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February 27, 1978 

Mr. W. L. Kurtz 
:: Tucson Office 9 /  

: Arizona 
Tombstone District 
Fox Prospect 

Dear Mr. Kurtz: -, 

Mr. Devere's memorandum and maps of January' 16, with Mr. Graybeal's 
v. comments of February %3, serve to give me a good clear picture of 
!'~/~ the situation in the ~ox ~area. ~ This is the~kind of ,presentation 
[ ~  which m~es ft P0ssmble~,t0 ~ dis0uss m~nera! potentmaol i ntelliqently. 

ig~! (~~Since the fmeild ~' work'~sh:ows ~t the m~eralization ~is pr~tty clearly / 

• ~,~/ thing w~ should hold this one in abeyance for better times. Meanwhile, // 
" : ' I~ ~ I gather Mr. Devere is Continuing ~o look over o~ner par~s of the // 
~ . . I district. " . _/ 

Very truly yours, ~,./ 

- %  , . • . 

/ 3 • .  ,- / 
/ 

/ 

cc : FTGraybeal 
BJDevere, Jr. I ~ ~ ~  4~4 ~ ~g" ~'~ ~ ~  m 
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KEITH WHITING 
MANAGER 

i i  

NORTHWESTERN UNITED STATES 

EXPLORATION DIVISION 

R E C E I V E D  5o9.489.7~7o 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  COMPAN'~ SEP 4 I~,,, 

EXPLORATION DEPT. 

EAST 9 2 0  W O L V E R T O N  COURT 

{ H A M I L T O N  AT NEVADA)  

S P O K A N E ,  W A S H I N G T O N  9 9 2 0 7  

j . ~ .  

August 30, 1973 SE? 4 1973 

Mr. W. L. Kurtz 
ASARCO- Tucson 

Tombstone District 
Cochlse Countyl Arizona 

Dear Bill; 

Mr. Courtright suggests in his memo of May 16, 1973, that the north end of the 
I • : i Schieffelln granodlorlt~ might be an appropriate place to use the geolog cal drill 

for prospecting the granodiorlte-limestone contact. 

In 1962 Don McMillan and i did a ground magnetic survey of the north and east 
end of the Schleffelln granodlorite slock. Because of the contrasts in magnetic 
susceptibillty between the stock and sediments, the location of the contact can be 
defined rather closely. We never did an I.P. survey along the contact. 

i have mlxed thoughts on the possibility that a porphyry copper deposit may 
exist at the north end of the Schieffeltn granodlorite stock. When I was preparing 
the paper dlscusslng the relatlonship between barren stocks and porphyry copper 
deposlts, I noted a rather puzzling feature: If one considers only the northwest trending 
barren granitic stocks (Juniper Flat granlte--Bisbee, Cananea granite--Sonora Hill, 
Ruby Star granodlorite--Esperanza), the porphyry copper deposits occur, in each case, 
at the south end of the barren stock. However, in each case, the north end is covered 
by alluviurn. Whether the north end of these barren stocks also contain a prophyry 
copper deposit is unknown. The fact that each end is covered by post-mineral 
ailuvlum does suggest an interesting exploration target. 

JCB/sa 
cc: J. H. Courtrlght 
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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

May 16, 1973 

TO: W.L. KURTZ 

TOMBSTONE DISTRICT 
COCHISE COUNTY, ARIZONA 

Reference is made to John Balla's letter of March 8th on the Tombstone 
District wherein its significant features are capably reviewed and summarized 
relative to the possibilities of porphyry copper mineralization occurring at 
depth. 

During reconnaissance work in I~63, we came across an alteration zone in 
the Uncle Sam porphyry, five miles southwest of the townsite. Subsequently, 
Roger Kirkpatrick prepared an alteration map of the area showing a 2000' 
diameter zone of principally argillic alteration and a few narrow zones 
trending northeast. The main zone is bordered by alluvial cover to the 
southeast but barren sediments outcrop 3000' farther in this direction and he 
concluded that since no evidence of copper was observed, the zone was probably 
too small to be of exploration interest. However, I don't believe any rock 
chip samples were taken for geochem analysis. 

As Mr. Balla has pointed out, the Schieffelin granodiorite is a Laramide 
stock with associated base and precious metals in the sediments, and I 
would agree that a porphyry copper deposit may exist in such an environment; 
however, the probability of such occurring within practical depth limits 
is exceedingly slim, I believe. Should the stock extend an appreciable 
distance under the alluvium to the north, drill prospecting of the stock 
and its peripheral sediments might be justifiable, providing the cover is 
not too deep. 

.H. COURTRI GHT 

JHC:kre 

CC: J.J. Collins 
R.K. Kirkpatrick 
J.C. Balla w/copy of R.K. Kirkpatrick's report 



KEITH WHITING 
MANAGER 

A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  C O M P A N Y  

NORTHWESTERN UNITED STATES 

EXPLORATION DIVISION 

r ~ E C E ~ V ~ E ~  

MAR 1 2 1973 

S. W. U. S. ~PL. DIV. 

EAST 920 WOLVERTON COURT 

(HAMILTON AT NEVADA) 

S P O K A N E ,  W A S H | N G T O N  9 9 2 0 7  

March 8, 1973 

Mr. W. L. Kurtz 
ASARCO - Tucson 

Tombstone District 
Cochlse County, Arizona 

Dear Bill: 

Enclosed is my report on the Tombstone District. The report is largely a 
presentation of facts which, if correctly interpreted by me, suggest that a major 
copper deposit may exist under the main district. There is a possibility, i f  not prob- 
abi l i tyr  that other interpretations can be made, which would preclude the occurrence 
of such a deposit. 

Even if such a deposit exists, there are formidable problems remaining. 
These include depth to the deposit, water, proximity of the town, and acquiring the 
mineral rights. 

Considering the state of our knowledge on ore deposits, my report should 
be considered more as a presentation of an idea, rather than a recommendation for 
further work. 

Should you concur with me that the district has reasonable exploration poten- 
t ia l ,  then the acquisition of the mineral rights wi l l  have to be done by dealing with 
Frank Frankovich here in Spokane. 

According to Frank, Tombstone Development company controls all of the 
significant past producers in the district. The company owns over 100 patented 
mining claims and fractions, totaling some 1180 acres. In addition, the company 
owns 18 unpatented claims east of the main district, and Frankovich owns 5 un- 
patented claims on the west slde of the district. 

See you in Knoxv i l l e '  

JCB/ir 
Enco Ball 

PoS. Also enclosed is Hew~tt's report on the Charleston distdcto 
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Spokane, Washington 
March 5, 1973 

TO: W . L .  Kurtz 
FROM: John C. Balla 

Tombstone District 
Cochise County, Arlzona 
A Porphyry Copper District? 

Introduction: 

The following repcrt summarizes some thoughts I have had for a 
number of years on the Tombstone District. It is based upon field work I did 
in the district in 1962, supplemented by some current thoughts on porphyry 
copper deposits. The interpretations of the dlstrlct should be considered specu- 
lative. 

The Tombstone District is primarily noted as a silver "bonanza" 
camp. However, it is really a base metal district. It has produced (to 1936) 
7,049,997 ounces of silver, 2,516,040 pounds of copper, 26,965,134 pounds 
of lead and 1,058,234 pounds of zinc. Tombstone ranks eighth among the lead 
producing districts of Arizona° Manganese is also an important commodity. 

There has been l i t t le work done in the district in recent years. 
Some stratigraphic work has been done by University of Arizona graduate 
students. The main references are Arizona Bureau of Mines Bulletin 143 on 
the Geology and Ore Deposits of the Tombstone District by Butler, Wilson & 
Rasor, (1938) and U . S . G . S . P . P .  281 by Gi l lu ly ,  on the General Geology of 
Central Cochise County. I might also mention my report on porphyry copper de- 
posits and barren Laramlde stocks, and Ted Eyde's paper on Stratigraphy as an 
Exploration Guide" to Porphyry Copper Deposits. 
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Tombstone District - -  2. 

General Geology: 

The stratigraphic column for the district is shown in Figure 1. The 
figure also indicates what units were mineralized. 

The oldest rock in the Tombstone District is the Pinal schist. The 
Pinai schist has been intruded by an alb~te granlte, also of older Precambrlan 
age. 

The younger Precambrian Apache group of sediments are not present. 
The complete Paleozoic section of sedimentary rocks, totaling about 5500 feet, 
are present. 

Overlying the Paleozoic rocks Ts the Bisbee group of sediments, 
which are about 3000 feet thick. 

West of the main distr ict ,  in the Charleston lead mine area, are 
the pre-ore Bronco volcanics. According to Gi l lu ly  (1956), these volcanlcs are 
probably from 5000 feet to 6000 feet in thickness. Whether they are pre-thrusting 
or post-thrusting in age is unknown. 

Major thrusting, which is probably gravitational gl iding, has occurred 
in the area. However, the thrusting appears to be all pre-mTneral in age. 

The Uncle Sam porphyry is a post-thrust, intrusive, quartz latite 
porphyry. This is an unusual rock in that it appears to Be laccolithlc in form. 

Intruding all of the above rocks is the Schieffelin granodiorite. The 
granodlorite is a large, bcrren, Laramide granitlc stock. The stock has an iso- 
topic age of 72 m.y. 

The Schieffelin granodiorite occurs in two separate areas; immediately 
north of the Tombstone district, and in the Charleston-Lewis Springs area. These 
two areas wi l l  be treated separately in this report. 
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Tombstone Area: 

In the Tombstone area the Schieffelin granodTorlte is a barren, 
elongate stock. It is about two miles wide and three and one--half miles Iongr 
as shown on Plate 9. The horizontal long axis of the stock trends about N.  35 ° Wo 
As I recall, it is not a composite, zoned stock, but is fairly uniform in texture 
(medium grained) and composition. The above suggests that we may be near the 
top of the stock, and have not yet eroded down into the composite zoned part. 

Butler (1938) indicates the same thing when he states: 

"The Schieffelin granodlorite mass, as indicated by the 
nature of its contact wTth Naco limestone and with beds belong- 
ing to the Bisbee group, east of The Dome, and by its contact 
with the Naco limestone west of the Lucky Cuss Mine, increases 
in size downward and would occupy a larger part of the area of 
the district were the general elevation of the surface reduced a 
few hundred feet by erosion; evidently it forms a stockllke body." 

Ore Deposits: 

At the immediate south end of the Schieffelin granodiorlte is the Tomb- 
stone District. The main district occupies a structural basin, which is an asymmetrical 
syncline which plunges southeasterly in its northern half and more easterly in its 
southern half. The rocks involved in this folding are the Paleozolc and Mesozoic 
sediments, according to Butler (1938): 

"Within the Tombstone basin the rocks have been folded 
into secondary anticlines and syncllnes with a general trend of 
N° 40 to 65 degrees W. They plunge gently southeastward in 
the northwestern part and more steeply in the southeastern part 
of the basin. They are best defined in the eastern part of the 
basin; in the western part they are more compressed and indefinite. 



O 

Tombstone District - -  4. 

"Folds of a third order occur as corrugations on the 
secondary anticlines and synclines of the Tombstone basin. 
The anticlines of this order are locally termed "rol ls", and 
within them are located many ore bodies." Plate XV from 
Butler (1938) shows a typical ore occurrence. 

Both Butler (1938) and Gi l lu ly  (1956) suggest that the folding is due 
to horizontal compression. This is not necessarily true. It is distinctly possible 
that the folding is due to doming by an intrusive stock, and subsequent subsidence. 

The basin is cut by a series of strong "cross fractures", called the 
Northeast ore fissures, as shown on Plate IV° According to Butler, (1938): 

"Fissures that strike N.  30 to 55 degrees E., cut all 
the rocks older than the Cenozoic gravels. These fissures pre- 
vai l ingly dip steeply southeastward in the Tombstone basin and 
northwestward in the western part of the district. The stronger 
ore fissures within the Tombstone basin are rather uniformly spaced. 
Within the interval of 2,000 feet between the Intervener and the 
Arizona Queen fissures are eight large fissures rather uniformly 
spaced at intervals of about 300 feet. So large a proportion of 
the deposits is associated with northeasterly striking fissures that 
the relation may be assumed as general. 

"Much of the ore in the Tombstone district has resulted 
from replacement of a few favorable formations that range from 
the lower Paleozoic to well above the base of the Mesozoic 
in the B~sbee group. The most productive sedimentary zones 
recognized are: 

1. Beds of limestone above the Blue limes tone in 
the Bisbee group 

2. Blue limestone nea.r the base of the Bisbee group 

3. "Novacul| te" 
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4o Upper portion of Naco limestone 

5. Beds lower in the Naco: Lucky Cuss and Bunker 
Hill Mines 

6. Lower Paleozolc beds: 5herald Mine. 

"In addition to the sedimentary beds the dikes in places, 
mainly within the Contention, Grand Central, and Head Center 
areas, were favorable to ore mineralization. 

"The central part of the Tombstone district is traversed by 
several dikes of granodiorite to diorltlc composition. Although 
not noteworthy in their petrographic character, they are of excep- 
tional interest because of their structural relation to ore deposi- 
tion, their parallelism qnd persistency, and the manner in which 
some of them have been faulted. At least five such dikes traverse 
the central Mesozoic area with a general course of north 12 degrees 
east and a dip of 75 to 85 degrees west, except the Boss dike, 
which dips steeply eastward. 

"These dikes do not crop out prominently and as a rule are 
deeply altered (and pyritized). They are believed to have origin- 
ated as a relatively later phase of the same magma that gave rise 
to the Schleffelin granodiorite and Uncle Sam, porphyry. 

"The ores in different parts of the district range greatly in 
content of the different metals, and whether they were recovered or 
not depended somewhat on the degree of oxidation. Zinc has been 
recovered only from sulphide ores, and the distribution of oxidized 
zinc minerals is l i t t le known. Manganese, on the other hand, has 
been recovered only from oxidized ores. 

"The distribution of metals suggests an area of most in- 
tense mineralization in the northeast section of the district with a 
rough zoning outward. The most definite of the metal zones are 
the central gold zone and the marginal manganese-silver zone. 
The gold zone is characterized by abundant quartz and fluorite, 
and the manganese-silver zone by manganese. 
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"Copper 

"Copper is also widely distributed but in small amounts, 
and its distribution is not well known. It seems to be most 
abundant in and near strong northeast fissures. 

"Copper carbonate stains in the fissures are generally 
regarded as good indications of ore near by. 

"The Emerald Mine probably contained the largest body of 
,1 

c o p p e r  o r e .  

The Emerald Mine, interestingly enough, occurred in the Cambrian 
Abrlgo formation. It is also located at the southern end of the district, away from 
the Schieffelln granodiorlte. 

"Molybdenum 

"Molybdenum occurs in the ores as wulfenlte, the lead 
molybdate. It is present over a considerable part of the district 
but is most abundant in the gold areas particularly of the Silver 
Thread rol l .  Like the gold i t  is most abundant in and near the 
northeast fissures. The wulfenite is, however, a secondary mineral 
not closely associated with gold, and the material high in molybden- 
um is not generally high in gold. Wulfenite rather commonly occurs 
around or beneath an ore body, and although conspicuous, it nowhere 
forms more than a small percentage of the larger bodies of ore."  

The suggestion that Tombstone is a porphyry copper district is derived from 
an attempt to answer three questions- 

1. What would the geology be above a porphyry copper 
deposit that intruded limestones, but never penetrated 
all of the limestone rocks? 
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2, 

. 

Much of the lead-zlnc production in Arizona has come 
from limestone replacement deposits adjacent to por- 
phyry copper deposits. Where is the porphyry copper 
deposit at Tombstone? 

Every large, barren, Laramide granitic stock in south- 
ern Arizona has an associated porphyry copper deposit. 
Where is the porphyry copper deposit associated with 
the Schieffelin granodiorite? 

Conclusions: 

From a district viewpoint, the following observations can be made: 

1. A large, barren, elongate, Laramide granitic stock has 
intruded a very thick (9000 feet) section of sediments, mainly limestones. ~ ~cf" 

2. At the south end of the stock, in a zone of strong cross u~Y ~ ¢  
fracturing, numerous altej-ed a n ~ e _ ¢ l  d~ikes, geneticaf____l~ related to the barren 
stock, have intruded the limestones. 

3. The sediments have been complexly folded, which may be 
due to a buried stock, which rose part way through the sediments, then subsided 
slightly as it cooled. The altered dikes may then be apophyses off the mineralized 
intrusive, which would be related to the barren stock. 

4. Copper, lead, zinc, silver mineralization occurs as re- 
placement deposits, associated with the dikes and cross fracturing. 

5. The mineralization appears to be crudely zoned, with a 
gold-quartz central zone, and a peripheral manganese-silver zone. Molybdenum, 
although widely distributed, appears to be most abundant in the central zone. This 
central zone is located adjacent to the barren stock. 

6o Copper is widely distributed, and is associated with the 
cross fractures. The most abundant copper occurs in the Cambrian rocks. 
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Exploration Potential: 

Porphyry Copper Deposit 

There are several possible "porphyry copper type" targets. The 
first is replacement of the Paleozoic rocks by pervasive mineralization, similar to 
Mission. Another replacement type would be higher grade replacement deposits, 
similar to Bisbee type ore. These types would necessitate a mineralized intrusive at 
some unknown depth beneath the district. The pyritized and altered dikes are 
apophyses off the stock. This possibility would indicate that part of the lower sedi- 
mentary sequence of rocks may not exist, or be very complexly folded and faulted. 

From the available data, there is an excellent chance that the 
Lower Paleozoic rocks (Abrigo, Martin, Escabrosa) contain significant mineralization, 
assuming that they exist. At Bisbee, according to Bryant and Metz, 1966: 

"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 
below tend to yield, resulting in a fold or failure along a 
single break. " 

As noted above, the main copper deposit (Emerald Mine) occurs at 
the south end of the district, in the Abrlgo formation. The possibility that the Abrigo 
formation in the main part of the district is more intensely mineralized appears to be 
quite good. 

Another replacement type would be similar to the Christmas, Arizona, 
deposit. I think the chances for this are less than the Bisbee type, due to the overall 
geology, and the altered nature of the dikes. 
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Silver Possibilities 

About all of the silver produced from the district came from secon- 
darily enriched deposits. These have been essentially mined out. 

In conversation with Frank Frankovlch (see below, under ownership), 
he feels that there is considerable potential for large tonnages of high grade silver 
ore. The area he has in mind is north of the main district, under the town of Tomb- 
stone. (See Plate IV). He notes that the previous mining stopped at the town, but 
there is no geologic reason for the ore not continuing to the north. (Perhaps true, 
but what a place to look for ore - right under the town.) 

Water 

As is well known, water was encountered at the 520' level ot: the 
Sulphuret shaft. Pumping in the mines showed that the water in the various mines is 
connected by fractures, such that pumping in one shaft would lower the water table 
in the entire district. 

Mr. E. Fo Hollyday, in a recent M.S. thesis at the University of 
Arizona, suggests that the amount of water in the distr ict has been greatly exaggerated. 
Attached is his abstract and Summary and Conclusion. 

Ownership 

Almost all of the claims covering the main district were consoli- 
dated by Phelps Dodge Corp. into a company called Tombstone Development Co. 
This company was subsequently acquired by Newmont Mining Company. About 
10-12 years ago Frank Frankovlch, acting on behalf of a group of private investors 
from Nebraska, acquired from Newmonb Tombstone Development Company for some- 
thing like $120,000. This group of investors still holds the company. 

There is an agreement between Tombstone Development Company and 
American Silver Mining Company (a Coeur d'Alene m.ining company), that when American 
Silver stock reaches $2.00/share (it is currently selling at around $2.25) Tombstone De- 
velopment wi l l  be merged into American Silver, with American Silver being the surviving 
company. Mr. Frankovich is a director of Tombstone Development Company and vice- 
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president and general manager (and a director) of American Silver° 

Negotiations between ASARCO and American Silver for American Silverls 
claims in the Coeur d'Alene district are currently in progress. 

Charleston District: 

I have never visited the Charleston area. ! see l i tt le geologlc relation 
between the Tombstone district and the Charleston district at the present time. It 
would appear that the Charleston district w i l l  have to be evaluated on its own 
merits. 

Dutch Van Blaricom has reviewed the geophysical work done by Hewitt 
Enterprises. Dutch feels that maps No. 9 and 10 have no value. He is also 
suspicious of the anomaly that is in the east-center portion of Section 30. He 
suspects that a north-south fence line may exist along the section l ine. Should 
someone be in the general area, they might check the section l ine. 

~ a l l a  
b/ 



Quaternary 

Tertiary 

Lower Tertiary- 
Upper Cretaceous 

Cretaceous 

Permian 

Pennsylvanian 

Mississippian 

Devonian 

Cambrian 

P re - Cambr i an 

GENERAL GEOLOGIC COLUMN 
Tombstone District 

Cochlse County, Arizona 

Alluvial deposits 
Basalt intrusive 

Gila Conglomerates: conglomerate, sandstone, 
si l t ,  clay; several hundred feet. 

Rhyolite dikes, plugs, sills. 
Sandstone, conglomerate, mudstone; 80 feet. 
Sch~effelln granodlorite: quartz-poor granodiorlte 

to quartz monzonlte° 
Andesite porphyry dikes. 
Uncle Sam porphyry: quartz latite porphyry to 

quartz monzon~te porphyry. 

Bronco volcanics: quartz latlte flows and tufts, 
andeslte flows and flow brecclas, 6,000 feet. 

Bisbee formation: conglomerate, sandstone, mud- 
stone, a l i t t le limestone at the base, 3,000 ft. 

Epitaph dolomite: dolomite, sandstone, limestone, 
780 feet. 

Col~na limestone: limestone, 635 feet. 

Earp formation: limestone, shale, limestone con- 
glomerate, and thin dolomite beds, 595 feet. 

Horquilla limestone: limestone, 1,000-1,200 ft .  

Escabrosa limestone: crinoldal limestone, 886 ft. 

Martin limestone: limestone, shale, sandstone, 
a l i t t le chert; 230 feet. 

Abrlgo limestone: 17mestone, shale, a l i t t le 
quartzite; 844 feet. 

Bolsa quartzite: quartzite, grit, conglomerate; 
440 feet. 

Alblte granite. 
Pinal schists: muscovite, chlorite, quartz schist, 

minor amphibolite. 

Figure 1 

Ore Occurrences 

No known associated mineral- 
ization. 

Ore is associated wTth the gen- 
et ical ly related granodiorlte- 
diorite dikes. 

A l itt le mineralization in a 
few faults. 

The basal "Novaculite" (55-70 f t .  
and overlying Blue Limestone 
(20-40 f t . )  were the main ore 
horizons in this formation. Sorn: 
ore also occurred higher in the 
formation. 

Main ore horizon in the Naco 
Group. 

May have contained ore. 

May have contained "ore. 

Contained some ore. 

Not known to contain ore. 

Not known to contain ore. 

Contained some oxide silver and 
copper ore from the lower por- 
tion of the formation. 

Contained some oxide silver a n d  
copper ore. 

No known assoclated mlneralizatior 
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C_:C :i' ::OL.=:IC ANAL~.~SL~ OF M~¢E DEWATE~XNG 
~' ~: /AT:~!I DZV=LO.P,,,~NT, TOMBSTONE, 

C;" '"~-=~'~ COUN'~L~ A R I Z O N A  

by  

E~te  F° Hol lyc~y  
, ~. ¢ . 

A~BTRACT 

_..~ .... .:~ m e ,  73 m i l e ~  s o u t h e a s t  of  T u c s o n ,  ha s  b e e n  a s l t~  of  

. . . . . .  4...~ ..... ~ ,~ ., . . . . . . . . . .  " ".* -~-" --in~" l o r  m i n i n g  o p e r a t i o n s .  D u r i n g  an 8 - y e ~ v  p e r i o d  

. . . . .  ~J3: a=d I~11, a to~ of ~6, 900 ~cre-feet o~ w~ter was with- 

.:o~n grcand-wa~or storage in the m~le recl~ with a maximum 

.: ........ .. m ~:~: l~vel of ~40 feet. For the 8-ye~ p~riod of pumping, 

:a.lu~e of " :ter cc~ld have supported a city of 30~ 000 population, 

T h o  ::..:.d:mentazy rocks witkLu the mining district b~ve a com- 

. . . . . . .  ~ , ~ . , ~ _  of ~, CO0 f e e t  a n d  i n c l u d e  t h e  n o r m a l  sLr~Ugrap~dc 

......... ~ of - .... "'~.-+ .... Arizona from t h e  Prec~mbrIRn Phaal ~ch~st .... , ~ , . ~ , ~ ,  ~ ~..~ ~, " .  " ~.~;~a-~,~. ~,t~;/, ,~£ 

" . . . . . .  " " ' " -  do, . ~ . .  ~ . . ~ .  . , , :  C r o t n c e o u ~  D i s b e e  F o r m a t i o n .  Siliceous an  u s r t z 0 s @ -  

..... : ....... : ..... :: ,;~,zm t,~ mining district have been ~Itered to qu~rtzit 

• .~.., d ~:usperoid nnd h~ve the best porosity and permeability 

:~ -- ..... -- ~..._ ..... ~ . . . . : ~ , , : . , . ~ "  ...... ~',"~.:-" ~ractures a n d  fism~res. Among the a f~ tceous  

II 



=i:,u, the Dolsa  Quartzite and Dlsbee Formation are  the be.st water-  

. . . . . .  • ° . . . .  ~...~o ,~,a~,~n t . e  district .  The cn2bonate rocks ,  predomtn~.mt in 

~.~ ::c=~oa, ~ v e  been fractured and subjected to soluUoain~• They 

~:avo their bc=t po;'o~i~ and permeabiL%~ wRh~ the zone o~ maximum 

u . ~  ~ . . . . .  ~.~n ncar tha v:ater ~ble .  

"2h3 mhn~g district is bordered on the ~est by the impermeable 

~c~u,=~=~m GranoCiorite and related intrustves that partly isolate the 

~, e-s of r~tural ground-water discharge alons the San 

~cdzo i qi'¢~'. The district is bordered on the south and east by pre- 

~._~_.~..~.~ cry~tzliine carbonate rocks. The i~qneous core o~ the Mule 

. . . .  ~ , . ~ , , ~ n  ,Mountains l i e s  farther to the east .  An alluvial  val ley  ~Ith 

.~.: ~ ~ ,  ~ , . . , ~  ~a~e. s toraze  l i e s  lmme4iate ly  north ~ d  northeas~ of t h e  

~. ....... ...==tract. 

A review of the history o~ previous ~ter development indicates 

~ , , _ .  t~o ,.,~,~.~'""-~..,,,,~ o£ the yield of the ~xluffer complex has been exagger- 

" ~'"'"~ C U t  O f  '"  "" "'~'~ ,.,~ p, 020, ~,on as a result of circumstances connected with de- 

~or comparative purposes the coefficient of transmisslblif~j, 

." t h e  " ~ " ' : "  • ~ , ~ r  complex is  estimated as 10, 000 ~ 15,000 -~a]/ons per ~-y 

.... -'~ =~d the coefficient .of storage is  esfimated ss  01. Prediction 

cf the aquifer performance usin~ these two coefficients is greatly me& 

i~icd by anlso~-opy ~d boundary conditions within the Rquffer comple:b 

Ill 



~nc/~he yield is  rapi~y reduced with time. As a reaultp empirical log- 

I~ ~p,~o~,,~don~, of the time-drawdo~m curves ~re proposed for pre- 

c~c~n~ th~ lonc.-tcrm performance of the aquHer complex.  

The ~cohydrelo~Ac evidence inchcat.es tlm~ ~he Tombstone m/a~ing 

d~t~-ict m,~y provide a suitable location for lone-term, moderate pro- 

duc't~on of municipal water. Vgith ex~ens~ve development~ the ~'iu~er 

co n~plox could support a population several  t imes the present s ize  of 

Tombstone, but ~b/s would result in an appreciable drawdova~ of the 

~a~er L-~le. On the other h~uud, the loe~lon is moderately ~ood as a 

~ , ~  ~o~ ~,~e consumption of ground-water storage sad dewaterLu~ ~hat 

~vould necess~riIy accompany mining below ~he sta£~c ~wter level.  

, , , - , , . .  ~ .  L ' !  
. ,  ~ -  , . , 

~ o  

! 

iV 

I 

- v ~ ~ ?  . - - 
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CHAPTER V~ 
SU~,~IA~Y A}~D CONCLUSIOI~;S 

(1) The p r m c t p ~  ~-ound-w~er  souree~ o~ ~ho Tombstone r e -  

, o n  are  in the valley alluvium and the f rac tured sil iceous rocks~ pa r -  

ticularly the Bolsa Quartzite and BIsbee Formation. 

(2) The grea ter  porosity and permeab~l i~ in the carbonate 

rocks occurs between the water table and 200 to 300 feet below the w~ter 

table. 

(3) The intra~lve rock~ ~d P r e c ~ m b r ! ~  met~morpl~Ac rocks  

act  as b~rrie~-s to ground-water movement.  The SehleffolL~ Grnnodlorite 

n n ~ .  e i . t~a  tntrusives along the western margin  of the g iniug di~trlct 

9ar t i7  i~ohte  the distr ict  f rom z.rea~ of naLural chset~rge along the San 

Pe-.L-o ~ iver .  I~neous and metamorptffc rock~ in a ery~t,~ll~m high 

~n~mu t~e Mule and Dragoon ~ountatns  and a reas  in between ~pparently 

i~ola~e ~h~ dis t r ic t  from the ~ulphur Spring Valley. 

(4) Dur~y. pumping periods~ vm~er l~ vdthch.avm from g~-ound- 

~ t o r  s torage to ~he north~ ~outh, mud eaa~ of Tombstone from frac~hn'es, 

f i ~ u r e s ,  and ~oluflon openings eommunlca~ng w l ~  pore  ~pace in the 

w~lley ~lluvium. . . . .  
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Rovlow of the l~story of v;ater development indicates that %hQ 

~w~,~,l y~cld of the prhuc~p~l aquifers has been c~%rapoL~tod out of all 

~,, o..~ t%~. T~s e=mg~eraGon basically is due to two ~ac~s connected 

~.c~o is a wry large but ihu[te amount o~ vr~ter in storage 

~.~ Aomu~,e re~on. T~s finite amount of water m~y be developed 

~..o~ t porlod of %izae v~h Lurgo drawdown and large apparent in a very ~ -  "-  

yield as Lu downtering operations, or it may be produced over a much 

lonzcr period of t ime at moderato drawdovm with smaller yield as in 

wator-suppP2 development adlusted ~o the capacity of ihe aquifer, Ls2ge 

drawdov~s ~ay produce n spec~cul~, amount of water for a short period 

d~.~e~s is raptly r~duced, the inertial of th-ne, but as th~ saturated " ~'-- - 

y i c i ~  dccLhue very  rapidly and the l ifo of the ~vater supply i s  ~reatly r e - .  

a . . . . . .  "fho iombstone mlmn~ district won its repu~a~on for Lomge 

%rater production durh%g a period o~ extreme drawdov;n. The v~thdraw- 

rates w~Ich typified the lnRial  dew~terlng c~mnot be maln~%£ued over 

a lone, or per~od of ~/me. 

(~) Large amounts of water in addition to wlm~ might bo ex- 

" ,,n petted from normal mumelp~ well produce/on in the smme aqu/fer were 

,,~me~ from storngo for .% shor~ porlo~ o~ tlme by crosscut dev~lop- 

meat in ~ho Pump ShaR. 

L 
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C,,ant~,dve Detcrmlnatlon of b,~ulfor l~erfcrm,ance 

~4 

(t) :For comparative purposes~ the Tombstone aqui[er ~u~,~'-  

k~s a local coefficient of transmlsslblL~ty o~ the order of I0, 0O0 
-% 

15, OOO gpd per foot and a coefficlent of storage el, 01. 

" l e , . ~ l  cocfflcicnts (2) Tee aq'~fer performance based upon these "~'- 

is st~on=ly mod~ied by boundary conditions and ~ho anisoh-opy o~ the fl~- 

sure rind solution-openiug system as Indlcated by pumping tests con- 

ductcd at different pumping rates. 

(3) ~'u~hn-e development may be pro~'ammed ~ith emplrlca! 

equations deslgnod to include the slgnificant varlables In ~he geohycL~o - 

lo~Ic sc rag .  

/-~pr~/~n! 0 ~ ! C _ _ S e t t t n S '  For, %Vator Develo,?ment 

The geohydrologlc evidence indicates thnt the Tombstone n~in- 

in3 district may provld~ a suitabi~ local/on for long-t~rm, raodera~e 

production of municipal v,,a%er. %Vith extensive development~ the aquifer 

complex could support ~ popular:ion several times the present size of 

Ton~bstone, but this would result In an appreciable drav,~do%vn of the 

v:~Aor t~ble. On the other ~d, the location Is moderately good as a 

site for the vAthdrawal o~ groundowater storage and dowatsrluz that 

v.:ould necessarily mecompany mlnkug be!ow the stage ~,ter level. 
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Recommm~c~dons ~o, ~'urti~cr Study 

Geohydrology of Tombstone ~eglon 

A more accurate determ~a~lon of the hydrologic por~orm~co 

of ~ho Tombstone aquifer complex was hampered by a lack of Imo~Icc~e 

o[ the effective aquifer tl~ickness and fl~e zona£ion of the hydrolo~e 

properties. The effectlvo flflckness and zonatlon of hydrologic prop- 

erHes were inferred from pump-test results but could not be accurate- 

ly determined in order to adjust ~ho values of transmlsslbility for 

ch~ges in aquifer thickness as a resuR of excessive drawdown. Very 

useful huformation could be obtah~ed from a deep exploratory w~ll In 

wl~ch each zone penetrated could be tested individually for Its hydro- 

iog~c performance. This information could M~ used to adjust the co- 

~ ~  o~ tranzmisslbllity for changes in aquifer thlclmsss and to sub- 

divide the aquifer complex into prh~cipal water-bearlng zones. 

In order  to est imate lhe t o ~ l  amount of ~vater in storage in the 

= eLucn, a thorough investigation ~hould b~ made of ~he nature, ~htcImess~ 

and configuration of the alluvium in the surrounding valleys° A~ t~s 

t ime  there are  too few wells and well logs available to make a re~son- 

able est,.mats ot the volume of storage,  

Geohydrology of fractured Crystalline Eocks and ~ l n e  Dewatering 

Investigations conaec~ed with this repor~ h.~ve revealed at leas~ 
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~car areas o~ research In which si~aificr~t conblbutlons could be ~ -~ 

to th: ~. knowledge o~ geohydrology . . . . .  

- Apparently very little is known about the interrelationship be- 

tween rock de£ormation and metamorphism and the development of sec-  

ondary . . . . . .  ~' ~z ~ , ~ : j  in rocks of various compositions. Z~ablished research  

on rock de~ornaatlon would at least in theory indicate that quite d~erent 

fracture systems may b e  developed in siliceous rocks as opposed to. 

carbonate rocks, although interbedded and subjected to the same con- 

~'tions of pressure  and temperature.  The Implications for differences 

in groun~ wa~er circulation are obvious, 

Little is known about fissure and solution networksp their ver- 

,c~.l and !ater~ varia~.onsp sad the manner in which fluids occur and 

move ~,~thin them. Research on the quantitative interrelationship of 

fissures -mud r-olution openlnss and fluid motion would add to our Ic.aow- 

ledge o~ Lu'ound-v~ter hydraulics, ere emplacement~ and secondary r e -  

covery from dolomite petroleum reservoi rs .  

A v~ct mine sh~ t  is a unique rock-vmU well in which the well 

remains dewatered at all t imes during active mine development. Re-  

,~earch is needed to quantitatively determine the head I o ~ e s  due to 

zurbu!encc in the neighborhood of the well and due to convergent flow at 

the bo~om o~ the well. Quantitative evaluation of the losses would per- 

mlt analysls of pumped shaft data for determining aquifer coefficients, 

The programming of dewatering operations would b e  greatly 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  • .......... c . . . . . . . . .  .- 



,i 
@ 

~2 
• f 

. , ~ - , , , , ~  by" a nonc,,~,II,..,hm~) qunni~/~.tlve analysia ~.~'~d thoo~et,c.,l anal-. 

meat c~ a result of dx-ifttn~ ai~d cro~cutdng .  

c,~, . - ,~.~,- , ,  the hydx'olo~d] of fractured crysta l l ine  a'ocks~ aI- 

th~,~,~ limited h~ econom~ impor/~ac~ to ~maI1 d~mesflc v~ater ~ui~- 

.91tc~, mine, dev~atcrln~ pelroleum-re~ervolr ~roducfioa, and ens,"aoe~'- 

m~ c~nsb:uctlon, iz a wide open field for hydro~ogto research. The 

% field is difficult, but t,,~ beae~l~] lo plam~od environmental control from 

con~trucdve research ma:¢ be very rewarding.. .:  

, . • ' ; I ¸ 
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APR i :I973 

Dear Bill: 

Enclosed is my report on the Tombstone District. The report is largely a 
presentation of facts which, if correctly interpreted by me, suggest that a major 
copper deposit may exist under the main district. There is a possibility, if not prob- 
abi l i ty ,  that other interpretations can be made, which would preclude the occurrence 
of such a deposit. 

Even if such a deposit exists, there are formidable problems remaining. 
These include depth to the deposit, water, proximity of the town, and acquiring the 
mineral rights. 

Considering the state of our knowledge on ore deposits, my report should 
be considered more as a presentation of an idea, rather than a recommendation for 
further Work; 

Should you concur with me that the district has reasonable exploration poten- 
t ia l ,  then the acquisition of the mineral rights w i l l  have to be done by dealing with 
Frank Frankovich here in Spokane. 

A c c o r d i n g  to F rank ,  Tombstone D e v e l o p m e n t  company  cont ro ls  al l  o f  the 
significant past producers in the district. The company owns over 100 patented 
mining claims and fractions, totaling some 1180 acres. In addition, the company 
owns 18 unpatented claims east of the main district, and Frankovich owns 5 un- 
patented claims on the west side of the district. 

See you in 'Knoxvi l le .  ~ 

JCB/ir 
Eric,  4y'n Co Balla 

PoS. Also enclosed is Hewltt's report on the Charleston dlstHct. 
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Spokane, Washington 
March 5; 1973 

TO: W . L .  Kurtz 
FROM: John C. Balla 

Tombstone District 
Cochlse County, Arizona 
A Porphyry Copper District? 

I ntroductio n: 

The following repcrt summarizes some thoughts I have had For a 
number of years on the Tombstone District. It is based upon field work I did 
in the district ~n 1962, supplemented by some current thoughts on porphyry 
copper deposits. The interpretations of the district should be considered specu- 
lative. 

The Tombstone District is primarily noted as a silver "bonanza" 
camp. ILIowever, it is really a base metal district. It has produced (to 1936) 
7,049,997 ounces of silver, 2,516,040 pounds of copper, 26,965,134 pounds 
of lead and 1,058,234 pounds of zinc. Tombstone ranks eighth among the lead 
producing districts of Arizona° Manganese is also an important commodity. 

There has been l i t t le work done in the dlsh'ict in recent years. 
Some stratigraphic work has been done by University of Arizona graduate 
students. The main references are Arizona Bureau of Mines Bulletin 143 on 
the Geology and Ore Deposits of the Tombstone District by Butler, Wilson & 
Rasor, (1938) and U . S . G . S . P . P .  281 by Gi l lu ly ,  on the General Geology of 
Central Cochise County. I might also mention my report on porphyry copper de- 
posits and barren Laramide stocks, and Ted Eyde's paper on Stratigraphy as an 
Exploration Guide to Porphyry Copper Deposits. 
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General Geology: 

The strafigraphlc column for the district is shown in Figure 1. The 
figure also indicates what units were mineralized. 

The oldest rock in the Tombstone District is the Pinal schist. The 
Pinal schist has been intruded by an albite granite, also of older Precambrian 
age. 

The younger Precambrian Apache group of sediments are not present. 
The complete Paleozoic section of sedimentary rocks, totaling about 5500 feet, 
are present. 

Overlying the Paleozoic rocks is the Bisbee group of sediments, 
which are about 3000 feet thick. 

West o£ the main distr ict ,  in the Charleston lead mine area, are 
the pre-ore Bronco volcanlcs. According to Gi l lu ly  (1956), these volcanics are 
probably from 5000 feet to 6000 feet in thickness. Whether they are pre-thrusting 
or post-thrusting in age is unknown. 

Major thrusting, which is probably gravitational gl iding, has occurred 
in the area. However, the thrusting appears to be all pre-mineral in age. 

The Uncle Sam porphyry is a post-t~rust, intrusive, quartz latite 
porphyry. This is an unusual rock in that it appears to be laccolithic in form. 

Intruding all of the above rocks is the SchiefFelin granodiorite. The 
granodiorite is a large, bcn'en, Laramide granitic stock. The stock has an iso- 
topic age of 72 m.y.  

The Schieffelln granodlorite occurs in two separate areas; ~mmediately 
north of the Tombstone district, and in the Charleston-Lewis Springs area. These 
two areas wi l l  be treated separately in this report. 
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Tombstone Area: 

In the "l:ombstone area the Schieffelin granodiorite is a barren, 
elongate stock. It [s about two miles wide and three and one-half miles long, 
as shown on Plate 9. The horizontal long axis of the stock trends about N.  35 ° Wo 
As I recall, it is not a composite, zoned stock, but is fair ly uniform in texture 
(medium grained) and composition. The above suggests that we max be near the 
top of the stock, and hcs, e not yet eroded down into the composite zoned part. 

Butler (1938) indicates the same thing when he states: 

"The SchleFelin granodiorlte mass, as indicated by the 
nature of its contact wi~h Naco limestone and with beds belong- 
ing to the Bisbee group, east of The Dome, and by its contact 
with the Naco limestone west of the Lucky Cuss Mine, increases 
in size downward and would occupy a larger part of the area of 
the district were the general elevation of the surface reduced a 
few hundred feet by erosion; evidently it forms a stockllke body." 

Ore Deposits: 

At the immediate south end of the Schieffel[n granodiorite is the Tomb- 
stone District. The main district occupies a structural basin, which is an asymmetrical 
syncline which plunges southeasterly in its northern hail and more easterly in its 
southern half. The rocks involved in this folding are the Paleozoic and Mesozoic 
sediments, according to Butler (1938): 

"Within the Tombstone basin the rocks have been folded 
into sec'ondary anticlines and synclines with a general trend of 
N.  40 to 65 degrees W. They plunge gently southeastward in 
the northwestern part and more steeply in the southeastern part 
of the basin° They are best defined in the eastern part of the 
basin; in the western part they are more compressed and indefinite. 



Tombstone District - -  4 .  

"Folds of a third order occur as corrugations on the 
secondary anticlines and synclines of the Tombstone basin. 
The anticlines of this order are locally termed "rol ls", and 
within them are located many ore bodies." Plate XV from 
Butler (1938) shows a typical ore occurrence. 

Both Butler (1938) and Gi l lu ly  (1956) suggest that the folding is due 
to horizontal compression. This is not necessarily true. It is distinctly possible 
that the folding is due to doming by an intrusive stock, and subsequent subsidence. 

The basin is cut by a series of strong "cross fractures", called the 
Northeast ore fissures, as shown on Plate IV. According to Butler, (1938): 

"Fissures that strike N. 30 to 55 degrees E., cut all 
the rocks older tt~an the Cenozoic gravels. These fissures pre- 
vai l ingly dip steeply southeastward in the Tombstone basin and 
northwestward in the western part of the district. The stronger 
ore fissures within the Tombstone basin are rather uniformly spaced. 
Within the interval of 2,000 feet between the lntervener and the 
Arizona Queen fissures are eight large fissures rather uniformly 
spaced at intervals of about 300 feet. So large a proportion of 
the deposits is associated with northeasterly striking fissures that 
the relation may be assumed as general. 

"Much of the ore in the Tombstone district has resulted 
from replacement of a few favorable formations that range from 
the lower Paleozoic to well above the base of the Mesozoic 
in the Bisbee group. The most productive sedimentary zones 
recognized are: 

1. Beds of limestone above the Blue limes tone in 
the Bisbee group 

2. Blue limestone near the base of the Bisbee group 

3. "Novacul| te" 
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4o Upper portion of Naco limestone 

5. Beds lower in the Naco: Lucky Cuss and Bunker 
Hill Mines 

6. Lower Paleozoic beds: 5herald Mine. 

"In addition to the sedimentary beds the dikes in places, 
mainly within the Contention, Grand Central, and Head Center 
areas, were favorable to ore mineralization° 

"The central part of the Tombstone district is traversed by 
several dikes of granodiorite to dioritic composition. Although 
not noteworthy in their petrographic character, they are of excep- 
tional interest because of their structural relation to ore deposi- 
tion, their parallelism and persistency, and the manner in which 
some of them have been faulted. At least five such dikes traverse 
the central Mesozoic area with a general course of north 12 degrees 
east and a dip of 75 to 85 degrees west, except the Boss dike, 
which dips steeply eastward.. 

"These dikes do not crop out prominently and as a rule are 
deeply altered (and pyritized). They are believed to have origin- 
ated as a relatively later phase of the same magma that gave rise 
to the Schieffetin granodiorite and Uncle Sam porphyry. 

"The ores in different parts of the district range greatly in 
content of the different metals~ and whether they were recovered or 
not depended somewhat on the degree of oxidation. Zinc has been 
recovered only from sulphide ores, and the distribution of oxidized 
zinc minerals is l i t t le known. Manganese, on ~he other hand, has 
been recovered only from oxidized ores. 

"The distribution of metals suggests an area of most in- 
tense mineralization in the northeast section of the district with a 
rough zoning outward. The most definite of the metal zones are 
the central gold zone and the marginal manganese-silver zone. 
The gold zone is characterized by abundant quartz and fluorite, 
and the manganese-silver zone by manganese. 
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"Copper 

"Copper is also widely distributed but in small amounts, 
and its distribution is not well known. It seems to be most 
abundant in and near strong northeast fissures. 

"Copper carbonate stains in the fissures are generally 
regarded as good indications of ore near by. 

"The Emerald Mine probably contained the largest body of 
copper ore. " 

The Emerald Mine, interestingly enough, occurred in the Canlbrian 
Abrigo formation° It is also located at the southern end of the district, c:~zay fi'om 
the Schieffelin granodiorite, 

"Molybdenum 

"Molybdenum occurs in the ores as wulfenite, the lead 
rnolybdate. It is presen~ over a considerable part of the district 
but is most abundant in tile gold areas particularly of the Si!ver 
Thread rol l .  Like the gold i t  is most abundant in and near the 
northeast fissures. The wulfenite is, however, a secondary mineral 
not closely associated with gold, and the material high in molybden- 
um is not generally high in gold. Wulfenite rather commonly occurs 
around or beneath an ore body, and although conspicuous, it nowhere 
forms more than a small percentage of the larger bodies of ore."  

The suggestion that Tombstone is a porphyry copper district is derived from 
an attempt to answer three questions: 

. What would the geology be above a porphyry copper 
deposit that intruded limestones, but never penetrated 
all of the limestone rocks? 
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. 

. 

Much of the lead-zlnc production in Arizona has come 
from limestone replacement deposits adjacent to por- 
phyry copper deposits. Where is the porphyry copper 
deposi tat  Tombstone? 

Every large, barren, Laramide granitic stock in south- 
ern Arizona has an associated porphyry copper deposit. 
Where is the porphyry copper deposit associated with 
the Schieffelin granodiorite? 

Conclusions: 

From a district v iewpoint,  the following observations can be made: 

1. A large, barren, elongate, Laramide granitic stock has 
intruded a very thick (9000 feet) section of sediments, mainly limestones. 

2. At the south end of the stock, in a zone of strong cross 
fracturing, numerous altered and pyritized dikes, genetically related to the barren 
stock, have intruded the limestones. 

3. The sediments have been complexly folded, which may be 
due to a buried stock, which rose part way through the sediments, then subsided 
slightly as it cooled. The altered dikes may then be apophyses off the mineralized 
infruslve, which would be related to the barren stock. 

4. Copper, lead, zinc, silver mineralization occurs as re- 
placement deposits, associated with the dikes and cross fracturing. 

5. The mineralization appears to be crudely zoned, with a 
gold-quartz central zone, and a peripheral manganese-silver zone. Molybdenum, 
although widely distributed, appears to be most abundant in the central zone. This 
central zone is located adjacent to the barren stock. 

6o Copper is widely distributed, and is associated with the 
cross fractures. The most abundant copper occurs in the Cambrian rocks. 



Tombstone District - -  8. 

Explorafbn Potential: 

Porphyry Copper Deposit 

There are several possible "porphyry copper type" targets, The 
first is replacement of the Paleozolc rocks by pervasive mineralization, similar to 
Mission. Another replacement type would be higher grade replacement deposits, 
similar to Bisbee type ore. These types would necessitate a mineralized intrusive at 
some unknown depth beneath the district. The pyritized and altered dikes are 
apophyses off the stock. This possibility would indicate that part of the lower sedi- 
mentary sequence of rocks may not exlst~ or be very complexly folded and faulted. 

From the available data, there is an excellent chance that the 
Lower Paleozolc rocks (Abrlgo, Martin, Escabrosa) contain significant mineralization, 
assuming that they exist. At Bisbee, according to Bryant and Metz, 1966: 

"Copper ore has been found in all the Paleozoic 
limestone; however, the most productive formations have been 
the upper half of the Abrlgo Limestone, all of the Martin 
Limestone, and the lower half of the EscabrosaLimestone, a 

total thickness of about 1,000 feet (Fig. 2). The favorable 
formations are brittle and fend to shatter when subjected to 
diastrophic stresses, whereas the other formations above and 
below tend to yield, resulting in a fold or failure along a 
single break." 

As noted above, the main copper deposit (Emerald Mine) occurs at 
the south end of the district, in the Abrigo formation. The possibility that the AbHgo 
formation in the main part of the district is more intensely mineralized appears to be 
quite good. 

Another replacement b/pe would be similar to the Christmas, Arizona, 
deposit. 1 think the chances for this are less than the Bisbee typer due to the overall 
geology, and the altered nature of the dikes. 
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Silver Possibil ities 

About all of the silver produced from the district came from secon- 
darily enriched deposits. These have been essentially mined out. 

In conversation with Frank Frankovich (see below, under ownership), 
he feels that there is considerable potential for large tonnages of high grade silver 
ore. The area he has in mind is north of the main district, under the town of Tomb- 
stone. (See Plate IV). He notes that the previous mining stopped at tl~e town, but 
there is no geologic reason for the ore not continuing to the north. (Perhaps true, 
but what a place to look For ore - right under the town.) 

Water 

As is well known, water was encountered at the 520' level of the 
Sulphure~ shaR. Pumping in the mines showed that the water in the va~'ious mines is 
connected by fractures, such that pumping in one shaft would lower the water table 
in the entire district. 

Mr. E. Fo Hollyday, in a recent M.S. thesis at the University of 
Arizona, suggests that the amount of water in the distr ict  has been greatly exaggerated. 
Attached is his abstract and Summary and Conclusion. 

Ownership 

Almost all of the claims covering the main district were consoli- 
dated by Phelps Dodge Corp. into a company called Tombstone Development Co. 
This company was subsequently acquired by Newmont Mining Company. About 
10-12 years ago Frank Frankovich, acting on behalf of a group of private investors 
from Nebraska, acquired from Newmonb Tombstone Development Company for some- 
thing like $120,000. This group of investors stil l holds the company. 

There is an agreement between Tombstone Development Company and 
American Silver Mining Company (a Coeur d'Alene mining company), that when American 
Silver stock reaches $2.00/share (it is currently selling at around $2.25) Tombstone De- 
velopment wi l l  be merged into American Silver, with American Silver being the surviving 
company. Mr. Frankovich is a director of Tombstone Development Company and vice- 
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president and general manager (and a director) of American Silver. 

Negotiations between ASARCO and American Silver for American Silver's 
claims in the Coeur d'Alene district are currently in progress. 

Charleston District: 

I have never visited the Charleston area. I see l itt le geologic relation 
between the Tombstone district and the Charleston district at the present time. It 
would appear that the Charleston district wi l l  have to be evaluated on its own 
merits. 

Dutch Van Blaricom has reviewed the geophysical work done by Hewitt 
Enterprises. Dutch feels that maps No. 9 and 10 have no value. He is also 
suspicious of the anomaly that is in the east-center portion of Section 30. He 
suspects that a north-south fence line may exist along the section line. Should 
someone be in the general area, they might check the section line. 

J o ~ a l l a  
L/ 



Quaternary 

Tertiary 

Lower Tertiary- 
Upper Cretaceous 

Cre taceous 

Permian 

Pennsylvanian 

Mississippian 

Devonian 

Cambrian 

Pre- Cambr ion 

GENERAL GEOLOGIC COLUMN 
Tombstone District 

Cochise County, Arizona 

Alluvial deposits 
Basalt intrusive 

Gila Conglomerates: conglomerate, sandstone, 
silt, clay; several hundred feet. 

Rhyolite dikes, plugs, sills. 
Sandstone, conglomerate, mudstone; 80 feet. 
Schieffelin granodiorite: quartz-poor granodiorite 

to quartz monzonite. 
Andesite porphyry dikes. 
Uncle Sam porphyry: quartz latite porphyry to 

quartz monzonite porphyry. 

Bronco volcanics: quartz latite flows and tufts, 
andesite Flows and flow breccias, 6,000 feet. 

Bisbee formation: conglomerate, sandstone, mud- 
stoner a little limestone at the base, 3,000 ft. 

Epitaph dolomite: dolomite, sandstoner limestone, 
780 feet. 

Colina limestone: limestone, 635 feet. 

Earp Formation: limestone, shale, limestone con- 
glomerate, and thin dolomite beds, 595 feet. 

Horquilta limestone: limestone, 1,000-1,200 Ft. 

Escabrosa limestone: crlnoidal limestone, 886 ft. 

Martin limestone: limestone, shale, sandstone~ 
a l i tt le chert; 230 feet. 

Abrigo limestone: limestone, shale, a little 
quartzite; 844 Feet. 

Bolsa quartzite: quartzite, grit, conglomerate; 
440 feet. 

Albite granite. 
Pinal schists: muscovite, chlorite, quartz schist, 

minor amphibolite. 

Figure I 

Ore Occurrences 

No known associated mineral- 
ization. 

Ore is associated with the gen- 
etically related granodiorite- 
diorite dikes. 

A little mineralization in a 
few faults. 

The basal "Novaculite" (55-70 Ft. 
and overlying Blue Limestone 
(20-40 Ft.)were lhe main ore 
horizons in this formation. Sorr:'. 
ore also occurred higher in the 
formation. 

Main ore horizon in the Naco 
Group. 

May have contained ore. 

May have contained "ore. 

ContaTned some o r e .  

Not known to contain ore. 

Not known to contain ore. 

Contained some oxide silver and 
copper ore from the lower por- 
tion of the formation. 

Contained some oxide silver and  
copper ore. 

No known associated mineralizatio~ 
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E X P L A N A T I O N  
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~,i,,.'-~.,~-o O F  MINE DEWATERXNG 
= -  . . . . . .  ~ . ~ ,  . . . . .  - J . . ' ,  v ~ - * , ~  ~ . . . .  3 / ' 4 i ~  TO~,~u..~TOx~ 

C.LCItX;E COUICI~'~ A~IZONA 

by 

E~.io Fo Hollyday 

A~S~ACT 

C ......... - -  ......... ,n~,o 73  r a i l e s  s o u t h e ~ . s t  o f  T u c s o n ,  h a s  b o o n  a s f t o  o f  

• :..~/~ . .'- q": ::In~; for ~ i n ~ , n ~  ~""" - • " " o p e ~ , , , ~ o - s .  D u r i n g  a n  8 - y o g a  • p e r i o d  

:... ,...,~. 191i, a ,o~J o f  ~ o - . .... ,~v~ gO0 ,~c, e fee, o f  v~gc r  w a s  wiLh- 

s,or,,~o i n  t , :e m h i e  r o c l ~  w i t h  a m c~:Imum 

. - ....... .. .Lu ~;:atc." ievci of 440 feet, For ~h~ 8-yc~ pcrlod of pumptn,% 

. c.iuz-n0 of "...tot could have supported a clty of ~0~ 000 po;~uladon, 

... . ..... ~,,.,e,,,...,.~. y r o c k s  w i t l ' ~ n  t h e  mlnln.C~ d; .st : ' te t  ! r o v e  a com, ,  

. "~o ,..~ .... ,.:__ of 8, COO fee~. and Include the normal sfragl~aphlc 

u .... c: of s.:::":Lea~ tern Arlzona from £he Precambri~,~u Pinal Sclflst 

. ~.%. .' . . . .  " 2 % _ _  , ,...-: ,, ,.:.: Cretaceous Bisbee To~,matlon. Eiilcecus had q~ar~r0se- 

..- ....... :" .... c ,.,,,~.. ~.... m,nh~,~ ~tric~ have been altered to quartzRe~ 

. . . . .  , .. ,, . . . , p o .  e~d  a n d  P a v e  t h e  b e s t  p o r o s i t y  a n d  p ~ r m c a b i I l t y  a ~  

:_ ~-,..:,~;._ L ;.-.n-~::zor~.ble f r a c t u r e s  a n d  f i s s u r e s .  A m o n ~  t h e  ~LUceous 

II 
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..... " ....... "" '"":"~ d:e Ci.c~rlct, The cc'~=bon:-~t:3 rock~ p~ .... ,.~,o~n.n~nu~' - ~ "~ ~" in 

, .~ .:: :~-~.c;. , ,  ~uuve been fractured ~]d subjected to solut loalng' .  They 

• ~ i~orozi~" and permeability witlgn the zone oZ ma:uh, num 

• . , ,  • $ ~  ..% 

C_L',?.:I-2.t:,C.-'I IICC.~' I~ . , , .  W~tOr ~ .b l~) ,  

""-", ,,~ ..,..,..~,-~:-;~, d i s t r i c t  i s  b o r d e r e d  on the  w e s t  by the  i m p e r m e a b l e  

. . . . . . . . . . .  , . . ,  ~ .  ~ . o .~ , ~ .  z ~  ,~,,d r e l a t e d  t n t r u s [ v e s  ~'m~ p ~ - d y  i ~ o l a t o  the  

c ....... ~. ~,.~ urca~ of natural ground-water discharge alon~ the San 

.- .... ~ _.~,:cz. The ~strzct is bordered on the south and e..:A by pre- 

u~.:.~ ....... .j cry~tzhme ezrbon~to rocks. The Ijneoug core of the Mule 

. . . . . . . . .  . . . . . . .  , . . ~  - ~ r , ~ . , , . , . . . . ~ , . .  l i e d  f a r , h e r  ~o Zhe " ' e..s~, An M!uvh~/va!!oy ":,'Ith 

.... ~.~ ...,.,..,~. ~,,,,~., ~orzge lies h'nmodiately north and northen~ of ~ho 

A rc~dcw of ~.o l~dstory of previous ~ter development in~cates 

. . . . .  "~.:3 . . . .  :.,.,~u&c o~ %he yield of the ~lulfer complex b~%s been c~ggcr- 

. . . . . .  t .... @ Of ) . . . .  ":" " . . . . .  ~ . . ,  p.o.,o. ~,on as a resul~ of clrcumstm~ees connected vAth de-, 

~For comD~rntlve purposes ths  cocfflclen~ of tr~usmlsslbIL%~y 

• ~ . ~ e n s  per day ,-. ~ . , ~ ,  con'~plex is e s t i m a t e d  a s  I0, CO0 to i 5 , 0 0 0  ~ 

.... t~,o cocClcient :of s~orage is estimated as. OL Prcdlctlon 

c~ ~,: , .  zquifer performance using these two  coefficients Is greatly mod- 

, , . , . .~ ~y m~isot ' :opy ~ d  b o u n d a r y  c o n d i t i o n s  wi th in  the  a q u i f e r  c o m p l e x ,  

l i i  
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Io Z ~v22~-o;dn~ztions of the ~in%o-drnv;dov;n curves c.~e proposed fo~- pre- 

c,,~,..,, L~  long-term pcr£orm~nce of ~ho ~qu}.~er complex. 

The gcohydrologie ovldence indicates ~i~t the Tombstone n~InLng 

¢a~ ~ct hnzy pro~;i~o ~ sultzblo loc~tlon fo~" ionz-tern%, moderg~e pro- 

cu~,~n cf ..... ~-~ v;zter. ~Vi~h extensive dovclo;~n%ent, the ~.quife~- 

~.~..,~.~ could support ~. population several ~,imes £no present size o~ 

~o.~o~,.o, but ~i~s would ~'esult in mn appreciable C~-a%vdov:~% of %lie 

~..,.;. ,..~,~,~. ..no other hnnc~, ~ho loc~~tion Ls n~oder~tely good as a 

~u ~o~" ~,,o conzumption of ~-ound°vcate~" stor~oo z_ud do~,~;atcrh~g tPuat 

~,~'~d ,cce~xly zccomp~ny mmln~ below ~he s~..~c v;ater level. 

. ' , o  . "  L.  

~ " ~  ~ ' ; i  " " 

" , ~ ,  

r 

! , . , : . .  . ,  

, - '  ~ .,, . ' ,  ~ . .  ~ , ' .~ . . '~  . • , , 

• , - o • 

i V  
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~drolozic ~c~tLn~ 

(I) The princlp~l ~-ound-~v~ter sources of ~he Tombstone rc- 

~.o~. a re  in the valley ~Uuvlum ~nd the frzcbarcd siliceous rocks, p~r- 

~icularly the F~olsa ~u~rt~to ~ud Bisbee Formation. 

(Z) The greater porosity and pcrmc~bili~y in the carbonate 

rocks occurs between the w~.ter table nard 200 to gO0 feet below the ~vater 

tab!o° 

(3) Tke intrusive rocks and prcc~,rabr!~u ~.~.~~,'nT~.~-.~.-o~,..~ rocks 

,~ .~A ~.~,.~" ~.,.~ ~ .. °%... u,-o~ma w.tc~ movement. The ~c.!.,.~fc~za C--rancdiorlto 

r_nd rci~tca Intrusives along the vzes%ern mzr~n of the m~ung (d~'ic£ 

pny~ly ~.~-~u~̂ '-~ ~he dLst~'ict from arczs of n~tural disclmrgo nlong iho Sa~% 

Pc'.L-o zqivcr. Igneous nnd me£c~morpific rocks in a cryst~ilno hlgh 

~;~itktn the L~u!e ~%nd ~aF~oon ~Zount~Ins and areas In botxveen apparently 

~.~,u %he ~gtr!ch from the Sulphur Spring Valley. 

(4) ~ ~,~. pumpLn g periods, wa[er is wlthdrav~ from b~'ound- 

~'c~tCr ~torago ~o ~/~ no~ ~n, soud b and e.~ of Tombstone ~rom frac~es, 

fissures, and ~oludon opo~ngs connnunlcztLn~ ~rlth po~'o sp~ce kl ~he 

valley alluvium. . .  ' 
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~oview of the !~intozy oZ x-,atc~- development ind'c?kcz ~-'-"~,~..~ t'~o,.. 

, , .  c..,.,,. ,.i,.,,,, T h b  ,...,.,~,..,,..,,,'--",'',-.""~'."-,.,,..,.,, ~r.,lc~'uUy is  auo ~o two ic .c~  connected 

" , -  c -  v;..~cr in c~ora~,o -~ ~.~ o Is a v. y la~'ge, but £mlto amount o~ "-~ " - 

~., ..... . com.~. Th~s hni~ amom~t o~ water nmy be developed 

in a very. .... t period of ilme wi~h L~_~rge dz'~w~dova~ and ' .... ~- 

y~ohl as Lu do~atczln3 ope2aflons, o~ it may bo produced over a much 

'~,..~.~,. ~u~,~l 7 development adjusted to tn~ " " " "  " 

~Lo, ~ no~'iod a.'-'~:'--~.,., ~o ~',~..~- ~ a y  p~-oduce a cgcct~.cul~', amount  o~ w'atez fo~ a - . . . .  " .. 

- '~- ;"~ dcc~ne  v c r y  r~,~-~id~y and ~ho l l f o  o~ the v:atc~- su-~n.!y £s ~< ~ . d 7  tee  

~.~ce~. "2,;a "£'ombstono mln~zz dtst~'ict won its rcputatioa for ~.~-'"~o 

..c~ ~z,..ca typified the inlti~l davratezing cannot be mcL, u'~-~ahucd over 

a .,,...~,.,.~o'~" pc~Icd o~ time, 

a a ~ , ~ o a  to wltnt L.ni~,. bo ex- (2) LarGe ;~mounts o~ v;a~Cr in "~'~: '~"~ 

p..~,;a-~-'.~ ' £zom no ; -ma l  m-,u-.Jc~p~ w e i i  p~-oaucdo;~ ha the  ~ -  

,,.,,.,,.,..,..,.,..',:i ~zcm s~o.,...So for ~ sho~t per iod of, t~mo by crosscut dcvclop- 

.~c..~ in ~.,o Pump Sha~L 

L 
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(~) For comparative purposesp the Tombztono ,.,.,~.m~-- "'~ ........ ~v~,,~,~..'~-" 

, . ~ ,  a l o c a l  c o e ~ f l c i c n t  o~ t r ~ a s m t n c ,  l b t l i t y  o f  t h e  o r d e r  o f  10 ,  0 0 3  t o  

15, 030 ~d per foot em~d a coefficient o~ storage oZ. 01. 

(2)  T h e  ~ " ~  p e r f o r m ~ . . ~ c o  b a r e 2  u o o n  L h c o e  ' " "~ .~"" "".~ . . . . .  

• ,~ . . . . .  ~ ' ~  m o ~ f ~ c a  b y  b o u n ~ z r y  c o n d i t i o n s  ~ n d  t h e  ~ ' -  ' . . . . .  

sure ~md ¢olullon-opcnin~ system as Indicated by p u m p L n ~  te~ts con- 

duczca at ~,mrc,d pumping rates. 

(3) ~ u~uro development rn:~-.y be proL~tammod v;~h ¢.~,~ ~ L~.I 

~.eol ,y  -~ O ¢ . q u a t : o n ~  d e s i r e d  t o  m c l u d ~  ~he  s i g n i f i c a n t  ~ . ~ - i ~ b l c ~  in t h e  .~' ~" -'o - 

.~--~ Io~,. setking. 

~--~, -" :  ~' of C'-cohT:d~'o!ggl_9c Fe~tfl'~<: For V ~+~ nevcle.mucn% 

The geo~ryd~-olo~Ic evidence Indlcatcs C, mt the Tomb:~tono mlno 

".~ . . . .  ~ocaL~on ~or long-term, moderate, 1,.a d~trict m,,y provlde a suitable ~ ~: 

producUon o~ municlpod water. VJith exlenslve development~ the aquifer 

complex could suppor~ a population se-¢er~ times the present size of 

Ten, begone, but tiffs w o u l d  result in m'l appzcci~b!o ~-av;d~v.:n of the 

v.'atcr ~zblo. On the other ~d, the location is moderately good as a 

th~ site ~or , . e  withdrav:al of ground-v;zter o~orage ~'~'~ dewntc~-iuz " ~  

v:ould nccossarlly accompnny mining below the static wc.tcr level, 
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Geohych'oloLw of Tombstone E e s l o n  

a~ mm.~on of h~o hy~'ologic per~orm~,ce 

of , n o  e f f c c t A v e  a q u i f e r  f l l i c k n e ~ s  a n d  d m  ~"" " "" zon.,.~oa of th~ hydro!o~c 

proper*doz. The effective ~Iiclmess and zonzficn of hydrolofflc prog~ 

crtlcs were inferred from pump-tez~ results but could not be accurate-. 

u.o va lues  of ~.,.n~mis,noi1Ky for ly a c ~ e r m m o a  hi order to ad jus t  "~ 

c ~-' ..... ...... ,~,e.,." ~ in  . .~ner '"  ti-dc~mess as  a rec~utt of e x c e c s i v e  drawdovm, Ve ry  

u~oful information could be ob~ah~cd f. on~ a ,~"~" a , , , ,  ) ,..,,~ ..... ,.,. ~. w~U. in 

vA~Ach cach  zone p e n e t r a t e d  could be t o , t e d  in~.av~c,ua!ly for ' ""  

.c~..c pc~c~rn.nco.  Tlfis information could be used to adjust tho co~ 

~,l~e,mo.~. and to sub- -" ~" ,~ ---' ~- ~ i "  I i'~ ~;,~...eu, of t~ .n,,,.,i,,~, o 1 ~y fox" c h a n s e s  in aqu i f e r  " ' ' ~o_ 

¢~v~o  the aquifer c o m p l e x  Late prh~c ipa i  v;a ter*bcar inF,  zones. 

In order to e s t i m a t e  the  to t a l  ~mount  o~ wa te r  in ~ ~ s~oraL~e Lu the  

,~nou~c~ be r_nndo of the nature, ~' " '- . e...~;n, a tao,  cuba  i n v e s t l ~ t i o n  ~' " " 

and ccnngur~,t,on of the alluvium in  the curroundin~ valleys° A'~ "" '  

t Lme t h e r e  a r e  too few we l l s  and wel l  logs av~i lab lc  to m a k e  a reason,, 

ab le  e s t i m a t e  of the vo lume  of storage. 

Geohydrolo~%'y of f r a c t u r e d  C r y s t a l l h l o  P, ocks  and  1,~ine D e w a t e r i n g  

I n v e s t i g a t i o n s  comuected ~i~h th i s  r cpor~  have  r e v e ~ l e d  at  l ea~ t  
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~,,ar arena of research In wn.ca ci~z,xc.mt contx'Ibution~ could b~ n~ado 

• v'_~" % 

~o L::.. ?mowlodze o~ geohydrolcgy. 

Apparently very liEGe is la~own about ti~o interrelationship be- 

tween rock deformation and metarnovl)lffsm and the development of sec- 

ondary porosity in rocks of various compositions, i~ublis,hcd research 

on x,~e,~ deformation , " " v;ou~a ~t least in ~h¢ol-y in~'cgto that quite dlflex-cnt 

,. ~c,u. e systems m~y be developed in ~ihceous roc i~  a~ opposed to 

czrbon2..te rocks, althouzh Interbeddod and subjected to the same con-. 

~,~¢, tomperatux'e. The implications fox* differences ci,.o.o Of pressure ~" 

5~ u~.~ ~,,,,,.,.u~. CirCulztlon a / - e  obvlous. 

Little is I.~-no%~-~n about fissure and solution netvzorl~, their vex'- 

~.~.I and I .... ~ ~l variatlons~ and the manner Lu wblch fluids occur' and 

move ~...~hm them. Ilesearch on the q~u-.ntltativo mtcr~-c!ahons:np of 

~:=~ .... ,~" ~'md coluflon opcrdnzs and ~iuid motion would add to our Imow- 

~cdgo of ~;,ouna ~mto~ hydraulics, ore emplacement, and secondary re- 

covery from dolomite petroleum reservoirs. 

A wet mine " " " ~ "  ~ , , ~  is a unique rock-v;ull  well in whlch the well 

romzhus dewatered at all  t imes du~-~,g active mine d~velopment, l~e- 

-~,-~'~ ~s needed to qu,mhmdve y de~ernahue the head !os:~cs due to 

zurbulonco in the neighborhood of the v;~ll mad duo to convc~'gcnt flow at 

*"~,,~ bottom of ~he well. Quantitative evaluation of the losses  would pe~'- 

rnit analysis  of pumpe, d s h ~ t  data for determining aquifer coefficlcnts. 

The progr~m~ming of dewatering operafdons would be greafly 



In  gc.ac~ 'a l ,  t h e  io 'd~- 'o lo ; f /o f  f r a c [ ~ - e ~ l  ¢~-ysh~i l l~a  r c c k s ~  a!- 

thc, uCh ' : ' -  ~ " "  

5 1 I e s ,  -"~,,,,.~ ~'~ "~ ,.,e" "~, . . tc . .~ . Ins~ . . . .  p e t r o l e u m - r e ~ . , e ~ ' v o i ~ '  p z ' o ~ u c t i o ~  " " " • : ..... "~ • 

l a g  c a n s ~ - u c t l G ~ b  i s  a "#ide ¢~,~en f i e l d  fo~, h y d r , Y w g i ~  r e a e a ~ ' c h .  T h e  

field is dlff~cult~ but t h~  l:~.nefil;a Co plamlod environmental coatrol from 

const~uctlve research r~ay be ve~-y ~o~,vardi~g. 



A~ERIC~N ~LTING AND REFINING COMP~ 
Tucson Arizona 

February 13, 1964 
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MEMORANDUM FOR MR. J. H. COURTRIGHT 

TOMBSTONE DISTRICT 
Cochise Co., Arizona 

During December, 1963, and January, 1964, ! spent a total of 
about one week checking outcrops in the western part of the Tomb- 
stone district for alteration and to determine the extent of alter- 
ation that you had previously noted. 

Mapping was done on available 1:24000 scale topographic maps 
in conjunction with an enlargement to the same scale of the geo- 
logic map of the area, Plate 5, Professional Paper 281, by James 
Gillu!y. The accompanying map is based on Plate 5, with the geo- 
logy in some portions generalized, and may be superimposed on the 
plate as the scales are the same. 

The eastern part of the district, where most of the mining 
has been, was not covered in any detail and consequently the alter- 
ation pattern is not shown here. The rocks in this part of the 
district are generally well exposed and are unaltered except locally 
along veins. Most of the outcrops west of the San Pedro River (on 
the west side of the map) are now within the Fort Huachuca Military 
Reservation and consequently are inaccessible. 

Alteration The alteration that was found in the Tombstone 
district all occurs in the Uncle Sam porphyry, an intrusive quartz 
latite porphyry that outcrops in approximately 14 square miles in 
the western part of the district. Gilluly thought that the main 
part of the porphyry was intruded as a sill. 

The extent and degree of alteration that was found is shown 
on the accompanying map. The main alteration in Section 30, 
T. 20 S., R. 22 E., is well exposed for about one half mile along 
a wash just north of the Tombstone-Sierra Vista road. In this 
small area the porphyry is closely fractured and pervasively 
altered to moderate degree. The alteration is principally argi!lic, 
although locally there is some sericitic alteration. Limonite 
after pyrite is present but no "live" limonite after chalcocite or 
limonite after chalcopyrite was recognized. 

The south edge of the alteration zone is covered by alluvium 
and exploration of the zone in this direction would certainly be 
justified were it not for the fact that fresh rocks appear again 
in the next outcrops with a relatively short distance, as shown on 
the map. In view of the lack of any evidence of copper in the 
exposed part of the zone, the area of poss'ible alteration under 
cover is too small to be considered for exploration. 

RKK:bam R.K. Kirkpatrick - 
Attached: Map of alteration 

Scale I" = I mi. 






