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North Car'oIina in 1953 with a B.S. in Geology, the University of Wisconsin in 1955 with an 
M.S., and the University of Wisconsin in 1962 with a Ph.D. in Economic Geology. 
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INTRODUCTION 

The report that follows has been brought together from many sources, chiefly by and through the 
sustained involvement in the district of James A. Briscoe of JABA, Inc., Tucson. My involvement 
has been through interest in Tombstone geology sparked by boyhood visits in 1944, through my 
professional involvement in 'porphyry copper', Arizona, and Tombstone geology as a Professor at the 
University of Arizona, from 1965 to the present, and through use of the Tombstone District as an 
ongoing investigative lab project for graduate students in Economic Geology since 1985. It is 
herewith acknowledged that Briscoe has joined the ranks of Butler, Ransome, and Wilson as a 
contributor to and synthesizer of geologic information on the Tombstone District. Most of the data 
to follow results from his efforts, and the credit for recent progress and many of the points made in e this report belongs to him. 

SUMMARY 

Tombstone, discovered in 1877, has produced approximately 1/3 of a billion dollars, at modern metal 
prices, in gold, silver, lead, zinc, copper, and manganese. Previously thought to be a mid-Tertiary 
aged epithermal silver-lead-zinc district of limited size and potential, more recent work shows it to 
be of Laramide age. Mineralization is associated with volcanism and related caldera formation, and 
alteration assemblages are characteristic of porphyry copper deposits. Five such potential porphyry 
copper centers identified by Briscoe have been acquired by JABA Inc. 

Potential in the district is for carbonate-hosted replacement-type porphyry copper mineralization at 
intermediate to moderate depth and perhaps great depth; shallow chalcocite blanket porphyry type 
mineralization; stratigraphically and structurally controlled carbonate replacement lead-zinc-silver 
mineralization; similarly controlled gold of low grade to high grade; volcanic-hosted disseminated 
precious metal mineralization; supergene enriched volcanic and sediment hosted intermediate to high 
grade precious metal mineralization; and porphyry-copper-associated distal sediment or volcanic 
hosted gold mineralization. 

An exploration program for each of the 5 blocks owned by JABA Inc. has been designed to test these 
targets. Various industry accepted exploration tools will be used in the exploration program to define 
drill targets, culminating in each case with exploration drilling using reverse circulation. 

The estimated exploration expenditures for each block are: 

Block 1 

Block 2 

Block 3 

Block 4 
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$227,120 

$120,445 

$100,036 

$139,250 



Block 5 $1.08,103 

Total for the entire program $694,954 

This would include 10,000m feet of drilling. The program cost would average $22.79 per foot of 
drilled hole. 

HISTORY 

The Tombstone Mining District, then in Arizona Territory, was discovered in 1877 in outcrops near 
the present Lucky Cuss mine, by Edward L. Schieffelin, a prospector and son of California 4gers. 
Tombstone, isolated and subject to marauding Indians and outlaws in its early days, was affected by 
world events through their effect on silver prices. During the 38 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 effect 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 
State of Maine & Charleston sub-district. 

In 1911, silver prices of $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, a creditor, took over the mines and operated them in a desultory fashion from 
1914 through 1933. 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 small production in the western part. With the repeal of the Pittman Act in 1923, the 
price of silver plummeted (Fig. 18) and the mines closed. 

The higher gold price instituted by Franklin Roosevelt in 1932 stimulated some development, 
particularly in exploration in the main part of the district. During World War II, there was some 
study of the manganese deposits in the district in relation to the war effort. Also during World War 
II, in late 1940, a controlling interest in the surviving Tombstone Development Company was 
acquired by the Newmont Mining Company. 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, 
under the name Tombstone Development Company. Exploration work in late 1950 by the Eagle 
Picher Company in the northeastern part of the main district showed values in lead and zinc (Burton 
DeVere, Billiton Exploration, 1983, pers. comm.). In 1965, the Duval Corporation drilled several 
rotary holes in the main part of the district probing for porphyry-capper-type 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 (ASARCO) obtained a lease on the Horne claims around the Robbers' Roost 
breccia pipe. They drilled three holes to a maximum depth of 1700m (5,000 ft) on a 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 
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copper type mineralization, including disseminated pyrite, chalcopyrite, and molybdenite, as well as 
secondary K-feldspar and purple anhydrite. The Uncle Sam tuff was penetrated, intersecting Bisbee 
Formation, and at about 1700m, the Bisbee was penetrated and the drill entered the Naco Limestone. 
Poor copper prices at the time and since have discouraged further exploration for copper at this 
depth. It is noteworthy that scientific progress in this period led to the recognition that (1) the age 
of mineralization at Tombstone is of Laramide age, not mid-Tertiary, as had been surmised, and (2) 
the mineralization is of 'porphyry copper' affinity and therefore of large scale, not of epithermal style 
and local. Both realizations substantially enlarge exploration perspectives in the district. 

In 1973, a limited Partnership headed by Hewlett, Stevenson, and Bishop optioned holdings in the 
western part of the district, and later the lands belonging to the Tombstone Development Company, 
Inc. In the spring of 1973, geologist James A Briscoe was hired by Richard Hewlett to prepare a 
report on the State of Maine area. A topographic and geologic map of the State of Maine area was 
prepared at a scale of I" = 200'. 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 I" = 2,000' along north-south flight lines. The 
Partnership also consolidated 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. None of the exploration program 
recommended to the Partnership by Briscoe was carried out. 

At about the same time, Newell was completing a Stanford PhD dissertation covering the area. 
Newell's maps cover 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), and are the most detailed and 
complete geologic coverage to date. Newell also presented geochemical data from regional sampling 
of mine dumps (Figs. 3 through 17, and Newell, 1974, p. 13-23), which suggest that mineralization in 
the district is related to a series of porphyry copper centers. 

In 1980, Tombstone Exploration, Inc. obtained a lease on 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 ore 
averaging in the range of 1.25 ounces silver and 0.02 ounces gold. Approximately 40% of the silver 
and 60% of the gold was recovered by cyanide leaching. 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 Partnership 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 T.E.I. into bankruptcy in 1985, and its assets were liquidated. 

A regional map covering southeastern Arizona, compiled by Harald Drewes of the United States 
Geological Survey, was published in 1980. In 1982, J. A Briscoe and T. E. Waldrip, Jr. compiled data 
and maps from the work of Newell, Drewes, and others (Figs. 3 through 17). It was concluded from 
these various data that the volcanic geology and structure in the Tombstone area is related to a 
district-scale Laramide caldera. Mineralization in the district is also related to the caldera and 
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attendant hydrothermal fluid migration. 

Tombstone has primarily been a silver camp, although substantial gold and lead, and subordinate 
copper, zinc, and manganese have also been produced. The silver to gold ratio for documented 
production between 1877 and 1937 is 126 to 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 200m, and is primarily from oxide ore minerals. 

Unpublished figures and estimates compiled by Tenney from old company reports and other sources 
(Butler, p. 48), indicate that $28,400,000 was produced between 1879 and 1907. Unfortunately, this 
compilation is based only on value; it is assumed this production was primarily gold and silver. From 
1908 through 1936, Briscoe has estimated that 1.25 million tons of ore was produced from the 
Tombstone district. Using this estimated tonnage and the recorded metal production, average grade 
for ore produced was 26 ounces silver, 0.21 ounces gold, 2.6% lead, and 0.10% copper, with 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, nor from the dump leaching done by the Partnership belween 1974 and 1977. 

Total production at Tombstone, not including that of the Partnership 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). Over a quarter million ounces of gold (262,500) are included in that figure, and the 
viability of gold exploration in the district is heightened by the fact that gold was a geochemical 
accompaniment but secondary economic target through virtually the entire district production life. 

TOPOGRAPHY, VEGETATION, CULTURE & ACCESS 

The Tombstone Mining District (Fig. 1) is located in southeastern Arizona, 40 Km north of the 
international boundary with Mexico, and 100 Km southeast of Tucson (Figs. 1&2). It is in western 
Cochise County, and is on the Tombstone USGS 15-minute quadrangle, 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. 

Tombstone is the only town in the quadrangle, but Sierra Vista, which services the Army Electronic 
Proving Ground at Ft. Huachuca, lies just west of the quadrangle 25 Km from Tombstone via the 
Charleston Road. Tombstone is well serviced by paved all-weather highways, including U.S. Highway 
80, which goes through the center of town, and Arizona State Highways 82 and 90. Many mining 
supplies are available in Tombstone, and most types of supplies are available in Sierra Vista, with 
30,000 inhabitants and the fastest growing city in Cochise County. Semi-skilled to skilled labor is 
available in Tombstone and Sierra Vista. The old mining camp of Bisbee lies about 50 K111 southwest 
of Tombstone, where underground and open-pit copper mines, operated for about 100 years by 
Phelps Dodge, were shut down in 1982. The newly defined open pit chalcocite blanket ore body -
the Cochise Mine - is scheduled for start-up in a year or so. A core work force of skilled 
underground miners is probably available in Bisbee. The second largest city in Arizona, Tucson, is 
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Figure 2. Highway map showing the location of the Project Area in relation to 
Tucson and Phoenix, Arizona 
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Geology 
OLDER OR UNDIFFERENTIATED SURFlCAL 

IlfPOSITS (HOLOCENE TO OUGOCENE),­
GrawI, sand, and sit (Pietstoce:ne and PIioune­
Mainly aluvium d buins; includes son-. 
coDuvn.m and lardslide deposits. Generaly ig'It­
pinkish gray, weakly indurated, and "";11'1 poorly 
rOU'Ided dims; Iocaly wei ind..-."ed lhckness 
~ meters to htrdreds 01 meters. 

&5aIt (PIeislOCene to PIiocene}-L..ava flows, 
pyrocle.sril:: rociu, ",nd some intercalated ~. 
1hickness several meters \0 a few hundred meters 
in mosI pblca. ~rir;aIy~ted at 0.25, 1.0, 
and 3.2 m.y. old 

olensiYe andesite and dadte (Miocene and lipper 
OIigocene}-Lava Oows, pyroclastic rocks, some 
intercalated epiclastic rocks, lind dikes. Mostly 
gray, fme.grained, porphyritic rocks; includes 
5Ome: wry coarse feldspar porphyry a.odesile 
(Turkey m,ck porphyry, an informiillenn of 
Cooper, 1961). TtW:kness mostly several meters 
to ~ lens 01 meters. Daled al 24, 25, 27, 33, 
and 39 my. 

Extrusive rhyolite and ~Ie (r.~ne aoo Upper 
Oligocene- lava flows, welded tuff, pyrOClastIC 
rocks, and some intercalated epiclasric rocks.. 
L9t1-gr'aY 10 grayish·pink, ".;tric 10 fine-grained. 
porphynoc. Commonly;, lew lens to a few 
thousaro:l of metel"$ thick. Dated at 23, 24, 25, 26, 
26, 26, and Tl m.y. An adcIitiooaI date of 47 m.y., if 
substantialed,l'MYioditatefheprese~ecl 
Eocene rocks in the IoI.vermember oltheSO 
VobrKs of Cochise Co. 

Lower C~le, gravel, lind And (Oti<Jocene 300 
EDcent?)- Alh.Mum; CClmIT'U'Wy grayish·red 
deposits 01 small, .....wI rounded, nonvobric 
c1Mts. Mostly ~ meters \0 is few leosol 
meters thick. 

UPPER CORDILLERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PAl£OCENE):- Lower 
voIcaricrocks-RhyoIiteloandesiletavaflows, 
pyroclastic r'!Xks, and 50me Intercalated epiclastW: 
r'!Xks. Dated at 51 m ,y. Possibly yDUI'l9Itr age to 

MAIN CORDILLERAN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyritic aocl apliric r,trusM!: r'!Xks 
(PaJeocene and Upper CMtACe0U5)-Mostly ~titic 
J)OIli'lyry to di»citic porphyry in small stocks and 
p/ug5; and apliric bodies not lI560ciated with other 
graritoid slocks. Dated at 61, 63, 63, 64. and 65 
m.y. 

Flui<filed intruSIVe brKCIa- exoct age unknown, but 
penetrates, and thU$ younger than Uncle Sam 
porphyry. 

Rhyod;,cne tull and welded tuff . _ Includes pariS of 
Salero Fo rmatlOfl. Sugarloaf Quam latite, and 
Bronco VolcanICS. and all 01 Red Bay Rhyolite, Cat 
Mountain Rhyolite of Broo..r.m (1939) and Uncle Sam 
Prophyry. Includes local int rusive bodies and locally 
contilms fragments 01 exot ic rocks. Thickness 
commonly several tens of meters to several 
hundreds of meters. O"ted at 66(?). 70, n, 73, and 
73 m .y. The Uncle Sam, In the Tombstone area. is 
dated n m.y. 

Andesitic 10 di»citic -.d:aric breccia.-Indudes parts 
d SoIero Formatno, 5ug&rbaf Quam LaTife , and 
Bronco Vob.rWcs, and aI 01 Oemetrie VoIcaric5 
and SiIverbeII Formatno d Courtright (1958). 
CotrmonIy conu.iN kirge blocks 01 e~tic rocks 
and Iocaly includes SOfI"oI! sedimenlary rocks and 
intrusive rocks. Several tens d meten to several 
hundreds 01 meters thick in most places. 

Lower quartZ monzonite ind graodionte- Includes 
some quar tz diorite: appears in small stocks. 
Locally associated ""ilh miner3lization. Dated at 10, 
n n. 73. 74. 74. 74, and 76 m .y. The Schiefllin 
granodorite at Tombstone is n m.y. 

Roads and Highways 

~, . -'--- Dry wash 

++-++: 11; 1111:;1 Southern Pacific Railroad 

Explanation 

Kb 

I- - - - - -I .... "Jg+ + : 
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PIP. 

IJ'h 

MD. 

BIS8ff FORMATION OR G ROUP, 
UNOIFFEREN"I1ATED (LOWER 
CRETACEOUS}:- Upper part d I3i5bee 
FClfT'Mtion or Group, undifIerentfated. and related 
rocks.-1ncIuda uppeT part 01 Bisbee FOI"I'l'IlItion, 
Murallimestooe, Morita, Ontura, WlIIow 
Canyon. I\p6che Canyon, SheJlenberger CaBjOO 
and Tumey Ron::h F0fn"0tions (no\ isted in 
stratigraptW: sequeru) r:l rhe BisbeI Group, 
AmoIe Arkose r:l8r}ant and Knlison (1954), and 
Angeic Arkose. Consistsd~· to reddish­
arkose, gray sit5l0flll!, SillIdstone. conglomerate, 
and some fossiliferous gray limeslone. Commonly 
5e\11!f<II hundred meten thick 

GRANITE AND QUARTZ MONZONITE 
{JURASSlC)-Stocks 01 pinlQsh.gray COilll'9l!' 

grained rock. Uxaay associated with 
mineralization. Dated at 140, 148. 149, 149, 150, 
153, 16O, 161, 167, 178, I85my. 

Sedimm!alY rocks (l..ower Pemian and Upper 
Pe~rian)----<()I'ISist5 of Epitaph Doiomle 
(!..ower Pmnan), Colina umestone (l.oI.uer 
Permian), and EArp Formation (Lower PerTrian 
and Upper Pe~rian) , Wldifferentiated 
Epitaph DoIorrite is a dark· to light-gray s5gltly 
cherty dolomite , irnesIooe. marl,siltstone, a"ld 
g,.op$Um. 120-28) meu!rS thick. Colina lJmestone 
is a medilm gray, tlW::k·beddecJ, sparsety cherty, 
aocl sparsely fos.siliferouslimestone 120-28) 
meters thick. Earp Formation is a ~·red 
siltstone, mudstone, shale, and irneslone, l2().240 
meleJsthick. 

Horquib Umestone (Upper and Middle 
Pemsylvarian)- ug,t.pinki$h-gray, thick· to thin· 
bedded. cherty, f()55iliferous limestone and • 
intercaJated pi1Ie-brown to pM.rW:!ish.gray 
siltstone that incfea5a in abundance upward. 
Typic.aDyJ00.4'Xlmetertthick. 

SEDIMENTARY ROCKS (MISSISSIPPiAN AND 
DEVONIAN)- C00si'5ts rr\ilIinly of ~br05ilI 
umes:one (Mississippian)-1ocaIIy (Armslroog 
and Silberman. 1974) called Escabrosa Group­
and Marrin Formation (Upper DeI.ooriim), 
undifferentiated In part 01 the Chiricahua 
Mountains also includes Pllradise Formation 
(L.Wer Mississippian) and Portal FOflTIilItion 01 
Sabins, 1957a (Upper DevoriilIn). In the UIUe 
Dragoon Mountains and some adj,xent hils also 
includes B0ck Prince umeslone, whose fauna 
an:! correlation ahow 5tronge5l affinities with 
Mississippian rocks but which may include tome 

PemsyIva..-an rockS. Escabrosa lJmestone is a 
medlm-gray, massiYe 10 tJjck-bedded, c~ 
crinoidaI, cherty, f06Siliferout imntone 90-310 
meters thick. ~rtin Formation is thick· 10 thin­
bedded, gray to brOAII'I doIorrite , gray sparsely 
fOl5oSiliMrout. and some siltstone and sandstone, 
90-120 metm. thick. PlI.I'1IIdise Formation is a 
brown, f06liliferous, shaIy imeslone. Portal 
FOfTIl/Ition isa black shaJe and imeslone 6-IClS 
meters thick. Black Prince (Jmatone is pinkish. 
gr"Y limestone with a basal shale and chert 
c~le,&Smuchas52metersthic:k. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):- EJ Paso (Jmatone 
(Loo.ver Ordovcim and Upper Cambrian), Abrigo 
Formation (Upper and Mickle Cambrian), and 
BoI:silI. Quartz (Middle Cambriilln), 
undifferenliillled.-EJ Paso l.imestone is II gray, 
thiJl.bedded cherty limestone and dolomite 90 
meters to lIbout 220 meters ltick. Abrigo 
Formatno is II brown, dUn-bedded foailiterous 
linatone, 5i\rdstone. quartzite, and shale, 21Q. 
240 meters Itjck. BoIs.a Quartzite ilia brou..TI to 
whiteorpurptish-gray,thick-bedded. coarse­
grllinedquartzitean:!5Ilndsronewilh a bilISiII 
conglomerate, 9O-U!O meters thick. To the east, 
~nt5 01 part d the Abrigo Formation and 
BoI:silI. Quartzite lII'C kroNn lIS the Coronado 
Sandstone. 
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Se<imenlary rocks (Upper and Mickle Cambrian)­
Abrigo Formation (Upper and Mickle Cambrian), 
and BoIsa Quartzite (Midcle Cambriilln), 
undiffereniated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-MainIy 
granodiorite and quartz I'I'lOI'ISOI"ite, untoliated 10 

foliated. i"I part mellltl'lOl'phose Generaly in 
stocks, \.lAich aM been &!tIe studied. 

PiNAL SCHlST {PRECAMBRIAN X)--Ct-bite scMt, 
phyllite, and some met~ric rocks, 
metavoIcaricrocks,~rtzitl!,rnetaquar1zite 
conglomerate, and gneis.s, Qw metavok:aric rock 
dated ill 1715 m.y. 

CONTACT- Dotted ......t.ere concealed. 

MARKER HORiZON- Dotted where corualed. 

DIKES-~dip. 

FAULTS-Shawtng drp, Dotted where coocealed Of 

intruded; baD and bilIr on doutnlhTO\.Vl"l side. 

Strike·stip-Arrow couple shows relatIVe dispLxement. 
. Single arrow shou.'5 rnovemel'lf 01 active block. 

Moljor thrust fauh - SIIlWleeth on upper plate . 

Thrust fault-Sawteeth on upper plate. 

Anticline. 

Syncline. 

1nc:1ined strike lind dip 01 beds. 

EXOTIC·BLOCK BRECCIA-Rock contains ct-ip or 
block indusions 01 rock differenl from those d 
kost Of other bIocksnearbo,.r. Typicallyolvolcaric· 
lectonicOfsedirnentafy-tectonicorijn;ellcll.ldes 
Tertiary~ecciadeposi1s. 

Site 01 wei (]I generalized site 01 ~raI wells, showing 
unif penetrated, if known, and depth 01 weD, in 
feet . 100 feel equals 30.5 meters. 

COLLECTION SrrE- Radiogerically daled rock 
showing age in millions 01 year5. Query before 
symbol where prKise location uncertain . 
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Geology adopted from Drewes , Harold, 
1980, and Newell, R.A. , 1973. Figure 3. Generalized geological and structural map on screened 

topographic base. 
By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

31 QTgu 

.... 



Explanation 

. 111 111 111 111 11 

I I 
111 111111 1111 11 

~ 
~ 

Land Status 
Public Domain· Mineral and Surface owned by 

Federal Government 

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

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

Fee Simple · Mineral and Surface privately owned. 

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

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

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

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

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

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

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

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

Tombstone Development Company, Inc. lands 

111111111111111 

1 1 

_ 111111111111111 

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

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

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

Patented Mining Claims owned by Tombstone 
Development Company, Inc. 

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

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

Roads and Highways 

Dry wash 

111111111111111 Southern Pacific Railroad 

Government Reservation Boundary 

- ------- Aqueduct 

A---A ' Cross section line 

1 

~I!!Iiiiiii~'iiii;;;JiiilO~~~~iiiiiiiiiiiiiiiiiiiiiiiiiiil~~~I""·· ~ Tombstone Development Company, Inc. 
Property map showing ownership of major , Tombstone, Arizona 

Land Status Map, Tombstone 
15 min. Quadrangle 

By Thomas E. Waldrip , Jr. 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 5. 
holdings of mineral rights in the Tombstone 
area. Red overprint shows state, federal and 
private land and lands with mineral rights held 
by the Tombstone Development Company as 
of October 15, 1981. 
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Geology 
OLDER OR UNDIFFERENTlA TID SURflCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, sand. an::! silt {P\eistocene and PIiocene­
MaWy alluvium 01 basin&; irdudes some 
coluvium and landslide deposits. GeneraDy i9'1t· 
pQtish~, u..eakJy irv:Iurated. an::! with poorly 
rOU'lded clasts; locally wei indurated. 1hcknes.s 
sewraI meters to hUldreds of meters. 

Basalt (PRistocene to PIiocene)- lalla ftou.os, 
pyrock\stic rocks, and some intercalated gravei. 
Thickness wwraI meters to a ~ hWldred melen 
in most places. IWiiomenic.a1ly dated.al 0.25. 1.0. 
aM 3.2 m.y. old 

ExtmsM! andesite ard dacite (Miocene and Upper 
OIigocene)-lalla flows. pyrodutic: rocks, some 
inleJUlated epiclastic rocks. and dikes. Mostly 
gnIy,6ne-grained, porphyritic rocks; indudes 
some wry coarse feldspar porphyry ondesile 
(Turkey track pofphyry, 1m infOl'Tl'\i'ilterm 01 
c.....,.... •• 19(1). n-.ic~ ,))0)6t1y wucral mcte~ 
10 sew-rbl tens 01 meters. Dated at 24.25, '1:1. 33, 
and 39 m.y. 

Extrusive rhyolite and rhyodacite (MIocene and lipper 
Oligocene- lalla ftou.os. welded tuff. pyroclastic 
rocks, and some intercalatedepiciastic rocks. 
L911.gray 10 grayish·pink. vitoc to line-grained. 
p.:trphyritic. Commonly a lew lens 10 a Jew 
lhousand eM meters thick. Dated lit 23, 24, 25, 26. 
26. 26, aTd '1:1 m.y. An addiMna) date of 47 m.y., if 
sub5tantiated, mayindJc.ate the presence ol 
Eocene rocks in the lower member 01 the S 0 
VoIcaOCs 01 Coc:hise Co. 

~ Cor9ornerate. grao.oeI, ard sand (Oligocene and 
Eocene?)-Alluvium; cornrTlOriy grayish·red 
depositsoismall. weBl'OISIded,nonwIc.aric 
cIa.s~ Mosdy several meters 10 a few tens 01 
meters thick. 

UPPER CORDILLERAN (lARAMIDE) IGNEOUS 
ROCKS {LOINER PAl£OCENE):-l..ower 
voIc.aric rocb-Rhyolile to andesite lava flows, 
pyroclastic rocks.aTd sorneinterc.alAtedepiclastlC 
rocks. DIlled al 57 m.y. Possibly j.'Q~r "9C to 

MAIN CORDI1..l.£AAN (lARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and aptitic Intrusive rocks 
(Paleocene and lipper Cretaceous)- Moslly iaritic 
porphyry to d/lciric porphyry in small stocks and 
plugs and aptitic bodies not associated with other 
graritoid stocks. Dated at61 . 63, 63. 64, and 65 
m.y. 

FluidIzed intrusIVe breccia - eII.lICl age unknown. but 
penetrates, and thus younger than Uncle Sam 
porphYIY· 

Rhyodacite lull and welded tuff. - Includes p;!rls oS 
Salero Formation. Sugarloaf Quarlll.atite. and 
BrOnCO Volcanics. and all of Red ~ RhyOlilf. Cat 
Mounlain Rhyolite oS Brown (1939) and Uncle Sam 
Prophyry. IncludeS local intrusive bodies and locally 
contains fragment~ of exotic rocks. Thickness 
commonly several tens of melers to severo! 
hundreds of melers. Daled al 66(?). 70. 72. 73. and 
73 m.y. The Uncle Sam. in the Tombslone area. is 
datl!'d72 m.y. 

Andairic 10 dadtic ~ brecciB.-1nc1udn parts 
01 SoIero Formation, Sugarioaf Quartt latile, aM 
Bronco VoIcarics, and ill cl DEnvtriI: Vobnics 
and~Forrrationcl~(1958). 
Corrn-o'IIy conz.ins lugE bloc!!. cl exoric rocks 
and 10caly includes some sedimentary rocks and 
intrusive rocks. SevmIItene. oI!N'1en to MYmII 
hundRds cl melen thick in most places. 

Lower quart! montonite and graodiorite - Includes 
some quarlt diorile; appears in small stock • . 
locOlliy associated with mine1-alitation. [R,red al 70, 
71. n. 73. 74. 74. 74. "nd 76 m.y. The Sdtiefmn 
granodorite al T omb5tooe is 72 m.y. 

Roads and Highways 

e -.-"- Dry wash 

! I I : I I : I : I H-H+ Southem Pacific Railroad 

_ . - --_.- Govemment Reservation Boundary 

----- ----- Aqueduct 

A----.A ' Cross section line 

Explanation 

BISBEE FORMATION OR GROUP. 
UNOtFFERENTIATED (LOWER 
CRETACEOUS):-Upper pI1rt of Bisbee 
Formation or Group. urdifferentlared, and related 
rocks.-Includes upper pM! 01 &bw Fonnation, 
Mural l...imesI:one, Morita. Cintura. Willow 
c.",.on. Aoo<",c.n,.,n,SholIe_c.",.on 
and Tumey Ranch FOI'lTIIIUons (not isted in 
smr.~ sequence) 01 rt-e &bee Group. 
AmoIe Arko5e of ~nt and KInman (1954). ard 
Angelic More. Consistsclbroo,o.rnish· loreddish· 
arkOM, gray siltstOfW. sandstone, conglomerate, 
and some fO$Siliferous grl¥y limestone. Comrnonly 
several h1.ll'ldn!d melers thick 

GRANITE AND QUARTZ MONZONITE 
(JlIRASSIC}-Stocks 01 pinkish.gray coarse· 
grained rock.l...ocaIlya»ociated with 
mineralization. Dated at 140. 148, 149, 149, 150, 
153, 160, 161. 167. 178, 1asm.y 

Sedmentary rocks (lower Penri!.n and Upper 
PerYlS~rian)-consisl' 01 Epitaph DoIorrite 
~ ~n), Coina Urnestone (l...crwoer 
Permian). and Earp FOITf\lItion (lower Permian 
;mel Upper PeTVl~rian). undiffen?ntialed 
q,itaph D%rrite it; a dark· to IishtiP1'V sightly 
cherty dolomite. limestone, marl. siltstone. lIrd 
!MJSUm. 12().28J meters thick. Colina Urnet;tone 
is a medium gl'l¥y, thick·bedded, sparsely cherty, 
and ~ fossiliferous timestooe !2().28J 
meters thick. Earp FOfTI'Iation is a paIe.red 
siltstone, mudstone. shiUe. and imestooe, 120-240 
meterslhick 

HorquiBa Limestone (Upper and Middle 
Pe~rian)-Ught·Pnkish.gray, thick· to thin· 
bedded. cherty. fossiliferous imestone and 
iNercaLatedpale.brO'Nftto pale.reddish.gray 
siltstone that increases in abundance upward. 
Typic.a9y JOO.49O meters thick. 

SEDiMENTARY ROCKS (MISSISSIPPIAN AND 
DEVOffiAN)- ConsIsts mainly 01 ~brosa 
l...imesI:one (Mississippan)-Ioc.alIy (Armstrong 
and Silberman, 1974) called Escabrosa Group­
and Martin Formation (Upper Devonian). 
undifferentiated In part of the Chiricahua 
Momtains also irdlldes Panldi5e Formation 
(Upper Mississippan) and Portal FCWT'TllItion 01 
Sabins, 1951a (Upper Devonian). In the Utdl! 
Oragron Mountains and 50me ~nl hiis also 
II'ICLdes Black Prince Umestone, whose fauna 
and cC1n'elation show strongest.affinities; with 
Mis5i:sSppian rcx:ks but whch may include some 
Pemsylvarian rockS. Escabrosa linestOfW is a 
medi16n~, T1'1oM5ive 10 thick-beddtd, cOl'l'll'l'l!lri 
crinoidal. chertv.fossiliferou.simestone9Q..310 
!N'Ien thick. ~rtin Formation is thick· to thin· 
bedded, ~ to brou.m ddomile, ~ sparsely 
fouiilerous, and some siltstone and sandstone, 
g(l.l2O meters thick. PaRlCti:se Formation is a 
brown, foasiliferoU5, 5haIy Cnestooe. PtIrtaI 
Formation isa black shale and imestone ().1(l) 
meters thick.. Black Prina: Umnlonr is pinkM. 
gray limestone wilh II basal shale and chert 
congIofnerate, as much as 52 melllTl thick. 

SE1>lMENTARY ROCKS {LOWER ORDOVICIAN 
TO MIDDL£ CAMBRlANJ:-El PMo Limesl:one 

1'-' """"""'" ond """"' CambrionJ. Ab<'oo 
Formation (Upper and Mid(Ie CambrilIn), and 
SoU Quan: (Midcle Cambrian), 
undifferenriated-8 Paso Limestone is II gray. 
thin-bedded cherty imestooe "nd dolomite 90 
meters to about 22O!N'Ien lhick. Abrigo 
Formation is a brown. thin.b«Ided fossiilerous 
limestone. sandstone. quantile, and shale. 21(). 
240 I'nIHIITI thick. Bolla Quartzite is a brown to 
....nleorp!.l'pi:sh.gray.thick.bedcled.coarse· 
!J1Iined quartzile and sandstooe with a buaI 
conglomerate. 9(). 180 meters thick.. To the ea5I, 
~solparlcitheAbrigoFormation and 
Be-. Q.artzite an! known as the Coronado 
SondOI ..... 

• 
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Sediment.ary rocks (Upper and Middle Cambrian)­
Abrigo Formation (Upper and MidcIe YmbOan), 
and BoIsa Quartzite (Middle Cambrian), 
undifferentiated 

GRANITOID ROCKS (PRECAMBRIAN y):- MIIinIy 
gr;modiorite and qUMtt IT'OrISOf1ite. urtolialed 10 

foliated. in part melAl1'1CM'phosed. Gerwraly in 
slocks • .....nich at- been ti!de studied.. 

PINAL SCHIST (PRECAMBRIAN X)-ChIorile schist, 
pOyIIile, and some metavolcaric rocks, 
met.avolcaric rocks, metaquartzite, metaquartzite 
conglomerate, and gneis6. One metavolcaric rock 
daledaI1715m.y. 

CONT ACT-Dotted lIoo'here concealed 

MARKER HORIZON- [)o(tc<! whert' cCll'lOOAled. 

DI~dip. 

FAlJL TS-Showing ctip. Dotted where cooc~ Of 

intruded; baR and ~r on dounlhrown side. 

Strike.sip-Arrow couple ~ relatIVe disp1ac~. 
SingJe arrow $hoI.us movement 01 acriw block 

Maio!' thrust fault-Sa\.\lleeth on upper plate. 

Thrust faull-Sis\.\ll~h on upper pla te. 

Anticline. 

Svn<in<. 

Inc.Iinedstrlkeancl dip 01 beds. 

EXOTIC·BLOCK BRECCIA- Rock contains clip or 
block inclusions 01 rock different !rom lhoseol 
host Of other blocks nearby. Typically 01 voIcaric· 
teclonic or sedimentary-tectonic origin; ellCludes 
Tertiary megabreccia deposits. 

Site 01 well or generalized site 01 several wells, showing 
uM penetrated. if known, and depth 01 well. in 
feet . 100 feel equ.als 30.5 meters. 

COLLECTlON SITE-RadiogenicaJly dared rock 
showing age in millions of years. Query before 
symbol where precis.e kxarion uncertllin. 

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

1980, and Newell, R_A_, 1973. 

By James A Briscoe 
James A_ Briscoe and Associates 
Tucson, Arizona 

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

Distribution pattern for high silver ratios in dump 
samples (in red)_ 
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Geology 
OLDER OR UNDIFFEREN11ATED SURFlCAL 

DEPOSITS (HOlOCENE TO OUGOCENE):­
Gravel, sand, and sit (Pleistocere liM PIioceroe­
MairVyaIkMt.mabasins;n::1udes1Ofrc 
colluvi\Jmand landslide deposits. ~~~t· 
pinkish gray. \W.i1k1y indtnted, and IIith poorly 
rounded dasls.; JocaDy wei indurated. ThIckness 
5eWraI meten \0 hundreds of meters. 

Basah (Pleistocene to P'ioc:ene)-uva!\ow&. 
WOClastic rocks. and some inteTCalated gravel, 
ThIckness ~ metetll to a few huncircd meters 
in most pla(:es. Radiometrically dated lit 0.25, 1.0, 
and 3.2 m.y. old 

Extensive ardesite and dacite (MIocene and Upper 
Oigocet'll!~Uva flows , pyroclastic rocks., some 
intf!l'Calaled epiclastic rocks. and Qka. Moldy 
~,~. porphyntic rocks;1I'lC1ucies 
wme wry COiUX feIdsp;!r porphyry andalte 
cr u~ track porphyry, an informillmn 01 
Cooper, 1961). Thickness nudy seYeflIII meier, 
to 5eW'rilllens 01 melt'rS. Dated at 24, 25, V.33, 
MrlJ9m.y. 

Extrusive rhyolite and rhyodacite (Miocene ard Upper 
OIigoc:ene-l..2tvaflou,.s. ~tuIf. pyroclastlC 
rocks, and some i"Itercalated epicl/!l5ric. rocks. 

~~O~~':W~~::~' 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and V m.y. ArI addirional dlIre of 47 m.y., if 
IUbstantiated, may inctK:ale Ihr pruence 01 
Eocene rocks in the lower member 01 the S 0 
Volcarics ol Cochise Co. 

l.ower conglomerate, gravel, and sand (Oligocene and 
Eocene?)-ADuvium; CCll'M'\OlVy grayM·red 
<kposi($cI smaD, wei r~. notMlIcanc 
c1Mts. Mostly SoeIAmII melef"S to a lew leM 01 
melersmick. 

UpPER CORD!Ll..ERAN (lARAMIDE) IGNEOUS 
ROCKS {lOWER PALEOCENE):-L..oo.ue-r 
voIc.anicrocks-RhyoIitetoande5itelavoliflow5, 
wodtstic rocks, and some r.tercalared epiclasric 
rocks. Oared 41 57 m.y. PosQbIy youlgeT age 10 

MAIN CORDILllkAN (l.ARAMlDE) IGNEOUS 
ROCKS:-Porphyritic ard apilic IIllrusNe rocks 
(Paleocene ;mel lJpper Crct.xe0u5)-Moitly lalltic 
porphyry 10 daocitic porphyry in small stocks and 
plugs and ap/itic bodies not aMocllued Wllh other 
~oid stocks. Dated al 61 , 63, 63, 64, ard 65 
~,. 

Fluidized intrusIVe breccia - Cl<oct il9'l' unknown. but 
pcne lrates. and thus younger IMn Unc~ Sam 
porphVl'Y. 

Rhyodac:lle lull and welded ,ull. - Includes PIIrts of 
SlI1ero ForrMtion, Sugarloaf Quam utile. and 
Bron<;o VoicilnlC$. lind "" 01 Red BlIy Rhyolll~ . ClII 
Mount<lln Rhyolile of Brown (1939) lind Uoc~ Sam 
Prophyry. lncludn Iocallfllrusive badin and Iocilly 
coolauu IragmenlS 01 trXOIIC rockt.. ThlCknns 
ConvnoNy sewral tens 01 nwt'"" to Sl!WT'aI 
hundreds 01 mcICr5. Dated a l 66('1). 70. n. 73. and 
73 m.y. Thc Uncle Sam. In Ilw Tombstone area. 15 
dotled nm.y. 

AndesiticlOdIcitic...Qcarjc bn!c:cia.- incklCleSpatt' 
olSokrroFormation,SugarioaI' Q.Jartz U fut,lInd 
Brorco VoIc.arics., and aI d lJemetrie Vobrics 
iII'd SiwrbeI Formation d ~t (1958). 
(..ommoNy contaioslarge I*xks 01 exotic rocks 
ill'd1ocaly~sorneM<imentaryrocksand 
inl:rusiveJOCks.~te~oI~CfS to sevt'l'aI 
hundrIdI 01 meters tNc:k in moa pIaca. 

Lower quartz monzooite and graodioritc- lncludn 
SOrT\(' quartz diorite: <lppeau in , mall stocks. 
LocilDy it5~i<lIed wilh mineralization. Dated al 70. 
7 1. n. 73. 74. 74. 74. and 76 m.y. The Schiefmn 
grnnodorite .u Tombstone is n m.y. 
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BISBEE FORMATION OR GROUP, 
lJNDIF'FEREJ'mATED (LOWER 
CRETACEOUS):-Upper part d Bisbee 
Formation or G~, urdfierenDatcd, and ,wted 
rocks.- Indudes upper part d Bisbee Formation, 
Mural ~orw, Morita, CinlUra, Willow 
Canyon, Apache Canyon. SheIlenberser Canyon 
and T UI'1'ICY Ranch Formations (~ listed in 
S(ratigraphic: sequence) of the &bee Gruup, 
AmoIe MoM 01 Bryant and Kinnison (1954), and 
Angelic Alkose. Consists 01 browrush· to reddish­
arkose, gray JiltstOnll:, sandst(lfle, coogiorrerare, 
and some fossiliferous gray lime:itooe. Commonly 
aeveraI hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-Sloclud ~coarw· 
~drock.l.ocaIIyu.sociatedwith 
Il'W'IeI'iIizanon. Dated at 140, 148, 149, 149, 150, 
153, 160. 1(,1, IG7, 178. 185 ",.y. 

SedancTury rocks (l.o.wr PmTNn and lJppu 
Pe~rian)-c:onsistJ 01 Epitaph DoIortite 
(L..ower f'trnMn). ColIna lJmatone (l..oweT 
I'erri1n), and Earp Formation (~ PmniIIn 
and IJppn P~nan), undiffCfl!nriated. 
Epitllph DolomiTe is a dark· to irj\t-gray sIiojldy 
cherty dolomite, Wnutone, marl. smstone, al'ld 
!lIJ)iUOl. l2().28) meters thick. Colina limestone 
is a medium 91'<1\'. Thick·bedded, sparsely cherty, 
and spwKly fossiliferous bmestone 120-28) 
meters thick. u rp Formation is a pale·red 
siltltonl!, mudstorw. shale, and imestorw, l2().240 
meteTs thick. 

t-bQUila l...imeslone (Upper and Middle 
P!msytvarian)- Ugtu·pinkM.gray, thick· to fhio. 
btdded, cherty, fOS5iiferous limestorw and 
il'llercalated praIe-brown to paie.redcish.gray 
iitstQl'll!tMlincreilSainiJbundanceupwan:l. 
T~D).490metersthick. 

SEOO1EN'TARY ROCKS (M~ AND 
DEVON1AN)-Corwi5IslTIiIiriy of f.5cabrosa 
l.imesIorw (Mis.sis&ippian)- 1ocaRy (Armstrong 
and Sil>erman. 1974) called EAc:.abrosa Group­
an:! Martin Formation (LIpper Dewnian). 
undifterennated. k'I part c:I the 00irUhua 
Moml<lins also inck.xies Paradise Formation 
(~~)and Portal Formationcl 
Sabins. 1957a (l./pper Devonian). k'I the Little 
Dragoon Mountains;and some ac5acent ~ also 
indrdu Black Pnnce u rnestone, v.rhow f,;,una 
and c~rion shoM 'fI'OngeSt affinities with 
Msaislippian rocks but iNt'ich may include some 
Pemsylvarian rocks. E&c<Ibrosb lJmestone is a 
meci...".gray, mauive to thick-bedded, COI'TII'OOrly 
crinoidal , cherty, f~el'OU5 imeslone 9().310 
mete" thick. MArtin Formation is thick· to thin· 
~, !J'lty to brown dolomite, gray sparsely 
fossiliferous, and some siltstone and saMstON!, 
9(). 12() meters tNc:k. PandiK Formation is a 
brown, f~,",oos, IhaIy lmestone. Portal 
FOITI'I1IOOn is II bIock ,n;w lind irnatOOl &1{6 
meta-sthick. Black Prinee L.imestone: is pinkish. 
gray limestone with II buallhale and chert 
conglomerate, os much as 52 meters dW:k. 

SEDlMEN'TARY ROCKS (LOWER ORDOVJCW.I 
TO MJO()U CAMBRlAN):- B Paso lJmestone 
(l...ower()rdor....;cianandlJpperCambrian), Abrigo 
Formation (Upper ;and MidcIe Cambrian). and 
BoU Quart;r. (Midcle Cambrian), 
undiIfmmtiated.- B Paso l.imatone if a !J'1Y, 
\hin.bedded ct.rty imutone and doIorrite 90 
metft"l to about 220 ~en thick. Abrigo 
Formation ill a brown, thin-bedded fOMilerous 
limatone. sandstorw, quartzite, and 1hiIk!, 210-
240 mi!tl!fl tt.ic.k.. BoIJa Quartzite if a brown to 
....fttcor~, thick-b.oded,coane. 
!P"ained quartzite aM sardslorw....;d, II basal 
conglorNriltc, 9().I8J nwtcnlhil:k. Totheeur, 
equio.eImt. 01 part 01 the Abrigo Formation and 
BoIu Qui!nzn. lIN known lit d. Coronado 
SondoIono. 
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Sedimenl:ary rocks (lipper and MidcIe Cambrian}­
Abrigo Formarion (l,%lper <lnd Mickle Cambrian), 
and BoIsa Quartzite (Middle Cambrian), 
lIf'ICIiIW'enriated. 

GRANITOIO ROCKS (PRECAMBRIAN Y):-MainIy 
9fi!lnodiorite and quanz monaonile , ur401iated to 
foliated, ., part ~amorphosed. GeneraIy in 
stocks, w..ttich <1M been ~nIe studied. 

PINAl SCHiST (PRECAMBRlAN X)- ChIorite schist, 
phyIile, and some nwtao.dcaric rocks. 
metao.IOIcark rock&, rnltaq.lart tite, melaquart tite 
c~le,andgneiss. One rrwlal.'Obnlc rock 
datedar 1715m.y. 

CONTACT - Dolted lIIkreTe ccnculed. 

FAUL TS-ShoMng cip. Dotted where corv:uIed or 
II1trUded; bid and bat 00 cIowrtthrown D . 

Slrike·sip--AnowcoupleJho,o..srelatl\iedisplaamwl'll 
Single <lnow shows Il"IOWITIent olaclM! biock. 

Thrust fauIt- Sawtnth 00 upper plale 

Antidre. 

Inctined strike and dtpolbeds. 

EXon C-BLOCK BRECCIA- Rock contains cNp or 
block inclusions 01 rock differcnt from !hole of 
host or orner blocks nearby. T ypicaJly oI.....xaric· 
tectonic: or se<imenti)'Y'tectcQc ori9n; excluda 
T ertialy megabrec:da c:iej);)&t4. 

Ste 01 wei or generalized site of several web, showing 
urit p!!netrateci. if known. and depth of wei, in 
feet . tOO feet equals 30.5 meter~ 

COUECTlON SfTE-Radiogenicaly dated rock 
~. in miIIicrn$ of years. Query before 
symbol where ,,«1M IociIrion uncl!T1l11n. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

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

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

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

Distribution pattern for high zinc ratio in dump samples 
(in red) . 
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Geology 
OlDER OR UNDIFFERENTlATED SlJRFlCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, ~nd, and silt (Pleistocene and PIiocene­
Mainlyalluviumd basins; iocludes sonw 
colltMum and landslide deposits. Gel'lmllly iglt. 
pinkishgray.~ldyind\Jr3ted,andWlthpoorly 
rOlrIded clasts; locally v.oeII indurated. 1Ncknes.s 
~ meters 10 h~reds d meters. 

Basalt (f\ristocerE to PIiocene)- Lava f\ow$, 
pynxlasric rock$, and some inlercala.led gravel. 
Thickness 5e\.0"aI meters 10 a leoN hundred melers 
in I"I'IOQ places. Radiomelricaly dated at 0.25, 1.0, 
and 3.2 my. old 

Exter\Sive andesite and dacile (Mixene and Upper 
OIigocene)-Lava.rJou..s, woclastJC rocks, 5OfT1e 

intercaated epiclastic rocks, and dikes. Mostly 
gray,fine~,porphyriricrocks; if'dudes 
some wry coarse feldspar porphyry andesite 
(Turkey track porphyry, an infOfTTli'il term of 
Cooper, 1961), Thickness mosrly SoeVImII meters 
10 several tens d meters. Dated a124, 25. 27, 33, 
and 39m.y. 

Ext~ rhyolite and rhYQdotcite (Miocene and Upper 
Oigocene- Lava 1\oI.us, welded tuff, pyroclastic 
rocks, and 5OfT1elnterc.alatede,:icla.sric rocks. 
l.i!jlt~ to gr<IYish.piok, WB: 10 fine.grained. 
porphyritic. Commonly a leoN tens to a leoN 
thousand of meters thick. Dated al 23, 24, 25, 26, 
26,26, and 27 my. An addirional da.te d 47 m .y., if 
substantiated, may indiaate the presence d 
Eocene rocks in the lower member d the S 0 
VoIcarWc$ 01 Coct'liseCo. 

Lower congiol'l"lel?l te , gnweI, and sand (Oligocene and 
Eocene?}-AIluviwn; commonly grayish·red 
deposits cI small, well rounded, nonvolc:aric 
clasts. f..1ostly _nil meters to a few leNl ol 
meters thick. 

UPPER COROIll.ERAN (lARAMlDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-l...ower 
'JOIcaric rocks-Rhyoite to a.nc\nile lava f\ow$. 
pyroclastic rocks, and some in terciWIloo epiclastic 
rocks. Dilled at 57 m.y, Possibly younger agr to 

MAIN CORD!L1.EkAN (lARAMIDE) IGNEOUS 
ROCKS:-Porphyritic and apliric intrusive roclu 
(Paleocene and LIpper C R!taceous)- MosIIy lariric 
porphyry to dacitic porphyry in small stocks and 
pIug5 and a.plitic bodies not ~ted wilh other 
gnriloid s tocks. Dated at 61 , 63, 63, 64, and 60S 
m.y. 

Flu idned int rusrve bre<:cia - exiKt age unknown. but 
~neltatu. and thU$ you~r lkilo Onc'" ~m 
porphyry. 

Rhyodacite lull;md ~ tuff . - Includn parts 01 
S.,lern Form.1tion, Sugarloal Quan~ Latil/! , lind 
Bronco VolcM~S, and ail of Red & v RhyQI'te. Cal 
Mountain RhyoIitt .oI BrOuom (1939} ..,nd Uock! Sam 
Prophyry. Includes local intrusive bodies and locally 
contains 'ragments 01 exotic rocks. Thickness 
commonly 5eWral l~ 01 met <!TS 10 RWl'aI 
hundreds 01 melers. Dated at 66t?l, 70, 72. 73. and 
73 m.y. The Uncle Sam. io lne Tombstone art a, is 
daled 72 m.y. 

Andaitic 10 dBci6c wIc.aric bNccia.-1nc:1ucIa part. 
d So6rro Formation, SugarIoot Quartr Lalite, and 
Bron:::o VoIc.arica, and III d Derne1rie Volarja 
and SiIwrbtI Formalioo of Courtieht (1958). 
ConwnonIy cClll'Minl Iarge biocks d exotic rocks 
ard locally indudes $OITII! Mdmrrufy rocks and 
intruIiw rocks.. StwraI tens d metef110 sevenII 
hw-dreds d n.Ien tt-ick in molt pIKa. 

Lower quartr mooronile and graodiorite- Includn 
5Of'I"II! quart z diorite ; appears in smaI s tocks. 
locally associa ted with minerilli.:ation. Datro a t 70, 
71, 72.73.74.74.74, and 76 m.y. The Schidflin 
gralllJdurit, at T omb.tone II 72 m.y. 

Roads and Highways 

e - .. --.--- Dry wash 
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BlSBEE FORMATION OR GROUP, 
lJND!FFERENT1ATED {LOWER 
CRETACEOUS):- Upper part of &bee 
Formalioo or Group, undifferentiated, and relaled 
rocb.- lrdudes upper part cJ. &bee Fonnarion. 
M~ limestone, Morita, Ciotura, W~ 
Canyon, Apciche CaryJO, SheIMmbefgll:r CaryJO 
and T UITII!'Y Ranch Formations (not bled in 
stratigraphic seq.Jence) 01 the Bisbee Group, 
AmoIe Mose d Btyant and Kinnison (19:54). and 
Angdic Arkose. Consists 01 broINnish, 10 reddish, 
ari<OI!e, gny Ailtsrone, sandstone, conglomerate, 
and some fossililerous gray timestone. CommooIy 
several huMred melers thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC~ks 01 pinkbh-gray coarse· 
grainedrock.l..ocaIIya..s.sociatedwilh 
rnmerabation. o"ted at 140, 148, 149, 149, 150, 
153, 160, 161 , 167, 178, 185 my. 

Sedimentary rocks (lower Pwmao and Upper 
Pernsylvana.n)--<:onSsfs 01 Epitaph Dolomite 
(lower Pemian), Colina Umeslone (l...ower 
Permian). and Earp Formation (L..oo.wr Permian 
and l.Jpper Pe~riao). wWfferenMIed. 
Epitaph DoIornl/! is a dark· ID !ight-gnty sl9trly 
clw:rty dobrnle, irnatone, marl, siltstone, and 
!M$Jm. t2().2M meters thick. Colina Umestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sp<Lr'5eIy fossiiferous limeslone l2Q.28J 
melers thick. Earp FOftl'\ation is a paIe·red 
5iltstone, mudslone, 5haIe, and imalone, l2Q.240 
meterslhitk. 

HorQuiIIa l..imestone (Upper and Middle 
Pemsy!vanilln)-light·pinkish.gray, It-ick· to thin· 
bedded, c herty, fossiliferous limeslone and 
bnerc:alatedpale·bl'OUoln to paIe,A!ddish-gray 
siltstone' tha t incr~ in abundance upward 
Typicaly JOO.490 melers thick. 

SEDIMENTARY ROCKS {MlSSlSSIPPlAN AND 
DEVONlAN)-Coosists mainly ol Escabrosa 
Limestone {Missis.sipsjan)-b:a!y (Annstrons 
and Silberman, 19'74) called Esc.abrosa Group­
and Martin Formation (Upper OeYonianl. 
undifferenMled. In part 01. the Chiricahua 
McM..ltains also includes Paradise FQTTNItion 
(l%Jpef Missi.ssippilI.n) arw:l Portal Formation 01 
Sabins, 1957a. (Upper Devonian). In the wtde 
Dr1tgooo MouoUlins and.some ad;acent his also 
irciudu ~k Prince l.imesIone, whole fauna 
and cOl'Telation shou.rsl!'OI"IgeSt affiritieswith 
~n rocks but wt-ich may ncJude some 
Pemsylvarian rocks. Escabrosa l...imestone is ill 
mecila'n-sraY, rnlI.SIiw to t/'ic:k-Oedded, commonly 
crinoidaI, cherty, lossiIlerous i-nestone 1JO.310 
meters thir:::k. Martin Fonnarion is thick· to thin­
bedded, tpI-J to ~ dobrite, gray spIlI"SCiy 
fo5siterou5, a.od ~ sitltone and sandslone, 
IJO. l2Ometm tt-ick. ParaciIc Formationisa 
brQo..m, foMikrous., shaIy lmestone. Portal 
FOf1'1"Ii2,nona o beck~ AOd imatonc 6- 1~ 
met<!J'$ thick. BIrtock ~ ~one" pinkish. 
gray lima1on. with a buaI ..... and ctwrt 
cor9:wntrate, ioS much as 52 meters II'lick. 

SEDIMENTARY ROCKS (LOWER 0R00VIClAN 
TO MIDDLE CAMBRIAN):-El Paso limestone 
(Low.r C>n:kMdao and I.)pp« Cambrian), Abrigo 
Formation (Uppu ord Mdde CambrianJ, ord 
8oIIlI.Q.anz (Po&kIRCarnbrian), 
urrlffrermtiated- El P.o l.imatCJIW it a goay, 
thi1-bedded chrrty Irrwstone and ddofrite 90 
metm to about 220 n.Ien tl'ick. Abrigo 
Formation is a brown, thin-bedded fOMilerout 
\irnntone, ~one, quartzitt, and ..... , 21(). 
240 rneten thick. 806M Quanzil" it a brown to 
wMr or pwphh-gray, ttick.c.dded, ca.., 
~quart. andWlClltont wMh abad.al 
conglomeracc, 9().11ID rnners ttick. To It. .. , 
~s of .,.n 01. the AbrigoFOI"n'IAtion and 
Bo6a Q,wtzite M! kntMon .. the COfOr'IIdo 
Sordot .... 
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Sedirnerwary rocks (Upper and Middle Catnbrian)­
Abri90 Formation (lIpper and Middle Cambrian), 
and 80Isa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):- MainIy 
~eandquartzTTlOf\sooite, unfoia ted 10 
foliated,inpatlmet~. Generalyin 
stocks, which ahve been ~ttIe studied. 

PINAL SCHIST (PRECAMBRIAN X)-ChIorile scrul, 
phyIile, and some metavobric rocks, 
metaYoIcaric rocks, rnetaquanmt,me~e 
~te,and gneOss, Onemetavolc:aric rock 
datedaI17l5 m.y. 

CONTACT - Dotted where cMCeaIed. 

MARKER HORIZON- Dotted.....heR! concealed. 

DIKES-SMrw;ng dip. 

F AUL TS--$ho...oing dip. Dotted where concealed or 
intruded; blII and bar on downthrown side. 

Strike·slip--Anow couple shows rdalMi: cIispLxernenI. 
Single arrow shows movement clacrive block. 

Major Ihrust fauh-SaWleeth on upper plate. 

Thrust fault - Sawteeth on upper pIa!e . 

Anticline. 

Inclined slrio;e and dip 01 beds. 

EXOTIC-BLOCK BRECCIA- Rock contans dip CK 
block inclusions 01 rock differenr from tho!;e d 
host CK other blocks nearby. Typically olvclcaric· 
lectone or sedimenrary-lI!Ctone orijn; excludes 
TMiMy t'l'N93brecci.ll deposits. 

Ste of well or gmeraliud site 01 MWT'a1 weDs, shaMog 
. uniI penetrated, if known, and depfh of weI., in 

feet . 100 feet eqJaIs 30.5 meters. 

COLlECTION SITE- RadiogcricaJly da ted rock 
~ iII9I in miIion5 01 year • . Query before 
symbol wheT" precise location uncertain. 

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

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

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

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

Distribution pattern for high lead ratios in dump samples 
(in red), 
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Geology 
OlDER OR UNOiFFERENTlA TED SURFJCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, sand, and silt (Pleistocene and PIiocene­
~ alluvium 01 basins; includes some 
colkMum and landslide deposits. GeneRlDy light-
pinkish gray • ......eakly indUfilled, and lllith poorly 
rOlW'lded clasts; locally wei indurated. Thickness 
~ meteT:i to hundreds cJ meters. 

Basah (PleIstocene to F'Iiocene)-1....w.1 flews, 
pyroclastic rocks. and some intercalated gr?lvel. 
Thicknus 5eIRfaI meters to a lew hundred meten 
In most places. Radiometricaly dilled al 0.25, 1.0, 
O!'IndJ.2 m.y. oId 

Extensive andesite and dacite {Miocene and Upper 
OIigocene)-Lava Roo.vs, pyroclastic rocks. some 
inl~ted epicla5tlc rocks, and dikes. Mostly 
gray,line.grained, porphyritic rocks;inclucles 
some very coarse fddspar porphyry arde:sill! 
(T UTkey track porphyry, an infonn.1l tfmll d 
Cooper, 19(1). ThicknHs moslly several meters 
to sevv:raI ter1$ of melttS. Dated at 24. 25, V. 33, 
and39m.y. 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
Obgocene- LaVi!l /lows, welded tuff, pyrodasric 
rocks. and some iruercaJated epicLasric rocks. 
l.J91!.gray10 grayish'pink, Yitric: toline-grained. 
porphyritic. CommooIy a lew lens to a. few 
thousand of meters thick. Dated III 23, 24, 25, 26, 
26, 26. and Z1 m.y. Art additional date ol41 m.y., if 
substantiated, may indicate the P'"6I!nce ci 
Eocene rocks in the ~ rTlIimber ol the SO 
Voicarics 01 Cochise Co. 

Lower conglomerate, gravel, and !WInd (Oligocene and 
Eocene?)-ABUllium; commonly grayish·red 
deposits 01 ~. weD rounded, nonvobr-.: 
clasts. Mostly sew~ meters 10 a lew tens d 
meters thick.. 

UPPER CORDIll£RAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PAlEOCENE):-lower 
IJ()I.:aric rocks-Rhyolite to andesite lava bos, 
pyroclastic" rocks, and some intercalated epidasric 
rocks. Dated at 57 m,Y. PoMibIy yolJrl9l!r age 10 

MAIN CORDlLlHtAN (lARAMIDE) IGNEOUS 
ROCKS:- Porphyriric and apli~ intrusive rocks 
(PlIIeocene and lipper Cretaceous)-f.1osdy iatitic 
porphyry to daciric porphyry in small stocks lind 
plugs lind aptitic bodie5 not awx:ilIted lllith other 
grAritoid stocks. OlIted at 61. 63, 63. 64. and 65 
m·v. 

Fluidized intrusIVe breccld - eKiKt a9" unk!'lOWn. but 
penetrates, and Ihus younger thlln Uncle Sam 
porphyry. 

Rhyodao:'!e tuff aod Wf!1d«i tull . - Includes parIS 01 
Salero Formation. Sugarlodl Quartz Latite. and 
Bronco Volcanics. '!rId all of Red Bay Rhyohte. Cat 
Mountain Rhyolue 01 Brown (1939) lind Uncle Sam 
Prophyry. Includes local intruSIVe bodies and locally 
conI ",ins fragmenl$ 01 eKolic rocks. 1hickneM 
co<nmonly ~r3llens 01 meters 10 S(>WI"",1 

hundreds of meters. Dated OIl 66(?). 70. 72. 73. and 
73 m.y. The Uncle Sam. In Ike Tombstone area. IS 

dated 72m.y. 

Andesiric:tod/Ic:iB:voIcanicbfeccia.-lnck.lOeSparls 
d Sokrw Fonnation. $ugMioaf Quam u tite, and 
Bronco Volcanic" ard d 01 Demetn.e Voicariu 
aOO SiIwrbeil Fonnation 01 Courtri!tIt (1958). 
ConYnonIy contains large blocks 01 exotic rocks 
and IocaIy incIudn JOme M<irTlltl'\Wy rocks and 
intrusiYeroclu..Several tens 01 meters to sever3I 
hundreds at rTlItters thick in most places. 

l.ow\or quaft~ monzonite and 9roodKmte- lncludes 
sonw quartz OOrite; appears in smaJl stocks. 
Loc3l1y ill>5OCialed YtIIth mmeraHzlIlIon. Dated at 70. 
7!. n. 73. 74. 74. 74. and 76 m.y. The Schll!fflin 
gr:lnod0l'11e al Tombslone is 72 m.y. 

Roads and Highways 

e-- --'- Dry wash 

H+H++-H-rH__ Southern Pacific Railroad 

Explanation 
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BlSBEE FORMATION OR GROUP, 
UNDIFFERENTIATED {LOWER 
CRETACEOUS):-Upper part 01 Bisbee 
Formation or Group. undiffeTentiated, and related 
rocks.-Includes upper pan d Bisbee Formation, 
Murall..irnestone, Morita, Cinrura. \NiIIow 
Canyon, Apache CaJ'l<.,OO, ShclIenberger Canyoo 
and Tumey Ranch Formations (noc Dted in 
stratigraphic sequence) 01 the Bisbee Group. 
Amoie Arkose at Bryanl and Kinnison (1954), and 
~ Arkose. Consists d browrUh· 10 reddish· 
arkose, gray sitSlone, sandstone, con9oment.te , 
and some fossiliferous 9l<1Y ~mestone . Commonly 
several hUf'lCited meters 'hick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-Stocks d pinkish.gJi)Y coarse· 
gra.ined rock.. L..oc.aIy associated "";th 
mnerab.ation. Dated at 140, 148, 149, 149. ISO, 
153.160,161,167, 178, I85m.y. 

SedimentMy rocks ~ ~n and lipper 
Pe~rian)-coo5isu at Epitaph DoIorrile 
(l...oo.ORr Pvnnian), Coma UmuIOfW (lDwvr 
Permian). and Earp FotmIllion (!...ower Permian 
and Upper PeN'l5ytvarian), undiffer-enriated.. 
Epitaph Dolomite is a dark· to light.gray sidltly 
chlmy dolomite, imHlone, marl, siltstone. IIf'1d 
~, 12Q.281 me1er$ thick.. Colina Limestone 
is a medMn gr<I\I , thick·bedded. spaT5dy cherty, 
and ipilfseIy fOS5ilMouslimatorw 120-28) 
meters thick.. Earp Formation is a paIe·red 
siltstone, mudstone, shale, and imatone, 00240 
melersrhick.. 

Horquila lJrnesIone {Upper and ~ 
Pe~rian)-LighI·pinkishi!1llV, thick· to thin· 
bedded. cherty, fossiliferouslimeslone and 
intercalated paie.{)rown to paIe.redcish'9J'llY 
Mtstone thilt increases in abundance upward. 
Typicaly 30).490 melers thick. 

SEDIMENTARY ROCKS {MISSlSSIPPIAN AND 
DEVONlAN)-Consist5 mainly aI E..cabrosa 
line5tone (Mississippianl- 1ocaIIy (Armstrong 
and Silbermal\ 1914) called Eacabrou Group­
and MMtr. Formation (Upper Devorian). 
undifferentiated. In pat! of the Chiricahua 
Moultains also includes Paradise Formation 
(Upper Mississippian) and Portal Formation 01 
Sabins. 195711 (lipper ~n). In the Unk 
Dragoon Mountains ",rd some ~nt hib also 
incUdes Black Prince Limestone, wno. faUN 
and c~rion5hoNSI~ affini6eswitn 
MIssissippian rocks but wncn may include.lOTf1lll 
~n rocks. Escabr05ll lJmestooe ~ a 
med~, musive to djck.bedded, comrnoriy 
crinoidaI, cherty. fossiW'erous 5mestone 90-310 
meters thick. Martin Formation is lhick· to thin­
bedded, gray to brown dolomite. gray spar5ely 
f055iferous, lIM.some siltstone and 5lIndstOM, 
91).120 meters thick.. ParadiM Formation is a 
brown, loMiferous,.shaIy limestone. Portal 
Formation is a blKk shale and lmeitone 6-105 
meters thi:k.. Black Prince l.i:mestone is pinkid). 
gt'aylirnatone with a basallhalr: aM d.n 
cOfl!jomerale, os f1'IlJ(n as 52 meters thick.. 

SElJIMENTARV ROCKS (LOWER OROOVICIAN 
TO MIDDlE CAMBRIAN);-fJ Paso limestone 
(lower OrdovIcilln .1M lipper Cambrian). Abrigo 
Formation (Upper and Mickle Cambrian), and 
BoI:sa Quartz (Midcle Cambrian). 
undiffeTenriated.-B Pa.so limatone is a gray. 
thin-bedded clwny imarone and doIorrite 90 
meters to about 220 meters thick.. Abrigo 
Formation is a brown. thio-bedded lossiliterous 
nnntone, lardstone. quartzite, and shale, 21\). 
240 meters thick. BoI:sa Quanzite ~ a brown to 
whiteor~. thick-bedded.cOill'K. 
grained quanzite and sandstone with a btIsaJ 
conglonwratc, 9().18J meter, thick.. To Ike ASt, 
~satpartattheAbrigo FCJI"TTI/I.tiona.nd 
Bolsa Q.w1zite are ~ IllS Ii'll! Coronado 
Sandstone. 
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Secfimeftaryrocks (lJpperand Midde:Carnbrian)­
Abrigo Formation (~aM MidcIe Cambmn). 
and BoIsa QJanzite (Middle Cambrian), 
undifferentialed. 

GRANITOID ROCKS (PRECAMBRIAN Y);-Mardy 
prodioritc and qumz momonite, urioliated to 
foliated, in pan metarTlCll'J)ho5ed. Gener.dy in 
stock$, wtw:h ahvc been MttIe studied. 

PINAL SCHIST (PRECAMBRIAN X)-ChIorite schist, 
phyIte, and 5OI1'le meta..dcaric rocks. 
metavoIcAric rock$, rnelllqUatlzite, metaquartzite 
c~te,and gnriss. One rnetaYoIcanic rock 
dated at 1715 m.y. 

CONTACT- Dotted when! concealed.. 

MARKER HORlZON- Dotted ~ concealed. 

FAUL T$-$hou.ring ap. Coned where concealed or 
intruded; ~ and bar on downthrown side. 

Slrike-s/ip-Arrouotcoupie shol.usrelatJYedispl3cernenl. 
Single arrow shows; movement at actiw block.. 

Thrust buh-SalNteetn on upper plate. 

Antic"line. 

Inclined 'trike andcipolbeds. 

EXOllC.8LOCK BRECCIA- Rock contains clVp Of 
block inclusions at rock diffenlN from thole 01 
ho5r OfOfher blocks nearby. TypicallyoillOlcaric· 
tectonic or sccimenlMY'tcctoric or9n: excludes 
TerNty megabreccia deposits. 

Site 01 well or generaized siteolwwral....ds.s/'o.o.oi:ng 
unit penetrated. if knoo.om, ard dep'n 01 well. in 
feet. 100 feet equals 30.5 meteTs. 

COLlECTION SITE- RadiogenK:aIIy dated rock 
ihowing age in millions 01 year$. Query before 
$>JmboI where preciM location uncmain. 

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

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

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 9. Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults, from Newell, RA, 1973. 

Distribution pattern for high copper ratios in dump 
samples (in red) . 
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Geology 
OlDER OR UNDIFFERENTIATED SURFlCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
GrawI, sand, and silt {P\eistocene and PIioc::ene­
Mainly alh.Mum 01 basins; includes some 
colluvium and landslide deposits. Generally tight· 
pWlkish gray. weakly indurated, ;md \Nith)X)Orly 
rot.ndrdcJasts; locaI!ywdirdunr.red. Thic.knes.s 
seYeTaI meters to hundreds 01 mete!'$. 

Basa/t (PlcislOCene to PIiocene)- Lava Rows, 
pyroclasric rocks, and some intercalated gravel. 
Thickness sewral meleT$ to a few hundred meters 
in 1TIQ6I p0ce5. RldIometOCally dated a l 0.25, 1.0, 
and 3.2 m.y. old 

Extensive andesite aM dacile (Miocene and Upper 
OIigcx:ene)-Lava~, pyroclasric rocks, some 
intercalated epiclasbc rock$. and dikes. Mostly 
gray, fine.gr;!.ined , ~ric rocks.: includes 
SOI1'1e wry coarw felcbpar porphyry ~te 
[Turkey track porphyry, an infonro1lenn d 
Cooper, 1961). Thickness mostly several meters 
to ~ tens 01 melco-s. rRaled at 24. 25. 27, 33, 
and 39 m.y. 

Extl'1J5lve rhyolite and rhyodacite (Miocene and l.Jpper 
OIigocene- Llwa flows , \UI!Ided tuff. pyroclastic 
rocks, and some in tercalated epiclasril: rocks. 
I...i!;lt-grayto grayish·pink,vitriclofine-grained. 
porphyrilic.. Commonly a lew tens 10 a lew 
thousand 01 melen th.ck. Dolled a l 23, 24, 25, 26, 
26. 26, and Zl m.y. An !ldditional dale 0147 m.y., if 
substantiated, may indicate the presence 01 
Eocene rocks in INl loweT member 01 the S 0 
Vobr«:s 01 Coda Co. 

~ conglomerate, gravel, and sand (Oligocene and 
Eocene?)-ADuvium; commonly gntyish-red 
deposil s r:J~.~UrOU'lded.r1OI'M:lIcaric 
clMts.. Mostly M!I..'enI metel"5 to a lew lens 01 
rneters lhick.. 

UPPER CORDlLlERAN (lARAMIDE) K3NEOUS 
ROCKS (LOWER PALEOCENE):-Lower 
voIcaric:: rocks-Rhyolite to andesite Iav", 1low5, 
pyroclastic rocks, ",nd some inten:aIaoted epiclMric 
rocks. DIIted at 57 m.y. Pos.sibIy younger age 10 

MAIN CORDlLlEkAN (LARAMIDE) IGNEOUS 
ROCKS:-Porphynric and apliric in rN!ive rocks 
(P<Wocene and Upper C retaceou:!;)- Mosdy latitic 
parphyryro daciric~ln~l srocks anci 
plugs and ", plitic: bocbes not as50Clared WI,h other 
gra ritoid stocks. DaTed a t 61 . 63, 63. 64, ard &i 
m.y. 

Fluidized in trus,\/'(! breccia - ell3C t age unknown. but 
peneTra tes. and thus younger than Uncle Sam 
porphyry. 

Rhyodacite tuff Clnd welded tuff . - Includes pam 01 
Salero Formllfion, Sugarloaf Q uart z latile , ard 
Bronco Volcanics. ",nd ",II of Red Bay Rhyolite . Ca t 
Mountain Rhyolite ol Brown (1939) and Uncle Sam 
Prophyry. Includes local IntrUSlye bodies ",nd locaUy 
contains ' ragments at exotic rocks . Thickness 
commonly several fens 01 meters to several 
hundreds 01 melers. Da ted at 66(?). 70, 72. 73. and 
73 m.y. TIle Uncle Sam. ," the Tombstone area. is 
da ted 72 m.y. 

Andesiticto dacirico,oolcaric::breccia.- lncluOeS parts 
01 Solem Formation. Susarloal Quartz Latite. and 
Bron::o Volcanics, and all of Dernetrie Vok:a~ 
and SilW'TbeII Formation of Courtri9"lt (1958). 
Corrvnon/ycontains large blocks oIellO!icrocks 
and Ioc.aIy inclOOn $OfTW: wmentary rocks and 
inlrusive rocks. 5eveBI tens 01 meters to several 
hl.lT1Chd5 01 meters thick in most pIaca. 

Low.er QUI:'IrlZ monzonite and graodiorite - Inc lu(\(o.s 
some quarT Z diorite: appears In small s tocks. 
locally assoCIated with mineralization. Dated a t 70. 
7J. 72. 73. 74. 74. 74. and 76 m .y. The $chieffltn 
granodorite a t Tombstone i! 72 m.y. 

Roads and Highways 

--- Dry wash 

++++H++++'+H+ Southern Pacific Railroad 

Explanation 

, - -----1 

L:~J 

BISBEE FORMATION OR GROUP, 
UNOIFFERENllAlED (LOWER 
CRETACEOUS):-lJpper pan 01 Bi!.bee 
Formation or Group. undifferen~ted. and related 
roc:~-JncJudes upper part 01 Bisbee Formation, 
Mural UmesfOfW, Morita, GnlUra, W!IIow 
Canyon, Apache Canyon. SOeOenberger Cary:lfl 
and Turney Ranch FolTl'llltlOr\l (not bted in 
stratigraphic sequerce) 01 the 8lsbee Group, 
ArnoIe Aritose 01 Bryant and Kmr&son (19M), and 
Angdc Mose. Consists at brownish· to reddish· 
Arkose, gray silStQOi! , sandstone, conglomerate, 
and some fos.siliferous gray &me.tone. Commonly 
several hundred meters thicf< 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC}-Stocks eX pinkiJh.gray ccane· 
grained rock. l...ocaIIy associated with 
fl"Iineril.Iization. DIlled a t 140. 148, 149, 149, Iso. 
153, 160, 161. 167. 178, 185 m.y. 

Sedimentary rocks (l.awer Permian and Upper 
~rian)-(:onsist501 Epitaph Dolomite 
(l..D.t.Ier Permian), Colina Umesfone (lLIwer 
Pmrian), and Earp Formation ~ Permian 
and Upper Pemsylvanian), urdifferentiated. 
EpitaphDolorriteisadark· toligi1t"9fllY~tIy 
cnerry dolomite, lirnesl:one, marl, siltstone. ",rod 
gypsum. I2().28) mete rs thick. CoIir» Umestone 
is ill medium gray, ,hick·bedded. Spalsely cherty. 
and sparsely fossiliferous ~me:stone 12().2~ 
meters tJjck. Earp Formation is II paIe·red 
siltstone, m udstone. shale, and imestone. 121).240 
meters thick. 

i-Iofquilla l..irr1f!'Slone (Upper and Middle 
Pe~nian)-Ughf·pinkish.gray. thick· to thin · 
becIcIed, cr.my. fos3Jil'erous limestone and 
inlercalated paIe·brown to paIe.reckish.gray 
siltstone that increases in abundance upWMd. 
Typically l»490 meters thick. 

SEDIMENTARY ROCKS (M1SS1SSlPPIAN AND 
DEVONIAN}-ConsisTI mainly of EAcabrosa 
l..imestone (Mississippian)- 1ocaIy (Armstl'OO9 
and saberman, 1974) called ~ Group-­
and Marm Formation (Upper DewrUn), 
unditferentiatecl. ln pan cltheChiricllhua 
MoIx-ttains also includes Paradix FOTTNItion 
(Upper MiMissippian) ",rd Portal FOI'f1'Ii'Irion 01 
Sabin$, 1957a (lipper Devonian). In the Lit. 
Dragoon Mountains a rd 5OI1'oe ~enl hals also 
includes 80ck Pnncfl Limestone, .... -hoM fauna 
ard correlation show strongest affinities with 
Mississippian rocks but which may include some 
Pe-nnsylvanian rocks. Escbbrosa limestone is is 

medilm.gJay, massive to thic.k·bedded, commonly 
crinoidi5l. cherty. f06SilifeTOl.l$ imestone 9()..3 10 
meters lhil::k. MMtin Formation is rhick· 10 thin­
bedded, gray to brown dolomite, gray spaJWIy 
f05Siilerous. and !iOfT"Ie llihstone and $andsfone. 
90-120 melen tl-jck. Paradise Fonnarion is a 
broo.o.rn. f06Siliferous. shaIy imestone. Portal 
Formarion i5 a bliKk Ih* and imestorw 6- 105 
meters thick. Black Prince limestone is pinkish· 
gray limestone IlAth it basal shale and cMri 
cOr"l!Jomerate. os much as 52 meten thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRIAN):-fl Paso Umestone 
(l...ower Oniovician and Upper Cambrian), Abrigo 
FOI"lT'Iation (Upper and Middle Cambrian), and 
BoIsa Quartz (Middle Cambrian), 
undifferentiated- fl Paso limestone is a gray. 
rhin-bedded cl'w:rty limesfone and dolomite 90 
meters TO about 220 melen thick. Abrigo 
Forn"0rion is a broo.o.rn, thin·bedded fossilerous 
1ime5tone, sandstone, quartzite . and shale, 21(). 
240 meters thick. BoIsa Quartzite is II brown 10 
whlle Ol'purpIistt~,thick-bedded, cOllJ'M' 
grained quartzite and sandstone 'Nith a basal 
conglomerate. 90-18) I'TWtus thick. To lhe east. 
~l'Its 01 part 01 the Abrigo Formation and 
BoIsa Quartzite are knov.rn as The Corooado 

"""'~. 
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Sedimentary rocks (LIpper lind Middle Cambrian)­
Abrigo Formation (Upper and ~ Cambna.n), 
and Balsa Quartzite (Middle Cambrian). 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):- MainIy 
gran:xliorile aro:! quartz moosooite. UnfoiaTed KI 
foliated, in part metimlOrphosed GeneraJy in 
s tocks, .....nich ahve been i ttle s tudied. 

PINAL SCHIST (PRECAMBRIAN X)- ChIorite schist, 
phyllite , lind mme metll\lOlcanic rocks, 
metavolcanic rocks, melaquartzile , metaquartzite 
Cor9Jmerale, and gnI!iss. One meta..dcaric rock 
dated at 17I5 m .y. 

CONTACT- Dotted ~e concealed. 

MARKER HORIZON- Dotted where con:e.aJed. 

DIKES- Showing lip. 

F AUL TS-SOowing dip. Dolled .....+.ere cCJr'lCeakd Of 
intruded; baD and bar on dou.Inthrou.ln side. 

S trike·slip-Arrow cOl4'ie sOO.vs rdalNe: displacement. 
SingM! alTOW shows movemenl 01 acriw block. 

Major thrusllauJt-Sawteeth on upper ~Ie . 

Thrust fauh- Sawteelh on upper plale. 

Arttichne. 

Inclined strike lind dip 01 bOOs. 

EXOTIC·BLOCK BRECCIA- Rock contains dip 01' 

block inclusions 01 rock different from those 01 
I'lostOfother biocksnearby. T~yolvolcanic. 
tectonic or sedimentary.teclonic origin: ellCludes 
T (!'friary megabreccia depoSitS. 

Site 0I 1Iod or generali.Nd 5ite 01 KWTaI ......ells. showmg 
unit penetrated, if known, and depth 01 wem, in 
feet. 100 feet equa/s 30.5 meters. 

COlLECTION SlTE- Radiogenically da ted rock 
5howing age In millions 01 years. Query belore 
symbol where precise location uncertain. 

Dump sample location 

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

1980, and Newell, RA, 1973_ 

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

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

Distribution pattern for high molybdenum ratios in 
dump samples (in red) . 
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Geology 
OlDER OR UNDIFfERENTlAlH) SURFK:AL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
GnaveI, .sand, and gJt (Pll!istocene aM Piocene­
Many alluviwn 01 basins; n::1uda IOmt 

coluvi~ and ktndsiide deposil5. Generaly i!tIt· 
pinkish gray. weakly mdurated, and .,wn poorly 
rounded cl3sts: 10caDy weU indurated. Thickr1i'S5 
several meters to hundreds 01 meTers.. 

&sail (~ocene to P\ioccne}-uVoll flows, 
pyroclastIC rocks. and some intercalated gravel. 
1hickness sever1ll meters 10 a I£w hundred met~5 
in mo5I places. RlIcIiometricaly dated at 0.25, 1.0, 
n 3.2 m.y. ad 

Exlmsr...: andesite and d.xrte (Miocene and LIpper 
Oi9ocane}-lava flows, pyroclllw mc-k.,!IClI'I'II! 
lfuercaiatecl~rocks,anddika.MostIy 
'PlY. 6ne~ porphynbc rocks; II'ICkIdes 
SClrn!: VIttY coarx f~ porphyry andeln!! 
IT urkey track porphyry, an nortnaJ I~ 01 
Cooper, 19(1). lNckness rrosriy sewraI mEIer. 

lo~tmsolmel~ [);,tecl at 24, 25.'n. 33, 
and 39 m.y. 

Extrusr..e rhyolite and rhyodacite (MIOCene ard ~ 
OIigoccne-lav.ll~, ~ tuff,pyroclastic 
rocks. and 5OI'ne "'~Ied epiclMric rocks. 
l..q\1.gRy to grayISh.pnk, Wric to fine.gra.ned, 
poorphyriric. Commonly II few lellS to a lew 
thousand 01 meters thick. Dated 111 23, 24, 25, 26, 
26,26, ;md 27 TTLy. ArI additionlll dale 01 47 m.\I" if 
substantiated, rNy indicate me presera 01 
Eoc~ rodes in the ~ member 01 the S 0 
Vokarics d Cochise Co. 

lower congjomerate, gravel , and sand (Oligocene and 
Eocene?)- Alluvium; commorVy ~·red 
depolSilS 01 small, well nxnded, nDf1\dcarK 
cl;,s;15. Mostly several meters to a few tens d 
meters thick. 

UPPER COROlLllRAN (l..ARAMIDE) IGNEOUS 
ROCKS (LOWER PAlEOCENE):- l.ower 
~ rocks-RhyoliTe roandesileiIMI Rows, 
pyroc\Mric: rocks, and some 111m:alated epiclasric 
roeb. [);)ted at 57 m.y. Possibly ~ age to 

MAIN CQRDIl.J..EkAN (l..ARAMlDE) IGNEOUS 
ROCKS;-~tic and apitic r.trusive rocks 
(Palecxeoe ard Upper CretaceouI)-Mostly latitic: 
poIllhyry to dacitic porphyry III sm."I SfOCks am 
plugs i\nd i\pIiric bodies not as.socilIted with otheT 
!'J'&l'itoid slocb. [);)ted ill 61, 63, 63, 64, and 65 
m.y. 

FlulCllzed rnlrus~ brKcl<I - exiiICt age unknown, but 
pefWl rates. 3nd thus younger lnan Uncle Sam 
porphyry 

RhyodKlte luff and.....elded luff Includes parts 01 
Sakoro Fonnahon. Sugarloal Quam lallte. and 
Bronco VolcanICS. and all of Red Bay Rhyoltte, Cat 
Mountain RhyoliTe 01 Brown (1939) and Uncko Sam 
Prophyry Includes local intrusive bodies and locally 
coot3l1l5 1ragmenls of exotIC rocks. lhckness 
c~ several tens 01 melers to sewral 
hundreds of melers. OiIted at 66(?). 70, n. 73. and 
73 m.y. The lJncko Sam. In the Tombstone area. IS 
dated nm.v. 

Ardesitic lOtltciticlKllcaricbrECCIol.-lrw;:Judes parts 
01 Solem Formanon, SugarioaI Quartz Lltite, and 
Bror.::o Voicarics. and aI 01 Demelrie Voicarics 
&rod SivmtIeI Formation 01 Courfr9"II (1958). 
ConwnonIy contains large blocks 01 eXOCic: rocks 
ard Ioci\Iy ft:kJdes some sedmerQry rocks and 
r.t~ rtXb. 5f:veraI tens 01 meten 10 ~ 
hundreds 01 meMfS thick r. most places. 

l.O\WJ quarl;( monzonite and graodionte- Includn 
some quartz diorite: appears In sfNlll s\(xki. 
Locally associated with mlrw!rahuaTion. OiIled at 70. 
7\. n. 73. 74. 74. 74. i'Jnd 76 m.y The Schietfltn 
9'')lIodoril(.' 31 Tombstone 15 n m.y. 

Roads and Highways 
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85BEE FORMATION OR GRCXJP, 
UNOiFFERENTlATED (LOWER 
CRETACEQUS);-l)pper pan 01 Bisbee 
Formation or G~, uncIiffe«~led, and related 
rocks.- r.:Judes upper pan 01 Bisbee Formation. 
Mural Lmutone. Morna. Cintun, IJ.l&w 
Cafl'yOrl., Apache Canyon. ShclIenberger Canyon 
and Tumey Ran::h FormatIOnS (nollisted III 
Stratigr3phic sequen::e) oIlhe 8isOOe Grow, 
AmoIe M 05II! 01 Bryant aM Klnrison (1954), and 
Angn: Arkose. Consists ol bwNrish· 10 reddish· 
arkose, gntY siltstone, sandstone, ccnglomerate, 
&rod lOtTIe fcWlifeT0U5 gray limestone. CommonIv 
.IeUet'lII hundred meten dick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-Stocks 01 pinkish.gr-ay coarse­
grained rock. Loc3Iy auociAtl!Cl with 
~bOn, p;,tedat 140.148, 149, 149, 150. 
153, 160, 161, 167, 178, 18Sm·v 

Sedimentary rocks (lower Perman and lipper 
Pe~riIln)-consis:' 01 Epitaph DobTite 
(1..o.wr Pern-un), Coina lJme5Ione (lower 
Permian), and Earp Formlltion (l.ou.oer Pemian 
and lipper Ptm5o)v;srian), undifferentiated. 
Epilaph Dolomite is a dark· to light.gray slj"ItIy 
ctwny ddofrite, limeil:one, mati, silt5lone, 3'1li 
gypsum. 120-2Sl meters thick. Coina l.imeslone 
IS a medium gray, thick-bedded, sparsely cherty, 
and sparieiy fossiiferous limestone 12().2Sl 
melers thick. ElIrp Formation is a paIe·red 
siltstone, mucb:lone, shale, and ~tone, 12().240 
melerslhick. 

Horquill3 limestone (lIpper and Midde 
Pe~rian}-U!tIt.pinkish.gl1ly , thic::k· to dun· 
bedded., cherty, fosOOferous ~one and 
intercalated paIe-bfown to p&Ie.redcb/"I-gray 
si/t:itone tNt increases n abunc\arw;e upward. 
T ypicaly 300-490 meters thick. 

SEDlMfNI'ARV ROCKS (MISSlSSIF'PlAN AND 
DEVONlAN)-C.on5s mainly 01 Escabrosa 
Urnesfone (~n)-IocaDy(Atmstmng 
and Silberman. 1974) called ~ Group­
lind MMtin Formation (lipper [)reyoria.n), 
undiffn-enriated.. h pM 01 the Chiricahua 
MoUltans also inckdes Paradise Formlltion 
(l.Jpper MiuiuIppan) and Portal Formation 01 
Sabin5. 1957a (Upper Deo.oori<an). In the lillie 
Dragoon Mountains and some a4acent .. also 
incLodn Bb::k Prince l.imesIone, ~ Iauna 
and cOfft!lbrionsho.ustrongesr~ with 
~n rock$ but wtich (Ny include some 
Pel'lf'15.yivarilln rocks. EsclIbrosa lJmesIone is II 
medil.ln-9l'"dV, TT'lMsio.oe to thick-bedded, comrrootYv 
crinoidal, cherty, fossililerous imestone 90-310 
meters thick. Marnn Formam is thick· to thin­
bedded. grllY to broum dOlomite. 9faY sparsely 
fOMififerou&, and IIOI"N! siltstone and sandstone, 
90-120 meters thick. Paradise Formation isa 
brown, fouilerous, shaIv ~()nI! . Portal 
FOI"lT'IiItion is a bLxk shale and irnestone 6-l~ 
meters thick. Black PriR::t l..irrestore is pinkish. 
gray imeslone with a basal shale ard chert 
~le, as muchM52meterslhick. 

SElXMENTARV ROCKS (lOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN};-El ?"so I..imestone 
(~Ordovician and Upper Cambrian), Abrigo 
Formltion (lJpper &rod Midde Cambrian), and 
80Iu Quartz (Midde Cambrian), 
ooditI"ertnrillted.-El PlIso linwsIone is a gJ"3Y, 

thin-becIded charty m-tone and doIon-ite 90 
meters to..bout 220 meters thick. Abrigo 
Fom\IIItion is II brown, IMbedded loailaoui 
lime:stone, sandstone, quartzite, and shale. 210-
240 nwfm tlW;::k. BoIsa Quanzite is a brotNn to 
white or purpbh-gray. lhick-bedded. coarw· 
wained qua.nzile and sandsrone with II basal 
conglomerate, 90-18) meters thick. To the east, 
~IS 01 pan 01 the Abrigo Formation and 
80Isa Qumzil~ in: knorNn as the Coronado 
Sandstone. 
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A----.A ' Cross section line 
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Sedimentary rocks (Upper lind Mickle Cambrian)­
Abrigo Formauon (lipper and Middle Cambrian), 
lind BoIsa Quartzile (Midde Cambnan), 
undifferenriated.. 

GRANITOID ROCKS (PRECAMBRIAN V);-MainIy 
!J'illnodiorit~ and quart: rnomonile, uN<*ated 10 
fo6ated, n pan me~. Generalv in 
SfOCks, ~h ahYe betrn lime studied. 

PiNAL SCHiST tPRECAMBRlAN X)-ChIonte SCMt, 
phyIite, and 5Qr"rW.metaYOlcar.: rocks, 
~ ro:;:ks, metaquanllle, metaqUatll1te 
conglomerate. MId gnet55. One metawlcaric rock 
daled at 1715 m.y. 

MARKER HORIZON- Outlw wllII'I~ "'UI "'~. 

FAUL TS-ShoMng dip. Dotted where concealed or 
intruded: bd and bar on downthrown side. 

R.,,,,,. 

Strike·Kp...-AflQw couple sho.us relatJve chpIac:ement. 
SngIe lIrrow shows I1'OVemIml 01 active block. 

Thrust lault- Sawteeth on upper plate. 

Anudine. 

Inclined s"~e lind dip 01 beds. 

EXOTIC·BLOCK BRECCIA- Rock Cootatn5 chip or 
bIock inclusionsolrockdiHerentfrorntka§e ol 
tlOSIorother bIock$ nearby. Tl/PICally olwlcanic· 
lec10ric or sedml!ntary-tec.toric origin; elU:ludes 
T ertlilry megabreccia deposits. 

Sile 01 wd or generaizcd lite 01 ~ web, sho.w'e 
unit penetrated, if known. and depth 01 wei. r. 
/eel. l00fwteqoals 30.5 nwters. 

COU£CT10N SITE- Radiogentcllly d.3ted rock 
5howing iIIgIl in miiions ol yean. Query before 
symbol where prec.IM location uncenain. 
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Tombstone Development Company, Inc. ~~~~~~O~~~ __ ~~~i·- ~ 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

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

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 11 . Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults , from Newell , RA., 1973. 

Distribution pattern for high molybdenum and zinc 
ratios in dump samples (in red) . 
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Geology 
OLDER OR UNDlfFERENTlATH) SURflCAl 

DEPOSITS (HOLOCENE TO OUGOCENE);­
Gravel, sand, and silt (PleisTocene and PIiocc!'lll ­
Mainly alluvium 01 basins: includes some 
colluvium and landslide deposits. Genl!l'a!ly light· 
PIrlkI5h grdY. \M!akly mduraled, <lncI WIth poorly 
rounded clasts; locally weD indurated. Thickness 
several meters to hundreds 01 melers. 

&s!Ih (PlP:isloc~ to PIiocene)- lava f\ow5, 
pyroclastic rocks, andsoo.! intercalated gra....n. 
1hic~ seveTaI melers 10 II few hundred meteR 
In most places. RadiomeIricaIy &Ied al 0.25, 1.0, 
and 3.2 m.y. old 

&lel'15lVe andesite and dacite (Miocene ard Upper 
OigIxene}-lava fIow5, pyroclastit rocks, some 
Intercalated ~ rocks, and tikn.. Mostly 
gr;lIy, fine.grained. porphyritic Tocks: includes 
!10m!! very coarse feldspar porphyry andesne 
(Turkey track porphyry, an ... ~ I~ 01 
Cooper, 19(1). 1hickness mosdy 5eYeT1II meter, 
\0 &eVet'altens al mel.....s. D.,ed "', 24, 25, 27, 33, 
and J9 m.y. 

Extrusive rhyolite a.'ld rhyodacite (Miocene and Upper 
OIigocene-uva f\oI.o.s, ~ tuff, pyr0da5bC 
rocks, lind some r.,ercalzr.ted epidasric rock&. 
I..ijll-gray to ~.pink. \/I111C \0 fine'9l'3itlE'Ci. 
porphyritic. ComrronIy II lew tens to II few 
lkousand of meten thick. D.led al 23, 24, 25, 26, 
26, 26. and 27 m.y. ArllKIdirionai dzI1e cJ 47 m.y., if 
substantiated, may u\dic::ate the praeree of 
&xene rocks in the 1oY.oc, member 01 the S 0 
Vobrics. 01 Cochise Co. 

Lower conglomer.!.te, gravel, and sand (Oligocene and 
Eocene?)- ADuvium; commonly grayWHed 
deposits oi SlMIl, v.d~, non...alc"ric 
clMts. Mostly se-.oeral meters to 1I lew tens 01 
meterslhick. 

UPPER CORDIUERAN (U\RAMJOE) IGNEOUS 
ROCKS (lOWER PALEOCENE):-lower 
...aIcaric rocks-Rhyolite to M'IdesIte lava Bows, 
P!tITOClasric rocks, and some iltercalated epiclasre 
rocks. Dated al 57 m.y. Possibly younger age to 

MAIN COR.DII...l.£kAN (LARAMIDE) IGNEOUS 
ROCKS:- Porphyritic and lIp1iric illrusiw rocks 
(Paleocene and lipper Cret<w:eous)- MostIy I.ltitic. 
pofphyry to dacitic porphyry In smlII stocks and 
plugs arv:lllpliric bodies nol as5OC\<tted "";Ih other 
!J"aritOld stocks. o.,ted at 61. 63. 63, 64, lInd 6S 

FluiclJzed IntruSIve brl!"tcia e)(;,ct age unknown, but 
penetrates, and thus younger tMn Uncle Sam 
porphyry. 

RhyodaClre luff arod ~ luff . - Includes parIs of 
&.Io:>rQ Fnr~hnn . SIIg.1r1o;d QuarTZ Latit(' , lind 
Bronco Vo!camcs. ,md 311 of Red Bay Rh~,ol"e. Cal 
MounTarn Rhyolne oi Brown (19391 and Unc .... $.)10 
Prophyry. Includes local tntruS/Vt! bodies and locally 
CQn lalllS fragmenrs 01 uonc rock!!.. Ttucknns 
cummonly several lens 0( meters 10 several 
hundreds of melE'l"s. Dated al 66(?), 70. n. 73, and 
73 m.y. The Unc .... 5.lm. '" IIw Tombstone area. IS 
dated 12m.y. 

AndesiticIod.!citicvolcaricbrecC0.-lnck.lOeSpart!!. 
d Solem FonNtorion, Sugarlollf Quartz utite, and 
&orco VoIcarics. and. ill 01 Demetrie Voicarics 
and SiII..erbd FonNtoDon d Courtright (1958). 
ComrnOOy cOIlram 1arge blocks 01 elCOtic: rocks 
and locally Wd.rdes some se<imentNy rocks and 
intrusive rocks. 5eveTaItens 01 meten to sewraI 
hundreds d meters thick in most places. 

lower quartz monzonite imd groodtonle - Includt>s 
some quartz eIiotrre: appears in !!.m1Il1 stocks. 
Locally associated with mineralization. Dared III 70, 
71. n. 73. 74. 74. 74. and 76m.y. The Schir:offlin 
grilnodorite 011 T ombslOfW IS n m.y. 

Roads and Highways 

e ~- . - -- Drywash 

+t+++++++i+H++ Southern Pacific Railroad 

Explanation 
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BlS8EE FORMATION OR GROUP, 
UNOIFFERENTlATEO (LOWER 
CRETACEOUS):-l.Ipper part 01 &bee 
Formarion or Group, undifferentiated, and n:lotted 
rocks.-Includes Uppel Pilrt 01 Bisbee F()f'1"Mrion, 
Mu."! Li,, ~v".', Mo,:" ita. Ci,\lufa. Willow 
Cano.,-on, Apache CaTl'JOll. SheIIerbefger Carryon 
and. Tumey Ranch Formations (nol listed in 
strallgrllph.c: .sequence) at the Bisbee Group, 
~ Arkose oISryanl and Kinnison (1954), and 
Angeic Arkoee. Consists d browni!h. to reddish· 
arkose. 9f"Y 5iltstooe. sandstone, conglomerate, 
1Irv:1 some fossiliferous 9I"'Y limestone. Commonly 
several hundred metns thlclo 

GRANITE AND QUARTZ MONZONITE 
(JURASSfC)- Stocks d pinkish-gray coarse· 
graw.ed rock. Locally i)5$()Cklted WIth 
lTineraization. o.,ted al 140. 148. 149, 149, 150, 
15..3, 160, 161 , 167, 178, 18Sm.y_ 

Se&mentary rocks (lower Pel1Tlian arv:ll)pper 
Perns;MrMn)-cOt\Sl5ti ol Epitaph DolomIte 
(I..o.wr Perrrian), Coina I...irr.stone (L.ou.er 
PenT\ll\n), and Earp Formation (lDwer PermIan 
and Upper Pe~rian). undifferenrillted. 
EpitaphO%n"ileislldMk·lOtight.graysligltly 
cherty doIorrite. limestone, marl, siltstone. 1I'lC1 
!M)IUm, 120-28) meters thick. Coma llrroestone 
is a medium gray, thick·bedded, sparsely cherty, 
and spIIr&eIy f05Siliferous Irmestone l2().28) 

metm; thick. Earp Formation 1$ a pale-red 
siltstone, mtJdstone,~, 1Irv:! imestone, 12Q.240 
meter1ttuc:k. 

Horquilla l.ime.slone (l.Jpper and Middle 
Pennsy/varian)- Ught.pinkish-griSY. thick- to thin· 
bedded, ct.!T!y, f05Siliferous limeslone and 
int~led paIe·brown to p;We.redc6sh-gray 
siltstone IMI increMeS in abuod/lnce upw;mi. 
T ypcaIy 30:).49) meters thick. 

SWlMENTARY ROCKS (MlSSISSLPPtAN AND 
DEVONlAN}-Consis,s mainly cl Escabrosa 
Urne:s!one (Missi55ippian)-1ocaIIy (Armslrore 
and Sibermlr.-n, 1974) called Escabrosa Group­
and MartIn FormatIOn (~ Oevon.ml. 
undiffere!ll:iated. In part d the Chiricahua 
MolJ1tains also includes ParadiaeFOI1TIiIItion 
(lJppeT Mississippian) and Portal Formation d 
SBbins, 1957a (lipper ~n). In The Utt!e 
DrdgOOll Mountains and. some .. em ~ also 
itd . .ICIes Black Prira Ume:s!cn!,IIIIhoee!alma 
and correiahon shoN strongest affinities "";th 
Mis&is&ippian rocks bul which may ir£1ode some 
Pennsylvarian rocks. Escabr~ ~tone is a 
mecilm-gray, mMSive TO Thick·bedded, cOfl'lTfll)(Vy 
crinoidal, cheny, fossili!erous1imestone 91).310 
metE'l"s thick. Martin Formation is thick· to Thin­
bedded, gray to brown dolomite , gray spilfSdy 
fossiliferous, and some siltstone and sandstone, 
91).120 meTers lhick. Paradise Formation is a 
brown. f055iW~, shaIy ime5tone. Portal 
Formation is a black shale and imestone 6-IOS 
meters thick. Black Pmce limestone is pinkish. 
graylimestone W'itha~shaleand ct-ert 
c~te, a5l'1uch as 52 meten dw::k. 

SEOlMENTARY ROCKS (LOWER OROOVlCIAN 
TO MIDDLE CAMBRlAN):-8 Paso l..imntone 
(lower OrdcMcian arv:lUpper Cambrian). Abrigo 
Formation (Upper and Midr::Ie Cambrian), and 
BoIsa Quart~ (~ Cambrian), 
urv:Wferenriated.-B Paso Limestone is a gray, 
thn-bedded cherty imestone and doIorrite 90 
meters to abour 220 meters INck. Abrigo 
Fonnarion is a brown, \hin.bedded fouilerous 
limestone, sardstone, quartzite, ard shale, 21(). 
240 meten thick. Balsa Quan me is a brown to 
whiteorp...pish-gray,thick-bedc\ed,coarse· 
grained qUM1:ote and lal"dstont....;rh a basal 
con9omerate,90-Un meters thick. To the east. 
equNalenrs d part d the Abrigo FonNtorion arv:l 
BoIia Quart:Ote are known as the Coronado 
Sardstone. 
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Sedimentary r«:k$ (LWer arv:l MidcIe Cambrian)­
Abrigo Fonnauon (Upper and Middle Cambrian), 
and BoIsa QuilrtZlte (Middle Cambrian). 
urdifterentialM 

(';KANII UlU ROCKS (PRECAMBRIAN V):-/Y\aInIy 
grarvxliorhe and Quartz monsonIte, u~oiated 10 

fo!i;,.ted, Vl part metamorphosed. Generaly in 
stocks, .....tw:h ahve been ~nIe sfudied 

PINAL SCHIST (PRECAMBRIAN X)-Chionte ICtust, 
phyllite, ~ some metavolcal"lC rocks, 
melavolcaric rocks, met!lQllllnzite. metaquartztte 
cOO!iomerate, and gneiss. One rnetawIcarK rock 
dated at 1715 m.y. 

CONTACT-Dotted where concealed. 

MARKER HORIZON-Doue<! where concealed. 

OIKES-ShouJingdici. 

FAUl~ dicI. Dotted where concealed 01'" 

Intruded: ball ;md bar on downlhrollm SIde. 

Strike·slip-Arrow couple sho..r.is relatIve dispL/lcement. 
SmgIe omuw shows movement 01 actIve block. 

",,",""'. 

Inclined strike and clip 01 beds. 

EXOTIC-SLOCK BRECCIA- lkck conlains chip or 
block inclusions of rock different from those oi 
host 01 o ther blocks nearby. TypicaJlydvolcaric· 
tectonicorsedimentary. tectOl'l(ongIn; t!xduc\tos 
Terriary~ecciadep05its. 

51e d wei 01 genel1lbed site d 5e'o'ZraI wets. showing 
unit pe~trated,' known, and depth 01 WIll, Vl 

feet . lOOfeel~30.5meTers. 

COlLECTION SITE- Rldioge:reaRy dated rock 
showing age in millions 01 years. Query before 
symbol wheTe precISe location unc:enAln. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R_A., 1973_ 

By James A Briscae 
James A_ Briscoe and Associates 
Tucson, Arizona 

Figure 12_ Distribution pattern of silver in mesquite trees (in red) , 
from Newell, R.A., 1973, 
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Geology 
OlDER OR UNDIFFERENTIATED SURFICAL 

DEPOSITS (HOlOCENE TO OUGOCENE):­
Gravel, sand, and sit (Pleistoceroe and PIiourw­
MItinIy alltMt.m d bUns; includa 50me 

colluvium and landslide deposilS, Generaly Iigll ' 
~ gray,..wakly induraled, and IlAth poorly 
rotn:Iedcla$ls; locally wei indurated Thickness 
sewraI melers 10 htnlreds d melers.. 

Basalt (PlEistocene 10 PIiocene)-uva fIc:M.o5, 
pyroclasric rocks, and some inten:aklled gravel. 
1hicknes5 xwraI ~en to a ~ hundred meters 
in most places. Radiometrically daled at 0.25, 1.0, 
and 3.2 my old 

Ext~ andesite and d.xite (Miocene and LIpper 
OIigcxeroe)-Lwa flows, pyrodasric rocks, son. 
interuJ.ated epiclasric roc~, and aka. Mo5t1y 
gray,fine.grained,porphyritic rocks; includes 
SOI'TW WI)' coarw feldspar porph)/ry andesile 
CTurkey track porphyry, an inlorma1 term d 
Cooper, 1961). TIX:knes.s rmstI)I ~ meters 
to sewraI tens d meters. O;,.ted at 24, 25, 27, 33, 
and J9 m.y. 

ExtrusMt rh)lOlite and rhyodacile (Miocene and Upper 
OIigocene-~va flows, welded tuff, pyroclastic 
rocks, and some interc.a1ated epiclasric rocks. 
ldtl-<;aylo grayish.pink, vitric to tine~ 
porphyritic. Commonly a few tens 10 II lew 
thousand ol meters thick. Daled al 23, 24, 25, 26, 
26, 26. and 27 m.y. An OOditional date ol 47 m.y., if 
substanriated, rT'IIIYinclicate tM presence 01 
Eocene rocks in the b..oRr member ol the S 0 
Volcarics 01 Coctue Co. 

l,.o..r,oer congIomeTate, gravel , and sand (Oi!Jocene and 
Eocene?}-AlluYium; commonly grayish·red 
deposil$ ol small, wdI rounded. nono,oolcaric 
clasts. Mostly 5eYeTaI meters to II lew tens 01 
melerslhick. 

UPPER CORDIllERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PAlEOCENE):-loweI" 
voIca.nicrocks--RhyoIitetoandesitelavaflaNs, 
pyroclastic rocks, and some intercalated epiciasric 
rocks. Daled al 57 m.y. Pos:shIy younger age to 

MAIN COROUilJ<AN (LARAMIDE) IGNEOUS 
ROCKS:- Porphyritic and apliric iltnSI.>e rocks 
(Paleocene and Upper Crelaceous)-Mostly Iariric 
porphyry 10 daciric porphyry in small stocks and 
plugs and aplitic bodies not associaled 'Nilh other 
graritoid $locks. Dated al 61, 63, 63. 64, and 65 
m.y. 

Fluidized intruSive breccia- e:o;a-t:1 age unkl'lOWn. bul 
penelrate5. and Ihus younger lhan Uncko Sam 
porphyry. 

R~ile lull;\nc! IAleIded lull . - Includes parIs 01 
5;)lefO Formation. 5u9arloal Quarlz utite. and 
Bronco Volcanics. and all 01 Red Bay Rhyo~Ie. Cdl 
MounTiI.In RhyoliTe ol Brown I 1939J and Uncle Sam 
ProphyJy. Includes local inTrusive bodies and locally 
contains Iragmenls ol exot ic: rocks. Thic:knen 
('ommon/y several tens 01 meters 10 several 
hundreds 01 melers. Dated al 66I?J. 70. 72, 73. and 
73 m.y. The Uncle Sam. in the T ombslooe area. is 
dated n ffi.y . 

AndesiticIOdadtk:voIca.nicbreccia._ lncludeSpar1$ 
01 Solem Formation, Sugarloaf Quartz Lalite, and 
Bronco VoIcaria.. and aI 01 Demttrie Vobrics 
and SiIunbd Formation 01 Courtright (1958). 
Commonly contains large blocks ol e:o;otic rocks 
and IocaIy includa IOf'J"I(! aedmenta.ry rocks and 
intrusiYe rocks.. SewrlIIlens 01 rnetcn to sewraI 
hundreda ol rNlcn thick in ff'05I pIaca. 

Lower QuarlZ monzonite and graodioflle- Includes 
some Quartz diorit~: appears in $maJlllocks. 
Locally ~~Ied 'Nith miMra~u.lion. Dated al 70. 
71.72.73.74.74.74. and 76 m.y. The Schiefflin 
grMOdorite at Tombstone is 72 m.y. 

Roads and Highways 
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BlSBEE FORMATION OR GROUP, 
UNOIFFERENllATEO (LOWER 
CRETACECXJS):- lJpper part d Btsbee 
Formation or Group, undifferen~led, and rW-ted 
nxks.- 1ncJudes upper part d Bisbee Formation. 
Mural I...mwooe, Morita, Cinrura, \oViIIow 
ea,..,." """" eo""",. Shdo......, eo""", 
and TUI'I"IeY Ranch Formations (no( wed in 
stralignphic: MqJencc) ol the Bisba G~, 
AmoIe Arkose 01 ~nl and Kinnison (1954), and 
Angeic: MOM. Consisls 01 brownish· 10 mkiish· 
arkose, gray ~15fooe, sandstone, conglomerate, 
and IOf'J"I(! loUIife:rous gray limestone. ComrnonIy 
5e\III!RII hundred melers thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-SIocks d pinkish.gRy coone· 
grained rock.l.ocaIyassociated"";!h 
nineraizarion. Dated al 140, 148, 149, 149, 150, 
153, 160. 161. 167, 178, IBS m.y. 

Sedmen!ary rocks (l.a.r.oer Pcmian and Upper 
PemsylYlu'ian)-<onsists d Epitaph Dolomite 
(lAwer Perrrian), Calna Umestone (lDwer 
Permian), and Earp Formation (L.ov,.er Permian 
and lJpper PeM~n), undifferentiated. 
Epitaph Dolomite is a dark· to idlt-gnJY 5lidltIy 
cnerty doIorrite , limeslooe, marl, siltstone, arod 
WPSWTI, l2().28:) meters thick. Coma l..irnestooe 
is a medium 91&1, lhick·bedded. sparsely cherty. 
and .!IpIIrsely louiliferous limalooe l2().28J 
meters lhick. Earp FOfn"ollOOn is a paIe·red 
~, mudstone. shale, and imestone, l2().240 
~ersthick. 

HorquiJla Lmntooe (lJppn and Mickle 
Pernsylliarian)-Ught.piI'Ikish-gr1llJ, thick· to thin· 
bedded, cnerty, fos8lilerous limestooe and 
intercalated paJe.~ to paIe.reOish-gray 
siltstone that increases in abundance up.uani 
Typic:.aly DJ.490 meters thick. 

SEDlMENTARY ROCKS (M1SSISSIPf'tAN AND 

=~~~~~~r!:·:::.e 
and Silberman, 1974) called Escabrosa Group-­
and Martin Formation (LIpper Devonian), 
urdilferentiated. b1 part at the Chiric.ahua 
Mountains aI50 includes PaBdise Formation 
(Upper MissiMippian) and Portal Formation ol 
Sabins, 19S7a (lJppn Or.oonian). In the Uttle 
Dragoon Mountains and some ~ent hils also 
includes Black Prince Umestone, v..t.ose fauna 
andc(llTe\arion sho,.,stl'Or9Staffinities"";th 
Misosi:sSppian rocks but wtich may include some 
~rockS. Escabf05ill...imestoneisa 
medit.m-gnIIY. massive to thick-bedded. cornrnorJy 
crinoidaJ, chrrty, fonilierous imestone 9().310 
meters thick. Martin Formation is thick· 10 thin­
bedded, !J'aylo brown dolomite, gray spmxIy 
fossiiferoos. and some siltstone and sandstone. 
9().120 melers lhick. Paraciar: Formation ita 
brown, f05Sililerous. :shN)I5mestone. Portal 
Formation isa black &hale and IrratOl"lli! 6-1(15 
meters thick. Black Prince Limestone is pinkish. 
gray lime5tooelMlh abMaJ shale andcher1 
conglomerate. GS much as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRIAN):-El Paso Umestone 
(I...owef" OrdoI.an a.rd lipper Cambrian). Abrigo 
Formation (Upper and Middc Cambrian), and 
BoIsa Quartz (1¥'idcIe Cambrian), 
uncWI'crcntiated-El P.uo l..imatooe iI a 'I1IlI, 
thin-bedded cherty imatone and dolomite 90 
meter. to about 22Q mrtcn ttw:k.. Abrigo 
Formatioo is a brown. tMbedded fosIiferous 
limestone, undstooe, quan ziT:e, and shale, 21()' 
240 meters thick. Balsa QuartDte is a brown 10 
while or purpIish.gray, thic:k-bedded, coane· 
!J'ained quartziT:c and $andstonc with a basal 
congiomerate,CJO.ll1l meters thick.. To the east, 
c~s d part d tIw Abrigo Fonnation and 
Boba QuartziT:e are known as the Coronado 
Sondotono. 
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SedimerIIary rocks (Upper and Middle Cambrian)­
Abrigo Formation (Upper and Mickle Cambrian), 
and BoIsa Quartzile (Midde Cambrian), 
uncWI'Cferltiafed. 

GRANITOID ROCKS (PRECAMBRlAN Y):-MainIv 
granodiorite and quartz momonile, unfoiated to 
foIialed, in part metarMrphoeed. (J.el'll!l"aly in 
slocks, v.tich aM betn ' tde studied 

PINAL SCHlST (PRECAMBRIAN X)-ChIorite schist. 
phyIite, and.some metavolcanic rocks, 
metaYoIcaric rocks, metaquartzite, metaquartzile 
cOfl9ommlte. and gneis6. One metavolcanic rock 
dated at I7lS m.y. 

CONTACT- Dotted where conce.akod. 

MARKER HORIZON- Dotled where concealed. 

DI~"". 

FAUlTS--Showing cip. Dotted where concealed or 
inrruded; ball and bar on downlhrown side. 

Strike-5lip--Arrow couple ~ relallue dispLacement. 
SngIe arrow shoIMs movement at acriYe bb:k. 

Ma;or thrust fauJt-Sawteeth on UppeT plate. 

lhrust fault-Sawteeth on upper plate. 

Anricline. 

IncJned stril.e and dip 01 beds. 

EXOTIC·BLOCK BRECCIA-Rock contain5 dip or 
block indusions 01 rock different from thoseol 
host or other blocks nearby. T~oIvdcaric. 
tectonic or sedimentary.teclonic origin; excludes 
T ertiuy megi)breccia depoats. 

Site ol wd or 91nera1i:zed sile 01 MVerai 1Ale0s, shoMng 
unit penelTated, if known. and depth oI....e1. in 
feet lOO leelequals30.S melers. 

COUfCTION SCT£-RadiQglnicaII)I daled rock 
showing agI! in millions ol years. Query before 
symbol where precise loc.ation uncer1ain. 
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11 12 

0'''' t ... M. 

T. '-~ s.,. 1R 14 

(OT~u) 220 

13 

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

1980, and Newen, R.A. , 1973. 

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

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

DEPOSITS (HOlOCENE TO OUGOCENE):­
Gr1IWI, sand, and silt (P\eistocene and PIiocene­
Many alluviOOl cI bMins; includes 5IJITIe 

colltMum and landslide deposit$.. GeI'll!T'illy light · 
pinkish gray, ..wakiy indurated, and....;th poorly 
rounded clasrs; IocaBy wei indurated. Thickness 
sevuaI meters 10 hundreds 01 meters. 

8.u4/t (Pleistocene 10 PIiocene)- Llvil flows, 
pyroclastic rocks, and some intercalated gr<\IveI. 
Thickness several meters to a lew hundred meters 
in most places. RadiometricaBy dated at 0.25. 1.0, 
and 3.2 m.y. old 

Ext~ andesite and dacite (Miocene and Upper 
OIigocene)-Lava f\ov.Is, pynxlastic rocks. some 
inI:~ted epic~tic rocks, and dikes. Mostly 
gray. fine.g:rained, porphyritic rocks; includes 
some very coarse feldspar PQrphyry andesite 
(Turkey track porphyry, an infOl'miil ternl d 
Cooper, 19(1). Thickness mostIv several meters 
to sewraltens 01 meters. Dated at 24, 25, 27. 33, 
and 39m.y. 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
OIigocene- l2Iva flows, welded tuff, pyroclastic 
rocks. and some intercalated epiclastic roc~ 
ug,1-gray to~·pink."';tric lofinr~ 
porphyriric . Com~alewtenstoalew 
thousand of meten thick. Dated at 23, 24, 25, 26, 
26, 26, and 'n m.y. An additional date 0147 m.y .. if 
5Ubstanriated, may indicate the p~ru 01 
Eocene rocks in the lower member 01 the S 0 
VoIc:arics 01 Coctue Co. 

~~Ie, 9faYd.ancI sand (Oligocene and 
Eocene?)- ADuvium; commonly grayish·red 
deposits 01 small, wdI rounded, non\'OIc.ar'K 
clasts. Mostly several meters 10 a lew lens 01 
meterlthick. 

UPPER CORDIllERAN (lARAMIDE) IGNEOUS 
ROCKS (lOWER PAlEOCENE):-Lower 
voIcar'K rocks-Rhyolite 10 andesite lava flows, 
pyroclastic rocks. and some nteTCaiated epicIastic 
rocks. Dated at 57 m.y. Possibly \IOf.II'\9Itt &gI'! to 

MAIN CORDIl.llJ<AN (lARAMIDEIIGNEOUS 
ROCKS:-Potphyriric and aJiiric intrusi'-"! rocks 
(Paleocene and lipper Cretaceous}-Mostly Jatitic 
porphyry to daciric porphyry in small stocks arv:! 
plugs and aplitic bocf.es 1'101 MIOciated"";!h other 
graritoid stocks. Dated at 61. 63. 63. 64. and 65 

Fluidized intrusIVe breccia ~ e;oo; 3( t age unk1'1<lWn. but 
penetrates. I1nd thu! younger rhan Uncle Sam 
porphyry. 

Rhyndhd te lUll I1nd W('\ded lUff. - Includes parts o j 
SaIeIQ Formalion, Sugarloaf Ovum: ldlile,')oo 
Bronco Volcanics. and all oi Red Bay Rhyolite. Cal 
Mounlil1n Rhyolilt' 01 Brown (1939) and Uncle Sam 
Prophyry. Includes local imru!M! bodiel and locally 
contain!l fragment! 01 exotIC rocks. Thickl'of!ss 
commonly several tens oi meters to several 
hundreds of meters. 0,,100 ilt 66(?J. 70. 72. 73. and 
73 m.y. The Uncle Sam. in rhe Tombstont' a rea. is 
daled 72 m.y. 

Andnitic: to dacitic voIcaric: brecOa.-lnckJdes p.lrts 
d Sclero Formation, ~ Quartz Latite, and 
~o VoIca~, l1nd lIB 01 Demetrie VoIcaric.s 
and ~ Formation 01 Courtright (1958). 
ConvnonIy contains large blocks cI eJOOtic rocks 
and 10caIy nducIa 50flle ledimentary rocks and 
intrusive rocks. Severai tens 01 meters to several 
hundreds 01 meters thick in rrut places. 

L~r quart z monzonite and groodiorill'- Includes 
some quartz diorite: appears in small slocks. 
Locally olSSOCiatoo "";th mineralization. Dated 11.170. 
71. 72. 73. 74. 74, 74. and 76 m.y. The Schlefflin 
granodorile at Tombstone is 72 m.y 

Roads and Highways 

e -- .. ~--- Dry wash 

: ; I ! II . I I ; 1;+++ Southern Pacific Railroad 

- _._- --- - Government Reservation Boundary 

-------- Aqueduct 

A--- -A' Cross section line 

Explanation 

BISBEE FORMATION OR GROUP. 
UNDIFFERENllATID (LOWER 
CRETACEOUS):-l)pper part d Bisbee 
Formation or Group, lU'IdifferenMted. and related 
rocks.-Includes upper part d Bisbee Formation. 
MuraJ lJmestone. Morita, Cinrura. Willow 
Caf'¥lO, Ap.x:iw Caf'¥lO, Shellenberger Caf'¥lO 
and Tumey Ranch Formations (nee &Sted in 
ItTatigraphic aqoence) 01 the 8i!Ibee G~, 
Arrcle Arkose 01 Bryant and Kinnisoo (1954). and 
AngeIicATkose. Consistlolbrolunish-toreddish· 
arkose, gray siltstone, sandstone, conglomeratt', 
and some fO&5iliferous gray limestone. Commonly 
5eYeraI hundred metet'$ thick 

GRANJT£ AND QUARTZ MONZONITE 
WURASSlC)-Stocks cI PnJ<jshgoay coars.e­
grained rock.l.ocaIIya.ssodatec!....;th 
rrinefaJi~tion. Dated at 140, 148, 149. 149. Iso. 
153, HiO, 161, 167, 178. 185m.y. 

Sedimentary rocks (~ Permian and Upper 
Pe~""n)-(:onsist5 d Epitllph Dolomite 
(l.ower Pernian), Colina Limestone (~ 
Petmian), and Earp Formation (Lower PermiIIn 
and l...Ipper PervlsyIvarian). undifferentiated. 
Eptaph Dolomite iI a dark· to 6ght.gray si!j\dy 
chertydolorrite. &mestone, marl, siltstone, arxl 
~m, 12().2fI) meterlthick. Colina l.irTe5tone 
is iI medium gray, thick·bedded, spanely cherty, 
and sparsely fossiliferous ~mestone 12Q.2fI) 
meters thick. Earp Formation is a paIe·red 
siltstone. mudstone, stWe, and limeslone, 120-240 
meters thick. 

Horquilla l.ime.atone (Upper and Middle 
Pemsyfvarian)- l.ijlt.pinkish-gray, thick· to tnn­
bedded, ckt!rty, fos.siliferoUllimesl:one and 
intercalated paIe·brown to pWe.reddish'9fily 
siltstone tMI increases in abundance upward. 
T ~y 30049:1 meters thick. 

SEDIMENTARY ROCKS (M1SSlSSIPPIAN AND 
DEVONlAN}-Consisfs mainly d ~ 
lJme:stone (Mis5issippian}-1ocalIy (Armstrong 
and SIbennan, 1974) Ga1Ied EscabrOlXl Group-­
and Manin Formation (LIpper Devonian), 
WldiIferenriated. lnpartdtheChiricahua 
Mountainl aI50 includel Paradise Formation 
(Upper Mississippian) and Portal Formation cI 
Sabins, 195711 (Upper Devonian). In tile Uttko 
Dragoon Mountains and some ~nt hilb abo 
incUdes Black Prince Umestone, whose fauna 
and correla.tion $heM ~1Toogest: affinitin IAlith 
Mis6is.sippianrockllbut wtich rroyinclude some 
PCmsyMrian rocKs. Escabrou l.irnatone is a 
meQlfTl'9'iIY, massive to thick·bedded. c~ 
crinoidal, ctwny. fouilifCTOUll imestone 91).310 
meters thick. Martin Formation is thick· to thin. 
bedded, gray 10 brown dolomite. gray ~ 
fossiikrous, and some siltstone and sandstone, 
91).120 meters thick. Paradise Formalion is a 
brown. fossiliferous, shaIy m.stone. ~ 
Formatioo isa bla<:k shale ard &l'r1e$lone 6-100 
meters thick. BIilCk Prince L.irnatone is pinkiIh-
9R'Y limesIone IoIoith a basaI.shaIe and cnert 
c~tc,05"'\J:hlll52metet'$thick. 

SEDIMENTARY ROCKS (LOWER ORDOViCIAN 
TO MIDDLE CAMBRIAN}:- El Paso Ume:stone 
(Lower On:kMcian and LIpper Cambrian), Abrigo 
Formation (lipper and Mi&Ie Cambrian), and 
BoIsa QuMtz (Middle Cambrian), 
undiftcrcnlialed- El Paso l.ime.atone is a~, 
thin.bedded ct.rrty mntone and dolomite 90 
meters to about 220 meter$ thick. Abrigo 
Formation is a brown. tnn-bedded loWIiferous 
Iime!Itone, $Ilrdstone, qUMtzite, and shale, 21()' 
240 meters thick. BoIsa Quortzite iI a brown to 
IIAliteor~,thick.bedded,coarse· 
graned quartzite and w ndJtone with a basal 
congiomerale,9I).UI l meters thick. To the east. 
equiyalcnt l 01 pMt 01 the Abrigo Formation and 
BoIsa Quartzite are known as the Coronado 
Sandllone. 
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Sedimentary rocks (l1ppe:r and MddIe CambriM)­
Abrigo Formation (Upper and Mickle Cambrian), 
and EloIsa Qu;mzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):- ManIv 
grarodiorite and quartz monsonite, urtoliated to 
lo6ated, in part metamorphoied. Generaiy in 
!tocks, wtW:h 11.'- been lirde studied. 

PINAl SCHLST (PRECAMBRIAN X)- Chlorile schist. 
phyIite, and somc metavoIcaric: n:xks, 
metavo6caric rocks, metaquartzite. metaquartzite 
Con9ommltc, and gneiu. One metavolcaric rock 
dated at 1715m.y. 

CONTACT -Doned IIrr'here concealed. 

MARKER HORIZON-Dotted ~re concealed. 

D[KfS-~dp. 

FAULTS-Sho..W1g rip. Coned where concealed or 
intruded; ball and bar on downthrown side. 

$lriklHlip-Arrow couple sho.us relative dispOCemenr. 
Single illTOW shows movement 01 actiue block. 

Maier thrust lault- Sawtceth on upper plate 

Thrusl fault-Sawteeth on upper plate. 

Anric~ne. 

Inclined !trike and dip d bedI. 

EXOTIC·BLOCK BRECCIA- Rock contain! ct'ip or 
block inclusions 01 rock different from those 01 
kos!or otherblockll nearby. Typically cI YOIcaric:. 
lectonic or sedimentary-tectonic otijn; cxduda 
TI!rMnt~@(:iadePOSils. 

Sile d well or gereralized site 01 several wells. shcN.ring 
um penetrated, if known, and depth 01 IUd, in 
feet. 100 feet equal!l30.5 meters. 

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

1980, and Newell, RA, 1973. 

By James A Briscoe 
James A_ Briscoe and Associates 
Tucson, Arizona 

Figure 14_ Distribution pattern of copper in mesquite trees (in red) , 
from Newell, R.A. , 1973, 
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Geology 
OLDER OR UNDlFFEREl'ffiATED SURFlCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, sand, and sill (PIeistCCllnt and Piocene­
Mainly alluvium 01 basins; includes SOf1'lIl 

colkMum and Iand5lide deposits. GenerilDy light· 
pinkish gray. WoOe./lkly indurated, and "";th poorly 
f'OlrIded clasts; locally wea indurated Thicknlw 
sewraI meters to hlftlreds d meters. 

&s.Wt (Pleistocene to PIiocenel- lava 1Iows, 
WOCIasric rocks, and some intercal;"ted grayeI. 
Thicknes5 seven! meters to a lew hundred meters 
in rrost p0ce5. FWIiometricaIy dated at 0.25, 1.0, 
and 3.2 m.y. old 

Extensive ardesite an::! dacite (Miocene 300 Uwer 
OIigoceN!)-Uva flows, wociastie. rocks, some 
intercalated epidastic rocks, and dikes. Mostly 
gray.~, porphyriricrocks:inckJde$ 
50rTlIl wry COMW feldspar porphyry andesite 
(T urXey track porphyry, an irUonna1lenn 01 
Cooper, 196I). Thickness mostly several me1en; 
to sewraI tensd meters. [);)too ill 24, 25, 27, 33, 
and J9 m.y. 

Extrusiw rhyotite a.."'Id rhyoc\acile (Miocene and ~ 
OIigoc:ene-lava flows, welded ruff, pyrodMtic 
rot:ks, ;md some i1terQ!atec;! epir;lastic rocb. 
~I.gray 10 gRIYi$h·pink, "'ric to fine.grained, 
porphyritic. Commonly a lew lens to ill few 
thousand 01 meters thick. Dated at 23, 24, 25, 26, 
26, 26, ;me! V m.y. All additional date 01 47 m.y., it 
sub!itar'lt0too, may indicate the preserce 01 
EDcenI! rocklin the lower T'I'IeIT'Iber 01 the SO 
Volcaria at Codw Co. 

Lower congIorrer.!lte, grave, and sand (OIigocenll! and 
Eocene?)-AIIuvium; COl'1'1l'TlOfVy grayish.red 
deposits cI small, u.oel rourded, nonvolcaric 
clasts. Mostly KVmiI meters to a lew lens 01 
meters thick. 

UPPER CORDIU.ERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PAL£OCENE):-Lower 
voIcaricJlXIu- Rhyo!itetoandesitel.wallows, 
pyroclMric rock$, ard !OI'N!: intercalated epiclastic 
rocks. 0a{edat 57m.y.PossibIy~agelo 

MAIN CORDIUEf<AN (LARAMIDE) IGNEOUS 
ROCKS:-f'orphyritic: and aplilic inlfUSI'.R rocks 
(Palooce,..- and Upper Cretaccous)-Mostly !aline 
porphyry to dacitic porphyry in small stocks ard 
plugs and aplitic txxIies 001 associated with other 
9'"lIoriloki stocks. Dated at 61, 63, 63, 64, and 65 
~y. 

Fluidized inlru!tVe breccia. - exlIoC l age unknown. but 
penetrates. lIond thus YOUl"'Iger than Uncle 5a.m 
porphyry. 

Rhyodacllfl luff and wdded luff. - Includes parts 0( 
Salero FormauOfl. 5u9arloaf Quam utile. and 
&-onco VoIcllonic!. and lIoll 0/ Red Bay Rhyoli te. Cat 
Mountain Rhyolite 0/ Brown (1939) and Uncle Sam 
Prophyry. Includes local intrusive bodies lIond Ioclllly 
contains fragments 0( eKotic rocks. Thickness 
commonly several tens of meters to $eVer,,1 
hundreds 0/ meters. Dated III 66(?), 70. 72. 73. and 
73 m.y. The Unck! Sam, in the Tombstone arell, is 
ru ted n m.y, 

Andaitic to dBcitic voarK brecci.!l.-lncludn parts 
0( Sdero Formation, Sugarloaf Quartz utile, lind 
Bronco VoIcarics, and lIII at Dmtetrie VoIc.!Irics 
and SiIverbeI Formation 01 Courtr9lt (1968). 
CorrmcnIy conlains large blocks a eKOtic rocks 
and locally includes some sedimentary rocks and 
intrusive rocks. Several tens d metm 10 5e\Ift"III 
hundreds 01 meters thick in most pQce5. 

Lower quanz monzonite lind graodiorite- lnc!udes 
5Omt' QU1Irtz diorite; appears in small stocks. 
Locally MsoOOted with mmeri!llizatioo. Dated a t 70. 
71. 72. 73. 74. 74. 74. and 76 m.y. The Scrnefflin 
graoodorlle at Tombstone 15 72 m.y. 

Roads and Highways 

~ --"- Dry wash 

+t+++~ Southern Pacific Railroad 

Explanation 

[
-~ 

_~'_J 

C:o J 

r--' 
I "Do i 
I , 

BISBEE FORMATION OR GROUP, 
UNDIFFERfNTlATED (LOWER 
CRETACEOUS):-!Jpper part a Bisbee 
Formation or Group. undifferen\ii,ted. and related 
rocks.- !ncludes upper part d 8Csbee Formation, 
MUBll..mIestone, Morita, Cinrura, Willow 
~. Apache Canyon, SheIlenberger Canyofl 
and Tumey Ranch Formations (not &Sled in 
slratigrapiW:: sequence) 01 the 8isOOe Group. 
AmoIe Mose a Bryant and Klnnison (1954), and 
Angelic Arkose. Consists d brownish· to reddish· 
arkose, ~ AtSlCWle, sandstone, conglomerale, 
and some fos.siliferous <py limestone. Commonly 
several hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC}-Stocks 01 pinkiih-gray coarse· 
gratnedrock.locaIIy~ledwith 
~UIotion. Daled lit 140, 148, 149, 149. 150, 
1531 160, 161.161. 178, 185 m.y. 

Sedimenr:lIry rock$ (I..ower PmTian and ~ 
~""n)--<onsisI:s 01 Epitaph Dolomite 
(1..o.Ler PenTilIn), Co&na UmestOTMt (lDwa 
Pmni<tn), and Earp FOfI1lCIlion (1..ower ~n 
lind Upper Pe~nilIn), urdifferentiated. 
Epitaph Dolomite is II daric· 10 Iisht'9faY sIigltly 
cherty ddomite, limatone, mati , siltstone. a...d 
gypsum, 12().28) melers thick. Co6na Limestone 
its II. medium gray. thick·bedded, spat5dy cherty, 
lind sparwly fossiliferous ~mestone 12().28) 
meters thick. Earp ForrTIlIrion isa paie·red 
siltlIOOe. mudstone, shale, and imestone, 12().240 
meters thick.. 

HorQUilla l.imestone (Upper and Middle 
Pemsytvarian}-!....dlt.pinkish.gray, thick· to lhin· 
bedded, cherty. fOSSlliferoos limestone lind 
intm:alated paIe-brown 10 paIe-~.gray 
si/tstone that increases in abundmce upward. 
TypicalyJ00.4SO meIer! thick. 

SEDIMENTARY ROCKS (M1SS1SSWP1AN AND 
DEVONlAN}-Coosists mainly 01 Escabrosa 
Limestone (~n}-locaIIy{Annstrong 

and SiIbmnan. 1974) called Escabrosa Group­
and Martin Formation (Upper [)ewnian), 
undifferentillted.lnpMtoltheChiric.ahua 
Mow-rtains also includes PlIradi!e Formation 
(Upper Missiuippian) and Portal Formation d 
Sabins, 1957" (lipper ~n). n the Little 
Dragoon Mountains lind 10m! ac:ijacent hib iIlIo 
inc~ 8bck Prince I...imeslone, whose fbUna 
.,.nd cOl'Ttiarion shoN strongeSt affinities with 
Missislippian rocks but wheh may include some 
Pernsylvanilln rocks. Eacabro5a IJmeslone is II 
medium.gray, mastiw to thic.k-bedded, comrnoriy 
crinoidaJ, cneny, fO&Siterous imestone 9().310 
meters thick. Martin Fomvtion is thick· to ttw. 
bedded.!J1IY to brown doiorrite, gray sparsely 
t~ and IOITIe siltstone and sandstone, 
9().120 meterti thick. Paradise Fonnation i$1I 
brown, tOLUiiferous, shaIy irnestone. Portal 
FonN\tion is a bb::k shale an:l5rneslooe 6-100 
meter. thick. Black Prince Ume!tone is pinkish. 
~limntonewithaba.salshaleardchert 
congiomerate, ;;.s much as 52 meten thick. 

SEDIMENTARY ROCKS (LOWER OROOVlCIAN 
TO MIDDLE CAMBR1AN);-B Paso l.imesfone 
(1.nI,r.oer ()rdo....;cian and lJppe:r Cambrian), Abrigo 
Formation (LIpper and Midde Cambrian), and 
Balsa Quartz (Midcle Cambrian), 
undifferentiated.- B Paso linestone is a!J'"illY, 
fhin.bedded cMrty m-.ntone 1IT'd dolomitll! 90 
meters to about 220 meters thick. AI.x9o 
FOI'TTIlItion is II brown, thin-bedded loaiIiIerous 
limestone, sandstone, QUaI1zit. , and 5haIe, 210-
240 meters thick. BoIsa Quartzite is II brown to 
whitcorpurplish~,thitk-bedded,cOllfW' 
grained quartme lind 5lIndstone with ill basal 
conglomen!c, 9().l!l) meters thick. To the _I, 
~sapartcitheAM.Jo FOfmlItionand 
BoIt.a Q.w1me are known as the Coronado 
Sondo ..... 

e - .-.- .-- Government Reservation Boundary 

---. ----- Aqueduct 

A----.A' Cross section line -
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SedimenlMy rocks (Upper and Middle Carnbrian)­
Abrigo Formation (Upper and Midc:Ie ~), 
and BoI:sa QuartDtIl! (Middle Cambrian). 
undifferenti<lted. 

GRANITOID ROCKS (PRECAMBRlAN Y):-MalnIy 
~Ie and quartz monsonile, unloialed to 
Ioiated, in part mellln"lOl"phoaed. Gerwnly in 
stocks, IAhch lIhYe been 5tt1e studed. 

PINAL SCHlST (PRECAMBRIAN X)-ChIorite schist, 
~,and some me~ric rocks., 
~ rocks, metaquartzitc, metaquartme 
cor9omerate, and gneiss. One rTIII!IaVOIcaric rock 
datedlll 17IS m.y. 

CONTACT - Doned lAohere ccn:e.aIed. 

MARKER HORIZON- Dotted where cora.aled 

D!I<£S.-.ShoW-o <tip. 

FAUL TS-SIlowire cip. Dotted where concealed ()I" 

intnlded; ball and bar on doNnlhmNn side. 

Strike·s5p-Arrow couple shows relatIVe dispI.lcemeni. 
Sing,e lIJTOW shows T1""ICI'RTN!nl cllICrive block. 

Major thrusl fauh - Sawlll!ll!lh on upper plate 

Anticline.. 

5ynctine. 

Inclined strike 1It'd dip 01 beds. 

EXonCBLOCK BRECCIA- Rock ConWls CBp or 
block inclusions a rock different from thoee a 
nost or other blocks nearby. Typically 01 voIcarK' 
tectonic or M<imentary.tectoric: or9n: elCCiudes 
Tertiary megabreccia de\X)Sits. 

Site a well Of generai:red site ol sewraI.....&. showing 
urit penetrated., if known, 1It'd depth 01 weD, in 
feet . 100 feet equals 30.5 meters. 

COLllCTION SlTE- Radioger*::alIy dated rock 
5howing age in millions of yellrl. Query before 
symbol wIwre precise !ocatioo uncertain. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

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

By James A Briscae 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 15. Distribution pattern of molybdenum in mesquite trees (in 
red) , from Newell, HA, 1973, 
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Geology 
OlDER OR UNDIFFERENTlATED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE);­
Gravel. sand, and silt (Pleistocene and PIiocene­
Mainly alluvium 01 basins; includes 50ITIe 

cclluvlum and bndslide depogt$. Genl?l'<\lly ish! 
pnkish gray. weakly mdunlfed, and with poorly 
rounded clMt1; locally \WI IndUfiltl1Cl TI.ckness 
sever<'II meters 10 hundreds 01 meters. 

Basalt (l'Ie.sloceretoPliocene)-lavaf'lows, 
pyrocLurx: roc~. aoo some intercalated. gravel 
ThK:kness several meter5 10 II few hundred meters 
In most pIocfi!$.. Radiometncaly dated 211 0.25, to, 
and 3.2 my old 

Exlensrve andeSite and ~lIe (MxKene and L.Iwer 
O!igocene)- Lava flows, pyroclastic rocks, some 
IfIlercalatedepiclasnc rocks. and dikes. f\.105t1y 
gray, fUw.grameci. porpOytihc Tocks,mclodes 
some very coarse reldspar porphyry andesite 
(Turkey track pcxphyry, an 1JIf0000000lerm 01 
Cooper. 1961) ThIckness mostly several meters 
loseveraltensdmeters. Daled 3124, 25, 27, 33, 
and 39m.y. 

Extl'USM!' rhyolite and rhyodaale (Miocene and l./ppeT 
Oligocene-Lava flows, welded ruff, pyroclilstlC 
rocks,.md some Illtercal3ted eplClastic rocks 
lqIl-gray 10 graylSh.pink, vitrir. 10 fine.gramed, 
porpnynlX. Commonly a few lens to /I few 
tllousaoo 01 meters thick. [)ated al 23, 24, 25, 2&, 
26, 26, and 'Z7 m.y. ArI addmonal dale of 47 m.y .. If 
substanrillled. may 1ncbcate the presence of 
Eocene rocks In lhe lower member of the 5 0 
Volcarics 01 Cochise Co 

Lower congiolllltrate, gravel, and sand (Oligocene and 
Eocene?)- N1uvium. commonly graYIsh roo 
deposits of small, wen rounded, nonvolcanIC 
clasts. Mostly ~raI ~ters loa lew tens of 
tnetersthick 

UPPER CORDIUERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PAL.£OCENE):- l.ooNet 
voIcanc:fQCks--RhyoIitetoa!'lde:site~aflows, 
pyroclastic rocks, and some intercalated t'plClastic 
rocks. Dated al 57 m.y. Possibly youngpr age 10 

MAIN CORDIll£f<AN (lARAMIDE) IGNEOUS 
ROCKS:-POfPhynhC and aptitic intrusrve rocks 
(Paleocene and Upper Crellw::eous)-Mostly Iatitic: 
porphyTytodaciocporphyryinsmalIslocksarw:l 
p/ug5 and aplitic bodies noT as5OCI.!Ited With otht'r 
graritoid STOCks. Dated al 61 , 63, 63, 64, and 65 
m.y. 

F1UKl;~;~;~::':~T~c~;a~~;: ~~!lu~~;:~~UI 
porphyry 

Rhyodacue tuff and -....ekled luff Indudes parts 01 
Salero FOImatlOn. Sug.1rloof Quart lt Lahle. and 
BrOfl(O VolcaniCS. and all 01 Red Bay Rhyolite. Cdt 
Mountain Rhyoli te 01 Brown (1939) and Uncle Sam 
Pruphyry. klcludes local mln)Slve bodle$ and locally 
COnlall\S fragl1"l('rllS of exotic rocks. ThICkness 
commonly sever31 tens of melers 10 SoE'V('raJ 
hundreds 01 rnett'Ts. Dilled ill 66('). 70. 72. 73. and 
73 my The Uncle Sam. In the Tombslone"rei:l. 1S 
ck"\l('(!72 m.y • 

Andesif1clodaciric volcaricbrecaa.- lncludeSparts 
of SoIero Fom'l1ltion, Sugarloal Quartlt utite, and 
Bronco VoIcar.cs, and aD of Demetne Vokarics 
and Sih.oerbeII FOm'I1Irion 01 Courtright (1958). 
Commonly COO\alrl$ large blocks of ellotic rocks 
and locally incIude$ some sedimenlary rocks and 
intrusiverocks.Sever.lItensoimeters to~ 
hundreds of meters Thick in most places.. 

LOWC'r quartz monzonue and graodlOnte - lncludes 
snme quartz diante: appears in small STOCks. 
Locally assoc:l.lued wllh mlllf?rlI1l1.aTIOTl. D<l,ed at 70. 
71. 72. 73. 74. 74. 74. and 76 m.y The Schoemin 
9r,modontt' (II T ombsto ,,,-, IS n m.y. 

Roads and Highways 

'- Dry wash 

;++++-t+H-HH+'- Southern Pacific Railroad 

Explanation 

17"'-.-, .-::> 
! •..•. J~' •• ' . , 

~~ 

~:J" l'L.L.:..~"· 

BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS).- l.Jpper pari ol8isbee 
Formation or Group, undifferentiated, and related 
rocks.-lncJudesuppef part of Bisbee FonnatJOn. 
Murall.Jrnestooe, Monla, Cinrura, Willow 
Canyon, Apacht Canyon, Shde~ Car"J;,lOTl 
and Tumey Ranch Formations (nol bled in 
stra~phic sequence) 01 the Bisbee Group, 
Arrde Ar~ of Bryant and Kinnison (1954), and 
Angelic Arkose Consisfs 01 browrush· to rOOchsh· 
arka&e, gray silt51Ol'lf:, $IIndstone, conglomerl!te, 
and some fossililftOUS gray imHtone. Commonly 
sevnaI hundred meters u.:k 

GRANITE AND QUARTZ MONZONITE 
(JURASSfC}-Sl:ocks at pinkish.gray coarsoe· 
gnvned rock. Locally associated with 
mi:neraJi:.ta.Don DaTed al 140, 148, 149, 149, ISO, 
15.1,160,161,167,178. 185 m.y. 

Sedimencary rocks (Lower F'enrian and Upper 
Pennsy!vanan}-<OI1SISt501 Ep.taph DoIornite 
(lower Permian), CQliM Umestooe (Lower 
Permian), and Earp FormaUOfl (Lower Permian 
and Upper Penns¥varian), undifferennated. 
Epcaph DoIorn;le 15 a dark· to bght-gray slightly 
cherty doiorrile, 5mestone, man. siltstone, and 
!l,Ip5Um. 12().28) meters thlek. Colina l.rnestone 
1$ a medl1.Dn gray, thick bedded, 5p3rseiy cherty, 
and SJ)o'Irse/y f056iliferous Hmestone 12().28) 

meters duck. Earp Formation 1$ a paIe.red 
siltstone. mudstone, shale, and imestone, 120-240 
metersthack. 

Horquilla L1mestone (Upper and Middle 
Pennsylvarian)- Ught·pmkish-gray. thick· to thin· 
bedded, d-erty, fossiliferous 1ime!;1One. and 
lnt~ted paIe.brown to paIe.reddish.g..-ay 
silfstone that increases in Ilbundan::e upward. 
Typc.ally30)..4S(1metersthJck. 

SEDIMENTARY ROCKS (MISSISSIPPiAN AND 
DEVONlAN)- c:oruls mainly 01 Escabrosa 
Umestone (Mls5I5Slppian)-lrxally (Armstrong 
and Silberman. 1974) c.aOed Escabrosa Group­
and Martin FormatlOfl (Upper DevonIan), 
undiffaentiated. In part 01 the Chiricahua 
Moonldins.also irt:1ude5 Paradise Formation 
(Upper MIssIssippian) and Pot-tal Formarion 01 
Sabins, 1957.11 (Upper Devonian). In the Utrle 
Dragcxm Mountilins and some adjacent hills also 
includes Bbck Prince Ume.stone, whose fauna 
ardcorreiatlOTlsllOW'stroogeslaffinitJeSwilh 
MississipPian rocks but wNch I'T'KIIY include some 
Pemsylvarian rocks. Escabrosa Lmestone is a 
medium-gray, massive to tl-*;k·bedded, commonly 
crinoid.!ll, cherty, fosstltl"erous limestone 90-310 
meters thick. Martin Formation is thick· to thin­
bedded, gr.lly 10 brown dolomite, gray sparsely 
fOS5llifaous, and ~ siltstone and sandstone, 
90-120 meters thick. Paradise Fom'l1l00n IS a 
bro.vn, fa;silif£JQUs, sha/y limestone. Portal 
Formation isa b0ck sh.!Ile arw:l imestone 6-105 
meten thick. ~k Pnnce umestone is pin!ush. 
gray limestone "";Th a basal shale and chert 
conglomerate, 0$ fTlUl:h as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):-El Paso Limestone 
(L..ou.er Ordovician and Upper Cambrian), Abrigo 
Forrn.aOOn (Upper and Middle Cambrian), and 
BoIsa Quartz (Middle Cambrian), 
undifferenNned.-El Paso limestone is a gray, 
thin·bedded cherty ~mestone and dolomite 90 
meters to aboul 220 meters lnick. Abrigo 
FOTTTloation is a brown, thin·bedded fossiliferous 
limeslooe, sandstone, qUllrtzile, and shale, 21(). 
240 meters thick. EloIsa Quartme is a bn:Mrn 10 
white or purpIish-gray, thick·bedded, coarse· 
grained quam:lIe and sandstone. with a bMaI 
coo9omerate, 9(). UJ) meters thick. To the eASl, 
~nts 01 part 01 the Abrigo Formation and 
Balsa. Quartzite are kno,..rn as the Coronado 
Sandstone. 
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Sedimentary rocks (Upper ard MddIe CarnbnAn)­
Abngo FOfTTIiInon (Upper and MJddle Cambnan), 
arw:l 80Isa Quartzite (Middle Cambrian), 
undifferenllated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-MainIv 
granodionte and quartz monsooite, unloliated 10 
foliated,1I"'I part melarnorphosa:!. Generally III 
stocks, which ahve been ~Itle studied. 

PiNAL SCHlST (PRECAMBRIAN X)- ChIem,e schist, 
phyllite, and some metavoicanc: rocks, 
~rocks.met.)(p.iilrtZlte,metaQUartZlTe 
conglomerate, and grII!IM. 01e metavoicanc: rock 
dated at 1715m.y. 

CONTACT ~Dotted where concealed. 

MARKER HORIZON- Dolled where concealed. 

D1KES-ShoAAngdip. 

FAULTS-ShOMrlS dip Dolled wher" ccn::eaIed or 
Inlruded: ball and bar on downthrown side. 

No,"'" 

Strike·shp-AmJw couple shoNs relatl\lt' dispLxemellt 
Single arrow shows movemenT 01 active bkx:k. 

Thrusl faull--Sawteeth on upper plale. 

Anncbne. 

Syncline 

tnclinecl5trike and cbpatbeds.. 

EXOTIC-BLOCK BRECCIA- Rock cont"/llfl$ c'-p or 
block inclusions 01 rock different from Iho6e 01 
hostorotherblocksnearb;. TypiC<I!Iy01 voIcarac· 
tectonic or sedimentary-Iector'lic origin: excludes 
Tertiary rnegabre«Ja dePOSItS. 

Site of weD or generahzed slle of several we11s, shoMng 
un.t penetT21too, if known, and deplh of ~n, in 
feet.l00feett'quals30.~meters. 

COLLECTION SITE- Racbogerucally dated rock 
ska.ving age in millions of years. Query belore 
symbol where precise iocation uncertain. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
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N I 
Geology adopted from Drewes, Harold, 

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

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 16. Aeromagnetic map of the Tombstone area. 

From Residual Aeromagnetic map of Southeastern 
Arizona, Sauck, W.A. , and Sumner, J.S., 1970. From 
Andreason, G.E. , Mitchell, C.M., and Tyson, N.S., 1965 
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Geology 
OLDER OR UNDIFFERENTlATED SURFlCAl 

DEPOSITS (HOLOCENE TO OUGOCENE);­
Gravel, sand, and sill (Pleistocene ard PIiocene­
~lIIkMumolbasins;includessome 
colluvium and landslide depoilts. Gener.dy light. 
pinkish gray, u.eaklyindurated, ar.:!with poorly 
rOU'Idedclasts; locaIIywdindUJ'ilted..ThK:~ 
sewraI meters to hundreds d meters. 

Basi.Vt (Pleistocene \0 PIiocene)- lava. Rows, 
pyroclastic rocks, and ~ InteTUiatoo gr<r.IeI. 
Thickrw5S wveraJ meters 10., few hundred meters 
in most ~~ R&diometncally dated al 0.25, LO. 
lind 3.2 m.y. old 

Extensive ardesjle and dacile (Miocene lind lJpp«r 
O!igocene)-Uwa fIow'5. pyrocia5l1c rocks, some 
intercalated epiclasric rocks, "nd cikes. Masdy 
gray. fine.gramed. porphyritic rocks; includes 
some Vl!Ty c03rse feldspar porphyry andesite 
[Turkey !TaCk porphyry, an infonMl lenn 01 
Cooper, 19(1). Thickness mostly several meters 
to several lens d meters. Dated al 24, 25, n, D , 
and 39 m.y. 

Extl'\l5iYe rhyolite aoo ~te (Miocene and Upper 
Cltigccene- llIva !lows, welded luff. pyroclastic 
rocks, and 5OmIllnt~ted epiclasnc rocks. 
l..9l1-graYlograyish .pink , lIit~tofioe-grained , 
porphyritic. Commonly ill few lens 10.11 lew 
IhQusand at meters thick. [};;,ted at 23,24. 25, 26, 
26, 26, liM 27m.y. All additiooald/r.feoI47m.y., if 
subst;,nn;,ted. rnayindicate the presence 01 
Eocene rocks in the \ower member 01 the 5 0 
Volcanics 01 Cochise Co. 

~ conglomerate. gravel. aOO sand (OIigoce~ and 
Eoce~?)-AIIuvium; commonly grayish.red 
di>.posIts 01 small, y,eJJ rounded. nonvoIcaric. 
clasts. ~tly~meterstoafewtensol 
meters thick. 

UPPER CORD1U.ERAN (LARAMIDE) IGNEOUS 
ROCKS (LOIJJER PALEOCENE):-~ 
-.dcaricrocks- Rhyolite to andesite lava I'iows. 
pynx\.,stic rocks. and some in tercalated epiclasric 
rocks. Dated at 57 m.y. Possibly younger age to 

MAIN CORDILLEkAN (lARAMIDE) IGNEOUS 
ROCKS:-Porphyriric and aplitic in tl'USllIe rocks 
(PaIeoc:ene and L/ppe:r Cr~aceous)-Mosrly britic 
porphyry to daciric porphyry in small stocks and 
pklgs and ap/iric txx:Iie5 not associated with othF;>r 
!}"aritod stocks. Dated al 61. 63. 63, 64. and 65 
m.y. 

FluKllzed in truSM! breccia e"a(l age unknown. bUI 
peneWltu . and Ihus younger than Uncle Sam 
porphyry. 

Rhyod..'\( ile tull Imd welded tuff - Includes parts 01 
SJll'TO FOI'Ill.}Ti(m. $ug;'lrk::t<tl QUilru. Lahhl. and 
Bronco Vokamcs. and all of Red Bay RhyoliTe. CaT 
Mountain Rhyoitie of Brown (1939) and Uncle $.3m 
Prophyry. Includn local tntrUSIV(' bodies <lnd locally 
contains fragments 01 eMot lC rocks. ThICkness 
commonly 5eV('ral teM of meters TO several 
hundreds of mel('rs. Dated at 66(?), 70. 72. 73, and 
73 m.y. Th..! Uncle Sam. III lhe Tombstone a rea. IS 
dated 72 m.y. 

AMesitic 10 daciric voIcaric breccia.-1ncJucIes piU1s 
of SoIeTo Fonnation. Sogarloal' Quartz Latite. and 
Brorv::o Voicarics, and all 01 Demetrie Voicarics 
and SiIverbeIl Formation ol Courtright (1958). 
Cornn-oonIyconl1lins!argebIocksolexoricrocks 
and locally inclucIn some 5elimental'y rocks and 
intrusive rocks. Sever311ens 01 meters to several 
hundreds 01 meten thick in most pl;x:n. 

L~, qu.lrlz monzoni te and graodiorite- Includes 
scnw Quartz diorite: appears in small siocks. 
Locally a55IJ('ii:lted with mmer<JIization. Dated a l 70. 
71. 72. 73. 74. 74. 74. and 7& m.y. T1w &hli!fRin 
gr¥lOdorite al Tombstone 1$ 72 m.y. 

Roads and Highways 

-"--'" Dry wash 

-1+H++·H .. t+rl+ Southern Pacific Railroad 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENllATED (LOIJJER 
CRETACEOUS):- lJpper part ol Bi5bee 
Formation or GTO\.IP. undifferenroted. and relaled 
rocks.-Indudes upper pan 01 Bi!lbee Fonnation. 
Murall.imesIOOl', Montit.CmlUra,WdIow 
Cafl')<lO. Apacht' Canyon. SheIIerberQ£t Canyon 
and Tumey Ranch Fonnarions (om listed in 
stratigraphic seq.lence) 01 the Bisbee Group, 
AmoIe ArkosI! 01 Bryant and KInnison (1954). and 
AngeIK: Arkose. Consists 01 brownish· to reddish­
arkose. gray siltstooe. 5aMstOOi!. conglomerate, 
and some lossiIifer0u5 gray limmooe. Commonly 
St'Ve'f1!II hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
{JURASSlC)--Scockli 01 ~'Sf'!Y coarse­
grained rock.1..ocaDy associ<Iteci with 
rTIinerlJi.zalion. Dated at 140, 148. 149, 149, ISO. 
153. 160. 161. 167.178, I85m.y. 

Sedimernary rocks (Lower Pwrnan and Upper 
Pernsylvarian)-<:onsists of Epitaph Dolomite 
(lD.I.oer Pel'n'llan), ColIna l.imestone (Lower 
Permian). and Earp Formation (lower Permian 
and Upper Pennsylvarian), undifferentiated 
Epitaph Dolomite is a d3rk- to light-gray slightly 
cherty ddorrite, ir-nMlone, marl, siltstone, arxl 
gypsum. 12().2a) meters thick, Colina limestOO(' 
is II medium gray, thick·bedded. 5p&rsely cherty. 
and spane/y fossiliferous bmestOOl' 12Q.29) 
meters thick. Earp Formarion is a paIe·red 
siltstone, mudstone, 5haJe. and imestone, J.2O.240 
meters ttuck. 

Horquilla limestone (lJppeT and ~ 
~rian)-(jght ·pinkish.gray. lhick·TOlhin. 
bedded. cMty. fossilifeTOu:s limestone ,md 
inter<aLated ~-bf'oIun to paiNeddish-gRIY 
siltstone that intreases in <M>undance upward. 
TypicallyJOO.4CXl meters thick. 

SEDIMENTARY ROCKS (MISSlSSIPPIAN AND 
DEVONtAN)-Consists mainly 01 Escabrosa 
l.irnestooe {Mississippian)- locaDy (Atmstroog 
and Silberman, 1974) ca1Ied Esc.abrosa Group­
and Martin Formation (lipper Devonian). 
undifferentiaTed. In part 01 the Chiricahua 
Mountains also includes Paradise Formation 
(lJpper Mississippian) and Portal Formation 01 
Sabins, 195701 (Upper ~n). ln the Uttle 
Dragoon Mountains and SOIT'e adiacent hiD! a1so 
1nc:Ude! Black Prince Limestone, IAIhose fauna 
and correlation show strongeSt affinities with 
MissiMippian rocks but wheh may include $On1I! 

Pemsy/wrian rocks. EscabrOS/l Limestone is a 
medium.gr.ay, massive to thick-bedded, c~ 
crinoidaJ. cherty. fossiliferous anestone 91).310 
meters thick. Martin Formation is thick· to thin­
bedded. !PlY to brown doIorrite. gray spar5eiy 
fossifcrous. aTd ~ .siltstone aTd saM!tone, 
9().120 meten thick. Pa~ Formation is ill 
brCNln.fossiliferous.~ylimeslone. Portal 
formation is II bIoltok v.. lind .meifQll$ 0.105 
meters thick. Black Prince limeslone is~· 
gray lime!tone IIMh a basal stWe and chert 
conglomerate. as much as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER OROOVICIAN 
TO MlDOLE CAMBRlAN):-El Paso Umestone 
(Lower Qrdoo..oOan and LIpper Cambrian), Abrigo 
Formation (Upper and MidtIe Cambrian). and 
BoWt Quartz (Middle Cambrian), 
~erentiated .-El Paso lime$tone is a gray. 
thin-bedded cnerty imestone and ddomite 90 
meten to about 220 meters tlW::k. Abrigo 
Formation is.& brown, II'Iin-bedded l~f:rOU! 
limestone, sandstone. quartzite, ;mel shale. 21()' 
240 meters thick. BoIsa Quartzite is a brown to 
IAAliteor purpIish-gray,thick-beddcd. coarse· 
grained quartzite and sandstone with a basal 
congiomcrale.9().I8l melersthick. To the cast, 
equivalents 01 part 01 the ~ Formation and 
Balsa Quartzite are known as the Coronido 
Sandstone. 

- -- - ...... - Government Reservation Boundary 

--_ .... _- .. -- Aqueduct 

A----A· Cross section line 
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Sedimenlary rocks (Upper and Middle Cambrian)­
Abrigo Formation (Upper and Middle Cambrian), 
and Balsa Quanzite (Middle Cambrian). 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN V):-Main/y 
granodionte and quartz monsonite, unfdiated to 
foliated. in part metamorphosed. Gener~ in 
stocks. which aM been ~ltIe studied. 

PiNAL SCHIST (PRECAMBRIAN X)- ChIorite schist, 
phyIire, an::! some meravolcaric rocks. 
metaYOkanlC rocks. melaquam:ite. met~uar1Zite 
cCll'9omeRIte. and gneis!. One metavolcal'lC rock 
dated al 1715 m.y. 

CONTACT - Dotted IAlhere ccn::eaIed 

MARKER HORIZON- Doned where concealed. 

DlKES-$howire dip. 

FAUL TS-Shw.ting dip. Doued where concealed or 
intruded; ball lind bar on downthrown side. 

Nonn. 

STrike·slip-Afrow couple shows relal~ displacement. 
SiolgJearrows/'lou.'STT'ICII.'I!menl oIactlVe bkx:k. 

MaiM thnJ!t fauh - Sawtecth on upper plate. 

Thrust fault- Sawteeth on UPPf!f piate. 

Antichne. 

Syncline. 

Inclined strike and dip 01 bOOs. 

EXOTIC·BLOCK BRECCIA- Rock contains dip or 
block inclusions ol rock different from those 01 
host or other bkx:ks nearby. TypicaDy 01 volcanic· 
teclonicorsedimentary.tectonicori!Pn: eKcludes 
TETti<lry~"Ibf-ro:i;\deDOSiI::l. 

Siteol..wllor generolized si te of several....ells.sho.ving. 
uniT peN!traleci, if kna.o.m, and depth of weD. in 
feel. 100 fec t equals 30.5 meteTS. 

COLLECTION SITE- Radiogenically dated rock 
5howing;Jgli! in millions 01 ye<1rs. Query before 
symbol where precise location uncertain. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold. 

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

By James A. Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 17. Gravity map of the Tombstone area. 

From Bouguer Gravity Anomaly map of Southeastern 
Arizona, West, E.E., Sumner, J.S., Aiken, c.L.V., and 
Conley, J .N., 1973. 
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an hour away by U.S. 80 and Interstate 10 to the northeast. Tucson is served by an international 
airport, with scheduled flights by several carriers. The Tombstone Municipal Airport has a 5,000-foot 
oiled strip, adequate for light planes, but no fuel or other facilities. Tombstone, until 1950, was 
serviced by a standard gauge branch S.P. railroad line at Fairbank, seven miles west of Tombstone. 
This connection to Fairbank has been dismantled, though the rail line which connects with Douglas, 
Arizona, is currently in service. There are plans to re-establish the branch line to Tombstone, so it 
could bring tourists in for visits to the historic townsite. If this comes to pass, freight could also be 
hauled. 

Physical Features 

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

The Tombstone distJict is in the Tombston.e 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. Drain.age is westward to the San Pedro 
River through steep-sided gulches or Glmyos that dissect the plain. Torrential rains flood these 
an"Dyos for short periods, but during most of the year no water flows at the sUiface. 

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 J1wkes 
it unsuitable for drinking. Some water is obtained from shallow wells in the gLllches, but the 
main supply for Tombstone is piped from, springs in the Huachuca Mountain, about 25 miles 
southwest of the town. 

In general, the gentle, roIling topography is ideaIly suited to mining activities of all sorts. 

Climate and Vegetation 

The following italics are also quoted directly from Butler, Wilson, and Rasor, 1938: 

The climate of Tombstone is that of the intennediate altitudes of southern Arizona. The 
winters are characterized by moderate temperatures and only a few light falls of snow. In 
summer the days are hot, but the nights are comfortably cool. The a verage range in tem,perature 
for a twenty-seven-year period, prior to 1928, is franz an extreme maximum. in June of 101.92 to 
an extreme minimum of 20.8 degrees in Janua/y. The average annual precipitation for a thirty­
one-day period prior to 1928 was 14.48 inches. The main rainy season is fronl July to 
Septembe/~ and the driest months are April, May, and June. 
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The vegetation of the district is likewise characteristic of the intennediate elevations of 
southern Arizona. It is above the altitudes favorable to abundant cacti and below those 
favorable to forest trees. Desert shlUbs predominate. Cat's-claw and creosote or grease wood 
bush, together with some mesquite and ocotillo, f017n thickets on the foothill slopes and 
pediments. Several species of cacti are present, but prickly pear is most abundant. Mescal and 
yucca are sparingly present. Along gulches and an'oyos mesquite, palo verde, 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. 

Climatic conditions do not appear to have changed significantly since those paragraphs were written. 

PREVIOUS WORK 

The following section in italics is quoted from Newell, 1974, with portions deleted. Geology and 
structure, adapted from Newell (1973) & Drewes (1980), are given on Figure 3: 

Previous InvestifIotions. 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/M] published numerous notes concerning the 
nature, extent, and progress of underground development work in the district. E/M] (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/M] (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 1 00 ft, can"ied about 25 oz/ton of silver. 
E/M] (1883, v. 36, p. 229-230) announced the discovelY, between the third and fourth Levels, 
in the Westside mine, of several tons of telluride ore that averaged $1200/ton (assumed to be 
gold telluride - at $20/oz, about 60 oz per ton). 

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 oJten developed along crests of the folds as bedded replacement 
deposits. Comstock (1900, p. 1045, 1089) confirmed that folds were important to ore deposition 
at TOInbstone. 

(Church, 1903) 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) compared anticlinal stluctures at Tombstone with those at Bendigo, Australia. 

Between 1904 and 1920 little was published that dealt with the geology in TOInbstone. 
Ransome (1920) described the manganese mineralization at Tom,bstone. High 

concentrations of manganese were associated with the Promp, ter fault; and the principal 
manganese production was derived from the Oregon, Prompte/~ Lucky Cuss, Luck Sure, Bunker 
Hill, and Comet mines. Psilomelane, the major manganese mineral, typically occurred in pipes 
and chimneys in limestone horizons. Supelgene processes were considered to have been 
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responsible for forming the present manganese deposits. High grade l11.ineralization contained 
between 70% and 80% Mn02 after sorting, while low grade mineralization contained about 40% 
MnOz- Ransome mentioned-that in 1917 the manganese ore contained between 7 and 8 oz/ton 
silver.-

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 [LSsures, 
faults, anticlines, and northeast-southwest fLSsures. 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 argenta jarosite were identified as 
supergene are 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 Wilson (1938) published insight into a complex 
sequence of structural events in the district, and the authors also suggested a broad pattern of 
mineral zoning. Butler and Wilson (1942) summalized their work at Tombstone in Newhouse 
(1942). 

Ingerson (1939) measured joint and platy inclusion 0I1entations within the Uncle Sam 
''polphyly'' west of Tombstone. The emplacement of the Uncle Sam ''pOlphYIY'' was discussed 
at length by Gilluly (1945), and he considered the body to be either laccolithic or sill-like in 
form. 

Gilluly, Cooper and Williams (1954) described the Late Paleozoic stratigraphy of central 
Cochise County. Gilluly (1956) incOlporated his earlier work on the Uncle Sam ''pOI1JhyIY'', with 
the stratigraphy to provide an exhaustive description of the geology of central Cochise County. 

Creasey and Kistler (1962) detelmined radiometlic ages for an intrusive rhyolite and the 
Schieffelin Granodi0l1te 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 Granodiolite to have a magnetic susceptibility of 1800 x 10:2. (c.g.s. 
units). Brant assumed the Schieffelin to be of Teltiary age, and he stated that this relatively high 
susceptibility was typical for Teltimy intrusives in southern Arizona. In fact the Schieffelin is a 
Laramide inllusive (Drewes, 1971), and Brant (1966) stated that most Laramide intl1l.sives in 
southern Arizona have an average susceptibility of only 100 x 10:2.. Thus, for a Laramide 
intrusive, the Schieffelin is anomalously magnetic. 

Previous Mineralogical Investigations. E/M! (1881, v. 31, p. 316-317) reported that the 
Tombstone silver ores were mainly of chlOlwe varieties, and that the are contained a little lead. 
In 1883, E/M! (v. 36, p. 229-230) repOlted the discovelY of several tons of telluride are between 
the third and fourth levels of the Westside mine. 

Penrose (1890) noted the presence of manganiferous silver are at Tombstone, and Moses 
and Laquer (1892) reported the existence of alabandite at the Lucky Cuss mine. Silver-bearing 
manganese minerals in Arizona and New Mexico were studied by Hewett and Pardee (1933), 
and they found that silver was present as argentiferous manganite. These authors obsellled that 
black calcite was commonly associated with the manganese deposits, and that the calcite had 
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black manganese oxide intergrowths 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. Rasor (1938) apparently reported the 
first United States occurrence of bromyrite at Tombstone. Hewett (1972) obselved that the 
minerals hollandite, psilomelane, and clyptomelane formed most of the manganese oxide 
deposits, and he assigned a hypogene OIigin to all of them. 

Previous Milling and Smelting Investigations. The earliest mention of milling procedures at 
Tombstone (E/M!, 1879, v. 27, p. 468) indicated the successful operation of a 10 stamp l11.ill, 
which yielded a recovelY 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). 

Chapman, later to become Dean and Dean Emeritus of the College of Mines at the University of 
Arizona, wrote a 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 200,000 to 300,000 ounces of silver from 1900 to 1921. 

Romslo and Ravitz (1947) reported the successful treatment of manganese-silver 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 Investigations. 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 pump house burned (Dunning, 1959). Blake (1904a, b) 
mentioned that new pumps had lowered the water level to near the 700 ft level of the Contention 
mine. The water temperature was repOlted to be about 80Q F. 

Walker (1909) stated that water volumes of up to 4500 gpm were not uncommon. High 
pumping costs coupled with a low silver price (about $.50/oz) forced abandoning operations on 
January 19, 1911. Water pumps still remain on the 1000-, 800-, 700-, and 600-[t levels (Butler, 
Wilson, and Rasor, 1938, p. 47). 

GENERAL GEOLOGY OF THE DISTRICT 

District Geology 

The Tombstone Mining District lies in the southwestern North American porphyry copper province 
(Fig. 19), and on the edge of the Cretaceous Sonoran Basin. 

The Tombstone area has had a complex geologic history, which includes sedimentation, folding, thrust 
faulting, explosive acid volcanism and caldera formation and resurgence, several stages of igneous 
intrusion, and mineralization from hydrothermal solutions at least between 72 m.y. and 63 m.y. 
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Basement rocks are Precambrian granodiorite and Pinal schist beneath approximately 2000m of 
Paleozoic sediments consisting, for the most part, of limestone. Mesozoic sedimentation deposited 
unconformably over rugged to moderate topography developed on the upper Paleozoic sediments 
includes the early Cretaceous Bisbee Formation consisting of more than 1000m of sandstones, shales, 
mudstones, and minor limestones over a basal conglomerate of varying thickness. 

Pre-Laramide Structural Deformation 

The post-Paleozoic tectonic history of the Tombstone area has been complex. It was certainly 
affected by tectonics, plutonism, volcanism, and hydrothermal activity while the Jurassic magmatic arc 
comprised the edge of the North American craton and emplaced porphyry-copper-type mineralization 
at Bisbee and Courtland Gleeson to its south (50 Km) and to the northeast (25 Km) respectively. 
At least two episodes of folding and thrust faulting have taken place (Gilluly 1956, p. 122-130). It 
is apparent that an earlier (Jurassic?) 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. 

Laramide Volcanism and Caldera Formation 

There must have existed profound structural weakness, perhaps a lineament intersection, at the 
current location of the Tombstone Hills, because Laramide volcanism appears to form a focus at 
Tombstone, with relatively lesser effects in the surrounding terrain for a distance of 30 or more Km. 
Laramide surface volcanism began with the extrusion of the Bronco volcanics, comprised of lower 
andesite flows and breccias, overlain by rhyolitic tuffs and flows. The lower Bronco andesites, which 
were extruded as flows, flow breccias, and probable lahars, are of the Silver Bell type. Briscoe (1985) 
suggests that the upper rhyolites, at least in part, may be a series of coalescing rhyolite domes, as they 
exhibit contorted flow and, in places, flow breccia structures. Extruded over the Bronco volcanics is 
the 71.9 + 2.4 m.y. (Drewes, 1971) Uncle Sam quartz latite tuff. The extrusion of the tuff, which 
probably started from the area of the Bronco Hills, resulted in partial evacuation of the underlying 
magma chamber and caldera collapse, with later resurgent extrusion of more quartz latite tuffs 
(Briscoe, 1985). The current Ajax fault, with some 1600m 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 HilI, 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 (Figure 16). The 
Prompter and Horquilla faults may, in part, be radiating tension fractures due to doming before the 
extrusion of the Uncle Sam tuff. Several episodes of explosive eruption are indicated by multiple 
cooling units ofUncJe Sam tuff, best exposed in the Charleston area. Convection cells that propelled 
fluids along fractures in the cooling volcanic and related plutonic rocks at depth gave rise to copper, 
molybdenum, lead, zinc, silver, and gold mineralization centers within and adjacent to the caldera. 
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Phreatic 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 
of porphyritic quartz monzonite below these altered areas, the probable driving mechanism of both 
hydrothermal fluidization in the breccia pipes and mineralization. David Sawyer, in his Stanford PhD 
dissertation, determined the Silver Bell mineral-volcanic complex to be a caldera complex. The Silver 
Bell andesite, dacite, and Mt. Lord ignimbrite sequence is the same type and sequence of extrusives 
as are present at Tombstone, i.e., the Bronco andesite, Bronco rhyolite, and Uncle Sam tuff. At 
Silver Bell, quartz monzonites intrude the caldera fault, to be later mineralized by copper-, 
molybdenum-, silver-, lead- and zinc-bearing hydrothermal solutions. At Silver Bell, the volcanic 
complex is Laramide, approximately 65 m.y old. 

Age Dates of Volcanic and Intrusive Events 

Age dating of samples of altered rock collected by Newell (1974) at the Charleston Lead mine, show 
a potassium-argon age of sericite of 74.5 + 3 m.y., while a sample of the altered Contention dike 
material collected by Gustafson (Newell, 1974) yielded an age of 72 m.y. The age date of 63 m.y. by 
Creasey, et a1. (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 
in the Contention dike and at Charleston. In 1982, Briscoe 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 that this 
rock, the Comstock porphyry, has an age of 62.6 + 2.8 m.y. This intrusive may be the source of the 
rhyolite dated by Creasey that intruded the Prompter fault and occurs as dikes south of the Prompter 
fault, as well as in 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 mine area. 
Unfortunately, no date on the mineralization on the State of Maine mine has been made. 

As pointed out by Livingston et a1. (1968), "15 of the 16 known porphyry copper deposits in Arizona 
are intimately related to late-Cretaceous or early-Tertiaty 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 Tombstone mineralization is paramount if it is to be 
linked to porphyry copper systems. If mineralization at Tombstone can be shown to be 
contemporaneous with other productive 'porphyry copper' deposits in the area, then the long-term 
potential for deeper mineralization would be enhanced. Briscoe (1985) 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 1600m of stratigraphic throw, between the Precambrian on the upside 
and Cretaceous Bisbee on the downside, is also the locus of conduits for variolls 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 
inherited from the Precambrian, allowed the circulation of geothermally convecting fluids that altered 
the surrounding rock and emplaced base and precious metal mineralization. At specific spots of high 
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permeability, this hydrothermal activity appeared 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, possibly mesquite-twig Mo 
geochemical anomalies at Government Draw and Louis Springs (Newell, 1974), and possibly magnetic 
anomalies at the Charleston crossing, on the Huachuca Military Reservation, west of the San Pedro 
River, and at Fairbank. 

Generally following Newell's (1974) chronology, Briscoe has convincingly rearranged the 
geochronology to include the new dates and evidence for caldera formation, and intrusion of the 
Schieffelin Granodiorite after the extrusion of the Uncle Sam tuff and caldera collapse. The 
rearranged chronology is built upon the chronological evidence cited by Newell. The only major 
changes are the timing of movement on the Ajax fault, the extrusion of the Uncle Sam tuff, and the 
intrusion of the Schieffelin Granodiorite along the caldera fracture zone: 

Chronological Summmy--Igneous and Stnlctural Activity 

1. Pre-Cretaceous movement along the Prompter-Horquilla faults. Evidence: Total offset on the 
Prompter Fault is about 1300m but the Cretaceous Bisbee FO/mation is offset only about 900m. 

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., R22E.). 
c. The Uncle Sam tuff intnldes 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 FOImation. 
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. 72 my. Evidence: 
a. The granodiorite cuts 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. 
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7. 

8. 

Renewed movement along the Prompter fault. Evidence: 
a. The Prompter fault cuts andesite porphyly dikes. 
b. The Prompter fault offsets the Ajax Hill fault. 

Emplacement and extrusion of the Uncle Sam tuff 71.9 my. Evidence: 
a. The Uncle Sam tuff cuts the Bronco volcanics (sec. 28, T.20S., R.22E., and Sec. 25, 

T.20S., R21E.). 
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 follow upon emplacement of the 

rhyodacite. 

11. Emplacement of the rhyodacite. Evidence: 
a. The rhyodacite intrudes the Ajax Hill fault. 
b. The rhyodacite intnldes the Uncle Sam tuff 
c. Hydrothermal activity with its rhyodacite probably altered the granophyre. 

12. Earliest fracturing along the northeast-trending fLSsures. Evidence: 
/ a. The fzssures cut the Uncle Sam tuff 
b. The fLSsures are intruded by hornblende andesite dikes. 

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

14. Introduction of hydrothennal solutions and fO/mation of the base-metal and silver deposits at 
Charleston and at Tombstone. Evidence: 
a. Hornblende andesite dikes are hydrothelmally altered (Charleston lead mine; sericite 

date 74.5 + 3 m.y., Appendix I). 
b. The mineralization followed northeast-trending fractures at Tombstone (Butler and 

Wi/son, 1942, p. 201). 
c. Alteration along the Contention dike yielded a potassium-argon date of about 72 m.y. 

(Gustafson, pers. comm.). 
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15. 

16. 

Emplacement of the rhyolite porphyry, and associated dikes and sills. Evidence: 
a. A rhyolite dike cuts an andesite porphyly dike immediately west of Military Hill. 
b. The rhyolite intrnded the Prompter fault zone. 
c. Creasey et a!. (1962) obtained a potassium-argon date of 63 m.y. for the rhyolite. 

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 et il:b 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. 

19. Partial district tilting to the northeast possibly associated with the northwest faulting. Evidence: 
a. Quaternary (?) conglomerate beds along Walnut gulch dip 402 NE. 
b. Northwest-trending faults (Grand Central, East Boundmy, 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 Tertimy 
and Quaternary (?) gravels . 

. Here follows a chronological summary of igneous and structural activity that accommodates the 
hypothesis by Briscoe that the Tombstone volcanics and mineral deposits are part of a Laramide 
caldera complex. 

The summary is presented in a tabulated form to allow better separation and understanding of the 
complex structural history. Underlined words and phrases are those added to Newell's summary by 
Briscoe. 

1. Pre-Cretaceous (Nevadan, 180 m.y., contemporaneous with movement along the parallel 
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 Fonnation 
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2. 

3. 

~- _._---------------------------------

is offset only about 2,800 ft. 

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, State 

of Maine area. 

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 
resurr~ence. Evidence: 
a. The Uncle Sam tuff cuts the Bronco volcanics (sec. 28, T.20S., R.22E., and sec. 25, 

T.20S., R.2lE.). 
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 it to be 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 margin of the Tombstone basin. 

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. 
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9. 

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

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 tu[f(?). 
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 explosive 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. comm.). 
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. 
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15. 

16. 

--------------.-.---~~--------------------

Emplacement of Extension/Comstock quartz monzonite porphyry. Evidence: Potassium­
argon (hornblende) of 62.8 + 2.6 m.y. by BriscoelDrewes. 

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. 

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

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 et aI., 1962). 
d. Manganese deposits are closely associated with the Prompter fault (Butler, Wilson & 

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. 

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 Coina~e vein in the State of Maine area is offset 200 ft left 
laterally by the northern bifurcation of the Prompter f<lult. 

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, 1938, 

p.37). 

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

Perhaps the greatest impact of this expanded interpretation of the geologic history of the Tombstone 
area is upon the scale of the potential mineralized totality. Until about 1970, most geologists viewed 
Tombstone as a small-scale localized precious-metal epithermal to mesothermal replacement system 
in carbonate host rocks, generally restricted to a square kilometer or so of area around the Lucky 
Cuss-Toughnut sites beneath the streets of the townsite. We now perceive of it as not just a single 
porphyry-related system and thus of 10 square) Km potential, but rather as a ring of porphyry-related 
systems along a sub-circular fracture zone with exploration targets of several tens of Km2

• Recent 
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(post 1988) understanding of gold peripheral enrichments, normally accompanied by silver, further 
enhance these exploration targets and elevate Tombstone into the ranks of attractive gold exploration 
situations. 

The following paragraphs develop that concept. 

A Model for Caldera Formation and Multiple Zoned Porphyry-Copper-Related Precious Metal 
Hydrothermal Systems 

Improved understanding of the extrusive volcanic environment and of associated intrusive systems, 
and the relationship of both to convective hydrothermal cells, allows better understanding of the 
mineral systems within the Tombstone Mining District (Figures 21 & 22). We have known for two 
decades that porphyry systems are zoned laterally as well as vertically (Figures 23, 24 & 25). Further, 
the surface expressions of porphyries appear to be volcanic edifices (Figures 23). It appears, at least 
in the southwestern USA, that porphyries can be associated with caldera complexes, and that the 
Tombstone volcanic terrain is such a Laramide caldera complex (Briscoe, 1982 & Lipman & Sawyer, 
1985). The remaining volcanic tuff - the Uncle Sam tuff - is an intracaldera tuff, but the tuff outside 
the caldera rim, however thick, appears to be completely eroded away. 

From a variety of evidence including characteristic alteration zoning, mineralization zoning, and 
geochemical halos, there are several porphyry centers within and around the Tombstone caldera 
complex. The geologic developments of this last decade suggest that additional porphyry centers may 
be recognized as the details of the geologic picture unfold. 

The most compelling evidence for such porphyry centers is the regional geochemical pattern derived 
from the district-wide sampling conducted by Newell (1974). That data, re-compiled by Briscoe and 
Waldrip (1982), is presented here as Figures 6 through 15. It shows characteristic porphyry copper 
metal zoning of Cu-Mo 'high' areas surrounded by lead-zinc-silver halos, most strikingly apparent 
when Mo is presented with Zn (Figure 11). 

When the geochemical data from Newell are combined with data from geologic mapping, 
aeromagnetic surveys, drill information, metal production, observations of surface characteristics, and 
color air photo interpretation, it can be deduced that 'porphyry' centers are present at: 
(1) the main Tombstone district, the porphyry center under the southeast corner of the Tombstone 
townsite; (2) the State of Maine mine area; (3) the Robbers' Roost breccia pipe area; and (4) 
because the mesquite tree geochemical anomalies are similar, the Johnson Ranch area in the 
southeast part of the district, adjacent to the caldera. 

PROPOSED EXPLORATION 

The actual target claim blocks to be examined by JABA and Excellon are blocks either staked or 
acquired by JABA over a period of several years between 1980 and 1993. There are five prime areas, 
the Walnut Creek, the Prompter Ridge, the State of Maine Escapule, the Johnson Ranch, and the 
Robbers' Roost lease groups. 
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A generalized ash flow caldera cycle. These diagrams incorporate many common elements of ash flow calderas; 

complex possible alternative scenarios are discussed in the text. (a) Precollapse volcanism. Oustered intermediate­

composition stratovolcanoes grow over isloated small high·level plutons that marlc beginning of accumulation of batho­

lithic size silicic magma body that will feed ash flow eruptions. Uplift related to emplacement of plutons leads to 

development of arcuate ring fractures: site of subsequent caldera collapse indicated by dotted lines. Heavy arrows indicate 

upward movement of magma. (b) Caldera geometry just after ash flow eruptions and concurrent caldera collapse. Central 

area of clustered earlier volcanoes caves into collapsed area. Intracaldera tuff ponds during subsidence and is an order of 

magnitude thicker than cogenetic outflow ash flow shcct. Initial collapse along ring faults is followed by slumping of 

overste.:pened caldera walls and accumulation of voluminous collapse breccias that interfinger with ash flow tuff in the 

caldera fill sequence. Caldera floor subsides asymmetrically and is tilted to the left side of magraro. Main magma body 

underlies entire caldera area and is compositionally Loned (or ..... as prior to eruptions), becoming more mafic downward. (c) 

Resurgence and postcaldera deposition. Resurgence is as)mrnetrical, with greatest uplift in area of greatest prior collapse. 

Extensional graben faults form over crest of the dome. Some resurgent uplift is accommodated by movement along the 

ring faults in the sense oppposite that during caldera subsidence. Magma body has risen into volcanic pile and intrudes 

cogenetic intracaJdera welded tuff. Original caldera Hoor has bccn almost entirely obliterated by rise or the magma 

chamber to Dear the level of prevolcanic land surface. Caldera moat is partly filled by lava domes and volcanidastic 

sediments. Hydrothermal activity and roineraliz.ation become dominant late in cycle. 

Figure 21: Generalized Ash Flow Caldera Cycle - Peter Lipman 
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tains, base- and precious-metal veins are widespread (Drewes. 1971&). 

and the potential for concealed mineralization seems high. 

TOMBSTONE-CHARLESTON AREA 

The Uncle Sam Porphyry, considered intrusive rhyolite by Gilluly 

(1956), was identified as a 74 Ma welded tuff by Drewes (1971 b, p. 75). 

Our observations (Fig. 20) confirm previous suggestions of a possible 

Creuceous caldera in this area (Drewes.. 1980. section 0-0'; J. A. Bris­
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liUle~erormed caldera-fill assemblage 15 by 20 km across, including in­
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The Walnut Creek group has no bedrock outcrop, but it is staked over and near a geochemically­
geophysically-geologically projected porphyry-copper center. The Prompter Ridge has moderate 
outcrop and is of porphyry-distal gold-silver interest. The State of Maine-Escapule has moderate 
outcrop and excellent subsurface data and is a distal porphyry target, and the Johnson Ranch is 
similar to Walnut Creek. The recently discovered. Zebra Project resource of gold mineralization in 
Paleozoic limestones distal to the claim areas - near the airport (Figure 3) - adds to the project 
feasibility. An ongoing USMX drilling project immediately west of the Contention pit is designed to 
intersect projections of fold-fault-shear structures known from old workings and the literature to be 
mineralized along strike; the project also reflects a new exploration strategy in which gold, rather than 
silver, is the prime economic target. 

The following paragraphs describe the JABA-Excellon claim blocks and exploration strategies in 
greater detail. 

The Majn Tombstone District - Walnut Creek Porphyry Center (Block 1) and Prompter Ridge 
Distal Gold Target (Block 2) 

The main Tombstone district has produced approximately 1/3 of a billion modern dollars worth of 
gold, silver, lead, copper, zinc, and manganese. A zoning pattern is apparent from production and 
alteration-mineralization studies. High manganese-silver mineralization characterized the outer 
arcuate rim of mines from northwest to southeast, including the Lucky Cuss, Prompter-Oregon, 
Emerald, and Bunker Hill. As one moves from the outer manganese zone toward the southeast 
corner of the townsite, Mn decreases while Zn, Cu, silica, Au, F, and Mo increase (Figures 6-11). 
Because of cover, the central zone porphyry, if it exists, is never seen. The bedrock into which the 
mineral system is presumed to have been emplaced is composed of a thick section in all directions 
of 2 Km of Paleozoic carbonates capped by an unknown remaining thickness of Cretaceous clastics 
of the Bisbee formation. Before its erosion, a blanket of unknown thickness of extracaldera Uncle 
Sam tuff capped the Laramide erosion surface on the Bisbee sediments. It would be expected that 
such a porphyry mineral system would consist of skarn alteration of the carbonates proximal to the 
mineral center along with carbonate replacement bodies of massive sulfides of zinc, lead, and perhaps 
at some depth copper and molybdenum. The record of such mineralization is an exploration 
objective, but what we do know is compelling. Exploration by Eagle Pitcher Mining Co. in the 1950's 
discovered massive sphalerite galena-silver bodies (Burton Devere, pers. comm. to Briscoe, 1982), and 
production of this type of material from the Jeanes Roll was documented by Butler & Wilson. 
Ransome's unpublished notes from his first investigations in the district in 1914 contain comments 
about pervasive calc-silicate alteration of the Naco limestone on the 600 ft level of the Contention 
mine. 

Although the suspected Walnut Creek porphyry center is under cover, zonation of precious metals 
in exposed rocks around the projected porphyry center is similar to recently recognized haloes around 
better exposed porphyries (Figure 25). Excellon Resources, as part of its exploration campaign in 
the Tombstone area, contracted for new orthqphotography at 1" = 2,000'. It is apparent on this new 
photography that the Prompter fault is not straight as it has been mapped previously, but rather is 
concave to the north. It lines up with the north- to northeast-concave Lucky Cuss fault system. The 
combination of the two faults describes an arcuate structure the centroid of which is the projected 
Walnut Creek porphyry center. These faults localize manganese-silver mineralization that may 
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reasonably be interpreted as the outer part of a porphyry alteration zonation. 

Recent gold discoveries at Chimney Creek, Bingham Canyon, and the adjacent Barney's Canyon and 
studies on these and other areas by Osterberg and Guilbert (1989), Sillitoe and Bonham (1990), and 
Schuh and Guilbert (1993) show that there can be a distal gold zone around porphyry systems hosted 
by carbonate and pelitic sedimentary rocks. According to Sillitoe and Bonham (1990) these gold 
halos occur up to a radius of 5 Km away from the porphyry center. Mineralization can consist of 
little besides gold and minor silica as jasperoid. Volatile metals such as mercury and arsenic may be 
present geochemically. The inner portion of this outer gold zone may be the outer manganese zone 
(pers. comm., Sillitoe, 1992), which is also present as a halo around Bisbee, Ruth-Ely, San Manuel, 
and elsewhere. Such an outer gold zone appears to have been discovered by Santa Fe Pacific Mining 
in the spring of 1992 in the area south of the Prompter mine. Another significant occurrence of the 
distal Tombstone gold zone is at the Zebra Property which lies just south of the Tombstone airport. 
There, disseminated invisible Carlin? style gold of up to an ounce per ton on the surface is 
disseminated in the Upper Paleozoic Naco formation. The Zebra Property is about 5 Km from the 
projected porphyry center in the southeast corner of Tombstone. 

These targets were recognized by Briscoe circa 1980, and at that time Walnut Creek, Block 1, 
consisting of 55 unpatented lode mining claims, and Prompter Ridge, Block 2, consisting of 48 lode 
mining claims, were staked (Attachment 1). Block 1 covers the area of the projected porphyry copper 
center while Block 2 covers area prospective for distal gold mineralization south of the Prompter 
fault. 

The Johnson Ranch Porphyry Center (Block 3) 

This block is comprised of 66 unpatented lode mining claims totalling 1,366 acres (Attachment 1). 
The claims are staked over a silver-molybdenum anomaly defined by Newell (1974) in his mesquite 
twig geochemical sampling (Figures 12 & 15), a pattern similar to that over the main Tombstone 
porphyry center. The suggestion is that there may be another Tombstone-like porphyry system in the 
Johnson Ranch area. If so, it is hidden beneath Quaternary soil and alluvium. Molybdenum and 
copper in mesquite tree new growth, whose roots probe as deep as 80m, have been a recognized 
geochemical exploration tool since 1970 studies in the Pima Mining District south of Tucson and 
elsewhere, showed such anomalies to reflect the presence of porphyry ore bodies. Silver goes along 
with molybdenum geochemically and reinforces the anomaly at Johnson Ranch. 

State of Maine-Escapule Porphyry Center (Block 4) 

The State of Maine mine area and an area within a radius of about 2 Km around the State of Maine 
shaft appears to be another porphyry center. Again the most compelling evidence is Newell's 
geochemistry data, which shows a significant molybdenum anomaly over this area (Figures 10 & 11). 
Mapping shows wide hydrothermal veins in Uncle Sam tuff. Vein area (length x width of mapped 
veins) is greater than in the Tombstone center. An apophysis of rhyolite near the State of Maine 
mine may be the top of a porphyry body. 

Outcrops in the immediate State of Maine mine area are intracaldera Uncle Sam Luff, the type 
locality being Uncle Sam Hill adjacent to the State of Maine mine. Alteration at the surface is 

Geologic Report on the Tombstone Mining District 
By Dr. John M. Guilbert 
February 5, 1993 
Page 43 of 53 



INTERPRETIVE CROSS SECTION OF THE 
INCH 

STATE OF MAINE MINE AREA 
= 300 FEET SCALE APPROXIMATELY 

UNCLE SAM HILL ' 

~ Basal non welded tuft lying 

1 

STATE OF MAINE MINE 
& INCLINED SHAFT WITH 7 LEVELS 
It intersects 
shales the 

Cretaceous Bisbee 
lowest level. 

undisGovered 

/ 
;:::::I Ion boulders and paleosol1 

~ :~~==~~~~ __ ~::::~::::~~~~d~.~v~e~l~op~e~d~o~n~B~i~a~b~~~.:.~'.:~:i~m:e:n:t.~~~~~~~~~::::~~==~==~==========~~~~~~~~========~~====~~~~~;::;~~~~::=1~::::~~~::::::~ ~ ''''' Lower f favorable units ot the Biebee Fm f 
.... including tbe basal Clance Conglomerate <. (novaculite) it blue limestone 

~ ~ _
__________ ~~ __ ~~--------~C~U:RRE::N:T~.~W~A~T~ER~T~AB~L~E ____________ _ 8 

CIl 
CIl 
I en 

(!) 
~ 
~ 

o·~----~----~--~~~~~~~~ 

= o .... 
~ :r 
(!) 

en 
~ 
C; 
~ 
(!) 

o .... 
g: 
s· 
(!) 

a:: ,... 
= (!) 

~ 
(!) 
C; 

FOLDED PALEOZOIC LZKBSTONES 

grade replace.ents 

Hi O' h grade ore shoot foraed 
by the interse"ction ot the 
Triple Ex •• the Clipper VDS 

ta~le 



UNCLE SAM HE LDED TUFF 
(IGNIMBRI TE ) 

RAIN 

OXY9caatcd ral.n water dl.sO lves 
ha l ide ions trom treGh to \lecltly 
altered Uncl.e Sari tut f . and miorates 
to,",ard porous vein zones 

Basa l n o n welded tuf f lyi 
on boulders and paleosoi l ---........: 
d eveloped on Bisb e sediments 

Halid.e d e pleted oxyqen.ltcd 
wnter pases into the ve i n 
r.,:ntp~ wl) .-;., it gaidicca Dulfl.J~ 
fOI~neral. 1 for.ino iron. copper- . 
!l:l.lver & other c;ul"hatea which rQigrate 
down . the ve. i n. until they are ppt by 
calc1.te qr the rp.l1ny ; nt-,.rfq,o:'l (tbo 
water toble) . 

LIPPER VEIN 

Cl ;;;. 
5, 
0. 

Proposed selectively mined 
ope n pit along vein zone. 

RAIN 
Mesquit e tree s gro w 

\ preferentially al o ng 
water rich vei n zone : 

/ 
/ 

p e netrat e 
more 

- ---. - - -

vein forms 
E wal l of pit. Rock 
may be used to stabilize 

slope until la s t ore is 
extracted. 

PLATE 2 

.- -. -

INTERPRETATIVE AND DIAGRAMATIC CROSS 
SECTION OF THE CLIPPER VEIN , STATE OF 
MAINE AREA , TOMBSTONE M.D. , COCHISE 
CO., AZ 
~PPROXIMATE SCALE: 1 INCH = 40 FEET 



.. _------------

different than that exposed in the main part of the Tombstone district. Phyllic alteration 
predominates along wide vein zones such as along the State of Maine vein on the 2nd level, which 
is 60m wide. Leached capping from these vein zones appears similar to that of porphyry copper 
leached capping elsewhere. This material has never been drilled to the sulfide zone; the mineral 
content in the sulfide zone is thus unknown. However, copper sulfate (chalcanthite) in the walls of 
the State of Maine underground workings at and below the #2 level attest to the presence of copper 
in the rock. As in the Tombstone center, manganese, silver, and gold are ubiquitous, but their 
depositional mechanisms are not well known. A mechanism illustrated in cartoon fashion (Figures 
26 & 27) is thought to account for the enriched bonanza ore mined in the Tombstone center, as well 
as the potential for the same in the State of Maine center. 

JABA has acquired by lease three groups of claims, the West Fox, the Solstice, and the Misy, 
comprising 78 unpatented lode mining claims that make up Block 3 (Attachment 1). Block 3 
surrounds the State of Maine patented lode claims. These patents are the only asset of a bankrupt 
corporation. Several mineralization modes involving replacement and open space filling may well 
pertain. 

Robbers' Roost Breccia Pipe (Block 5) 

Located in the SEl/4 of Section 30 and the N1/2 of the SWl/4 of Section 29" and held under 
Arizona State Prospecting Permit (Attachment 1), the Robbers' Roost Breccia Pipe is a northeast­
elongate elliptical area approximately 800m by 500m of outcropping breccia pipes and dikes of 
heterolithic, clast-supported, well-rounded fragments showing extensive phyllic alteration. Fragments 
are primarily crystal rich Uncle Sam tuff, intrusive into the same rock. Almost spherical, well-rounded 
golf-ball- to tennis-balI-sized fragments of quartzitic sedimentary rock are probably derived from the 
underlying Bisbee formation. The intruded Uncle Sam tuff is intensely fractured, with up to 60 
fractures per meter over large areas. These fractures are lined with limonite-jarosite (goethite­
hematite) and define a leached capping typical of igneous-hosted porphyry copper alteration zones 
in this climate zone. Interpretation of this leached capping suggests that pyrite is predominant, 
probably with supergene chalcocite coatings in the sub-outcrop. The pipes are generally siliceous and 
hold up the small knolls and hills in the area. The phyllically altered tuff on the other hand is 
relatively soft and comprises low areas, valleys, and arroyos in the alteration zone. The creeks and 
washes in which the alteration assemblages are exposed are ideal targets for quantitative alleration 
mapping and analysis. 

The area is included in Newell's high copper and moly anomaly (Figures 9 & 10). Three deep holes, 
1300m, 1650m, and 1000m, were drilled in the zone by ASARCO in 1973 and 1974. Briscoe's 
examination of core from these holes showed that they intercepted indications of a porphyry system. 
These indicators include multi-textured granodiorite to quartz monzonite porphyries that have not 
been mapped in outcrop, phyllic alteration, fluidized breccias grading into potassic alteration including 
secondary K-feldspar and biotite, and purple anhydrite. Mineralization included low grade but 
disseminated chalcopyrite and molybdenite. Some chalcocite was cut below the leached cap in one 
hole. Not all the core was split and analyzed and logging was substantially overgeneralized by 
ASARCO with key alteration features not noted in the logs. Luckily, though this core was poorly 
stored and vandalized and in part destroyed, a significant part of it was recovered and re-boxed in 
1985 and safely stored so that it can be re-Iogged. It may be that the ASARCO holes were not 
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positioned to penetrate the copper-moly portion of the mineral halo. 

In the SE1/4 of Section 19 (Attachment 1), also held under an Arizona State Prospecting Permit, 
there is a wide vein zone showing extensive phyllic alteration and breccia dikes with the same golf­
ball- to tennis-baIl-sized rounded quartzitic fragments. This planar feature is 300m wide in the 
southeast corner of Section 19 and strikes 40° to 45° NE. It may be part of a major structure in the 
district as it appears to be either part of, or closely en echelon with, the State of Maine vein to the 
northeast and part of the Mustang vein-Charleston Lead mine vein to the southwest. Within the 
SE1/4 of Section 19 the vein appears to carry a few ppm silver. Cu and Mo assays have not been 
run. Shallow drill holes with the same silver content have been drilled to the water table at 33m 
without penetrating the leached capping and intersecting the sulfide zone. 

The potential in the Robber's Roost (Block 5) is for several types of targets, essentially similar to the 
State of Maine zone. However, the top of the porphyry system is thought to be much nearer the 
surface at Robbers' Roost as evinced by fluidized breccias, more pervasive phyllic alteration, and 
much more extensive leached capping consistent with the potential of a chalcocite blanket beneath. 
Thus the exploration targets would include: 

(1) A chalcocite blanket at about 50m, beneath limonite leached capping 

(2) A sediment- or igneous-hosted porphyry copper deposit. Depth would probably 
preclude open pit mining. The center of such a copper porphyry could be offset from 
the exposed breccia pipe area. 

(3) What is interpreted to be a manganese halo, similar to the one on the exposed 
perimeter of the Tombstone center, lies outside of the lease area in Section 32 and 
the SE corner of Section 29. A distal gold halo outside the manganese zone is a 
distinct possibility. An interior high gold zone (Figure 25) like that in the main 
Tombstone zone may be present within the Block 5 leases. 

(4) Anticlinal saddle-reef-type silver-gold and carbonate replacement lead zinc ore like 
those of the main Tombstone center may also be present. Whether these are within 
economically mineable depths is a question that remains to be answered. 

RECOMMENDED EXPLORATION PROGRAMS 
AND COST ESTIMATES 

e Basic Parameters 

In the following recommended exploration programs for the various target zones, similar types of 
exploration tools have been used, based on the success of previous studies in the district and general 
familiarity with successful exploration techniques in the porphyry copper environment. 
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The most important and effective basic tool is accurate geology and zonal alteration characteristics 
plotted on accurate base maps. Geologic studies have been done by numerous geologists over the 
last century but the 1974 work by Newell gives good detail on the rock types in the district and shows 
the efficacy of biogeochemical phreatophyte (mesquite) twig sampling and rock chip sampling. 
Briscoe has designed several color air photo programs over the last 20 years that give complete 
coverage for the district, and in mid-October, 1992, Excellon Resources flew another color air photo 
campaign of Briscoe's design over the main Tombstone mining area, including the area of JABA's 
Block 1 and 2. This state-of-the-art photogrammetric survey makes available, in addition to color 
photography at scales of 1:36,000, and 1:12,500, an orthophoto mosaic at a scale of 1:24,000, 
traditional topographic map coverage over the same area at 1" = 200', with 5 ft contours in hard copy 
and computer disk as well as matching scale orthophotography, and a Digital Elevation Model (DEM) 
in computer format which provides for a 3-dimensional treatment of topography, geology and 
subsurface data. Using these detailed base maps, accurate outcrop geologic mapping and Quantitative 
Alteration Mapping can be done and then entered into the computer map data base. 

Quantitative Alteration Mapping is a technique to show quantitatively the alteration mineral zoning 
that characterizes porphyry copper deposits and thus gives the investigator the ability to predict 
vectoriailly and in 3 dimensions the position of the porphyry copper system. r have developed this 
approach to alteration mapping over the past decade. We have recently used the technique with 
great effectiveness in evaluation of the Bajo De La Alumbera porphyry copper-gold deposit in 
Argentina (and elsewhere), both for surface mapping and down-hole logging. 'Alteration mapping', 
and 'alteration logging' of drill hole cuttings in the following exploration plan and cost estimate, will 
refer to the Quantitative Alteration Mapping technique. 

e Color air photo interpretation will be used to augment surface mapping. Remote sensing techniques 
using space imagery and the color air photos scanned into the computer may be used to augment 
traditional air photo interpretation. The digital information from the remote sensing can be combined 
with the digital orthophoto maps at any appropriate scale, or combined with the DEM model and 
geology, geochemistry, geophysics or any other thematic mapping or combination thereof. 

Remote sensing geochemistry, i.e., geobotanical and soil sampling, may be of use in all 5 areas. 
Geobotanical sampling would be of deep rooted phreatophyte desert plants, including mesquite, cat's 
claw (acacia), and creosote bush (greasewood). Soil gas geochemistry including mercury and radon 
using track etch cups may be productive. Mercury and radon can rise through a significant thickness 
of cover, and uranium-radon anomalies are normal in porphyry systems. Radon might closely pinpoint 
the copper zone. 

Biogeochemical plant twig samples will be taken at 1/4 mile intervals or 16 samples per square mile. 
Soil samples will be taken at the same intervals, but probably between each plant sample. Where 
outcrop is available, rock chip samples will be taken at 500 foot intervals, except over the Robbers' 
Roost Breccia Pipe outcrop area which will be sampled at 250 foot intervals. All samples, including 
drill cuttings, will be subjected to the same type of extremely low detection level analytical 
techniques, which include rcp and Graphite Furnace AA (GFAA). These methodologies will give 
the following detection limits: Plant ash (30 gm aliquots) gold 0.05 ppb, silver 1 ppb, copper 5 ppb, 
Mo 5 ppb; Soil (15 gm aliquots) gold 0.2 ppb, silver 3 ppb, copper 10 ppb, Mo 20 ppb; Rock chips 
(5 gm aliquots) gold 0.5 ppb, silver 15 ppb, copper 50 ppb and Mo 100 ppb. Twelve additional 
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elements will be run on all samples and include As, Bi, Cd, Ga, Hg, Pb, Sb, Se, Sn, Te, TI, and Zn. 
Recent studies suggest that metal ions migrate through bedrock into post mineral soil cover, along 
electrical current lines of self potential caused by oxidizing sulfides, and are detectable by these low 
level techniques. This would be a natural phenomenon capitalized on in the Russian 
electrogeochemical technique CHIM. Evidence suggests that mineral bodies can be detected through 
more than 100m cover. In the following cost estimates, where cost per sample is quoted, these are 
" all in " costs and include all sample collection costs including mobe and demobe, travel, food and 
lodging, field crew and supervision, base maps, sample bags, shipping, sample preparation and assay 
costs,. The "all in" cost per biogeochemical and soil samples at the designated spacing is $36.55 per 
sample. For rock chip samples the "all in" cost is $23.65. 

Electrical-method geophysics across the zones should be able to identify specific drill targets. 
Controlled Source Audio Frequency Magneto Tellurics (CSAMT) may be able to give detail, while 
Induced Polarization (IP) would detect broad areas of disseminated sulfide mineralization. The 
approximate cost of the above electrical methods of assumed adequate detail in this area is about 
$5,000 per square mile. Detailed magnetic profile lines run across the zone may be helpful also. The 
approximate cost of ground magnetics is $2,000 per square mile. The Walnut Creek and Johnson 
Ranch blocks should be especially appropriate for geophysical techniques. 

Drilling proposed for these projects is reverse circulation drilling using either a down-the-hole 
hammer or a tricone bit. The only exception to this is the Walnut Creek area "Scout Holes" which 
are designed to penetrate an expected average of 200' of post mineral cover and drill 50 feet into 
bedrock to sample for rock and alteration type and obtain geochemical samples. Here regular 
circulation will be used at a substantial cost savings - a direct drilling cost of $5 per root. In all cases, 
dry drilling using air circulation will be used above the water table unless hole conditions dictate the 
use of water and lost circulation materials, or dust is a problem. Air circulation will also be used 
below the water table. Reverse circulation direct drilling costs are expected to range from $6.35 to 
$9.00 per foot depending on depth. All drill footage costs in the following cost estimates are "all in" 
estimates and include supervision, travel, food, and lodging, sample collection and bags, geologic and 
computer logging, cutting board (Core Board) construction, sample shipment, sample preparation and 
assay costs for 16 element analysis. 

Data reduction where used in the following cost estimates shall mean computer entry into the 
AutoCad model of the district, or entry into RockWorks Logger, CrossSect or other appropriate 
programs. These data can be transferred where appropriate to MedsSystem or other appropriate 
ore reserve estimating software. 

Walnut Creek (Block 1) 
The Walnut Creek porphyry center is completely but thinly covered by Recent alluvium and 
Quaternary Gila Conglomerate, so exploration techniques will have to be able to penetrate post 
mineral cover. The adjacent precious metal-Iead-zinc-manganese halo that has been mined can yield e important vectors to the porphyry center. Exploration procedures include: 

1. . Plotting past production by metal and metal ratios to establish metal zoning patterns. 
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2. Geochemical sampling along suspected vectors (or radii) to determine the relative 
abundances and ratios of Cu, Mo, Pb, Zn, Ag, Au, Hg, Mn, F and Te. 

3. Quantitative alteration mapping to determine the distribution of characteristic 
alteration minerals and assemblages, including skarn, phyllic, argillic, propylitic, and 
potassic associations with various types of sulfide minerals. 

4. Color photo interpretation to identify structures and coloration features not readily 
seen on the ground. Remote sensing techniques applied to the color aerial 
photography may be useful. 

5. Geologic interpretation of data available from old mine records giving subsurface 
understanding of the third dimension, where applicable. Excellon as part of their 
study of the Tombstone Development Company portion of the Walnut Creek 
porphyry center has a substantial portion of the old mine data digitized into a 3 
dimensional AutoCAD model. This project should be completed, with emphasis 
placed on metal and alteration zoning. 

6. Geochemical sampling including biogeochemical, soil and rock chip in areas of 
outcrop. Radon track etch samples to pinpoint the copper zone will be considered. 

7. Electrical- method geophysics across the zone and ground magnetics with profile lines 
radial across the porphyry center or in a grid if the center cannot be spotted. 

The following budget for Phase I, IT and ITI programs is: 

Phase I 

Phase II 

Phase III 

Data Compilation, Photo and Remote Sensing 
Interpretation, Geologic and Alteration Mapping 

Geochemical Sampling, Geophysics and "Scout" 
Overburden Drilling. 

Target Drilling to a depth of 1,000 ft with Reverse 
Circulation, - 8 Holes 

Total for Phase I through III 

Prompter Ridge Distal Gold Target (Block 2) 

$ 27,120 

$100,000 

$100,000 

$227,120 

Prompter Ridge lies on the south flank of the high angle reverse Prompter fault. Much of the area 
is outcropping marbleized upper Paleozoic limestone, i.e., lower Pennsylvanian Horquilla, and 
Mississippian Escabrosa. Soil predominates in the southeast portion in the direction of the known 
gold bearing Zebra Prospect in the same rock types. The limestones are cut by 63 my rhyolite dikes 
and sills. Some prospects are present and mapped fissures (veins) can be projected into the area 
from the Tombstone Extension area to the north. The productive Bunker Hill silver-mtillga nese mine 
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lies on the northwest edge of the property block. Prompter Ridge lies on the outer periphery of the 
Tombstone Porphyry center and is thought to have potential for distal gold mineralization. 

Exploration will be by soil and biogeochemical plant sampling and rock chip geochem sampling in 
areas of outcrop. Geologic and Quantitative Alteration Mapping will also be applied. Color air 
photo interpretation and remote sensing will be used to identify structure and alteration patterns not 
discernable from the ground. 

After targets have been identified, ten 100 foot deep "Scout" holes will be drilled. Follow on will be 
ten 400 foot RC drill holes. As the terrain is relatively steep, road work and site preparation will be 
required. 

The following budget [or Phase I, II and III programs is: 

Phase I Biogeochemical and soil sampling over 9 square miles, 
rock chip sampling over 2.5 square miles, data 
reduction, interpretation and planning for Phase II. . .......... $21,345 

Phase II Color air photo interpretation, & remote sensing, 
geologic and alteration mapping, data compilation, 
interpretation and design of phase III. $24,100 

Phase III "Scout Drilling" - 10 drill holes to 100 feet, including 
road work and site prep. $21,000 

Phase IV "Target Drilling" - 10 drill holes to 400 feet, including 
road work and site prep. $54,000 

Total for Phase I through IV $120,445 

Johnson Ranch Biogeochemical Anomaly (Block 3) 

Though less than 1.5 Km from outcrop at the northeast end, the Johnson Ranch is completely 
covered with post-mineral soil. Its location is based entirely on a molybdenum - silver 
biogeochemical (mesquite twig) anomaly from Newell's work. There is also a magnetic anomaly in 
the vicinity which is characteristic of porphyry copper alteration zones (verbal communication Dr. 
John S. Sumner, 1972), and was staked (but not drilled) by Sumner and the author. 

Remote techniques will of necessity have to be used. These will include biogeochemical and soil 
sampling perhaps including soil gas sampling, electrical geophysics and ground magnetics. The 
geophysical surveys should give a good depth to bedrock indication, to determine the feasibility of 
drilling. 

The following budget for Phase I, II, and III programs is: 
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Phase I 

Phase II 

Phase III 

Electrical geophysics - CSAMT & IP, and ground 
magnetics. 

Biogeochemistry and soil geochemistry 

"Target" drilling - four 1,000 foot drill holes 

Total for Phase I through III 

State of Maine - Escapule Porphyry Center (Block 4) 

$38,000 

$14,036 

$48,000 

$100,036 

The State of Maine area, based on a variety of evidence previously cited, appears to be a porphyry 
center, with all zonal mineralization appurtenant thereto. Thus it is much like the Walnut Creek -
Tombstone center, except that it is intracaldera and covered with pre-mineral Uncle Sam Tuff. 
Outcrop and soil cover are about equally divided. There is potential for near surface low grade ore, 
intermediate depth high grade ore and deep seated ore. The approach can be similar to the Walnut 
Creek - Tombstone center, except that there appears to be some shallow targets which could be 
drilled early on. 

The following budget for Phase I, II, III, and IV programs is: 

Phase I 

Phase II 

Phase III 

Phase IV 

Data compilation, interpretation, and drill program 
design. 

Road work, site prep. and drilling for shallow precious 
metal targets. Five 400' drill holes. 

Exploration to identify the position and attitude of the 
porphyry center. This will include geology and 
Quantitative Alteration Mapping, biogeochemical, soil 
and rock chip geochemical sampling, electrical 
geophysics and ground magnetics and data 
compilation, interpretation and Phase IV design. 

"Scout" drilling - one hole to 2,000 feet 

Total for Phase I through IV 

Robbers' Roost Breccia Pipe (Block 5) 

$12,000 

$29,000 

$68,248 

$30,000 

$139,248 

The Robbers' Roost breccia pipe is relatively well exposed along Robbers' Roost wash, but alteration 
plunges beneath shallow cover in all directions except west along the wash. The old ASARCO drill 
hole logs need to be studied and the remaining core re-Iogged, using Quantitative Alteration Mapping 
techniques. The geochemistry of the surrounding thinly covered areas must be determined using 
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biogeochemistry and soil sampling. Closely spaced (250 foot centers) rock chip sampling should be 
done in the outcrop areas. Detailed geology, Quantitative Alteration Mapping and leached capping 
interpretation mapping should be performed in the areas of outcrop to determine the lateral position 
of the outcrop in relation to the porphyry center, as well as pinpointing drill locations to test for 
chalcocite blanket mineralization. Though leached capping after sulfide minerals can be clearly seen 
in outcrop, electrical geophysical and ground magnetic mapping might aid in pinpointing contact 
areas, overall geometry, and deep drilling targets. 

The following budget for Phase I, II, III, N and V programs is: 

Phase I 

Phase II 

Phase III 

Phase IV 

Phase V 

Surface geologic, Quantitative Alteration, and leached 
capping interpretative mapping, rock chip 
geochemistry, compilation of existing data and re­
logging of remaining ASARCO core, interpretation 
and design of shallow drill program. 

Shallow drill test for a chalcocite blanket - five 400 
foot holes. 

Broad biogeochemical and soil sampling to define the 
position of porphyry copper metal zoning and 
determine the potential presence of a distal gold 
zone. 

Electrical geophysics and ground magnetics 

Deep "Scout" drilling - one hole to 2,000 feet. 

Total for Phase I through V 

TOTAL FOR ALL PI-lASES OF ALL 5 BLOCKS 

This includes 30,500 feet of drilling at an all inclusive cost 
average of $22.79 per foot . 
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$108,103 
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