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FRONTISPIECE 

The State of Maine mine area, 

looking westerly from over the 

Charleston Road toward Uncle Sam 

Hill. The Three Brothers Hills are 

just out of sight in the upper right. 

Fox Wash runs toward the San 

Pedro River, diagonally from mid­

upper right to upper left. 
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1. I am a graduate of the University of Arizona, Tucson, Arizona, B.Sc., 1964, and 
M.Sc., 1967, and have been practicing my profession for 21 years. 
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Tucson, Arizona 85712. 

3. I have no direct or indirect interest whatsoever in Tombstone Silver Mines, Inc., 
or Charlou Corporation, nor any interest in the State of Maine area mining claims, 
nor do I expect any interest, direct or indirect, in this organization or property or 
any affiliate or any security of the company. 

4. The findings of the accompanying report are based on my personal examination of 
the State of Maine mine area claims, Tombstone Mining District, Cochise County, 
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Summary And Conclusions 

The mineralization and accompanying 
alteration in the Tombstone Mining District 
is part of a 72 m.y. to 63 m.y. old Laramide 
resurgent caldera complex. The first event in 
the development of the caldera complex was 
the extrusion of the Bronco volcanics which 
included andesitic flows and flow breccias , 
and possibly lahars of Silverbell type. These 
were intruded and superposed by rhyolite 
flows and flow breccias, possibly occurring as 
coalescing rhyolite domes. The initial phases 
of the Uncle Sam quartz latite tuff were 
extruded as a series of nuee ardentes. 
Caldera collapse followed, and the Ajax fault, 
with a stratigraphic throw of approximately 
5000 feet, formed the eastern boundary of 
the cauldron. Subsequent to cauldron 
subsidence, the caldera margin was intruded 
by additional eruptions of the Uncle Sam tuff, 
quartz latite porphyry, granophyre, and 
rhyodacite. Schieffelin Granodiorite, the 
probable plutonic source for the Uncle Sam 
tuff, rose and invaded the Cauldron fault· , 
southwest of Tombstone, near the Charleston 
Crossing, near Fairbank:, and on the Ft. 
Huachuca Military Reservation northwest of 
the Charleston Crossing. Northeasterly­
trending fractures that have characterized the 
crust in the Arizona area since the 
Precambrian, re-opened, and andesite 
porphyry and porphyritic andesite dikes were 
intruded. Circulating geothermal convection 
cells around plutonic cupola or apophyses of 
Schieffelin Granodiorite and more acidic 
quartz monzonite intrusives that have not 
been exposed by erosion altered both the 
volcanics and the underlying Bisbee Group 
and Paleozoic sediments, and silver, gold, 
lead, zinc and copper mineralization was 
emplaced. At about 63 m.y., the Extension 
quartz monzonite was intruded in the 
Tombstone Extension area, and possibly the 
State of Maine and other areas, sending off 
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rhyolite dikes and sills, which intruded the 
overlying sediments and volcanics. Steam 
explosions in the Robbers Roost area created 
fluidized breccia pipes at depth and phreatic 
explosions on t~~ce. At the end of the 
Laramide, ~'ne 'zin'g')processes ceased. 
~Ul • he mid-Tertiary, the 

~s\S~ ills, along with surrounding 
ra~s 10 Arizona, were tilted approximately 
400 to the northeast, and oxidation of the 
mineralized veins and erosion of their 
enclosing volcanic rocks began. Precious and 
base metals were leached out of the non­
reactive Uncle Sam tuff to be re-precipitated 
below the water table. Eventually, relatively 
thin distal portions of the tuff were 
completely eroded from the main part of the 
Tombstone District, and acidic supergene 
solutions were neutralized by the basal Bisbee 
Limestones and underlying Naco Limestone, 
and precious metals were deposited as 
secondary bonanza-grade mineral zones along 
porous and chemically receptive horizons. In 
the State of Maine area, thicker Uncle Sam 
tuff within the caldera remains to the present 
time. Acid, supergene solutions removed 
most precious and base metals from the 
surface and re-deposited them below the 
water table to form enriched secondary 
deposits. Halides, leaching from fresh Uncle 
Sam tuff in unaltered wall rocks of the veins , 
acted to precipitate some silver as bromyrite 
along the hanging and footwall portions of 
the veins. 

In 1877, Ed Schieffelin discovered the 
exposed bonanza silver-gold mineralization in 
the Bisbee Limestones, exposed by erosion in 
the main part of the district. These deposits 
were mined actively for the next 50 years, and 
then sporadically for the next 58 years. The 
silver mineralization in the interior part of 
the caldera lay hidden and out of reach of 
the early miners beneath the water table and 
the leached and uninteresting appearing 
Uncle Sam tuff. A few small operations 
mined, in a small way, the minor near-surface 



precipitations of bromyrite in the hanging and 
footwall portions of the larger veins in the 
State of Maine area. The Clipper vein, 
averaging 79 feet in width over a 2,000+ foot 
length, and the other veins in the State of 
Maine area which average 29 feet in width, 
contain silver and gold values estimated to 
average 1.98 ounces and 0.017 ounces, 
respectively. Using a combination of selective 
open pit mining and non-selective bulk: open 
pit mining and stripping, these veins can be 
mined to a depth of approximately 180 feet 
and heap leached, yielding a gross profit of 
approximately $9 million per year, over a 
projected four year life. Deeper enriched ore 
bodies below the water table are thought to 
exist in veins and saddle reefs in folded 
limestone units, as they do in the main part 
of the district. There is also potential for 
metal deposition in karsts (caves) in the 
upper portion of the Naco, and at deeper 
levels in the Escabrosa and Martin 
Limestones. At greater depths, near surface 
mineralization will probably grade into 
porphyry copper type mineralization, which 
may be economically attractive in the future. 

The same types of targets are as 
envisioned at the State of Maine mine exist 
in other mineral centers within the 
Tombstone caldera, as well as ore bodies in 
the main part of the district that have not yet 
been mined out. 

Recommendations 

Geologic information compiled in this 
report suggests potential on the Tombstone 
Silver Mines, Inc. State of Maine area 
properties for an estimated four years of 
economically open pitable ore within 180 feet 
of the surface, at a stripping ratio of 1.72:1, 
which will yield a gross profit (Gross profit is 
defined as profit after deducting all operating 
costs, including repayment of capital, but not 
including interest, depletion, depreciation, 
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taxes or rOyaltiesi "pfu"lilY 36 
million over that pe ~~~r price of 
$6/oz and gold at $3 oz. 

Precious metal values leached by 
supergene solutions from the veins in the 
Uncle Sam tuff should be precipitated below 
the water table in the State of Maine area, 
perhaps forming bonanza grade precious 
metal ore bodies, similar to those in the main 
part of the district, minable by underground 
methods. Potential for similar open pitable 
ore as well as high grade ore bodies minable 
by underground methods remain untested in 
other areas in the district. Leases should 
probably be obtained from the various owners 
for small cash payments plus work 
commitment, at the present time, because of 
low metal prices. 

To take advantage of the 
opportunities described above, it is 
recommended that Tombstone Silver Mines, 
Inc. raise $800,000 in capital for exploration, 
engineering and initial development. Once 
the proposed ore zones have been tested, and 
measured reserves delimited, mine 
construction financing should be available 
through various lending institutions. 

A phased explonition plan for the 
State of Maine area has been formulated. It 
is summarized below: 

Phase Objective Total Total 
Phasttr~Oaallea~sui1ace geojogymappfiig-······~··"mm.vm ... "m.v" 

& logging and core board construction 
for existing holes $ 74,440 $ 74,440 

Phase II Exploration drilling of the 
Clipper vein at 200' intervals 78,196 $152,636 

Phase III Development drilling of the 
Clipper vein at 20' intervals 146,220 $298,856 

Metallurgical testing 40,000 $338,856 

r@W@t~wgm~lii~~~~~g~1~~W~~1:~itt~~i;iN~~l~~n 
as the exploration plan (see Exploration 
Proposal, Page XXX through XXX), will 
change as information is obtained as the 
exploration phases progress. Under ideal 



conditions, an open pit minable ore body on 
the Clipper vein will be developed after about 
six months of drilling. If this success is 
obtained, then remaining funds can be used 
for engineering and design work. The 
proforma mine plan suggests that $2 million 
in working capital and capital equipment will 
be required to construct and put the Clipper 
mine into production. Capital and 
construction costs are amortized over a one­
year period. Continued exploration for 
additional reserves is budgeted into the first 
year mine plan. The exploration may delimit 
another three years of near-surface open­
pitable ore within the State of Mine area. 
Based on Tombstone Silver Mines, Inc.'s 
knowledge of the geology of other areas 
within the Tombstone district, it is anticipated 
that if lease-options are acquired on other 
target areas, that at least another four years 
of reserves at a similar scale of mining could 
be delimited by exploration funded by cash 
flow from the State of Maine area. Further, 
deeper drilling fmanced by internally 
generated funds would be done to explore for 
bonanza-grade ore minable by underground 
methods on the State of Maine area veins. 
Similar underground potential probably exists 
on other targets within the district. 

The following sequence of activities 
along with approximate costs is recommended: 
;~lm;il~;;m;~iji~;~;~1~~ili~~~~1~~~;~ili~~~~l1~~~m;ili;;r:;11~~m~illlili~~~~;;;m~~~~;l;~~I~~~~I;;;mmm~m;m;m;;;;;l;l;m~lm~~ilimmililIl!J~~~~~ 

Activity Cost 
t&TSelMo,OOi5 ln exploratrontU~-·,·'wm'~~~~-. 

Negotiate leases on other remaining exploration 
targets within the Tombstone district for one year $200,000 

Initiate and complete Phases I, II, and III in the 
State of Maine mine area 340,000 

Adjust plans and objectives based on initial results 
of the above 

Perform test work, engineering design and obtain 
financing for mine construction 260,000 

$800,000 

lliU&\jffi!m~fg~¥~~:'}~~~~1~~'Ml~~WJ¥~~~~iff~~~ 
Silver Mines, Inc. property in the State of 
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Maine area appear 
Recognition of the area 
and attendant implicatio 
surface geochemical environment, and 
probable supergene leaching and enrichment 
of silver-bearing veins, suggest potential for 
the district that has not previously been 
recognized. By using the experienced 
personnel and the innovative Merrill-Crowe 
units and heap leaching technology of the 
State of Maine Mining Company, as well as 
contract mmmg services, geologically 
"Inferred" potential ore reserves appear to be 
profitable, even at currently depressed 
precious metal prices. Cash flow projections 
show that even at a price of $4.50 silver and 
$200 gold, the envisioned open pit on the 
Clipper vein would retire debt on the mine 
installation and generate a gross profit of $2.8 
million. 

The goodwill developed by the 
Escapule family, and in particular Charles and 
Louis Escapule, over the years, will be a 
definite asset in obtaining mining leases on 
surrounding properties. Using the Escapule's 
highly portable Merrill-Crowe units and some 
innovative exploration and mining techniques, 
it is also probable that with the management 
infrastructure headquartered at Tombstone, 
small surrounding precious metal properties 
can be explored and mined at a profit. 

Introduction 

In July of this year, the writer was 
engaged by Mr. Charles B. Escapule, Sr., Vice 
President & Manager of Operations, 
Tombstone Silver Mines, Inc., to examine and 
review geology and current mining operations 
and ore reserves in the State of Maine area 
and surrounding properties controlled by 
Tombstone Silver Mines, Inc. The intention 
of this study is to determine the potential for 
the discovery of additional mineralization, and 
to assess its mining potential. 



Tombstone Silver Mines, Inc., as of 
November 15, 1985, owns 8 patented mining 
claims, totaling 146.66 acres, holds 220.79 
acres of state land under prospecting permit, 
and 68.06 acres of state mineral leases. They 
lease with option, 2,120.98 acres of federal 
lode claims, including 49 acres of patented 
claims. They have a verbal understanding on 
130.7 acres of state land and 10 acres of 
patented ground, and are working on a 
formal lease agreement. They control a total 
of 2,766.49 acres, as described above. It is 
anticipated that Tombstone Silver Mines, Inc. 
will work toward consolidating the entire 
Tombstone district in order to facilitate 
exploration for and production of precious 
metals. 

In 1973, the writer, then working 
under a contract with Sierra Mineral 
Management/1971 Minerals, Ltd., who had a 
lease on the land Tombstone Silver Mines, 
Inc. now owns, prepared a geologic map, 
report, and exploration proposal. As a first 
step in the 1973 mapping program, a 
triangulation survey was put in, claim corners, 
section corners, etc., targeted, and the area 
flown, using black and white and color aerial 
photography, by Copper Aerial Photography, 
Inc. 

The area was mapped 
photogrammetrically, and a topographic map 
at the scale of 1" = 200' with a five-foot 
contour interval prepared. This was used as 
a geologic map base. 

The ensuing 12 years since that initial 
map and report was prepared, several 
important events have taken place. Sierra 
Mineral Management/1971 Minerals Ltd. 
never did pursue the Exploration Proposal 
contained in the writer's 1973 report. They 
did re-treat most of the mine ' dumps in the 
main part of the district by heap leaching 
methods, but a counter-current decantation 
plant moved from the Golden Sunlight mine 
in Montana and installed at the State of 
Maine, failed to operate properly, and was 
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abandoned. The leases re~~o ~ ~ ~ 
property owners, and Sierraf7 t~ll on 
hard times and is no longer an ctive entity. 
Subsequently, Louis and Charles Escapule 
developed the compact, inexpensive and 
efficient State of Maine Merrill-Crowe zinc 
precipitating unit, and began leaching the 
State of Maine mine dumps. In 1979, the 
process of agglomerating clay-rich precious 
metal ores to make them permeable was 
discovered. The recognition of this process 
has probably been the most important 
development in precious metal recovery since 
discovery of the cyanide process in 1890. 
This technique is now used all over the 
world, and makes possible heap leaching of 
low-grade, clay-rich precious metal ores, and 
negates the necessity of cyanide agitation 
plants, except for very high-grade ores, those 
with unusual characteristics, or those located 
in very cold climates. The Escapules installed 
agglomeration at their State of Maine dump 
leach soon after its recognition. As a result 
of agglomeration, State of Maine silver 
recovery (for crushed and treated ore) is 
about 87%, and gold appears to be 100%. 
This was confirmed by Newmont Mining's 
Danbury, CT metallurgical labs (Don 
Hammer, Newmont Exploration, 1982, pers. 
commun.). 

In July of 1984, the State of Maine 
Mining Company properties were transferred 
to Tombstone Silver Mines, Inc., and plans 
for small tonnage production laid. From 
October, 1984, to December, 1984, one­
hundred-seventy vertical drill holes were 
drilled using an Atlas Copco ROC-601 air 
track drill with a COP-42 down-hole hammer 
tool. A vacuum dust collector collected all 
the material from each drill interval. The 
maximum depth drilled was 120 feet. Total 
footage of 10,159 feet, an average of 59.8 
feet per hole, was drilled. As a result of this 
drilling, 35,590 tons of low-grade silver 
averaging 2.89 ounces per ton at a stripping 
ratio of 3.4:1 (Graves, AJ., December, 1984) 



were outlined. This was thought to be 
sufficient for a year's profitable operation. 
Continued drilling was planned to sustain 
reserves a year in advance. Unfortunately, 
the price of silver dropped from about $9 per 
ounce at the inception of the program to its 
present price of about $6 per ounce. At $6 
silver, the reserves are subeconomic. 

The author was called in to evaluate 
the geology, check the reserves, and make 
suggestions on how the operation could be 
put on an economic footing. 

Location, Culture & Transportation 

The Tombstone Mining District (Fig. 
1) is located in southeastern Arizona, some 
25 miles north of the International boundary 
with Mexico. It is located in western Cochise 
County, and is covered by the Tombstone 15-
minute quadrangle sheet of the United States 
Geological Survey, which is bounded by 
meridians 110° 15 minutes, and 110°, and 
parallels 31° 30 minutes, and 31° 45 minutes. 
These boundaries are shown on Figures 1 and 
2, and Figures 3 through 17. The area 
controlled by Tombstone Silver Mines, Inc. 
includes all or parts of the following sections 
(as shown on Figure 4 and Figure 29): 
T.19S., R.22E., SE 1/4 Section 33, T.20S., 
R.22E., Sections 4, 5, 8, 9, 10, 15, 16, 17, 18 
and 20. 

Tombstone is the only town within 
the quadrangle boundaries, but the bedroom 
community of Sierra Vista, which services the 
Army Electronic Proving Ground at Ft. 
Huachuca, lies just outside the quadrangle, 
and some 15 miles from Tombstone, via the 
Charleston Road. Tombstone is well serviced 
by major, paved, all-weather highways, 
including U.S. Highway 80, which goes 
through the center of town, and Arizona 
State Highways 82 and 90. Many types of 
supplies are available in Tombstone, and most 
types of supplies are available in Sierra Vista, 
a city of some 30,000 inhabitants, and the 
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fastest growing city in Cochi~fuh~ ~ ~ 
good supply of semi-skilled to ~fabor is 
available in Tombstone and Sierra Vista. The 
old mining camp of Bisbee lies about 30 miles 
south of Tombstone, where the underground 
copper mines, operated for the last 100 years, 
were shut down about two years ago. A core 
work force of skilled underground miners is 
probably available in Bisbee. The second 
largest city in Arizona, Tucson, is located 
approximately 60 miles by U.S. 80 and 
Interstate 10, to the northeast. Tucson is 
served by a large, all-weather, international 
airport, serviced by most of the large 
domestic carriers. The Tombstone Municipal 
Airport has a 5,000-foot dirt strip, adequate 
for light planes, but no fuel or other facilities. 
Tombstone, at one time, was serviced by a 
standard gauge branch line of the Southern 
Pacific Railway from Fairbank (seven miles 
west of Tombstone). This connection to 
Fairbank has been dismantled, though the 
Southern Pacific line which connects with 
Douglas, Arizona, is currently in service. 

Physical Features 

Physical features in italics are quoted 
directly from Butler, B.S., Wilson, E.D, and 
Rasor, C.A, 1938: 

The Tombstone district is in the 
Tombstone hills, a group of low, scattered 
mountains that extend northwestward from the 
Mule Mountains in which the Bisbee district is 
located. Tombstone is near the northwest 
margin of the area, at an altitude of 4,530 feet 
or 670 feet above the San Pedro River at 
Fairbank. The Tombstone Hills rise to a 
maximum altitude of 5,339 feet or some 800 
feet above the surrounding plain, which slopes 
westward to the San Pedro River. In the 
vicinity of the hills, this plain is a pediment, 
cut on hard rock. 

Even slopes and rounded contours 
characterize the northern half of the area in 
contrast to the steep-sided, linear ridges that 



prevail in the southern half. 
There are no perennial streams in the 

area. Drainage is westward to the San Pedro 
River through steep-sided gulches or arroyos 
that dissect the plain. Torrential rains flood 
these arroyos for short periods, but during most 
of the year no water flows at the surface. 

Water is encountered in the mines of 
the eastern part of the district at an elevation 
of 4,120 feet above sea level. This mine water 
has been used for concentration of ores, but, 
according to analyses by H. V. Smith, of the 
University of Arizona, its fluorine content 
makes it unsuitable for drinking. Some water 
is obtained from shallow wells in the gulches, 
but the main supply for Tombstone is piped 
from springs in the Huachuca Mountain, about 
25 miles southwest of the town. 

Climate and Vegetation 

Climate and vegetation in italics is 
quoted directly from Butler, B.S., Wilson, 
E.D., and Rasor, C.A, 1938: 

The climate of Tombstone is that of 
the intermediate altitudes of southern Arizona. 
The winters are characterized by moderate 
temperatures and only a few light falls of snow. 
In summer the days are not, but the nights are 
comfortably cool. The average range in 
temperature for a twenty-seven-year period, 
prior to 1928, is from an extreme maximum in 
June of 101.Cfi to an extreme minimum of 20.8 
degrees in January. The average annual 
precipitation for a thirty-one-day period prior to 
1928 was 14.48 inches. The main rainy season 
is from July to September, and the driest 
months are April, May, and June. 

The vegetation of the district is likewise 
characteristic of the intermediate elevations of 
southern Arizona. It is above the altitudes 
favorable to abundant cacti and below those 
favorable to forest trees. Desert shrubs 
predominate. Cat's-claw and creosote or 
greasewood bush, together with some mesquite 
and ocotillo, form thickets on the foothill 
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slopes and pediments. severalimr ~.~ ~ 
are present, but prickly pear is '~r. 
Mescal and yucca are sparingly p esent. Along 
gulches and arroyos mesquite, paloverde, and 
walnut are common. No trees in the district 
are suitable for lumber or for ordinary mine 
timber. On flats and slopes where soil and 
moisture are favorable, various grasses thrive. 

Previous Work 

Previous work in italics is quoted 
directly from Newell, R.A, 1974: 

Previous Investigations. The geological 
and mining literature abounds with references 
to the Tombstone district, and attention will be 
limited to those which provide significant 
insight into the geology and the development of 
the area. 

Between the years 1879 and 1886, 
E/MJ published numerous notes concerning the 
nature, extent, and progress of underground 
development work in the district. The 
interested reader is referred to these references, 
as many of them lie outside the scope of this 
dissertation. E/MJ (1881, v. 31, p. 316-317) 
stated the Tombstone silver ores were mostly of 
a carbonate or chloride nature, and that 
production was about 300 tons/day. Recoveries 
were about 80%, and the average yield was 
about $75/ton. E/MJ (1883, v. 35, p. 267-269) 
reported that on the third level of the Westside 
mine the ore was assaying about 40 oz/ton 
silver and about 0.5 oz/ton gold. Manganese 
ore from the Lucky Cuss mine at a depth of 
100 ft, camed about 25 oz/ton of silver. E/MJ 
(1883, v. 36, p. 229-230) announced the 
discovery, between the third and fourth levels, 
in the Westside mine, of several tons of 
telluride ore that averaged $1200/ton. 

Previous Geological Investigations. 
Blake (1882a, b, c, d) provided the earliest 
geologic descriptions of the district, and he 
recognized that the mineralization was closely 



associated with north-south trending dikes and 
cross-cutting northeast-southwest fissures. He 
also stated that, where either dikes or fissures 
crossed anticlinal structures, mineralization 
often developed along crests of the folds as 
bedded replacement deposits. Comstock (1900, 
p. 1045, 1089) confirmed that folds were 
important to ore deposition at Tombstone, and 
he apparently recognized a possible influence of 
volcanism in the genesis of the mineralization. 

Church (1902) described the location 
of Tombstone relative to other mining districts 
in southeastern Arizona and adjacent Mexico. 
He later attempted the earliest comprehensive 
description of general geologic features in the 
district (Church, 1903). Church believed that 
dikes in the district exercised a relatively minor 
control on the mineralization, and that the 
major controls were anticlinal folds and cross­
cutting fissures. Lakes (1904) followed the 
interpretation of Church (1903), and compared 
anticlinal structures at Tombstone with those at 
Bendigo, Australia. 

Between 1904 and 1920 little was 
published that dealt with the geology in 
Tombstone. Clark (1914) published a water 
analysis from the 1000 ft level of the 
Contention mine. Ransome (1916) correlated 
some stratigraphic units with those at Bisbee, 
and Staunton (1918) described the effects and 
nature of a relatively severe earthquake he 
experienced while underground at Tombstone in 
1887. 

Ransome (1920) described the 
manganese mineralization at Tombstone. High 
concentrations of manganese were associated 
with the Prompter fault, and the principal 
manganese production was derived from the 
Oregon, Prompter, Lucky Cuss, Luck Sure, 
Bunker Hill, and Comet mines. Psilomelane, 
the major manganese mineral, typically 
occurred in pipes and chimneys in limestone 
horizons, and part of the manganese was 
believed to have been derived from the 
limestones. Ransome also thought that some 
of the manganese originally formed upper 
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portions of the associated silver li~ ~ ~ 
either case, supergene processe@.ri. ;}JeYed 
to have been responsible f~o ing the 
present manganese deposits. High grade 
mineralization contained between 70% and 
80% Mn02 after sorting, while low grade 
mineralizatiOn contained about 40% MnO'}: 
Ransome mentioned that in 1917 the 
manganese ore contained between 7 and 8 
oz/ton silver. Wilson and Butler (1930) 
described many known manganese deposits in 
Arizona, and these authors simply referred to 
Ransome's work for their discussion of the 
Tombstone deposits. 

The geology at Tombstone was 
investigated in more detail during the later 
1930's. Butler and Wilson (1937) noted that 
the mineralization was associated with north­
south dike fissures, faults, anticlines, and 
northeast-southwest fissures. Rasor (1937) 
investigated the mineralogy and petrography of 
the district, and he found hypogene silver­
bearing minerals to include hessite, tetrahedrite, 
and galena. Alabandite was found to be the 
only definitely hypogene manganese mineral. 
Bromyrite, embolite, cerargyrite, argentite 
(acanthite), stromeyerite, native silver, (native 
gold - addition by Briscoe, 1985, see Butler et 
al. p. 51), and argentojarosite were identified as 
supergene ore minerals. The zone of oxidation 
was thought to be at least 600 ft deep (Rasor, 
1937, p. 83), and bromyrite was believed to be 
the most abundant supergene silver mineral. 
Butler, Wilson and Rasor (1938), and Butler 
and Wzlson (1938) published detailed studies of 
the geology and ore deposits at Tombstone. 
These studies incorporated a considerable 
amount of previously unpublished data which 
were originally collected by Ransome. The 
investigations provided insight into a complex 
sequence of structural events in the district, and 
the authors also suggested a broad pattern of 
mineral zoning. Tenney (1938) reviewed and 
summarized the findings of Butler, Wilson and 
Rasor (1938), and noted that their efforts 
provided a welcome addition to the study of 



ore deposits. Butler and Wilson (1942), in 
addition to the above publications, again 
summarized their work at Tombstone in 
Newhouse (1942). 

Ingerson (1939) measured joint and 
platy inclusion orientations within the Uncle 
Sam ''porphyry''. The Uncle Sam unit lies west 
of Tombstone, and Ingerson attempted to 
confirm the presence of a suspected thrnst fault 
below the ''porphyry''. He found that neither 
the joints nor the inclusions could be used as 
evidence to confirm a fault at depth. The 
emplacement of the Uncle Sam ''porphyry'' was 
discussed at length by Gilluly (1945), and he 
considered the body to be either laccolithic or 
sill-like in form. Furthermore, it was believed 
that the Uncle Sam unit had followed either a 
thrnst fault plane or an unconformity during 
emplacement. 

Gilluly, Cooper and Williams (1954) 
described the Late Paleozoic stratigraphy of 
central Cochise County. For the Tombstone 
portion of their study, these authors succeeded 
in subdividing a thick sequence of 
Pennsylvanian-Permian strata known as the 
Naco Limestone into six different formations. 
Later, Gilluly (1956) incorporated his earlier 
work on the Uncle Sam ''porphyry'', with the 
stratigraphy to provide an exhaustive description 
of the geology of central Cochise County. 

In 1941 the United States Bureau of 
Mines began a study of the manganese deposits 
at Tombstone. The investigations involved 
underground sampling at a number of mines in 
the district, and about 2000 ft of underground 
drilling at the Oregon mine. Needham and 
Storms (1956) summarized much of this work, 
and concluded that only small and scattered 
deposits of manganese ore were present. 
Farnham, Stewart and Delong (1961) studied 
the manganese deposits in eastern Arizona and 
visited the deposits at Tombstone. They found 
that manganese concentrations were often 
between 10% and 30% MnO'b and that silver 
in the manganese frequently ranged between 5 
and 10 oz/ton. 
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Burnham (1959) studied tr~a~~ ~ 
abundances in sphalerites a~ 'P~s 
from many localities in the nited 
States and northern Mexico. e elements 
studied included silver, bismuth, cadmium, 
gallium, germanium, indium, manganese, 
antimony, and tin. The silver content in three 
sphalerite samples from Tombstone ranged 
between 1 and 330 ppm. Burnham (1959) 
found that all major silver mining districts 
studied could be identified by relatively high 
silver concentrations in sphalerite and 
chalcopyrite. 

Creasey and Kistler (1962) determined 
radiometric ages for an intrnsive rhyolite and 
the Schieffelin Granodiorite by potassium-argon 
methods as 63 and 72 m.y. respectively. 

Andreason, Mitchell and Tyson (1965) 
published an aeromagnetic map for the area 
around and including Tombstone. Background 
values at Tombstone were about 300 to 400 
gammas, but the granodiorite was found to 
have values between 700 and 1000 gammas. 
Brant (1966) found the Schieffelin 
Granodiorite to have a magnetic susceptibility 
of 1800 x 1 ~ (c.g.s. units). Brant assumed the 
Schieffelin to be of Tertiary age, and he stated 
that this relatively high susceptibility was typical 
for Tertiary intrnsives in southern Arizona. In 
fact the Schieffelin is a Laramide intrnsive 
(Drewes, 1971), and Brant (1966) stated that 
most Laramide intrnsives in southern Arizona 
have an average susceptibility of only 100 x 1 (): 
2. Thus, for a Laramide intrnsive, the 
Schieffelin is anomalously magnetic. 

Jones (1961, 1963, 1966) studied 
tectonic deformation patterns in southeastern 
Arizona. He concluded that the contribution 
of overthrnsting had been greatly exaggerated, 
and that processes of differential vertical uplift 
were responsible for much of the observed 
deformation. 

Lee (1967) described the geology of the 
area surrounding the Charleston and State of 
Maine mines, both of which lie southwest of 
Tombstone. He suggested that the 



mineralization at Charleston and the State of 
Maine was epithermal, and that the 
mineralization closer to Tombstone was 
mesothermal. 

Patch (1969, 1973) studied the 
petrology and stratigraphy of the Permian 
Epitaph Dolomite at Tombstone. She 
suggested that the Epitaph was most likely a 
dolomitized facies of the underlying Colina 
Limestone. Wilt (1969) studied the Colina 
Limestone, and she agreed with Gilluly et al. 
(1954) that the limestone ranged in age from 
Wolfcampian to Leonardian (lower Lower 
Permian to upper Lower Permian). 

Ridge (1972) discussed the general 
geologic setting of Tombstone. He also 
speculated that the mineral deposits had 
formed in an environment which varied from 
the xenothermal to epithermal conditions. 

Previous Mineralo~al Investi~ations. 
ElM] (1881, v. 31, p. 316-317) reported that 
the Tombstone silver ores were mainly of 
chloride varieties, and that the ore contained a 
little lead. In 1883, ElM] (v. 36, p. 229-230) 
reported the discovery of several tons of 
telluride ore between the third and fourth levels 
of the Westside mine. 

The earliest scientific discussion of the 
mineralogy at Tombstone was that of 
Hillebrand (1886). He reported the presence of 
emmonsite, a hydrated ferric tellurite. Genth 
(1887) described hessite from the Westside 
mine. Hillebrand (1889) published an analysis 
of descloizite from the Luck Cuss mine. 
Panrose (1890) noted the presence of 
manganiferous silver ore at Tombstone, and 
Moses and Laquer (1892) reported the 
existence of alabandite at the Lucky Cuss 
mine. Hewett and Rove (1930) discussed the 
occun-ence of alabandite in the Lucky Cuss 
mine in association with calcite, quartz, and 
galena. Occun-ences of silver-bearing 
manganese minerals in Arizona and New 
Mexico were studied by Hewett and Pardee 
(1933), and they found that silver was present 
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as silver manganite. These authO~O~~ '\ 
that black calcite was com~ ~ o~d 
with the manganese deposits, at the 
calcite had black manganese ox· zntergrowths 
that could be manganite, but not hausmannite. 

Rasor (1937) conducted the first 
detailed study of the mineralogy at Tombstone. 
He identified four main stages of hypogene 
mineralization, and his investigations were 
summarized by Butler, Wilson and Rasor 
(1938). Rasor (1938) apparently reported the 
first United States occun-ence of bromyrite at 
Tombstone. He speculated that earlier reports 
of "hom silver" from Tombstone may actually 
have been mistaken, and that the mineral was 
possibly bromyrite. Rasor (1939) stated that 
psilomelane was the most abundant secondary 
manganese mineral, but that minor amounts of 
polianite, pyrolusite, manganite, hetaerolite, and 
wad were also present. He believed the 
secondary manganese minerals were derived 
entirely from alabandite; however, Hewett and 
Radtke (1967) suggested from main source of 
secondary manganese at Tombstone was black 
manganiferous calcite. Hewett (1972) reviewed 
the ongzn of the manganese minerals 
manganite, hausmannite, and braunite. He 
concluded that hausmannite is a hypogene 
material, and that manganite and braunite are 
supergene minerals. Hewett also noted that 
neither hausmannite, manganite, nor braunite 
had been reported at Tombstone. For southern 
Arizona, Hewett observed that the minerals 
hollandite, psilomelane, and cryptomelane 
formed most of the manganese oxide deposits, 
and he assigned a hypogene origin to all of 
them. Ridge (1972) believed that sphalerite 
containing chalcopyrite blebs indicated possible 
xenothermal conditions, that tetrahedrite with 
silver-bearing galena suggested a kryptothermal 
environment, and that hessite with stromeyerite 
designated epithermal conditions. 

Previous Millin~ and Smeltin~ 
Investi~ations. The earliest mention of milling 
procedures at Tombstone (ElM!, 1879, v. 27, 



p. 468) indicated the successful operation of a 
10 stamp mill, which yielded a recovery of 
about 77%. In 1881 about 120 stamps were in 
operation at Tombstone, treating about 300 
tons/day (E/M!, 1881, v. 31, p. 316-317). 
Austin (1883) described early milling methods 
and machinery at Tombstone. Church (1887a, 
b) discussed metallurgical problems which arose 
during the treatment of sulfide ores and tailing 
slimes. Goodale (1889, 1890) discussed the 
treatment of silver-bearing manganese ore. 
Free milling methods recovered only 60% of 
the silver, and required more than 7 lb of 
quicksilver per ton of ore treated. By using a 
chloride roasting method the recovery increased 
to about 90%, and the amount of quicksilver 
required was reduced by half. 

Thomas G. Chapman, later to become 
Dean and Dean Emeritus of the College of 
Mines at the University of Arizona, wrote his 
masters thesis for the University of Arizona, 
entitled The Metallurgy of Silver Chloride 
Ore From the State of Maine Mine in the 
Tombstone District. Chapman stated that the 
State of Maine mine produced silver valued 
at between $100,000 and $150,000 from the 
time of its discovery to the year 1921 (p.1). 
He described the genesis of hand coping and 
retaining gob underground, as well as the 
source of the State of Maine mine dump, and 
pointed out that the ore was not treated at 
the mine site before 1921. Testing of the 
dump showed 35,000 tons, averaging 4.85 
ounces of silver (p.2). Chapman made 
various screen analyses and crushing tests, and 
compared gravity separation including the 
tabling and jibs, with cyaniding. Chapman 
found that though gravity methods would 
work, cyaniding of the finer material after 
screening off the oversize and de-sliming, 
would result in the highest recovery. Cyanide 
consumption was about 3/4 lb per ton, and 
contact time under laboratory conditions for 
cyanide was about 48 hours. Screening on a 
one-half inch screen, rejecting the oversized 
and treating the undersized, gave the best 

Geologic Report, Tombstone Mining District 
State or Maine Mine Area 
November 15, 1985 
Page 20 or 40 

economies. ~~ ~ ~ 
Romslo and Ravitz (1 Ti ~eWe 

successful treatment of man~e- lIver ore 
from Tombstone. Very poor results were 
obtained by direct cyanide and flotation 
methods, but a calcium dithionate process 
recovered 80% to 90% of the silver and 90% 
of the manganese. 

Previous Hydrological Investi~.ations. 

After water was first encountered in the 
Sulphurette mine in 1881, pumps with a 
capacity of 700 gpm were installed at the 
Contention and Grand Central mines in 
December 1883 (E/M!, 1883, v. 36, p. 328, 
400). The pumps worked successfully until 
1886, when the Grand Central pumphouse 
burned (Dunning, 1959). E/MJ (1902, v. 73, 
p. 314-315) reported that new pumps, with a 
capacity of 1750 gpm, would be installed near 
the Contention mine. Blake (1904a, b) 
mentioned that the new pumps had successfully 
lowered the water level over 100 ft to near the 
700 ft level of the Contention mine. EIMJ 
(1904, v. 77., p. 334-338) reported that 
pumping activities at the Contention mine had 
lowered the water table over 80 ft in the Lucky 
Cuss mine, which was more than a mile away. 
The water temperature was reported to be 
about 8(jl. F. 

Walker (1909) stated that water 
volumes of up to 4500 gpm were not 
uncommon. He also discussed the nature of 
the pumping facilities at Tombstone. On June 
1, 1909, the pumps failed (Staunton, 1910; 
Butler, Wilson and Rasor, 1938, p. 47; 
Dunning, 1959, p. 187-189) on the 1000-foot 
level. For a period of 10 days prior to the 
accident the pumps were yielding 4600 gpm. 
In 1910 larger pumps and new boilers were 
installed, and operations were resumed on the 
1000 ft level. High pumping costs coupled with 
a low silver price (about $.50/oz) forced 
abandoning the operations on January 19, 
1911. The water pumps still remain on the 
1000-, 800-, 700-, and 600-ft levels (Butler, 



Wzlson, and Rasor, 1938, p. 47). 
Hollyday (1963) considered that mine 

waters at Tombstone could provide a long term 
source for moderate amounts of municipal 
water. The water supply was determined to be 
sufficient for a town about the size of 
Tombstone. 

Wallace and Cooper (1970) studied the 
dispersion of calcium, chlorine, magnesium, 
and sodium in groundwater near Tombstone. 
They found that most of the chlorine (10 to 
40 ppm) was derived from the Schieffelin 
Granodiorite, and that sodium (20 to 70 ppm) 
was derived from granitic rocks at Tombstone 
as well as from similar rocks in the Dragoon 
Mountains to the east. Calcium and 
magnesium (30 to 80 ppm, and 10 to 25 ppm 
respectively) were derived from carbonate 
sedimentary rocks. The authors found calcium 
and magnesium to be excellent tracers of 
groundwater flow for the Tombstone area, and 
subsurface flow patterns were established by 
measuring the calcium and magnesium 
contents in the groundwater. 

Non-Technical Publications on History 
and Human Interest. In addition to the 
technical publications, the following books 
emphasize the history and human interest of 
this early mining camp of Arizona: 

F. Becholdt, When the West Was Young 
Wm. M. Breckenridge, Helldorado 
W. N. Burns, Tombstone 
S. Lake, Wyatt Earp, Frontier Marshal 
A H. Lewis, Wolfville Days 
L. D. Walters, Tombstone's Yesterday 
C. E. Wilson, Mines and Miners 

mSTORY 

The Tombstone Mining District, then 
in Arizona Territory, was discovered by the 
son of California 4ger Edward L. Schieffelin 
in 1877. Tombstone, though isolated and 
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subject to marauding Indians and ~a~~ ~ 
its early days, was affected b~~~e~ 
through their effect on. ~r prices. 
Ironically, with Schieffelin's discovery of rich 
silver mineralization at Tombstone, silver 
prices began a decline, and the price in 1877 
would not be seen again for 86 years (Fig. 
18). During the 34 year period from 1877 to 
1915, when most of the ore was produced at 
Tombstone, declining silver prices, financial 
panics, and the removal of the United States 
currency from the silver standard, had 
immeasurably more affect on the mines than 
the Earp/Clanton feud, Apaches, bandits or 
underground waters. 

The district has generally been divided 
into the main (eastern) portion and the 
western portion. The western portion is 
where the Tombstone Silver Mines, Inc. 
current property holdings lie. The State of 
Maine vein was discovered in 1878 by John 
Escapule, who came to Tombstone as a 
photographer to report on the silver rush for 
the San Francisco Chronicle. He caught 
"silver fever" and remained in Tombstone to 
prospect. In order to put the mine into 
operation, he approached fmanciers from the 
state of Maine, hence the mine and claim 
name (C. Bailey Escapule, Jr., 1985, pers. 
commun.). His descendants are operating his 
discovery, and are principals in Tombstone 
Silver Mines, Inc. The patented claims, now 
held by Tombstone Silver Mines, Inc., 
including the State of Maine, Brother 
Jonathan, Lowell, Merrimac, Red Top, Triple 
X, Clipper and May, were consolidated along 
with the main part of the district under the 
Tombstone Consolidated Mining Company. 

In 1911, silver prices of approximately 
$0.55 per ounce (less than half that in effect 
when Schieffelin discovered Tombstone) 
brought the demise of efforts to un-water the 
mines, and the bankruptcy of the 
Development Corporation of America and its 
Tombstone Consolidated Mines subsidiary. 
The Phelps Dodge Corporation, who was a 



creditor of the Development Corporation of 
America, took over the Tombstone 
Consolidated Mines and operated them in a 
desultory fashion as the Bunker Hill Mining 
Company from 1914 through 1933. In 1915, 
the underground workings of the State of 
Maine mine were thoroughly sampled by 
Phelps Dodge (Butler, 1938, p. 101). Though 
824 samples were taken, markings of which 
can still be seen on the walls of the State of 
Maine workings, the only information 
remaining concerning this sampling was 
published in the Butler, Wilson volume, page 
102, reproduced as Figure 34 in this report. 
In 1904, the Mellgren's, headed by Mr. V. G. 
Mellgren, a graduate mining and metallurgical 
engineer (Sarle, C. J., p. 8), began acquiring 
unpatented claims surrounding the patented 
ground later to be held by the Bunker Hill 
Company (Phelps Dodge Corporation 
subsidiary). The Pittman Act, supporting the 
price of silver at $1 per ounce between 1920 
and 1923, stimulated some production in the 
main part of the district, primarily in the 
Bunker Hill mine, and a small amount of 
production in the western part of the district. 
During this time, surface mining on the Free 
Coinage vein and from the Bonanza dump 
was undertaken. In 1923, the Old Pueblo 
Leasing Company cyanided part of the State 
of Maine dump and underground mine gob 
reportedly at a profit (Sarle, p. 8). Also, 
Chapman (later Dean and Dean Emeritus of 
the College of Mines, University of Arizona, 
Tucson) undertook a master's thesis 
(completed in 1924) to study the metallurgy 
of potential commercial leaching of the State 
of Maine mine dump. With the repeal of the 
Pittman Act in 1923, the price of silver 
plummeted (Fig. 18), and no leaching of the 
dumps was ever accomplished. In 1933, when 
the price of silver averaged approximately 
$0.32 per ounce, the Tombstone 
Development Company, Inc. was formed by 
Ed Martin, owner of Tucson Ice, Dr. Roger 
Kline, founder of the Tucson Clinic, Mr. 
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Moorehead, a retired banker from St. ~.~% ~ 
and Messrs. R. E. Grace, Sr., and ~aI 
Grace (father and son). Lac@{ '~Cl nt 
capital forced the Graces out o~e deal at 
the time of incorporation. The purchase 
price from Phelps Dodge was $75,000 (Bill 
Grace, 1985, pers. commun.) for all of their 
patented mining claims in the district, which 
included essentially all of the producing 
mines. The company, headed by Ed 
Holderness, acquired all the Bunker Hill 
(Phelps Dodge) properties in the Tombstone 
Mining District. It was the depths of the 
Great Depression, and miners were paid $3 
per day and were happy to get work. 

The higher gold price instituted by 
Franklin Roosevelt in 1932, stimulated some 
development, particularly in exploration in the 
main part of the district. The United States 
Smelting, Refining and Mining Company did 
considerable underground work in the 
northeastern part of the main district from 
early 1934 to May, 1937, on claims leased 
from the Tombstone Development Company, 
and · shipped some ore. The Tombstone 
Extension mine was operated by the 
American Smelting and Refining Company 
during 15 months in 1933 and 1934, and 
subsequently by its original owners, the 
Tombstone Mining Company and by lessees 
(Butler, p. 48). Except for some possible 
treatment of old stope fIllings and dump 
leaching, there was no significant activity in 
the western part of the district. Sometime in 
early 1940, the State of Maine, Lowell, 
Brother Jonathan and the Triple X claims 
were purchased for back taxes by Ernest 
Escapule, Sr. Joe Escapule, Sr. about the 
same time, acquired the True Blue, San 
Pedro, Santa Ana, and the Free Coinage 
claims. During World War II, there was 
some study of the manganese deposits in the 
district in relation to the war effort, and some 
manganese ores were produced, primarily 
from the Emerald and Bunker Hill mines, 
owned by the Tombstone Development 



Company. After World War II, in late 1940 
(the exact date is uncertain), a controlling 
interest in the Tombstone Development 
Company was acquired by the Newmont 
Mining Company. Fred Searls, then 
President, had great faith in the potential at 
Tombstone, and felt that after the war, 
precious metal prices would increase (William 
Hight, President, Tombstone Development 
Company, 1982, pers. commun.). Searls 
proved wrong, and after holding the property 
until late 1950, Newmont's controlling interest 
was sold to the current owners, a group of 
investors from Grand Island, Nebraska. 
Exploration work was done in late 1950 by 
the Eagle Picher Company in the 
northeastern part of the main district, 
probably around the Silver Thread workings. 
Their drilling showed exciting values in lead 
and zinc (Burton DeVere, Billiton 
Exploration, 1983, pers. commun.). In 1965, 
the Duval Corporation drilled several rotary 
holes in the main part of the district probing 
for porphyry copper mineralization. Not 
much is known of the results of this 
exploration, though data is thought to be in 
the files of the Tombstone Development 
Company. In the period of 1972 to 1973, the 
American Smelting & Refining Company 
obtained a lease on the Horne claims around 
the Robbers Roost breccia pipe. They drilled 
three holes to a maximum depth of 5,000 ft 
on the porphyry copper alteration zone in the 
vicinity of the breccia pipes. These holes 
intersected extensive but low-grade 
mineralization, grading vertically downward 
from a lead-zinc phase of mineralization into 
porphyry copper type mineralization, including 
disseminated pyrite, chalcopyrite and 
molybdenite, as well as secondary feldspar and 
purple anhydrite. The Uncle Sam tuff was 
penetrated, intersecting Bisbee Formation, 
and at about 4,900 ft, the Bisbee was 
penetrated and the drill entered the Naco 
Limestone. Poor copper prices at the time 
and since have discouraged further 
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exploration for copper at this d~ ~ % ~ 
In 1973, 1971 Miner t Imited 

partnership headed by g a partners 
Richard F. Hewlett (operating as Sierra 
Mineral Management, Inc.) and Bruce 
Stevenson and James Bishop (operating as 
Stevenson, Bishop and McCready, Inc. of 
New York City, New York), optioned the 
various holdings of the Escapule family in the 
western part of the district, and later, the 
land of the Tombstone Mineral Reserve, Inc. 
(now Alanco, Inc.) and the lands belonging to 
the Tombstone Development Company, Inc. 
In the spring of 1973, the writer was hired by 
Richard Hewlett to prepare a report on the 
State of Maine area. A topographic map of 
the State of Maine area was prepared at a 
scale of 1" = 200' with contour intervals at 
five feet, detailed mapping on black and 
white photos later to be transferred onto the 
topographic base, and geochemical sampling 
was performed. Previously unrecognized 
windows exposing sediments beneath the 
Uncle Sam tuff, as well as isoclinal folding in 
the sediments, were mapped. A 
comprehensive exploration program was 
planned and recommended. Also, in October 
of 1973, just before completion of the 
detailed report on the State of Maine area, 
the entire Tombstone District was flown in 
color aerial photography at a scale of 1" = 
2,000' along north-south flight lines. In 1974, 
a counter-current decantation cyanide mill 
was moved from the Golden Sunlight mine in 
Montana, and installed at the State of Maine 
mine, in order to treat ore from the State of 
Maine shaft. Also, the headframe from the 
#6 shaft at the Cordero mine in northern 
Nevada was set up on the State of Maine 
shaft over a newly poured concrete collar. 
Unfortunately, the Golden Sunlight's cyanide 
mill never operated properly, probably due to 
inadequate financing and poor management. 
It was later abandoned and the leases 
relinquished. 1971 Minerals Ltd. went on to 
consolidate all of the old mine dumps in the 



main district on Tombstone Development 
Company land into one large heap leach pad, 
which was operated until 1977, when the 
Tombstone Development Company lease was 
relinquished. 1971 Minerals Ltd. subsequently 
fell upon hard times and are believed to no 
longer be a viable entity. None of the 
exploration program recommended by the 
writer was ever carried out. 

About the same time, Roger A 
Newell was completing a Stanford PhD. 
dissertation covering the area. Newell's maps 
covering the district as far west as the San 
Pedro River and as far south as the Bronco 
Hills, at a scale of 1:31,250 and 1:12,000 
(Newell, 1974, Plates 1 & 2), are the most 
detailed and complete geologic coverage to 
date. Newell also presented geochemical data 
from regional sampling of mine dumps within 
the district (Figs. 3 through 17, and Newell, 
1974, p. 13-23), which verify mineralization in 
the district is related to a series of porphyry 
copper centers. 

In 1980, Tombstone Exploration, Inc. 
obtained a lease on the patented Tombstone 
Development Company lands in the main part 
of the district. Between 1980 and 1985, 
Tombstone Exploration, Inc. operated an 
open pit mine on the Contention vein, and 
produced up to 3,000 tons per day of low­
grade ore, averaging in the range of 1.25 
ounces silver and .02 ounces gold, from which 
was recovered approximately 40% of the 
silver and 60% of the gold. Graves (1985) 
reports that 2 million ounces of silver and 
10,000 ounces of gold were produced in the 
period from 1970 to 1985, mostly from the 
Tombstone Exploration, Inc. open pit 
operation, and in a small part by the 1971 
Minerals Ltd. mine dump consolidation. No 
exploration drilling was ever done, and no ore 
reserves of significance were measured ahead 
of mining. Lowered silver and gold prices, 
poor management and a lack of reserves 
forced the company into bankruptcy in 1985, 
and its assets are currently being liquidated. 
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A regional map covering ;~; 
Arizona, compiled by Haral~ -H e 
United States Geological ey, was 
published in 1980. In 198, the writer 
compiled data and maps from the work of 
Newell, Drewes and others (Figs. 3 through 
17). It is concluded from these various data 
that the volcanic geology and structure in the 
Tombstone area is related to a Laramide 
caldera, and mineralization in the district is 
also related to the caldera and attendant 
volcanic action and hydrothermal fluid. 

Tombstone has primarily been a silver 
camp, though significant gold, lead, 
subordinate copper, zinc and manganese have 
also been produced. The silver to gold 
production ratio for documented production 
between 1877 and 1937 is 125.95:1. 
Production has come mainly from mineralized 
vein fractures, cutting folded Lower 
Cretaceous limestones and basal conglomerate 
of the Bisbee group within the Tombstone 
Basin (main part of the district). Ninety-five 
percent or more of the production is from 
the surface to 600 ft below, and is primarily 
from oxide ore minerals. 

Between 1879 and 1907, unpublished 
figures and estimates compiled by J. B. Tenny 
from old company reports and other sources 
(Butler, p. 48), indicate that $28,400,000 was 
produced. Unfortunately, this compilation is 
based only on dollar production and no 
information regarding tonnage, grades and 
ounces or pounds of which specific 
commodity was produced is available. From 
1908 through 1936, tonnages as well as 
amounts of gold in dollar value, silver in 
ounces, copper, lead and zinc in pounds 
(Butler, p. 49), as well as Tombstone 
Development Company records though the 
year 1936, showing the same units, give more 
specific information on the district. Using 
this more detailed later information as well as 
dump tonnages calculated during the period 
of dump leaching by 1971 Minerals Ltd. 
(1972 through 1977, private company reports), 



the writer has estimated that 1.25 million tons 
of ore was produced. Using this estimated 
tonnage and the recorded production, it is 
calculated that the average grade for ore 
produced was 25.89 ounces silver, 0.21 ounces 
gold, 2.6% lead, and 0.10% copper, and 
smaller amounts of zinc and manganese. Not 
included in these figures are the substantial 
amounts produced between 1980 and 1985 by 
Tombstone Exploration, Inc. from its open pit 
mining operation along the Contention vein. 

Total past production at Tombstone, 
not including that of 1971 Minerals Ltd. or 
Tombstone Exploration, Inc., in terms of $400 
gold and $10 silver, $.50 lead, $1.00 copper, 
and $.40 zinc, is approximately $463 million 
(Fig. 21). 

General Geology of the District 

The Tombstone Mining District lies 
within the southwestern porphyry copper 
province (Fig. 26). Nearby, large porphyry 
copper deposits are located at Bisbee, some 
25 miles to the southeast, and the newly 
discovered deposits at Dragoon are some 25 
miles to the north. Exploration drilling on a 
Jurassic porphyry copper system (the same 
age as Bisbee) at Gleeson, about 15 miles 
northeast, was in progress in early 1970. 
However, the drilling disclosed that thrust 
faulting had broken the original deposit into 
sub-economic slivers. 

The Tombstone area itself has had a 
complex geologic history, which includes 
sedimentation, folding, thrust faulting, 
explosive acid volcanism and caldera 
formation and resurgence, several stages of 
intrusion by igneous rocks and mineralization 
from hydrothermal solutions between 72 m.y. 
and 63 m.y. 

Basement rocks are Precambrian 
granodiorite and Pinal schist. Over this are 
deposited approximately 5,000 ft of Paleozoic 
sediments consisting, for the most part, of 
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limestone. Mesozoic sedimen;i~J~3~ ~ 
the Bisbee Formation consistin ~ ;~~ 
ft of sandstones, shales, mudsto and minor 
limestones near the base. 

The post-Paleozoic tectonic history of 
the Tombstone area has been complex. At 
least two episodes of folding and thrust 
faulting have taken place (Gilluly, p. 122-
130). It is apparent (Gilluly, p. 128) that an 
earlier period of deformation created 
eastward-trending features, and later 
deformation formed north-trending and 
oblique features. During the first stage, 
north-south compression formed east-trending 
folds and minor thrusts, with a north strike 
and northerly low-angle dips. Later, the area 
underwent southwest-northeast compression, 
which produced thrust faults of northwesterly 
trend, and was probably responsible for large 
features visible in the district today, including 
the Empire anticline and the north 50° east 
fractures. 

There must have been a profound 
structural weakness at the current location of 
the Tombstone Hills, because Laramide 
volcanism appears to form a focus at 
Tombstone, with relatively smaller effect on 
the surrounding terrain for a distance of 20 
or more miles. Laramide surface volcanism 
began with the extrusion of the Bronco 
volcanics, comprised of lower andesite flows 
and breccias, overlain by rhyolitic tuffs and 
flows (Newell, R.A, 1974, p. 40-41). 
Examination by the writer suggests that these 
rhyolites, at least in part, may be a series of 
coalescing rhyolite domes, as they exhibit 
contorted flow, and in places, flow breccia 
structures. The Bronco andesites, which were 
extruded as flows, flow breccias and probable 
lahars, are of the Silverbell type. Extruded 
over the Bronco volcanics is the 71.9 + 2.4 
m.y. (Drewes, 1971) old Uncle Sam quartz 
latite tuff. The extrusion of the tuff, which 
probably started issuing forth from the area 
of the Bronco Hills, resulted in partial 
evacuation of the underlying magma chamber 



and caldera collapse, with later resurgent 
exhalation of more quartz latite tuffs. The 
current Ajax fault, with some 5,000 ft of 
stratigraphic throw, formed the eastern 
margin of the caldera, and appears to localize 
some of the Uncle Sam vents, as well as later 
intrusives. Apophyses of the parent magma 
intruded along the northeasterly portion of 
the caldera, forming the present outcrops of 
Schieffelin Granodiorite southwest of 
Tombstone. Additional apophyses of 
Schieffelin Granodiorite intruded along the 
caldera margin at Bronco Hill, near Fairbank, 
and on the west side of the San Pedro River 
on the Ft. Huachuca Military Reservation. 
These probable intrusions are thought to be 
the source of aeromagnetic anomalies 
prominent on the aeromagnetic map in Figure 
16. The Prompter and Horquilla faults may, 
in part, be radiating expansion fractures due 
to the initial doming before the extrusion of 
the Uncle Sam tuff and resurgence thereafter. 
Several episodes of explosive eruptions are 
indicated by multiple cooling units of Uncle 
Sam tuff, best exposed in the Charleston 
area. Geothermal convection cells circulating 
along fractures in the cooling volcanic and 
related plutonic rocks at depth, gave rise to 
the current copper, molybdenum, lead, zinc, 
silver and gold mineralization centers within 
and adjacent to the caldera. Phreatic (steam) 
explosions and venting probably gave rise to 
the breccia pipes in the Robbers Roost­
Charleston Lead mine area. Deep 
exploration drill holes in this area confirm 
unexposed apophyses (cupolas) of porphyritic 
quartz monzonite below these altered areas, 
the probable driving mechanism for both 
hydrothermal fluidization of the breccia pipes 
as well as mineralization. Interestingly, Mr. 
David Sawyer, Stanford PhD. candidate, 
mapping the Silverbell mineral-volcanic 
complex for his dissertation, has found it to 
be a caldera complex (1984, pers. commun.). 
The sequence, Silverbell andesite, dacite, Mt. 
Lord ignimbrite, is the same type and 
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sequence of extrusive as ~e~ a 
Tombstone, i.e., the Bronco a~l & B}6r(co 
rhyolite, and Uncle Sam tuff. t erbell, 
quartz monzonites intrude the - uldron fault, 
to be later mineralized by copper-, 
molybdenum-, silver-, lead- and zinc-bearing 
hydrothermal solutions. At Silverbell, the 
volcanic complex is Laramide, approximately 
65 m.y old. 

Age dating of samples of altered rock 
collected by Newell at the Charleston Lead 
mine (1974, p.73), show potassium-argon age 
date of sericite of 74.5 + 3 m.y., while a 
sample of the altered Contention dike 
material collected by Gustafson (Newell, 1974, 
p. 74) yield an age of about 72 m.y. The age 
date of 63 m.y. by Creasey, et al. (1962) for 
potassium-argon on rhyolite intimately 
associated with manganese south of the 
Emerald mine, suggests that the age of 
manganese mineralization (at least in the 
Military Hill-Emerald mine area south of the 
Prompter Fault) is approximately 10 m.y. 
younger than mineralization on the 
Contention dike and at Charleston. In 1982, 
the writer mapped a previously unnoticed 
apophysis of quartz monzonite porphyry in 
the Tombstone Extension area, and dikes of 
the same material in the Comstock Hill area, 
northwest of the Tombstone townsite. In 
1985, Drewes reported this rock had an age 
of 62.6 + 2.8 m.y. (pers. commun.). This 
intrusive may be the source rock for the 
rhyolite dated by Creasey intruding the 
Prompter fault and as dikes south of the 
Prompter fault, as well as sill-like bodies 
southwest of Tombstone near the municipal 
airport. Further, they may be the source of 
rhyolite dikes associated with mineralization 
in the State of Maine area. Unfortunately, 
no age date on the mineralization on the 
State of Maine mine has been made. 

As pointed out by Livingston et al. 
(1968, p. 30), "15 of the 16 known porphyry 
copper deposits in Arizona are intimately 
related to the late-Cretaceous or early-Tertiary 



plutons of the Laramide (75 to 55 m.y.) ... ", 
and of these 15 deposits, 10 had dates 
between 55 and 65 m.y., and only two had 
dates greater than 70 m.y. The importance of 
determining the age of the Tombstone 
mineralization is thus clearly defined (Newell, 
1974, p. 73). If the mineralization or at least 
some of the mineralization centers at 
Tombstone can be shown to be 
contemporaneous with other productive 
porphyry copper deposits in the surrounding 
area, then the long-term potential for deeper 
mineralization would be enhanced. 
Confirmation that all or some mineral centers 
at Tombstone were related to the older 72 
m.y. early Laramide phase of mineralization 
would suggest a lower copper, higher lead­
zinc resource, and lower potential for 
intersecting a copper-molybdenum deposit at 
depth (Keith, 1985). It is thus important that 
additional samples carefully collected from 
target mineral zones be taken and accurately 
age dated to determine the age of the 
mineralizing system. Additionally, key rock 
units such as the rhyolite dikes intruding the 
State of Maine area should also be age dated. 

The following is a chronological 
summary extracted from Newell's 1974 
dissertation on the district. The writer, as 
previously explained, believes that the 
extrusion of the Uncle Sam tuff through a 
series of vents, resulted in evacuation of the 
underlying magma chamber and caldera 
collapse. The deepest collapse documented 
by geologic mapping so far is along the Ajax 
Hill fault, where some 5,000 ft of stratigraphic 
throw between the Precambrian on the upside 
and Cretaceous Bisbee on the downside, is 
also the loci of conduits for various extrusions 
and intrusions including the Uncle Sam tuff, 
the Schieffelin Granodiorite, the quartz latite 
porphyry, the granophyre, and the rhyodacite. 
The reopening of the northeast-trending 
fracture zones, the prevalent fracture 
direction in Arizona since the Precambrian, 
allowed the circulation of geothermal 
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convection cells altering the surrou~g ~ ~ ~ 
and emplacing base and p~·o m~ 
mineralization. At specific we p , this 
hydrothermal activity appear to be 
concentrated and the zones of concentration 
as known at this time would include the main 
part of the Tombstone district, the State of 
Maine area, the Robbers Roost breccia pipe 
area, the Charleston lead mine area, and 
possibly mesquite twig geochemical anomalies 
at Government Draw and Louis Springs 
(Newell, 1974, p. 148-155), and possibly 
magnetic anomalies at the Charleston 
crossing, on the Huachuca Military 
Reservation, west of the San Pedro River, 
and at Fairbank. Following Newell's 
chronology, the writer has rearranged the 
chronology to support the evidence for 
caldera formation, and intrusion of the 
Schieffelin Granodiorite after the extrusion of 
the Uncle Sam tuff and caldera collapse. The 
reader should note that the rearranged 
chronology is permissible within the sound 
chronological evidence cited by Newell. The 
only major change is the timing of movement 
on the Ajax fault, extrusion of the Uncle Sam 
tuff, and intrusion of the Schieffelin 
Granodiorite along the caldera fracture zone, 
all of which are permissible under Newell's 
cited geochronological evidence: 

Chronological Summary--Igneous and 
StlUctural Activity (Newell, 1974, p. 67-72). 

The following chronological summary is 
based on field relations and age dates from 
selected igneous rocks. The summary is 
presented in a tabulated form to allow better 
separation and understanding of the complex 
stlUctural history. 

1. Pre-Cretaceous movement along the Prompter­
Horquilla faults. Evidence: Total maximum 
offset on the Prompter Fault is about 4,000 ft, 
and the Cretaceous Bisbee Formation is offset 
only about 2,800 ft. 



2. Folding of the Bisbee Formation in the central 
portion of the Tombstone district. Evidence: 
a. The Tombstone basin is bounded on the west 

by the Ajax Hill fault. 
b. Fold trends are cut by the Schieffelin 

Granodiorite, which also cuts the Ajax Hill 
fault. 

3. Movement along the Ajax Hill fault. Evidence: 
a. The Ajax Hill fault cuts the Prompter fault. 
b. The Ajax Hill fault is cut by the Schieffelin 

Granodiorite. 
c. The Ajax Hill fault bounds the western 

margin of the Tombstone basin. 

4. Extrusion of the Bronco Andesite, followed by 
extrusion of the Bronco Rhyolite. Evidence: 
a. The Bronco Rhyolite cuts the andesite, 

immediately north of the Charleston lead 
mine. 

b. The Uncle Sam tuff cuts the Bronco Andesite 
(center sec. 28, T.20S., R.22E.). 

c. The Uncle Sam Tuff intrudes the Ajax Hill 
fault. Note: The Ajax Hill fault is not in 
contact with the Bronco volcanics, and the 
possibility exists that these volcanics pre-date 
the Ajax Hill fault. 

5. Intrusion of the north-trending andesite porphyry 
dikes. Evidence: 
a. The dikes cut folds within the Bisbee 

Formation. 
b. The dikes occur in sedimentary rocks which 

contain the Schieffelin Granodiorite at depth. 
c. The dikes do not cut the Schieffelin 

Granodiorite. 

6. Intrusion of the Schieffelin Granodiorite. 
Evidence: 
a. The granodiorite cuts the Ajax Hill fault. 
b. The Schieffelin is less siliceous than the Uncle 

Sam tuff. 
c. Creasey gt aL (1962) dated the granodiorite 

at 72 m.y. 

7. Renewed movement along the Prompter fault. 
Evidence: 
a. The Prompter fault cuts andesite porphyry 

dikes. 
b. The Prompter fault offsets the Ajax Hill fault. 
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8. Emplacement and extrusion of the ~e ~ ~ ~ 
Tuff. Evidence: ~ ~ W 
a. The Uncle Sam tuff cuts the 0 canics 

(sec. 28, T.20S., R.22E., and . 25, T.20S., 
R.21E.). 

b. The Uncle Sam Tuff follows the Ajax Hill 
fault. 

c. A hornblende andesite dike cuts the 
Schieffelin Granodiorite and the Uncle Sam 
tuff north of Bronco HilL 

d. The Uncle Sam tuff is more siliceous than the 
Schieffelin Granodiorite. 

e. A potassium-argon date (71.9 + 2.4 m.y., 
Drewes, 1971) from the Uncle Sam tuff 
indicates the same age as the Schieffelin 
Granodiorite. 

9. Emplacement of the quartz latite porphyry. 
Evidence: 
a. The quartz latite porphyry cuts the Bronco 

Andesite. 
b. The quartz latite porphyry is compositionally 

very similar to the Uncle Sam tuff. Note: The 
quartz latite porphyry is probably an 
equivalent of the Uncle Sam tuff, but textural 
evidence suggests the porphyry did not vent to 
the surface. 

10. Emplacement of the granophyre. Evidence: 
a. The granophyre intrudes the Ajax Hill fault. 
b. The granophyre is intensely altered, and this 

may be due to the emplacement of the 
rhyodacite. 

11. Emplacement of the rhyodacite. Evidence: 
a. The rhyodacite intrudes the Ajax Hill fault. 
b. The rhyodacite intrudes the Uncle Sam tuff. 
c. The rhyodacite probably altered the 

granophyre. 

12. Earliest fracturing along the northeast-trending 
fissures. Evidence: 
a. The fissures cut the Uncle Sam tuff. 
b. The fissures are intruded by hornblende 

andesite dikes. 

13. Emplacement of the hornblende andesite dikes. 
Evidence: The dikes follow the northeast­
trending fissures, in the Uncle Sam tuff, and in 
the Schieffelin Granodiorite. 



14. Introduction of hydrothermal solutions and 
formation of the base-metal and silver deposits 
at Charleston and at Tombstone. Evidence: 
a. Hornblende andesite dikes are hydrothermally 

altered (Charleston lead mine; sericite date 
74.5 + 3 m.y., Appendix I). 

b. The mineralization followed northeast-trending 
fractures at Tombstone (Butler and Wilson, 
1942, p. 201). 

c. Alteration along the Contention dike yielded 
a potassium-argon date of about 72 m.y. 
(Gustafson, pers. comm.). 

15. Emplacement of the rhyolite porphyry, and 
associated dikes and sills. Evidence: 
a. A rhyolite dike cuts an andesite porphyry dike 

immediately west of Military HilL 
b. The rhyolite intruded the Prompter fault zone. 
c. Creasey fi al. (1962) obtained a potassium­

argon date of 63 m.y. for the rhyolite. 

16. Renewed minor fracturing along the northeast­
trending fissures. Evidence: A northeast-trending 
fissure cuts the rhyolite dike west of Military HilL 

17. Renewed movement along the Prompter fault. 
Evidence: 
a. A rhyolite porphyry dike is cut and offset left 

laterally about 200 ft by the Prompter fault 
system. 

b. The northeast-trending fissures do not cross 
faults belonging to the Prompter system. 

18. Introduction of the manganese mineralization, in 
the southern part of the district. Evidence: 
a. Manganese mineralization is intimately 

associated with the rhyolite porphyry in the 
Side Wheel mine west of Military Hill. 

b. Alteration related to silver mineralization 
along the Contention dike yielded an age of 
about 72 m.y. (Gustafson, pers. comm.) 

c. The age of the rhyolite porphyry is about 63 
m.y. (Creasey fi gb 1962) 

d. Manganese deposits are closely associated 
with the Prompter fault (Butler, Wilson and 
Rasor, 1938, p. 80), and the rhyolite porphyry 
has intruded along the Prompter fault. 

e. Quartz veinlets were observed paralleling the 
ore fissure which cuts the rhyolite dike west of 
Military HilL 
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19.Partial district tilting to the northeast ~;~ ~ 
associated with the northwest faul~' . E ~ 
a. Quaternary (?) COnglO~ ong 

Walnut gulch dip 4rJ1 NE. 
b. Northwest-trending faults rand Centra~ 

East Boundary, and Walnut Gulch) have 
progressively lowered the district to the 
northeast. 

c. Northwest-trending faults post-date the 
mineralization (Butler, Wilson and Rasor, 
1938, p. 37) 

20. Emplacement of the basalt and phonolite in 
Walnut Gulch. Evidence: The basalt cuts 
Tertiary and Quaternary (?) gravels. 

Chronological Summary--Igneous and 
Structural Activity, according to hypothesis by 
Briscoe that the Tombstone volcanics and 
mineral deposits are a Laramide caldera 
complex. 

The following chronological summary 
is based on field relations and age dates from 
selected igneous rocks prepared by Newell, 
1974. The summary is presented in a 
tabulated form to allow better separation and 
understanding of the complex structural 
history. Underlined words and phrases are 
thoste added by Briscoe. Chronology has 
been changed by Briscoe to reflect caldera 
hypothesis - see preceding chronological 
summary for Newell's original order. 

1. Pre-Cretaceous (Nevadan, 180 m.y., 
contemporaneous with movement along 
Dividend fault at Bisbee) movement along the 
Prompter-Horquilla faults. Evidence: Total 
maximum offset on the Prompter fault is about 
4,000 ft, and the Cretaceous Bisbee Formation is 
offset only about 2,800 ft. 

2. Folding of the Bisbee Formation in the central 
portion of the Tombstone district - the folding 
is probably district-wide at least, and may be 
regional. Evidence: 
a. The Tombstone basin is bounded on the 

west by the Ajax Hill fault. 
b. Fold trends are cut by the Schieffelin 

Granodiorite, which also cuts the Ajax Hill 



fault. 
c. Isoclinal folds in basal Bisbee group 

sediments, north of the Uncle Sam shaft. 

3. Extrusion of the Bronco Andesite, followed by 
extrusion of the Bronco Rhyolite. Evidence: 
a. The Bronco Rhyolite cuts the andesite, 

immediately north of the Charleston lead 
mine. 

b. The Uncle Sam Tuff cuts the Bronco 
Andesite (center sec. 28, T.20S., R.22E.). 

c. The Uncle Sam Tuff intrudes the Ajax Hill 
fault. Note: The Ajax Hill fault is not in 
contact with the Bronco volcanics, and the 
possibility exists that these volcanics pre­
date the Ajax Hill fault. 

4. Intrusion of the north-trending andesite 
porphyry dikes. Evidence: 
a. The dikes cut folds within the Bisbee 

Formation. 
b. The dikes occur in sedimentary rocks which 

contain the Schieffelin Granodiorite at 
depth. 

c. The dikes do not cut the Schieffelin 
Granodiorite. 

5. Explosive acid volcanism - extrusion of the 
Uncle Sam Tuff, followed by caldera collapse 
and resurgence. Evidence: 
a. The Uncle Sam tuff cuts the Bronco 

volcanics (sec. 28, T.20S., R.22E., and sec. 
25, T.20S., R.21E.). 

b. The Uncle Sam Tuff follows the Ajax Hill 
fault. 

c. A hornblende andesite dike cuts the 
Schieffelin Granodiorite and the Uncle Sam 
tuff north of Bronco Hill. 

d. (?)The Uncle Sam tuff is more siliceous 
than the Schieffelin Granodiorite(?). 

e. A potaSSium-argon date (71.9 + 2.4 m.y., 
Drewes, 1971) from the Uncle Sam tuff 
indicates the same age as the Schieffelin 
Granodiorite. 

6. Movement along the Ajax Hill fault following 
caldera collapse - 5 above. Evidence: 
a. The Ajax Hill fault cuts the Prompter fault. 
b. The Ajax Hill fault is cut by the Schieffelin 

Granodiorite. 
c. The Ajax Hill fault bounds the western 
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margin of the Tombstone basi ~ 

7. Renewed movement along the Prompter fault. 
Evidence: 
a. The Prompter fault cuts andesite porphyry 

dikes. 
b. The Prompter fault offsets the Ajax Hill 

fault. 

8. Emplacement of the quartz latite porphyry 
after caldera resurgence above. Evidence: 
a. The quartz latite porphyry cuts the Bronco 

Andesite. 
b. The quartz latite porphyry is 

compositionally very similar to the Uncle 
Sam tuff. Note: The quartz latite 
porphyry is probably an equivalent of the 
Uncle Sam tuff, but textural evidence 
suggests the porphyry did not vent to the 
surface 

9. Intrusion of the Schieffelin Granodiorite. 
Evidence: 
a. The granodiorite cuts (intrudes) the Ajax 

Hill fault. 
b. (?)The Schieffelin is less siliceous than the 

Uncle Sam tuff(?). 
c. Creasey et al. (1962) dated the granodiorite 

at 72 m.y. 

10. Emplacement of the granophyre. Evidence: 
a. The granophyre intrudes the Ajax Hill 

fault. 
b. The granophyre is intensely altered, and 

this may be due to the emplacement of the 
rhyodacite. 

11. Earliest fracturing along the northeast-trending 
fissures. Evidence: 
a. The fissures cut the Uncle Sam tuff. 
b. The fissures are intruded by hornblende 

andesite dikes. 

12. Emplacement of the hornblende andesite 
dikes. Evidence: The dikes follow the 
northeast-trending fissures, in the Uncle Sam 
tuff, and in the Schieffelin Granodiorite. 

13.Emplacement of the rhyodacite. Evidence: 
a. The rhyodacite intrudes the Ajax Hill fault. 
b. The rhyodacite intrudes the Uncle Sam tuff. 



c. The rhyodacite probably altered the 
granophyre (and related alteration of the 
hornblende andesite dikes above). 

14.Introduction of hydrothermal solutions and 
formation of the base-metal and silver deposits 
at Charleston and at Tombstone. Phreatic 
(steam) eXj>losive activity at the surface. and 
fluidized breccia pipe formation in the sub­
surface at Robbers Roost and the Charleston 
lead mine area with attendant hydrothermal 
alteration and base and precious metal 
mineralization. Evidence: 
a. Hornblende andesite dikes are 

hydrothermally altered. (Charleston lead 
mine; sericite date 74.5 + 3 m.y., Appendix 
I). 

b. The mineralization followed northeast­
trending fractures at Tombstone (Butler & 
Wilson, 1942, p. 201). 

c. Alteration along the Contention dike 
yielded a potassium-argon date of about 72 
m.y. (Gustafson, pers. commun.). 

d. Fluidized breccia pipes at Robbers Roost 
and Charleston lead mine. 

e. Cupola of quartz monzonite porphyry 
intersected in Asarco drill holes in Robbers 
Roost area. 

f. Secondary K-spar, biotite, purple anhydrite, 
disseminated pyrite, chalcopyrite and 
molybdenite intersected in Asarco drill 
holes in the Robbers Roost area. 

g. Sericite, sphalerite, galena, disseminated 
pyrite, and silver values intersected by 
Horne drilling in Charleston lead mine 
area. 

15. Emplacement of Extension quartz monzonite 
porphyry. Evidence: Potassium-argon 
(hornblende) of 62.S + 2.6 m.y. by 
Briscoe/Drewes. 

16. Emplacement of the rhyolite porphyry and 
associated dikes and sills. Evidence: 
a. A rhyolite dike cuts an andesite porphyry 

dike immediately west of Military Hill. 
b. The rhyolite intruded the Prompter fault 

zone. 
c. Creasey et al. (1962) obtained a potassium­

argon date of 63 m.y. for the rhyolite. 
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17. Renewed minor fracturing alo~~rt ~ ~ 
trending fissures. Evidence. ~ ~tlleast­
trending fissure cuts the rhyoh iKe west of 
Military Hill. 

lS. Introduction of the manganese mineralization 
in the southern part of the district. Evidence: 
a. Manganese mineralization is intimately 

associated with the rhyolite porphyry in the 
Side Wheel mine west of Military Hill. 

b. Alteration related to silver mineralization 
along the Contention dike yielded an age of 
about 72 m.y. (Gustafson, pers. commun.). 

c. The age of the rhyolite porphyry is about 
63 m.y. (Creasey et aI., 1962). 

d. Manganese depOsits are closely associated 
with the Prompter fault (Butler, Wilson & 
Rasor, 1935, p. SO), and the rhyolite 
porphyry has intruded along the Prompter 
fault. 

e. Quartz veinlets were observed paralleling 
the ore fissure which cuts the rhyolite dike 
west of Military Hill. 

19.Renewed movement along the Prompter fault. 
Evidence: 
a. A rhyolite porphyry dike is cut and offset 

left laterally about 200 ft by the Prompter 
fault system. The Free Coinage vein in the 
State of Maine area is offset 200 ft left 
laterally by the northern bifurcation of the 
Prompter fault. 

b. The northeast-trending fissures do not cross 
faults belonging to the Prompter system. 

20.Partial district tilting to the northeast possibly 
associated with the northwest faulting. 
Evidence: 
a. Quaternary (?) conglomerate beds along 

Walnut Gulch dip 40° NE. 
b. Northwest-trending faults (Grand Central, 

East Boundary, and Walnut Gulch) have 
progressively lowered the district to the 
northeast. 

c. Northwest-trending faults post-date the 
mineralization (Butler, Wilson & Rasor, 
1935, p. 37). 

21.Emplacement of the basalt and phonolite in 
Walnut Gulch. Evidence: The basalt cuts 
Tertiary and Quaternary(?) gravels. 



Plio-Pleistocene(?) Gila Conglomerate 
is exposed along Walnut Gulch south and 
east of Tombstone. These gravels, which are 
well indurated by calcium carbonate, are 
faulted and tilted about 40° to the northeast 
(Newell, 1974, p. 72), and probably occupy 
valley basins and pediment areas surrounding 
the Tombstone Hills. Quaternary alluvium 
lies both on the Gila Conglomerate as well as 
older rock units, and comprises thin cover in 
low lying areas within the Tombstone Hills, 
and thicker cover within the surrounding 
valley basins. A small basalt dome (Newell, 
1974, p. 61) intrudes the Gila Conglomerate 
and Quaternary gravels along the east side of 
Walnut Gulch, approximately one mile 
northeast of Tombstone. 

SURFACE GEOLOGY 
IN THE 

STATE OF MAINE AREA 

General Background 

Author's Previous Work in the Area. 
The author's first professional geologic work 
in the Tombstone district and the State of 
Maine area took place in 1973, when he was 
engaged by 1971 Minerals Ltd. to undertake 
a geologic evaluation of the State of Maine 
mine area in order to delineate mineral 
targets that would relate to production 
anticipated from the State of Maine workings 
and processing of gob from the old stopes. 
Since it appeared that potential was for 
relatively small but rich bonanza-type ore 
bodies, it was felt that a detailed map would 
be required. The first order of business was 
to obtain an accurate topographic map at a 
scale of I" = 200' with five ft contour 
intervals. 

Base Map Preparation, 1973. The 
base triangulation survey for the 1973 base 
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map was surveyed by Florian a~mc:, .. 
engineers from Tucson, Arizon -~ation 
control was tied to the state surv ,using the 
bench mark at the Public Library at 
Tombstone. Primary control points were 
surveyed using theodolites and a Hewlett­
Packard distance measuring device. The 
survey is first order in nature and adheres to 
minimum government specifications. In 
addition to the primary control points, all 
identifiable claim monuments and posts were 
targeted with white, 24-inch wide butcher 
paper, in the form of a "Y", with the 
monument in the center and legs extending 
outward 10 ft in length. In addition to claim 
monuments, fence corners, other property 
boundaries of interest, and some power poles 
were thus targeted. Probably at least 200 
points were so identified. The area was then 
flown by Cooper Aerial Survey and 
photographed with black and white film using 
a Wild RC-I0 mapping camera. The map 
was compiled using Kelsh plotters. Each of 
the targeted claim monuments and other 
points of interest were surveyed on the Kelsh 
with their location and elevation being noted 
to the nearest one-half foot. Thus, in addition 
to the topographic lines, there are numerous 
permanent points of reference scattered 
throughout the map area. Patent corners of 
the patented claims were thus accurately 
located, and claim lines were plotted on the 
map. Topographic features were scribed on 
mylar scribecoat and a screened mylar, right­
reading base map sheet was then 
photographically reproduced from the 
scribecoat master. The scribecoat master 
remained on file at Cooper Aerial. 

Base Map Update, 1985. When the 
author was engaged by Tombstone Silver 
Mines, Inc. to review the geology of the area, 
so many changes had taken place with regard 
to roads and other culture, particularly in the 
northwest quarter of Section 16, which covers 
the primary operations of the State of Maine 



Mining Company, a new updated map was 
required. Unfortunately, the control points 
surveyed in 1973 by Florian and Collins were 
marked with wooden stakes and these could 
no longer be located. Thus, another 
triangulation control base tied to the state 
coordinate system was put in by Moria 
Surveying of Tombstone. Again, theodolites 
and distance measuring equipment was used 
for first order survey. Claim corners not 
targeted in 1973 were targeted again with 
white, 24-inch wide butcher paper, with legs 
15 ft long. All drill holes that could be 
located were targeted with butcher paper 
also. Where drill holes were closely spaced 
and lay in a line, the end drill holes were 
marked with a "T', and the intervening drill 
holes were marked with a 24-inch square 
sheet of butcher paper. Adits were also 
marked with a "Y" symbol, the "Y" aligned 
along the direction of the adit. The collars 
of shafts were also marked because in 1973 
with the Kelsh then in use, it was difficult, if 
not impossible, to determine black mine 
shafts from dark colored surrounding 
mesquite bushes. It turned out that with new 
color photography, which was used for 
mapping, combined with new optical plotters, 
vertical mine openings could be seen without 
difficulty, without the expense of targeting 
paper. 

Cooper Aerial re-flew the area at two 
scales. One flight line which covered the 
desired width was flown at 1:12,600 (1" = 
about 1,000'), while another set of photos was 
flown at the larger scale of 1:6,000 (1" = 
500'). This was done so that as the need 
might arise, a topographic map at a scale of 
1" = 50' with a 2 ft contour interval could 
be prepared of any area within the over flight 
zone. Initially, the northwest quarter of 
Section 16, where all mining and exploration 
activity of significance in the previous decade 
had taken place, was to be mapped at this 
larger scale, as well as the smaller scale, wider 
coverage map at 1" = 200' with 5 ft contour 
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intervals. Coordinates used 
vintage map were arbitrary, while 
vintage map, the state coordinate system was 
used so that it could be compared with other 
map data within the district. Cooper was 
able, using their sophisticated computerized 
equipment, to re-calculate their original photo 
control points and re-position the coordinate 
system to correspond to the state coordinate 
system. They then updated areas of change 
without the necessity of re-drafting the entire 
map, thus saving a substantial expenditure. 
The 50-scale map of the northwest quarter of 
section 16 was actually drawn from the 
plotting equipment at a scale of 1" = 100', 
and photographically enlarged two times 
without loosing the required accuracy. Both 
topographic maps were scribed on mylar 
scribecoat material, from which photographic 
reproducible mylar copies were made. The 
topography and other data on the scribecoat 
master was screened 80% during printing so 
that annotations on the base map would not 
be confused or obscured by the base map 
information. The scribecoat mylar masters 
remain on permanent file at Cooper Aerial 
Survey, from which additional, right-reading 
photo mylar base maps can be produced. 

With the voluminous drill hole data, 
including elevation control plotted on the 50-
scale map, it was determined that the map 
was too cluttered to be useable for presenting 
additional geologic information. Therefore, 
all of the elevation data for the drill holes 
and coordinates for the base triangulation 
survey were transferred onto an overlay called 
the Control Overlay. In this manner, the 
more simplified base map showing only the 
drill hole and triangulation point position 
could be used for geologic presentation 
purposes. However, by double burning the 
photographic mylar, a base map containing 
all information could also be reproduced. All 
three master sheets, that is the topographic 
map at a scale of 1" = 200', the topographic 
map of the northwest quarter of Section 16 



at a scale of 1" = 50', and the Control 
Overlay (control point master overlay) for the 
50-scale map, can be updated at any time as 
far as the position of new drill holes, roads, 
control points, etc. 

The original presentation of the 50-
scale map of the northwest quarter of Section 
16 came in four sheets, 30" x 30" square. 
Unfortunately, the joint of this four sheet 
composite map fell precisely in the middle of 
the most active mining area. Therefore, yet 
another composite map, 30" square, was 
constructed by combining the four sheets 
photographically to form one master original. 

Once the topography was completed, 
two, rectified color photo enlargements at a 
scale of 1" = 50' were matched as closely as 
possible to the 50-scale topographic map. 
These enlargements, from negative 3-5, 
overlap in the center, but cover the active 
mining areas in the northwest quarter of 
Section 16. Although the match is not 
perfect because of distortion due to elevation 
differences, particularly over Uncle Sam Hill, 
the match is close enough so that data can 
readily be transferred from the color photo to 
the 50-scale base map. The resolution on 
these color photo enlargements is excellent, 
both in clarity of surface features as well as 
color rendition, particularly of alteration 
patterns and red earth tones due to oxidizing 
sulfides. Features as small as a two-foot 
clump of grass, telephone poles and even 
telephone lines, fences, as well as drill hole 
markers of the 24" x 24" sheets of butcher 
paper, can easily be seen. A rough count 
suggests that for each 30" x 30" photo, there 
are some 45,000 points of reference. 

Geolo~ic Mappin~ Methods. 1973. 
In 1973, black and white photos enlarged to 
a scale of 1" = 200', were used in field 
mapping. The geologic features were then 
transferred to the topographic base map. 
The technique of geologic outcrop mapping 
was employed. That is, only features that 
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were actually seen in outcrop wer~ot ~ ~ 
on the map. Little or no t~~ti 
information has been added t he base 
geologic map. Further, actual rock outcrops 
were shown in the original 1973 colored map 
in a darker color, while talus-covered slopes 
on which bedrock was indicated by the 
presence of only one type of rock detritus, 
but in which no actual outcrops were present, 
are indicted by lighter colors. For the most 
part, it was impossible to trace small vein or 
dike features through areas of detrital cover. 
To aid in exploration, numerous bulldozer 
roads and cuts were put in, an effort being 
made to anticipate future drill sites. 

In addition to the surface geologic 
mapping, the black and white contact air 
photos were examined stereoscopically and 
linear features identified. These linear 
features were shown on the original map as 
heavy dashed blue lines. They probably 
represent fault or shear zones of substantial 
magnitude, although their presence can rarely 
be seen on the ground. 

Geol02ic Mappin2 Methods in 1985. 
In 1985, updating of the 1973 vintage map 
began first by photo interpretation using a 
mirror stereoscope of the 1" = 1,000' and 1" 
= 500' scale color air photos, where in 1973 
only black and white photos were used. 
Because of the color of alteration zones 
which ranged from red to white depending 
on the amount of limonite in outcrop, veins 
as well as large areas of alteration could be 
precisely mapped. This was not possible in 
1973. Better stereo equipment, as well as 
transparent inkable mylar overlays and 
colored permanent marking pens, which were 
not available in 1973, also made photo 
interpretation easier and more efficient. 
Photo interpretation on this new photography 
had one at three different scales and two 
different ways. First, both the 1" = 1,000' 
and 1" = 500' photography was examined 
with a mirror stereoscope, both with 5x 



binoculars and without binoculars. Rock 
types, alteration features, fault zones, vein 
zones, prospect pits and mine shafts, were 
annotated onto transparent overlays on the 
photo. Also, color photo enlargements at a 
scale of 1" = 50', matched to the topographic 
map of that area, were prepared. At this 
scale, the same type of features could be 
mapped much more precisely. A more 
detailed description follows. 

Stereo Photo Interpretation of 1" = 
2.000' and 1" = 1.000' phot02raphy. In 
addition to the new photography, a color 
photo mosaic of 1973 vintage photography at 
1:24,000 scale covering approximately 345 
square miles, was prepared by Cooper Aerial 
Photography. A second set of the mosaic 
photos was also printed so that the mosaic 
could actually be examined and annotated on 
it in stereoscopic view. This scale of 
photography is most valuable in mapping 
large, through going, structural or geologic 
features of district-wide proportions, i.e., 
features with a strike length of a minimum of 
several hundred feet, up to 10 or more miles 
in length. Since the purpose of this report is 
not regional in scope, but pertains to the 
immediate State of Maine mineffombstone 
Silver Mines, Inc. property, this district-wide 
map was not studied in detail. However, it 
should be noted that the structural texture 
within the Tombstone Silver Mines, Inc. 
property is simply a continuation or part of 
the structural fabric prevalent within a 10 
mile radius. Northeastern fractures and 
drainages predominate while north-south and 
north-west fractures can also be identified. 
These north-south, north-east, and north-west 
fracture patterns are reflected in the San 
Pedro River drainage, showing its response 
to the structural fabric of the district. 

Aside from the caldera margin fault 
and its associated geologic complexities, the 
Prompter Fault, a major east-west feature, 
may have important structural influence on 
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the Tombstone Silver Mine~ 0 erty. 
The Prompter can be "t~w as a 
continuous feature from U.S. Highway 80 
(the Jefferson Davis Memorial Highway), 
9,000 ft southeast of the edge of Tombstone, 
almost due west some 15,000 ft to a point 
approximately 2,800 ft west of the old 
Prompter shaft. At this point, the fault splits, 
or bifurcates, and appears to be broken into 
a west-south-west-trending segment, and a 
northwest-trending segment. This bifurcation 
takes place at the intersection of the 
Prompter with the Ajax fault, which is also 
the edge of the caldera margin. The west­
southwesterly split can be followed as far west 
as the San Pedro River, where it causes an 
abrupt westerly-trending bend in the river 
drainage, 17,000 ft south of Fairbank. The 
northeasterly branch passes through the north 
slope of Mays Hill, and can, with difficulty, be 
followed also to the San Pedro River, where 
it appears to also cause a westerly-trending 
bend in the San Pedro, about 15,000 ft north 
of Fairbank. The northeasterly branch of the 
Prompter fault appears to cause the slight 
left-lateral offset in the Free Coinage­
Merrimac vein, just north of the Merrimac 
end line. The Free Coinage west vein may 
also terminate to the southwest against this 
projection of the Prompter, and it also 
appears to have some effect on terminating 
the northern end of the San Pedro vein 
system. In fact, most significant 
mineralization appears to die out abruptly to 
the north of this feature. No such 
termination of mineralization appears to be 
caused by the southwestern branch of the 
Prompter, however. It is not clear whether 
all movement along this feature is post­
mineral. However, its trace does not appear 
to be represented by vein zones (except in 
the Prompter mine area itself), so it is 
assumed that most of the movement in the 
Tombstone Silver Mines, Inc. area has taken 
place after the mineralizing episode. 
However, since the Prompter was also active 



prior to mineralization, it may have played a 
roll in localizing the silver mineralization that 
appears to be concentrated in the area of the 
State of Maine mine. The specifics of this 
relationship are not clear at present. 

The plotting of prospects, fracture 
zones, alluvial bedrock contacts and 
vegetation alignments and fault zones, reveal 
various important features of the economic 
geology within the Tombstone Silver Mines, 
Inc. property, only the highlights of which will 
be described here. As work progresses on 
Phase I of the proposed exploration program, 
these features will be plotted on the 200-scale 
topographic map. 

From the photos it was noted that 
the Clipper-Free Coinage vein system appears 
to be one in the same, and it could be 
followed from the north end of the Free 
Coinage zone southward 6,000 ft where it 
intersects a slightly more northeasterly­
trending vein - drainage system, though there 
is some suggestion that it may be projected 
for another 2,000 ft south, giving it a possible 
length of 8,000 ft. The May vein can be seen 
to intersect with the Clipper, approximately 
1,500 ft south of the Clipper claim end line, 
the intersection zone showing an increased 
intensity of limonite stain as well as a 
prospect pit. The Triple X and Merrimac #1 
vein appear to form a four-way intersection 
with the Clipper vein and a possible post­
mineral fault, partially under the Big Pond 
water retention dam. This area of 
intersection may localize mineralization, and, 
therefore, be an attractive drilling target. 

Five-Hundred Scale Photo~raphy. On 
the 500-scale photography, the same features 
identified over a broader area are seen in 
sharper detail. A vegetation alignment 
passing though the Charlou office trailer was 
noted, although the same feature was 
overlooked on the smaller scale photography. 
Alteration patterns could be more closely 
defined so that their outcrop can be more 
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precisely plotted. 

1" = 50' Color Photo ra 
to Topo~raphy. Two 30" x 30" blo 
made from the 1:6,000 scale negatives, 
covering about 75% of the northwest quarter 
of Section 16, the area of active mining. This 
photography could not be examined in stereo 
view (because of the lack of a stereo pair, 
though the scale would make it unwieldy), but 
was used for both office interpretation and 
for a field base map for in-field follow up. 
The photograph was securely stapled to a 1/4" 
plywood board with strap for carrying. A 
sheet of inkable Stabilene mylar was then 
stapled over the photograph. Itoya-Nikko 
fine point system permanent ink disposable 
drafting pen in black and Stabilo (German) 
overhead projection waterproof (permanent) 
colored pens were used to annotate features 
onto the transparent overlay. These pens, I 
might add, were also used on the 9 x 9 
photos. All cultural features, including fence 
lines, power poles, bushes and grass clumps 
more than a foot in diameter, as well as 
boulders and power lines, were all visible to 
a greater or lesser degree, and could be used 
for navigational points. Further, since most 
drill holes had been targeted with two foot 
squares of white butcher paper, these could 
also · be easily identified. Alteration patterns 
in both outcrop and as soil coloration in sub­
outcrop, and by both color and reflectivity in 
trenches, could be closely identified and 
plotted. In fact, a rough count suggests 
approximately 45,000 such reference points 
on the 30 x 30 photograph. The fine color 
quality allowed the plotting of subtle tonal 
and color variations representing similar 
subtle variations in alteration, limonite (after 
pyrite), and it is assumed corresponding 
precious metal indicators. As a result, great 
detail on the delimitation of vein zones and 
alteration features, in addition to the cultural 
features, could be obtained. On completion 
of field mapping with this photo (though 



further work will probably reveal additional 
data), the geology was digitized on the CAD 
(Computer Assisted Drafting) system, and 
plotted on a mylar overlay at 1" = 50'. On 
overlaying this plot onto the topographic map, 
it was found that at this scale, there was 
about one inch of distortion across the 
photograph, primarily going up-slope toward 
Uncle Sam Hill. On re-plotting at 1" = 200', 
it was found that errors at this scale were not 
significant. Since no optical lens, color air 
photo can be matched exactly to a planimetric 
topographic map, this map distortion was not 
unexpected and the usefulness of the 
photography for this detailed geologic 
mapping can certainly not be negated. 

Mter mapping on this photo base, it 
was found that one of the vegetation 
alignments noted on the 1,000- and 500-scale 
photos was an old wagon road and had no 
geologic significance. The vegetation 
alignment passing by the northwest corner of 
the Charlou office trailer was confirmed as 
being a vein by both surface mineral rubble, 
primarily limonite stained quartz, as well as 
two backhoe cuts across the vein. After the 
backhoe "excavator" was used to trench across 
the vein, it was found that the boundaries of 
the vein could be picked within approximately 
one foot accuracy. This vein has been 
termed the "Office Vein" and after 
confirmation by backhoe cutting and further 
examination of the photo, a second vein 
indicated by a vegetation alignment 
approximately 20 ft to the west, was 
identified. This was also confirmed by 
backhoe cutting. This vein is termed the 
"Office Vein West", and yet another vein 
which had already been cut obliquely by 
backhoe cuts made the preceding year, was 
identified and termed the "Office Vein 1 
East". Further, sinuous veins extending from 
prospect pits on the May claim were mapped 
in detail. Though prospect pitting possibly 
dating back to 1880 had been sunk on these 
veins, no recent exploration had been done. 
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Th"d'fi' f . ~ ~~ IS 1 entI catIon 0 new vems a~po tI 
3,000 ft in length, alone, justifies e se 
of the color photo enlargement. tails of 
the width and length of other vein features in 
a way that would not have been impossible, 
but would have only been performed with 
great difficulty using black and white photos, 
or topographic map or without plane table, 
were identified. It is thus concluded that 
field mapping on the remainder of the 
Tombstone Silver Mines, Inc. property in the 
Tombstone Mining District and elsewhere 
should be performed either at the 1" = 50' 
scale where great detail is required, or 
perhaps 1" = 200' where lesser detail is 
necessary. 

Mter photo interpretation of the 
smaller scale color contact print stereo pairs 
at both scales, the 1" = 50' color 
enlargements matched to the topography in 
the northwest quarter of Section 16, were 
interpreted. By using all three scales of 
photography, large features crossing the 
district could be identified on the 50-scale 
photography, which features visible on the 
50-scale photography could be cross 
referenced to the 500- and I,OOO-scale 
photography. 

Computer Assisted Draftin~ 
Equipment. Recent advances in micro­
computer technology has reduced the cost of 
computer assisted drafting to make it 
affordable to relatively small companies. The 
author has been investigating various CAD 
(Computer Assisted Drafting) systems for the 
previous year, and when the project was 
presented for the Tombstone Silver Mines, 
Inc. properties in Tombstone, it was 
recommended that a CAD system be used to 
reduce the drafting and calculation 
requirements for ore reserve and geologic 
evaluation. Therefore, Charlou Corporation 
purchased a CAD system, consisting of a 
Tandy 2000 computer with a 10 megabyte 
hard disk, a Houston Instrument CD size 



plotter, a Hewlett-Packard 17" x 24" digitizer, 
and an AutoCAD software system by Auto 
Desk, Inc. This equipment, costing 
approximately $14,000 provides state-of-the­
art micro-computer CAD drafting and 
calculating facilities. It is operated by 
geologist, Bailey Escapule. All geologic, 
survey and ore reserve data has or is in the 
process of being entered into this system. A 
substantial reduction in total drafting time, as 
well as a vastly more flexible method of 
manipulating map data is possible with this 
system. For example, maps can be entered 
at a very large scale, and reduced to a very 
small scale, or conversely, entered at a small 
scale and enlarged to an extremely large 
scale. A map can be printed at any scale 
desired. It is immediately obvious that 
original maps at different scales can be 
entered into the computer and then combined 
to form one composite map. Measurements 
can be entered into the computer accurately 
for four decimal places, and again printed out 
at any required scale. Measurement of the 
areas irregular areas can be accomplished 
within a few moments by the computer. It is 
anticipated that during the exploration and 
operating phases, all maps and cross sectional 
data can be entered into the computer, 
cataloged on its data base management 
system, and retrieved and manipulated at will. 
This will substantially reduce the engineering 
manpower required, and thus, engineering 
management costs. 

Both the 1973 geologic map data over 
the State of Maine area and the more recent 
data on the 50-scale photo enlargement base 
has been entered into the computer and 
combined to form the map presented in 
Figure 29. The cross section, Figure 30, has 
also been produced by the CAD system. 

Sedimentary Rocks 

Ouaternaty Alluvium. Quaternary 
alluvium consisting for the most part of 
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stream wash, is located in vall!MW.m~ ~ ~ 
The. thickest accumulations of l~~ 
alluvium occurs in the north-trendin rainage 
directly east of the Free Coinage claim where 
it is probably ten to a few tens of feet thick. 
In this area it obscures the contact between 
Bisbee Group sediments and Uncle Sam tuff. 
It is locally up to 15 or more feet thick in 
the Fox Ranch area, as indicated by scraper 
cuts. However, in the remaining wash areas, 
it is probably 5 ft or less in thickness. The 
contact of the alluvium with bedrock is 
generally arbitrary and marked with a dashed 
line on the geologic map. There was 
insufficient time in this study to map in detail 
all of the small outcrops within the stream 
drainage areas marked Quaternary alluvium 
on the map. In the Fox Wash area In 

particular, there are numerous windows of 
bedrock sticking through alluvium. 

Bisbee Group Sediments. The great 
preponderance of sedimentary outcrops within 
the bounds of the State of Maine geologic 
map are nondescript Bisbee Group sediments, 
probably equivalent of the Morita and 
Cintura formations as described in the Bisbee 
area. The sediments can generally be 
characterized as red bed units consisting of 
sandstones, quartzites, and arkosic sandstones, 
shaley mudstones, and shales (Fig. 27). Over 
most of their exposures within the map area, 
these sediments are soil covered, the rock 
type indicated only by detrital fragments. 
Because of this rapid weathering to soil, few 
exposures show sufficient bedding to 
determine strike and dip. Where seen, 
divergent attitude of bedding precludes 
meaningful comment regarding the detailed 
structure of Bisbee Group sediments in this 
area. It is suggested by regional aspects, 
however, that the beds are generally tilted to 
the east so that by progressing in a westerly 
direction, the base of the unit is approached. 
This idea is reinforced by the presence of 
limestones cropping out north-northwest of 



the Free Coinage claim (about 1,600 ft north 
of the Uncle Sam shaft), and also exposed in 
the window in the Fox Ranch area. The~e 

limestone units are probably correlative of 
either the Ten Foot or the Blue Limestone 
ore horizons present in the main part of the 
district. Further evidence of this is suggested 
by the presence of a quartzite pebble 
conglomerate, exposed in the Fox Ranch 
window. This conglomerate is probably the 
Glance conglomerate. In most of the 
Tombstone area, the Glance is not exposed, 
however, as shown in Figure 28, Gilluly and 
other workers in the district do show the 
Glance to be present, at least locally. Where 
intersected in mine workings, it is intensely 
silicified and has been termed the 
"Novaculite". In a small outcrop 2,000 ft 
north-northwest of the Uncle Sam shaft, 
there is exposed bleached quartzite breccia, 
which may be the equivalent of the 
Novaculite. Similar limestones and 
conglomerates appear to be absent in the 
Solstice Hill area, and thus, although not 
conclusive because of small outcrops and 
structural complexities, it is presumed that the 
limestones exposed north of the Uncle Sam 
shaft and in the Fox Wash window are basal 
Bisbee formation, a critical point since this 
implies that Paleozoic Naco Limestone should 
be present within a short distance, either 
horizontally west below the Uncle Sam tuff, 
or vertically below. 

Paleozoic Sediments. No Paleozoic 
sediments have been mapped within the State 
of Maine area geology map. Geologic 
relations indicating that lower Bisbee 
sediments are exposed in the central part of 
the mapped area (as discussed above) 
suggest that Paleozoic sediments should be 
located shallowly beneath the lower Bisbee 
in the Fox Ranch area. Further, it is possible 
that Paleozoic limes may have been exposed 
in the pre-Uncle Sam erosion surface, and are 
now covered by that tuff layer. 
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Igneous Rocks 

Uncle Sam Quartz Latite f. Uncle 
Sam quartz latite tuff comprises the largest 
area of outcrop within the State of Maine 
area. The high peaks of Three Brothers Hill, 
the Dome, Uncle Sam Hill, the Buckman 
Hill, are all composed of the Uncle Sam tuff. 

The tuff has an aphanitic ground mass 
with phenoclasts of quartz and plagioclase 
feldspar. A more detailed description can be 
found in Newell, 1974, p. 47-53. Drewes 
(1971) obtained a potassium-argon age of 
71.9 + 2.4 m.y. for the rock. Xenoliths of 
Bisbee Group sediments are prevalent 
throughout its exposures, and where it is in 
contact with the underlying Cretaceous Bisbee 
Group, the xenolith content increases and the 
rock appears to almost grade into the 
sediments. The tops of the higher hills 
appear to be composed of a more resistant, 
more strongly welded unit of the Uncle Sam. 
It is unclear whether this is a primary rock 
feature or a secondary alteration feature. 

The Uncle Sam shows tabular 
relations in most of the State of Maine area 
(Fig. 29). However, its contacts with the 
Bisbee Group, approximately 600 ft northeast 
of the northeast sideline of the Merrimac 
claim, appears to be steep, as indicated by its 
lack of deviation across the steep slope in the 
area. This contact could be a fault. At the 
northern exposure of the State of Maine vein, 
1,100 ft north of the Uncle Sam shaft, 
indicated by topography, the exposure 
suggests a flat, tabular contact. About 200 ft 
north, it again appears to dip steeply. In all 
probability, these areas may be feeder dikes, 
and as such, have continuity of the quartz 
latite in depth. 

If it is remembered that the State of 
Maine area was at the interior edge of a 
blossoming caldera, and probably very active 
tectonically, it is easy to envision steep 
topography with active fault scarps. The 



Uncle Sam tuff was deposited over hills, 
valleys and fault scarp terrain. It is also 
possible there may be feeders for the Uncle 
Sam buried by the ash fall within the State of 
Maine area. 

Schieffelin Granodiorite. The 
Schieffelin Granodiorite is a holocrystalline 
rock. In hand specimen, it is light greenish­
gray or pinkish-gray, and mildly porphyritic 
(Gilluly, p. 103), weathering to a buff color. 
Petrographically, it is intermediate between 
quartz monzonite and granodiorite, and could 
easily be called a quartz monzonite (Gilluly, 
p. 102). No outcrops of this rock were 
mapped within the State of Maine area. A 
complete petrographic description is given in 
Gilluly, p. 103. 

Andesite Porphm Dikes. Andesite 
porphyry dikes were mapped on the State of 
Maine map in only one area which is slightly 
south and west of the Gold Bug prospect. 
Dikes of the same type, however, were 
observed south of the southwest end-line of 
the Chance claim. However, no detailed 
mapping was done in this area. Similar dikes 
are very prevalent in the Robbers Roost 
breccia pipe area. The dike rock consists of 
a dark-green, chloritic-looking matrix, in 
which are set white feldspar phenocrysts. 
The dikes are pre-mineral in age and also 
predate the rhyolite porphyry. In the 
andesite dike mapped southwest of the Gold 
Bug area, rhyolite porphyry invades both the 
hanging wall and footwall of the dike and is 
younger in age as indicated by spherical 
xenoliths of andesite porphyry in the rhyolite. 

Rhyolite Dikes. Several discontinuous 
rhyolite porphyry dikes crop out in the 
central part of the mapped area, and can be 
traced from the area of the Gold Bug 
prospect to the north end of the Clipper 
claim. These dikes were overlooked by 
previous writers, and mapped as Bisbee 
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sediments by both Lee (1967, F~~~ ~ 
Newell (1974, Plate 1 & 2 ,~/ Jtl: 
generally have a steep nortH terly dip, 
although in the Brother Jonathan area, one 
dip of 420 is recorded. Flow structure 
generally parallels the walls of the dikes. 
However, a large dike on the Clipper claim 
shows turbulent flow structure. The dike 
outcrops are generally limonite stained from 
disseminated pyrite content, are occasionally 
cut by vein structures, and are more resistant 
than the surrounding tuff. The spatial 
relationship of the rhyolite porphyry dikes to 
the productive part of the State of Maine 
vein suggests some basic relationship to 
mineralization. Numerous assays of dike 
material (though strongly altered) show only 
background amounts of base and precious 
metals. It is probable that the dikes and/or 
their plutonic source reservoir at depth 
provided the heat source to drive the 
hydrothermal fluids responsible for the nearby 
vein mineralization. Why the dikes 
themselves do not host ore mineralization is 
not clear. The State of Maine area rhyolite 
dikes may be of the same age and from the 
same source as the rhyolite dikes which 
intrude the Prompter fault, the area west of 
Military Hill in the vicinity of the Emerald 
mine, and the sills of rhyolite which invade 
Paleozoic sediments near the Tombstone 
airport on either side of U.S. 80. Those 
rhyolites have been dated at 63 m.y. (Creasey, 
et aI., 1%2). The previously overlooked 
Extension quartz monzonite porphyry mapped 
in 1982 by the writer (see section on General 
Geology), is shown by Drewes (1985 pers. 
commun.) to be 62.6 + 2.8 m.y. by potassium­
argon (hornblende). This newly recognized 
plutonic rock may be the source for all of the 
63 m.y. old rhyolites in the Tombstone 
district. The outcrop from which the age 
date sample was taken showed green copper 
oxide, suggesting this age intrusive may be 
more related to porphyry copper systems than 
the older 72 m.y. alteration in the main part 



of the district, which appears to be lead-zinc 
affinities (Keith, 1983). 

STRUCTURAL FEATURES 
OF THE 

STATE OF MAINE AREA 

General Statement 

Structural features within the State 
of Maine area can be broken down into two 
broad categories, steeply dipping features and 
horizontal and sub-horizontal features. 
Steeply dipping features which can be easily 
traced and mapped on the surface would 
include veins, vein zones, dikes, post-mineral 
faults, photolinears, and vegetation 
alignments. Horizontal and sub-horizontal 
features would include thrust fault planes, 
bedding and fault planes with an angle of dip 
of less than 20° and the basal contact of the 
Uncle Sam tuff. The horizontal and sub­
horizontal features are either poorly exposed 
or not exposed at the surface, and can only 
be inferred from detailed surface geologic 
mapping or measured by drilling. Only the 
steeply dipping features will be discussed in 
this section, while the low-angle features will 
be discussed under the heading "Sub-Surface 
Geology, State of Maine Area". 

Vein Zones 

The strongest direction of structural 
fracturing within the Tombstone Mining 
District is approximately north 55° east. This 
is the typical northeast fracturing direction, 
which is invariably seen in Arizona porphyry 
copper deposits. The fracture direction is 
represented by topographic alignments of 
ridges and stream drainages, by rhyolite dikes, 
andesite dikes, and by the vein system which 
is responsible for most of the mineralization 
within the district. In the main Tombstone 
district, northeast of the north-trending Ajax 
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~~ 
fault, these northeast trendingic~ ~ 
the southeast, while in the ( ~aine 
area, west of the Ajax fault, mo f the veins 
dip to the northwest. The exception to this 
observation is the Fox vein which dips 
southeasterly at about 50°. Right lateral 
movement along the northeast-trending veins 
is suggested by synthetic faults occurring 
along the shallowly dipping State of Maine 
structure and the Clipper vein zone. The 
strongest synthetic structure is the Triple X 
vein which appears to be continuous between 
the State of Maine vein and the Clipper vein 
zone. Similar synthetic structures along the 
San Pedro vein also suggest right lateral 
movement. 

An offsetting vein structure identified 
during the recent mining of the Merrimac #1 
pit and other "post-mineral" structures 
identified by Joe Graves during the spring of 
1985 along the State of Maine vein trend, 
may be antithetic faulting related to the same 
right lateral strike-slip movement. 

One fracture zone within the 
Tombstone Silver Mines, Inc. property area 
trends almost north-south with a vertical dip. 
This is the San Pedro vein just north of the 
Fox Ranch. The vein appears to bend to the 
northeast where it intersects the Fox vein and 
continues in a northeasterly-trending arc 
through the San Pedro workings and is lost in 
the alluvium to the east. 

Dikes 

Two types of dike rock crop out 
within the State of Maine area. The most 
predominant type is rhyolite with only a few 
exposures of subordinate andesite being seen. 
The dikes are related to the igneous events 
that formed the caldera complex, and are 
both pre-mineral. The andesite predates the 
rhyolite as indicated southwest of the Gold 
Bug area where a composite rhyolite-andesite 
dike shows spherical xenoliths of andesite in 
rhyolite. Discontinuous and irregular outcrop 



patterns of the rhyolite suggest intrusion into 
tension fractures, which may have been 
synthetic to the State of Maine right-lateral 
strike-slip movement. Proximity of the 
rhyolite to productive veins as well as their 
pervasively pyritized and altered character 
may suggest a genetic relationship to the 
veins. However, no significant metal values 
have been discovered in the rhyolite to date. 

Post-Mineral Faults and Photolinears and 
Topographic Alignments 

Surface evidence of significant post­
mineral faulting has only been seen in a few 
areas. A possible fault was noted in the 
southwest corner of the May claim, 
apparently being responsible for a bold ridge 
of Uncle Sam tuff a few hundred feet long. 
One small, probable left-lateral fault was 
noted a few feet southwest of the Triple X 
shaft. This fault appears to offset the 
adjacent rhyolite dike about 10 ft. However, 
normal movement in the fault would give the 
same apparent movement. A few small 
strike-slip faults were noted in the window in 
the Fox Ranch area, offsetting limestone beds 
in the Bisbee sediments. The most significant 
fault could not be identified in the field, yet 
is indicated by its left-lateral offset of the 
composite andesite-rhyolite dike southwest of 
the Gold Bug prospect. This linear appears 
to correspond with a poorly defined structure 
visible on aerial photographs. The structure 
can be traced on the color air photos 
approximately 4,000 ft to the south, but 
apparently terminates against another 
photolinear northwest of the Gold Bug area 
(Fig. 29). 

Examination of the 1" = 2,000' color 
photo mosaic of the district shows the 
Prompter fault splits at its intersection of the 
Ajax fault, the caldera margin. The northerly 
split passes just north of the south end line 
of the Free Coinage claim, and offsets the 
Free Coinage vein 200 ft in a left-lateral 

Geologic Repon, Tombstone Mining District 
State of Maine Mine Area 
November 15, 1985 
Page 42 of 40 

manner. This offset correspond ~ ,fu... ~ ~ 
offset in a rhyolite dike east 0 ~Wr 
mine (Newell, 1974, p. 71). 

Topographic alignments, which have 
not been specifically delineated on the 
geologic map of the area as faults or veins, 
probably also represent structural features. 
The washes probably represent vein zones. 
At any rate, they are the least resistant areas 
of rock exposure, and alteration generally 
appears stronger along their trend. This is 
corroborated by examination of the color air 
photos which show red coloration localized 
along the drainages while absence of this 
coloration on the ridge tops suggests fresh 
resistant rock. 

In 1973, examination of the 1" = 200' 
enlargements of the black and white 
photographs revealed linears which were 
shown on the geologic map of the area as 
heavy dashed blue lines. The linears are for 
the most part topographic, vegetation or small 
drainage alignments, and cannot generally be 
seen from the ground. They appear to be 
post-mineral, and one of the most prominent, 
a north-trending feature traceable for in 
excess of a mile north of Fox Wash, appears 
to make a right-lateral offset in the Fox Wash 
vein zone. The photolinear which trends 
east-west and cuts through the top of the 
Uncle Sam Hill (Fig. 27), projects through 
the State of Maine shaft and partially 
parallels the State of Maine wash, which is 
alluvial covered. Dump rock on old caved 
prospect shafts along this wash show 
fragments of strongly altered Uncle Sam 
porphyry. The intersection of the structure 
with the State of Maine shaft suggests that it 
may be pre-mineral and may have had some 
influence on mineralization. For the most 
part, however, it still appears most of these 
features are post-mineral and may be mid­
Tertiary or Quaternary in age. Except in the 
case of the fracture which offsets the Gold 
Bug area dike, there is no way at present to 
measure their dynamic effect on the rocks in 



the area. It may be, however, that these 
features bound structural blocks which have 
been displaced in a vertical sense, either up 
or down in relation to each other. For this 
reason, they may have an important bearing 
on the spatial positions of ore bodies within 
the area, and thus, their correct interpretation 
may be of economic significance. Knowledge 
of their location may be critical in correct 
interpretation of drill hole data. 

SUBSURFACE GEOLOGY 
STATE OF MAINE AREA 

General Statement 

As mentioned previously under 
"General Geology" of the district, low-angle 
structures caused by two episodes of thrust 
faulting are responsible for some of the 
complexities of the sub-surface geology within 
the Tombstone Mining District. The Uncle 
Sam tuff, which comprises the major portion 
of the outcrops in the western part of the 
Tombstone Mining District, is a quartz latite 
tuff deposited within the Tombstone Caldera. 
The tuff in the northeastern portion of the 
caldera (the Tombstone Silver Mines, Inc. 
properties) is thinner than in the southeast 
portion (area of the Charleston mine) and 
western portions (west of the San Pedro 
River). The relative thinness is verified by 
several windows of sediments peeking from 
beneath the tuff in the vicinity of Uncle Sam 
Hill, and also the intersection of Bisbee 
Group sediments in the bottom of the Stat.e 
of Maine shaft. The low angle of thIS 
structure is also attested to by its semi­
circular outcrop on its eastern edge of the 
caldera caused by topographic effects. One 
outcrop of Permian Colina limestone on the 
northwest edge of May's Hill and the pre-tuff 
erosion surface development on Bisbee 
sediments in the north side of Fox Wash, one 
mile from the San Pedro River, also indicates 
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the relative thinness of the un~ ~ i~ ~ ~ 
northern portion of the calder p~JJ?o 
volcanics which underlie the ~e Sam in 
the Charleston area have not been identified 
north of Robbers Roost, but may be present 
in pre-Uncle Sam topographic lows. All of 
the sedimentary formations which underlie the 
Uncle Sam tuff (including the Bisbee Group 
and Paleozoic sediments) have been involved 
in thrust faulting (Drewes, 1980). How many 
layers of thrust sheets are present is not 
known. Thus, good ore horizons which would 
include basal Paleozoics and basal Bisbee 
Group sediments, could lie either near the 
surface or at great depth depending on 
whether they have been repeated by low­
angle faulting. The only method of 
determining what the true layer cake nature 
of the district is will be by the careful logging 
or deep exploratory drill holes and perhaps 
the application of detailed magnetic or 
possibly even seismic surveys. 

Thickness of the Uncle Sam Quartz Latite 
Tuff 

In his 1973 report, Briscoe 
constructed eight cross sections from surface 
geologic data, as well as information from the 
State of Maine workings, through the State of 
Maine area. The purpose was to determine 
the approximate thickness of the Uncle Sam 
tuff, as well as areas of intersections of veins 
with each other and with sedimentary 
horizons beneath the Uncle Sam tuff. In 
about 1980, several diamond drill holes were 
sunk in the Fox Ranch area by Oxidental 
Minerals Corp. The Uncle Sam tuff was 
penetrated at about 90 ft, near the Fox 
Ranch windmill. Drill logs as well as core 
will be available from this drilling during the 
first part of the proposed exploration program 
so that additional details regarding the 
thickness of the Uncle Sam will be compiled. 

At present, using the above 
mentioned data, it is apparent that the 



thickness of the Uncle Sam ranges from 
several hundred feet from the tops of the 
highest hills to a few tens of feet in the 
bottoms of the washes. The thin areas would 
be exemplified by the San Pedro mine area 
where the tuff appears to be 300 ft or less in 
thickness. It must be remembered, however, 
that since the Uncle Sam was extruded onto 
a tectonically active surface within a resurgent 
caldera, the thickness can be expected to vary 
abruptly, and be quite irregular. Further, 
photolinears identified by Briscoe in 1973, 
could represent post-mineral faults, which may 
define structural blocks that have been 
randomly jumbled up and down, and changing 
the apparent thickness of the Uncle Sam. 
Accurate projections of the thickness of the 
Uncle Sam will have to await numerous drill 
hole penetrations. 

Structure of Sedimentary Rocks Beneath the 
Uncle Sam TufT 

The Bisbee Group sediments are 
rather massive nondescript sandstones, 
siltstones and mudstones over most of their 
exposure with the State of Maine area. 
However, north and east of the Free Coinage 
claim, and in the Fox Ranch area, marker 
horizons which show structure are exposed. 
These marker horizons are limestone beds 
which may be the equivalent of either the 
Blue Limestone occurring near the base of 
the Bisbee, or the so-called Ten Foot 
Limestone occurring slightly above the Blue 
Limestone. Mapping of the sediments 
exposed in the window on the north end of 
the State of Maine vein show they are 
warped into a tight anticline plunging to the 
east. The type of fold and direction of 
plunge appears to be the equivalent of folds 
within the Tombstone Basin. It is assumed 
they were due to the same tectonic forces. 
In the Fox Ranch window there are exposed 
two limestone beds and one bed of 
conglomerate. It is assumed the 
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. ~ 
conglomerate is the Glance ~At~ 
and thus the limestones ;~~'We 
overturned in a recumbent~. Several 
other fold structures might be proposed to 
explain the geometry of the exposed features. 
However, until more data are acquired by 
drilling, the recumbent fold seems to fit the 
general geologic environment as well as any. 
Since at least two events of folding and thrust 
faulting occurred in this area (Gi1luly, 1953), 
it is quite probable that folds developed 
during the first episode were again folded 
during the second episode, thus creating 
extremely complex fold surfaces (Fig. 30). It 
is assumed that folds are generally northwest 
trending, as they are in the main Tombstone 
district. 

MINERALIZATION 

General Description of Silver Mineralization 
and Vein Alteration Within the Uncle Sam 
Tuff 

As mentioned under the heading 
"Structural Features of the State of Maine 
Area - Vein Zones", the average strike of the 
veins bearing silver within the State of Maine 
area is approximately north 55° east with a 
dip of from 30° to 80° westerly. The 
exceptions to this are the San Pedro, Gold 
Bug and Fox Wash veins which strike more 
easterly. The Fox Wash vein also has a 
southwesterly dip (Fig. 29). 

The only silver mineral which is 
documented to have been identified within 
the area is bromyrite (AgBr). It is a 
pistachio green, waxy mineral which occurs in 
the oxide zone on fracture planes, and is 
termed horn silver (horn) by the operators 
within the area. It is the equivalent of 
cerargyrite (Agel) and can only be 
differentiated by chemical or x-ray analysis. 
It is quite possible that cerargyrite as well as 
iodyrite (AgI) are present in addition to 



bromyrite, but no careful analytical work that 
would differentiate these mineral sub-species 
has been done. The probable source of silver 
halides is argentiferous galena and/or 
tetrahedrite (Butler & Wilson, p. 52). 
Numerous assays taken in 1973 showed a 
strong geochemical presence of lead, ranging 
up to multiple thousands of parts per million. 
The lead is probably present as cerussite or 
anglesite, but no specimens of these minerals 
have yet been identified. Open pit operations 
in the last two years have exposed thin seams 
of galena along vein structures, associated 
with higher grade silver, lending credence to 
the idea that galena is one of the major 
sources of the silver. Newell did electron 
microprobe analysis on hessite (Ag2Te) blebs 
in galena and found them to be composed of 
(weight percent) 60.9% silver, 38.6% telluride 
and 0.2% gold (1974, p. 167). Adjacent 
galena showed only 0.1 weight percent silver. 
Hessite is probably the primary hypogene 
silver mineral at Tombstone (Newell, p. 169). 
The temperature of formation of the hessite 
was probably about 2050 centigrade (Newell, 
1974, p. 167). Silver is probably also tied up 
as argentojarosite or plumbojarosite, and 
possibly in the manganese oxide minerals. 
Although operators Charles and Louis 
Escapule have developed an eye for rock 
which contains ore grade silver mineralization, 
to the casual observer, there appears to be 
no way of easily judging silver content by 
eyeballing the rock, unless horn silver is 
visible, in which case high assays can be 
anticipated. Traces of copper oxide were 
seen in the San Pedro area, the dump of the 
Brother Jonathan shaft, and in the State of 
Maine workings below the second level, but 
no copper sulfides have been noted. It is 
concluded that the copper may have come 
from the oxidation of tetrahedrite and 
probably some chalcopyrite occurring as ex­
solution blebs in sphalerite as it does in the 
main part of the district (Newell, 1974, p. 
160, 162). Sarle (1928, p. 33) reports that 
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chalcocite was encountered i~ 
of the San Pedro mine. ~ 

Hydrothermal altera' associated 
with the silver mineralization in the area 
appears to be meso thermal in character, and 
this is corroborated by fluid inclusion 
temperatures measured by Newell (1974, p. 
169) in the main district of 2050 to 2790 

(+50
) and 2430 to 3180 centigrade (+5~ at 

Charleston. Alteration along the veins in the 
Uncle Sam tuff consists of emplacement of 
(as judged by leached capping interpretation, 
as well as inferences cited in the preceding 
paragraph) pyrite, minor galena, possibly some 
sphalerite, tetrahedrite, chalcopyrite and 
possibly alabandite (manganese sulfide, MnS). 
All of these sulfide minerals (with the 
exception of minor remnant galena) have 
been oxidized above the water table, and are 
represented by limonite after their respective 
parent sulfide, or in the case of alabandite(?), 
black manganese oxide minerals. The silver, 
represented primarily by bromyrite, was 
probably originally contained in hessite blebs 
in the galena and in tetrahedrite before 
oxidation. Wall rock has been silicified to 
varying but generally minor degrees, and 
alteration to clay and sericite has taken place 
in the reactive feldspar and aphanitic matrix 
of the Uncle Sam tuff. Where alteration and 
vein intensity is greatest, sericite is dominate, 
while in poorly altered vein areas, argillization 
is the primary effect. Pyrite is represented at 
the surface by jarosite and red and yellow 
limonites. In the most strongly altered veins, 
maroon and red "relief' or "live limonite" is 
present on fractures. In the most poorly 
altered areas occasional suggestions of 
pseudomorphs of limonite after pyrite are 
seen. All of the dumps in the area with the 
exception of the San Pedro dump show only 
oxidized material. Examination of the sulfide 
bearing fragments on the San Pedro dump 
show them to be intensely bleached and 
altered Uncle Sam tuff with finely 
disseminated white pyrite along silicious 



fractures and disseminated through the rock. 
Accessory gangue minerals in the San Pedro 
veins consist of silica and some manganese 
oxide. Barite is seen only in the Gold Bug 
area. Manganese appears to be more 
prevalent in the San Pedro area with lower 
amounts seen in the Gold Bug, Lowell, 
Merrimac, and the State of Maine areas. 
The State of Maine, May and Clipper veins 
are primarily wide zones of sericitic and 
argillic alteration with little, if any, 
silicification. They represent the most typical 
pattern of alteration within the State of 
Maine area. Traces of amethystine quartz 
along with a small amount of native gold with 
horn silver has been seen in the Triple X 
open pit workings. No primary (sulfide) 
manganese minerals have been identified on 
the Tombstone Silver Mines, Inc. properties, 
to the knowledge of the writer. 

Detailed mapping on a 1" = 50' color 
air photo base map in the Clipper-May area 
shows that in detail the veins are sinuous with 
varying width (Fig. 29) This attests to the 
saturation of the surrounding Uncle Sam tuff 
by hydrothermal solutions, probably controlled 
by micro-fractures and/or inherent porosity 
within the tuff. 

Total vein length mapped in the State 
of Maine area to date is about 30,000 ft. 
Detailed mapping in the northwest 1/4 of 
Section 16, at 1" = 50', in August, 
documented an additional 3,000 ft. 
Additional detailed mapping is expected to 
delineate additional vein length. Vein length 
in the main district depicted on the Butler, 
Wilson & Rasor map (1938, Plate IV), 
approximates about 63,000 ft. 

General Description of Silver Mineralization 
and Vein Alteration Within the Bisbee 
Sediments) 

Bisbee sediments which crop out 
within the State of Maine area consist of 
nondescript red beds of quartzite to siltstone, 
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probably the equivalent of th~Cintqra ~ 
Morita formations, in the Chande \r~na a 
small outcrop of what may b~asal Blue 
Limestone warped into a tight isoclinal 
anticline north of the Uncle Sam shaft. 
There is also some conglomeratic units 
(possibly Glance(?)) intercalated with greenish 
shales exposed in a window in the Uncle Sam 
tuff, just east of the Fox Ranch. These 
exposures, with the exception of the 
limestone north of the Uncle Sam shaft, are 
chemically very similar to the Uncle Sam tuff, 
and the alteration effects on them is quite 
similar to that seen in the Uncle Sam tuff. 
Thus, in the sandstones, quartzites and 
argillites in the eastern part of the property, 
and notably on the Red Top claim, pyrite 
appears to have been disseminated in large 
areas of the porous rock, and the red stain 
is primarily due to hematite after pyrite. This 
same coloration of similar sediments can be 
seen in the main part of the Tombstone 
district and in the Tombstone Extension area. 
In the sediments where there is a high lime 
content, hydrothermal alteration has silica ted 
the lime to hornfels attended by weak 
disseminated pyrite. Because of the lime 
content, pyrite oxidation is minimal. 

Vein Widths 

The most significant feature of the 
veins in the State of Maine area is their 
width. The State of Maine vein itself varies 
between 100 ft and 200 ft true thickness (Fig. 
30) between the hanging wall and footwall 
ore zones. The Gold Bug vein zone is 
silicified and strongly altered over a width of 
about 100 ft, and shows moderate to strong 
alteration over a width of approximately 300 
ft. The Fox Wash vein zone is approximately 
100 ft wide and sub-parallel fractures zones 
associated with the Fox Wash vein zone 
appear to be up to 300 ft in maximum 
dimension. The north-trending San Pedro 
vein in the area of the Fox Ranch windmill is 

\\ ~ 



intensely altered over a width of 30 ft, and 
shows moderate to strong alteration over a 
width of approximately 20 ft to 30 ft on 
either side of the central zone, for a total 
width of 50 ft to 60 ft. A parallel structure, 
which is intensely silicified but has not been 
mined, shows a width of 10 ft to 25 ft. A 
zone southeast from the San Pedro shaft 
shows dimmenimated sub-parallel fracture 
zones over a width of approximately 400 ft. 
This zone apparently continues across alluvial 
cover to intersect the north-trending San 
Pedro vein. 

In the Three Brother shaft area, 
altered rock containing sub-parallel fractures 
is approximately 300 ft wide. Throughout the 
general area of the True Blue claim, the 
Three Brothers shaft, and the San Pedro and 
Fox veins, the Uncle Sam tuff shows sub­
parallel and intersecting veining, the rocks 
being pervasively though weakly altered over 
an area of approximately 400 ft to 700 ft in 
width, and about 1,500 ft in length. In the 
area of the Lowell claim, a vein zone which 
may be the extension of the State of Maine 
vein, alters rock over a width of up to 200 ft 
and a length of 300 or more feet. The 
Clipper and Free Coinage claims are located 
on what the writer has termed the "Clipper 
Zone". This zone consists of sub-parallel 
fractures showing weak to strong 
hydrothermal alteration over a width of 20 ft 
to about 200 ft, averaging approximately 89 ft 
wide in the center portion, and a length of at 
least 3,500 ft. 

The width and intensity of 
mineralization of these veins suggests greater 
volume and intensity of mineralization than 
that present in the Tombstone Basin area, 
from which most of the production of the 
mining district has come. Further, when it is 
considered that these vein structures are 
underlain by reactive limestone units which 
would have the effect of precipitating metals 
and silica from ascending hydrothermal 
solutions as well as from descending 
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supergene solutions, their apparent s~gi , ~ 
and we assume potent~' ~ ~er 
emphasized. The best targe r bodies, 
of course, would occur wher ydrothermal 
vein zones intersect the chemically and 
structurally reactive host rocks - the tightly 
folded lower Bisbee and upper Paleozoic 
sediments. More details on these targets will 
follow below. 

Proposed Mechanism for Supergene Leaching 
of Silver in the State of Maine Area, and its 
Probable Effect on Near-Surface Vein 
Configuration and Enrichment of Veins at 
Depth 

The Confusin2 Geometry of the State 
of Maine Area Veins. The silver veins 
cutting the Uncle Sam tuff appear to all have 
a similar configuration. In all exposures 
within the accessible State of Maine workings, 
the Brother Jonathan workings, and Clipper 
and Merrimac zones, the veins appear to be 
composed of a narrow, high grade ore shoot 
in the hanging wall, immediately adjacent to 
or sometimes within poorly altered tuff, 
consisting of bromyrite along fractures, then 
a wide zone (largely barren of silver, or, at 
best, low grade) of argillized and sericitized 
rock containing abundant limonite after pyrite 
and assumed other sulfides, and then a lower 
grade of silver as bromyrite immediately 
adjacent to or within the poorly altered Uncle 
Sam tuff in the footwall. During the writer's 
association with the area of about 12 years, it 
seemed incongruous that the best silver 
mineralization appeared adjacent to the 
poorest appearing rock adjacent to strong to 
intensely altered limonite rich vein material 
which contained little or no silver. Indeed, 
recent UNC Silver MAP tool work in the 
Charleston area showed poorly altered wall 
rock adjacent to wide vein zones carried more 
silver than did the strongly altered material 
itself. 



The Hypothesis for Super2ene 
Leachin2. The current understanding of the 
genesis of the Tombstone district, as part of 
a caldera feature, and the proper 
identification of the Uncle Sam as a tuff 
rather than a porphyry sill, and a review of 
the solubility of silver in the oxide 
environment has lead the writer to a 
hypothesis which appears to well explain the 
geometry of the veins, as well as having 
important impact on what the configuration 
of silver mineralization at depth might be. 
This hypothesis will be described in the 
following discussion. 

As explained in the discussion of the 
general geology, the Tombstone district lies 
within and adjacent to the 72 million year old 
Tombstone resurgent caldera. The main 
district lies just outside of the caldera ring 
fracture (the Ajax fault) which has been 
intruded by the Schieffelin Granodiorite. The 
State of Maine mine area falls just within the 
caldera ring fracture. The Uncle Sam tuff 
was probably extruded as multiple nuee 
ardentes before and subsequent to caldera 
collapse. Distal portions of the tuff 
undoubtedly covered the terrain around the 
caldera, including the main part . of the 
district. Subsequent erosion, however, has 
removed all of the tuff except that which lies 
within the caldera. Extrusive rhyolitic 
volcanics are a prime source for halides 
(Vinogradou, 1959) which occur as fluid 
inclusions entrapped within the extrusives. 

After development of the resurgent 
caldera, culminating in the accumulation of 
possibly as much as 1,000 ft of Uncle Sam 
tuff within the State of Maine mine area, 
typical late stage magmatism occurred. This 
included the intrusion of the Schieffelin 
Granodiorite into the caldera ring fracture 
shortly after the caldera formation, and 
subsequent intrusion of the 62.6 + 2.8 m.y. 
old (Harald Drewes, 1985, pers. commun.) 
Extension quartz monzonite. Intrusion of, 
first, andesite porphyry dikes, and 
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subsequently rhyolite dikes, ~ec ~ ~ 
State of Maine area. Sub ~~a uring 
occurred sub-parallel to e fractures 
occupied by the rhyolite dikes, and these 
fractures were invaded by hydrothermal 
solutions, which in their lower extremities 
probably tap a porphyry copper-type 
environment, but in their upper extremities, 
grade to mesothermal to possibly epithermal 
lead, zinc, silver, gold, and manganese veins 
(Sillitoe, 1973, p. 800 and 1984, p. 1287, 1291 
& 1294). During the mid-Tertiary orogeny, 
the Tombstone area was tilted, like all the 
surrounding mountains, to the northeast. 
However, the tilting and deformation was 
relatively moderate and resulted in no 
substantial dislocation or destruction by 
erosion of the mineral deposits, except their 
surface expressions. After quiescence of the 
Laramide mineral activity, oxidation of the 
veins and erosion of the surrounding Uncle 
Sam tuff proceeded up to the present time, 
resulting in the present topographic 
expression. We know from experimental data 
(Lingren, 1938, p. 862, and Park & 
McDiramide, 1985, p. 465) that silver readily 
dissolves in ferric sulfate solutions. Thus, as 
the Clipper, State of Maine, and other veins 
in the area, which are composed of up to 
10% pyrite as well as galena, sphalerite and 
tetrahedrite, began to weather and oxidize, 
and the zinc, copper and silver, would go into 
solution, as would the lead and gold more 
slowly, and move toward the water table 
where they would encounter reducing 
conditions. Under reducing conditions at and 
below the water table, copper would 
precipitate as chalcocite, while silver would 
probably precipitate as argentite, stromeyerite, 
and native silver. However, on the journey 
from their original position in the sulfide 
minerals of galena (as blebs of hessite?) and 
tetrahedrite to their position of future re­
deposition below the water table, those silver 
ions near the hanging wall and the footwall 
zones of the veins would encounter halides, 



which are present as weathering products of 
the fresh Uncle Sam volcanic wall rock. The 
continual decrepitation by weathering and 
mechanical destruction of inclusions within 
the fresh Uncle Sam tuff provides a 
continuous supply of bromine, iodine and 
chlorine to react with the mobile silver in the 
ferric sulfate solution. Of course when the 
silver ions encounter halides, they immediately 
form insoluble silver halides that are 
precipitated in and immediately adjacent to 
the fresh Uncle Sam tuff, the source of the 
halide ions. Since the solubility of the halides 
is in decreasing solubility order of chlorine­
bromine-iodine, after substantial weathering, 
bromyrite is the predominate halide left in 
the near surface environment. 

As erosion progressed downward 
through the blanket of Uncle Sam tuff 
deposited in the current State of Maine mine 
area, previously enriched zones of silver were 
exposed to oxidation and sequentially were 
oxidized only to re-precipitate at a lower level 
as a continuous oxidation and reduction front, 
proceeding ahead of the erosion surface, just 
as the chalcocite blanket in porphyry copper 
deposits have been developed through 
sequential stages of leaching precipitation, re­
leaching, re-precipitation, etc. Thus, most, if 
not all, of the silver contained in the column 
of rock which was once present in the now 
eroded veins above the current surface, has 
been precipitated at or below the permanent 
water table. 

This scenario appears to adequately 
explain why in all the wide vein zones within 
the State of Maine area (the State of Maine 
vein, the Clipper vein zone, etc. etc.) there is 
always a zone of "horn" (bromyrite or other 
halides) in the hanging wall and in the 
footwall, but the center portion of the vein, 
though strongly altered, is barren or relatively 
so. In all probability, silver values were 
distributed evenly or relatively so within the 
vein, but in the central portions where no 
halides were available to precipitate silver, the 
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silver migrated down the dip of the vein t~ ~ 
be precipitated in the reducing zone ~w~ 
the permanent water table. ~ ~ 
mechanism was observed by Q.. ~7) at 
Charleston, as shown in his ~\e 7 A (p. 
24), reproduced herein as Figure 33A 

We can, therefore, expect to always 
find an enriched zone on the hanging and 
footwall sides of wide phyllic zones such as 
the State of Maine and Clipper veins, which 
carried relatively disseminated silver sulfides. 
For more narrow veins without a wide zone 
of phyllic alteration and attendant pyrite, the 
supply of halides from leaching of the 
surrounding fresh Uncle Sam tuff may have 
been sufficient to have precipitated all silver 
as silver halides. But in the wide vein zones, 
we can predict that significant enrichment 
should be found below the water table, much 
as a chalcocite blanket is typical beneath 
leached porphyry copper zones. Further, we 
can expect that most, if not all, of the silver 
from the vein material which is now 
completely eroded away will be located within 
the enrichment zone. 

Using this hypothesis, we can predict 
and anticipate other conditions which will -be 
helpful in maintaining accurate ore control. 
For example, since silver ions probably 
migrated into poorly altered or unaltered rock 
where they were precipitated along micro 
fractures by halides in the fresh rock, it will 
not be perplexing to find silver of economic 
proportions in what appears to be 
uninteresting rock adjacent to veins. Further, 
crushing and screening of such silver-bearing 
rock will probably yield silver in the fine 
fractions and an oversized product with little 
or no silver content. Also, where the veins 
flatten in dip, percolation of halide-bearing 
surface water into a greater thickness of the 
vein hanging wall in the flattened part of the 
veins will precipitate additional silver yielding 
hot spots of more voluminous silver halide 
mineralization. This is exemplified in the 
State of Maine mine between the third and 



fourth levels, where the vein flattens. In fact, 
any hydrologic traps in the plane of the vein 
which would tend to channel surface 
originated waters carrying higher than normal 
volumes of halides into the vein, would tend 
to precipitate a larger volume of silver 
halides. Thus, careful mapping and structural 
contouring along the vein surface could be 
used as ore guides to silver halide 
mineralization within the oxide portion of the 
veins. Recognition of the genesis of these 
halide ore bodies and attention to the factors 
which might cause their formation may be an 
important ore guide in profitable exploitation 
and ore control in surface and underground 
mining operations within the State of Maine 
area. 

Gold, though substantially less soluble 
than silver, may also be solubilized in some 
portions of the typical State of Maine vein 
environment. Lingren (p. 858) states that 
where the manganese content is high (as in 
the Merrimac #2 pit area and along the San 
Pedro and Fox veins), it may be possible to 
carry gold downward to be precipitated below 
the water table. Since, except where noted, 
the Mn02 content of the State of Maine area 
veins is relatively low, we might expect gold 
to be left substantially untouched. 
Interestingly, however, the gold content in the 
State of Maine vein in the various levels, 
indicated by the 1915 Phelps Dodge assays 
(Fig. 36), is relatively uniform. Since a 
substantial column of rock (possibly as much 
as 1,000 ft) has been eroded from above the 
current surface, we might question what has 
become of the contained gold. If it were 
simply mechanically enriched by the 
dissolution and erosion and removal of lighter 
and less inert vein and rock constituents, it 
would be expected to find rich pockets of 
native gold at or near the surface within the 
State of Maine area veins. Since no such 
accumulation has ever been found, it is 
concluded that either (1) there was not much 
vein removed from over the current erosion 
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surface, or (2) the vein material a~ ~ 
essentially no gold, or (3) ~ ,~ 
solubilized and has ~t t the 
permanent water table ~h~ i as been 
precipitated. To the writer, it seems like 
alternative #3 is more likely. It is also 
worthy of note that where supergene halides 
from weathering of the fresh Uncle Sam are 
encountered, an environment of gold 
solubility would be present since gold is 
soluble in halides as adverse to silver, which 
is insoluble. Thus, within the halide zone, we 
might find silver halides, but gold would be 
solubilized and removed. No data has been 
collected within the State of Maine area to 
test this hypothesis, but because of its 
importance in mining operations, evidence for 
or against should be developed in the course 
of mining. 

Bisbee group sediments lie at shallow 
depth beneath the Uncle Sam tuff and the 
current erosion surface (cross section, Fig. 
30). Thus, there is a geochemical layer cake 
in which supergene enrichment will react 
differently, depending on the chemistry of 
encountered rock units and whether they are 
encountered above or below the oxidation 
zone. The different potential rock types 
encountered above or below the oxidation 
zone create a relatively large number of 
environments, all of which would react 
somewhat differently in precipitating 
supergene solutions. For example, if the 
Clipper vein were to encounter the water 
table while the vein was still in the Uncle 
Sam tuff, then supergene solutions would 
probably precipitate copper and silver (and 
possibly gold) as chalcocite, argentite, 
stromeyerite, native gold and possibly native 
silver, as well as ruby silvers, depending on 
the content of arsenic and antimony. If, 
however, the vein intersects the Blue 
Limestone, the Glance Conglomerate or the 
Naco Limestone while still above the 
permanent water table, the ferric sulfate 
solutions mobilizing copper, silver, zinc and 



lead (and MnOz mobilizing gold?) would 
probably be neutralized by reacting with the 
calcium carbonate of the limestone to 
precipitate copper carbonates, native silver, 
silver chlorides, smithsonite, and native gold. 
If Bisbee red beds were intersected prior to 
the interception of the water table, and no 
significant limestone beds were present, an 
oxide environment similar to that in the 
Uncle Sam tuff would be maintained, 
assuming a low lime (calcium carbonate) 
content. If a pre-tuff erosion surface with 
coarse clastic material is encountered, the 
vein may play out along this more porous 
zone, possibly developing a significantly wider 
ore zone at this point. If this erosion surface 
should contain pebbles or cobbles of 
carbonate material, then selective replacement 
as well as supergene enrichment in these 
cobbles could be present. If limestone units 
are intersected by the vein below the current 
water table, then secondary sulfide deposition 
would occur in a manner similar to that if the 
vein remained in the Uncle Sam tuff 
immediately below the water table. However, 
the enrichment zone may be compressed by 
the neutralizing character of the surrounding 
limestone wall rock. 

Obviously, a relatively large number 
of permutations of environments and resulting 
mineral deposition may be present in the 
State of Maine area. The geologic 
exploration staff must be familiar with, and 
able to interpret and evaluate the various 
possibilities in order to comprehend the drill 
data and to make geologic and economic 
projections. 

Potential for Enriched Silver Ore Bodies at 
the Uncle Sam Tuff-Bisbee Sediment 
Interface and Below 

Because of the layer cake nature of 
the geologic environment within the State of 
Maine area, we must be alert to the various 
environments of potential ore deposition, and 
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how the chemistry and structur~ thl ~ ~ 
cake will effect the position ~ ~ ry of 
potential ore bodies. Failur understand 
these multiple environments for ore 
deposition will result in a lowered, if not 
completely lacking, success ratio. In the 
previous section, the writer has discussed the 
hypogene and subsequent supergene 
environment of meso thermal veins within the 
Uncle Sam tuff. In this section, observations 
will be made concerning the hypogene and 
perhaps supergene environment of these same 
veins within folded sediments of the Bisbee 
and various subsequent Paleozoic formations. 

Fold Structures Within the Sediments. 
We know from previous mining activity in the 
main part of the district (Butler, Wilson, et 
al., Bulletin 143, 1938), and in the 
surrounding area (Gilluly, 1951 & Drewes, 
1980), that tectonic forces have resulted in 
the thrust faulting and folding of the Bisbee 
sediments and underlying Paleozoic 
formations. In the main part of the district, 
the axial planes of drag folds along northwest­
trending anticlines and synclines, when 
intersected by the northeast-trending veins, 
formed saddle reef-type replacement zones of 
bonanza grade silver deposits. Further, these 
ore bodies appear to have continuity along 
the strike of the axial planes outward from 
the vein conduits. Since these folds are 
apparently regional in nature, it is logical to 
conclude that the same types of drag folds 
would form similar saddle reef-type bonanza 
ore bodies where the Clipper, State of Maine 
and other veins of the State of Maine area 
intersect these features at depth. Geologic 
mapping by the writer has confirmed that one 
such isoclinal fold exists in the exposure of 
sediments north of the Uncle Sam shaft. 
Thus, the same type of mineralization can be 
expected in the State of Maine area that 
formed the high grade bonanzas along the 
various rolls (saddle reefs) in the main 
district, such as the Visina roll, the Toughnut, 



the Silver Thread and others. The geologic 
task is how to predict in three dimensional 
space not only where these folds in the 
sediments might occur (and in which horizons, 
i.e., the Glance Conglomerate ((the 
Novaculite», the Blue Limestone, the Twelve 
Foot or Six Foot Limestone, or the Naco 
Formation), and where the veins or vein 
intersection zones may intersect these 
favorable structures. Obviously, this is a very 
complex three dimensional problem which is 
not amenable to easy solutions. However, by 
ardent, thorough geologic work, including the 
careful structural, geologic, mineralogic and 
geochemical logging of exploration holes, this 
three dimensional geologic ore puzzle can 
probably be solved with commensurate 
economic rewards. Individual ore bodies 
within the main part of the district were of 
exceptional grade, yielding, at current prices, 
several millions of dollars of ore, grading over 
$1,000 per ton. Thus, the writer feels that 
the reward is probably worth the difficulties 
of the search. 

In addition to the chemical, structural 
traps offered by drag folds and saddle reefs in 
lime beds within the Bisbee Group, there are 
some additional targets which should not be 
overlooked. 

Karst Tar2ets. Whenever there are 
any sub-aerial erosion surfaces developed on 
limestone bedrock, there is potential for 
development of karst topography, that is the 
development of caves or caverns in the 
limestone. When these karst (cavern) 
topography limestones are subsequently 
covered and then subject to hydrothermal 
mineralization, the caverns or karst form ideal 
targets for the localization of hydrothermal 
solutions and deposition of massive sulfide 
deposits. This mineral deposition in karsts is 
a possible origin of the Tri-State and lead­
zinc deposits, though the source of 
mineralizing solutions is open to much 
debate. However, in the Leadville Mining 
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District of Colorado, the environm~~~ ~ 
to be similar, if not equiVa~ tiM3at 
Tombstone (oral communicati ·t oland 
C. McEldowney, September, 19 . Here, the 
Leadville Limestone, which has karst 
development on its erosion surface with 
overlying formations, has been cut by a 
caldera with subsequent lead-zine-silver 
mineralization. Where the veins have 
intersected caverns in the Leadville 
Limestone, massive deposition of silver­
bearing galena with subordinate zinc and 
copper has resulted. These exceedingly large 
and rich ore bodies are currently exploited by 
the Asarco-Newmont joint venture, the Black 
Cloud Mine. 

Prior to the deposition of the Bisbee 
Formation, the Naco Formation was exposed 
to sub-aerial erosion and potential 
development of karst topography. During the 
Cretaceous, it was subsequently covered by 
the Glance Conglomerate and other units of 
the Bisbee Formation. During the 
development of the Tombstone vein system, 
if karsts were indeed present in the Naco 
Limestone, they may have well been invaded 
by the veins, and massive lead-silver-zinc 
deposition may have occurred. In fact, some 
of the ore bodies in the main part of the 
district within the Naco Limestone may be 
such karst replacement zones. 

If such an environment was present 
in the Naco Formation, then these karst 
replacements should be considered potential 
targets in any deep exploration work within 
the State of Maine mine area. 

Since the northeast fracture direction 
appears to have been the prevalent one since 
the Precambrian, such karsts may have been 
aligned along the same northeasterly trend, as 
have been occupied by the later Laramide 
silver-Iead-zinc-gold veins, which are the 
subject of the current exploration. 

In addition to the Naco Formation, 
the question remains were there other karst 
developments lower m the Paleozoic 



Limestone sequence? Anywhere there was 
a hiatus in Paleozoic Limestone deposition 
and where that limestone was subject to sub­
aerial erosion, there was potential for karst 
development. An examination of the geologic 
column (AAPG, 1967) suggests that the 
Escabrosa Limestone (equivalent to the 
Leadville Limestone) underwent a period of 
sub-aerial erosion as did the Devonian Martin 
Limestone. Thus, potential for very deep 
karst targets in these horizons would be a 
possibility, as would replacement porphyry 
copper mineralization, particularly in the 
Martin, which was very productive at Bisbee. 

Possible Changes in Alteration and 
Mineralization with Depth 

The writer has previously described 
the Tombstone district as being the surface 
expression of multiple nested porphyry copper 
systems. Thus, as exploration proceeds more 
deeply below the State of Maine mine area, 
mineralization should grade downward into a 
more copper rich and less lead-zinc-silver rich 
environment, until true porphyry copper 
mineralization might be encountered at an 
unknown depth. Increasing grade of contact 
metamorphic calcilicate minerals would be 
expected as would an increasing copper to 
zinc and lead ratio. Molybdenum might also 
be expected to increase, and it is conceivable 
that the rhyolite dikes exposed at the current 
surface might expand into or be rooted into 
a granitic pluton, the Extension quartz 
monzonite or its equivalent. Such a gradation 
was reported by Ransome in 1914, in the 
main part of the district, where he mapped 
completed silicification and calcsilicate 
alteration on the 600 ft level of the Pump 
shaft workings (Ransome, personal field note 
summaries, 1914). Further, in Section 36, at 
the Robbers Roost breccia pipe, drill holes to 
a 5,000 ft depth by Asarco in early 1970, 
intersected typical porphyry coppper 
alteration, including disseminated chalcopyrite, 
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secondary K-spar, and purple a:iEl S 
a deep seated porphyry copper t, ou d 
it lie below the Tombstone Silver . es, Inc. 
property at the State of Maine mine, is not 
economically attractive with the currently 
poor state of the copper industry in the 
United States. However, fluctuating copper 
prices are the rule, not the exception, and a 
decade or two in the future may see high 
copper-moly prices, which would make this 
an attractive target. Since the size of such 
potential porphyry could be substantial, 
though probably very deep, the economic 
potential in the future could be significant. 

Potential of the State of Maine Area 
Compared With Known Economic Silver 
Deposits of Similar Character 

In the evaluation of any mineral 
deposit, without extensive drilling, the 
geologist must rely on comparisons with 
known deposits in similar geologic 
environments. Thus, the geologic model is 
the primary tool in comparing a potential 
exploration target to determine whether the 
costly exploration program might be rewarded 
sufficiently to justify itself. Other silver 
deposits geologically comparable to the State 
of Maine area include the following: 

The Constancia Mine. Chanarcillo, 
Chile. The Constancia Mine, Chanarcillo, 
Chile (see Fig. 20-4, Park & McDieramid, 
1975, p. 489, Fig. 39 this report), which is 
hosted by intercalated Cretaceous limestone 
and tuff, had a zone of supergene enrichment 
that was a minimum of 130 ft thick to a 
maximum 500 ft thick below the water table. 
It produced an approximate total of 100 
million ounces of silver, 33 million ounces 
produced between 1860 and 1885. The 
production averaged 100 to 240 ounces of 
silver per ton in the supergene enriched zone. 
Because of its isolation, only the highest 
grade material was mined and shipped. 



Almost all production was from the limestone 
units. As described by Park & McDiramid 
(1975, p. 490), " ... In places the oxidized 
(silver) ores cropped out, but elsewhere they 
were overlain by tuff ... ". 

Because none of the underlying limy 
sedimentary rocks within the State of Maine 
mine area have been penetrated by either 
drill holes or mine workings beneath the 
water table, we could conceivably intersect 
bonanza type silver mineralization similar to 
that located at Chanarcillo. 

The EI Potosi Mine. Santa Eulalia. 
Hidal~o. Mexico. At the EI Potosi Mine, 
andesite and dacite flows and flow breccias 
overlie Cretaceous limestone. Veins form 
mantos, chimneys and irregular replacements 
in Cretaceous limestones, which are folded 
into a gentle anticline along which ore bodies 
are concentrated. This environment is quite 
similar to the main part of the Tombstone 
district, and similar to that for which we 
projected below the State of Maine area. 
Apparently both low and high temperature 
environments are present at the EI Potosi 
mine, as indicated by the presence of garnet 
and other calcsilicates. There is garnet and 
calcsilicate alteration at Tombstone, so here 
again, the environment is similar. The 
production at the EI Potosi mine has been 
$600 million since 1703, in silver, lead and 
zinc. This production figure does not 
represent the current price of silver, but 
probably silver at $1 or less and similarly low 
prices for lead and zinc. If we could 
extrapolate that price to the current price of 
silver at say $10 per ounce, then the mine 
may have produced as much as $6 billion in 
silver. 

The Tintic Standard Mine. East Tintic 
District. Utah. The Tintic Standard mine is 
overlain by rhyolite, and the ore is deposited 
in eugeosynclinal Paleozoics along a synclinal 
axis, accompanied by much faulting. Major 
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thrust faults have been mappe 
lead to the discovery of blind deposits. 
Careful geologic and geochemical mapping of 
the alteration of the surface volcanics lead to 
the discovery of the Bergin mine, a blind ore 
deposit within the same area, in 1950. The 
district has produced silver, lead, zinc, copper 
and gold mineralization amounting to about 
$425 million to 1952. These figures do not 
include any production from the Bergin Mine 
operated by Kennecott Copper Corp. 
Further, the values were all at low metal 
prices in relation to today's prices; gold in the 
range of $20 to $35 per ounce and silver in 
the range of $.50 per ounce. The geologic 
environment, both in host rocks and overlying 
volcanics, is very similar to the State of 
Maine area. 

The Main Part of the Tombstone 
District. As a close to this section on 
comments on the mineral potential of the 
State of Maine area, a comparison to the 
main part of the district is worthwhile. In 
size, they are very similar. Most production 
has come from a block approximately 6,000 
ft square in the main part of the district, 
where as in the State of Maine area, the 
greatest intensity of mineralization appears to 
occupy a block 5,000 ft x 6,000 ft. Perhaps 
the best comparison might be the area of 
vein mineralization, that is, length of vein 
times average width between the two. Since 
we know, with some degree of accuracy, the 
production from the main part of the district 
between 1879 and 1937 (Fig. 21), comparing 
the area of the veins in the two areas and 
multiplying the vein factor in the State of 
Maine area times the production in the main 
district, should give us an estimate of the 
potential for the State of Maine area. This 
is shown in the table, Figure 42. When 
compared this way, it appears that because 
the State of Maine veins seem to have a 
greater average width even though the length 
so far identified is not as great as the main 



district, the total future production in the 
State of Maine area might be larger than that 
in the main part of the district. Since 
production in the district ceased because of 
lowered silver prices rather than exhaustion 
of ore (Fig. 18), it is quite likely that the 
main part of the district is far from 
exhausted, suggesting the potential for the 
State of Maine area is greater also. 

The only difference the writer can 
discern on concluding this study between the 
two areas is that within the State of Maine 
alteration zone, the strongest parts of the 
veins are contained within the non-reactive 
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Uncle Sam tuff, which cherrui·c ll~O'~;~ ~ 
leaching of silver and gold v s 'c\rllie 
surface, to be precipitated b e water 
table, out of sight, and where they were 
beyond the reach of miners in 1880. In the 
main part of the district, reactive limestone 
neutralized supergene solutions, resulting in 
bonanza grade precious metal ore bodies now 
exposed at or near the surface. 

Using a price of $10 silver and $400 
gold, estimated potential dollar value of 
precious metals in the State of Maine area 
appears to be $563 million. 
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