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- Tombstone District
-, Fox Prospect

" Deaxr Mr. Kurtz-:=
Mr. Devere s memorandum and maps of January 16, with Mr. :G'ray'beal s
comments . of February 13, serve to g:l.ve me a good clear plcture of - ~
the s::.tuatlon 1n the _Fox area Tha.s :Ls the klnd of presenta:tlon w0

feddounr o
M "Since the Field work shows that ‘the; mlnerallzatlon is pretty clearly /
confined to veins, and the tonnage seems limited owing to the veins /
- being short, discontinuous, and limited in number, I am inclined to
"think we should hold this one in abeyance for better times. Meanwh:l_le,
I.gather Mr: Devere is’ continuing to look over other pa:cts of the /
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AMERICAN SMELTING AND REFINING COMPANYS'EP 414, ..

NORTHWESTERN UNITED STATES .
EXPLORATION DIVISION EXPLORA”ON DtPT'

KEITH WHITING EAST 920 WOLVERTON COURT
MANAGER {HAMILTON AT NEVADA}
SPOKANE, WASHINGTON 99207
}( H Gare

August 30, 1973 SEP 4 1973
Mr, W, L, Kuriz
ASARCO - Tucson

Tombstone District
Cochise County, Arizona

Dear Bill:

Mr, Courtright suggests in his memo of May 16, 1973, that the north end of the
Schieffelin granodiorite might be an appropriate place fo use the geological drill
for prospecting the granodiorite~limestone contact,

In 1962 Don McMillan and 1 did a ground magnetic survey of the north and eest
end of the Schieffelin granodiorite siock. Because of the contrasts in magnetic
susceptibility between the stock and sediments, the location of the contact can be
defined rather closely. We never did an |.P, survey along the contact.

I have mixed thoughis on the possibility that a porphyry copper deposit may
exist at the north end of the Schieffelin granodiorite stock. When | was preparing
the paper discussing the relationship between barren stocks and porphyry copper
deposits, | noted a rather puzzling feature: If one considers only the northwest trending
barren granitic stocks (Juniper Flat granite--Bisbee, Cananea granite~~Sonora Hill,
Ruby Star granodiorite-~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 alluvium. Whether the north end of these barren sfocks also contain a prophyry
copper deposit is unknown. The fact that each end is covered by post-mineral
alluvium does suggest an interesting exploration targei.

ohn C, Bdlla

JCB/sa
cc: J. H. Courtright



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
retative to the possibilities of porphyry copper mineralization occurring at
depth.

During reconnaissance work in 1963, 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, | don't beilieve 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 |
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, | 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.

J.H. COURTRIGHT
JHC :kre
Collins

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

cc:
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AMERICAN SMELTING AND REFINING COMPANY MAR 121973
NORTHWESTERN UNITED STATES
EXPLORATION DIVISION S' w' U' S' EXPL' Dw'

KEITH WHITING EAST 920 WOLVERTON COURT

MANAGER (HAMILTON AT NEVADA)
SPOKANE, WASHINGTON 99207

March 8, 1973

Mr. W, L. Kurtz
ASARCO - Tucson

Tombstone District
Cochise 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, if not prob-
ability, 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 os a presentation of an idea, rather than a recommendation for
further work.

Should you concur with me that the district has reasonable exploration poten-
tial, then the acquisition of the mineral rights will have to be done by dedling 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 side of the district.

See you in Knoxville!

JCB/ir

Enc. n C. Balla

P.S. Also enclosed is Hewitt's report on the Charleston district,
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Spokane, Washington
March 5, 1973

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

Tombstone District
Cochise County, Arizona
A Porphyry Copper District?

Introduction:

The following repcrt summarizes some thoughts | 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 district 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 hos 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 imporfant commodity.

There has been little 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 Gilluly, on the General Geology of
Central Cochise County. | might also mention my report on porphyry copper de-
posits and barren Laramide stocks, and Ted Eyde's paper on Stratigraphy os an
Exploration Guide' to Porphyry Copper Deposits.



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
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 of the main district, in the Charleston lead mine area, are
the pre-ore Bronco volcanics. According to Gilluly (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,

Maijor thrusting, which is probably gravitational gliding, has occurred

in the area. However, the thrusting appears to be all pre-mineral 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 laccolithic in form.

Infruding all of the above rocks is the Schieffelin granodiorite. The
granodiorite is a large, beairen, Laramide granitic stock. The stock has an iso-
topic age of 72 m.y.

The Schieffelin granodiorite occurs in fwo separate arecs; immediately
north of the Tombstone district, and in the Charleston-Lewis Springs area. These
two areas will be freated separately in this report.



Tombstone District -- 3,

Tombstone Area:

In the Tombstone area the Schieffelin granodiorite is a barren,
elongafe stock. It is 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° W,
As | recall, it is nof a composite, zoned stock, but is fairly uniform in texture
{medium grained) and composition. The dbove 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 granodiorite mass, as indicated by the
nature of its contact with Naco limesfone 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 stocklike body."

Ore Deposiis:

At the immediate south end of the Schieffelin granodiorite is the Tomb-
stone District. The main district occupies a structural basin, which is an asymme trical
syncline which plunges southeasterly in its northern half and more ecsterly 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 secondary 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 "rolls”, and
within them are located many ore bodies.” Plate XV from
Butler (1938) shows a typical ore occurrence.

Both Butler (1938) and Gilluly (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 [V. 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-
vailingly 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 associafed with northeasterly siriking fissures that
the relation may be assumed os 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 dbove the base of the Mesozoic
in the Bisbee group. The most productive sedimentary zones
recoghized 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. "Novaculite"
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4, Upper portion of Naco limestone

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

6. Lower Paleozoic beds: Bnerald 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 Schieffelin 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 little 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 dabundant 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 os 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 Cambrian
Abrigo formation. It is also located at the southern end of the district, away from
the Schieffelin granodiorite.

"Molybdenum

"Molybdenum occurs in the ores aswulfenite, 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 roll. Like the gold it 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-zinc production in Arizona has come
from limestone replacement deposits adjacent to por-
phyry copper deposits, Where is the porphyry copper
deposit at Tombstone ? '

3. 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. _‘ 4
|7 e
) L
2. At the south end of the stock, in a zone of strong cross ¥
fracturing, nﬂg@*gg#g_lﬂtej:e,dm,,and~pwi_ﬁ;_e_dd\ikes, genetically related to the barren e
stock, have intruded the limestones, .
oo

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 sfock.

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

5. The minerali zafion 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.

6. 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 Paleoczoic 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 Escabromilimestone, a

total thickness of about 1,000 feet (Fig. 2). The favordble
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 dlong 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 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. | think the chances for this are less than the Bisbee type, due to the overall gt
geology, and the altered nature of the dikes. : '



Tombstone District -~ 9,

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 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 fown of Tomb-
stone. (See Plate 1V), 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 of 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. F. Hollyday, in a recent M.S, thesis at the University of
Arizona, suggests that the amount of water in the district 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 Newmont, 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 Americ an
Silver stock reaches $2.00/share (it is currently selling at around $2.25) Tombstone De-
velopment will be merged into American Silver, with American Silver being the surviving
company. Mr. Frankovich is a director of Tombstone Development Company and vice-



Tombstone District -~ 10,

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:

| have never visited the Charleston area. | see little geologic relation
between the Tombstone district and the Charleston district at the present fime. It
would appear that the Charleston district will have to be evaluated on its own
merifs.

Dutch Von 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,

/4

fin C. Balla

v



Quaternary

Tertiary

Lower Tertiary=—
Upper Cretaceous

Cretaceous

Permian

Pennsylvanian

Mississippian

Devonian

Cambrian

Pre-Cambrian

GENERAL GEOCLOGIC 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 tuffs,
andesite flows and flow breccias, 6,000 feet.

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

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

Colina limestone: limestone, 635 feet.

Earp formation: limestone, shale, limestone con-
glomerate, and thin dolomite beds, 5%5 feet.
Horquilla limestone: limestone, 1,000-1,200 ft,

Escabrosa limestone: crinoidal limestone, 886 ft,

Martin limestone: limestone, shale, sandstone,
a little 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 1

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 the main ore
horizons in this formation. Som:
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 and .
copper ore,

No known associated mineralizatior
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SOCNS ROLTGIC ANALYSIS OF MING DEWATERING
AL JATTY DEVELORMENT, TOMDSTONE,
CLCLidE COUNTY, ARIZONA :

by
Este F. Hollyday

ABSTRACT

—

~ntooone, 73 miles southeast of Tucgon, has been a site of

. e T et

oL sive oo zing {or mining operations. During an §-year period
LT ESSE ond 1611, a total of 38, 000 acre~feet of water was with-
. . rom greandevater stdrage in the mine rocks with a maximum
C e a0 Walos lovel of 440 feet. Foé tha §-year period of pumping,
woiumme of t.ater could have supported a city of 30, 000 population,
Tho oo lmeatary rocks within the mining district have a com-
Liio hickaoes of 6, €00 feet and include the normal stratigraphie
couenee of soviheastorn Arizona from the Precambrian Pinal Schist
5 ihs o ol s Cretacecus Bisbee Formation, ESllicecus and quartzogge
Cee Dowwd wathin the mining district have been aliered to quartzite,'
e, + 4 Inpporoid and have the be.ét porosity and permeability 83
LoUunwll e annuieorable fractures and {issures. Among the silicecus |

-




<23, the Dolsa Quartzite and Bisbee Formation are the best woter=-
soowloreoits within the dlstrict. The carbonate rocks, predominant in
C.oooosiion, have been fractured and subjected to solutioning, They
hove taciz best poresity and permeability within the zone of maximum
cireuinticn nezr tho water table,
Thg mining district is bordered on the west by the impermeabls

-~

 Seniciiziin Granodiorite and related intrusives that partly isolate the
¢izivict from areas of natural ground-water discharge along the San
FoLro Ziver. Thoe disirict is bordered cn the scuth and east by pre-
wominantly exystalline carbonate rocks. The igneous core of the Mule
ool Dragcon Mountains lies farther to the east. An alluvial valley with
inroe oround-waler storage lies fmmediately north and northeast of the
miniis Cictrict

& review of the history of provious water development Indicates
ot iho moonitude of the yleld of the aquifer complex has been exagger-

LA S I
oCa Cul O Do

sortion as a result of circumstances connected with de«

watering operations.

For comparative purposes the coefficient of transmissibility
I¢he souifor complex is estimated as 10, 000 to 15, 000 gallons per day
neor foot and the coctficient of storage is estimated as ,01. Prediction
cf the c.qu i{or poricrmance using these two coefﬁcienta iz greatly mods

{icd by anisoiropy and boundary conditions Within the aquifer complex,

Pte

i




® @
and the vicld is ropidly reduced with time., As a rosult, emplrical log-
log; approximations of the time-drawdown curves are proposed for pre-
cicting tie long~-term performance of the aquifer complex.

. The geohydrologic evidence indicates that the Tombatone mining
cistrict may provide a suitable location for Iong-term, moderate pro-
daciion of municipal water. With extensive development, the agulier
complex could support a population geveral times the present size of
Tembsione, but this would result in an appreciable drawdown of the

water table. On the other hand, the location i moderately goodas a

Ty

it sor iue consumption of ground-water storage and dowatering that
would necessarily accompany mining below the static water level.

L o “ N "‘
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CHAPTER VX
SUMMARY AND CONCLUSIONS

Geohydrologice Setting

{i) The principal ground-water sources of the Tombstene ro-
gion are in the valley alluvium and the fractured siliceous rocks, par-

ticularly the Bolsa Quartzite and Bisbee Formation.

(2) The greater porosity and permeability in the carbonate
rocks occurs between the water table and 200 to 300 {feet below the water
tablao,

(3} The intrusive rocks and Precambrian metamorphic rocks

partly isolate the district from areas of natural discharge along the £an
Pcdro River. Igneous and metamorphic rocks in a crystalline high
witiain tae Mule and Dragoon Maun,tains and areas in b@iv;een apparently
izolate the districé from the Sulphuyr Spring Valley.

(4} During pumping pericds, waler is withdrawa from ground-
water storage to the north, south, and east of Tombstione from fractures,
fissures, and solution openings communicating with pore space in tha
valley alluvium, |

| 82
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History of Wator Dovelopment

Roviow of the history of water developmeont indicates thot the
pocential yicld of the principal aquifers has been extrapolated out of all
prosortion., Thls emggerauan bagically 1s due to two facts connected
with dowticring op..,raﬁons: -

(1) There is o very larf'e‘but finite axrount of water in storage

in tho Tombsione region. This finite amount of watcar may bo developed

b

a vory short poriod of time with large cirawe:‘im}m and large apparent
yield as ia dowatering operations, or it may be produced over a xauch
lonner perfod of time at moderate drawdown with gmaller yield as in
watcr-sunoly dovelopment adjusted to the capacity of the aquifer, Large
drawdowas may produce a gpectacular ﬁméﬁm of ‘water for a short period
of time, but as the saturated thicl r”pi&l}* reduced, the ini‘*ial -

decline vory rapidly and the life of the watex' supply is grcatlj TG~

i

ricl

[ Wl

-

Cucod. The Tombstone mining clatrict won its reputation for iarga
water production during a period of extreme drawdown. The withdrawe
al rates which typiiled the initial dewatering cannet be maimained over
& longer poriod of time. | |

{2 Largé amounts of water.in additioa to wﬁa& mié}x& bo ox-

pected {rom rormal municipal well preoduction in the same aquiler werd

$)

biained from storage for o short period of time by crosscut develop-

moat in the Pump Shaft,

4 e sy e
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Cuantitafive Determination of Aecuifer Porformonee

(1) Tor comparative purposes, the Tombctone agquifer complox
kas @ lecal cocificient of transmissibility of the order of 10, 050 to

15, GCO gnd por foot and a coefiicient of storage of .01,

{2) Tho aguifer performance based upon thoso ideal cociiicicnio

sur¢ and solution-opening system as indicated by pumping tests con-
cucied at different pumﬁing rates., |

(3) Future development xhay be programmed with empirical
equciions dcsignod to include the significant variables.in the geohyGro=

loglc setiing,

Lunpredsal of Geohydrolocie Setting For Water Development

The geohydrologic evidence Indlcates that thevTombstonc min=
foz distr.ict may provide a‘suitable Aocati.on-for long~-torm, moderaie
prodaciion oi municipél water., With extensive development, tha agquifer
compniex could support a population several times the prescat size of
Tomksione, but this would result in an appreciable drawdown of tho
water table. Cn tho other hand, the location is modcrately good as a
pite ior the Wl;zhdrawal of pround-water slorage and dewatering that

would necessarily accompany mining below the staile water lavel.




Recommencations for Further Sludy

Geohydrology of Tombstone Reglon .

A more accurate dotermination of the hydrologic pericrmance
of ti:o Tombstione aguifor complex was hampered by 2 lack of knowledze
of the eifective aguifer thicknesas and the zonalion of the hydrologic
properties. The effective thickness and zonation of hydrologic prop-
ertics were inferred from pump-iest resulis but could not be accurate-
Iy determined in order to adjust the values of transmissibility for
chaanges in aguifer thickness as a regult of exceaéive drawdown. Very.
useful information could be obtained from a dee;;s agxploratory weil in
which each zone pencfrated could be tested individually for its hydm-.
loric pericrmance. This information could be used to adjust the co-
cfficient of transmigsibility for changes in aquifer thicknoss and o sub-
divide the aguifer complex into principal water-bearing zones.

| In order to estimate the total amount of water in storage in the
cecicn, a thorough Investigation ghould be mede of the nature, {hickness,
and configuration of the alluvium in the surrounding vall.eya. At this
time there are toc few wells and well logs avdilable to make & reasone-

able estimate of the volume of storage.
Geohydrology of fractured Crystalline Rocks and Mine Dewatering

Investigations connected with this report have revealed at least
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iwear areas of research in which significant contributions could ba mads
o thoe knowlodge of geohydrelogy.

Apparently very little is knovm about the interrelationship be-
fween rock deformation and metamorphism and the development of sec»
ondary porosily in rocks of various compogitions., Published rescarch
ca rock deformation would at least In theory indicate that quite different
Iracture systems may be developed in siliceous rocks as opposed to .

arbonate rocks, although interbedded and subjected to the same con=-
citions of pressure and temperature. The implications for diiferences
in ground-water circulation are obvious.

Little is known about flssure and solution networks, their vere
tical end lateral variations, and the manner in which fluids occur and
move within them.  Research on the guantifative interrelationship of
fissures and colution openings and {luid motion would add to our knowe-
icdre of groundswater hydraulics, ore emplacemenf, and secondary re-
covery from dolomile petroleum reservoirs. .

A wet mine shaft is a unique rock-wall well in which the well
romains dewatered at all times during acﬂve mine dovelopment. Re-

scarch is needed to quantitatively determine the head lozoes due to

4]

urkulenco in the neighborhood of the well and due to convergent flow at

(%3

the bottom of the well. Quantitative evaluation of the losses would per=
rait analysis of pumped shaft data for determining aquifer coefficients.

The programming of dewatering operations would be greatly




ot

a7
ael-ed by a nonequiliheium, quantitative analysis ond theoretical ancl-
yais of incremental dlzcharge additions duo to progresaive woll Cavelop-
ment a3 a resull of drifting and erosscuiting,

n gencyal, the hydrology of [ractured crystalline xrocks, al-
thoagh Hmited in ceonomie dmportance (o small demestic waler supe
slles, ming dewatering, petvoleume-reservoir production, and engluger-
ing canstruction, 13 a wide ¢pen field for bydrologic research. The
fleld is diffiexlt, but the benellla to plaaned enviécnmém‘tai control from

constructive research may be very rewarding. -

1
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IECEBoysero
AMERICAN SMELTING AND REFINING COMPANY FAR 121973
NORTHWESTERN UNITED STATES N
EXPLORATION DIVISION S. ‘L U' S' EXPL' DW'
KEITH WHITING EAST 920 WOLVERTON COURT

{HAMILTON AT NEVADA)
SPOKANE. WASHINGTON 99207

March 8, 1973

MANAGER

Mr. W, L. Kurtz 1 e I2.w. C.
ASARCO - Tucson 5 L
L APR 17 1073

Tombstone District
Cochise County, Arizona

~d.

Dear Bill:

Enclosed is my report on the Tombstone District. The report is lorgely 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-
ability, that other interpretafions 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 os a presentation of an idea, rather than a recommendation for
further work:

Should you concur with me that the district has reasonable exploration poten-
tial, then the acquisition of the mineral rights will have to be done by dedling with
Frank Frankovich here in Spokane.

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

See you in-Knoxville!

Sincerely,
JCB/iI’ v fm
Enc. Jékn C. Balla

v

P.S. Also enclosed is Hewitt's report on the Charleston district,



Spokane, Washington
March 5, 1973

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

Tombsione District
Cochise County, Arizona
A Porphyry Copper District?

Introduction:

The following repcrt summarizes some thoughts | have had for a
number of years on the Tombstone District. [t is based upon field work [ did
in the district in 1962, supplemented by some current thoughts on porphyry
copper deposits, The inferpretations of the district 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 little 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 Gilluly, on the General Geology of
Central Cochise County. | 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 fo Porphyry Copper Deposifs.
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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
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 sedimenis,
which are about 3000 feet thick. '

West of the main district, in the Charleston lead mine area, are
the pre-ore Bronco volcanics. According fto Gilluly (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 gliding, has occurred
in the area. However, the thrusting appears to be all pre-mineral in age.

The Uncle Sam porphyry is a post-thrust, intrusive, quartz lafite
porphyry. This is an unusual rock in that it appears fo be laccolithic in form.

Intruding all of the above rocks is the Schieffelin granodiorite. The
granodiorite is a large, berren, Laramide granitic stock. The stock hos an iso-
topic age of 72 m.y.

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

In the Tombstone area the Schieffelin granodiorite is a barren,
elongate stock. It is 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° W,
As | recall, it is not a composite, zoned stock, but is fairly uniform in texture
(medium grained) and composition. The dbove 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 granodiorite mass, cs indicated by the
nature of its contact with Naco limestone and with beds belong-
ing to the Bisbee group, east of The Dome, and by ifs contact
with the Naco limestone west of the Lucky Cuss Mine, increcses
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 stocklike body."

Ore Deposits:

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

"Within the Tombstone basin the rocks have been folded
into secondary 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 southeostern 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.
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"Folds of a third order occur as corrugations on the
secondary anticiines and synclines of the Tombstone basin,
The anticlines of this order are locally termed "rolls", and
within them are located many ore bodies." Plate XV from
Butler (1938) shows a typical ore occurrence,

Both Butler (1938) and Gilluly (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 dll

the rocks older than the Cenozoic gravels, These fissures pre-
vailingly dip steeply southecstward in the Tombstone bosin 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 os 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 dbove 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 Bishee group

3. "Novaculite"
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4. Upper portion of Naco limestone

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

6. Lower Paleozoic beds: mmerald 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 cs a relatively later phase of the same magma that gave rise
to the Schieffelin granodiorite and Uncie 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 little 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 northeost 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 Cambrian
Abrigo formation. It is also located at the southern end of the district, away from
the Schieffelin granodiorite.

"Molybdenum

“"Molybdenum occurs in the ores aswulfenite, the lead
molybdate. It is present over a considercble port of the district
but is most cbundant in the gold arecs particularly of the Silver
Thread roll.  Like the gold it 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 affempt to answer three questions:

1. What would the geology be chove a porphyry copper
deposit that infruded limestones, but never penetrated
all of the limestone rocks?
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2. Much of the lead-zinc production in Arizona has come
from limestone replacement deposits adjacent to por-
phyry copper deposits. Where is the porphyry copper
deposit at Tombstone ? '

3. 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.

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
intrusive, which would be related to the barren stock.

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

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

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

Another replacement type would be similar to the Christmas, Arizona,
deposit. 1 think the chances for this are less than the Bisbee type, due to the overall
geology, and the altered nature of the dikes.

——

e b e
[
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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 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 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 of 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 entfire district,

Mr. E. F. Hollyday, in a recent M.S. thesis at the Universir)f of
Arizona, suggests that the amount of water in the district hos 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 Newmoni Mining Company. About
10-12 years ago Frank Frankovich, acting on behalf of a group of private investors
from Nebraska, acquired from Newmont, 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 mining company), that when Americ an
Silver stock reaches $2.00/share (it is currently seiling at around $2.25) Tombstone De-
velopment will 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 o 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:

| have never visited the Charleston area. | see little geologic relation
between the Tombstone district and the Charleston district at the present time, It
would appear that the Charleston district will 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 ecst-center portion of Section 30. He
suspects thai a north-south fence line may exist along the section line. Should
someone be in the general area, they might check the section line,

Ishn C. Balla
(V4



Quaternary

Tertiary

Lower Tertiary-
Upper Cretaceous

Cretaceous

Permian

Pennsylvanian

Mississippian

Devonian

Cambrion

Pre-Cambrian

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 granodiorife
to quartz monzonite.

Andesite porphyry dikes,

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

Bronco volcanics: quartz latite flows and tuffs,
andesite flows and flow breccias, 6,000 feet,

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

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

Colina 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: crinoidal limestone, 886 fi,

Martin limestone: limestone, shale, sandstone,
a little 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 1

Ovre Occurrences

No known associated mineral-
ization,

Cre 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 the main ore
horizons in this formation. Son—
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 kn0wn‘fo 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,
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STIET 0LIGIC ANALYSIS OF MIIE DEWATERING
AT JATIT DEVILCELENT, TOLLSTONE,

EPPF N QPSR o) LA W armasAN A p

Ciidim COUNTY, ARIZONA

\JVAJ-&L.'L‘

LV

by
Este F. Hollyday

ABSTRACT :

Toolerone, T3 miles southesst of Tucson, has baca g sito of

“live.oomroring dor miaing operations. During an 8-year perlod

-y NS e

nd a total of 3G, 000 acre~feet of water wag with~ -

- -
S Lwva LG EU&’-L’ b

rom rrcLad-waior siorage in tiie mine recks with a maximum

eemno a Wi lovel of 440 feets For tha S-yeor poriod of pumping,

- .

wolomoe of tLoiter could have supportod a city of 30, 000 population.

Tha ool imeatary rocks within the mining district have a come

adburd

tio hiclmacs of G, €00 feet and include the normal stratigraphie
cwoace of covieactern Arlzona from the Precambrian FPinal Schist

L tha las ol lhn Cretacecus Bisbee Formation, Silicecus gnd quortzogge

P S A .-

e st the mining élotrict have been nltered to qu“nzite,

E
s v waes  veAMELALA

2 Insnoreid and have the best porosity and permcability &p

snummerable fraclures and {isgures. Among tho silicecus

PR
e Tl e —a o sihctiines

ii




-2z, a2 Doloa Cuartzite and Bisbeoo Formatlon ore tiie bost woters
Sonwlirenats vatiia dhe dotriet, Tho earbonata rocks, prcdominont ln
. .1 oiulon, have been fractured and subjecied to solutlcaing, 'They
Cnvo tacir beot povecity and permeability within the zone of manimum
clrouniniica neor tho water table,

The miaing distriet is bordered on the weot by tho impermaenblo
Cenlilliziin Orancdiorite and related intrusives that partly ioolato tha
Cloirizi from areas of natural ground-water dischargoe along the San
Fouro Llver. Tho dictirict ig bordered en the scuth and enst by pre-
comninannlly exyotalling carbonato rocka. The igneous core of thoe Liule
ol Sroccoa Mlounining lics farthes to the edst. An elluvial valloy with
oo seouad-watcw storage les lnnmediately north and nertheast of the
olinloo dzieict,

L review of the hictory of proevicus water development Indieates
oot Lo mamailude of tho yield of the aguifer complex hag boeen exnggor=
ciod cut of projoriion as a result of circumstances connccted with dee
voiering ongrasions.

Tor comparative purposes the coefiicient of trancmissibllity
Iile aewifor complex ia estimated ag 10, C00 {o 15, 650 gallons per doy
cad the eociliciont of storaga is estimated a5 . 01, Prcdiction
ci tio ::.:.*uifer poriormance using these two coenicienta ig preatly mode
illcd by anisolropy and boundary conamona wituin the aquifer complez,

i




@ @
d i3 ropidly recuced with time. A6 o vooull, coaplyicdl 163
lor; ooproximations of the time~-drawdown curves ore preoposcd for pre-
Cicting L2 long-toerm porfo smance of tho aquifer complex,

. The geohydrologic ovidence indicates that the Tombstone mining
cisirict may provida a suiteble location for long-toria, mMoGIraie pro
Cacilon of munieizal water. With extensive covelopment, the nguller
comnlex could support a population geveral times tho prescnt size of
Temunotone, but this would result in an appreciable drawdown of the

~miam tnilo,  Cn tie other hand, the location is moderately good as a

cito for Luc consumption of ground-water storage and éowatering that

would necessarily accompany mmim below the static water lovel,

iv-




ZARPTER VX
SUNIIARY Hi1vD COLTLULIONS

Geohycrolomic Sctting

1

(1) The priacipa l ground-water sources of (he Tombstone ro-

gica arc in the valley alluvium and the {racturced sillcocous rocks, pars
ticularly tio Bolsa Quartzite and Bishee Formation.

{2} Thae greater porosity and permeability dn the carbonate
rocus occurs between the water table and 200 to 360 fect below tho water
toola.

(C) The fntrusive rocks and Procambrion metomorphic rocks

act as Lorriers to geound-water movement. Thoe Sculeficlin Grancdlorite

latod intrusives aloaz the western margin of the mining disisict

3
£

¥
0

sartly isolate the district from areas of natural discharge along tho San
Podro River. Igncoous and mictamorphic roclic in a cry”t“llino high
witiin the Liule ;md Lragoon Moun‘tains and areas in botween sppavently
isolate tho district from the Sulshur Spring Valley.

(4) During pumping pericdg, water is withdrawa {rom grounds
waicr siorage to the north, south, and east of Tombatone from fractures,
{issurcs, and solution openings communicating with pore space in the
voiley alluvium,

82
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LDovicw of tho hictory of water dovelonment indicntos thint the
soieniinl yicla of the principsl cquifers hag boon oxvrapoinicd cur of all
pocnoridon. Tuds e:::gg cration kasically is dua to iwo facis conaceied

At

with dewnicring oper %.ions: :

+

iy Therods o very lawgo but fl.;ia.@ amount of wiicr in storago
in thoe Tombsione regicn. This finite amount of water oy bo developad
[ &

lon~cr period of time at medorate drawdown with smallor yield ag in
watcr=-oupnly cevelopment adjusted to tho co ;gchy of tho equifer. Lavge
Crawdowns way produce a spcetacular amount of water for a short peried

¢f time, bLut as the calurated thiciness is rapifiy rcduecd, the inilial

viclds decline vory ranidly and tho lifo of the water supnly is gecdtly re-.

Cueed. Who wombstone mining dlsirict won hts rcputation for large

soter produciion during 8 poriod of extremo drawdovwn, Whe withdraws

SJ

1 roies wilich typified tho iaitial dewatering cannot bo maininined over
& lougzor poricd of time. | |

8 Lorge amounis of wa 4in addition to what mi"'u.. bo CXe
sected {rom rormal municipal weld promcdm tx.e coung aquilor werd
chinined from storago for a shoxt porlod of time by erosscut develop-

zacat in the Pump Shait.
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(1) Toz comparative purposes, the Tombcotone anuifer compnlex

Las o lecal coclilcicont of traasmiscibility of the order of 10,0600 to
N .
15,620 gnd por foot and a cociiicient of storage of . 01,

~

/0y oo [y ot -~ P R 3 TR PR PR LI SR
{2) Tho eouifer porformance based upon thooe idzal cocliicinnia
a8

iz gteongly modificd by boundary conditions and tho aniscirspy of tho {is-

cure and solulion-opcning syctem as indicated by pumping tests con-

(3) Future dovclopment rany be progeammed with ¢mpirienl

couctions Cosizned to include the significant varicbles in the poohydcos

ey d - E 3. ™ A - Y * «
Lunreiond of Ceohvdrolonie Feltiny Tor Wator Doavelonmeoent

Tihe geohydrologic evidence Indicates that the Tombstone miln-
inr district moy provide a suitable location-ior long-tcrm, nodGIrtie
procuciion of municip:il water. With extencive develonment, tho acuifer
coranlex could support a population geveral times the prescat size of
Tomistone, but this would rosult in an apprecicble drawiown of tha
watcr table. Ca tho other hand, the location is mocdorately good ac 2

gite for the withdrawal of ground-watcr storage and dewatering that

would necessarily accompany mining below the slatic woter lovel.
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Tocommencniions {or Turlber Sludy

Cceohydirology of Tombstone Reglon

4 more accurate detcrmination of tho hydrelogic periormance

PR, P

one coulicr complox was hampoered by o lock of nowviicds

2 oht Yok

of tho Tombot
of tiie ceifective aquifer thickness and the zonation of tha Lydrologi

propcrties.  Tho eifective thickness and zonaticn of hydrologic prop-
griies were inferred from pump-test recults but could not be accurate-
Iy cotermined in order to adjust iho values of transmissibility fov
chonees in aguifer thickness &s o regull of exeessive drawdovin. Very

uoolul infornsaticn could be obiaincd {rom a cww cxploratory well in
wiich cach zone peactrated could be tested individunlly for 45 hydro-
leric periermance. This information could b2 used o aajust the co-
cfficiont of transmiosibility for changes in cguifer thicknoss and to sub-
givide the aouifer complex Into principal water-beoring zones.
In order to estimate the total amount of water in slorage in the

resicn, a thorough investization should be mede of the nature, thickness,
and cenfiguration of the alluvium in the curvounding valloys. At tls

time taere aro too few wells and well logo available to make 4 redgdas

able eotimate of the volume of storage.

Gcoh jarolo”y of fr.»c;ured Cryst..lline Rocks and Mine Dewatering

Investipations connected with this report have revealed ot least
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war arcag of researceh in which clgnificont contributlons could Lo mado
Lo th mowledze of geonydrolory.
Apnax on tly very Uitle is known auout tho interrelationsilp ba-
tween voek deformation and metamorphicm and the development of s¢c-
ondary porosity in roclio of various compositions. Published rescarch
cz rocit Celormation would at least In theory incleate that quite differcn
Zraciure systoms may be developed in siliccous rocks as opposed to .
arboaate rocks, although interbedded and subjcected to the soma con-
citions of precsure and temperature, The implications for diiierences
in ground-watcr circulation are obvious.

1ittle is kmown about fissure and soluticn networig, thelr ver-

{zeal and lateral variations, and the meonner in which fluids occur and

’J

va within them. Rescarch on tho quantiiative interrelationship of
fizsures and eolution opcnings and {iuid motion would add to our knov/-
icdoe of oround-water hydraulics, ore emplaccment, and sccondaxy re-
covery from colomite peiroleum rescrvoirs. | .

A wet mine shaft is 8 unlque rock-wall well in which the well
romains dewatered at all times during acfive mino dovclopment. Re-
ccarch i neaded to cuantitatively determine the head lonses duo to

surkulenco in the neighborhood of the wall and duc to convergent flow at
tha bottem of the well. Quantitative evaluadon of the losses wiould pere=
mait annlysis of pumped shait d;ta for determdning aguifer cocfficicats,

The programming of dewatering operations would be greatly
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wwl-eod by a noncguilivrium, quantitative annlysts cnd theorcticol anal-
yalu of Incramenial dlochargy adaldons Cua to progresgivo woll doveleps-
ment a3 o resull of drifiing and erowgcuiting,
I geaceal, the hydeology of fvactured cryalailine ¥ooks, ol-

ciestic waler sup-

r

thoaoh Hmited ln ccenomie fnpertance to graall

Slies, ming dewatering, peirolcumi-roneavoir production, and Cn iy

ag consiructicn, is a wide ¢pen field foy hydrolugic research. The

v

Lt

feld is dilffculd, but thic henelits to ploanod envivcomoental conlrol from

constructlva research may be very rewarding. -




it

AMERICAN &LTING AND REFINING COMPA. C
Tucson Arizona J.f‘- *

February 13, 1964 | -gp 14 1954

MEMORANDUM FOR MR. J. H. COURTRIGHT

TOMBSTONE DISTRICT
Cochise Co., Arizona

During December, 1963, and January, 1964, I 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 avallable 1:24000 scale topographic maps
in conjunction with an enlargement to the same scale of the Beo-
logic map of the area, Plate 5, Professional Paper 281, by James
Gilluly. 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
Regervation and consequently are inaccessible.

Alteration The alteration that was found in the Tombstone
district all occurs in the Uncle Sam porphyry, an intrusive gquartz
latite porphyry that outcrops in approximately 14 sguare 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 5., R. 22 E., is well exposed for about -one half mile along
a wash Jjust 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 argillic,
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 possible alteration under
cover is too small to be considered for exploration.

RKK:bam R. K. Kirkpatrick

Attached: Map of alteration
Scale 1" =1 mi.
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