evidenced by the nne clastic and limy deposits of 
the Martin Limestone, again flooded the area of the 
Bisbee district. The lowermost Mississippian beds are 
absent, and the area was probably emergent, but 
regressive or transgressive clastic deposits indicative 
of this emergence have not been recognized. During 
Early Mississippian time, the area was again flooded, 
and the Escabrosa Limestone was deposited. The 
purity of this limestone and abundance of fossils in
dicate that the Escabrosa seas were shallow and 
clear. Although the Late Mississippian and earliest 
Pennsylvanian sediments have not been recognized 
in this district, evidence of emergence is lacking. 
Of importance to the deciphering of this Mississip
pian-Pennsylvanian interval is the nearby presence of 
predominantly clastic calcareous sediments possibly 
correlative to the Paradise Formation and of Late 
Mississippian age. The area was submerged in Early 
Pennsylvanian, and deposition of the Naco Group, 
predominantly fossiliferous limestone, continued until 
late in the Permian period. 

Between the last of the Paleozoic sediments and the 
first recognizable Mesozoic strata of Cretaceous age is 
a period of at least 70 million years. The major defor
mation, igneous intrusion, and ore mineralization of 
the Bisbee district occurred during this interval. The 
deformation, possibly initiated by intrusion of the 
Juniper Flat Granite, commenced with extensive 
shattering and faulting with dominant northeasterly 
and southwesterly trends. Following the fracturing, 
the Sacramento quartz porphyry stock and associated 
intrusion (?) breccia were intruded along the Divi
dend fault, a major northwest structure. After intru
sion of the Sacramento stock, the surrounding lime
stone and probably the porphyry itself were intensely 
pyritized and silicified by hydrothermal solutions. In 
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the limestone, this mineralization produced large mas
sive bodies of siliceous pyrite with only minor or trace 
amounts of copper. Probably the intense silicification 
of the quartz porphyry stock and introduction of 
pyrite may be attributed to this period of hydrother
mal activity. The amount of early barren pyrite intro
duced at this stage is conservatively estimated at more 
than 500 million tons. Following this intense minerali
zation ( sericitic), feldspar quartz porphyry intruded 
the limestone of the district adjacent to the Sacra
mento quartz porphyry and throughout the district as 
dikes, sills, and irregular bodies . The intrusive breccias 
containing fragments of all the pre-ore rock were then 
injected into the Sacramento stock and the limestone 
as structurally controlled irregular bodies or dikes 
along fractures and into the beds as sills. After em
placement of the intrusive breccias, copper mineraliza
tion probably transported by hydrothermal solutions 
was initiated. The deposition of the copper ore was 
localized along many of the same structures that con
trolled the position of the porphyries, pyrite, silica 
mineralization, and intrusive breccias, indicating that 
the major ingress channelways were probably open 
continually. Following the initial stage of copper min
eralization-which deposited chalcopyrite, bornite, 
chalcocite, and pyrite-the solutions then deposited 
sphalerite, galena, pyrite, and chalcopyrite peripheral 
to the preceding individual copper ore bodies and to 
the copper area. The stage of lead-zinc mineralization 
terminated the major magmatic activity in the Bisbee 
district. 

The next events in the geologic history of the Bisbee 
district were erosion, oxidation along fractures to vari
able depths, and the supergene enrichment of the ore 
bodies by chalcocite. The depth of oxidation is ex
tremely variable and is directly related to dilferences 
in the strength and permeability of the controlling 
fractures. The chalcocite of the Lavender pit blanket 

was produced during the pre-Cretaceous period be
cause evidence for superimposed oxidation or enrich
ment is absent. In addition, the top of the chalcocite 
blanket is more or less parallel to the irregular erosion 
surface upon which the overlying Cretaceous sedi
ments were deposited. 

Before the deposition of the Cretaceous sediments. 
rejuvenation of the Dividend fault dropped the south
ern block several thousands of feet with reference to 
the northern side. On the southern side the extremely 
rough topography was not leveled by erosion but was 
preserved and covered by the angular material of the 
Glance Conglomerate produced by the erosion of the 
block north of the Dividend fault. On completion of 
the leveling by "cutting and back filling," the area was 
covered by the shallow Cretaceous seas, and deposi
tion of the Morita Formation began. 

At the close of the Mesozoic Era, southeastern 
Arizona was subjected to the intense Laramide com
pression with attendant thrust faulting of the Lara
mide orogeny. During this time, however, the Bisbee 
district acted as a single unit or block and was singu
larly unaffected. Within the district, minor movement 
on the Dividend fault occurred during this time and 
displaced the Cretaceous sediments. Outside the dis
trict at the northern and southern end of the Mule 
Mountains, the major Laramide structures thrust the 
Paleozoic and Mesozoic beds on top of the Mesozoic 
formations. 

Then, probably in Pliocene time, the country was 
cut by normal faults of the basin-and-range type, 
forming the major topographic features of today. 
During the basin-and-range development, the entire 
Mule Mountains were tilted to the northeast about 
15°. Following this uplift and tilting, uninterrupted 
erosion has stripped the Cretaceous rocks from the 
Bisbee district and unveiled one of the major copper 
camps of the Southwest. 
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T H O M A S  C. PATTO N 
C O N S U LT I N G  G EOLOGIST 

SUMMARY 

C O R N E LI U S  & P ATTO N  EX P LO R AT I O N  C O M P A N Y  

GEOLOGICAL REPORT ON THE 
COMMONWEALTH MINE 

COCHISE COUNTY , ARIZONA 

The Commonwealth Mine in Cochise County , Arizona is a bonanza- type 
epi thermal silver-go ld depos i t  which produced 1 2 . 9  million ounces o f  s ilver 
and 1 22 , 00 0  ounces of gold during the period 1895- 1 94 2 . The Tertiary roc ks 
around the Commonwealth Mine (probable ag� . 20-40 m . y .) originally formed a 
conformable sequence which were subsequently fractured , mineralized , and 
complexly faulted . This s tudy has shown that 

1 )  Huddy Hill is probably a faulted segment of Pearce Hill due to 
righ t-lateral offset along the Main and North veins . 

2)  The North vein is later and lower grade than the Main vein and 
probably cuts if off  at dep th .  

3 )  The best  chance for a bulk-tonnage silver-gold deposit  occurs in 
the f oo twall portion of the Main vein . The entire wedge of rocks between 
the Main and No rth veins is p rospective , but areas outside this z one are 
not p rospective • 

4)  The area on the wes t  end o f  Pearce Hill has po tential for significan t  
tonnages of high grade gold and silver ore . 

In my opinion , the Thetford property has potential for 5 million 
tons o f  open pit  ore averaging 3 o z / t on silver and 0 . 02 o z / tori. gold . The 
22 hole reverse circulat ion drilling pro gram recommended in the Wes t 
and Eas t  zones (Plate 1 )  is in tended to outline the extent of the antic
ipated orebody . Following the success ful completion o f  this pro gram , an 
additional 20 to 40 close-spaced holes will be neces sary to delineate 
fully 5 mil lion tons of proven ore reserves . 

- 1 -
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INTRODUCTION 

The Commonweal th Mine in Cochise County , Ariz ona is a bonanza-type 
epi thermal silver-gold deposit  which produced 1 2 . 9  million ounces of silver 
and 1 2 2 , 00 0  ounces o f  gold during the period 1 8 9 5 - 1 9 42 . My preliminary report 
o f  February 25 , 1 98 3  reviewed the early his tory and results o f  previous explor
ation pro grams at the Commonwealth Mine and called at tention to its po tential 
as a bulk-tonnage open pit producer o f  silver and gold . Alp ine Resources , Inc . 
o f  Grass Valley , California subs equently acquired the center o f  the district 
from Carl Thet ford on May 30 , 1 9 8 3  and leased contiguous claims from L . A .  
Gaylen o n  July 1 ,  1 9 8 3 . 

The purpose o f  this s tudy was to 

1 )  Prepare a geo logic map of the area on the new topographic base 
( 1 "  = 100 ' )  flown by McClain Aerial Mapping and Surveying , Inc . 

2 )  Comp ile and inte pret all p revious ex�loration data . 

3 )  Lay out a drilling program to evaluate previous ly identified 
mineralization on the east and west ends o f  Pearce Hill . 

I have attemp ted to include all inf ormation which will be useful in the on
going evaluation of the Commonwealth p roperty . To avo id repe ti tion of data 
covered in my earlier report , a copy is inc luded in the Appendices for 
referenc e .  

LOCATION 

The Commonwealth Mine is in central Cochise Coun ty ( T 1 8 S , R25E ,  secs . 4 , 5 )  
about twenty-five miles south o f  Wilcox and 7 0  miles eas t o f  Tucson (Fig . 1 ) . 
The old mine workings are located on Pearce Hill , one o f  several low hills 
which rise abrup tly above the Sulphur Sp rings Valley (Fig . 2 ) . The property 
is les s than a half mile s outh o f  U . S .  Highway 666  and 2 miles south of the 
retirement village of Sunsites . 

LAND STATUS 

A c laim map compiled in 1 9 8 1  by E .  Grover Heinrichs and Associates is 
shown in Figure 3 .  To the b e s t  o f  my knowledge , the claims are accurately 
located , although a detailed land take-o f f  would be necessary to b e  sure . 
The mineral survey monument whi ch marks the common corners o f  patented 
claims Commonweal th , Silver Crown , and One and All is plo t ted on Plate 1 .  
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Alp ine Resources , Inc . curren tly has und er leas e 2 1  patented cl aims , 
7 7  unpa tented clai�s and 2 patented mil lsites dis tribu ted as fo llows : 

1 .  From Carl The tford 

a .  Patented Claims - 8 8 %  interes t in 7 claims , 142 . 3  acres 
( Sulphur Springs Valley , Oc ean Wave , Silver Wave , North Bell , 
One and All , Commonweal th , Silver Crown) . 

b . .  Patented Mills i tes- 10  acres (Ocean Wave Mills ite , One and All 
Mills i te ) . 

c .  Unpatented Lode Claims ( 1 7 )  
Lyle 1 thru 6 - BLM Nos . 5 0 1 4 0  thru 5 0 145 
Pan 8 thru 15- BLM Nos . 50 146  thru 5 0 1 5 3  
Mamie V thru VII- BLM Nos . 1 2 8 2 8 8  thru 1 28290 

d.  Unpatented p lacer claims ( 4 )  
Mamie I thru IV- BL� Nos . 5 0 1 3 6  thru 5 0 1 3 9  

2 .  From L . A .  Galyen 

a .  Patented Lode Claims ( 4 )  
Arthur , Rainbow , Ho rnspoon , S ilver Thread 

b .  Unpatented Claims ( 7 4 )  
Pan 1 thru 7 - BLM Nos . 3 8 0 5 0  thru 38056  
Pan 1 6  thru 78- BLM Nos . 38057  thru 38 1 1 9 
Ayn Rand 1 thru 4- BLM Nos . 3 8 1 20 thru 3 8 1 2 3  

c .  Unpatented P lacer Claims ( 3 )  
Bill B 1 thru 3 - BL� Nos . 38047 thru 38049 

d .  Patented Fee Acreage , Surface and Minerals- 320 acres in s ec . 4 
(80 acres ) ; sec . 9 ( 240 acres ) 

e .  Patented Fee Acreage , Surface only- about 550  acres in sec . 4 
( 3 90 acres ) ; sec . 9 ( 1 20 acres ) ; sec . 1 6  (40 acres ) . 
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The tford ' s  Mamie V ,  V I  and V I I  lod e claims in the SW� of  sec t ion 4 ,  T 1 8 S ,  
R25 E  appear to be in conf lic t wi th Galyen ' s  Pan claims . However , as long as 
b o th blocks are under lease , no prob lem exis t s . Bur�au o f  Land Management 
reco rds dated March 7 ,  1 98 4  show that 1 9 8 3  assessment work has been filed 
for all unpatented claims under lease to  Alp ine Resources , Inc . The only 
claims in the Pearce Hill-S ixmile Hill area no t contro lled by Alp ine Resources 
are the Ramon 1 thru 6 claims on the no rth end of S ixmile Hill owned by 
Manuel R .  Hernandez . 

S COPE OF INVESTIGATION 

I spent 7 days at the property mapp ing the surface geology , locating 
drill holes , and doing a limited amount o f  underground work . The fo llowing 
points should be emphas ized : 

1 .  Geo logic mapping . Data were plot ted on orthopho tos with topography 
and subsequently trans ferred to the topographic base shown in Plate 1 .  Rock 
names used in this rep o r t  are descrip t ive f ield terms based on the hand 
lens examination of hand specimens . A petro graphic s tudy o f  the rocks in the 
Commonwealth Mine area was made by Howell ( 1 9 7 7 ) and should be consulted for 
more detailed information . The geo logic map reflects subsurface drilling 
info rmation , especially in areas o f  sparse outcrop . 

2 .  Drill hole locat ions . Holes drilled by Platoro (CS-1  thru CS-5 ) 
were surveyed as part o f  this study . Be thex surveyed all o f  their drill 
holes and these coordinates correspond very closely with actual co llar 
locations . The holes drilled by Wes tern S tates Minerals Corp o ration appar
ently were no t surveyed . The only record o f  their locations is a copy of a 
Bethex drill map with the holes sketched in . I found several discrepancies 
between these locations and their actual p o s i t ions on the ground . The 
Wes tern S tates drill holes shown on Plate 1 are ac tual field locations excep t 
in cases where the co llar could no t b e  f ound . 

3 .  I mapped the Huddy tunnel and checked the mapp ing o f  Howell ( 1 9 7 7 )  
o n  the 3 rd , 5 th ,  6 th ,  and 7 th levels acces s ib le from C shaf t . The Brockman 
shaf t is open but the ladder is in such poor condition that I did no t att emp t 
t o  go down . 

4 .  The vein locat ions shown in the cross sections on Plate 2 were taken 
f rom the level map s  o f  Smith ( 1 9 2 7 )  and Howel l  ( 1 9 7 7 )  which were reduced t o  
1 "  = 100 ' .  Info rma t ion shown o n  the drill holes i n  the cros s  sections was 
taken from available data ranging from detailed ( Be thex) to sketchy (Western 
S tates and Platoro ) .  All assays and some drill logs are included in the 
Appendices . 

-7-



.� 

5 .  For details rela ting to  produc t ion s tatis tics and the his tory of 
mining and exp lorat ion at the Commonwealth Mine , please refer to my repo r t  
o f  February 25 , 1 9 84 . 

GEOLOGY 

The Pearce Hills and o ther low hills in the Sulphur Springs Valley 
between the Willcox Playa and the Swisshelm Mountains are compos ed o f  middle 
Tertiary f lows , welded tuffs , and pyroclastic rocks which were extruded over 
a platform of Cretaceous and older sediments . The Tectonic Map o f  Southeas t 
Arizona by Drewes ( 1 9 8 0 )  shows that these tilted vo lcanic blocks s trike 
northwes t ,  dip northeas t at 1 0 ° -40 ° , and are separated by a series of north
wes terly trend�ng Basin and Range faul t s . Drewes ' map strongly sugge s t s  
that the Pearce Hills are a no rthwes t ern continuation o f  the Swis shelm 
Mountains , a theory that ap pears to be suppo rted by regional gravity and 
magnetic data . Although Tertiary rocks in the vicinity of Pearce have no t 
b een dated , an Oligocene-Miocene age ( 20�40 m . y  .• ) · is probab�e based on 
correlation with s imilar rocks in the Swisshelm and Chiricahua. Mountains 
(Drewes , 1 9 8 0 ) . The rock units shown on Plates 1 and 2 are discuss ed in 
the following paragraphs . 

Bisbee Formation (Kb ) . The oldest rocks in the mine area are well s or ted 
sandstones and muds tones o f  late Ear ly Cretaceous age that are · ref erred t o  as 
Bisbee Formation f ollowing the terminology proposed by Hayes ( 1 970b ) . In 
s everal nearby mountain ranges , Bisbee sediment s  can be divided int o  four 
units of formation. rank : Glance Conglomerate , Morita Formation , Mural Lime
stone and Cintura Formation (ascending o rder ) , which collectively form the 
Bisbee Group . However ,  at Pearce the absence of Mural Limestone , which is  the 
only distinct ive unit wi thin the Bisbee sediments , prevents correlation o f  
these rocks with any o f  the units lis ted above . In my op inion , the Bisbee 
Formation in the Commonwealth Mine area p robably is correlative with the 
Mo rita Format ion of Hayes ( 1 9 70a)  in the Mul e  and Huachuca Mountains . 

Because the Bisbee Formation is s o f t  and eas ily eroded , outcrops are 
limited to a few small exposures along the north side of Pearce Hil l  near 
the footwall of the Nor th Vein (Plate 1 ) . However , Bisbee sediments are 
exposed in several underground .wo rkings on the north side of Pearce Hill 
( especially in the adi t  to  the third . level ) , and in numerous drill holes . 

As the cross sec tions in Plate 2 show , Bisbee sediments form the footwall 
of the North vein and under lie the entire area north of the North vein , 
including the cyanide tailings and Thetford mill . Bisbee sediments also 
occur at  the extreme wes tern end o f  Pearce Hill south o f  the Main vein in 
the Brockman-Mominier shaf t area ( See Plate 2 ,  cross section D-D ' ) .  

-8-
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Where I obs erved Bisbee Formation along the North and Main vein , it is 
a c lean , fine to medium-grained sands tone wi th abundan t silicifica t ion , 
fracturing and iron s taining . Drill logs indicate tha t the forma tion 
also contains silts tones and sandy , calcareous muds tones which do no t crop 
out . 

Lower Andesite (Ta ; Tf l of Howell , 1 9 7 7 ; Earlier andesite o f  Smi th , 
1 9 2 7 ) . The lower andesite is identif iable largely on the basis o f  its  
s t ratigraphic pos it ion between underlying Bisbee Formation and overlying 
rhyo lite breccia , and to a lesser degree bec aus e of observab le dif f erenc es 
with the Upper andesite . Al though nume rous textural varia tions make general
izations hazardous , the fo llowing f eatures are typ ical o f  Lower andesite : 
1 )  low-p ro file , dens e , smooth , and well-f rac tured outcrops 2 )  stubby p lagio
clase phenocrysts  set in a light gray to  black aphanitic ma trix 3 )  au to
b recciated f ragments present but subordinate 4 )  generally weak to non
magne tic . Lower andesite crops out on the wes t  end o f  Pearce Hill (Plate 1 ;  
Fig . 4 ) , where drill holes show that i t  unconformably overlies Bisbee 
Formation ( Plate 2 ,  sec tion D-D ' ) .  A f ew outcrops and abundant float also 
occur on the wes t s ide of Huddy Hill , which is p resumably the faulted o f f s e t  
o f  the Pearce Hill outcrop . Several outcrops o f  andesite oc cur along the 
Main vein near its p o int of intersec t ion with the North vein (Plate 1 ) . 
The rock is so shat tered , silicif ied and iron-s tained that posit ive iden t i
f ication is impo s s ib l e , but in my opinion , i t  is lower andesi t e . 

Rhyolite Brec cia (Trb ; Tai o f  Hm.;ell , 1 9 7 7 ; Earlier breccia o f  Smith , 
1 9 2 7 ) . This rock is a distinc t ive rhyolite crys tal li thic tuf f ( Fig . 5 )  
with pheno crys ts  o f  s quare quar t z , p o tas s ium feldspar and minor b i o ti t e ; and 
f ragments of andes ite  and locally minor Bisbee formation . It  forms mas s iv e , 
eas ily recognizable out crop s on P earce and Huddy Hills ( Plate 1 ) . 
Faulted slices o f  rhyolite breccia also form bold outcrops along the Main 
and North veins in the c enter o f  the area o f  p revious mining . Smith 
( 1 9 2 7 , p .  2 6 )  believed that the rhyo lite breccia extending from C shaft  
eas tward to  Huddy Hill was later  than the b r eccia on Pearce Hil l . He 
based this conclusion on diff erences in color and f ragment size  and 
compos i tion . 

I believe that the rhyolite b reccia is  all part o f  the same c rys tal 
lithic tuff uni t , with the differences no t ed by Smi th at tributab l e  to 
al teration and silicif ication along the Main and North Vein sys t ems . 
Relatively unalt ered rhyolite breccia occurs on Pearce and Huddy Hills 
(Plate 1 ;  Fig . Sa) . The rock is  whi t e  to  light brown with sharp ly 
outlined f ragments o f  ande s i te and minor Bisbee formation . The same rock 
occurs in f ault slices along the Main and No rth veins but its app earance has 
been altered by silicification , quartz veining , and iron s taining ( Fi g . S b ) . 

Uoper Andesite  (Tau ; Tf 2 o f  Howell , 1 9 7 7 ; Middle andes ite  o f  Smi th , 1 9 2 7 ) . 
This rock type is the mos t  areally extens ille,. at the Commonwealth Mine , 
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Fig .  4 .  Contac t be tween lower andes ite (Ta) and rhyo lite 
b reccia (Trb)  in caved area near No . 1 shaft at  northwes t 
end o f  Pearce Hill (Plate 1 ) . Contac t s trikes N20W , dip s 
40 ° NE . 
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Fig . Sa . Unal tered rhyolite b reccia on dump o f  Commonwealth 
Ext .  2 shaf t ,  s outheast end of Pearce Hil l .  No te andes ite 
fragments in rhyolite matrix . 

Fig . Sb . Altered rhyo lite b reccia exposed in cliff ISO feet eas t 
o f  C shaf t .  Eas i ly reco gnizable texture shown in Fig .  S a  is 
obs cured by quart z  veining and iron staining , but is s till visib le . 
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Fig . 6 .  Upper andesite on southeast end o f  Pearce Hill showing 
typical rubbly appearance . 
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covering the en tire sou thern and eas tern parts o f  Pearce Hill and the ex treme 
eas tern side of Huddy Hill . The Upper andes i te typically fo rms light gray 
to b r�wn , scabby , rubbly �eathering outcrops (Fig . 6 ) ; has a light to dark 
b rown , fine-grained matrix �ith plagioc lase la ths ; is commonly �eakly 
magnetic ; has eas ily reco gnizable hornblende crys tals and /or breccia 
f ragments . A ves icular basalt no ted on Plate 1 at the north end o f  Me tat 
Hill may be a sco riaceous flo� top of the upp er andesite as no ted by Ho�el l  
( 1 9 7 7 , p .  3 8 ) . The eastern extent of the Upper andesite is based lar gely o n  
drill hole inf ormation and examination o f  dump material . 

Arkosic Sands tone (Tss ; Tw3 o f  Ho�ell ,  1 9 7 7 ) . Outcrops o f  this eaSily 
eroded unit are sparse , and the distribution shown on Plate 1 is b ased in 
part on drill hole and dump informat ion and in part on speculation that t he 
valley between Pearce and Metat Hills is caused by the �eathering of this 
friable arkosic sands tone . 

The rock is fairly dis t inctive , �ith rounded fragment s  o f  limes tone , 
Bisbee Formation and andes i te set  in an arko s ic sands tone matrix .  Along 
the North vein south o f  Huddy Hill , the s ands tone has been s ilici fied and 
superficially resembles the rhyolite b reccia (Trb ) . The contacts of this 
uni t  are no t exp osed , and the dis tribution shown on Plate 1 is b ased on 
examination o f  float . The arko s ic sands t one is probab ly an intervolcanic 
s edimentary uni t  laid down b e tween volcanic erup t ions . 

Ash Flo� Tuf f  (Taf ; Ta3 o f  Ho�ell ,  1 9 7 7 ) . This uni t  cap s Metat Hill 
(Plate 1 )  and is s imilar to  rocks in the S ixmil e  Hill area . .  It  is not 

mineralized and was only b riefly examined . The rock is a dense , �elded 
tuff  with flattened pumice f ragments , quart z  phenocrys t s  and local vitro
phyric t extures (Fig . 7 ) . 

STRUCTURE 

A discuss ion o f  the regional s truc ture in Southeastern Arizona is 
b eyond the scope of this rep o r t . The subj e c t  has· been revie�ed in detail 
b y  Dre�es ( 1 980 , 1 9 8 1 )  and should be co�sulted by the interes ted reader . I t  
i s  imp o r tant to  note that Tert iary volcanism , mineraliza tion , and Basin and 
Range orogeny in the Commonwealth Mine area �ere synchronous events that 
comb ined t o  produce the comp lex series o f  veins and faul ts visible today 
on Pearce Hil l . The follo�ing interp retat ion o f  these intert�ined event s  is 
b as ed on the f ield evidence as I see i t , and almo s t  certainly �ill require 
modification as additional inf o rmation becomes available . 

The Tertiary rocks around the Commonwealth Mine originally formed a 
conformab le sequence �hich �ere subsequen t ly f ractured , mineralized and 
complexly faulted . The individual even ts leading to the present day 
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Fig . 7 .  Typical outcrop o f  ash flow tuff (Taf ) exposed near 
top of Huddy Hill . 
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relat ionships are summarized be low : 

1 .  The Tert iary vo lcanic rocks desc ribed aoove (Lower andesite , rhyolite 
breccia , Upper andes ite , arko s ic sands tone , and ash flow tuf f )  were poured 
out on a plat form of Bisbee Fo rma tion sediments during Oligocene-Miocene 
time . These rocks ap pear to rep resent a conformab le sequence , because no 
angular unconformi ties have been no ted . The contacts be tween individual 
vo lcanic uni ts are faulted in p laces ( fo r  ins tance in the Huddy tunnel where 
gouge separates rhyo lite breccia from Upper andes i te) . However ,  I don ' t  
believe these faul ts have had sub s t antial movement , and probab ly reflect 
minor adj ustments in response to later p o s t -mineral faul ting . 

2 .  This package o f  relatively flat-lying Tert iary volcanic rocks was 
sub sequently frac tured and fau lt ed along what is now the Main vein . Fault 
movement was predominately s trike-slip �nd resulted in apparent right lateral 
o ff s e t  o f  600-800 feet along the Main vein ( P la t e  1 ) . The abs ence of  
tectonically b recciated vein material along the Main vein sugges ts that 
mineralization pos t-dated at  leas t some of this movement . Several smaller 
sub s idiary s truc tures wi th no apparent movement were also mineralized at this 
t ime (J. Pearce- Ext .  No . 2-Brockman vein sys tem ;  Huddy Hill vein sys tem) . 
It  i s  pos sible , al though purely conj ec tural , that the Huddy Hill vein
f racture sys tem is the o f fset portion o f  the Main vein . Nor theas tward 
tilt ing of the volcanic sequence had p robably begun at this t ime . 

Fault o f f set along the Main vein i s  wel l  i llus trated in section 
C-C ' . The offset is no t apparen t in s e c t ions A-A ' and B-B ' because 
faulting has j uxtaposed Upper andes i te on e ither s ide of  the vein . 

3 �  Possib ly in response to a shi f t  in the s tress f ield , recurrent 
f racturing and lower grade mineralization took p lace along the North vein . The 
wedge o f  rocks b e tween the Main and North veins was int ens ely frac tured , 
s ilicified , and cut by quartz s tringers . The b onanza orebodies o f  the 
Commonweal th Mine occurred near the intersec t ion of these veins . 

4 .  Maj or faulting occurred along North vein during the waning s tages 
of mineralization , with apparent s t r ike-s lip disp lacement of about 3000 
feet ( P late 1 ) . The faul t may have had a s i gnificant dip-slip component ,  b u t  
movemen t  was primarily right lateral s t r ike-slip . Consp icuous tec tonic 
brecciation (quartz fragment s  recemented by silica)  along the North vein is 
s trong evidence for this faul t ing . Movement took p lace on a leas t two 
spl ays o f  the North vein (Plate 1 )  and resulted in several wedges o f  
rhyo lite breccia and lower andesite aligned parallel t o  the · faul t .  The 
cross sections in Plate 2 sugges t that movement along the North vein cut 
o f f  the Main vein at dep th but addi t ional drilling would b e  necessary to 
confirm this . 
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5 .  Basin and Range faul ting and subsequent eros ion cut the vo lcanic 
sequence into the individual fault b locks that we see today . The Brockman ' -faul t mapped by Smith ( 1 927 ) at the wes t ern edge of Pearce Hill is presumably 
one o f  these post-mineral Basin and Range faul ts . 

These events have resulted in a generally conformab le sequence o f  
rocks south of the Main vein and a faul ted sequence of the same rocks on 
Huddy Hill . Silver-gold mine rali zat ion o f  economic signif icance is 
res tric ted to the pie-shaped wed ge of sediments between the North and Main 
veins ; and along the Main vein at the wes tern edge o f  Pearce Hil l . 

MINERAL IZATION 

The Commonwealth Mine is typical of Tertiary epi thermal precious me tal 
sys t ems found throughout the wes tern Uni ted S tates . Silver and gold mineral- . 
izat ion occurs wi thin a series o f  quart z  veins localized along and b e tween 
the Main and No rth veins (Plate 1 ) . The veins exhibi t  class ical epi thermal 
fea tures , including drusy quar t z-lined vugs , crus tificat ion , comb and cockade 
textures . His to rical production came from supergene-enriched ores o f  silver 
( cerargyrite , embolite argentite , nat ive s ilver)  and nat ive gold ( Smi th ,  1 9 27 ) . 
Gangue minerals include quartz , b lack and whi t e  calcite , adularia , mont
morilloni te , and sericite . Iron oxides are abundant along f ractures in the 
minerali zed z one , but the original sulf ide content of the sys tem was low . 
Mino r copper oxides are found on some dump s , mos t  no tab ly in the vicinity 
of the J .  Pearce shaft .  

Two distinctive types o f  quart z  veins have been recognized : 

1 .  Main vein . Quart z  is clear t o  yellow-green , exhib its crus tif ication 
and cockade textures , and has late ame thy s t ine quartz crys tals proj ecting 
from vein walls to  form prominent comb s t ructures . High grade silver-gold 
mineraiization is associated with these veins . 

2 .  North vein (Figs . 8 , 9 ) . Quart z  is mas s ive , white , and delicately 
b anded with abundant amethyst and some cockade textures . This type o f  qua r t z  
f o r  the mo s t  p ar t  i s  associated with low grade silver mineralization and app ears 
to  be a lower t emperature variety than the quart z  in the Main vein . 

K . D .  Cornelius det ermined that the trace o f  the Main and North veins 
a t  their p oint of intersection s tr ikes N55W and p lunges southeas t at 3 0 °  
(Plate 1 ) . This calculation assumed an average attitude o f  N70W/ SW7 0 °  
o n  the Main vein and N88W/45 ° SW o n  the North vein . The trace o f  this critica l  
inters ection proj ects very close to  the N o r t h  Shaft where high grade mineral
i z a tion has been found on the dump . 
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INTERP RETAT ION OF SAMPL ING AND DRILL ING RESULTS 

The Commonwealth Mine represents a diff icul t explorat ion prob lem . 
The maj ority of the old mine workings are inac cessible , ass ays tend to be 
erratic on a small scale , and caving has obs cured many key relat ionships 
along the surface trace of the minerali zed zone . However , enough data have 
been accumulated through this inve s t iga tion and previous drilling programs t o  
make some generalizations about what is known at this time and where to  look 
(and where no t to  look) for more ore . Fortuna tely drill cu t t ings and core 
from all previous programs are s t o red on the property (Fig . 1 0 )  and are avail
able for re-Iogging or check as s ays . 

Rock chip and dump samp ling. A l imited amount of rock chip and dump 
samp ling during the mapping program (Tab les 1 , 2 )  showed 2 unexpec tedly high 
values and raise ques t ions about geolo g ical relationships : 

1 .  A dump samp le from No rth sha f t  ( Fig . 9 )  assayed 0 . 06 8  o z / ton gold 
and 1 5 . 94 o z / ton silver . This rock shows the best looking mineralization I 
have seen on the property , with yellow-green crustif ied quart z ,  cockade t extures 
and late combs of ame thys tine quar t z . S everal fragments have specks o f  a dark 
gray metallic mineral which app ears to be argentite . I am convinced that this 
mineralizat ion came from the eas tern continuat ion o f  the Main vein . However , 
the trend o f  the Main vein beyond the las t point where its location is known 
with certainty (Plate 1 ;  Plate 2 ,  cross section A-A ' ) is prob lematic . Either 
the Main vein bends sharp ly , as I h ave suggest ed on Plate I ,  o r  is faul ted t o  
account f o r  i ts position at  North shaf t . In any cas e ,  this mineraliza tion 
is 600 feet from the neares t drill ho le and represents an excellent opp o r tunity 
to expand ore reserves eastward along the Main vein . 

2 .  A dump sample from the Mominier shaft  at the extreme wes t  end o f  
the p roperty (Fig . 1 1 )  ran 8 . 1 2 o z / ton silver and 0 . 70 o z / ton gold (ave . o f  
2 assays- s ee Table 2 ) . Thi s  high grade material , in conj unc t ion with the 
high gold values intersect ed in holes WC-7 and WC- 1 4 , raises questions about 
the g rade , extent , and ore controls in this a�ea which ca� only be answered 
by drilling . The high grade as says reported from holes WC-7 and WC- 14 by 
Wes tern S tates Minerals Corp o ra t ion were confirmed by check assays run during 
this s tudy ( See Patton- App endix A) . 

Bulk dumn samp ling program . The B ,  C ,  and D shaft  dump s were bulk 
samp led wi th a backhoe . Samp le locations are shown on Plate 1 ,  values are 
rep orted in Table 3 ,  and details of the entire program are in App endix A .  
This work showed that the dumps comp rise  about 50 , 000 tons o f  material with a 
weighted average o f  1 . 66 o z / ton s ilver and 0 . 02 1  o z / ton gold . It  should b e  
no t ed that the alluvial material near the Thet ford mil l  ( samp les D-2 l  thru 
D-2 3 )  averages 1 . 90 oz/ ton s ilver and 0 . 0 3 3  o z / ton gold . 
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Fig . 10 . View from Pearce Hill toward core storage 
shed ( 1 )  and of fice ( 2 )  of Alp ine Resources , Inc . 

G¢U . •. »=EM. 

Fig . 1 1 .  Wes tern end o f  Pearce Hill viewed from eas t . Not e  
app roximate p o s i tions o f  holes WC-7 and WC- 1 4 . 
Ta= Lower andes ite  Trb= rhyolite breccia 

B= Brockman shaf t dump M= Mominier shaft dump 
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Tailings . The large cyanide tailings pond ( Plate 1 ;  Figure 1 2 )  is 
no t included in the Alp ine Resources contrac t wi th Carl Thetford . However , 
in case the tailings become available in the future , it should be no ted tha t_ 
about 350 , 000 to 450 , 00 0  tons o f  tailings remain which average app roximat ely 
1 . 8-2 . 0  o z / ton s ilver and less than . 0 1  o z / ton gold . Detai led samp ling 
would be necess ary to determine exact tonnages and g rades . 

Previous drilling programs . All available assays and drill logs from 
holes drilled by Platoro , Be thlehem Copper , Wes t ern S tates Minerals Corporation 
and S tephens-Heinrichs are included in Ap pendices B thru E,  respectively . 
Mineralized intercep ts from mo s t  of the ho les are summarized on Plate 2 cross 
sections . 

1 .  Platoro Mines drilled 5 holes during 1 9 7 5  ( C S  1-5 ) , 4 o f  which 
intersected thick zones o f  well-mineralized andesite in the foo twall of the 
Main vein (Plate 2 ,  section B-B I ) .  Smi th ( 1 927 , p .  5 )  no ted that in 1 90 1  the 
me thod of mining was changed from s tulls to square sets to accomodat e  the 
widening of s tapes to  60 feet in o rder to mine the footwall zone o f  the main 
vein . This zone o f fers the bes t bulk tonnage po tential on the p roperty , b u t  
has no t been tes ted s ince the initial ho les b y  Platoro . 

2 .  The Be thlehem Copper drilling program did no t accomp lish its 
obj ectives . They attemp ted to extend the mineralization delineated by Platoro 
t o  the eas t with the f ollowing resul ts : 

a)  Angle holes 7 6 - 1  thru 3 ended in o ld s tapes without tes t ing the 
footwall zone . 

b )  Ver tical holes 7 6 -6 , 8 ,  9 ,  and 1 0  were drilled in the hanging wall 
of the Main vein (Plate 2 ,  cross sections A-A I , B-B I )  and hit spo t ty zones 
of low grade silver . 

c )  Hole 76-7 did test  the footwall zone and hit thick zones o f  silver 
mineraliz at ion.  The assay values are suspec t· because sampling was done on 
10 foot  intervals . Hole 7 6- 1 1  tested the ' zone north o f  . the bes t area (cross 
section A-A I ) and still hi t 65  feet o f  mineralization which averaged 2 . 27 o z / ton 
s ilver . All o ther holes were drilled outside of the p ro spect ive area . Thus 
only 2 holes out of 16 tes ted the key target area , and b o th hit zones of good 
mineralization . 

3 .  Western S tates Minerals Corporation drilled 1 3  percuss ion holes in 
1 9 7 8 . Nine of these holes were drilled in low-potential areas . Holes WC-7 
and WC- 1 4  hit high grade gold on the wes t ern end of Pearce Hil l  (Plate 2 ,  
section D-D I ) .  Holes WC-5 and WC- 1 1  (Plate 2 ,  section C-C I )  h i t  significant 
zones of silver mineralization in the prospective area between the North and 
Main veins . 
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Fig .  1 2 .  Commonweal th mine cyanide tailings as seen f rom 
D shaf t . Tailings are currently being shipped to the 
Phelp s Dodge smelter at Animas , New Mexico , about 5 5  airline 
mil es eas t of Pearce . 
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4 .  John A .  S tephens and Grove r He inrichs drilled zones no rth and south 
o f  Me tat Hill ( See Appendix E) with to tally negative results . Rapid 
reconnais sance of  the Sixmile HilL.area , also drilled by S tephens and later by 
Santa Fe , shows a few low temperature ame thys t ine quart z  veins of the North 
vein type which are no t prospective for bulk s ilver-gold deposits . No additional 
work is warranted in ei ther of these areas . 

Key targe t  areas . Al l work pe rformed during the course of  this and 
previous s tudies has focused attention on 1 )  the zone between the Main and 
North veins 2 )  the wes tern end o f  Pearce Hil l . Previous drilling has shown 
that holes placed nor th of the No rth vein or s outh of the Main vein wil l  
result i n  failure . 

The zone b e tween the North and Main veins has the best  chance of  hos ting 
a bulk tonnage depos it . The entire wedge of  rocks b e tween these faul ts is 
silicified and cut by quartz s tringers . Al t hough the andesite (Tau ) appears 
to fracture b e t ter than the mas s ive rhyolite  b reccia (Trb ) , b o th rock type s  
a r e  good hosts  for mineralization ( See P l a t e  2 ) . ' It i s  p robable that min
eralized zones will progressively decrease in thicknes s  with increas ing dist ance 
away f rom the North/Main vein intersection . However ,  drilling will be necessary 
to confirm this . It is also possible that ore sho o t s  may occur at dep th along 
the trace of  the North/Main vein intersec tion shown in Plate 1 .  

RECOMMENDED DRILLING PROGRAM 

All holes lis t ed below are shown on Plate 1 and are numbered in relative 
o rder of p riority . 

Wes t  end o f  Pearce Hill . Seven holes , average dep th 300-400 feet per hole . 
This drilling will no t block out ore reserves but wil l  es tab lish whe ther the 
zone has any s i gnificant tonnage po tential . The interval in WC- 1 4  between 3 5 5 -
380  feet is the only high go ld-low silver zone that I am aware o f  i n  the area . 
As shown in Plate 2 on section D-D ' , mineralization may be related to a number 
o f  s teeply dipping quartz veins . This drillin g  should also determine whe ther 
i t  is wo rthwhile to explore wes t  of the Brockman faul t for a possible fault ed 
segment o f  the Main vein . 

1 .  Tes t  updip portion of  mineralized intercep t in WC-7 . 
2 .  Tes t updip portion o f  WC-7 in Discovery s t ope area . 
3 .  Tes t wes tern extens ion of  Main vein . 
4 .  Tes t  foo twall o f  Main vein in Dis covery s tope area ( this zone could 

be a sleeper ) . 
5 .  Tes t  hanging wall o f  Main vein , area s toped near Brockman shaf t .  
6 .  Tes t  updip portion o f  mineralization hit in WC-14 . 
7 .  Tes t  for gold in area of  high values found on Mominier shaft  dump . 
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East end o f  Pearce Hill . Fif teen holes , average depth 400 feet per hole . 
This drilling will in part of fset previous ly identi fied mineraliza tion and will 
also tes t its cont inuity to the east and wes t .  The success ful completioQ' �f 
these ho les could delinea te up to 1 million tons o f  p roven and p robable ore 
(500 ft . long x 250 f t .  deep x 100 f t .  wide ) and at  leas t an additional 1 

million tons of possible ore . Ho le placement will be cri tical to insure that 
the footwall o f  the Main vein is intersec ted . 

1 .  Tes t footwall be tween CS-l  and CS-3 . 
2 .  Tes t  footwall between CS-4 and CS-5 
3 .  Tes t footwall wes t  of CS-5 
4 .  Tes t footwall southeast of CS-3 near No . 8 shaf t .  
5 , 6 .  Collar in hanging wall , test foo twall at  depth . 
7 , 8 .  Tes t eas tern continuation o f  footwall mineralization . 
9 , 10 , 1 1 .  Tes t western continuation o f  footwall mineralization ( Se e  

cross section C-C ' )  
1 2 . Tes t footwall mineralization near C shaf. t .  
1 3 , 14 , 15 .  Tes t area for high grade silver/ gold mineralization present 

on Nor th shaf t dump . 

All holes should b e  drilled with a reverse circulation rig to prevent 
poss ible downhole contamination and to get through the old workings which are 
sure to b e  intersected . 

I want to emp hasize that the 2 2  drill holes dis cussed above wil l  out
line the expected target area but will no t be adequate to fully delineate 
5 mil lion tons of proven ore . Following successful completion o f  this 
program ,  an additional 20-40 holes will be necessary to drill out the ore
body . 

Based on the results o f  my study , p a s t  p roduc tion records , and previous 
drilling , the Commonwealth mine has an exc ellent chance to contain at  leas t 
5 million tons o f  open p i t  silver ore . The p roj ect represents an attractive , 
low risk exp loration oppor tunity to identify a maj or open pit s ilver mine . 

-24-



TAB L E  1 
SAMPLE D ES C RIPTIONS ( Lo c a t i o n s  Shown on Plate 1 )  

1-25-84- 1 .  Southeast side o f  P earce Hil l .  Upper andesite cut by vuggy , 
open-space quartz veins . Veins trend N35W,  dip 5 5 °  NE . 

1-25-84- 2 .  Pit 400 feet wes t  o f  Pearce shaf t .  Quartz vein s tockwork , 
minor calcite , cutting up per andesite (N60W/ 90 0 ) . 

1-25-84-3 . Vein material exposed between upper and lower J .  Pearce shaf ts . 
Minor quartz veining and brown calcite cut upper andes ite . Minor 
copper oxide . 

1-26-84-4 . Dump samp le from Mominier shaf t . Cretaceous Bisbee sands tone , 
wi th abundant iron oxide and quartz veining . 

1-26-84-5 . Dump sample from Brockman shaf t . Same as 1 -26-84-4 . 

2-10-84-6 . Rock chip samp le about 200 south of No . 9 shaft in area o f  intensely 
s ilicified andesite . Banded s ilica wi th abundant amethys t .  

2- 10-84-7 . Roc k  chip sample from cat trench about 300 feet north o f  No . 9 
shaf t . Fragments o f  quartz in earthy red-brown clay matrix , 
which is probab ly altered Cretaceous Bisbee formation . 

2- 1 0-84-8 . Rock chip samp le from trench on southeas t ern flank o f  Huddy 
Hill . Andes ite cut by numerous quart z  stringers of  North vein 
typ e .  Abundant tectonic b reccia with quartz fragments . 

2- 1 0-84-9 . Rock chip sample from zone o f  intensely s ilicified andes i t e  on 
southeas tern f lank of Huddy Hill . Veins trend N10-40W , with 
s teep dip s . 

2- 10-84-10 . Dump sample from shaf t on southeas t ern flank of Huddy Hil l . 
Silicified andesite cut by numerous quart z  veins . 

2- 10-84- 1 1 . Dump samp le from shaft sunk on N60W/70NE- trending shear zone , 
southeas tern flank of Huddy Hill . Andes ite cut by quart z  veins . 

2-10-84- 1 2 . - Dump samp le from prospect on nor thwestern flank o f  Metat Hill . 
Welded ash-flow tuff s  with b rick red hematite along fractures . 

3- 1-84- 1 3 . Rock chip sample from face o f  southeas t drif t  in Huddy tunnel . 
Andes ite cut by quartz veins . 

3- 1-84- 14 . Rock chip sample from p i t  on southeas tern flank o f  Metat Hill .  
Silicified welded tuff wi th dis seminated amethys t in matrix . 
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Samp le Descrip t ions (can ' t ) 

3-2 3-84- 1 5 . Rock chip samp le ' from caved area 1 5 0  feet southwe s t  o f  D shaf t .  

CD 76-7 . 

S ilicif ied rhyo lite b reccia wi th iron oxide on frac tures . 

Dump sample . Andesite  with iron oxide , quar t z  veining , ame thys t ,  
minor copper oxide . 

CD Ext .  1 .  Commonwealth Ext . 1 dump . Arko se , b o th s ilicified and fres h .  

CD-3 . Lemmon shaf t dump . 
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TAB L E  2 

COPPER STA TE ANAlYTICAl. lAB., INC. 
O N Y A N EN D R A  A .  S H A H  

. ,. I IOHA JlU; C .  N O  • •••• 

SA .... L E  kJ. opt N U " 8E� 

1 - 25 - 84- 1 < . 00 1  
1 - 2 5-84- 2  < . 00 1  
1 - 25 -84- 3 0 . 0 1 2  
1 - 2 5- 34-4 0 . 685 
1 - 25- 84- 5  0 . 0 1 8  
2-10-84-6 0 . 002 

-10-84-7 0 . 00 1  
-10-84-8 0 . 006 
-10-84-9 0 . 002 
-10-84-10 0 . 003 
-10-84-11 0 . 003 
-10-84-12 < 0 . 00 1  

3-1-84-13 0 . 004 
3-1-84-14 0 . 002 
3-23-84-15 0 . 003 

_ c :  AR I 

Ag opt 
0 . 10 
0 . 1 2 
4 . 92 
8 . 1 2  
1 . 1 8 
0 . 08 
0 . 42 
1 . 28 
0 . 08 
0 . 38 
1 . 92 

< 0 . 05 
0 . 14 
0 . 07 
1 . 98 

R EG I S T E R ED A S S A Y E R  7 1 0  E .  E V A N S  BLVD . 
P. O. B O X  7 5 1 7  

T U C S O N .  A R I Z O N A  8 5 7 2 5  
PHONE 6 0 2- 8 8 -4· 5 8 1 1 

8 8-4-5 8 1  ;. 
JOB # 002815 
RE C E""'r VrTl"E"1"'iO---:;-l"/ 3;;-:;11/-;:;-8L'� ------

REPORTED 2/6/84 
I NVO I C E  #----;:;-C�3&1A<052'"'"'""""-----

Operat i ng Co . - Tucson , AZ 
RECHECK 
Au 0 t 

0 . 720 

I ppm .. 0.000 I % I froY 0%.1 10" :- 34 . 286 ppm I ppm � 0.0292 troy 0%./10" 
• Goid ."d Silver ,eportpd i" froy 0%. per 2.000 lb. Ion. 

-2 7 -
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