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CERTIFIED MAIL # 

December 5, 1985 

Robert K. Lane, Commissioner 
Arizona State Land Department 
1624 W. Adams 
Phoenix, AZ 85007 

RE: Evidence of Mineral Location - Reporting to the 
Commissioner - Tombstone Silver Mines, Inc., State Mineral 
Claims 

Dear Mr. Lane: 

Pursuant to requirements for Proof of Mineral Location upon 
State lands, please find enclosed a detailed geological report 
for certain mineral claims (Attachment 1) located on State land 
in Section 16, Township 20 South, Range 22 East, G. & S.R.B.M., 
Tombstone Mining Distrct, Cochise County, Arizona, as claimed by 
Tombstone Silver Mines, Inc. 

All claims were located on November 14, 1985, and recorded in 
the official records of Cochise County on the same date. 
Recorded copies of the Location Notices have been forwarded to 
your office, via the U. S. Mail's Certified Return Receipt, with 
acknowledgement of receipt having been received by myself after 
delivery •• 

As provided for in the "Official Compilation of Administrative 
Rules and Regulations", Title 12 (State Land Department) , 
Tombstone Silver Mines, Inc. would request that you might act 
favorably on consolidating all located claims into one lease, as 
all claims are contiguous and will be unitized into one common 
mining plan. This requested consolidation should benefit both 
parties, and remove unnecessary administrative duplication. 
Your approval and notification of such will be appreciated. 

Respectfully submitted, 

~t.ILU~ 
Thomas E. Waldrip, Jr., Agent 
Tombstone Silver Mines, Inc. 

TEW/ms 

Enclosure 
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GEOLOGIC REPORT 

On The 

TOMBSTONE MINING DISTRICT 

Cochise County, Arizona 

with Particular Emphasis on 
Evidence of Mineral Location on State Mineral Claims 

Section 16, Township 20 South, Range 22 East, G. & S.R.B.M. 

Reference: 

Type A Claims: T.S.M. lA through 6A 
T.S.M. Bl through B6 Type B Claims: 

Located on: 
Located by: 
Located for: 

November 14, 1985 
Thomas E. Waldrip, Jr., Agent 
Tombstone Silver Mines, Inc. 

Submitted to: 

Robert K. Lane, Commissioner 
Arizona State Land Department 

Phoenix, Arizona 

Submitted By: 

Thomas E. Waldrip, Jr., 
Land Consultant for Tombstone Silver Mines, Inc. 

James A. Briscoe & Associates, Inc. 
5701 E. Glenn St., #120 

Tucson, Arizona 85712 

December 11, 1985 
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SUMMARY AND CONCLUSIONS 
======================= 

Sufficient information has been presented herein to 
demonstrate mineral location on the twelve State mineral claims 
under claim by Tombstone Silver Mines, reference the Location 
Notices on file with your office of T.S.M.'s #'s I-A through 6-A 
and B-1 through B-6, located November 14, 1985. Substantial 
work remains to fully delineate all areas of economic 
mineralization contained therein. Tangible results of 
mineralization have been presented for each state claim to 
varying degrees and means, although hampered by soil cover, 
denuding of surface mineral values by leaching, complex 
structural setting, and nature of economic mineralization to the 
host veins (veinlets). Evidence for mineralization exists on 
all claims referenced by assayed, anamolous silver values, 
alteration, exposed leached veins, extralateral rights of veins, 
attendant manganese and iron oxides on fractures from oxidized 
sulphides, and past mining and exploration activities. 

In light of the very positive and tangible results tendered 
herein for evidence of mineral location by Tombstone Silver 
Mines ,Inc., the ~uthor is optimistic that production will 
result on State lands under claim, with generation of mineral 
royalties to the State, should our leases be approved. 
Notwithstanding, strong argument also exists as to the 
intangible aspects of unitization via mineral lease of the lands 
under claim to Tombstone Silver Mines, Inc. by the state, 
especially in light of the extra lateral rights issues. 

Mindful of these factors, the author respectfully requests 
the Land Commissioner to look favorably upon our evidence of 
mineral location, and approve our future filings with his office 
of mineral lease applications for each mineral claim covered 
herein. 

/ 
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INTRODUCTION 
------------------------

This report is being compiled and submitted as proof of 
valuable mineral location by Tombstone Silver Mines, Inc., for 
twelve (12) mineral locations, located on State grounds, on 
November 14, 1985, as detailed in Exhibit 1. 

Evidence of mineral location ranges from surface vein 
exposures to assays of samples from underground workings. 
Results are herein compiled to demonstrate that Tombstone Silver 
Mines, Inc. has made a valuable mineral discovery upon each 
claim. 

For convenience, efficiency, and to avoid unnecessary 
duplication, discussions of mineral location on all claims have 
been unitized into one report. However convenient, this format 
is utilized only to summarize generalities pertaining to 
geo-technical information for the claims as a whole. Specific 
and ample details of location are embodied in later sections of 
this report to prove scientifically that silver mineralization 
exists on each claim. That this mineralization is in place; has 
continuation; has metal value; and should prove economic to 
extract. 

PROPERTY 
----------------

Exhibit I lists claims under location. The outlined, as 
surveyed, claims boundaries are shown on Exhibit 2. Exhibit 3 
illustrates, in addition to the claim illustrated in Exhibit 2, 
the additional components of interior, patented, mineral claims, 
in juxtaposition with our state mineral claims. As per the list 
of claims, Exhibit 1, the property position covered amounts to 
six (6) Type A mineral claims, enumerated as T.S.M. I-A through 
6-A, and six (6) Type B mineral claims, T.S.M. B-1 through B-6. 
In total, these claims cover 101.2 acres of State mineral 
grounds, located generally in the Nl/2 of Section 16, Township 
20 South, Range 22 East, G. & S.R.B.M., Cochise County, Arizona. 
Each is in overlap somewhere within its boundaries with either 
another claim of this group or a patented claim under Tombstone 
Silver Mines, Inc.'s control. As such, no claim has a full 
allotment of acreage. Careful attention was paid and efforts 
extended to prove mineral discovery outside the areas of overlap 
and within each identifiable open area of each mineral location 
on State lands. 
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EXHIDIT 1 

MASTER CLAIM LIST, TYPE A & B MINERAL CLAIM3 
'IDMBS'lrnE SILVER MINES, INC. 
IOCATED: NOVEMBER 14, 1985 

Claim Name County Claim Legal Sect- Tam-
and Number Recording ~ Description ion ship Range Meridian --- ----------

T.S.M. #I-A 851122739 A M & B Lots 3 & 4 16 20S. 22E. G.&S.R.B.M. 

T.S.M. #2-A 851122740 A 1<1 & B Lots 3 & 4 16 20S. 22E. G. &S.R.B.M. 

T.S.M. #3-A 851122741 A M & B Lot 4 16 20S. 22E. G.&S.R.B.M. 

T.S.M. #4-A 851122742 A M & B Lots 5 & 6 16 20S. 22E. G. &S.R.B.M. 

T.S.M. #5-A 851122743 A M & B Lots 5 & 6 16 20S. 22E. G.&S.R.B.M. 

T.S.M. #6-A 851122744 A M & B Lot 6 16 20S. 22E. G.&S.R.B.M. 

T.S.M. #B-1 851122745 B WlI2 Lot 2 16 20S. 22E. G.&S.R.B.M. 

T.S.M. #B-2 851122746 B El/2 Lot 4 16 20S. 22E. G.&S.R.B.M. 

T.S.M. #B-3 851122747 B WlI2 Lot 5 16 20S. 22E. G.&S.R.B.M. 

T.S.M. #B-4 851122748 B M & B Lots 4 & 5 16 20S. 22E. G. &S.R.B.M. 

T.S.M. #B-5 851122749 B El/2 Lot 6 16 20S. 22E. G.&S.R.B.M. 

T.S.M. #B-6 851122750 B WlI2 Lot 7 16 20S. 22E. G.&S.R.B.M. 
--
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LOCATION, CULTURE, TRANSPORTATION, PHYSIOGRAPHY & GEOGRAPHY 
=========================================================== 

The Tombstone Mining District lies in central Cochise 
County. The Tombstone townsite takes its proper name from the 
mines and incorporated mining district located there, and is the 
only population center within the U.S.G.S. 15 minute quadrangle 
map of its namesake. The approximate 1,500 inhabitants of 
Tombstone make their living from ranching, some mining, and a 
thriving tourist trade generated from Tombstone's rich, but 
vastly over commercialized, western and mining folklore. 
Enchanced topographic detail may be gleaned from the U.S.G.S. 
7.5 minute series topographic map of the same name (please refer 
to the copied portion of the map surrounding the claims - Figure 
2-A). 

The mining district may be best reached via Interstate 10 
and U. S. 80 to the municipality of Tombstone, some 60 miles 
southeast of Tucson (Figure 2). From Tombstone, one proceeds in 
a southwest direction on the paved Charleston Road, a distance 
of two miles (Figure 2-A). Access to the property is gained 
through a well maintained graveled road to the State of Maine 
Mine. Various poorly maintained ancillary trails branch off of 
the main road and give easy access to all areas of the property. 
Permission to use all roads should first be gained at the gate 
as most roads are on or lead across patented grounds. 

The Tombstone district lies in the Tombstone Hills, a low, 
moderately scattered series of protrudences, primarily on the 
east side of the San Pedro River, some twenty-five (25) miles 
north along its course from its entrance at the International 
Boundary with Mexico. The property is near the northwest margin 
of the Tombstone Hills, some 4 miles due east of the Boquillas 
Ranch House on the river. 

The claim group is situated at an elevation between 4,838 
feet at Uncle Sam Hill on the west terminus of the claims, and 
4,425 feet on the northeastern corner of T.S.M. B-1 claim. The 
San Pedro River channel, being the lowest elevation in the area, 
is at about 3,900 feet A.M.S.L., while Ajax Hill is the highest 
at 5,320 feet, 1 1/2 miles southeast of the area. 

The area is on (if not transitional) the very northeastern 
margin of the Sonorian Desert physiographic provenance. The 
climate here is not indifferent to that of other desert regions 
of southwestern Arizona of similar elevations. Days are warm, 
often wet during summer, and cool but mild during winter. Rains 
are seasonal and sporatic, heaviest during summer thunder storms 
when the greatest majority of precipitation falls. Yearly 
recorded precipitation amounts are in the range of 15 inches. 
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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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Vegetation is an admixture of cat's claw and several cacti 
genera, Mammillaria and ocotillo being most common. There are 
also one or more species of Agave and some creosote. Some 
stunted mesquite trees and their thickets are found in arroyos 
and gulches crossing the claim area. 

PREVIOUS WORK 
============= 

Geotechnical information abounds with reference on the 
Tombstone district. One is directed to the bibliography section 
of this report. It must be pointed out, however, that many, if 
not most, of the cited works are of little but general geologic 
use. References used herein, for report preparation, are cited 
in an initial, separated reference section. Much of the data 
contained in this report is quoted directly from Tombstone 
Silver Mines, Inc.'s files and private, unpublished, 
confidential consultant reports. As such, it is requested that 
information contained herein be kept in confidence for as long 
as necessary or possible under State regulations. 

REFERENCED INVESTIGATIONS 
========================= 

Although several authors mention details of the claim area, 
often as the "western area", "western group", "western basin" or 
"State of Maine Mine", little but historical generalities were 
gained from their reading. This period, circa 1880 to about 
1925, seems to be the period during which most authors visited 
the "western group", but paid little attention to geological 
detail there. A ponderance of observations were authored in the 
"Tombstone Basin" further east, and we can only extrapolate 
references to general geological features, pertinent in the 
claim area. 

Sarle and Melgren (1928), in unpublished private reports, 
are the first authors to report specifically on the area. Dr. 
Sarle relates in some detail, known underground workings on 
various cropping and blind veins, and charts many stopes as to 
their richness. Although promotional in nature, the report is 
very scientific in scope, valuable in a geotechnical sense, and 
verified by "old times" and our current exploration activities. 

Butler, Wilson and Rasor (1938) further added to our 
knowledge of the claim area, in their Bulletin on the geology 
and mineralology on the Tombstone district. Invaluable 
underground illustrations, as studied and mapped by Ransome in 
earlier years, were also incorporated. Mineralization of the 
district was shown to be associated with north-south dike 
fissures, faults, anticlines, saddle reefs, and northeast­
southwest fissures. Rasor's cited contribution was to recognize 
that hessite, tetrahedrite and galena were the hypogene silver 

It) 
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bearing minerals. He believed these minerals, through 
oxidation, to have led to the supergene enriched silver ore 
minerals of bromyerite, embolite, cerargyrite, argentite 
(acanthite), stromyerite, native silver and argentojarosite 
found and mined in the oxide zone. 

A hiatus of information for the area exists until the mid 
1950's, when Gilluly (1956) published his studies on the Uncle 
Sam "porphyry". His studies of the Uncle Sam, combined with 
earlier published stratigraphic information, provide us with an 
exhaustive description of the geology of central Cochise County. 

During the latter half of the 1960's and early 1970's, 
renewed copper and silver exploration activities lead to a 
flurry of activity and private reports related thereto. Of 
special interest within the scope of this report are Andreasen's 
(1965) aeromagnetic survey and map of Tombstone and vicinity; 
Austral Oil's (1968) cross-section and drilling results; 
Carouso's (1968) I.P. work over the area showing several 
moderately responsive zones; Lacy's (1968) report and detailed 
underground maps of the State of Maine and Uncle Sam mines; and 
King's (1973) logs and assays of deep porphyry copper 
exploration drilling. King's assay results indicated uneconomic 
deep copper mineralization was encountered. More importantly, 
through drilling logs, he conclusively demonstrated the relative 
shallow nature of the Uncle Sam porphyry underlain by the 
Mesozoic/Paleozoic sedimentary section seen outcroping in the 
central Tombstone district, all cut by several episodes of 
phases of intrusions of differing composition. 

Briscoe (1973) mapped, in great detail, the area 
surrounding the state of Maine mine, and beyond a doubt, 
recognized the complex nature of mineralization found there and 
on surrounding State lands, now under claim (this report). An 
excellent outcrop, structural, and vein map was compiled to 
illustrate his field work. Numerous surface assays were taken, 
including some on state lands under claim and covered by this 
report. Briscoe recognized two important facts in relation to 
the general geology and mineralization. Namely: 

1. The Uncle Sam porphyry was not an intrusive body but 
instead a quartz latite tuff. 

2. Surface oxidation led to a marked increase in silver 
solubility and subsequent removal of silver halide 
mineralization in near surface rocks, deeper into the 
vein zone. This supergene enrichment phenomena has 
been recognized, documented and reported earlier for 
silver. Briscoe, however, showed conclusive evidence 
of accelerated leaching in waste dumps of + 7 feet in 
height and five ounce average ore, undergoing rapid 
depletion by leaching in a 70 year period. Resultant 
values were deposited in lower levels of the dumps and 
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the upper two feet of the soil horizon (supergene 
enrichment). 

Around this same time, Roger A. Newell (1974) was 
completing a Stanford PhD. dissertation covering the Tombstone 
area. Interestingly, he recognized, as Briscoe did (1973), the 
tuffaceous nature of the Uncle Sam porphyry, and verified this 
with follow up petrographic work. Newell's contribution to the 
geology of the Tombstone district were several fold. His maps 
are still the most detailed, district-wide to date (Figure 3) • 
Secondly, he presented geochemical data from regional sampling 
of mine dumps within the district which verified that 
mineralization there is correlative to a possible series of 
porphyry copper mineralization centers (Figures 6 through 15) • 
This fact was demonstrated previous to the completion of the 
dissertation by drilling (reference King, 1973), but only 
afterwards was data supplied to corroborate Newell's hypothesis. 
Newell further formulated and presented a chronological summary 
of the evolution of the rock units, structure and ore deposits, 
on a whole, for the district. 

Several other maps, unpublished private reports and memos 
have been authored since then. These have some bearing on the 
claims under discussion, in that geochemical data was presented, 
showing surface mineralization being present. Results will be 
presented accordingly later. 

Briscoe and others (1982) and Briscoe (1985), with 
extensive use of illustrations, presented an excellent 
compilation of scientific and factual data accumulated to date 
for the Tombstone district. These reports forward arguments in 
favor of a hypothesized Laramide-aged caldera complex being 
present within the western district. The claims of this report 
lie astride the proposed eastern margin of this caldera complex. 
Further, in the 1985 report, evidence of a unique, arid climate 
method of oxidation-reduction reactions is presented to show 
hypothetically a means of removing silver mineralization in 
upper vein zones and then re-depositing these metal values at a 
lower vein zone elevation in or near the footwall as a type of 
supergene silver halide enrichment zone. 

The following sections, consisting of 96 pages on the 
History, Geology, etc., and all illustrations, are included 
verbatim from Briscoe's (1985) unpublished report. It is noted 
that many references throughout the Briscoe report are related 
to the current land holdings of Tombstone Silver Mines, Inc., 
consisting primarily of patented claims. This fact, however, 
should have no bearing whatsoever as it will be clearly shown 
later that mineralization continues extralaterally down dip off 
the patented claims and generally throughout, across, and 
cross-cutting the State claims, under discussion. The important 
fact to remember is that although descriptions in the following 
sections by Briscoe are pertaining to mineralized, patented, 
claim veins, the environment is homogenous for the area, no 



I 

·e 
I 

Ie 
I 
Ie 
I 
I 

I 
Ie 
I 
I 
I 
Ie 
I .e 
I .e 
I 

matter the land ownership (veins have no ownership boundaries). 
This is the big picture, so to speak. Later specifics related 
to each claim will be covered. 
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I 
I 
I 

Ko 

Ardesiric to c:l.aciric Iodc6ric brI!coL-lndudu pMt. 
01 SoItTo ForrnalD'l. SugarIoIII Quartz Larile. and 
8ronc.o V<*:arics. .1M aI 01 Dtrnttrit Voicana 
ard SiMrbd Forrnation.olCourtrd'lI (19681. 
CorrnuVy containllarge blocks d ellOlic rocks 
and b:aIy nckda lOI'1'W.arr.ntAI'y rocks and 
I'\tnJsIYIt rOCks. 5r.Rrailms ol metftS to several 
n....dreds d tMtetS thick in rn::lIt p&aca. 

Lower quartz monZOTlItl! and grlKlChofltt Includes 
SOml! quartz diorne: a~ars In .mall stocks 
locally ~llIted WI th mll'll!rM2.ltlOO. Dated .,1 70, 
71. 12. 73. 74. 74. 74. and 76 m.y The Setll',"ln 
granudunte at TombstonE' IS 12 m.y 

Roads and Highways 

~ - ' '- Dry wash 

+1-t-t ! I I I I I I I I I Southern Pacific Railroad 

Explanation 

, ...... , ..... . . ' .. J,. .... . .. .. .. . .. 
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MOo 

BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-lJpper part of Bisbee 
Formation or Group, undifferentiated. aM Mated 
rocka.-Includes upper part 01 BOOee Formation, 
Mureil.ime&tone, Morita, Ontura, WIllow 
CaN,.cn, Apache Ca~. Shellenberger Ca~ 
.,nd Tumey Ranch Formations (not bled in 
&tratigraphic sequence) of the ~ Gl"OI.4>. 
AmoIt Arkose ol8c)e,nt and Kinnison (1954), and 
Angric Arkoee. Consistl of~· to reddish· 
arkoee. gray siltstone. sandstone. cor@>merate, 
and IOfT'Il' fossiliferous gray limestone. Commcoly 
several hundred meteT5 thick 

GRANITE AND QUARTZ MONZONITE 
tJURAS,SlC)- Stoc.ks 01 pinkiIh-gray coarw· 
~d rock. locaIy associated with 
~tion. Dated at 140. 148, 149. 149, ISO • 
153,160. 161, 167. 178, 185 m.y. 

Secfirnenwy rocks (lower Penrian and Upper 
~run}-<on.stS at ~ 0cb1li1~ 
(1...cN.er Pmrun), Coina lJmesIone (1..ov.oft 
Permian). and Earp Formation (Lo.o.oer ~ 
and l)ppQr ~ri.an). urdfftftntlalOO. 
Ept3ph DoIolTite iI • darlc· to ight.gray sJi!jldy 
cherty doIomtt. imestone, man. sitslON!, arod 
g,.'pSUm. 12Q.28J meters thick. Colina lm1estone 
is .I medium gray. ttuck-bedded. ~ chettv. 
and IPolfsefy 10000000l!1OlIII HlTW:lItone l2().28J 
meters rhick. Earp Formation IS II paIe.red 
1ilt1l00il. mlJdstone, ~. ~ IirMSIone. 12().240 
meterstnick. 

Horquila l..irnestone (Upper and Middle 
~rUn)-l.Jsttt·~,tt.::k. tothln· 
bedded. cherty, fossiiferous limestone and 
Interalated paIe·brown 10 paIe.rYddish-gnry 
1iIt.!one that InCreases in ~ up.uard. 
T ypQIy XJ).490 mtlers thick. 

SWlMENTARY ROCKS (MlSSISSIPPlAN AND 
OEVONlAN}-Consists mady of Escabrosa 
l.Jnwstone (~)--locaIy (Atmstrong 
and Silberman. 1974) eaIIed EIc.abrosa Group­
&ncI MartIn FOI'TTIlIOOn ({JppeT OevoriM), 
~entiated. In part d the Chiric.ahua 
MoIJltairu abo sncludn PatadiR Forma-lion 
(Upper Mississippian) a nd PbrtaI Formation 01 
Sabins. 1957, (Upp.r DIrvorMn). n the l.it11t 
Dragoon Mountains and some a4acent hils abo 
includes Black Princ. u matone, wh<:JR fauna 
and corNlatlOn shoM strongest affinities wkh 
~n rocks but which ~ include some 
Pt:l'rlIlyIvarilIn rocks. Escabr05ll l...irneslone is a 
medil.m.gr1lY. massive to ttick-bedded. cOlT\fT\Oliy 
crinoida1, cnmy, fONilifcrous imestorw 9().310 
rrwtm thick. Martin Fom-oation. is thick· to thin­
bedded, Way to brown dolomite, !py spar5ely 
fouiilerous, and :lOme siltstone and sandstON!, 
9().120 meters thick. Panwhr. Fonnation is a 
brown,IouiIiIC'I"OUS,shaiylirnestone. PortaJ 
Formatton is a black sha&e arv:l imestor. 6- 105 
mettn thick. Beck Prince l.imc:stone is pinkish. 
!J'1I'J iirnatone <Mth a basal shale aM ctwn 
c~te.lII much 81 52 rneten tl'ick. 

SEDIMENTARY ROCKS (lOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):- El Paso linestor. 
(tower ()nb.Iidan and l..Ipper Cambrian), Abngo 
ForrnabOn (lJpptr and ~ Cambrian). aM 
Boha Quartz. (Male Cambrian). 
~enblItcd.-EJ Paso linrstone 'IS"~. 
UWI-becIdedchertyimesl:onearv:ldalorritcCJO 
meter. ro about 220 I1'IeWrI tt.:k. Abrigo 

Formation JS " b!-(JIoI,/Il. trin-bedded~ 
Irnestone. IlIndaone, quanzil:e, and ..... , 21(). 
240 1TIItCT1 thick. BoIsa Quartzil:e is a bn::Joo,n 10 
~. or pwpish.gray. ttitk-beckWI. CO!nI' 

!Pined quartZIte and sandstone 1Mth" ~ 
conglomtrate, 9().l(!O meter. thick. Totke easf, 

~nla of pM! cI the Abrigo Formation and 
Bola Quartzite are known lIS the C-ororwIo 
Sandstone. 

I .- ---- Government Reservation Boundary 

- ------- Aqueduct 

Ie 
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Sedimentary rocks (LIpper and MidcIe Cambrian)­
Abngo FOfTTliIborI (lJppvr and MddIe Cambrian), 
aM BoIsa Q.wtzilt (Middle Cambrian). 
urdttrentJated. 

GRAMTOID ROCKS (PRECAMBRIAN Y):-MainIy 
prmdiorite aM quartz monsonite, u~oIiated to 
foliated, in pan mttatl'lOl"l)hose. Generaly in 
stock&, ~h ahYe been little studied. 

PINAl SCHIST (PRECAMBRIAN X)-CNorile 5Chist, 
~te. an:! some mtt.avoIcarK rock&, 
~rocks,~Zlte,~le 
c~at •. and gneiss. One metavobtIC rock 
etateclat 1715rn.y. 

CONTACT - Dotted where concealed. 

MARKER HORIZON-Dlned where concealrd. 

~dip. 

FAUl TS--~ Op. Dotted ~ concealed at 
Intruded; bill and bar on daMlthrown Ide. 

Sl:rikt·slip-ArTow couple &howl relan ... displacement. 
Single arrow shows ~nt cI active block.. 

An""". 

EXOTIC·BlOCK BRECClA- lb:k conln ct-ip at 
block WrlJsions. 01 rock different from tno. cI 
l'IOII at othrr blocks nearby. Typcallyolvolc.aric· 
t«1onic at setimentary-Iectoric ori!jn; c!)cduda 
TMiary megabrecOll deposts. 

Ste of....ell org&!nerabed lite of ~ v.da. ~ 
unit pmrtraled. if known. and dep(h oI....e11. in 
1m. 100 lett eq.IlIIs 30.5 met ..... 

COlLECTION SITE- Racliogmicaly daled rock 
showing ~ In miIions of yv:~. Query before 
symbol whete prec:_ Iocahon uncertam. 

T. 21 S. 
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Geology adopted from Drewes, Harold, 
1980. and Newell, RA, 1973. Figure 3. Generalized geological and structural map on screened 

topographic base. 
By James A Briscoe 
James A. Briscoe and Associates 
Tucson, Arizona 
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Geology 
OLDER OR UNDIFfEREN1lAlH> SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE) 
Gravel, sand, and sit (F'letsl<xene and PIiocene­
MaiN,! aIIM~ cl baims: II'ICIudu tome 
colluv.um;>on::! Lwdsli::ie ~1XISI1s Generaly i!jll 
putIush gray, \4ti1dy Indurated, And with poorly 
rounWd clasts, lucally ~ Indurolted 1nickroes& 
seo.oeraI meters 10 hundreds 01 meter&. 

Ebsalt {Plmtocene to PIioc~ne)-Lava ~, 
p"TOClasbt rtlCks. MId some Inlen:aialed grave 
Th.;:kneSIS ~ mtlen 10 a few hundred trM!1t>TS 

In rfV)5! places. RadIomelrcdy ~ted ~I 025, 1 0, 
"nd3.2m.y <:lid 

Extel'W\le andesle and dacrte (Mloclltnl and lJppeT 
O!io.Jxer..» - Lwa flows, pyrOClastIC rocks, §OI"Nl 

1r'IIerc.alaleci epda$bC rocks, and dikes. /'.ioitly 
~.~, pOrphynbC nx:k!.. IlltiudK 
sorne uery (:00V'5I! I4!kKpar porphyry ardnzll 
(Turkey track ~y, an Inform;;! term 01 
Cooper. 1961) ThlckneM r1lO6t1y several melers 
10 ~ lens d melers. Dated 61 24, 25, 27, 33, 
an:;! 39 m.y 

ExIru$M!' rhyolite a.--d rhyod.x,le {Miocene and Upper 
OIigocene-LaI/lll 1I00.I4, welded tuff, pyrIXluoc 
rocks. and ~ fltercaloi!led epcWlstlC rocks. 
ug-,'-graylo~·pmk,vilrictofine~ 
pofphynoc. QxnmorJy <I few lens to ., lew 
thousand 01 melers thick. Dated at 23, 24, 25, 26, 
26, 26, and V m.y. M cxXiJnonaJ date 01 47 m.y., II 
substantiated, fl'IlIy mdiale IhI:! Pll!:5e1lCe 01 
Eoc.ene rocks In Ilw\ower me:mberol the SO 
V~ rJ Cod$: Co. 

~ conglomer ... ,e, gl'lwel, and 5llnd (Oligocene ltd 
Eocene?)-AlhMum; commonly gJaylVI rltd 
tkposit$ d small, v.d rourded. nonuOlcaric 
cIio.st$ Mostly several me1ers to /II MIN tel'll d 
1Mt~$thlck. 

UPPER CORDIl.liRAN (lARAMIDE) IGNEOUS 
ROCKS (LQ\AIER PALEOCENE):-l.ower 
voIc.lInc rocks-Rhyolite to omdaIte Iowa ftows, 
pyroc~ rocks. .... 'd 50ITIe wuercA1llted epICwtlC 
rocks DIIted II 57 my. POUlbIy you'I9t'f age 10 

MAIN CORDIl..l..EAAN (lARAMIDE) IGNEOUS 
ROCKS.-Potphynnc aocl ;"phhC Inln.tSl\oC rocks 
(Paleocene Md Upper Cre:toce:~)-MostIy i.!JhllC 
~ tod/M:itic porphyry ,n small atocks ord 
pkJgs ... nd aplibC bocba not llUOClilIted wllh other 
!J"iWII<*l slOCM. o...tOO ... , 61, 63, 63, 64, and 60S 
m.y 

FluidIzed ,"tru:w,oe breccld eX6Ct age unknown. bul 
penet . ... tes. 11M thus younger than Uncle Som 
porphyry 

Rh)lQdix'lle: lulf and W('\ded IUH Includes par's of 
So~fO FonnaIlO". ~TIo<II Qwru LahtI!. ,md 
BrnIVn Voicarucs. and all 01 Rli!d Bay Rhyolu". Cal 
Mou",,,," Rhyolite 0/ Braum (1939) and Uncle Sam 
Prophyn; IncllXles local '"truSlve bodM!' and Ioc"..,. 
COfl tiSlf1$fril9T'E'ntsoleMOIIC rocks Thoekness 
commonly sevni)/I,,", of metns 10 WoIt'f~ 
hundreds 01 mrtn,. Dated at 66(?), 70. n. 13. otnd 
13 m y llw Uncle Som, tn The Tomb&tone art,). 1$ 

WtltClnm.y 

ArdHIric 10 d!IciriI: ~ brfCOll. -1nckK)a. paru 
cI SoIuo Formation, Sug.vtoaf Qwrtz Lalite, and 
BrotIco VoIr;arW;.a. and III 01 Demelrie VoIcat'K.I 
and SiIuubd FormatIOn cI Counnri'II (1958). 
CorrmonIy conllilN large blocks 01 exotic rocks 
and Dealy ndudn IOflW MCimerory rocks ard 
intN5IW rocks. ~ tens 01 metn, to ~ 
hurdJed5 01 mel .... thek Ir1 mo.f pika. 

LOONeT quartz muru:Ontle and gritOdlUTlte Includes 
!OIT'If qUlIrtz dtoJlte~ ... ~ ... rs In .mall stocks. 
locllily aHOCIIUe:d WIth mlllt'ral,zaIlOO. D,led /ll 70. 
71. 72. 73. 74. 74. 74. lind 76 m y TM Schletflio 
gfolnlll;lQTlU! al Tombs!~ IS n m y 

Roads and Highways 

--- Dry wash 

'-!+";++-I-++-',*," Southern Pacific Railroad 

Explanation 

r---' 
I MO. i 
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BISBEE FORMATION OR GROUP, 
UNOIFFERENTlATED {LOWER 
CRETACfOUS) - l.Ipper par1 fA I3tsbee 
Formanon or Group, undifferenD;,ted, and related 
rocks.- 1nc:11Jdo:os upper pat! fA Bi5b0e FOI'lTIlItIDIl, 

Mural UmeSlone, Monta, Cnrura, Willow 
Canyon, Apoclll! Canyon, Shellenberger Canyon 
and Tumey Ranch FOTITIiltlclN (noT ~Ited 10 
5IratJgraphc Ieq,lt'nce) of the Bcsbw Group, 
Anne Arkosed Bryant ard KinIll5OT'l (1954). and 
AngsIrK; AtkOM. ~s of brownash· to reddi:sh 
i.lfk05e, gt;,y siltstone. sandstone, cong\orroe'rate, 
and some lou!tftroUS gtilY mnulone. Coml11Of1ly 
Sl'WfaI huodrltCl meters INck 

GRANITE AND QUARTZ MONZONITE 
(JlJRASSIC)-Stocks d pNosh.gray CQilfW' 

granecl rock Locally M50Claled With 
mnerali%.llhOtl.. Daled 11140, 148, 149, 149. 150. 
153,I60,161,167.178,I85m.y 

Sedirnel'llary rocks (~Pmnan and lJpper 
Pe~nan)-<omosts of Eprt.!lpn Dolomite 
(L..ower Petm.Nt), CoinlI Umesione (lb.uer 
~n), arv:lEarpFOTTniJbOfL(L.or.wr~n 
and l/ppeI' ~~n), uncitferenNrired. 
Eptaph Doiomtf • II dMk· to Itght-gray ~tIy 
cherty doiomte, IirneslOl"le. marl. siltsTone, lind 
{M'l5llm, 12!).2tI) meTers ttuck. Colina Lnnestooe 
15 a medtum gt(ty, tt.ck bedded. sparsely cherty, 
and sparsely f~ lune:stone 12().28) 
met ..... thick. Earp Foonatlorll5.!1 pale·red 
siltstone, mudstone. shale, and imestone. 12().240 
meter,thek. 

Horqullla umestone (Upper.ocI MlddIe 
Pe~nan)-Wll· Il'nkJ"'-gray, thx;k· to thin 
bedded. ct-0ty,1OI§5iIiferous limesTone and 
Inlercalaltd p;»e-bfOwn to paIe.redchsh-gray 
silt5tOT'M' tk,)t incfeMeS in abuncI.l..::e upward 
T ypcaIy JOO.49J mrtet'l 1hIck. 

SEDIMENTARY ROCKS (MlSSiSSIPP1AN AND 
DEVONIAN)- Coos.!.ts I1'IaiNy 01 E.scabr061l 
l.mesIone (MIusatppan}-localy (Armstrong 
and Sibennan. 1974) called EKabrosa GrOuP­
and Martin FOTl'MhOrI (lipper ~l, 
uodiHeref1lwl1td. hpat!altt.~ 
MoulIalnS aI:so II'ICWes Paradise FormahOO 
(lipper Misswlpplan) and Portal Formaborl 01 
SabI"".1967.s(lJppt'r De..oria.n).1n the liule 
I:Kagoon Mcullllln-. lind $OI'T'Ie adjacent hils also 
If1I:k.w::Ies Black Pmce l.nnesIone, .......hose launa 
lind cQl'TelatIM thaw str'Orlgest affinana With 
~"rockJbut.....t.chJMYIr1CIude$OfT'E' 
Pemsylvarian lOCks. Ucabr()6.a limestone is II. 

medium'9'll\l, f1'IMII\II to lhick-bedded, conunony 
cnr"lClldal, cherty. f~eroU$ 5mestone CJO.310 
~ters thick Martin FOTmIlfion is thick· 101tu.,. 
bedded, ~lfoJ to broNn doIorn.te:. gray $pi!IrSeiy 
f~ous, at'd some sitMone lind 5llnd5lone, 
9().120 metel'llhck. Parada. Formabon 15 a 
braum, fCliosi1ilcrous. shaIy Irnestone. Portal 
Formation ~ a black IhaIe and imuione 6- 1~ 
rrwters thICk. 80ck Prince limestone is pirWsh. 
gray 5meslone 'MIh abas.al&hale and chert 
congiomtratc, '" l'Iuch ;J:$ 52 mete:n thick. 

SEDIMENTARY ROCKS (LOWER OROOVlClAN 
TO MIDDLE CAMBR1AN):-B Paso Umatorw 
("'-~"'" Upp" Cambrion). Abrigo 
Formation (Upper and MidcIe Cambrian), and 
BoIu Q.artz (Middle Combnan), 
~nt\IIIted.-B Paso l...imestone is II.~. 
ttw.-bedded clwny imalON! and do\omle 90 
met ..... 10 about 220 rneteTS lhck. Abrigo 
FormatIMilabro.m,~l~ 
1irnakInc, andstOf'llt, ~zrtc, ~ shako 21()' 
240 meter! !hick. Balsa Q..aruil:e is a brou.m 10 
white or purpish.gRy, thck-Mdded, co;ux· 
~ QOMIzite and 5lIndstone IoOIilh II ba6aI 
c~If,9I). 1II) mrtersthick. To the east, 
~$d part 01 tt. Abngo Fom\ilIDon and 
BoIsa ~zitll! art knoo,r..on as lhe Coronado 
Sanditonl. 
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Sed!mmtary rocks (lP' and MdcIt CatnbnanJ­
Abogo FOrl1'l;)loOn (Upper.ud MxkII! ~n), 
... nd 80ba <).Lanme (Middle CambrIan). 
u ldtferenllaled. 

GRANITOID ROCKS (PRECAMBRIAN Y) - Mainly 
graro:xlioriTe and qtwtz IT'tOf1IOl"lIte, unfobated to 
fobated, 11'1 pan rnmrnorpho.d. GeneraDy in 
$IIXIu.. which ahue been ittIe stucied 

PINAL SCHIST (PRECAMBRIAN X)- Chlorne schist, 
pt..,IIi te, and IOI'I'IIi! metavolcal1C rocks, 
me~ric rocks, mel~r1Z1lt, metaquanziTe 
~le, and greu. One metlll.dc.al'llC rock 
dated at I7lS m.y 

CONTACT-Dotted wNrtccn::ealed. 

MARKER HORIZON-lJoflcd .mm cooce.*d. 

FAUL~dp. Don«l~ll!concealed Of 

iotruded, ball and ~r on c:bmthtOlNTl SIde. 

Sirike.s.bp--Anow c~ shoNI ma\JW <bpIacemenl 
SmgIe arrow ~ ~nI 01 active bkx:.k 

ArlTlcline 

"",,",. 

Inclined stnke ltnd dip 01 beda. 

EXOTIC·BLOCK BRECCIA- ReICk contain5 clip or 
bkx:.k nc:iu5Iom 01 rock ~trtnt from lno. 01 
host or other blocks nearb"o Typ.caly oIlo106canic 
Ie<:looic or tlt'dlmeTllary-lccIOTllC OTl!JT1; excludes 
TmliltYrnegOOrec~~5. 

Sne cI-U or gmeraliftd Site 0I_a! weII5, showing 
UM penetrated, l known, and depth 01 wei, in 
feet .IOOfMtequals 30.5 nw'ft's. 

COLLECTION SfTE-RedIogtncaly daled rock 
showing age Ifl Tl'lI5on5 01 Yltars. Query before 
symbol wlwre prCCIM Ioc.hon UI1Cftla,o 
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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 
OLDE.R OR UNDIfFERENTlAlED SURFlCAL 

DEPOSITS (HOLOCENE TO OLIGOCENE) 
Gr;weI, sand. and silt (F'k!1stocene and F\ocene­
Many aIuvIum oi basins; lIldudes !KlrTe 

colluo.Un i5.rd landslide deposits. GeneuJly ~t 
pmlush gray, weakly Indl.lfated, lind WITh poorly 
rounded elMls: locally wellinduri!lted. lNckneM 
seo.en) meters 10 hW'ldreds 01 meters. 

&salt (Plmrocere to Pbocene}- u\la I\ow$, 
pyroclashc rocks. and some InlercaWed gravel. 
1hM;knI:!" seueral meteTS to a fev.o hundred ITWler5 

m mo5I ~es. RadiometncaDy dated At 0 25, I 0, 
and 32my, old 

&\1mSIW M'desIte and dllclle (MIocene and l.Ippn 
OIigocene)-ulola 1\cM'S pyroclastIC rocks. some 
1OInca1.i1led ~ rocks, and a.kes Most' .... 
gray, fine.gr<IIned,porphyntcrocb,«Ivde:s 
50me WTY co.vse feldspar porphyry andeQte 
(Turkey IJilCk porphyry. an mfOl'1'T'a1lerm of 
Cooper, 1961) ThIckness rnostIy seueraI ~'ers 
tO~'ensoimelers.Daledlll24.25, 27. 33. 
ardl9m.y 

Exlrus.ve rhyolite j),-,d rhyodacite (MJOCene and lJpptl 
Oigocene- Law no...-s, .....ekied tufI , pyroclastIC 
rocks, an:! SOfl"Ie intercalated epclashC rocks. 
l..qlt.gr ... y 10 grbYlSh-pmk., \,/lIre to fne-grruned 
porphynoc _ CorTvnonIy a ~ tens to , lew 
Il'Iousand 01 meters thick. Deled at 23, 24. 25, 26. 
26. 26.andT1 m.y Arlbddioonalda.le0l41my.d 
substantiated. may mdic.ale the presence 01 
Eocene rocks 11'1 IN! lower member 01 the S 0 
Vobncs of Cochise Co 

l...oI.uer cooglon-oenle. 91"-'. lind sand (OIigocme and 
Eocerw?)-AIu<.'Ium, commonly ~ red 
depo:uts of 5milII. wei rounded non~ 
clasts Mostly 5eVC"rlll nwlers to a few lens 01 
metersth.l:k 

UPPER CORDILLERAN (lARAMIDE) IGNEOUS 
R()(){S (LOv..'ER PALEOCENE) - lDwer 
..oar.c rocks- Rhyojte IO~le \,wal\oo.ols . 
p\:rodllsoc rocks, ilInd some Iflten:alaled epclasnc 
rocks_ Da.ted ilIl 51 m _y POSSIbIy.,.oIrl9f' agE to .... 

MAIN CORDIl.l..EkAN (lARAMIDE) IGNEOUS 
ROCKS:- fuphyrmc ilInd lIPrtK .... 1rusM' roc ks 
(Paleocene ardlJppeT CTela«OUS)· Mostl)l lahhc 
porpI1Ifly to dacrtic porphyry 111 srmI Sloe ks and 
~ ard apitlc bodM!$ not M50Clated .... lth OIMr 
!J"antOid stocks. Daled al 61. 63. 63, 64, and 65 m., 

FluKilzed!ntruslVe bieccid ~"'lI(1 "geunkoown but 
rx>rM!trales. <Inc! thus younger rMn Uncle Sam 
porphyrlli 

RhyodllCl!e lull and weided luil Includes pam 01 
s.,~ro FOfllld flon . S USi'-rlodr Qu."u L IIII"' ''OO 
Brooco Vok; ",mu and <III 01 Red Balli Rhyo/rIe Ciu 
Mounlaln Rhyolite 01 Brou.rn 1 19391 ilInd Uncle Sam 
Prophyry Includes local In irUSlVe bodies and bc~ 
(0111<l1l"I5 Iragmenes of I'~OIIC rocks Th.cknns 

commoolv sev0a1 lens 01 nwten 10 several 
hundreds 01 melers. Oated lit 66Pl. 10. 72. 13. lind 
1] III II ThI' l.Jnck> Sam. In lhe T ombstorw area IS 
c:!atl'dnm\l 

Andtwc to dac1h: \deane brecoa.-Incuxs pam 
01 SoIero FOITTIiItlOO, Sogmoal Quartz uble, and 
Bronco Vdcancl, ~ eI 01 Demetrie VoIcMcs 
&ref Sivtrbtl Formation 01 Courtnsil l (1958). 
CotrmonI!tI conlains luge blocks cl exooc rocks 
and Ioc.aIy rcl..adts $CIrIW.-imenwy rock. an:! 
rntfUSl'olCroc"k&. Severa/te0501mrtl'fStoscveni 
hW'dNdt 01 meters rt-iclc rr rrost places. 

lor.wr quartZ monzorule dnd graomonll' - fndudn 
some qUlll"ll dIonlC'. appelirSlI1 smal5Iociu 
Loe ...... ~oattd ...... h rT"IIllC'rabzallOtl. Daled II 70. 
1\. 12. 13. 14 14.14. and 16 m.iI 1"he Sd"lK'lfIwr 
grMOdoolt <l! Tomb$lone IS n m \01 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED IlQ\.VER 
CRETACEOUS) __ 1)pper pM oi 8tsbee 
FormalJOO 0.- Group, unddferenMled. and relaled 
rocks - lnckJdes uppe!" part 01 &sbet? Fonnahon, 
Mural l...zmesIone, Monti, Clnlura , WIllow 
c,rryon. ApacM CaflyOll, Shel\e~r Cilrryon 
lind Tumey Rareh FormallOns (nol 65100 In 

Slrangrllphc sequence) cline Bisbee Group, 
AmoIe Arkosed Bryant and KJnruson (1954), and 
Angelic ArkOlle Coossl$ 01 brownrsh 10 Teddish­
arkose, 9fi!\I ~Ir.tone, I<lndstone. Conglomerllolf, 
and some fossi!derOU5 gray imestooe Commonly 
.5e\.'eI"iII~me1ers.IhIc" 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)- StocIu 01 pmlQsh-gray coarse 
graII'llI!d rock.lDcaIy b550aaled WIth 
I1lInImIhzanon. Dated OIl 140. 148. 149, 149, 150, 
153, 160. 161, 167, 118, 185 my 

SechmeraMy rociu (lower F'2rmw!rn <lnd Upper 
~n)--cOl"lSl5l$clEprtaphDolcwnlte 
(l...own-~l. ColIna umestone (l...oo.r.!er 
Pem.'lnl. ¥od Earp FormatIOn tl...ower Pem.an 
and LIpper PenrtS}AIlaRII.nJ. undr.ff~nllll!ed 
Epdllph DoIomtt IS I dark ID bght-gnty sIIgldy 
cherty d%mtl', brnestOOl', marl. SIltstone, ar"lCl 
gypsum, \2(}28) meters !hlck. Coboo umestone 
\$11 medrum 9IlIY,llw;k·bedded, sparsely cherty, 
lind sparsely lossifiIl'rOU5 bmestone 12().28) 
meters t/-..ck ~rp Formation 15 a pale-red 
siftslone, mudstone. shale. and ~meslOOl', 120-240 
meletsthrck 

Horqu&, L-nntone IlIppI'r 1100 MddIe 
~rIlIn)-ug,1 priu5h-gray, thick to It.n 
bedd«I.C~.~hmeslone and 
II1Incal.iJledpaitbrOONr"ltOpale.~ 
sih~one lhal Ir'ICrea5on In abundarce upward. 
T ypcaIy XO-4lJO meters. IhIc k. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
OE\lONlAN)-Cor\5asls tnalnIy oi ~ 
l..Jme5tone (~n)-\oc.aDy (Atmstnq 
and SiIbefman. 1974) called Escabr05i:l G~ 
and Mivtn FOI1I'Io)IJOO (lipper DevonIan), 
undtflereMolted. rt part oItN! Chlrahua 
Mou'Itatns lIho n::k.da Paracise FormatIOn 
(l.Wer ~) and Portal FormatIOn 01 
Sabn$. 1~1a (lJppI'r Devon.an). fl the I..Jtde 
[hgoon Moumrn5 and some: aciacent JjIs abo 
Includes Black Pmce lJrne$(one, whose fauna 
end com!latlOn show 51rongnt affiNoes \/tilth 
~rocks but.....nch may include some 
Pe~n rocks. E«abrou l...rnestone is a 
mediU'l"l-grly. ~ 10 thlck·bedded, c~ 
cnt'IQICIaI, chetty, ~erous limestone 90-310 
meters thrck.. MartIn Fonnafion IS tluck. 10 thrn· 
bedded, ~ TO brouoIIl doIom!e. gray spanefy 
fossifnous., end tome "'Slone ard sandstone, 
90-120 meTers ll'ic:k.. Pallldise Formation 15 a. 
brown. 106&ikr0us, shaIy limestone. PorUII 
FormahOr"l II " bieck ahaIe and imatOfW 6-105 
meters thick. Black Pnoce I...nneslorc IS pinkish. 
sriIYlimestonr:Mhabasalihaie andchm 
cor9omtra.te. as much _ 52 meteR tt.:k. 

SEOIMENTARY ROCKS (lOVJER OROOVlC1AN 
TO MIDDLE CAMBRlANI - El PMo l.Jmestone 

(eo- """""""' ..... """" Can-bnonl. Abngo 
Fonnanort (LIpper.rv:i MidcIe Ca.mbnan), ard 
BoIsa Qw.rtz (fwidcIt Cambnan), 
undiIIefcnbaled.-El Pa$o l.Jrnatone l5e~. 
dwl-bedded chtrty imatonc ard dobmite 90 
metl'fS to about ZlO meters tt.ck. Abngo 
Fonnarion II a brown, thin-bedded fouililerous 
Iimntone, SilrdazonI'. quan:ate, and shale, 21G 
240mtlen tl'ic:k. BalM Quartzrte • a brown 10 
...AvleOt'~,tt.:lc-bedded.coarw· 
grainec! quartzite arv:f sandslontt IMtha basal 
Cor9omrrale, t;l().18J meten thick. To dv elISI, 

eqwvaienll of part d the Abrigo Formation end 
80Iu QuartZIte an known as lhe CoroNdo 
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Sedimentat"y rocks (lipper and MIddle Cambnan)­
Abngo FormatJon (lJppet and MIddle Cambnan). 
end BoIsa QuMlme (MddIe CambrIan). 
undtfferentJaled 

GRANTTOtO ROCKS (PRECAMBRIAN Y):-MamIv 
grarodionle and qll4f1z monsonlle. unfabated 10 
foliated, ., PM1 metamorphosed. Genendly In 
5tock5. ~hahl.otbel'nlittlt$tucbed. 

PINAl SCHIST (PRECAMBRIAN X)- Chionle SCMt, 
phoJIite. and 5OmI' metal.lOlcerw: rocks. 
metavoicanc rocks, mel<lq.iillrt:ate, mel3QUllrtllle 
congio.-rer<lte, and gnetS$ One lTIII1avo1carw: rock 
da'edat I715m.y 

CONTACT - DoIted....ner1' concealed. 

MARKER HORIZON- Docted where concealed 

DIKES-_dip. 

FAULTS-Sho.o.mgdp Dotted where concealed or 
mtruded. bel and bar on downlhrown SIde 

Nom-.J 

R.v .. ~ 

Snike·sip--Atrow couple ~ rC'Iatlve dasplacl'"l1lli!llI 
Single MTOW !oho.,r,.os !T"rO\.'I!ITII\nt 01 ilCllve bb:k. 

Ma,or thtusl fllUit- SaI/otw.h on upper p/,ale 

~ fauIr - SawlMh on upper il01e 

AnhCn. 

s.,~"'" 

Incilned 51,*t and dip of beds. 

EXOTIC·BLOCK BRECCIA- Rock contains chip Or 
b60ck ndu5IOfl.!i 01 rock dlffm:nt from lhose: at 
ho6Iorotherblocksnwbo; TypcaII\oI01 voblric· 
lector-..c or sedirnenlary.tectanc origin: e~cludes 
TC'fti.l,ry~l/IdelXl$ll$. 

Site 01 well or generaiud $lie 01 several web.. $ho.o.mg 
UfIIf penetrated." kOO\llT\, and depth 01 well .... 
feet lOOfeetequa!sXlSmeters 

COl.l.£CTlON SlTE- R.dIogmK:eIy daled rock 
~age .... ~oI\II!at".l,. ~bdOfe 
symboIwtwrl' prKIM wllon ~ertaln 

Dump sample location 

Zinc 

1 10-15 
3 1 

f. t. 4f 0' )~~ .. 

r 2 

" 

Q1gu 

OTgu • • H. a AA
K~K' \1{"o 
K ~ q 1\ 

-_ .... \ 
J _', \ 

~ ( K tq ?:} 

7) ~ i)fK, 

K '~TIV 
.":"-.HIo~·K •. till. ...... , 

J K, 
, :'i •• 

~ . . A . ..., 
"<l'i!. :;I,f"> 

,~~~~d; 
CJj ,. 

~ 

~ 

0' 
O"{DU 160 

t~b~fOCk") t 

Ol~ 1Stg 

1·'0<1<00' ·) ''1~~ 

~,o 

(Klq1) 

O'fo. 

10,;' 
l 

2 
~ 

it. 

Qlg)J 

\J. 
~,' ... - ... .......... - ... .... 6''!I t 

Q -~~-~~"!. .... '" ~. ..0' 

,V 
r" 

x 

( ~~~» ~oo ,~ -~~.:!J.!_. ____ ~_ / 

~~'- ---~~~-------
OTgu 

",,-/"r~~ L 
/ 

~ 

OTgu 

/"", 
.;~ ."!i· -/'" 

IlhJ1f;h 

';'.<1 
,,: 

';'''' 
~ VL

' Sch'r'.dC' 

• l 
I ~----E .~-~~----.-. 

:{ 

/" 
r' . QtgU 

'v 

\ 

" OTou 

~ :~<----.-.-. 
j ~ -,,'- , .... 

'~-~~,-~-:; '. 
. ~ " 

QTQU ! 
,L ,(; y 

~~k(/~~~hj 
fL.l?~lr ;1 o 

(OT~u) 220 

;~ 

~ \~ 

y t 
Y /\~ 
~ " \~. 

) t·~ .(' 

/, 

(aTIJU~Ji6 

. . 
~ .c: 

s 

/ 
", 

OTI)U " , 
I , , 

.~ '-. 
'" <::\ 

:-~' .....-;-., 

. ;tlq~~p--" 
"-

OT ge 

G.a'J~:\"'t\~"~ 

? 

.}o''! 

-~ 

, 
~ 

.' , 

Q!QtI 

-"-.,,-_. ---"""-''i-. 

. ... ", 

>,. 

~ 

, 

f' 

.< 

QT., 

. 'i-. 
-~T.~ .""""" 

-, 
,. tift _ ~" .. 

QT\lU 

algI! 

(QTg.) ? ~~ 
(p./p aJ 2 3 :00'" C ~' • 

. TO 2 . " 6 __ t5 p tp 
~~_ - _.: _ , ,'l 

\r 

aTgu 

'\( -, 

~ r.~-
..:.' 

'"\ 

OTg\2. 

.~ 

r;l? 
:..1': 

; 
>,41 

16 

'a 

<:< "S.l 'j. i o ~ 

t~ 
U, 

.. -~ 
.>\" 

'''''~ 
r Z~ S 

113fl ' 

o 

! 
: , 

. " 

~ \ .... 

t: •. 

. .;_ .. ~ i: . 

, 
\ 
\ 

Tombstone Development Company, Inc. 
Tombstone, Arizona 

1 0 3 Miles ~ 

~ ;;oj I, 
Geology adopted from Drewes, Harold, 

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

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

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

Distribution pattern for high zinc ratio in dump samples 
(in red) . 
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Geology 
OLDER OR UNDIFFERENllATED SURFICAL 

DEPOSITS (HOlOCENE TO OUGOCENE) ­
GntVel, $MId, and si1 (P\eIs!ocene and Ptiocene­
MacnIy.lllM~cI~.lr1Cludessornt 
(cAMum and IlIndsbde deposits, Ge~ Iiglr 
pmlash gray, weakly mdurated, and 'Mlh poorly 
rOUJded clasts. locally wellindurim~d. llw:1u1le$$ 
I£IIerai meters to hundreds CII meters. 

BMah (P'ItIstocene to f'IIocene)- u,v", £lows, 
pyroclashC rOCks, and some mten:alllted grayeI. 
lhKkneM several nwttfl to II lew hundred meters 
Ifl mo5I ~ RoxJ;ometncaly dolled al 0 25, 10, 
.wi 3.2 m.y old 

Exte05Mt aOOe5Ite arw;! diIote (MIOCene ilncI Upper 
Oigocene)- I...al/ll Rows, pyrOCIMh: rOCks, some 
tnlncala,rd eplCwnc rocb, and dikes. Mostlo,l 
gray. Me1lr1\ll,oo. porphyollC rucks. IfICIudn 
IOmI! vuy coarse feldspar porphyry andaile 
(Turkey Ir~k porphyry, an lJ1I'onn.iI tam 01 
Cooper,I961) T'lw:knes.s Il'IOSUy several meters 
10 ~ tent cI met~ Doted al 24. 2!1, Z7. 33, 
aro39m.y 

Extr\.lSl\ole rhyoIitea..-.d ~Itt> (Miocene and Uppe,. 
OIigocent-Lava 1Iow5, welded tuff, pyroclastIC 
rocks,llndsome .... tt!1'CAl.atE(! ep!ClastlC rocks 
!.Jglt-gray to graygh·pnk, vitric:: 10 line~, 
porphynllC. Com~ a k?w tens to /I lew 
Il'Kx.&t.rd 01 meters thick. Dated al 23, 24, 25, 26, 
26, 26, and 27 my An iKldinonal dale 01 47 m.y., rI 
subiStantillli!d, !'My ,ndil::ale the presen;:l'of 
&x:me rocks mlhe lower member 01 U. S 0 
VoIcariuol Cochise Co 

~ «:ngior'lWJ'lI.te, gravel, and Mnd (Oligocene lind 
Eor:erc?)-~um: commonly gray.shor.d 
deposits 01 small, ~n rOU1ded, norwoIcar.: 
ciMts. Mostly K\m n.ters 10 II lew tens of 
metersth.:k. 

UPPER CORDU.l.ERAN (LARAMlDE) IGNEOUS 
ROCKS (LOWER PAl£OCENE) - 1.Dwer 
wIc.atIC. rock5-~11l 10 anOaItll Iavallowt, 
pyrcxlastJc nxk5, and 50ffit Il terca!ated ~1Mht 
rocks. I.)t.led at 57 m.y Pos..Wty ~Ufl9Ilr Igt 10 

MAIN CORDfl..llkAN (lARAMIDE) IGNEOUS 
ROCKS:-PorphynbC and aplihc IlII\.lSlW rocks 
(PaIeM!M an:! lJppIlT Crtl3CeOU&J- Mosdv lallht 
porphyry 10 daobc porphyry .., RNII stocks ard 
plugs and apitir: ~ nol M.SOC~t l!d WIth OIM 
~ad IIOCks. ~ted at 61, 63, 63, 64, and E6 

Fluidized mlrusrve br1lCC1~ IlKlICl i!lgt! unknnwn, but 
pt'lWlratils. and IhU5 youn~r Inlln Unc'" Sam 
porphyry 

Rhyodacllil tuft and Wl!1dIld luft Inctudn pans 01 
Saltro FOflMt.an. SogBrIoaI Quanl UtIle , aM 
Bronco VokatMCs. and dU 01 FWd Bav Rhyolitil . Cal 
Mount')!n Rhyolite 01 8fOum 119391 a/ld Uncle Sam 
Prophyry Includn local..,Irusrve bod.n lind Iocily 
COllIIIM fragrntml' oIilKOlIC rocks. TNckneu 
commonly _ral I~ 01 n"l(>IerS 10 w-ve-ral 
hundrfds 01 fneleB. Dated al 66('). 70. n. 73. and 
13 m.y Tlw Unde Sam, In tM Tomb!.tone 011"1'6, IS 
dalt'dnm.y. 

Andaih: 10 dacibc -«aric bncCII.-1rrlIdts pom 
aI SdIro FCII1N.non, Sug.toaI Quartl ulite, ltd 
Bnn:o \Iok.ariu., ar.d aI 01 Ormdne Voltancs 
an:! SiIwrbeI FormatiDn d ~ (1S\S8l. 
Conwn.:dy cont.w.1arge blocks 01 ellObC rockl 
am knIv rd..I:Ies IIOI"I'W sedmtncary rocks ard 
~roclu.~t~oIrr.tIln\o __ 

I\ut\dre<b aI mtters thick in molt PIca. 

Lowoer QUatIl mon:zonlil and graodiorite Includn 
lOn'#qu.arll diottle; appe;" s on St'T1o<tI $lOCks 
Loc.llly ;toSSOC"~led Wlfh lTlIfWTahutlOn. o.,lN 011' 70, 
71. 72. 73. 74. 74. 74. and 76 m.y. ~ Sch",fn .... 
griJllOdorlle lit TombIlOfW ill 72 m.y 
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BtSBEE FORMATION OR GROUP, 
UNDIFFERENllATEO (LOWER 
CRETACEOUS):-l.Ippe:r pan d Bisbee 
FOI'Tl'IiIIIOn or Gr~, undifferentiated. <md rdi:lted 
rocks. Inckldes upper pari d Bisbee FormMion, 
Mural UmaION!, Manta, Cintura, Willow 
UUl'P"I, ~he Cbnyon. SheIlenberger Om!><M"I 
and TurT'oe\I Ranch FormahOnS (nol lisled!n 
5tratigJaphic seq.Jence) dIne Bisbee Group, 
AmoIIl ArkOIIl d BfviInl mel Kinnison (1954), and 
Angelic Arkose. Con5ats 01 browrnh- to reddish· 
arkose, gray silt$lont. sandstone. conglomerate. 
at"(! IOmI! fouW.rous gray kmeslone Commonly 
~huod:redrr.!tersthc" 

G RANITE AND QUARTZ MONZONITE 
(JURASSlC~s.:ocks cI prnIash-gnty COMK' 

gr,..d rock.l...ocaIy as.5OClo111ed WIth 
ll'tt\eflIIiuOOn DIlled III 140, 148. 149, 149, 150, 
133, lbO, 161, 161,178,I85m.V. 

SedimentNY rocks (l.oweT F'emwan and l...Ipper 
PIlmsylwfNn)--con5lSt5 aI Epdaph DoIornk 
(~ PemIan). (:oir.a I.inestorw: (lDo.uer 
Pmnen), ard Earp FonnabOn (~ Pan.an 
ar.d Upper ~...anl.undifferenwled 
Eplaph DoIon-d. ill I dark· 10 ~t-gnII'J slisf\tIy 
cherty doIomre, irTw.>sIOOIl, marl, sillstOOll"."'1Cl 
gypIMTt, 120-2IlI lMIers thick. Colina Limestone 
15 a medium !Jay, Ihlck·bedded. ~xly cherty, 
and sparsely fosei\iferClU!! m-.estone J20.28) 
nwtlll"l thick. Earp Fonnaboo IS ill ~.red 
SIltstone. mudstone, sNIIe, and limestone, 120-24Q 
melersthK:k. 

Horquila l..Jmwone (lJpper aM MidcIe 
~)-l..dlt·~. thK:k' IOltun. 
bedded, ct-ertv. fos.silfT"OlJ5 &mesICJOe' and 
Inlercalated praII-brown to paINeddi:sh.gray 
SlhSlone that II"ICreasn tn abundanc:e upw;w:i. 
TypicaIy:KX>4'OKllrll!lerslhick. 

SEDIMENTARY ROCKS rM1SSISSlF'P\AN AND 
DEVONlAN}-eor-ts ~ 01 ~ 
I.....re§tone (~n}-1ocaIy (Armwong 
and Siberman, 1'114) cMd f"..«abrog Group­
an:! MartrI FormatIOn (Upper Dtwnanl, 
undiHerenrialed . ... p6rI 01 the ChirUhua 
Mowita1n5 Abo n:iuda PinIdite FormatlOfl 
(LIppn M:ssis:sippIanJ and Portal FOfl"n3tion 01 
SabIns, 1957. (l.Jppft DIvoni!r.n) . ... !hi! Uttle 
~ McMItlImS and some a4acenl ...as alto 
ircludes Black PnncIl Urne&lcroe, whose faunll. 
and COt"l""&IlOn sho.I.o l\rongtII affinrna wrth 
~nrocksbu!wl-ichmillyinclude.5Ofl'"le 
p.nw;IvatIIn rocks. EIcabrouo UrnarOOl iii it 
meOI.m~. ~ 10 thick.oedded, commonly 
crinodN, cNny, ICJISiif~ ir"nHlone 90-310 
n.1Cf$lhtck. Mmtn FonNoOOn is thick· to thin· 
bedded, !JilI'ilO brown dolomite, gray sparsely 
fouilifcTous, lind IOmIliltllone and aancistone, 
9().12'O meters thick. PMache Formation is a 
brown, lo&aiIiferouI, shah; Imnt~. Portal 
FOfTTII.tion 1:1. becksN.lt ltd imatone 6-105 
metlln thick. Bteock Prince l..imatont is pinkj$h. 
filii lirnatone WIth a bu.il1hIIII! and ct.n 
congjomn-tlk'! , ~ rnu:h "" 52 mrten thick. 

SEDIMENTARY ROCKS (LOWER OROOVIClAN 
TO M1DDLE CAMBRlAN):-fJ Paso Urnatone 
(t..o-r C>rdcMdIIn ardlJpprr Cambrill.nl. Abrigo 
FonMIion (Upper ltd MdcIt CambriIIonl. ar.d 
Boha Quartl (t.'iddr Carrbian), 
~Ied.-EJ Paso l..imntone is a gray. 
ttwt.beddId chIny irnatanI and ckbri'te 90 
metlln to abou 220 ~ dick. Abngo 
FOI1Ntion ila bro.r.n, ttin-beddtd JouiIMrou& 
~. ~, quuUitc. and .... 21(). 
240 I1WIllfIlhick. Bola QuwtzjCe it a brown 10 
~or~,thick~ca.rw­
~quar1wardlillrdltonewithabM.III 
cons;onw:rale, 9().llIll1Wlllnrhick. Tothol eMl, 
~.alpanoi IheAbrigoF~and 
80Isa QuanDt, au known .IM Cofonado 
SondoI~_ 
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Sedunenuuy rocks (Upper ard MIddle Cambniln)­
Abri90 FormatIOn (Upper 1100 MddIe Cambrianl, 
and 8015011 Q.i.!lnz:ile (Midcle CambnanJ. 
undtfferenbaled. 

GRANITOID ROCKS (PRECAMBRlAN Y):-MaInIy 
granodionle 11I'ld q ...... rtz ~Ie, unfoialed 10 
loliated, ., par! ma1amorphoaed Ge~y m 
slocks. wtvch ~ been ~Tt"'"ud.ed. 

PINAl SCHIST (PRECAMBRlAN Xl-Chionle schIsl, 
phyDite, arv;i 501T"Ie metavOlcanc rocks., 
metavolcanIC rocks, ITlIltaqUillr1me, melaquanzite 
congk,me-rale, and gneI$$. One me'I.lI\IOk:arK rock 
dated al 1715 m.y 

CONTACT - Dotted ~e corcWed 

MARKER HORIZON- Dotted....mere concealed 

DlKES-Shoo.to'ln9dip . 

FAUL TS-ShowwIg dip. Dotted ~ conculed or 
Intruded. b.,,!l an:! bal on ~ SIde 

Strike4p-Anow cOo.Jple ~ relall\oll! dispbcement 
ScngIe lUTOW.now.. rr"lOIIGnInI 01 ac.nve block. 

Syncline. 

Inclined .trike and dip 01 back. 

EXOTIC·BLOCK BRECCIA- R«k conlains chip 01'" 

block IndusKJns d rock ditfmnt from thoM! of 
ho6forOlheTbIoc:ksnearby.T)lPlCalyol..dcaric. 
1«larK 01" xdtmtnlilry-tetlonlc origin; CKCIudea 
Tertiary nwgabreccia OtpoSllS. 

Sole 01 will or gcf'CRli.Hd "11Il! 01-.1 --., 5hc:Jo,.o,ng 
urif p!!l"I1!lral«i, W kncr.wI, ard dt-plh 01 wei, in 
1ecc . IOO'-te~30.5mrttn. 

COUECllON .s.m::-RadiogericaIy daled rock 
showing age ItI millions 01 ytlln. Que:ry befOfil 
symbol whrre ~ \oaoflOr"l ,"~AIn. 
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Geology adopted from Drewes, Harold, 
1980. and Newell. R.A .• 1973_ 

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

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

Distribution pattern for high lead ratios in dump samples 
(in red) . 
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Geology 
OlDER OR UNO!FF£RENl1ATEO SURFlCAl 

DEPOSITS (HOlOCENE TO OUCOCENE):­
GnweI, sard, ~ sit {Abstocerw and Phocene­
MamIy aIuvIum eX basins; InCludes some 
cc6.Mum.1loo IIlrdside deposit,. Gererally Idl,· 
pmIush gray, ....ukly mdlJl'<}Ied, and \,,,,"h poorly 
rounded dil$tS; b.:aIy wei IOdUfllIed. llvcknes.s 
_nil meter5 to hundrl!ds 01 melers. 

aa"",1! (I'\el.!ancer'll! 10 F\ocene)-Lal/ll flows, 
py!'oda5tlC rocks. lind some mleTcaJ,;,tw gra..-d 
Thlcknes6 several meters 10 a lew kundred meters 
m most places ~nc.aIy dated at 025, 1.0, 
ancl ~2 rn.y old 

UleflliNV a~le 4nd Wen. (MIocene a rxllJpper 
OIigoc~I-Ltva no...s, pyroclastIC rocks, some" 

lnlen:.a1aled epclashC m:ks, and dikes Mostly 
gray. fine-gramed, porphyritIC rocks; tnCludes 
some ...ery coarse feldspar porphyry anr,:k,$Ie 
IT Uflwy t~k PQIllhyry, <l" ll'Ifor1'TW term of 
Cooper, 19(1) lhcknes4rT105tlywwrai meteT5 
10 _r"'- lens 01 melers. Dated at 24, 25, 27, D , 
and39my 

Extl'USl\!e rhyolite a:-.d rho,cdac,te (MIocerw and ~ 
OlIgocene-law 1IowI, wdded tuff, pynxlMhc 
locks. and ~ .,tercal.lted eJ;*:iasDC rocks. 
u!i'll-graY IO~·pII'IIt , lIIl.-.:tOIine.gri.\ll'led. 
~tJC. Commonlyalrwlens,oBkw 
IhOlWlnd of meters thick. Dated ill 23, 24. 25, 26, 
26,26, and 27m.y. ArladdihOl"lal&!eot 47my , If 
SUb$tMliated, I'1"0y .ndicah~ It. pNWnce 01 
Eocltnl rocks," the lower member of the SO 
Vobrics 01 Cod~ Co. 

~r conglomerate,~, ard!lo!lnd (Oligocene and 
Eoccne?)- AllwIIoJm; cO!TWTtOOly 9J1IYI!\h,red 
depo$ll~ 01 smaI, wei rOlnWd, f1OfM:Ik;arwc 
duu_ Mostly MI/ItI'aIlN1as 10 a lew Ie,. 01 
mel~ (hlck. 

UPPER CORDUl£RAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE) L.ov..>e.-
voIcar.c roc:ks-R!-.yoit. 10 andalt. lava bw, 
wodasllC rOCks, and some Int~calaled e-p;cIaShC 
rocks. DIlled at 57 m.y PoMibIy younger age 10 

MAIN CORDIlLEkAN (lARAMIDE) IGNEOUS 
ROCKS-P~hI: and aplillC 'O'1 11'U61v.? rocks 
(PaIeocft'lr ard ~ CNtbC.ous)-r-iosdy Ic1l1bt 
porphyry to dlw:1tW: porphyry '0'1 5n'IaII stocks and 
plugs. and apit1C bodin not &S5OCllIted ...... tn other 
gnnoo $locks. [)a.teclat 61, 63, 63, 64, and 60S 
m., 

Fluld.zed .nlruslll(' be-1i?C ( ", \,IUKI it9l' unknown, bul 
p'i!r'III!lr/iles, and thus ynul'lger 1M" Uncle Sbm 
porphyry 

Rhyod.)(.t l' ,ull 1100 ....... oIdo>d tulf Ind~ posrls 01 
5.,k-. o Fnrm.JIOOfl, ~IbaJ Quarlz utu\' . and 
Butrl(o VoIcanlCs, ;mel OJII of Red Bay Rhyolite , Cat 
/'oo1ounl lU" Rhyo6rte 01 BrOo.l.'I'I (1939) and Uncle Sam 
Prophvry lndud" Iac<!ll "'ttu<.lYe bodIe-s and 1oc,,1y 
('OOt,,1f\S Iragnwnts oIl'~ouc rocks ThlCklW5s 
('omrnoniy 'SeY("IiJlll'11$ ul meterl to _ral 
hundreds 01 meta, Oalftf II 66(,), 70. n , 73, and 
73 m y The Uncle Sam,." the TomMtone IIte<'J, 15 
dilted 72my 

Ardes.tx: 10 dacitic ~ brecoa. -1nc1uOU paris 
01 Solem Fonnatbl, Sugarloaf Quartz Utlle, and 
8n:n:o Vokarwca. lind .. 01 Dtmetrie VoIc.arics 
and Silverbel FormabOf'lol Courtr9Il (1958). 
ConvnonIy com..latgl bb::ks 01 exotic rocks 
and IocaIy n::1udn lOrN MCimtnlary rocks and 
tr'IfrUIiw,rocb.Sewr.alt ..... clmelt"TStoW\o'ef<1l 
hundndi 01 mEters tbtk In I'T'IOIf places. 

Lower QuartZ mor'lZonite ard gt"1IOdIOr'14!' lllClu~ 
some QU<lrlz dior-.le, IIl>P"ar~ In snwlillock$ 
Locdly anOC'loiltt'd WIth IT'IIM'r<'JhzallOf'l Dated al 70, 
71 , n , 73, 74, 74, 74. and 76 m y The Schreffl", 
granodonle al TOTI"ItM.IOO(' 15 n In y 

Roads and Highways 

-~ Dry wash 
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BISSEE FORMATION OR GROUP. 
UNDIFFERENTIATED (LOWER 
CRETACEOUS)'-~ part of Bisbee 
FOfTTIiJtIOn 0\' Group, Ul'ldllfe:rcnMted, and maTed 
rock$.- IncJudes upper PlItt d Bisbee' FQrmI'Ihon, 
MUI'i!II Lmalone, MonTII, Cinnu'l\, VJiJIov,.o 
Cary;JTl, Ap.x:ne C4nyon, ~nberger Canyon 
and Tumey Rlrrch FortToatlO!'lS (not lisTed in 
5lrangr"phK ~nc.) 01 IN a.sbee GrOl.lp, 
Arrde Arkose ol6f)a,,1 &rw::I1Grisoo (1954), <'JM 
Angek Arko.' Cona5ts 01 twowndh· to redchsh, 
arkose, gray Jitstone, sardttone, conglomerate, 
and SOITIrI! fouWVT'OI.IS ~ lmurorw. Commonly 
~<uhoncIrl!dmetll!r$tbt" 

GRANTTE AND QUARTZ MONZONITE 
(JURASSlC)-SIocks d pnkdh-gntY COll.I"5II!-

9T"illned fock I..oc<'lIy iISSOClo/)too ....... th 
rntner1'fiz.anon. Daled lit 140, 148, 149, 149, 150, 
1S3, 160, 161, 167,178, 185 m.y, 

SedtmelUary rocks (Lowtr Ptrmren arrd l.Jpper 
Pt-~rian)-<OTl$f$I$ d q,.taph DolomIte 
(lAwer Ptnnarl), CoinIIl..Jmestone (Lower 
Pt-m.an), and urp F(lfTT'labOf'l (lD.wr F'ftmIan 
ard Upper Pe~f'l.bn) , orOtferentlatoo. 
Eplaph Doiomle •• dark· ro 19t1-gray yg,tIy 
cherty doIomte, imnfone, miIrl. 5it~tone, ",.:I 
!'MJIUI11, l2().2fIl meters rhx:k. CoIniIl.Imestone 
lIS a rnedUn !J""Y_ thek bedded, tparseIy cherty, 
and spI!orsdy f06Silileroullimestone 12().28) 
meten thick. Earp FoonallOn IS a paIe·ted 
siltSTone, muj.stOf'le, &hale, and irne:stone, 120-240 
mell;'fSlhoek. 

Horquala l.JmuIorw (Llpptr and MidcSe 
~rian)-L9tI pmluih.gray, thick, to ttun, 
bedded. chMy, 10000000erous iToestone Md 
Interc<llated p."1Ie-brown 10 paIe·reddish--gray 
siltSJone Tnal increll6ll!l in.a/:Jr.&nd;)fXC uPMUd. 
TypcaIy:J00.49J rnftCfS rhx:k. 

SEDIMENTARY ROCKS (M1SSlSSlPPlAN AND 
DEVONIAN) Coosist, ITIoilINy d Exobr~ 
UmestDnl! (MiMiulppran)-1ocaI!y (Atmsfrong 
lind &lberma.n. 1974) caIk:d ExAbrosD Group­
and Marm Formatbl (Upper [)eo..ocnan), 
undIffwe~led ., PIIr1 01 the ~ 
Mountalnl &so n:Judes Paradise Formation 
(LIpper ~)lIndPortlllFormationof 
Sabins, 1957a (Upper ~n), n lIw Liltle 
Dragoon Mountains lind JOmI! ~nI hils lIbIo 
includa Slack Pmct 1.JmaI0000, .....+.o. IauniI 
and coneation ~ UfOn9tSI affinities with 
Mias5a~ rocks but which miI'j inc:1udt: SOI"IW 

~nrockl. f.lubrOM~one IS<'J 
med~~, mil511Vt to Ihck·bedded, ConvTlOl'Vy 
cril"'lOicfal.cherty,lossiiIerou.~tone:'»3 10 
meters thick. MartIn Formaliorr i& fhick· to thn­
bedded_ griIOj 10 brown dcD-ntt, gny ~ 
f~ andlOrNsitSlOl1Can:i saMs.tone, 
90-120 mrt~ thick. Par" Formation 15 a 
bro-&tn. louitl!fOUl", 6haIy ime5torc. Port4I 
Formanon II II bLack IIMk lind imcItone 6-1a; 
meters thick. Black Printe L..nestone is pwWsh. 
grav ImalonIi WIth II buill sNIt and chen 
corrglomeratt",..sfTIr..d!iII52IN1~tlw:k.. 

Sfl)(MENTARY ROCKS {LOWER ORDOVICIAN 
TO MlDDLE CAMBRIAN):-El Paso UrraIone 
(!...ower ~ia" and IJppn- DImbrWI), Abrigo 
FOI'1T'oIIIion(lJppvr ardMidclt.Cambriatl},<'lnt:I 
Bdsa Qu.lr1z (Mickle Cami:Jnan), 
undiIfertnNIled..-El Paso I...irnntone i:s <'J waY, 
thin,bedded cherty limntone and dolomite 90 
rneten 10 about 220 rnett"I'5 tt.:k. Abrigo 
Formation. a broo.r.on, IMbedded foaililerous 
limestone, sardstone. quaruiIt, and shale, 21(). 
240 mclrrn tlw:k. eoa.. QuanzU. a brown to 
whle or pwpIi5h"9f1lV, thick-btdcW, CO/l.TR' 

~~DI.&ndaandsrOl1Cwith"be.saI 
corslornrnte, 9().18) mtters tt.:k. To lhe usl, 
~,oIpartcltheAbrigo FOI'fNIrionillnd 
Bola Q..artzrte erw knoI.tm.as the Coronado 
Sand$tone. 
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Secimenrary nxks (lipper and ~ CambriIIn)­
Abrigo Formation (Upper <'llld MidcIt Cambnanj, 
/lIr>d BoIsa Qu;,.rtntt (Midde CambriIIn), 
unditIerenNIted 

GRANITOID ROCKS (PRECAMBRIAN V):-Mainly 
Qnlmdiotite And QUlI rt z ~'e, unloillu!d 10 
lohalro, VI part mvl"morphoxd. Generaly rn 
stocks, which /lIM bMn itde studied 

f'tNAL SCHIST (PRECAMBRIAN X)- ChIonte sct$, 
phyIil4!', and 50mt met.aYOlcimc: rocks, 
~rW:l'CICks.mel<'JQuartlite,~Zlte 
c~te, and gneISL OreTT'lE'ta\d:arw: rock 
daTecht 1715 m y 

CONTACT- Dotted......twre concealed.. 

MARKER HORIZON-Doned where concultd, 

DlKES-Sho.w-.g dip, 

FAUI.:rs- Showmg dip Dotted where concealed or 
nuuded; baI and bitt on dOo.I.onthl'OooWl d , 

No"". 

~.5ip-Arrow coupk> ~ relall\lll! dllpibcmwnl. 
Single <'Jrrow shows ~nI olltClM': block 

~ thl\.lSl faul1 - SawtHtl'l on upper plalf. 

ThtUS1laull- Sawtee'lh on upper pIiIllI , 

Inclrwd IInke and dip d beds. 

EXOTIC·BlOCK BRECCiA-Rock conlaln5 cAp or 
bllxk~l$ol lockclilfen!ntfromtholeol 
host or orhu blocks nurby T yp;caly cI YObric. 
lectcnc or 5eOmmtary.tectoric: ori9n: excludes 
T enwv megM:lrl'Ccill dtlX)Sils.. 

Stllol....elOt~nMllizedsiteol~-a.,~ 
UM pe,.t,..t4!d, " knoo.roIn, and depch 01 ...... in 
feet 100 Ieet equals 30.5 metas. 

COLLECTION SITE-Rad.ogef1lC~ daled rock 
showr!g agt ,.., millions 01 ytMl.. Query bdore 
symbol where prK.1M Ioc:l.!IOn unc:erl<'lln 

Dump sample location 

Copper 

5 

r 
14 

1 fa t\. 

O Tptl !- QTg:u Q'f"gu i 

A_ 

T 110 

T. 

';:.. 
+- ~'" {Kl q 7) 

/ 
/ 

)" 

OTou 

,.-- ....... 
J ' 

~ (t( Iq?,~ 

.\ .... :. ... "/ _.J.--

aTgu 

\ 
°O\ "u 160 
(·..b~f'OCk·) f 

R : ~ 

"7-
:I 

; 

co 
(OT:gu) 220 

-

/ 
/ 

Tombstone Development Company, Inc. 
Tombstone, Arizona 

1 

h 
o 

;;;J 

Geology adopted from Drewes, Haro ld, 
1980, and Newell , RA, 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 Aja x, 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 UNDIFFERENTlATEO SURFlCAl 

DEPOSITS (HOlOCENE TO OUGOCENE) 
Gravel. sard. <lnd sit (PleIstocene and PIiocene­
Ma.mIy llluvium 0/ basins, Includes SOITll: 

collulJlum imd 1.lnd5hde deposits, Generally light 
PInkish gray. weakly indut41ed, and WIth poorly 
rounded clasts, IocaIy wd tOdURlled 1'h.ckT"!SS 
Sol.'veTai nwters 10 hundrecb 01 meters. 

&s..It (Pleistocene 10 Pliocene) UtI/a flows. 
pymclMtx:: rocks, and JOfI"or; Intercalated gra...el. 
1hcknns sewraI meters to.14rw huncbed ml"teN 
in mo5I p0el!S. Rad!c::wMtnQlly dated lit 0 25, 10, 
and 3.2 m.y. old 

ExleT"l5l\le andesite and ciliate (MIocene <lnd IJppet 
OI!gocend- LMI flows, P'1f"OCLunr rocks. 5OI"IW 

lI'IIercalated ~IMIJC rocks, and dikes Mostly 
gray, fine.gra.ned, porpho,mnc rocks, IIXk.odcs 
SOI'ne~cQilnefekbp;,r po~ ;m;ie511e 
(Turkey traCk porphyry, an lfIformllllerm of 
CQQPer, 1961). n.tkneu mostly ie\C1'aI miners 
10 ~ lef1!t d met~ Dated at 24, 25, 27, 33, 
and 39 m.y. 

Ext~ rhyolite ;md rhyodxlte (MJocene and l.JppQr 
Otigocene-l...aval\cM.s.~ luff,pyroc\asl:1C 
rocks, ,md some ntercalated epdasnc rocks. 
U!tll.gray 10 grayISh pmk, .... Inc to fine-gr-'l~, 
porphyntlC Commooly II lew lens to II few 
thous;:ar'ld 01 meters duck. Odted at 23, 24, 25. 26, 
26, 26, and 21m.y Arladdi~d;,leol41my.d 
sub5tallwled. m;;,y JnChcale the presence ol 
Eocene rocks In lne lower rTOe1TIbcf of ~ S 0 
VolcanICS of Cod'll5e Co, 

~ con9ome'r"'te,~, "nd S3n:! (Ob<.p:ene an:! 
Eocene?)- Aluvllltn, commonly grlJylSh red 
depos!tsof srMI, \I.d~, non...olcanc: 
clMt§ Mostly wverallTll!l~S 10 '" lew lens of 
melersttvck. 

UPPER CQRDIU.ERAN (lARAMIDE) IGNEOUS 
ROCKS (l0\.VER PALEOCENE) l.owef 
...oIcanic rocks- Rhyolile 10 ancieslle I;,IIJ flows , 
pyroclashC rocks, <loci ~ .,lef(<ll3tOO eplClaSlIC 
rock., llal~ "'I 57 m y Possibly yolrI9I!f age to 

MAIN CORD!J...lEkAN (l.AfW,.110E) IGNEOUS 
ROCKS - PorphyrItIC and ... phl.:; .,trU"o/W rocks 
(Paleocene and lipper CreTIICeOtls)-Mostly i.lUtIC 

porphyr}'to WeIhe porphyry 111 sm;,l] stocks.,rw:I 
plugs and apliflC boches noI MSOClllted WIth other 
gr-oIMod slOCks. Dated olt 01, 63, 63, 64, <lod 65 
m., 

FlUIdIZed InlruSM! bre<:cl<I - l!ltoXl <lglli unknown, bul 
penetrates, /lnd Ihus VOUnq('r than Uncle 5"m 
porphyry 

RhyoWcll(' luff and wekk!d tuff Includes p;:Irtli of 
SaIeIO FormallOf\, Sugarloaf Quam l,.;""le, and 
BrOtK"O Vok",nICs, and all 01 Red Bay RhyolIte , Cal 
Mounta,n RhyoliTe 01 Brnwn (1939) and Uncle Sam 
ProphyJ-y Includes locallnt ru!>IVI! bodies and Ioc<ll\v 
cunt 61nsfrilgmefllso!e.llOhCrocks Thoc~» 
commonly KVl!'TallenJ 01 meters 10 SoeVer,,1 
hundreds. 01 meters Dat~ at 66('1, 70, 72, 73, and 
73 m 'I 11w Unrlt> Sam. on lne Tombstone ... rea, IS 
dated 72 my 

AncIesmc 10 cmcmc uobtK brecaa - JnckldeS parts 
01 SoIero Formation, ~ Quanl Lante, and 
BrotY:o Voicarics, and d 01 Demelne Vo!canu 
and~FormIIbonofCourtn!;\t (1958). 
CornmcwlIy COOtain$ iarge blocks of ellObC rocks 
and IocaIy ncbia IOITII! IflIimentary rocks &rod 
int~rocks. ~tellSoImetft'Sto~aI 
hundreds 01 rretCB thock 1'1 nut places 

L()W(>I qUilrtz moTllOnlle and 9raod1onlc - lndudn 
SOITlli' quartz chonlll, iI~an an sman stocks 
Locally MSOClllted ..... 111'1 1TIIT'\eT<l~z"'tlOn Dated at 70, 
71. 72, 73, 74. 74. 74, and 76 m y The Schlcrn,n 
9fi\nodorlll,' ... 1 T omb$tont> l!i 72 m y 

Roads and Highways 

'- Dry wash 
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Explanation 

BlSI3EE FORMAllON OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOLIS) lJpper poMt 0I8isbeo.­
Formanoo or Croup, und:itfllren1Vued, and n!laled 
rocks,-Includes upper Pilrt 01 Bt5bee FOITIliltJQf'l, 
MurallJmestOTW!, Monta, Cintura, Willow 
Canj,oOO, Apoclw Canyon, Shellenberger Ca"JOO 
and Tumey Ranck FormatoOllS (flO( listed '" 
stratographtc WqueOCII) 01 the B&sbee Gf'Ol4), 
Arrde Arkose 01 8t)eru and K'IIBS(In (1954), and 
I\ngt!bc Ark08l . Con.S1S 01 browruh- 10 rcdchsh, 
arkose, gray silt Slone, sandstone, c~ate, 
and !OI'I'W! foasliferous gnty limestone Commonly 
SII\o'¥fal hundred meten; thick 

GRANITE AND QUARTZ MONZONITE 
WURASSlC}-Stocki 01 pinkish~ COMSl' 

gr.uned rock Localy ~ed....,dl 
ll"IIOI."I'aiz.anon Daled at 140, 148, 149, 149, 150, 
153, 160, 161, 167, 178, ISS m.'1. 

Scdtmen!ary rocks (Lou.oer Perman and Upper 
P~rIoan}--cOllSl5t5 01 Eptaph DoIomte 
(~~), Colina Gmestone (I...oo,..oer 
Perman), and Earp FormatlOn (~ f'mnIan 
and ~Jef ~nnsylvar'laTl), undif{lIrt'ntli!Ited.. 
Eptlaph DolomIte III II dark to Iigkt9'lY sig'ltfy 
c~ty doiotnle,limestone, marl, sitstone, <lory! 
WPQ.Im, 12().28) meters ltuc:k. CoWIIl Umalone 
IS a mOOoUlTl !JI'<'Y,lh.clc bedded, sp.lrselycherty, 
and spIIuely lossiIi1ero~ hmestone 12().281 
nVi!tlll'~ th.::1c Earp Formabon 1$ a paIR·Nd 
5!lISlone, mudstone, aMIe, and lmestone, 120-240 
ITlIi'tllnth.::k. 

HorqUilla limestone (l.IppIIr and MiddIt! 
Pe~v;,tr.an) light pmlush.gray, thck· 10 INn­
bedded, cherty, tOMilileroos imestone and 
mtercal"ted p.W brown to palc.reddish-gnty 
siltstone IhAt IOCre&soes m abundance upward 
T ypcaIy 3»490 meters ttuck. 

SEDIMENTARY ROCKS (M1SS1SSlPPtAN AND 
DEVONlAN}-ConSIsts m/lIflIy 01 Esc<lbrOSo/l 
lInaI:onc (~l-IocaIy(Armstrong 
and Sb?rrTIaoIl, It:('I4) uIed E5eabroslt Group 
and Martin FormatIOn (Upper Devorian), 
undatf~enbated In part 01 the: Chinc:ahu.l 
Mo\wItIm"IS al!o trlClude:s Parildise FCIm\ahOO 
tlJppu MlsSlS5lJlPliln) and Portal FormatlOn at 
~, 1957/11 (Upper Oevor.;,n), kl the lillie 
Dragoon Mountains and JOmI! adlacent hils also 
ITlCludes Black Pnnce urnestone, ~ fauna 
and correlauon show Strongest a/fntie$ II.IIdl 
~n rocks but ~h may ndude $Orne 

~rwan rocks, f.&aobro&a limestone is a 
nwdIum'9fi1Y, masSIve to th.::Ic-bedded, commonly 
crinoidal, cherty, I~erous WnleStOT'le 91).310 
rT\Il .... thtck. Marlin FormatIOn is thick· TO thJn. 
bedded, !J<1Y 10 brown dOomte, ~ sparsely 
lOAIiIIIefOUl, and SQI'I'\e &ihst~ ard MMsI~, 
1JO.l2O meters lhock. Paradi$,e Formatoon 11 a 
brov.n, loWiterous, shaIy ~ooe, Portal 
Formation IS a ~k ~ and imatooc 6-105 
weters ttw:k, 8llIIck Prince l.mestone IS pwUush 
gray WnatOM \I.IIIh II basal shale and chen 
c~<lte, .. ~ much <lS 52 metlln thick. 

SfJJIMENTARY ROCKS (LOWER OROOVlC1AN 
TO MIDDL£ CAMBRIANJ:-El Palo 1.Jmcsrone 
(\.o.i.e' OrdcMOan and Upper CambNn), Abo9O 
Formanon (Upper and MdcIe CambnlIIn), and 
BoIsa Quartz (Midcle Cambrian), 
undifIer~nated.-El Puc UmeszOl'll! 16 a!P'l, 
tt.n.bcdcIed cherty ime:stone and delorme 90 
meten 10 lIIbout 220 meten thock. Abreo 
FOI'IT'oiIIhOn II II brown, Ihtn4:Ndded fouiiterous 
~one, sandstone, QUbrtme, and shalt, 210-
240 mcten ltuck. Bolla Quartzite 1& II tJro.."n to 
....nleQr~'9fiJY.tt.:k-bedded.cOl!.l'1C· 
grNnI'!(I quartllte and sandstone with II bMaI 
conglomerate, 9O-1SO meters duck. To the east, 
equ;..w.ellll 01 par1 01 Ike AbrW Formatlon."nd 
Boisa Quart lite arc \cnoo.m M the Coronado 
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~ rocks (Upper and MtddIe Cambrian) 
Abngo Formanon (Upper- and MIckIe Cambnan), 
and Bdsa Quortllle (MIddle Cambrian), 
urdtferol'ntIIltoo 

GRANITOID ROCKS (PRECAMBRIAN ~:-MounIy 
grarodioritl! and quartz TT'Of\5OI'\Ite, u"o/iated 10 
foliated, 11 pMt metamorphosed, ~1lIIIilIy III 
stocks,lAkIac;h ahvc been ~nIe s:uditd 

PINAL SCHIST IPRECAMBRlAN X) Ctionte schls(, 

phyI!tll , aocl 50flW metavolcarec rocks, 
~ricfIXks, rnetaq.l/lrtZJIII,fTlIrtaquart~e 
cOOljcmuate , and gt'CISI, One ~I'IC rock 
datedat17ISm'l 

CONTACT -Doned where concealed. 

MARKER HORIZON- Dotted ~ concealed. 

FAULTS-ShouJIngdip Donoowtlil'rf canaiedor 
mrruded, b;,I and bdr Ofl downthro.o.rn SIde . 

Strike·slip Arrow cOUPkl shows rdatM? dlSpliK'enwnt 
SIngiII arrow $ho.vs movement of 1!.ClM'! bIoclc 

~ IhrusT !~t-SaWlmh on upper plate 

EXOllC.BlOCK BRECCIA-Rock contaIN chp or 
block If'IdusIoM 01 rock diffcrllnt from lhose 01 
holt or olhllr blocks nearby, T ~aIIy 01 o.dcaroc 
TKIOr1Ie or $tdImt!llIary·Tcctone OtIgIn:t~ 
Tenwy mcgiIbrCCC1l!. depOIltS 

511101 \WI or generalized !lte 01 sewrallI.ds, snc,...,1~ 
'" p!IIWtrated, II known, and dlpth olll.d, In 

feet 100 leel equals 30 5 meters 

COU£cnON SITE-R~T1IC.s1/y dated rock 
showng age III molftons 01 yta,.. QueTy beforl 
5ymboi where prease locaTIOn uncVlAln. 
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Geology adopted from Drewes, Harold, 
1980, and Newell, R.A_, 1973. 

By Jam es 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 00 UNDIFFERENTIATED SURFlCAl 

DEPOSITS (HOlOCENE TO OUGOCENE) ­
Graovel sardo al'd ~, (Ae.sloc~ne and !b:ene­
~ 611Mum ~ basins; lOCludes 5OfI'l(' 

colluvn..n .md landsbde depo5lts. Genll~ light. 
pmklSh~. weakly Indurated. and ...."h poorly 
rounded clasts: locally wei II"Idllrllled Thckru5 
~aI meters 10 hl.ft:l,OOs at meleJ$. 

BMah (P\e!Mocere to P1Iocene)- llIva Rows, 
pyroclasnc rocks. and some Inl~alau~d gr<Jvei. 
ThIckness SoI!\IeI'"aI melers \0 II few hundred meters 
In molt plac:es. P.achorrw!ncaIy daled al 0.25, lO. 
andl.2m.y. 1.JkI 

Exten5lVl! ardHile and dacITe (Miocl!fll' ard Upper 
Oigoc-ene)-LM1 f\ow5, pyroclasnc rocks, IOmf 

m.en:a1ated~lMflCrocks, .. .-ddikes. Mostly 
gray,Iine.gralned,po .. ph'JtntlCrtX~,n:::kJdf;s 
son"'W:rycoarS('rek:\sp.up!Jfphyry~te 
rT urkey uac:k pcxphyTy, an inf~ ,..,m 01 
Coop.:... 19(1) TIwcknes$ mo5t1y ~ meters 
lo~61Ie:Il5a/meli!l"S D1Iu~daI24,25.T1. 33. 
omd39m.y 

ExIT\JSM!: rh!,dItE' a.-.d rhyodaote (t-bocene ard L/pptT 
OIigocene-~~. w.oeIdedluH.PYI'oclastJc: 
rocks, and 5Oml' rllercalilled epduhC rocks. 
1..#I1"9W to gri'lyish pnU.., ..... tn:;:: to fine-gr;med. 
poI'phynnc. Commonly II few tem 10 a few 
thous.m:l 01 meters truck. Dated ill! 23, 24, 25, 26. 
26, 26, "nd 27 m.y An ~Iddlhonal dale 01 47 mil." 
~~tanlk1led, """"" meIIe"'le In. prtMnc:t 0( 
~roc:kstnlhelowermetnbe. oI1neSO 
VoIcarKs01 CodllstCo 

L..oo.r.0 congl(!frETale, gTawI, i'lOO ~OO (Oligocene "nd 
Eocere?)- A1IUV1um; commooly gnIYISh red 
depo5lts 0I~, _I roundtd, nonvoIc:anc 
clasts Mostly ~ melers to i'I 10.. ...... tensd. 
meter5TNck. 

UPPER CORDIlLERAN (lARAMIDE) IGNEOUS 
ROCKS {LOWER PALEOCENE):-~ 
...oIc<u-=.ocks-RhynIileIO"'~IPI.w,1\ftows 
pyroclaloc rocks,.,nd 50me flt~led ~bsllc 
JOCks OMeda. S7my PosOOIy~agelO 

MAIN CQRDIU£kAN (lARAMIDE) IGNEOUS 
ROCKS;-~I" .. ..:I apilhc 1l1JUSM> nxks 
(PNeocere ilrd LWr C!1!t~)-Mosdy IIIIbC 
porphyry to doxmc porphyry fl small $lOCks ard 
plugs and apibc bodies not assocli'lted WIth Olher 

~od stocks. Dated III 61, 63, 63, 64, and M 
m.y. 

Flutdlzed InlruSIVt breccIA exaC' T 119'! unknown. bul 
penelrates. "nd InUS YOUngE'r Ih..!" Uncle 5.lm 
POrphyrv 

RhyodiKlII? tul! and ~kk .. d lUI! Includft partS 01 
Salem ForrMhon. Sugarloal QUllrlZ LiIIlle. arod 
BmI'Ko V~anl($ and ~ of Red 8dv RhyoliTe. CaT 
Muunl;.un Rho,..:>hh.' 01 Bouwn ( 1939I ,,..d LInd ... s...m 
Prophyry Jncludn Iocitl IOlruS!W bodies o.IOd Iocaly 
(,DrlTaln5 !ragmenls 01 eKOI" rocks ThKknus 
('nrnmonIv ~rallens 01 melers 10 sewral 
hundreds 01 meters Dated <II 66(')1. 70. n. 73. and 
73 my Tlw Unck> &un. If1 tht- T om~lufle ilr",". 6 
daTl?dnm.y 

AndesihC IOdacitic YOkarw:: breco<t.-Incl\.lclt's pi'l.I~ 
01 Sokro Fonnaoon, Sugarioaf Quart%. LAhle, lind 
8rooco VoIcarics. ",nd all 01 D.:melne Volcancs 
and ~ FormallOn 01 Counn!;lt (1958) 
Cormw;nIy CtnlalnS I.u~ blocks 01 eXObC rocks 
and IocaIy rdIdes some seOmenlary rocks and 
IOIfUSlVt rocks. ~ lens 01 rNten 10~ 
hundreds d. meters Ihlck In rT'OSI pbces 

~r qu~rtz monzonlle and grarxhonle - Includes 
!IOmPQUilrlzdiorlle;lIppI!"'SIl\S~sllxk.s 
Local .... as5OCl1Iled ...... In mln'·T,,~z.JllOll Dated /II 70. 
71. 72. 73, 74. 74. 74 ... ncI 76 my The SchldOrn 
grilllOdurlle." T om~'orw IS n m.y. 

Roads and Highways 

--- Dry wash 

.. ..,.H·.,........'rT+'- Southern Pacific Railroad 

Explanation 

r-------, . .. J L _____ _ 

I MO. l L ____ .J 

BISBEE FORMATION OR GROUP. 
UNDIFFERENTIATED (LOVJER 
CRETACEOUS):-Upper part 01 Bi5beo'! 
FormatIOn Of Group, undsfferenrillted, and rellited 
rocks Includes upper PIIrt oJ. Bisbee Formation, 
Mural UmHtOf'll? Monla, Clntunl, Willow 
Canyon, Ai»che Can!.Ofl. Shelle~ CafllJOfl 
lind TUrMV Ranch Forrl'llltJOr'\S (nol ti5100 in 
"lr3~pI-w; wquoo!nce) oJ. the &sbee Gro\4J, 
ArnoW: ArkoJe 01 BfyIIntllnd Kmnoson (1954), and 
Angnc Arkow ~IS of browrush· to reddish 
iII'ko6e.!J'&Ysit6lone,SbndstOr'l(-'.c~le, 
and tome fouibferous gray limestone. Commonly 
several hundred rr.!ters locI< 

GRAMTE AND QUARTZ MONZONlTI. 
(JURASSlC)-$tocks 01 plnklsh.gray coane· 
griWled rOCk l.ocaIy as&xlisled WIth 
IT'WMnizanon. Dalf!d al 140, 148, 149. l4'~. ISO, 
153,160,161. 167, 178, 185m.y. 

Sedlmmtary rocks (t..- PftTraan 11M Upper 
Pe~Blln)--<onsosts 01 Epn"ph Orob-rite 
(La.uer Perman), u.na Lnnestone (Lower 
~n),;md brp FOI1T1atlon (l...ouRr ~rTT'II<lfl 
and Upper Pe~nan). Uf'Idifferenlli'lted 
Epnaph OoIornTe lSa dark· 10 ighl.gTlly stightly 
cherlydolotnle.limlsl:or.!, marl, siltslcne, and 
gypIUm, J20.2IJ) mttm ttw:k Coioa l.;rN:stOf'lf; 

IS 1II rrw>"dI~!J'aV. tt.::kbeddl?d, ~rwlycherty. 
.Ind sparsely !~1?f01IS ~rnestone 120-2M 
melers thick. Earp Formauon iii a paJe.red 
silTSlone, mudslone, shale, and ~meslone. 120240 
melersthlck. 

HorqlJlla l.wnes10l'll (l/ppeT and Middle 
~Tw1Sylva1'ian)-l,dItplnklVl.gray,tNck totNn· 
bedded. cMny, f(l6!llilerous limestone aM 
mtercabttd piW.mOlNn 10 palIHeddish.gray 
siltStone IMI irl:reases in itbunckl.nce upward 
TypcaIy.:JX).41J) mtters ttw::k 

SEDiMENTARY ROCKS (MiSSISSIPPiAN AND 
DEVONlAN)-ConsrsI~ trliJIrVy of ~053 
umeste>ne (~n)-1oc.aIIy (Annsrmng 
alld SiIbermivl. 1974) called &ciJbro5iJ GrQl4)­
lind Marm FonNItIOn (Upper Devonian). 
Ul"ld&tvnllillC h p;sr1 01 the ChIncahw 
Mounraw also n::1udes PaJadi5e Fonnation 
(Upper ~)and Portal FonnatJOn 01 
Sabms. 195711 (tipper Deuon.it,,) In the utde 
Dragoon MounIiliIlS ard some adtacenl rib also 
n:1ude:!i BIotcIo. Pm« Urnes!:one. IAIhose ~ 
and CorrelllhOnaro..,.Stronge:Sl: alfinilies.....tth 
~rocksbut wnch may InClude IIOITIe 

~nrocks.Esc<tbo-05iIlirnestonei$1J 
rnecb~-gray, maur\II! to tNck·bedded, c~ 
crinodal, c~y, !~erous limestone 90-310 
meters Thick. MartIn FOI'TNlIlOfl is thick· to INn. 
bedded, gray to broo.om dcbnite, gr.w ~ 
fossiikroo&. and IOfI'Ie siltStone and sandstone, 
9().120 nwtm It.::k. Paracbe FOT"TT'IatlOn IS a 
bfo"...n. f06Sikrous. shaIy limestone. Portal 
FOfmIItJOn II a black shale and imestone 6.IClI 
meleTS lhick. Bi.lck Pr«e lJme5lone is pinkish 
graylinwsfor.e....tnaba&al&haleando;hert 
c~te.05,.,l.Ch4llS52mRten; tt.:k. 

SEUlMfrlITARY ROCKS (LOIJJER ORDOVICIAN 
TO MIOOL£ CAMBRIAN):-B Paso L.imatOf'lf; 
(~Ordc:Mcoan ard l.Jpper Cambnan). Abngo 
Formabon (l.Ippcr ard Midde Gambnan), and 
Boha Quartz (PwIidcIt Cambnan), 
undifterennated.- El Paso limestone is a~, 
tt....bedded chtrtv Irnfttone and dokxnIte <X) 
meters TO about 220 rr.!I('f$ thick.. Abrigo 
FOfmiItlOr'IIS II broNn, tlun·bedded 100000erous 
limestone, s.!Ird$lone. quIlrtzrte. iJOd~, 210-
240 mtttrS It.:k. BoIsa Quart. is a brou.In to 
white or pwpish.gray, u.:k~, COM5e' 

wiIII'I8d quarllI1t.lf'ld 5iIOdsI:one with a basal 
cOf19lomerate, <JO.UOmeters thick. To lhe east, 
equiI.0IetllS d. part d. the Abrigo Formation aM 
BoIsa QuartZite are known iI5 the Coronado 
S&ndstone. 
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SedlJnemary rocks (lJppet "rei MIddle Cambnan)­
Abngo FOI'TTwmon (~ard ~ Cambnan), 
and BoIsa Qu.mzrt~ (MddIe CambMn), 
undIfterentlilled 

GRANITOID ROCKS (PRECAMBRiAN V) Mainly 
granodionte and quam: monIOOIIC, untohated 10 
lolialed. in parI meti'ltror~ Gerlefi'Llly.n 
stocks, YJtuch aM been.nIt studied, 

PINAL SCHlST (PRECAMBRIAN X)- Q\IonTe schist , 
phy5te, and some metbYOlcanc roclai, 
me1avo1cArwc rocks. mela.quIJrtnle, mela.QUartziTe 
conglomer .. te,;md 9f'WIS5 ~ mel11vo1cal"lC rock 
datedllT 171Sm y 

CONTACT Oolledwhereconculed 

MARKER HORIZON- DOlled where conceall?d 

Srnke slip AH~ ('oupie shows reLahve displacement 
SinglelllTOWshowsTT'lO'olmltnToilIChWblock 

Antw:.lUw 

Syncline 

EXOTIC BLOCK BRECCIA- Rock contams chip or 
block inchJgons d. ro:k dH~enl Irom I~ 01 
ho5t 01' otheT blocks nearby, Typ!CII!Iy 01 voical"lC· 
lectOtic or seamenlary·CCCI<ri(: 00!.Jf\, excludes 
TmlaryTTWg!lbrecClildepollll, 

Siee 01 \Nell or genEralized lit! 01 several web. showing 
unt pe~tr"led. II known. lind cWpth 01 wei. TO 
leet. 100 leet eq.M 30.5 rr.!leTS 

COLLECTION SITE· Radtogencaiy daled rock 
showIng.ge 10 ~ of years. Query before 
5YfTlboI whe!'t prKtH IocallOtl uncDtam 

Dump sample location 

Molybdenum 

Zinc 

,. 

.... -' {Klq?} 

OTOI! 

Olgy 

/ , ' 
$Chf dt? 
Hil" h 

--~ .. 

OTgu 

8H~ iflC h 
M C"O 

Ra .' 

! 

o 
(Q1"s1t.) 220 

, / 

QTou 

, 
(QTgu} 8(55 

o 

P;;~'.~b· '" 

O'fgu 

\ 
\ 

,. 

QTgu 

,~ 
Til. ' 

f .9 

QTgl.l 

1'JJ. .0 
:~h MO, 

q'\ OTg", 

~o. 

>.! 

'f i , 

Tombstone Development Company, Inc. '~~~5...JiiiilO~~l;;;;;;;;;;;;;iiiiiiiiiiiiiiiz~~I- ~ 
Tombstone, Arizona 

Figure 11_ Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla Geology adopted from Drewes, Harold, 

1980, and Newell , RA. . 1973. 

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

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 UNDIFFERENTlA TED SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE)-­
GT1WI!I. S1'lnd, and sil! (P\eL5Tocene 1Iond ~ne­
MillnIy ilIkMum of W5Ins; tnCludes SOmt' 
colkMum and ~nds.Iide dePOSOTS GcneRllly SghT 
PInkish gray, weakly InduraTed, lind W'lTh poorly 
rounded clastS, locally w.:D indUTi)T(;:(! n,icknl'SS 
sevP.ral meters TO hundr~ of merers 

&Mit (PINTOCt'1lI! TO F'bocerw)- Lava I\ow$, 
pyTOCiashC rOCks, and some II'ITeratl;>.ted gnlveI. 
Thickness. several meters To;aiew hundM rTWt~ 
In most p0:;es Radiometncally ruled liT 025, 1 0, 
and32m,\I old 

ExteTl5lVe andesue and Welte (MIocene and Upper 
Oligocene) Lw.!. f\oy,..os, pytoc!.JS!lC rocks, SOffil' 

lnlercAillted epw::lashC rocks, I!.nd dikes. Mostly 
gr"Y. fine-sr.nned, porpnynhC f(x;ks. Includes 
!Io01'ne very CO/lnll! lelc:illipar porphyry lIonde5ile 

(Turkey Track porphyry, an mfOl'TT"olllerm 01 
Cooper. 19(1) TIucknes.s mostly sewral meters 
tosewralle~of mt'tt'Ts. Dated aT 24. 25, 27. 33, 
al'ld.)9m.y 

Extr\JSlVl? rhyohTe and rhyodaCIte (Miocene and l.Ippcr 
OIigocene- liIva flows, welded tuff, pyroclashc 
rocks. and some IIlte,,:aI;.too epICklstll: rOCks. 
I.4lT·gri'ly to gri'lYlSh·pmk, IIITl1C to fine-gralned, 
porphyrlllc ComlllQf\lya few ums to a few 
thousarxl 01 meters thick DatOO at 23. 24, 25. 26, 
26,26, and V m.y. An adchnol"llll & !e 0/47 m.y., II 
9.JbstanliatOO, may Indicate the pre-..erw:e 04 
Eocene rocks m the Joo.wr member 01 the S 0 
VoicalKS at Cochise Co 

l..ower conglomerate, grllv@I,and sand (Qbgocene and 
Eocene?l-Allulilum. commonly sra.Y1sh-red 
dt!PQSItsoismall . ......eU,.o~.T)()nvok:al'llC 
ClasTS. Moslly _raI meters TO a lew tens of 
meler~thlCk. 

UPPER CORDIUERAN (LARAMIDE1IGNEOUS 
ROCKS (LOWER PALEOCENF)·-l..cN.H!T 
voau-.c: rocks-Rhyohtli! 10 a~11i! lava flows. 
pyroclissnc rocks. and some II'IlercalaTOO epIClashC 
rocks Dated al 57 m.y. PosstbIy yo~ agli! 10 

MAIN CORDILLEkAN (LARAMIDEl IGNEOUS 
ROCKS Porp/lynnc and ap/JtIC tntTUSMi! rocks 
(Paleocene and l.JppIi!r CrelilCeOU'5)-Mostly IoihtJe 
porphyry to &cllic porphyry It'! small STOCks lind 
plugs and apiitIC bocbes not associated wllh o~ 
grantOid 5wcks. Dilled')l 61. 63. 63. 64. and 65 
my 

Fluldtzed IntrU51ve bU.'COd Ii!KiM;I ol!Jl!' unk."own. but 
PE"OII.'II')Tes. and Thus younger than Uncle Sam 
porphyry 

Rh~II~ luff .md ~-d tulf 1",Judes p.'Ifts 01 
Salero Formilllon. $..,g.lllo.ll Qwnz wlllli!. "nd 
Bmnrn Voicarucs. and all 01 Red Bay RhyoilIe. Cal 
Mounlaln Rhyolite of Bro ... m (1939) <'Ind Uncle Sam 
ProphyTY Indudes local "Iltu", ... e bodoe-s and locally 
(onl0lln5 h<»9'fIl'nb of exollC rocks nl1ckncss 
commonly 5t'Vli!rallli!ns 01 nWlers to ~ral 
hundreds 01 meters. Dated at 66('». 70. 72. 73. and 
73 m y TIw Uncle Sam. In tlx> Tom~lone area. IS 
d,;.,loo 72 my 

Andesttic 10 dllclllC voIcarIC brecoa -Inc~ pllM5 

of SoWro FOITTWIhon, ~ Quam Lallte, and 
Bronco VoIcarICS, aM all cl De~trie VolcanICS 
and SiverbdI Fom\iIllon ol CourtrIght (1958). 
Corr.noo/ycOI"Ilwlo'lrgebiocksdli!)l.olic rocks 
aM IocaIy tnclucIu 50ITIe sedimenTllry rocks and 
iotll.lSlVerOCks. SeveraJtell5r:JTTlIi!t~T'Sloseveral 
hUMred5 01 meters thick In IT"OSt places. 

Lowt'l quartz mIJflZOTllte ,md gr<lOOlOrue llldu~ 
some Quartz oorul!. appt'ars In small stocks 
Locally a55OL""laled Wlln mlnprahlallon Dated.llt 70. 
71. 72. 73. 74 . 74. 74. aM 76 Tll.y The SchM!inln 
!:I'olnodo..-Ih.,,,t TombstolM.' I!O 72 m.y 

1 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTlATED (LOWER 
CRETACEOUS):-Uwer p/Iorl of BIsbee 
Formcmofl or Group, undifferentiated, a.nd relatii!d 
rocks. Includes upper p.'Jrt d Stsbee Formation, 
Mural limestone, Monta. Clntvra, Willow 
YT1IyQfI, Apache Ca~. Shellenbe-ge. Canycm 
and Tumey Rane.n FOITllllIlOr\S (not hSTed In 
stra\Jgrdphoc sequenCe) 01 the &~ GrOup, 
Arrde Arkose of Bryllnl arxl Klnnw::m (1%4), and 
ArlgIi!oc Ark05e. COOSIsb of brOWtUSh 10 rro:dchsh 
<'IrkOSl!.!JI'l'IY siltstone, sandstone. conglomeraTe, 
and !lOme fosslhferous gray limestone Commooly 
$(>YI!ralhu,"\dredmeletslh;ck 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC)- Stocks d pnkt!lh-gray coarse· 
gr;lITled rock Locally 3ssocilltro WIth 
rntn(>f(IoH;o· .... nnn Daled at 140, 148, 149, 149, 150, 
153,160,161,167.178. 185 m.y 

Sedimental)l rocks (!...ower Permran lind Upper 
Pennsy!v;,r .. m) CCln5iSts of Eptlaph DoIorrutO;!" 

(lower PeTmlM), Colina l.Jmestone (Lower 
PermIan), olnd Earp Formation (~ Permldn 
and Upper Pe~...an), unditferenfli'lted 
E.pctaph DoIomte IS iI dark to light.gray slightly 
chertydolomte.limestone. marl, siltstone. 1'1''''; 
gypsum, 12().~ meters thick. Colina umestone 
is a metbum 91i\y, tfllCk bedded, SPi\r::;dy cherty. 
IIond 5Pi'rsely fossibfl!rous hrrestOfl(' 12().280 
meters thick. E.J.rp FOTlTlilIlOn IS a palNw 
$iltstone, mlldsTOne, sIWe, arxl i mesTonr , 12().240 
metersthtc:k. 

Horquilla Urnestone (l.JppIi!r and Middle 
Pennsylv;,~")-l.Jgh1 IM1kIsh-gray. thick 10 thin 
bedded, cherty, f~~eroU5lirnestone and 
mtercaJa.tro paIe·brown to paIe.reddish..gray 
siltstone tnat l1"ICreases in abund.nee upwdrd 
TYPlCaDy300-49Jmele~thx:k. 

SEDIMENTARY ROCKS (M1S5JSS1.PF'tAN AND 
DEVONIAN) ~s rnarnly d EscabrOSi'l 
Umes!00I! (Mlssmrpptan)-1ocaIIy (Armstrong 
and Sdberman, 1974) CdIIed E5c.lbrosa Group~ 
and Mamn FQI"!T\IITIOrl (lipper I)evorua.n). 
undtHerenllatro In part of the Ctunca.hua. 
MountalM also Includes Paladise Formation 
(Upper ~n) and Portal Formanon of 
SMnns, 1957" (Uppe. Devonli.m). In tiM.' uttle 
Dragoon Mountlllnll and some ad)a.cfln! I"WIs IIlso 
11"ICludes ~k PnnCe Ume5lont', whose /Quna 
and correlation show stl"Of"l9ZSl affil"llties with 
MIs.sissIpp!i!ln rocks but wtKh may InClude some 
Pernsylvar.an rocks. ~ UtnestDne is a 
rnedium.gray, T1"\i'I.S5IVIIl to It.:k-be:dded, commonly 
cTlf1Old.aJ. cherty. 1000000erous limeslone 90-310 
meTers Thick. Marnn FOTmIITlOIllS thICk· to thm· 
bedded, gray to brown ddorntte, gray sparsely 
fossiliferous.. aM some siltSlooe and sandstone, 
9(). 120 meIer.; thick. Paradise FonnallOfl IS a 
brCIWn. fossiliferous. shaIy imestone. Portal 
F~hO!'IlS a bbck sMIt and imt$10IV: &.l05 
melen thICk. Black Prince ume:stone 1$ pnkrsh. 
gnty limestone with a bMaI MlaIe and cher1 
congtomeratli!, as !'luch iI$ 52lT'1i'ter5 thick. 

SEDIMENTARY ROCKS (LOWER ORDOVIClAN 
TO MIDDLE CAMBRlAN):-B Paso \..ImestOOl! 
(l..oo.ver Ordo..rian and Upper Camb""n), Abri90 
F()I'l"N.III)n (Upper lind Middle Cambrian), <'Ind 
BoIsa Quarlz (MddIIi! Cambnan), 
undifferentiated,-El Paso ~0I'Ie is a gray. 
thm.oedded cherty anestone and doiomle 90 
meters 10 bboul 220 ~ters thick. Abngo 
Formation IS a bro.vn, than-bedded fossiliferous 
limestone, sandstone, quartZite, and shaIIi!, 210-
240 meters Thick. I30lsII QuMme is a br()\.Vfl lO 
white or purptih'9I""Y, thK:k-bedded, CDillTX' 
grained quart:r;i te and sandstone ""';Ih a basaJ 
congloment.te, 9(). 111) meters ThCk. To tne eMt. 
eqviv;.,Jents d part d the Abngo Fonnallon and 
BoIsa QJart i'lte am knov.m as the Cororwio 
Solndstone. 
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Sedln~ntary rocks (lipper and Middle Cambrian)­
Abrigo FOI'nlation (l.Jppe1 and MKk!Ie Cambnan), 
and BoIsa Quartzite (MIddle Cambrian). 
ul"\dilft'flmli.oted. 

GRANITOID ROCKS (PRECAMBRIAN y),-Mamly 
gTarodionte a,"\d quartz manSOl'llte, unfoliaTed TO 
foliated , In part metamorphosed. Gli!ner.illy In 
stocks. which ahve been little studied 

PINAL SCHIST (PRECAMBRIAN X)- Chlor"e schist, 
phylhte, and SOml! metavolc:ar.c rocks, 
met"vokdru(; rOCks, fnl't.lqUolrtZltli!, metaquarti'lte 
congjomer.!lle, and gnl'lSS <Jorle meTavolcanIC rock 
dated at 1715 m.y 

CONTACT - DoIIM ",-here concealed 

MARKER IIORIZON-Dolled where concealed . 

DIKES ShOUli'"19 dip 

FAULTS-.5howr1l9 dip Dotted whe-re concealed or 
mTnded, balI.!Ind bar on do.vnlhrown SIde 

No"''''' 

Stnke.!ibp-Arrow coupk! shows relanw drsplacemli!nt. 
SingIe ... now sho.o.-s ~nt of at:tnR bkxk 

Thrust lault - SttWleeth on upper piate 

Syncbne. 

Inclined strike and dip of bi!ds 

EXOTIC BLOCK BRECOA Roxk cont:tu"lS chip or 
block IIldUSlOTlS of rock drIIerent from tnose 01 
hosT 0, otne. blocks nearby. T yptt;a1lyof vok:tnic 
tectonIC or sedimentary.tectonlC ongm; excludes 
Tert~ry n-.egal>reccia ~I~. 

Sotli! of weD Of 9Cneraitzed 51tli! of 5e>A!I"al wells, showing 
unil peneTrated, if kT"l()VJfl, and deplh col INCU. ,n 
1m 100 feYt equals 30.5 meters.. 

COLLECTIO N SITE-Radiogerucally dAled rock 
showing age in millions 01 YIi!"rs. Query before 
symbol where precISe locatIOn uncli!rlaln 

!. 

1 ',}; 

• {Klq?J 

Qig\l 

argu 

'(1 it .. rfie 1J 
M ·:C '<~>f 
h t?~· fl 

o 
(OT,oIJ) 220 

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

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

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

Figure 12. Distribution pattern of silver in mesquite trees (in red) , 
from Newell, RA. 1973. 
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Geology 
OLDER OR UNDlFFERENTlATEO SURFlCAL 

DEPOSITS (HOlOCENE TO OUGOCENE):­
CraveI, sard, and sit {PleIstocene ard Ptiocene­
Mariy.,luviUTl d basIN; InClude, !tOme 

ccjuVItA'fl lind I;,ndside depoSIts. ~roerally light. 
pnkIsh gray. weakly Indurated, and ""';t n poorly 
rounded clasts,locaIIy weI! "ldur(ll~ TIIir;knesf.; 
:sewrill meters to hundreds d melerL 

Basall (Amtoccre to P'IotIrr.}-UMIL f\o,o,ot, 
pyroclMtic rocks. and 5OI'IW int~ted gravel 
llw:knaa MVmII meten to" I£w hundred met~ 
'" Il'dt places. RzdomeIncaIy dated al 025, 1 0, 
lind l .2m.\I old 

Ext~ IIrdes1'~ and &tote (MIocene lIoci ~ 
OIigocene)-lbw.o 1\oIM\, pyrOClMhC rocks. some 
Inlercalalro~ rocks, and cliklU. r-ioItIy 
gnIy.~.porphyrib: rocks,1OC1udes 
JOn"II! wry coanc Iddspar porphyry IIndaitc 
rr uriwy track ~, an norm:d IftTn 01 
Coope:r, 1961) ~knes.s rno6tIy 5eVeraI1Mtm. 
lo~ tenscimelm;. Oatadllt24, 25, Z7, 3.1. 
~l9m\l 

ExfTuslve riyJlite &:-.:1 ~te (Milxene lind Upper 
OI.goceoe- lavll fIows,..wIcIed tuff, pyroclastIC 
rocks, and some 1n!~led ePIC.lic rock$. 
Ughl-<;ay 10 grayISh.~, VJtnC to finI-gra.rwd, 
~tic Commoo/y a lew tem \0 " few 
[~01 mct~ tt.;:k. Dated at 23, 24, 25, 26, 
26. 26. and 27m\l AnbdchtJonaldallfot47m.y,; 
JUbsnInrialed, may Indicale the presercc 01 
Eocene rocks III the Ioo.uer rTWmbcr 01 1M S 0 
Volr.arK& 01 Coc:tw Co 

l.ower congJommlle, gnvel, lind 11100 (ot.goc.nI and 
Eocene")- MMum. commonly graYISh red 
deposits of small, wri rounded, norwoKaJ'IC 
clasts. Mostly XWTai mettTS to a few te,.. 01 
~Iersthick. 

UPPER CORDlllERAN (lARAMIDE) KiNEOLIS 
ROCKS (lOWER PA1.f.OCENE):-l.DwT 
vcIcarK rock$-RhyoIite to andesite ~ ~, 
pyrrrlMlK rocb, Jlrd IOm& int~ted lPICiastlC 
rocks. Dated al 57 m.y. Pos.sibIy yt)\.n9I:r ~ to 

MAIN CORDlLLEkAN (lARAMIDE) IGNEOUS 
ROCKS:-Parpt"mbC ard "piltlC IltTUINV rocks 
(Pt.Ioocene;,rod llpper Cret.xe0u5)- Mosdv IallftC 
porphyry to daalK porphyry ItI smaI .tlXks and 
pkJgt IIrd ~ bodIa noI auooclt~ WIth other 
g"lIl'11o.:! S!ock.&. Dated III 61, 63, 63, 64, and 60S 

Flul(t.zt!d InlruSI\Ie brecCia ellltCl llge unknown, but 
penetrate'. and thu§ younger \heln Uncle s"m 
porphllfll 

Rhyodacllc lull and ~ tull Include. par" of 
Salefo F(M"nvIIIOrI, Sugarloal Q\.Iarll u.htC. and 
Bronco VoIc.,mc5. and 011 of Red Bay Rhyolite. Cal 
Moun",on Rhyohte of Brown tllJJ9land Uncle Sam 
Prophyry. Jncludn lotallrllru5IVC bodlft lind Jocaly 
contains 'ragments of uot lC rocks Thickne ... 
convnonly sevt!railens 01 ~tffS to ~aI 
hundrOOs of metff$ Dal~ 4t 66(?). 70. 72. 73. and 
73 m.y 1ne Undt Sam. m the T ombstl:)f"W arn. 15 
dated 72 m_y 

Andesmc 10 daotIC IoOObnc tncaa..-Induaa part. 
of SoIHo Fonnation, 5ug.vbaI Owtz Lable. and 
Brtn:o VcIcana. and aI 01 o.n..tne VoIcarIe& 
.an:l~FOI"lTIcllklnoiCourtri!'J"!t(l958) 
CorTwncriy Contani arg. bIockl 01 exotic rockl 
IIrd IocaIv indudet some sedmcrury rocks and 
lfltru..oe rocks. 5evmII tCnII 01 meters to-al 
hundreds of mctcn thick Il most pIaca. 

l&.wt quartz monZotlll1! and gr/lOdionte InclvdH 
some QUArtl diof.ll!. app('al$ II'! small stIXks 
locally auoc"'t~ ....... h mllwrahzahon. Oatfil 01 70. 
71. 72. 73. 74. 74. 74. <lnd 76 m.)I The Schltlfl.n 
granodontf' al TombslOM IS 72 m.y 
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BISBEE FORMATION OR GROUP, 
UNDtFFERENTlATED (LOWER 
CRETACEOUS):- I)pper pM1 01 &bee 
Formation or Group, unditIercnriilled, and T'P.WIted 
rocks,-Indudn uppIf p;tft of &bee FonnatJon, 
Murbl Umesrone, Morita, Cintura, Wdiow 
CarPJOr\. Apadw Canyon, sn.:!Ie~ CarPJOr\ 
and Tumey Rareh Formarioos (not &sted in 
Itrllbgrtlphic HqJoeraJ of the Bisbee Gro~, 
AmoIe Arkose 01 &yant and Knisoo (1%4), ard 
Angelic MOM.. Consui"of~ 10 reddish· 
arkose, ~ silt5tOlli', $clndAonc. conojomerate, 
and :some f06Silifet'OUl gray irnesI:ont Commonly 
ICW'I"lII hundm:l ~CfS tt.:k 

GRANITE. AND QUARTZ MONZONITE 
(JURASSIC)-Srockl of pnkish~ coarse· 
graanedrock.~a5IOCiatcdWllh 
Il"lIllI!Talization. Daled at 140. 148, 149, 149, ISO, 
153,I60,16I,167, 178,l85m.y. 

SedimetltNy rocks (1..ooNer Pernian an:! Upper 
~nanHonIISt. a Eptaph OoIotmc 
(Loo.wr Pe-nrian). Coina I...inwstone (t...ower 
fO.1'1"T'IIIn), .nd Earp FormallOn (1...oI.uer Pennlan 
and Upper ~n),wdff~ted 
Epitaph DoIomtc iI JI dark· ID 19:\I.grlIy slig\dy 
cherty dobmte.limeslone. marl, siltstone, 1I.-wi 
~m, 12().2II) mtlera thick. CoIir""o3 limestone 
iI i1 medtum gray, thlck·bedded, sparwly cherty, 
andsp&rl\elyfOMiliferou&~one 120-2:IJ) 
tnCtva duck. Earp Formabon II a ~·red 
silt.stone. mudstone, shale, and limestone, 120-240 
mct .... ttuck. 

HorquiDa l...irraIone (Upper and Middle 
F\>~n)-l..d'Il ·~,thlck' IOltun· 
bedded. cherry, fOMiiferous limestone ard 
Intucalaled ~.brown to paIe·reddish.gray 
siltstone IhaltllCreasa Il abundance upward. 
TypiCllllyJ00.4lX1mttaatNck. 

SEDIMENTARY ROCKS (MISSISSlPP\AN AND 
DEVONlAN)- CorISIIts many 01 Escabrosa 
l..Jm,esIonc (~)-kx.aIy (ArmItrong 
ard SilImnan, 1974) clIIed ~ GI"OYp­
ard ~ F(lflTIatIOO (Upper DeYorW.an), 
unditfarenbilltcd . ., pen a the Chmcahuilo 
Mou"ltaln$ also InCludes Paradise F~tion 
(lipper MilsiuippanJ and PortbI Formation 01 
SOOms. 1957a (Upper DrYOnan). h the little 
Dragoon Mountains arv::I ~ a4acent ~ also 
IncUde. Black Pnncc l.Jmatont, ~ ~ 
ardCCWTelationsho.uSl~alfiritie$u.oith 
~rocklbutwhchmaytncludelOmll! 
~nrocks.~l.Jme5tonei5a 
rNdil.m.gl'ay , maW... 10 tHc.k-beddcd, commoriy 
cnnodaI, cherty, fonliferous Iime5lone 9Q..310 
melers tNek. Martin Formation l$ thick 10 lrun. 
bedded, gray 10 brown dolomite, ~ sporseIy 
'~erous. and some sillstone.nd $Ol"Id$tone. 
9().120 met .... thack. ParadiM Formaoon IS a 
brown. fOMiferous. shaIy irrIHtOl"ll. Portal 
FOfmIltK)n. a black sNIc and 1mes10l"ll 6-105 
rr.t .... Ihlck. Biack Pmcc lmatOflC 15 pinkish. 
gr2ly imHtont with a bMIII thMe arv::I clwrt 
c~ate, oS 1'JUCh.S2I1W1CfS tt.c:k. 

SEDIMENTARY ROCKS (lOWER OROOVlCw-I 
TO MIDDlE C AMBRIAN):-El Paso ~one 
(Lower Ordoo,.,cian and Uppu CarrCrian), Pobngo 
Formation (l.Jppe- and MidcIt Cambrian), and 
BoIu Quartz (~Umbnan), 
urdifIerenriattd.-El Paso linntone 15 a~. 
ttw..b«Idcd clwny lmal:one and doIorritc 90 
mc1en 10 about 220 rnortas tt.:k. AbrQo 
Formarion "a brown, 11m-bedded ~etOUI5 
~.MndAOI"II.cp.arUde,t.ndshal..21Q. 
240 mt\erI thick. Bola Q.aartzite i5 a brown to 
v.+vtcOf~,thick.ceddfJd.coane· 
9'1Iined quartzite ard sardstont with a buaI 
conglornerat.,9Q. UDmttmthick. To tNt fAIt , 
~nts of pan oflhc Abrigo Formation and 
BoIsa Quartzite.,. known /lIS the Coronado 
s.m.""". 
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SedrnentM)l rocks (lippe.- and MdcIt Cambnan)­
Abrigo Formation (~lInd Mickle Carnbnan), 
aro 80Isa QuartZIte (MddIt Cambnan), 
undifferentiated. 

GRANIT()(D ROCKS (PRECAMBRIAN V) -Mainly 
~Ieand quartz rro'IIOnIte, unloliatcd to 
Ioiated. in pari metamorphosed. Generally in 
lIoc.kI, wt.:h aM been IrtII.tudied. 

PINAL SCHIST (PRECAMBRIAN X)-Chlantl 5Chi5r. 
pl-¥lite.ar.:i some rrxtllYolcarlcrockl, 
metavolcarw: rock5. ~rtDlf:, metaquat1zite 
cQ09lommlte. and grill2$&. One ITWt.II\dcarwc rock 
deltmat 1715m)l 

CONTACT- Dotted v..hereconcaled. 

MARKER HORlZON- [)olled wtwr. concealed. 

FAUL1S--~dip Ooncdwherc(~Of 
1JIn.Jdcd; hal ard oo.r on doNnttvo.....n .. 

Strike·.sip-Anow c.ouple ~ MatM! cbp0ceme .... 
ScngJc arrow .now. I1"I()'A!T'Itnl of acllVe bkxk. 

Anlldit'lf.' 

EXOTIC·BlOCK BRECCIA- Rock contaInS ct'lP Of 
bb:k"ll"'lClusions cJ rock chtferenl Irom thost' 0( 
hostCl'"otIwrblocks nearbo; TypoDyavolc.arK. 
tectOl"ll( or s.edimencary-teclonc 0fl9I'\, elldudes 
T IItlIry rIliI9Ibrer;;cie depostl. 

Site 01 __ or gcnenbed IIle d averaI ..... 1howins 
\.nI pmrtrated, II known., and drpth 01 __ , ... 
lee! IOOIMt cqual&JO.5meleri 

COllECTIO N SrTE- Radi0911'1'1uly dolt..:! rock 
~ ~ m miLon& of)lUtl. Query belore 
symbol wher. pr.aM locatIOn unctnaan 

T , .. s.. 

A 

T. lC: 

T, 

r ;l.? S 

l-
); 

, 

, ? 

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 , RA, 1973. 
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Geology 
OLDER OR UNOIFFERENT1ATID SURFlCAl 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, sand, and silt (Pleistocene and PIiocene­
MounJy allUVIum of basins; rncJudu some 
colluvium <'100 landslide deposit$. Genen.&y light­
pmkish gri!Y. weakly muraled, and UJlm pooriy 
r<Uded clasts, locally u.d IIlCI1.nted Thcknes5 
sew:ral mell!n to hundreds d metet'$. 

BaJa/t (PlEistocl!1Y to Pbocene)-u. ... a fIow5, 
pyrocLlstic rocks. and some inleruialoo gravel 
lhickness seveBI meters to /II lew hundred meten 
In mo5t pI.x~ R.!w:Iiometricaly dated /I' 0.25, to, 
and 32m.y old 

otert5lVe a~te and ~Ite (MIocene and Upper 
Otigocene)- lL!va flows, pyrocktshc rocks, some 
Intercalated eplClasnc rocks, and dikes Mostly 
gray. fine.pned. JXlI"PhynbC rocks, mclucleo 
some IR1Y coarse feldspar po~ andes!!e 
(Turkey track porphyry, an mlonNI term 01 
Cooper, 19(1), 1hic~ mostly several meters 
to SoeVeTai tens ot meteu. Dated I'll 24, 25, 27, 33, 
Ilnd39 m.y 

ExtrusM! rhyolite ",;-,d rhyodacIte (M;ocene and IJppe-t 
OIigocerw- UsWl flows, wdded Nff, pyrodilSoc 
rocks, and SQmI! If'Ilercabled epedMhc rocks. 
~I-gray to graytSh·pmk, IMrie to fine·grall"led, 
porphyritic . Comrnonlya few tens tOil lew 
tkousclnd of meters ttuck. Daled ill 2.1, 24, 25, 26, 
26, 26, <'loci 'l:J m .y An addabOnal date 0147 m.y., If 
subs/annaled, may mchcate the presoeoce oi 
Eoce"ne rocks In the Ioo.oRr member 01 the 5 0 
VolcanIC!. 01 Cochise Co 

Lower c~te, ~veI, and Mnd (Obgocene and 
EoceTlll'') ~ADuvium. commonly gra~,stHed 
deposil5atSlT'la!l, weDroundi!d, llO!1I.dcarw: 
clasts. Mostly several metll"rS 10 a lew leru of 
meleo-sttuc:k. 

UPPER CORDIlLERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PAL£OCENE):-i..ower 
voicarK rock$- Rhyolile loarode5lte!<!va flows, 
pyroclasfIC rocks, and some .,tercaLated epldasllC 
rocks. Dated al 57 m.y Pos!ilbly younger '-'9l' to 

MAIN CORDILLEI<AN (LARAMIDE) IGNEOUS 
ROCKS:-Porphynhc" and apbllC JlIT\I5l\I4l rucks 
(PaIeo:ene and lipper Cretac~) Mostly lat,ne 
po!'phyry 10 daonc porphyry., 5n"1oaII stocks and 
plugs and ap/ltlC boches not assoooled ...... th Othel 
graritoid stocks 06led at 61, 6.1, 63, 64, and 65 

Fluidized intrUSive brKCta (>".'I("t age unknown. bYt 
penetrates. and thus younger lhan Uncle Sam 
PO'l'hyry 

Rhyodpclle luff and welded luH Includes pam of 
Sall!rn FOtrnlUlOn 5u9arloaf Quarlz Lat'te. lind 
BfOIl(O Vokamcs, and <lit 01 Red &ty Rh~'le. Cal 
Mountain Rhyohtl! of Brown (1939) and Uncle Sam 
Prophyry. lnc1u~ kx-~ '"trullllt! bodieS and locally 
comalns fragml!nls ol UO!lC rl'lCks ThlCkMs.s 
commonty .5'!lIeral tens ollTl('tcrs to ~ral 

hundreds 01 meters o.,tt'd at 66(?). 70. 72. 73. and 
73 m y 1lw Uncle Sam. In the T omOstone area, 15 

dated 72 m.y 

AndeSIne to daC"itic IIOIcaI'llC brecoa.-lnch.M;le$ parts 
01 SoIero FOITNlrion, ~Ioaf Qua.rtl Larite, a.nd 
Bror-co Volcanics. and aI d DIlmrme VoIcaBC5 
and ~ Formarion d Cour~t (1958). 
ConwnonIy contacru lar9f' bIock& cI axone rock& 
aM b::aIy niude$ $oCIInI! wdill'ln"ltMy rocks and 
I1t~ rock$. Srvenl tens d metl!rs to 5(M!:raJ 
hundreds of meters It.ck Ul most places. 

LOIWt'r quarlz monzonlle and grllOdioote- fncludl!s 
~quartldiol"lte . aPl"learS lnlilll<lllSI()(ks 

Locally ~taled with I1lJO(>rahzatlOfl Daled dl 70. 
71. 72. 73. 74. 74. 74. and 70 m y. The Schllllf"n 
granodorne at Tombstone I!o 72 m.y. 
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BlS&E FORMATION OR GROUP, 
UNDIFFERENTlATW (LOIJJER 
CRETACEOUS):~l.Jpper part 01 Bisbee 
Fon-nation or GrouP. undifferent2ted, and related 
rot:ks.-Includes upper pan 01 Bisbee Formation, 
Mural L"nestone, Monta, CinN"", WtIIow 
Canyon, Apache Canyon, 9leIIerbergtr Caf¥)fl 
and T umev Ran:h Formalll'Jn5 (not hted J'I 

slr.uigr..phic 5eQUe.rce) at the Bisbee Group, 
AmoIe Mow of Bryant and KJnruon (1954), and 
Angeic. Arkoee. Consists 01 brownish· 10 reddish 
arkDlll, gray sil tstone, SlIncistone, tongjomerate, 
and $OfflI! fossiliferous gray limestone Cornrn;;JOIy 
!e\lenlJhundred rnetll"rs thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-Stock$ 01 pinlush-gr<lY Co;lr $l! 

grained rock. UxaIly as50ci~ued IAlith 
mlllel"ahzatlOfl. Daled at 140, 148. 149, 149, 150, 
153,160, 161 , 167, 178, 185 m.y 

SOOimentaJy rocks (L..ower F'ermtan MId lIppet 
Pe~r'IlIn)-<onsists 01 Epitaph Dolomite 
(Lower PerTl1llln), Colin;, umestone (Lower 
Pemuan). and Earp Formatiocl (~r Permian 
andlJpper Pennsylvaf2n), undIIferent1llteci. 
Epitapl-. DoIomle is a mrk· to light-gray sS!tttly 
cherty daorT'fte , krnntone, marl , llitstonl!, a'Xl 
!M)SUm, 12().28) meters thick. Coitllo} Ume5lone 
iii II mediwn gray. thlck·bedded, spa.rlWl:lycherty, 
lind $p1I./"$I!ly fl)5.5ili1erous limestone 12() 28) 
meters lhitk. farp Formation is a paIe·red 
siltstone. mudstone, shale. and hne5lone, 120-240 
metl!tSthick. 

Horqui.!l Umestooe (Upper and Middle 
Pe~naan)-l.Jght . ptnkish-grllY. Ihlck· to thin. 
bedded. cherty. fossiliferouslirnalone and 
InlercAlated paIe·brown 10 paI.e-reOish~ 
5iltslooe that1r"lCTeasa IJl abundanc:e upward. 
Typ!CAIy 300490 meters thick. 

SEDIMENTARY ROCKS (MlSSlSSIPPIAN AND 
DEVONlAN)-ConSlsts mainly 01 E5cabrosa 
limestone !Missis5ippiaon)~1ocaIy (Armstrong 
and Silberman, ITfl4) c.aDed EK.abrosa Group­
and M.mlfl FOTTNOOn (lJpper De<.<onan\. 
undifferenl1llled In part cllhe Chin:ahua 
McMrttamS also includes Paracbe Formahon 
(lJppI!rMis!.iMippian)ar"ld Port",Forma!ionrj 
$abtn$, 1957a(lJpper DeVOT'ollln). lntheuttle 
[hgoorl Mountains and some adjacenll-ils also 
IflCLdes Black Pnnce umestone. whose fauna 
iV"d cOl""J"dotlOO showSIrUf19L'5taffinbeSWith 
~nrock5butwtw::hm.'!.yinclude5OlTlll': 
~r.an rocks. Dcabrosal.imeStone IS a 
mediurn.gray, massive to thick·bedded, tOr"l"lT"OOOiy 
cnnodaJ, cherty, (os$Iiferous imestone 90-310 
mecen thick. Martin FonnabOn IS thK:k 10lhln­
bedded, ~ to brown dolomite, gray spar!£Iy 
fossifoer OO5, and 50me siltstone and sandstone. 
9().120 meters thick. Paradis!! FOfm1Irion is II. 

broom, fossdifll"rous, shaly ~me$tOfllll. PQfUIl 
FOtmIltion is a black shale and imestone 6105 
met~ thick. Black Pnnc. umes!one 15 pmIush. 
Qnlylimeslone with a basal shale and chert 
cor9ornerate, ca$ rnuc:h u 52 meters !hick.. 

SEDlMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):-El Paso Limestone 
(I.o.wr OrdcMctan and LIpper Cambrian). Abngo 
F()l'"ffi/lrion (Upper ard MidcIe Cambrian). and 
BoIsa Quartl (MId<!c Cambrian), 
urdI"erenti1loled.-El Paso l..Jmatone iii a gray, 
thin-beddedchertyll1"M!Atonear"lddolon"ite9O 
meters to about 220 me1e~ thick. Abfl90 
Forrn.!Ition is a brOUo/l'l, thin·bedded f055iferous 
limestone, sandstone, quartzite , and IhaIe, 21(). 
240meten thick. BoIsa Quartnte is a bro.un 10 
while or purp/ish-gnly, tlW:k·bedded, C~· 
grilllll!d quartzite and SlIndstone IAIith a basal 
c~ate,9().Ul)meterlthic:k. To the east, 
eq.walents 01 part cJ the Abngo Formanon MId 
~ Quartzite are known as the Coronado 
5Mmtone. 
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Sedmmtary rocks (Upper and Middle Cambrian}­
Abrigo Fonnahon (lipper ard Middle Cambrian), 
and BoISII Quanzite (~ Cambnan), 
unditferentllltfd. 

GRANITOID ROCKS (PRECAMBRIAN Y):- MatnIy 
wan:::.diorite and quartl monson.ite, ul~oIiated 10 
(Oil/lied, in part metamorpho&ed. GeT\l!l'aly in 
stocks,....r.:han...ebee:nlitt\e5ludied. 

PINAL SCHlST (PRECAMBRIAN Xl- Chlante schist, 
p/"IyIIite, and !IOmI! metavolc.anic rocks, 
metllllOk:atK rocks, metaquartnte, metaquartnte 
c~te,and~ One me1311Q1ca..: rock 
dated at 17ISm.y. 

CONTACT- Dotted where concealed 

MARKER HORIZON- Dolled ......hen? ccn:eaIed 

FAUL TS-ShOWlf19 dip. [)Qttt'd where concealed or 
intruded; ball and bilr on doo.I.tnthroum SIde 

Nom,. 

Striki!·$bp-Anow cl;)Uple shows relative dtsplacement. 
Single .... ITOW shows moveTocnt ol <KIM block. 

Major thrusl /auIt-Sa\,\ll"eeth on upper plate 

Thrust !ault- Si1wtl!i!tn on upper plate 

Syncline. 

inclined strike and dip of beds. 

EXOTIC·BLOCK BRECCIA-Rock cont/11n5 cnp or 
block IIlCIus.ons of rock different from those 01 
host or other blocks nearby. Typically of volcanic 
!ectorur;: or sedimentary-tectonic:: oristn: I!lIcl~ 
Tertwy megabrecda deposits 

SitC! 01 well or generab ed sitt' of sewTIII wd$, showmg 
unit penetrated, ~ kl"'lOlNl'l, ard depth 01 ...d, in 
feet 100 fwt equals 30.5 melll"rs. 

COLLECTION SITE-RaotbogeNCally dated rock 
showing age in rN/IionI!. of years QuE-ry belore 
symbol where precise 1oc1ltlDn uncertain. 
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Geology adopted from Drewes, Haro ld, 
1980, and Newell, RA, 1973. Figure 14_ Distribution pattern of copper in mesquite trees (in red) , 

from Newell, RA, 1973_ 
By James A Briscoe 
James A_ Briscoe and Associates 
Tucson, Arizona 
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Geology 
OLDER OR UNDIFFEREf'ffiA TED SURF1CAL 

0EP0SfTS (HOLOCENE TO OUGOCENE)'­
GrM, sosnd, and 5iI (P'ettoc:eOll: and F\oc:cnt­
MainlyilboH..mclbMins,1IlC1ude$5OI'T'II! 
colil.Mum and landshdl deposit$. Ganerdy light· 
pinkish grbY. weakly In(I\..11'"3loo, and with poorly 
rOlft:led clasts; locally \Ul!U indur1Ited. Thickneu 
several mell?r! to hundreds cI meten. 

&salt (Pleistocene 10 Piocene)- lava now., 
pyroclastic rocks, and IOn'W Inten:allt.d~. 
n...:kne» __ 1II meters 10 a ~ hundred meters 
In mo5l pi!lces. Rac:iiorrwtricaly dated 11 0.25, 1.0, 
and 3.2m.y. old 

EJclen5l\.le andes"e a.rd &cite (Mitxene and ~ 
OIIgocc,.)-La~ ~. pyrocLuuc rocks, IOmt 

intera.iated epiclllsDc rocks, and dikes, Mosdy 
~, Iine.gralMd, porphynuc roc:lu:.ndudn 
SOfl"Ii!' very CO/IJW IeIdspar porphyry andnIt. 
(Turkey tr.IIt:k porphyry, An rlOJmliltenT\ 01 
Coopcr,l96I). n.;~mostIy.rvml f1"IClftS 
'o~len5dmetns DlItedat24, 25, 27, lJ, 
M1d 39 m.y 

Ext~ rhyolite iW1d rh~tlll (Mlocenlllnd lipper 
OIigocene-UtIlll~. welded tuff, pyroclAstIC 
rocks, and IOIT'Ie intercalaTed epiclMric rock&.. 
UsOt.gr"Y 10 graytSh'plflk, ""tnc to fne.grdll'ltd, 
porphyritic. Commonly a lew leM 10 II klw 
thousard of meters thick. Dated al 23,24, 25, 26. 
26, 26, aod Z1 m.y An addiriooal dale 01 47 m.y • If 
wb5tanllollled. mll'llIldicate tn. pruencl of 
Eocene rocksnllv lower member 01 the S 0 
Vok:arIcs at Coc~ Co. 

~ cOl'l!Jlomerale, gravtl, lind sand (Oligocene and 
Eocene?)-AlluviI.JlTl; comrrooly ~.red 
depo5ellclsm;,ll.vdrOl.Dlded.~tIC 
cbtsts. fobtly sevefiII meters to a lew tens 01 
rTII!lenthlck. 

UPPER CQROO.l.ERAN (lARAMIDE) )GNEOUS 
ROCKS (lOWER PAl£OCENE):- l.owef 
YOic.aricrocks-~teloandesitelav.lIow5, 
l¥C)Ciutlt: rocks.;md IOf1'W IlteTUlated epciasllC 
rocks. Dated at 57 m y F'o5ailIy younger age 10 

MAIN CQRDILi.£kAN (lARAMIDE) IGNEOUS 
ROCKS:-PorphyotIC and ap.t"IC .\II'U$IW rocks 
(PlIIeocene an:IlJpper CTi!Iac:eous)-Mosdy lanlll: 
porphyry 10 d;,ot-.c ~ 11 smIIII "oclts ilrId 
plugs and apirie bodies. not M60C"'Ied IIoIith othtT 
~&m<*lltock.s. [)",ed ill 61 , 63, 63, 64, and 65 

FlUIdized tnUUSlve brecclil uact age unknown, but 
p./'ne"trdtd, and thus yO\J"9t'T than Unc~ Sam 
porphyry 

RhyodaCIte tull and W\'kkrd luI( lncludn parl5 01 
5.tr.!.ro Formiluon. Sugarloai QuIInz u.me. and 
Brorw-o Vok&nICs, and all of Red &y Rl'lyoIile, CaT 
MwnlbU'l RhyoliTe of Brown 11939) iU'Id Uncle Sam 
Prophyfy_ Il"ICiudes lex"! intrUSIVe bodies .md locally 
coolam5Ir"'9JOfnt5oleltoilCfocki. lNc:kf'IHS 
commonly _rallenl 01 melers 10 _,~ 
hundreds of rTII!l~rs. O,,'ed "I 66(~ . 70. 72, 73. and 
73 m.y "TIw UrIck> Sam. 1r'I1~ Tombslone ilr~iI. IllS 
wtednm_y 

Ardairic 10 daatk: vobric brKClil -~1udH par1s 
01 SoIero Formallcn, Sugarto.I Quanz Lam., and 
Bronco VoIcarCI, and aI 01 Dnnetrx VoIcara 
ard~FomtiIrionoiCourfrist\!(I9S8) . 
Conwr-.orWyCOo'llain$ ltlor9'l'biocklol.lIOt1crocks 
and b:aIy W'lduda IOmI! sedmtfUlry rocks and 
intn.l5M rocks. Stuon-aI lens 01 rTWt.n 10"""" 
hundred& r:J mtlm thick in ITI06I pIaca 

Lowoer QUilrtz monzonte ilnd grilOdlont.- lncludn 
sonv quartz dlDu,.: appe.llrl in s.maI stocks 
LocllDy M50Clilled WIth minera~lahon o..led at 70, 
7\. n. 73. 74. 74. 74, and 76 m.y. The Scn~flhn 
grOlnodont ... <It T umln;turw ~ n m.y. 
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BISBEE FORMATION OR GROUP, 
lJNDIffEREN1lAlID (LO\.VER 
CRETACEOUS):-~ par1 of Bisbee 
FOOMlJOn Of Gf().4l, undiflerenMled. and r0ated 
rocks.-1ncIuda upper pan 01 Blsbee FormatlClrl, 
Mural Umntonc, Mama, Cinrura, WiIow 
Cbnyon, Apache Canyon, Shellenberger Canyon 
and Tu~ Ran:h Formations (not listed in 
stra.~phicseQUente)oIthe8tsbeeGrOl4l , 
ArnoW ArItC* a Bryant: arw:I Kinraon (1954), and 
Angelic ArkOM. Consists 0/ brownish 10 reddish 
mo., gray litstone, 5IldItone, conglomErate, 
and IOfT"C f~~ Imntooe Commonly 
5eYffiII hundred meten tt-ick 

G~ AND QUARTZ MONZONITE 
(JURASSK:}--Scoclts 01 ~ coallJif 
gr~rock.lDc.aIyllS5OC:iated"""lh 
~non. ~ted"'II40, 148, 149, 149, 150, 
153, 160, 161, 167, 178, 185 m.y 

~.IItY rocks (l.own PImrMn ond LIpper 
~l'Mn)-<onsistsoiEpilaphDolorrite 
(Loo,.,.on ~). Coina l.Jrna!one (l...a.t.ocT 
P2nnanl. and Earp FormatIOn (lower ~n 
.lind Upper ~nanJ, undiffen!ntJated. 

Ept.a.phDolon1tll!lSadMk· wlisht~sJd!tly 
ckerry dokm"Ite, limuIone, marl , silISIOni! , a.-.d 
!rIJ)SUITI,12028)~~lhlck.CoIma.~lone 
i& a medium gray, thick·bedded, sparsely ctlerty, 
and spancIy 10000000erous limestone l2Q.280 
melerslhick EarpFOI"I"Mtionisapale·red 
lIIt.tOOl, mudltone, 1haIr,.IInd imeslone, 120-240 
mete"r5thick. 

t-b-quia l.JrnnIone (lJppn and Middle 
Pe~T'IIlln)-l.qlt~,thick to thin 
bedded, chrrty, 10IIIWer0ua li:rnbtone and 
int~led paIe·bt-own 10 ~·reddish.gray 
dtltont that mcreua In abundance Upu.0td 
Typic;alyX0-490 mrten thICk. 

5E..[){MENTARY ROCKS (MLSSlSSIPPtAN AND 
0EV0NIANl-~1 1TWIVy 01. Escabrosa 
l...lmeicone (~n}-kJcaly (Armwong 
6rd.5il:lermM. 1'114) c.aIed ~ Group­
ard Maru'I Formaoon (LIppa Dro..oonanl, 
unditferermled ., pari d lhe Chiricahua 
Mot.nt.lllnl abo n:Lda Par1Idise Formation 
U.Jpper ~)ilnd Port.v Formationol 
SabinA,195711(~[)eo..orian)lntneUttIe 
Ontgoon Mountain, ilnd 1On"W .a4acent hib abo 
itd • .:iH Black PrY!ce ~one, .....hose bona 
ard cormatlOn show '11'Of9Sl atfinItJeS WIth 
~rocks but ~ mby rdude some 
~~ rocks. Uc.abroM Umatone "a 
rnedi1.m~, mMSiw 10 tt.ck·bedded, Corntr'IONy 
cnnodal, cherty, louiiferou. knestone 90-310 
rTWten thick. MmIn ForTTliIbon is thick· to thin· 
bedded, way to bw.m dolomite, gray iplIrseIy 
foaiiferous, and.an-. siltstone and IancistOOi' , 
90-120 melers thick. Paradise FOI'mllDon is a 
brown. louiIiItrOUI, IhaIy kTatone. PoruII 
Formation" iI bQck shale on:! imalone 6-1{6 
~~ tkick. Blilck PYn:.t Limestone. pinkish­
grao; limaIonc 'MIn it b.-I tIWe and chert 
c~te, .. much iIA 52 meterillick.. 

SElJ(M.ENTARY ROCKS {LOWER ORDOV1CIAN 
TO MIOOL£ CAMBRlAN);-El Paso Limestone 
(Lower Ortb.tciIn.nd Upper Cambrian), Abrigo 
FormatJon (lIpprr ond Middc Cambnan), ond 
BoIu Q..attz (Middc Carnbriln), 
~tcd..-8PuoL..nts!orw • .II~, 
thin-bedded cherty Itnestone and dobm .. CXl 
rTWten 10 abouI 220 rnttm thick. Abrigo 
Fonn.abOn".II~thirt-bedded~ 
imnlonc, I.IIJdltor., quI11zit .. , and Ih.aie, 2J()' 
240 rnctn-slhICk. BoIsa Quartzit •• 0 brown 10 
v.Nte Of putpIlsh~, lhick-bedded, C()r6f$!· 
gnwned QuartZlte.and l&Idatone with .II buaI 
c~.te,90-UK)metmthick. Tothe~Mt, 
cquiI.oaIervl 011*11 01 tN: Abrigo FOfTNrion.llnd 
Bolla Quami" .n: known ill the Coronado 
SondoIono 
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Sedimenlary roclu (1Jppa and MIddc CambNon)­
Abngo Formation (Upper ard MidcIe Cambnim), 
and BoIsa Owrtzrt. (MIdcit Cambrian), 
unctitferentiated. 

GRANITOID ROCKS (PRECAMBRlAN Y);-MaioIy 
~Ie and qUilTlzfTI()(lIOfIte, unfolialild 10 
folWlled,"'part~Generalyin 
IIOCks,whic.h.ahYeb.nittlcatudMld. 

PINAl SCHIST {PRECAMBRIAN )(l- Chlorite schist, 
phyIit(;l,and:Kln"lernetaYOlc.&r.crocks, 
rnetavoIcaricro::ks.met.llqJ.llrtzi", ~zite 
C~I., and~ One rntt.avolcanc. rock 
dattd at 1715 m.y. 

CONTACT- Dotted whmconculld 

MARKER HORlZON-Dotted v..twrc concealed. 

OIKf.S--9>ow;ng dip. 

Strike-sip-Anow c~ $hoNs rwtJIR di5pIac~nt . 
Singkl arrow Iho.w rncIYfI'I"If;nI oIactNe block. 

AntJCline. 

S, .. din • . 

EXOTIC·BLOCK BRECCIA-Rock contaIN cNp or 
I:b:k inclusions 01 rock diffnttnt from Iho5e 01 
host or OIMr blocks nearby. TypcaRyoilodcanic· 
t~tOnif Or stdKrotntary-l«lorx or"9I'I: eltdudn 
Tertil\tv megabreccia delX*fl.. 

Site of v.d or generai.zecllite 01 ~ weh, showing 
In! pvrctrated, I known,lnd depth 01 wd, II"! 
fee1 100 feel eq.Ws 30.5 mtlfI"S 

COlUCTION SITE- RadIogrI'lCAlvdated rock 
showing age In rnIiont 01 yun. Query before 
.symbol wheT. precise location untertllll'l. 
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Geology adopted from Drewes, Harold, 
1980, and Newell, R.A., 1973. 

By James A. Briscj)e 
James A. Briscoe and Associates 
Tucson, Arizona 

Figure 15. Distribution pattern of molybdenum in mesquite trees (in 
red) , from Newell , R.A, 1973. 
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Geology 
OLDER OR UNDIFFERENllA TED SURFICAl 

DEPOSITS (HOlOCENE TO OUGOCENE) 
Gravel, sand, and gy (Pletstocene.llnd Pbocene­
~nIy aIluv!um d b.tsms, InCIude$ some 
colluvmm ,'"v;llarYislide depo5lts Generally light 
pmklSh gray, weakly lrdvrati:d, and VJ\ln poc,Irly 
fOunded ClasTS, locally weD ul(\UI(llro Tluckness 
several~ler'lohundre<bollTl8uln. 

Basall {Pietslocel1e to ~ne)-l...lv3 f\oo.o.rs, 
pyn)C1Mtic roc~. and.some II'IU!rcaiaIOO gntvcl. 
lhickne5S 5e\Iefal TTWlen to a ~ hund,ro melers 
In~places ~ricalydaledi!lI025.10, 
and 32 m.\I old 

Exlen5llJoe a.-.deSlte .md d.octle {Mlcxene and l.Ippoet 
OIigoct'ne)-uVil.~pyI"oclasf.:rocks.!I()ITIe 
Intercalated epc~1lC roclu, and dikes Mostly 
qray. 11negra.nM, porphyrilJt rocks, ncludH 
some very COOfW fddsp;!.r porphyry andnlte 
(T UTkey track porphyry, an lIlform..lllenn 01 
Cooper, 19(1). l'hIcknus ITlO!IIy SI!\lerN JTW!ter' 
lo~lef1SoIml"lt'Ts.o..tedat 24.25.27.33, 
aod 39 m.y 

Extnl5Ne rhyolIte ill"" rhyodacue (Miocene and Upper 
OIigocli!ne- Lava f\Qws, wri<kd tuff, WCX:~IIC 
rocks. and some W'I'erc.alaled ~lMt.: rocks 
l..Jght.gray 10 graylsh.pmk, ...,tnc to fine.gramed., 
POJphynhC . Commonly II fev" ''''1'6 to d lew 
I~nd 01 melers ttuck Dali!d 1111 23, 24, 2.'i, 26, 
26,26, and 27 my All <'oddil>oroi diJte 0147 m .y, If 
substanTIated, may mdic:all! the pre~nt:e 01 
Eocene rock$;m thl.! Ioo,r..oer member of the S 0 
Vok:atlCS 01 Coct.se Co 

~ conglomerate, gravel, and sand (Obgocene and 
Eocene")-ADIMVfTl, comrrooly gtayrsh .00 
deposllS 01 !.!'"MIl. v.d rounded, nonwlcaJ'iIC 
ela.sls. Mostly ~ meters to a lew tens 01 
metef$thock 

UPPER CORDILLERAN (LARAMIO£) IGNEOUS 
ROCKS (LOWEH PAU:.OCt:.Nt:.):-Lowet 
..dcaAC roc~-Rhyolite to .vtdesite J.wa Rows, 
pyroclastic rocks. and some I'Itercaiatoo ~1as11C 
rocks. IJaIOO al ~7 m.y Possibly yoon9('I ~ fO 

MAIN CORDD..l.EkAN (lARAMIDE) IGNEOUS 
ROCKS:-Pot,:.hynnc and aplllle 1n1ru5M: rocks 
(PaIeocfi\l! and IJpper C.et«eo\.I$) Mos(lv IritltlC 
~ to Wane porphyry In 5mi1II1IOCks and 
plugs and aphoc ~ nol a5SOClith.-d With Oti"le1 
5V'\rwtod stocks. Daled at 61. 63. 63. 64, And &5 

Fluodu(.'(i lnlrus,W brecoa ")ldl!"Y" unknown. hut 
rwnetTi'lreS, and Ihus younger than Uncle $dOl 
porphyry 

Rh~'"e ,ult "nd u..oekled tull fnrlodes p.l\rls of 
&.lero For"",h()fI. Sug,JrkMf Qu.lfll Whle. and 
Bronco Vok,mICS. o;lnd ~ 01 fWd B.w RhyolIte. C"I 
Mounlaln Rhyolile 01 Bro",,'n 11939) lind Uncle Silm 
Prophy ... · Includes local,ntruAAlf' bodieS ",nd locaDy 
(00"11,,105 fr1'tgl1"lenl5 01 exollc locks ThlC'kneu 
commonly seve-<..I lens 01 J11I(!l'fS 10 _rlll 
hundr~s 01 mell.'fS D.lted at 661'). 70, 72. 73. dfld 
7J m y The Uncle Sam. m the TombstOlW dlea. Il> 

dhled n my 

AOOesaIlC 10 daotIC uoIcatllC brecoa.- 1nc1uOes parIs 
01 S:lIero FOfITI3non, SogarkW Quartz utile, tiro::! 
Bronco Vo!aIrKS. and all d Dtmetne Voicancs 
and SilVO'!rbell Fonnation d Courtrlihl (1958) 
Commonly cootaans ku"ge blocks 01 ellOtIC rocks 
"nd locally InCludes s.orre sedimerl'''ry rOCks 11M 
InlrtlSll.ll! rocks.. ~ lens 01 IMtI!f$ 10 seve-ral 
hundreds 01 melers thick In most p&;,ces. 

lower qua. , .t monzonite and graocbonte Includes 
son ..... QUd,tl chont ... "pp"i'ltS " .. 5offioln slocks 
LOI.dlly assuclilled ...... th mlnef~hldllOll Oat,--d at 10. 
71, n. 73. 74. 74. 74 . • md 76my. The$c:nl4!rnUi 
gr.lnodorlle .II Tombstone 15 72 my 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENllATED (LOWER 
CRETACEOUS) lJppet pom d BisbeI.> 
FOl"ITIahOn or Group, unditferenri"aled, and related 
rocks - Includes Uppel pan d &~ Form.>lIon. 
Mural Umestone. MorIta. Cinlura. Willow 
Canyon, Apache Caf¥X'l. Shellenberger Canyon 
",-.:l TUfflt:Y R""c:h Forn\"fl()(,~ h~tlis\(-d in 
stTaf1gnlpNc sequence) of the &bee Group, 
Amok> Al~ of Bry.\nlanc! Kinnisoo (l954).and 
Angelic AtkOfiol! ConaIstl d brOloUNsh· 10 reddish· 
arkose, gray siltstone, SilIlci5lone, conglomerate, 
and some f06Sllif~ gny limestone. Commonly 
several hWldred meters It.:~ 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC) Stocks 01 puooshgt"Y co;ar5l!' 
graIflII!d rock. Locally a55OC\iIted with 
rnnerOtlil<.ltion [).)Ied al 140, 148, 149,149.150, 
153, 160, 161, 167, 178, 185 In.y 

Sedimellta.y lOCks (I..ou.oer Pef"TnMIllnd Upper 
Pemsylvaf'lan)-cO"lti\$ cI Eptaph DolomIte 
(~ Pc."TTTUI\',CoIiJ\llt...ncstQO('(1AwI:>r" 
Pern-u.1o), lind Earp Formanon (Lower PeTmllon 
and l..Ipper PennwlV\l~nl. undIlfelent0led 
EpItaph DoIomlle 15a dark to Iight1l""V slighlly 
cherty dokmvle, hmeslone. marl, SIltstone, a'xi 
gypsum, 120-2M meters lruck.. CoiI\Il Umeslone 
lA 1'1 medium gray, thK:k-bedded, 5j)Buely cheny, 
and lip..Irsely fossiJi(erous hmeslooe 120-28) 
meters ltuck. Earp FormahoO 15 a paIe.red 
sdbtone, mudstone, shale, >ind hrll:Slone, J20240 
rnelersthl("k 

Ibquilb Ufl"leSlOf"I(' (Upper and ~ 
Pe~llIlIn)-L.qu.pcnkM1JnI.V , lhK:k· to IhIn· 
bedded. cherty, fossiiferous ~lone and 
Inc~tedpale-brou.mtopalereddish-gray 
5ilt$lone that InCfeit5l!$ In abundance Upw<Iord. 
Typcaly:J))490 meters th.:k. 

SEDlMENTARV ROCKS (MISSISSlPPtAN AND 
DEVONIAN)- COfl5Iltt5 mamly 01 Escabr05Olo 
Ln-N::SI000"! (MiS6lS6lJ)pllln) Ioc:aIy (Armstrong 
and Silberman, (974) caUed EJcabrosa Group­
dOd ~11\fl FonnllhOn (l.Jpper DeYc.nan). 
undlfferenl1llted In J*1 of the ~ 
Mountaans abo IIlCIorJe:!t Paradsse FOImaDOn 
(l.Jpp(>r Mss5assrpp\Iln) and Portal F()I'Tl"\ahOn 01 
Sabtnt.,1957a(lJpper~). lntheuttle 
I)r.,goorl MounIM"lS and some adj.,cent ~.aIso 
Irrl.tdesBl.ackPnnc:lII:ulTlI!5IllnII!, lM"lot.efaunil 
and conmllOfl sho.o.r Slf~ ;UlirabeS "";th 
MIssissIPP'lIn rocks but wtw:h ffii'IY Include. some 
Pemsylyaraan rocks Escabrosa Umestone IS 01 
medium-glaov. mlIS5I ... to thick bedded, commonly 
cnrodal, cherty, f05libferous limestone 9G-310 
T~ter:; thick. ~rnn Forn\llll()n I:' thick to thin 
bedded, gray to brown dololT\l!P., gray sparsely 
fossiliferous, and sorne SIltstone <lnd sandstone, 
90 120 meters ttuck I'IIradise FQI'TT\Ilnon \I a 
brown, fOSSlltferous, 5NIy bmeslone. PoNI 
Formation IS a black shale al'd imestone 6-1(fi 
JTW! t l!l"S thK:k. Bl.ack Pnnce l.Jmeslone 15 pmi.u5h. 
9TilY limesIone ....,tn a b.It:s3I shale and ct<01 
cor9omeratlll:,.aS mur::h as 521N!11!I"S Ihck. 

SWlMENTARY ROCKS (LOINER OROOVlCIAN 
TO MIDDlE CAMBR1AN) E Paso umest:one 
(La.uer OrdovK:\aI"I and lipper CambrIan), Abngo 
FormatJOn (lJpper and MOle Cambnan), ard 
BoIsa Quartz (MidcII Cambnan), 
~ted BPa;sot...r.es.ooe1lia~. 
thIn-bedded cherty imestone lind dc.IIc:lmte 90 
mtters to about 220 mtt~ thick. Abngo 
FormIlhOn is II brown, INn·bedded fOl$5iiferous 
IrneSlonlll:, sandstone, qua.rtZlte, and shale, 210-
240 meters thick BoIsa QuartZite is a brown 10 
v.hiteorpurpiish-gray,ltuc:k-bedded,coarw· 
!pained quartzite and sandstone \IIIlh a basal 
c~rllte,9().llllme lersthick. To the easl. 
e~",s 01 part 01 the Abngo fonnallOn and 
BoISiI QuartZIte are kr"lC)loNfl ~ tl-w Coronldo 
Sandslone. 
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Sed!mm:ary rocks (LIpper and MddIe Cambnan)­
Abngo FOt'fl'l<ltion (lJpper and MIddle Ymbnotn). 
and BoIsa Quartllte (MIddle Carnbnan). 
undifferenllitted 

GRANITOID ROCKS (PRECAMBRIAN Y) M.;.1I"IIy 
gran:xlioflle liM !lulint rnonsorIIle. Unfohliled to 
lobated, In pan me, .. morphc)sed. GeneraUy Ir1 

stocks. which ahve been tittle sludled 

PlNAlSCHlST (PRECAMBRlAN X) Chlonle SCNst. 
~te, and !iOme metavolcarvc rocks, 
metavolcanic rocks. metaqu;;rt:(lt~, rnetaqwrt£lte 
cor9omerllle, and gnetU. One metavolc.B.BC: rock 
diJted at 1715 m y 

CONTACT - Dotted where conceal!d. 

MARKER HORlZON-DoI1~ u.here concealed 

DIKES Sho.wlg dip 

FAUl"fS.-Sho,.w.r"lg dip Dotled whtrl> concealed or 
1NTl.Ided. ball and oor on downthrown iide 

N"n"oJ 

$Inke.slip-Arrow couple sho.ws rrlllilve dlspiocemenl 
Sillgl.~ arrow shows mowment d ac!~ block 

Incbned STrike and dip d beds. 

EXOTIC BLOCK BRECCIA Rrxk COr\ll1a\S chIP or 
block 1IlCIu$lOnS 01 rock dtff~"' ITom tOOse of 
i'IosIOIOfhetbiocksnearby TyplCailyol'odcanic 
lectonlC or &ed!meotary-tectOl'VC Ongln; excludes 
Tert0ry n"-'"9llbrecclildcpo5lls. 

s.!e d wei or gener-..hzed Slle 01 several _Is, showing 
UIlIt perelr.1l! led, " known. lind depth 01 wei. In 

Ieee 100 feel equa.l$ 30.5 met~ 

COllECTION SlTE- Rad.ogmcaIy dated rock 
5howtng age In millions 01 years Query before 
symboI......tIer(' precISe locatlOl"l uncertam 

Index contour line 

Contour line 

Contour interval: 25 gammas 

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

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

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

Figure 16. Aeromagnetic map of the Tombstone area. 

From Residual Aeromagnetic map of Southeastern 
Arizona, Sauck, IN.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 Uf'.,'O!FFERENT1A ITO SURFICAL 

DEPOSITS (HOLOCENE TO OUGOCENE) 
Gravel. sand. and a! (~!oc.ne dnd Pbocef'll;! 
M..mIy .ullMlall 01 Mslns, 1I-cIudI!s some 
ColuVium and I&rmIido! depOSilS (iflnenilly light 
PIJlkr5h gr"Y. Wli!ilkly aOOurolted, <lr"oCl li0ii\11 puorly 
rOl.Wlded eMS, 1oc3lly wei Wodurllred ThK:kl'lf'M 
sewraI meters to hl.ndreds 01 meters 

BM.ah IP'lmtocene Iu PItocI!~1 LAva !lows, 
pymclasnc rocks, ~ ~ 1n1~led gritYl!l 
llw:knui sewraI rrwters 10 a Jw.t hundred ITI{'tetS 
Ifl TT1Q5I pb:es ~tncblv dated iIIol 0 Z!I, 10, 
ardJ2m,yoId 

Extef15lUe .sndeSIte 6rd d.lclle IMluce'" dod ~ 
O!goc::enel-Lwa l100.0.'1, pyroclMrw:- meks, some 
Interca.liued ('pIC~ ,ock5. and akn Mostly 
~ay.~gr~.po::lI'l)hyntocrocks.1I'IC1udI>s 
~veryCOilf~Id:bp;"porphyr;,;~t" 
(Turkey Irack~. M i!V()tTTI,)] ro:>rm 01 
Cooper, 19611. Thckneu mostly -.<era! meters 
lose-.oer.tll~dmeli!'f\o o.,red 31 24, 25, 27, 33, 
arv;i.19m.·. 

bdrusrve rhyohle.ll.....:I ri'Iyodaole tMlo«ne j1,nd lJpper 
~ene-14\/"I1ows.~ tuff.PYT(J(.l.slola. 
rocks. lind SOfT"'L' InlercAl.'ltOO epclMtK." rocks 
u!ilt~y to 9f'IYI5h PIfIk, \Illne to fne.griln-.ed. 
porphyrioc Commonly II lew len!. TO a boI 
lhousan:! of meters Iklck. Dali!d .t 23, 24, 25, 26, 
26,26 . .md V m.y All MdillOn.il dale at 47 m,y. if 
suMannalec\. may I!'ldicalt! I~ PTl'..Mncll of 
Eocene rocks In The bowr ITlt'TnOO of the S 0 
VOOrKS d Codu5e Co 

l..owEr congiomeraTe.~. and sand (OlIgocene and 
Ecx~'7)- AlIMUIll, convnonly!p~ red 
cIrzposts 01 small. well rOlmded, nonvokanc 
CIilsIS Mo-itlyWVl:l'".sIml'tel'~ loa lew Ii'nsat 

mell?l'srtnck 

UPPER CORDIlLERAN (lARAMIDE) IGNI:.OUS 
ROCKS (LOWER PA1.£OCENE) ~ 
vok:<lJ'K rocks Rhyolite to ardes.h! Iowa~, 
pyrocla:sni:: rocks. &nd ton'W I"Iterea/dted ~~It 
rocks. DraIl:daI57m.y ~~rageIO 

MAIN CC>RJ)(ll.EkAN (LA.RAMlDE) IGNEOUS 
ROCKS:-PorpI'ryntlC and aplmc rllr~ locks 
!p~~.meI ~ CretbCt'OuS) -Mostty \aIIllC 

porphopy to daonc porphyry I"IIrTWI slockli .. rd 
plugs lind apiltlC bodies not .ss5OCk1I00 ... ,111'1 otner 
grafltoo ~ocks. Daled at 61, 63, 63, 64, and b5 
my 

Fh)ldiLOO Inl,USIW hre<:"rra ""'11(1 dqp unknown. bUI 
J)f!neuatt!s. and thus yoongel Ihdn Ullck 5.1I1l 
porphyry 

Rhyod.:)r.:lt(' ruff ,'00 wrldcd IUU [fl("IU(ic, p.)rlS 01 
~,"'.n Fu."""I .... n, s .. g..-\r~~'\f ()I~u11 I JU,IP lind 
Bronco VoIc,\nIC!>. dlld.oll of Red 8..ty RhynI,t;>. C\t 
Mountam Rhyo/lu,'o/ Blown 119:191 dnd Untie 5.lm 
PropOyr}..lnduc\nloc.ul"ltru"'IH'~,mdkx:dlly 
(Of'II.t1flS Ir1lqlTll'nls of l'l<OIlC rocks Thlt"knen 
(umrnoniv *w.llIlens 01 m(!'t ... s 10 severN 
hundr«b oflTM:t...,) D,IIOO,l1 66('1. 70. 7'2. 71 <'Ind 
7J my T'he Uncle 5.lm. '" the Tom~lont' oI'll'oI.1!> 
NIOO 7'2 my 

Andes!oc 10 dac,oc \IOIcafl( br«c.a InckJ0e5 puts 
01 Solem Fannal'lOn, 5ugat1o.aI Quanz LAmt!, and 
8ronc:o VoIcarwcs, and aI oIlJrrn,etne Volcancs 
and ~ ForrnADOn 01 Courtr9'II (1958) 
Commoo/y con~ large blocks oIexotlC rocks 
and I.:x.aIy nr:1udes ~ sedimetllary nxks and 
IfIInJS1Ve rocks. ~ 111'11 01 meters 10 MWfai 
hundreds 01 metef'5tJ-.::k In Tl'l()§t pOCes 

Lov...:or tlu.atIZ monzonul' and graodlOnle Includes 
50fTI(' qua.IZ dIonll' IIppe ... rS In "mlln sl()(,ks 
LOl.,l1y d').5Q(tah,-d WIth m'Il('IoIl,a,llOn Dated lit 70. 
71. n. 73. 74. 74. 74. ,md 76 m.y The Sdll(>fn,,, 
granodonte al Tombstone IS n my 

Roads and Highways 

--- Dry wash 
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BISBEE FORMATION OR GROUP 
UNDIFFERENTIATED (LOWER 
CRETACEOUS) Uppet p..\rt 01 Btsbeo? 
t:ormallOO or Group, unddferenNued. and related 
rock!; Indudll'l> up!)cr pdrt d Sst- Form.)tlOf'l, 
Mural uml"StOlW, Monta, unllJra. WIllow 
Canyon, A~ke C.,nyon, SheIlerbergn GJrnyon 
.md Turn.,y Ranch FOnTli'lllon.) (not listed II'l 

stratigraphic ~~nr::e) of tM &bee Group, 
ArnoW ArkO!o(-' 01 ~nt arc! Kav1oson (lQS41, and 
AngeK Atka. eon-.s 01 tw()O,l.T\dh· to reddish 
dl'kow. gr.Jy Wt'Stone. So}ndstlJf1t', congiomerate 
and 'i>Of"r'le f065ilifPr()US gray ~onP Commonly 
sevmtI nundn!d metm tt.;1r 

GRANITE AND QUARTZ MONZONITE 
IJURASSlC) Sfocksolprnlush913lYcCl/lIY 
grlllOed rock Luc.,/ly ilS$QClil(ed wuh 
lRnl..'I"'ahL3110n. DIItedal 140. 148. 149 149.150 
lSJ. 160. 161 167. 178, 1~ m ~ 

5«Iirnt/onl3lY rocks (~Penna.n and Upper 
Pcms~,...,n)-<on5I5ts d Epudph Dolomite 
Il...oo.wt ~nnan). eo.n" L..nestone I~ 
PvmwInl, and Earp FormabOn (l..Do.wr Perma.n 
~nd~'f ~...anI.I.IndiIferen!l(Ited 
Eplfaph Dok:Irntt! IIIl1 dark 10 Iigh:~' Yghtly 
cherty ~rntll'. limestone. marl, wtstlJf1t',,1.y\ 
~m, 12().2IJ) melers tlvck. Coma Umest~ 
II II medtum gray. thlck-bt-dded. sparsely cherty, 
olnd ~ lossiIif{-'fous limeslOne 120-00 
melt!TlI thick. EMp Formanon 15 11 pale rM 
srl!)IOflll'. mucbtOOl'-', shale. dnd ~of\e. 120-240 
II'IC'terSlhck. 

l\orqul!L\ Ul'nO'\SlonI! tUpper and MIdr:Ie 
Pennsylvarenl-L.JlJlI pIT\kl5h.gray, duck 10 thtn 
OO:Jdt.d.cherty.fo.Wlif~in-estQrll'dn:l 
!ntercAlated paIe-btou.T! to ~'reddi:$h-gmy 
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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 Grauity Anomaly map of Southeastern 
Arizona, West, E.E., Sumner, J_S., Aiken, c.L.V., and 
Conley, J .N. , 1973. 



I 

Ie 
I 
I 
·1 

·1 
·1 
·Ie 

·1 .e 
1/ _I 
I 
I 

HISTORY 

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

The district has generally been divided into the main 
(eastern) portion and the western portion. The western portion 
is where the Tombstone Silver Mines, Inc. current property 
holdings lie. The State of Maine vein was discovered by John 
Escapule, who came to Tombstone as a photographer for the San 
Francisco Chronicle in 1878, to report on the silver rush. He 
caught "silver fever" and remained in Tombstone to prospect. In 
order to put the mine into operation, he approached financiers 
from the state of Maine, hence the mine and claim name (Bailey 
Escapule, 1985, pers. comm.). His decendents are operating his 
discovery, and are principals in Tombstone Silver Mines; Inc. 
The patented claims, now held by Tombstone Silver f.1ines, Inc., 
including the State of Maine, Brother Jonathan, Lowell, 
Merrimac, Red Top, Triple X, Clipper and May, were consolidated 
along with the main part· of the distri ct under the 
Tombstone Consolidated Mining Company. 

In 1911, silver pr~ces of approximately SO.55 pe( ounce 
(less than half that in effect when Schieffelin discovered 
Tombstone) brought the demise of efforts to unwater the mines, 
and the bankruptcy of the Development Corporation of America and 
its Tombstone Consolidated Mines subsidiary. The Phelps Dodge 
Corporation, who was a creditor of the Development Corporation 
of America, took over the Tombstone Consolidated Mines and 
operated them in a desultory fashion as the Bunker Hill 'Mining 
Company from 1914 through 1933. In 1915, the underground 
workings of the State of Maine mine were thoroughly sampled by 
Phelps Dodge (Butler, 1938, p. 101). Though 824 samples were 
taken, markings of which can still be seen on the walls of the 
State of Maine workings, the only information remaining concern­
ing this sampling was published in the Butler Wilson volume, 
page 102, reproduced as Figure 34 in this report. In 1904, the 
Mellgren's, headed by Mr. V. G. Mellgren, a graduate mining and 
metallurgical engineer (Sarle, C. J., p. 8) began acquiring 
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unpatented claims surrounding the patented ground later to be 
held by the Bunker Hill Company (Phelps Dodge Corporation 
subsidiary). The Pittman Act, supporting the price of silver at 
$1 per ounce between 1920 and 1923, stimulated some production 
in the main part of the district, primarily· in the Bunker Hill 
mine, and a small amount of production in the western part of 
the district. During this time, surface m1n1ng on the Free 
Coinage vein and from the Bonanza dump was undertaken. In 1923, 
the Old Puebla Leasing Company cyanided part of the State of 
Maine dump and underground mine gob reportedly at a profit 
(Sarle, p. 8). Also, Chapman (later Dean and Dean Emertris of 
the College of Mines, University of Arizona, Tucson) undertook a 
Master's thesis (completed in 1924) to study the metallurgy of 
potential commercial leaching of the State of Maine mine dump. 
With the repeal of the Pittman Act in 1923, the price of silver 
plumeted (Figure 18), and no leaching of the dumps was ever 
accomplished. In 1933, when the price of silver averaged 
approximately $0.32 per ounce, the Tombstone Development 
Company, Inc., was formed by Ed Martin, owner of Tucson Ice, Dr. 
Roger Kline, founder of the Tucson Clinic, Mr. Moorehead, a 
retired banker from St. Louis, and Messrs. William Grace, Sr. 
and William Grace, Jr. (father and son). Lack of sufficient 
capital forced the Graces out of the deal at the time of 
incorporation. The purchase price from Phelps Dodge was $75,000 
(Bill Grace, 1985, pers. comm.) for all of their patented mining 
claims in the district, which included essentially all of the 
producing mines. The company was headed by Ed Holderness, and 
acquired all the Bunker Hill (Phelps Dodge) properties in the 
Tombstone Mining District. It was the depths of the Great 
Depression, and miners were paid $3 per day and were happy to 
get the work 

The higher gold price instituted by Franklin Roosevelt in 
1932, stimulated some development, particularly in exploration 
in the main part of the district. The United States Smelting, 
Refining and Mining Company did considerable underground work in 
the northeastern part of the main district from early 1934 to 
May, 1937, on claims leased from the Tombstone Development 
Company, and shipped some ore. The Tombstone Extension mine was 
operated by the American Smelting and Refining Company during 
fifteen months in 1933 and 1934, and subsequently by its origin­
al owners, the Tombstone Mining Company and by lessees (Butler, 
p. 48). Except for some possible treatment of old stope fill­
ings and dump leaching, there was no significant activity in the 
western part of the district. Sometime in the early 1940's, the 
State of Maine, Lowell, Brother Jonathan and the Triple X claims 
were purchased for back taxes by Mr. William Grace, and were 
subsequently transferred to Ernest Escapule, Senior. Joe 
Escapule, Sr., about the same time, acquired the True Blue, San 
Pedro, Santa Ana and the Free Coinage claims. During World War 
II, there was some study of the manganese deposits in the 
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district in relation to the war effort, and some manganese ores 
were produced, primarily from the Emerald and Bunker Hill mines, 
owned by the Tombstone Development Company. After World War II, 
in the late 1940's (the exact date is uncertain), a controlling 
interest in the Tombstone Oevelopment Company was acquired by 
the Newmont Mining Company. Fred Searls, then president, had 
great faith in the potential at Tombstone, and felt that after 
the war, precious metal prices would increase (William Hight, 
President, Tombstone Development Co., 1982, pers. comm.). 
Searls proved wrong, and after holding the property until the 
late 1950's, Newmont's controlling interest was sold to the 
current owners, a group of investors from Grand Island, 
Nebraska. Exploration work was done in the late 1950's by the 
Eagle Picher Company in the northeastern part of the main 
district, probably around the Silver Thread workings. Their 
drilling showed exciting values in lead and zinc (Burton DeVere, 
Billiton Exploration, 1983, pers. comm.). In 1965, the Duval 
Corporation drilled several rotary holes in the main part of the 
district probing for porphyry copper mineralization. Not much 
is known of the reiults of this exploration, though data is 
thought to be in the files of the Tombstone Development Company. 
In the period 1972-1973, the American Smelting & Refining 
Company obtained a lease on the Horne claims around the Robbers 
Roost breccia pipe. They drilled three holes to a maximum depth 
of 5,000 feet on the porphyry copper alteration zone in the 
vicinity of the breccia pipes. These holes intersected exten­
sive but low grade mineralization, grading vertically downward 
from a lead-zinc phase of mineralization into porphyry copper 
type mineralization, including disseminated pyrite, chalcopyrite 
and molybdenite, as well · as secondary feldspar and purple 
anhydrite. The Uncle Sam . tuff was penetrated, intersecting 
Bisbee Formation, and at about 4,900 feet, the Bisbee was pene­
trated and the drill entered the Naco Limestone. Poor copper 
prices at the time and since have discouraged further explora­
tion for copper at this depth. 

In 1973, 1971 Minerals, Ltd. - a limited partnership headed 
by general partners Richard F. Hewlett (operating as Sierra 
Mineral Management, Inc.) and Bruce Stevenson and James Bishop 
(operating as Stevenson, Bishop and McCready, Inc. of New York 
City, New York), optioned the various holdings of the Escapule 
family in the western part of the district, and later, the land 
of the Tombstone Mineral Reserve, Inc. (now ALANCO, ' Inc.) and 
the lands belonging to the Tombstone Development Company, Inc. 
In the spring of 1973, the writer was hired by Mr. Dick Hewlett 
to prepare a report on the State of Maine area. A topographic 
map of the State of Maine area was prepared at a scale of 1" = 
200' with contour intervals at five feet, detailed mapping on 
black and white photos later to be transfered onto the topogra­
phic base, and geochemical sampling was performed. Previously 
unrecognized windows exposing sediments beneath the Uncle Sam 
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tuff, as well as isoclinal folding in the sediments, were 
mapped. A comprehensive exporation program was planned and 
recommended. Also, in October of 1973, just before completion 
of the detailed report on the State of Maine area, the entire 
Tombstone District was flown in color aerial photography at a 
scale of 1" = 2,000' along north-south flight lines. In 1974, a 
counter-current decantation cyanide mill was moved from the 
Golden Sunlight mine in Montana, and installed at the State of 
Maine Mine, in order to treat ore from the State of Maine shaft. 
Also, the headframe from the #6 shaft at the Cordero mine in 
northern Nevada was set up on the State of Maine shaft over a 
newly poured concrete collar. Unfortunately the Golden 
Sunlight's cyanide mill never operated properly, probably due to 
underfinancing and poor management. It was later abandoned and 
the leases relinquished. 1971 Minerals, Ltd. went on to consol­
idate all of the old mine dumps in the main district on 
Tombstone Development Co. land into one large heap leach pad, 
which was operated until 1977, when the Tombstone Development 
Company lease was relinquished. They subsequently fell upon 
hard times, and are thought to no longer be a viable entity. 
None of the exploration program recommended by the writer was 
ever carried out. 

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

In 1980, Tombstone Exploration, Inc. (TEl) obtained a lease 
on the patented Tombstone Development Company lands in the main 
part of the district. Between 1980 and 1985, TEl operated an 
open pit mine on the Contention vein, and produced up to 3,000 
tons per day of low grade ore averaging in the range of 1.25 
ounces silver and .02 ounces gold, from which was recovered 
approximately 40% of the silver and 60% of the gold. Graves 
(1985) reports that 2 million ounces of silver and 10,000 ounces 
of gold were produced in the period from 1970 to 1985, mostly 
from the Tombstone Exploration, Inc. open pit operation and in a 
small part by the 1971 Minerals mine dump consolidation. No 
exploration drilling was ever done, and no ore reserves of 
significance were measured ahead of mining. Lowered silver and 
gold prices, poor management and a lack of reserves forced the 
company into bankruptcy in 1985, and its assets are currently 
being liquidated. 
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A regional map covering southeastern Arizona compiled by 
Harald Drewes of the United States Geological Survey was 
published in 1980. In 1982, the writer compiled data and maps 
from the work of Newell, Drewes and others (Figures 3 through 
17). It is concluded from these various data that the volcanic 
geology and structure in the Tombstone area is related to a 
Laramide caldera, and mineralization in the district is also 
related to the caldera and attendant volcanic action and hydro­
thermal fluids. 

Tombstone has primarily been a silver camp, though signifi­
cant gold, lead, subordinate copper, zinc and manganese have 
also been produced. The silver to gold production ratio for 
documented production between 1877 and 1937, is 125.95:1. 
Production has come mainly from mineralized vein fractures, 
cutting folded Lower Cretaceous limestones and basal conglomer­
ate 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 six hundred feet below, and is primarily 
from oxide ore minerals. 

Between 1879 and 1907, unpublished figures and estimates 
compiled by J. B. Tenny from old company reports and other 
sources (Butler, p. 48), indicate that $28,400,000 was produced. 
Unfortunately, this compilation is based only on dollar produc­
tion and no information regarding tonnage, grades and ounces or 
pounds of which specific commodity was produced, is available. 
From 1908 through 1936, tonnages as well as amounts of gold in 
dollar value, silver in ounces, copper, lead and zinc in pounds 
(Butler, p. 49), as well as Tombstone Development Company 
records through the year 1936, showing the same units, give more 
specific information on the district. Using this more detailed 
later information as well as dump tonnages calculated during the 
period of dump leaching by 1971 Minerals, Ltd. (1972 through 
1977 - private company reports for those years), the writer has 
estimated that 1.25 million tons of ore was produced. Using 
this estimated tonnage and the recorded production, it is 
calculated that the average grade for ore produced was 25.89 
ounces silver, 0.21 ounces gold, 2.6% lead and 0.10% copper and 
smaller amounts of zinc and manganese. Not included in these 
figures are the substantial amounts produced between 1980 and 
1985 by Tomstone Exploration, Inc. from its open pit mining 
operation along the Contention vein. 

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

/ 
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SUMMARY OF TOTAL RECORDEO PRODUCTION AT TOM8STONE 
1879 TO 1 S37 

e 

CALCULATEO TO CURf£NT VAWES - S400 GOLD, S10 SILVER, S1.00 COPPER, $.50 LEAO, $.40 ZINC 

e' e-" 

===========c::~======:::====c==============c:===============c===============================::===================~==~==============:================== 

TOTAL 
VALUE OF CALCULATED CALCULATED CALCULATED CALCULATED CALCULATED TOTAL 

PRODUCTION OUNCES OF OUNCES OF POUNDS OF POUNOS OF POUNOS OF CURRENT 
IN YEAR GOLD VAlUE AT SILVER VALUE AT LEAD VALUE AT COPPER VALUE AT ZINC VALUE AT VALUE OF 

SDURCE r. YEAR PRODUCED PRODUCED .4OD/OZ. PRODUCED S10/0Z. PROOUCED S.50/LB. PRODUCED S1.00/LB • PRODUCED $.40/ LB. PRODUCT ION 

J. B. TENNEY 

1879 TO 1007 28400,000 112356 76942400 24338159 2433B15!D 31805070 15!D2535 NAP- NAP HAP HAP 336226525 

MINERAL RESOURCES OF 
THE UNITED STATES 

1008 TO 1934 8138571 57871 23188400 66596 B2 66596120 23767829 11863915 2358495 2358495 1058234 423294 104451023 

TOHBSTONE DEVELOP~NT 
TOMBSTONE MINING CO'S. 

1935 TO 1936 - 564437 6375 2550000 3!D305 3!D3050 3197305 1596653 157536 157536 NAP NAP 8201239 

TOMBSTONE EXTENSION 

1930 TO 1937 374972 1083 433056 1080491 10804!D7 6335734 3167967 NAP NAP NRP NAP 14405829 

TOTAL 37477 9BO 257795 103113856 32468647 324686467 65105938 32552969 2516031 2516031 1058234 423294 463292616 

AVERAGElTON·· 0.21 92.22 25.99 258.!D 51.91 25.96 2.01 2.D1 0.84 0.34 369.42 

== -r-cr=~=: ____ ~:c==================;;==--=-======r===c========:cc:::=:cc===~=r=====================-----=-== 
"NO RECORDED PRODUCTION 

""TOTAL TONNAGE ASSU~D TD 8E - 125~97 

James A. Briscoe & Associates, Inc, 
Tucson, Arizona 

Pr~,.ed bu Jame. A. BrlICoe ~ Copyrlghl, 1982 by Jim .. A, Briscoe' Associllts, Inc 
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PRODUCTION OF THE TOM8STDNE MINING DISTRICT 
1879 TO 1907' 
CALCULATED TO CURRENT VALUES - 1400 GOLD, '10 SILVER & 5.50 LEAD 

c=~:==c=:ccc==cc=ccc=cc:=c:===c====c==c======cc======= cece:=ec=:=:=c::=e=:=::=::::::=:::::::::::::=:==:==:=:=c;====== 

YEAR 

1879-1880 
1881 
1882 
1883 
1884 
1885 
1866 
1887 
1868 
1889 
1890 
1891 
1882 
1893 
1894 
1895 
1896 
1897-1901 
1902-1906 
1907 

TOTAL 
VALUE OF 

PRODUCTION 
IN YEAR 

PRODUCE 0 

2318567 
5040633 
5202876 
2881900 
1380788 
1320976 
1050000 

600000 
600000 
250000 
600000 
674650 
490000 
450000 
300000 
300000 
300000 

1539610 
25150000 

550000 

CALCULATED" 
OUNCES OF 
GOLD 014:1; 

OF TOTAL 
PRODUCED 

15704 
34141 
35240 
19519 

9352 
8947 
7112 
4064 
4084 
1693 
4064 
4569 
3318 
3048 
2032 
2032 
2032 

10428 
17271 

3725 

CALCULATED" 
OUNCES OF 

SILVER 08U 
VALUE AT OF TOTAL 
$400/0Z. PRODUCED 

6281555 1633078 
13656287 3613197 
14095842 3696780 

7807760 2122126 
3740887 1016762 
3578842 999991 
2844702 859091 
1825544 495916 
1825544 517021 

677310 215426 
1625544 462857 
1827789 551886 
1327528 456207 
12191158 467308 

812772 244890 
812772 373846 
812772 357353 

4171174 2078474 
6908563 3500847 
1490082 675000 

CA LCU LATE 0" 
POUNDS OF 

LEAD'" 051 
VALUE AT OF TOTAL 

.10/0Z. PRODUCED 

16330776 2318567 
36131871 5250659 
36967803 5309057 
21221264 3351047 
10167621 1865830 

9999912 1651220 
6580909 1141304 
4959184 666667 
5170213 681618 
2154255 320513 
4628571 666667 
5519864 784477 
4562069 · 597561 
4673077 608108 
2448900 454545 
3738462 468750 
315731529 500000 

20784735 1877573 
35008475 2771738 

6750000 518868 

VALUE AT 
'.50/ L8 • 

1158284 
2625330 
2654529 
1675523 

932965 
625610 
570652 
333333 
340909 
160256 
333333 
392238 
298780 
304054 
227273 
234375 
250000 
938787 

1385870 
259434 

TOTAL 
CURRENT 

VALUE OF 
PRODUCTION 

23771615 
52413588 
5371 B 17 4 
30704547 
14841472 
14404363 
12006264 

6916061 
7136666 
2991822 
6587449 
7739891 
6188377 
6196289 
3488945 
4785609 
4636302 

25894695 
43302907 

6499516 
---------------------------------------------------------------------------------------------------------------------

TOTAL 28400000 1 82356 76942429 24338159 243381589 31805070 

52.28 

15902535 336226552 

AVERAGE/TON···· 0.32 126.48 40.01 400.07 26.14 552.69 
~===C===C===CC===CC=C=C===========~===CC=C~CR=CCC=C===cece:eccce:::::::::::::::::::::::::::::=::=::=:==::=::=e====:=: 

·"UNPU8LISHEO FIGURES & ESTIMATES COMPILED 8Y J.8. TENNEY FROM OLD COMPANY REPORTS", ARIZONA 8UREAU OF MINES, 
GEOLOGICAL 6ERIES, NO. 10, 8ULLETIN NO. 143 (8UTlER & WILSON) 

.·AS REPORTED BY 8UTLER & WILSON, "THE PRODUCTION OF THE TOHBSTONE DISTRICT 8Y VALUE WAS ABOUT 811 SILVER, 141 GOLD 
ANO SI LEAO, WITH MINOR COPPER ANO MANGANESE". THE METAL PROOUCTION IN THIS TA8LE WAS CALCULATEO BY MULTIPLYING 
THOSE PERCENTAGES 9Y TOTAL DOLLAR PROOUCTION, AND THEN DIVIOING THE RESULTING FIGURE 8Y THE METAL PRICE FOR THAT 
YEAR TO YIELD A CALCULATED PROOUCTION IN TROY OUNCES, OR POUNDS. 

···INCLUOEO ARE SOME TRACES OF COPPER, MANGANESE & ZINC PROOUCTION. 

····ASSUME TONNAGE HINEO FROM 1879 TO 1907 EQUAL TO THAT FROM 1908 TO 1934 - S08345 TONS 

-e~ -

James A. Briscoe & Associates, Inc. 
Tucson, ArizonZl 

Prepared by James A. Briscoe © Copyright. 1982 by Jim .. A. 8,ileoo & Associlt.'.lne. 
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PRODUCTION OF THE TOMBSTONE MINING DISTRICT 
1008 TO 1934· 

. ' 
CALCULATED TO CURRENT VAWES - 1400 GOLD, .10 SILVER, 11.00 COPPER, I.SO LEAD & 1.40 ZINC 

e' e' 

========e==c===-----=========:e=====~c:c=:cc~~=====c==~=_===;;==================---=e:~=:==~r=rr_-

TOTAL 
GOLD VAWE AT SILVER VALUE AT COPPER VALli: AT LEAD VALUE AT ZINC VALli: AT CURRENT 

YEAR TONS (WNCES) 1400/0Z. (WNCES) 110/0Z. (POUNDS) 11.00/LB. (POUNDS) I.SO/LB. (POUNDS) 1 . 4O/LB. VALli: 

1009 51266 4106 1642304 357414 3574140 7609 7608 1770794 9B5397 173313 69325 6179774 
1009 27123 2280 91 1932 201700 2017000 27706 27706 1535637 76781 9 713116 285246 4009603 
1910 4619 1062 424712 116520 1165200 31163 31163 305876 152938 0 0 1774013 
1911 8797 2155 862196 224098 2240980 68209 68209 9112010 491005 0 0 3662300 
1912 7405 1363 545272 158377 1583770 27723 27723 617820 308910 0 0 2465675 
1913 5760 1230 491824 126392 1263920 10057 10657 334923 167462 36503 14601 1949464 
1914 5063 1380 552144 109868 1088600 14217 14217 234345 117173 39324 15730 1787943 
1915 0003 1216 486404 100115 1001150 36075 36075 164136 82008 63386 25354 1631051 
1916 57200 3850 1580144 343453 3434530 131546 131546 983983 491992 0 0 5638212 
1917 57474 3373 1349220 444139 4441300 229488 229488 1278754 639377 0 0 6659475 
1918 19507 1389 5557110 283412 2834120 41503 41503 457183 228592 0 0 3659975 
1919 27445 1946 778328 450366 4503660 2110182 200182 289424 144712 0 0 5716892 
1920 28846 1788 715104 456855 4568550 1«010 144010 243846 121873 0 0 5549637 
1921 18594 1057 422632 423688 4236800 132688 132686 678846 339473 0 0 5131673 
1922 44347 2322 828980 613700 6137000 196740 196740 744529 ' 372265 0 0 ' 7634935 
1923 32770 3093 1237040 485943 4009430 1B5485 185485 455914 232007 0 0 6624912 
1924 15448 2459 983456 24764f! 2476420 72836 72836 455323 232662 0 0 3765374 
1925 27760 2677 1070092 241381 2413810 77340 77340 1527019 763510 32592 13037 4338368 
1926 47708 2900 1195860 2205i9 2205700 113476 113476 1970986 935483 0 0 4500619 
1927 31196 2459 983456 169944 1699440 68867 68867 900178 450089 0 0 3101652 
1928 24172 2297 918844 164161 1641610 135643 135643 247316 123658 0 0 2818555 
1929 15601 1671 668216 99423 994230 86793 867m 643617 421909 0 0 2171148 
1830 8734 1875 741Bl0 74m7 74m70 32903 32903 936862 468431 0 0 2000504 
1931 15823 2204 881566 101504 1015040 62440 82440 476814 238407 0 0 2187455 
1932 5007 "4B5 184096 "411021 4110210 24810 24810 1166700 583350 0 0 1292466 
1833 7016 1441 676454 100323 1003230 27875 27875 1744270 972135 0 0 2479704 
1934 3701 3706 1482448 296737 2967370 70612 70512 2400324 1200162 0 0 5720492 

TOTAL 608345 57971 23188596 6659692 66596920 2358400 2358485 23767829 11983915 1058234 423294 104451219 

AVE RAG E/TON 0.10 38.12 10.00 109.47 3.88 3.98 39.07 19.53 1.74 0.70 171.70 

=~~~~:c2:=Z:~---== r;~==c==c~r--=~--~=~=~- ==r-

.AS RECORDEO IN "THE KItERAL RESWRCES OF THE UNITEO STATES" 

AVERAGE VALUE PER TON AT CURRENT PRICES (EEE ABOVE) - '104,451,219 
1171.70/TON 

606,345 

e, -

~ 
James A. Briscoe & Associates, Inc .'q 
Tucson, Arizona 

Prepared by.James A. Briscoe 
© Copyl lght, 1982 by J.mes A. Briscoe & Associates , Inc 
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PRODUCTION OF THE TOHBSTONE HINING DISTRICT 
1935 TO 1936" 
CALCULATED TO CURRENT VALUES - $400 GOLD, .10 SILVER, ,,.00 COPPER, '.50 LEAD, '.40 ZINC 

.' .~' 

====&==~.c.c=c======c=cc==========ccc==============c==========c========= •• c=======_==&======_=========x======c===c==:==:: 

YEAR TONS 

1935 12907 
1936 930S 

---------
TOTAL 22212 

AVERAGE/TON 

GOLD 
(OUNCES) 

3450 
2925 

---------

6375 

0.29 

VALUE . AT 
UOO/OZ. 

1380000 
1170000 

---------
2550000 

114. BO 

61 LVER 
(OUNCES) 

243DB7 
147218 

---------
390305 

17.S7 

VALUE AT 
• 10/0Z. 

2430B70 
14721BD 

---------
39030SD 

17S.72 

COPPER 
(POUNDS) 

103574 
53962 

---------
157536 

7.09 

VALUE AT 
'1.001 LB • 

103574 
53962 

---------
157536 

7.09 

LEAD 
(POUNDS) 

222B2BB 
969017 

---------
319730S 

143. B4 

VALUE AT 
L50/LB. 

1114144 
484509 

---------
1598653 

71.97 

TOTAL 
CURRENT 

VALUE 

5028588 
31B0651 

---------
B209239 

369.59 
=_.==_=:ccc.:::::::==:::::::::::::::::_ ••• ::::==::=:=:=cc=c=:=ccc=e=::==:::::::_.:::=:::=: •• ==:=::::=:====:======:===c::: 

"AS STATED BY THE TOMBSTONE DEVELOPMENT CO. , THE TOMBSTONE MINING CO. 

James A. Briscoe & Associates, Inc. ~ 
Tucson, Arizona 

Prepared by James A. Briscoe 
© Copyrlghl , 1982 by Jim •• A, 8rlseoo & Assoeill" , Ine , 
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TOMBSTONE EXTENSION AREA 
PRODUCTION STATISTICS OF THE TOMBSTONE MINING CO. FOR THE TOMBSTONE EXTENSIQN AREA - 1930 TO 1937 
CALCULATED TO CURRENT VALUES - 5400 GOLO, .10 SILVER 6. L50 LEAD 

E.CC&CC •• C:CCC:CC:CCC=:=:==:C:C=CC===.CC=CC===C~=C;=C.:c==c==:====~========c:==:=:======c=======.=c=========cc:::=::=:::: 

OPERATOR 

TOMBSTONE MINING CO. 

1930 
1931 
1932 

HAYWARD 6. RICHARDS 

1933 

A. S. 6. R. 

1933 
1934 

HOLT 6. D'AUTREHONT 

1934 

HASSELGREN 6. 
O'AUTREMONT 

1935 

CARPER LEASE 

1935 

TOMBSTONE HINING CO. 

1935 
1936 
1937 

HACIA LEASE 

1936 

GALLAGHER LEASE 

1938 

WET TONS 

2910.78 
311 .66 

2482.88 

795.00 

3041.00 
2018.00 

1195.01 

2308.64 

196.71 

118.50 
80.78 

451.05 

96.48 

65.37 

DRY TON6 

2759.84 
289.69 

2348.69 

747.31 

2819.38 
2006.20 

1123.03 

2164.36 

183.35 

110.02 
75.93 

412.48 

88.96 

56.63 

GOLD 
(OUNCES) 

204.60 
44.21 

225.56 

60.27 

224.14 
116.38 

79.38 

79.86 

8.U 

2.49 
2.36 

27.55 

3.56 

4.14 

VALUE AT 
... OO/OZ. 

B1B40.00 
17684.00 
90224.00 

24108.00 

89656.00 
46552.00 

31752.00 

31944.00 

3256.00 

996.00 
944.00 

11020.00 

1424.00 

1656.00 

SILVER 
(OUNCES) 

21996.64 
5800.71 

32392.00 

9093.00 

VALUE AT 
'10/0Z. 

LEAO 
(POUNDS) 

219966.40 887952.45 
58007.10 232098.67 

323920.00 1226722.00 

VALUE AT 
L50/LB. 

TOTAL 
GROSS .. 
VALUE 

443976.23 745782.63 
116049.34 191740.44 
613361.00 1027505.00 

90930.00 336810.00 168405.00 283443.00 

37840.00 378400.00 1145565.00 572782.50 1040838.50 
19836.00 198360.00 726559.00 3S3279.50 608191.50 

15796.27157962.70553991.48276995.74466710.44 

27055.81270558.10842762.11421381.06723883.16. 

2421 .26 

961 .49 
648.74 

4437.05 

983.88 

1228.01 

24212.60 

8614.90 
6487.40 

44370.50 

9836.BO 

122BO .10 

88951.82 

39143.48 
21970.27 

167949.24 

36054.80 

29203.22 

44475.91 

19571.74 
10985.14 
83974.62 

18027.45 

14601.61 

71944.51 

30182.64 
18416.54 

139365.12 

29288.25 

28537.71 
=c===::=::::::::=:::=:::==::::::a:::.:::::::::::=::=::cc=e========::====::::===:::::==:=::==:::=::=::========c=::====::== 

TOTAL 15081.86 15195.&5 '1092.64 433056.00 180490.66 1804906~60 6335733.64 "3167866 . 82 540~929.42 

AVERAGE/TON 0.07 28.50 11 .8B 1:' 8 ~ ;' B 416.94 20B.47 355.75 
=cc=====::::==:=::=::==:===:==:=:=::==:::==:=============e=====:===:=:=:==:==:===::==::====:==::::===:===:====::::==:=:== 

AVERAGE VALUE PER TON AT CURRENT PRICES (SEE A80VE) - $5,405,829.42 

15,195.65 
S355.75/TON 

James A. Briscoe & Associates, Inc. ~ 
Tucson, Arizona 

Prepared by James A. B riscae © CopyrlgM. 1982 by Jim .. A. Brisco. & Associ ..... Inc . 
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GENERAL GEOLOGY OF THE DISTRICT 

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

The Tombstone area itself has 
history, which includes sedimentation, 
explosive acid volcanism and caldera 
several stages of intrusion by igneous 
from hydrothermal solutions between 72 

had a complex geologic 
folding, thrust faulting, 
formation and resurgence, 
rocks and mineralization 
m.y. and 63 m.y. 

Basement rocks are Precambrian granodiorite and Pinal 
schist. Over this are deposited . approximately 5,000 feet of 
Paleozoic sediments consisting, for the most part, of limestone. 
Mesozoic sedimentation includes the Bisbee Formation consisting 
of plus 3,000 feet of sandstones, shales, mudstones and minor 
limestones near the base. 

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

There must have been a profound structural weakness at the 
current location of the Tombstone Hills, because'. Laramide vol­
canism appears to form · a focus at Tombstone, with relatively 
smaller effect on the surrounding terrain for a distance of 20 
or more · miles. Laramide surface volcanism began with the extru­
sion of the Bronco volcanics, comprised of lower andesite flows 
and breccias, overlain by rhyolitic tuffs and flows (Newell, R • 
A., 1974, p. 40-41). Examination by the writer suggests that 
these rhyolites, at least in part, may be a series of coaleSCing 
rhyolite domes, as they exhibit contorted flow, and in places, 
flow breccia structures. The Bronco andesites, which were 
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extruded as flows, flow breccias and probable lahars, are of the 
Silverbell type. Extruded over the Bronco . volcanics is the 71.9 
±2.4 m.y. (Drewes, 1971) old Uncle Sam quartz latite tuff. The 
extrusion of the tuff, which probably started issuing forth from 
the area of the Bronco Hills, resulted in partial evacuation of 
the underlying magma chamber and caldera collapse, with later 
resurgent exhalation of more quartz latite tuffs. The current 
Ajax fault, with some 5,000 feet 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 Grano­
diorite southwest of Tombstone. Additional apophyses of 
Schieffelin Granodiorite intruded along the caldera margin at 
Bronco Hill; near Fairbank, and on the west side of the San 
Pedro River on the Ft. Huachuca Military Reservation. These 
probable intrusions are thought to be the source of aeromagnetic 
anomalies prominent on the aeromagnetic map in Figure 16. The 
Prompter and Horquilla faults may, in part, be radiating expan­
sion fractures due to the initial doming before the extrusion of 
the Uncle Sam tuff and resurgence thereafter. Several episodes 
of explosive eruptions are indicated by multiple cooling units 
of Uncle Sam tuff, best exposed in the Charleston area. Geo­
thermal convection cells circulating along fractures in the 
cooling volcanic and related plutonic rocks at depth, gave rise 
to the current cqpper, molybdenum, lead, zinc, silver and gold 
mineralization centers within and adjacent to the caldera. 
Phreatic (steam) explosions and venting probably gave rise to 
the breccia pipes in the Robbers Roost-Charleston Lead mine 
area. Deep exploration drill holes in this area confirm unex­
posed apophyses (cupolas) of porphyritic quartz monzonite below 
these altered areas - the probable driving mechanism for both 
hydrothermal fluidization of the breccia pipes as well as 
mineralization. Interestingly, Mr. David Sawyer, Stanford PhD. 
candidate, mapping the Silverbell mineral-volcanic complex for 
his dissertation, has found it to be a caldera complex ' (1984, 
pers. comm.). The sequence - Silverbell andesite, dacite, Mt. 
Lord ignimbrite, is the same type and sequence of extrusives as 
present at Tombstone, i.e., the Bronco andesites, Bronco rhyo­
lite, and Uncle Sam tuff. At Silverbell, quartz monzonites 
intrude the cauldron fault, to be later mineralized by copper, 
molybdenum, silver, lead and zinc bearinq hydrothermal 
solutions. At Silverbell, the volcanic complex is Laramide­
approximately 65 m.y. old. 

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

As pointed out by Livingston et ale (1968, p. 30), "15 of 
the 16 known porphyry copper deposits in Arizona are intimately 
related to the late-Cretaceous or early-Tertiary plutons of the 
Laramide (75 to 55 m.y.)", and of these fifteen deposits, ten 
had dates between 55 and 65 m.y., and only two had dates greater 
than 70 m.y. The importance of determining the age of the 
Tombstone mineralization is thus clearly defined (Newell, 1974, 
p.73). If the mineralization or at least some of the minerali­
zation centers at Tombstone can be shown to be contemporaneous 
with other productive porphyry copper deposits in the surround­
ding area, then the long term potential for deeper mineraliza­
tion would be enhanced. Confirmation that all or some mineral 
centers at Tombstone were .related to the older 72 m.y. early 
Laramide phase of mineralization would suggest a lower copper, 
higher lead-zinc resource, and lower potential for intersecting 
a copper molybdenum deposit at depth (Keith, 1985). It is thus 
important that additional samples carefully collected from tar­
get mineral zones be taken and accurately age dated to determine 
the age of the mineralizing system. Additionally, key rock 
units such as the rhyolite dikes intruding the State of Maine 
area should also be age dated. 

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

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

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

/ 

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

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: 
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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. 20 S., R. 22 E.). 

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

5. Intrusion of the north-trending andesite porphyry 
dikes. Evidence: 

a. The dikes cut folds within the Bisbee 
Formation. 

b. The dikes occur in sedimentary rocks which 
contain the Schieffelin Granodiorite at 
depth. 

c. The dikes do not cut the Schieffelin 
Granodiorite. 

6. Intrusion of the Schieffelin Granodiorite. 
Evidence: 

a. The granodiorite cuts the Ajax Hill fault. 
'. 

b. The Schieffelin is less siliceous than the 
Uncle Sam Tuff. 

c. Creasey et ale (1962) dated the granodiorite 
at 72 m.y • 

7. Renewed movement along the Prompter fault. 
Evidence: 

.' 

,. 
/ 
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a. The Prompter fault cuts andesite porphyry 
dikes. 

b. The Prompter fault offsets the Ajax Hill 
faul t. 

8. Emplacement and extrusion of the Uncle Sam Tuff. 
Evidence: 

a. The Uncle Sam Tuff cuts the Bronco volcanics 
(sec. 28, T. 20S., R. 22 E., and sec. 25, T. 
20 S., R. 21 E.). 

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. 

3. 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 lati te porphyry. 
Evidence: 

a. The quartz latite porphyry cuts the Bronco 
Andesite. 

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

10. Emplacement of the granophyre. Evidence: 

a. The granophyre intrudes the Ajax Hill fault. 

b. The granophyre is intensely altered, and this 
may be due to the emplacement of the 
rhyodacite. 

11. Emplacement of the rhyodacite. Evidence: 

a. The rhyodacite intrudes the Ajax Hill fault. 

./ 
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12. 

13. 

14. 

15. 

16. 

b. The rhyodacite intrudes the Uncle Sam Tuff. 

c. The rhyodacite probably altered the 
granophyre. 

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. 

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

Introduction of hydrothermal solutions and 
formation of the base-metal and silver depostts 
at Charleston and at Tombstone. Evidence: 

a. Hornblende andesite dikes are hydrothermally 
altered (Charleston lead mine; sericite date 
74.5t 3 m.y., Appendix I). . 

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

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

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 ale (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. 

/ 
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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 
faul t 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 al., 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. Quarts 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 40 degrees 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 and Rasor, 
1938, p. 37). 

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

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

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

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

2. Folding of the Bisbee Formation in the central portion 
of the Tombstone district - the folding is probably 
district-wide at least, and maybe regional. Evidence: 

a. The Tombstone basin is bounded on the west by the 
Ajax Hill fault. 

b. Fold trends are cut by the Schieffelin 
Granodiorite, which also cuts the Ajax Hill fault. 

c. Isoclinal folds in basal Bisbee group sediments, 
north of the Uncle Sam shaft • 

3. Extrusion of the Bronco Andesite, followed by extrusion 
of the Bronyo 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. 20 S., R. 22 E.). 

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. 

/ 
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b. The dikes occur in sedimentary rocks which contain 
the Schieffelin Granodiorite at depth. 

c. The dikes do not cut the Schieffelin Granodiorite. 

5. Explosive acid volcanism - extrusion of the Uncle Sam 
Tuff. followed by caldera collapse and resurgence. 

a. The Uncle Sam Tuff cuts the Bronco volcanics (sec. 
28, T. 20S., R. 22 E., and sec. 25, T. 20 S., R. 
21 E.) . 

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

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

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

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

6. Movement along the Ajax Hill fault following caldera 
collapse - 5 above. Evidence: 

a. The Ajax Hill fault cuts the Prompter fault. 

b. The Ajax Hill fault is cut by the Schieffelin 
Granodiorite. 

c. The Ajax Hill fault bounds the western 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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b. The quartz latite porphyry is compositionally very 
similar to the Uncle Sam Tuff. Note: The quartz 
latite porphyry is probably an equivalent of the 
Uncle Sam Tuff, but textural evidence suggests the 
porphyry did not vent to the surface. 

9. Intrusion of the Schieffelin Granodiorite. Evidence: 

a. The granodiorite cuts (intrudes) the Ajax Hill 
fault. 

b. (?)The Schieffelin is less siliceous than the 
Uncle Sam Tuff(?). 

c. Creasey et al. (1962) dated the granodiorite at 72 
m.y. 

10. Emplacement of the granophyre. Evidence: 

a. The granophyre intrudes the Ajax Hill fault. 

b. The granophyre is intensely altered, and this may 
be due to the emplacement of the rhyodacite. 

11. Earliest fracturing along the northeast-trending 
fissures. Evidence: 

a. The fissures cut the Uncle Sam Tuff. 

b. The fissures are intruded by hornblende andesite 
dikes. 

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

13. Emplacement of the rhyodacite. Evidence: 

a. The rhyodacite intrudes the Ajax Hill fault. 

b. The rhyodacite intrudes the Uncle sam Tuff. 

c. The rhyodacite probably altered the granophyre 
(and related alteration of the hornblende andesite 
dikes above). 
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14. Introduction of hydrothermal solutions and formation 
of the base-metal and silver deposits at Charleston 
and at Tombstone. Phreatic (steam) 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 and Wilson, 1942, 
p. 201). 

c. Alteration along the Contention dike yielded a 
potassium-argon date of about 72 m.y. (Gustaf son, 
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. 

15. Emplacement of Extension quartz monzonite por phyry • . 
Evidence: 

a. Potassium-argon (hornblende) of 62.8 ± 2.6 m.y. by 
Briscoe/Drewes. 

16. Emplacement of the rhyolite porphyry, ahd 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 ale (1962) obtained a potassium- argon 
date of 63 m.y. for the rhyolite. 

52. 



,I 

I. 
I 
Ie 
I 
Ie 
I 
I 

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 miner~lization 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 al., 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. Quarts veinlets were observed paralleling the ore 
fissure which cuts the rhyolite dike west of 
Military Hill. 

19. Renewed movement along the Prompter fault. Evidence: 

a. A rhyolite porphyry dike is cut and offset left 
laterally about 200 ft. by the Prompter fault 
system. The Free Coinage vein in the State of 
Maine area is offset 200 feet left laterally by 
the northern bifrication of the Prompter fault 

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

20. Partial district tilting to the northeast possibly 
associated with the northwest faulting. Evidence: 

a. Quaternary (?) conglomerate beds along Walnut 
Gulch dip 40 degrees 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 and Rasor, 1938, p. 
37) • 
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21. Emplacement of the basalt and phonolite in Walnut 
Gulch. Evidence: The basalt cuts Tertiary and 
quaternary (?) gravels. 

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

.one mile northeast of Tombstone. 
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SURFACE GEOLOGY IN THE STATE OF MAINE AREA 

General Background 
================== 

Author's Previous Work in the Area 

The author's first professional geologic work in the 
Tombstone District and the State of Maine area, took place in 
1973, when he was engaged by 1971 Minerals, Ltd. to undertake a 
geologic evaluation of the State of Maine mine area, in order to 
delineate mineral targets that would relate to production 
anticipated from the State of Maine workings and processing of 
gob from the old stopes. Since it appeared that potential was 
for relatively small but rich bonanza-type ore bodies, it was 
felt that a detailed map would be required. The first order of 
business was to obtain an accurate topographic map at a scale of 
1" = 200' with five foot contour intervals. 

Base Map Preparation, 1973 

The b~se triangulation survey for the 1973 base map was 
surveyed by Florian and Collins, civil engineers from Tucson, 
Arizona. Elevation control was tied to the state survey, using 
the bench mark at the Public Library at Tombstone. Primary 
control points were surveyed using theodolites and a Hewlett­
Packard di~tance measuring device. The survey is first order in 
nature and · adheres . to minimum government specifications. In 
addition to the primary control points, all identifiable claim 
monuments and posts were targeted with white, 24 inch wide 
butcher paper, in the form of a "Y", with the monument in the 
center and legs extending outward 10 feet in length. In 
addition to claim monuments, fence corners, ·other property 
boundaries of interest, and some power poles were thus targeted. 
Probably at least 200 points were so identified. The area was 
then flown by Cooper Aerial Survey and photographed with black 
and white film using a Wild RC-IO mapping camera. The map was 
compiled using Kelsh plotters. Each of the t~rgeted claim 
monuments and other points of interest were surveyed on the 
Kelsh with their location and elevation being noted to the 
nearest one-half foot. Thus, in addition to the topographic 
lines, there are numerous permanent points of reference scatter­
ed throughout the map area. Patent corners of the patented 
claims were thus accurately located, and claim lines were 
plotted on the map. Topographic features were scribed on mylar 
scribecoat and a screened mylar, right-reading base map sheet 
was then photographically reproduced from the scribecoat master. 
The scribecoat master remained on file at Cooper Aerial. 
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Base Map Update, 1985 

When the author was engaged by Tombstone Silver Mines, Inc. 
to review the geology of the area, so many changes had taken 
place with regard to roads and . other culture, particularly in 
the northwest quarter of Section 16, which covers the primary 
operatings of the State of Maine Mining Company, a new . updated 
map was required. Unfortunately, the control points surveyed in 
1973 by Florian and Collins were marked with wooden stakes and 
these could no longer be located. Thus, another triangulation 
control base tied to the state coordinate system was put in by 
Moria Surveying of Tombstone. Again, theodolites and distance 
measuring equipment was used for first order survey. Claim 
corners not targeted in 1973, were targeted again with white, 24 
inch wide butcher paper, with legs fifteen feet long. All drill 
holes that COUld'. be located were targeted wi th butcher paper 
also. Where drill holes were closely spaced and lay in a line, 
the end drill holes were marked with a "Tn, and the intervening 
drill holes were marked with a twenty-four inch square sheet of 
butcher paper. Adits were also marked with a "Y" symbol, the 
ny" aligned along the direction of the adit. The collars of 
shafts were also marked because in 1973, with the Kelch then in 
use, it was difficult, if not impossible, to determine black 
mine shafts from · dark colored surrounding mesquite bushes. It 
turned out that with new color photography, which was used for 
mapping, combined with new optical plotters, vertical mine 
openings could be seen without difficulty, without the expense 
of targeting paper. 

Cooper Aeri~l re-flew the area at two scales. One. flight 
line which covered the desired width was flown at 1:12600 (In = 
about 1,000'), while another set of photos was flown at the 
larger scale of 1:6,000 (In = 500). This was done so that as 
the need might arise, a topographic map at a scale of In = 50' 
with a two foot contour interval could be prepared of any area 
within the over flight zone. Initially, the northwest quarter 
of Section 16, where all mining and exploration activity of 
significance in the previous decade had taken place, was to be 
mapped at this larger scale, as well as the smaller scale, wider 
coverage map at 1" = 200' with five foot contour intervals. 
Coordinates used on the 1973 vintage map were arbitrary, while 
on the 1985 vintage map, the state coordinate system was used so 
that it could be compared with other map data within the dist­
rict. Cooper was able, using their sophisticated computerized 
equipment, to re-calculate their original photo control points 
and re-position the coordinate system to correspond to the state 
coordinate system. They then updated areas of change without 
the necessity of re-drafting the entire map, thus saving a 
substantial expenditure. The fifty-scale map of the northwest 
quarter of Section 16, was actually drawn from the plotting 
equipment at a scale of 1" = 100', and photographically enlarged 
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two x, without loosing the required accuracy. Both topographic ' 
maps were scribed on mylar scribecoat material, from which 
photographic reproducible mylar copies were made. The topogra­
phy and other data on the scribecoat master was screened 80% 
during printing so that annotations on the base map would not be 
confused or obscured by the base map information. The scribe­
coat mylar masters remain on permanent file at Cooper Aerial 
Survey, from which additional, right-reading photo mylar base 
maps can be produced. 

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

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

Once the topography was completed, two rectified color 
photo enlargements at a scale of 1" = 50' were matched as 
closely as possible to the fifty-scale topographic map. These 
enlargements, from negative 3-5, overlap in the center, but 
cover the active mining areas in the northwest quarter of 
Section 16. Although the match is not perfect because of 
distortion due to elevation differences, parti cular.;I.y over Uncle 
Sam Hill, the match is close enough so that data can readily be 
transferred from the color photo to the fifty-scale base map. 
The resolution on these color photo enlargements is excellent, 
both in clarity of surface features, as well as color rendition, 
particularly of alteration patterns and red earth tones due to 
oxidizing sulfides. Features as small as a two-foot clump of 
grass, telephone poles and even telephone lines, fences, as well 
as drill hole markers of the 24" X 24" sheets of butcher paper, 
can easily be seen. A rough count suggests that for each 30" x 
30" photo, there are some 45,000 points of reference. 
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Geologic Mapping Methods, 1973 

In 1973, black and white photos enlarged to a scale of 1" = 
200', were used in field mapping~ The geologic features were 
then transfered to the topographic base map. The technique of 
geologic outcrop mapping was employed. That is, only features 
that were actually seen in outcrop were plotted on the map. 
Little or no interpretive information has been added to the base 
geologic map. Further, actual rock outcrops were shown in the 
original 1973 colored map in a darker color, while talus-covered 
slopes on which bedrock was indicated by the presence of only 
one type of rock detritus, but in which no actual outcrops were 
present, are indicated by lighter colors. For the most part, it 
was impossible to trace small vein or dike features through 
areas of detrital cover. To aid in -exploration, numerous bull­
dozer roads and cuts were put in, an effort being made to 
anticipate future drill sites. 

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

Geologic Mapping Methods in 1985 

In 1985, updating of the 1973 vintage map began first by 
photo interpretation using a mirror stereoscope of the In = 
1,000' and 1" = 500' scale color air photos, where in 1973, only 
black and white photos were used. Because of the color of 
alteration zones, which ranged from red to -white, depending on 
the amount of limonite in outcrop, veins as well as large areas 
of alteration could be precisely mapped. This was not possible 
in 1973. Better stereo equipment, as well as transparent 
inkable mylar overlays and colored permanent marking pens, which 
were not available in 1973, also made photo interpretation 
easier and more efficient. Photo interpretation on this new 
photography had one at three different scales and ~wo different 
ways. First, both the In = 1,000' and In = 500' photography was 
examined with a mirror stereoscope, both with 5X binoculars, and 
without binoculars. Rock types, alteration features, fault 
zones, vein zones, prospect pits and mine shafts, were annotated 
onto transparent overlays on the photo. Also, color photo 
enlargements at a scale of In = 50', matched to the topographic 
map of that area, were prepared. At this scale, the same type 
of features could be mapped much more precisely. A more detail­
ed description follows: 
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Stereo Photo Interpretation of 1" = 2,000' and 1" = 1,000' 

photography 

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

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

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

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

Five-Hundred Scale Photography 

On the 500 scale photography, the same features identified 
over a broader area are seen in sharper detail. A vegetation 
alignment passing through the Charlou office trailer was noted, 
although the same feature was overlooked on the smaller scale 
photography. Alteration patterns could be more closely defined 
so that their outcrop can be more precisely plotted. 
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1" = 50' Color Photography Matched to Topography 

Two 30" X 30" blow ups were made from the 1:6,000 scale 
negatives, covering about 75% of the northwest quarte~ of 
Section 16 - the area of active mining. This photography could 
not be examined in stereo view (because of the lack of a stereo 
pair, though the scale would make it unwieldy), but was used for 
both office interpretation and for a field base map for in-field 
follow up. The photograph was securely stapled to a 1/4" ply­
wood board with strap for carrying. A sheet of inkable 
Stabalene mylar was then stapled over the photograph. Itoya­
Nikko fine point system permanent ink disposable drafting pen in 
black, and Stabilo (German) overhead projection waterproof 
(permanent) colored pens were used to annotate features onto the 
transparent overlay. These pens, I might add, were also used on 
the 9 x 9 photos. All cultural features, including fence lines, 
power poles, bushes and grass clumps more than a foot in diame­
ter, as well as boulders and power lines were all visible to a 
greater or lesser degree, and could be used for navagational 
points. Further, since most drill holes had been targeted with 
two foot squares of white butcher paper, these could also be 
easily identified. Alteration patterns in both outcrop and as 
soil coloration in sub-outcrop, and by both color and reflectiv­
ivity in trenches, could be closely identified and plotted. , In 
fact, a rough count suggests approximately 45,000 such reference 
points on the 30 X 30 photograph. The fine color quality 
allowed the plotting of subtle tonal and color variations 
representing similar subtle variations in alteration, limonite 
(after pyrite), and it is assumed corresponding precious metal 
indicators. As a result, great detail on the delimitation of 
vein zones and alteration features, in addition to the cultural 
features, could be obtained. On completion of field mapping 
with this photo (though further work will probably reveal 
additional data), the geology was digitized on the CAD (Computer 
Assisted Drafting) system, and plotted on a mylar overlay at 1" 
= 50'. On overlaying this plot onto the topographic map, it was 
found that at this scale, there was about one inch of distortion 
across the photograph, primarily going upslope towards Uncle Sam 
Hill. On re-plotting at I" = 200', it was found that errors at 

. this scale were not significant. Since no opti~al lens, color 
air photo can be matched exactly to a planometric topographic 
map, this map distortion was not unexpected and the usefulness 
of the photography for this detailed geologic mapping can 
certainly not be negated. 

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

After photo interpretation of the smaller scale color 
contact print stereo pairs at both scales, the 1" = 50' color 
enlargements matched to the topography in the northwest quarter 
of Section 16, were interpreted. By using all three scales of 
photography, large features crossing the district could be 
identified on the fifty-scale photography, which features visi­
ble on the fifty-scale photography could be cross referenced to 
the 500 and 1,000 scale photography. 

Computer Assisted Drafting Equipment 

Recent advances in micro-computer technology has reduced 
the cost of computer assisted drafting to make it affordable to 
relatively small companies. The author has been investigating 
various CAD (Computer Assisted Drafting) systems for the pre­
vious year, and when the project was presented for the Tombstone 
Silver Mines, Inc. properties in Tombstone, it was recommended 
that a CAD .system be used to reduce the drafting and calculation 
requirements for ore reserve and geologic evaluation. There­
fore, Charlou Corporation purchased a CAD system, consisting of 
a Tandy 2000 computer with a 20 megabyte hard disk, a Houston 
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Instrument CD size plotter, a Hewlett-Packard 17" X 24" digiti­
zer, and an AUTO-CAD software system by AUTO DESK, Inc. This 
equipment, costing approximately $10,000, provides state-of-the­
art micro-computer CAD drafting and calculating facilities. It 
is operated by geologist, Bailey Escapule. All geologic, survey 
and ore reserve data has or is in the process of being entered 
into this system. A sUbstantial reduction in total drafting 
time, as well as a vastly more flexible method of manipulating 
map data is possible with this system. For example, maps can be 
entered at a very large scale, and reduced to a very small 
scale, or conversely, entered at small scale and enlarged to 
extremely large scale. A map can be printed at any scale 
desired. It s immediately obvious that original maps at differ­
ent scales can be entered into the computer and then combined to 
form one composite map. Measurements can be entered into the 
computer accurately for four decimal places, and again printed 
out at any required scale. Measurement of the areas irregular 
areas can be accomplished within a few moments by the computer. 
It is anticipated that during the exploration and operating 
phases, all maps and cross sectional data can be entered into 
the computer, cataloged on its data base management system, and 
retrieved and manipulated at will. This will substantially 
reduce the engineering man power required, and thus, engineering 
management costs. 

Both the 1973 geologic map 
area, and the more recent data on 
ment base has been entered into 
form the map presented in Figure 
30, has also been produced by the 

data over the State of Maine 
the fifty-scale photo enlarge­
the computer and combined to 
29. The cross section, Figure 
CAD system. 
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Sedimentary Rocks 
----------------------------------
Quaternary Alluvium 

Quaternary alluvim consisting, for the most part, of stream 
wash, is located in valley bottoms. The thickest accumulations 
of Quaternary alluvium occurs in the north-trending drainage 
directly east of the Free Coinage claim where it is probably ten 
to a few tens of feet thick. In this area, it obscures the 
contact between Bisbee Group sediments and Uncle Sam tuff. It 
is locally up to 15 or more feet thick in the Fox Ranch area, as 
indicated by scraper cuts. However, in the rema1n1ng wash 
areas, it is probably 5 feet or less in thickness. The contact 
of the alluvium with bedrock is generally arbitrary and marked 
with a dashed line on the geologic map. There was insufficient 
time in this study to m~p in detail all of the small outcrops 
within the stream drainage areas marked Quaternary alluvium on 
the map. In the Fox Wash area in particular, there are numerous 
windows of bedrock sticking through alluvium. 

Bisbee Group Sediments 

The great preponderance of sedimentary outcrops within the 
bounds of the State of Maine geologic map are nondescript 
Bisbee Group sediments -- probably equivalent of the Morita and 
Cintura formations as described in the Bisbee area. The sedi­
ments can generally be characterized as red bed units consisting 
of sandstones, quartzites, and arkosic sandstones, shaley mud­
stones, and shales (Figure 27). Over most of their exposures 
within the map area, these sediments are soil covered, the rock 
type indicated only by , detrital fragments. Because of this 
rapid weathering to soil j few exposures show sufficient bedding 
to determine strike and dip. Where seen, divergent attitude of 
bedding precludes meaningful comment regarding the detailed 
structure of Bisbee Group sediments in this area. It is 
suggested by regional aspects, however, that the beds are 
generally tilted to the east so that by progressing in a wester­
ly direction, the base 0'£ the unit is approachea. This idea is 
reinforced by the presence of limestones cropping out north­
northwest of the Free Coinage claim (about 1,600 feet north of 
the Uncle Sam shaft), and, also exposed in the window in the Fox 
Ranch area. These limestone units are probably corelative of 
either the Ten Foot or the Blue limestone ore horizons present 
in ' the main part of the district. Further evi.dence of this is 
suggested by the presence of a quartzite pebble conglomerate, 
exposed in the Fox Ranch window. This conglomerate is probably 
the Glance conglomerate. In most of tpe Tombstone area, the 
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Glance is not exposed; however, as shown in Figure 28, Gilluly 
and other workers in the district do show the Glance to be 
present, at least locally. Where intersected in mine workings, 
it is intensely silicified and has been termed the "Novaculite". 
In a small outcrop 2,000 feet north-northwest of the Uncle Sam 
shaft, there is exposed bleached quartzite breccia, which may be 
the equivalent of the Novaculite. Similar limestones and 
conglomerates appear to be absent in the Solstice Hill area, and 
thus, although not conclusive because of small outcrops and 
structural complexities, it is presumed that the limestones 
exposed north of the Uncle Sam shaft and in the Fox Wash window 
are basal Bisbee formation -- a critical point since this 
implies that Paleozoic Naco Limestone should be present within a 
short distance, either horizontally west below the Uncle Sam 
tuff, or vertically below. 

Paleozoic Sediments 

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

Uncle Sam Quartz Latite Tuff 

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

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

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

If it is remembered that the State of Maine area was at the 
interior edge of a blossoming caldera, and probably very active 
tectonically, it is easy to enV1S1on steep topography with 
active fault scarps. The Uncle Sam tuff was deposited over 
hills, valleys and fault scarp terrain. It is also possible 
there may be feeders for the Uncle Sam buried by the ash fall 
within the State of Maine area. 

Schieffelin Granodiorite 

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

Andesite Porphyry Dikes 

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

Rhyolite Dikes 

Several discontinuous rhyolite porphyry dikes crop out in 
the central part of the mapped area, and can be traced from the 
area of the Gold Bug prospect to the north end of the Clipper 
claim. These dikes were overlooked by previous writers, and 
mapped as Bisbee sediments by both Lee (1967, Figure 3) and 
Newell (1974, Plate 1 & 2). The dikes generally have a steep 
northwesterly dip, although in the Brother Jonathan area, one 
dip of 42 degrees is recorded. Flow structure generally para­
llels the walls of the dikes. However, a large dike on the 
Clipper claim shows turbulent flow structure. The dike outcrops 
are generally limonite-stained from disseminated pyrite content, 
are occasionally cut by vein structures, and are more resistant 
than the surrounding tuff. The spatial relationship of the 
rhyolite porphyry dikes to the productive part of the State of 
Maine vein suggests some basic relationship to mineralization. 
Numerous assays of dike material (though strongly altered) show 
only background amounts of base and precious metals. It is 
probable that the dikes and/or their plutonic source resevoir at 
depth provided the heat source to drive the hydrothermal fluids 
responsible for the nearby vein mineralization. Why the dikes 
themselves do not host ore mineralization is not clear. The 
State of Maine area rhyolite dikes may be of the same age and 
from the same source as the rhyolite dikes which intrude the 



I 

I. 
I 
Ie 
I 
Ie 
I 
I 
I 

:1 
,I· 
I 

~ I '. 'I 
I 

I 

Prompter fault, the area west of Military Hill in the vicinity 
of the Emerald mine, and the sills of rhyolite which invade 
Paleozoic sediments near the Tombstone airport on either side of 
U. S. 80. Those rhyolites have been dated at 63 m.y. (Creasey, 
et al., 1962). The previously overlooked Extension quartz 
monzonite porphyry mapped in 1982 by the writer (see section on 
General Geology), is shown by Drewes (1985, pers. comm.) to be 
62.6 ! 2.8 m.y. by potassium-argon (hornblende). This newly 
recognized plutonic rock may be the source for all of the 63 
m.y. old rhyolites in the Tombstone district. The outcrop from 
which the age date sample was taken showed green copper oxide, 
suggesting this age intrusive may be more related to porphyry 
copper systems than the older 72 m.y. alteration in the main 
part of the district, which appears to have lead-zinc affinities 
(Keith,1983). 
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STRUCTURAL FEATURES OF THE STATE OF MAINE AREA 

General Statement 
================= 

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

Vein Zones 
========== 

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

An offsetting vein structure identified during the recent 
mining of the Merrimac #1 pit and other npost mineral n struct­
ures identified by Joe Graves during the spring of 1985 along 
the State of Maine vein trend, may be antithetic faulting 
related to the same right lateral strike-slip movement • 
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One fracture zone within the Tombstone Silver Mines, Inc. 
property area trends almost north-south with a vertical dip. 
This is the San Pedro vein just north of the Fox Ranch. The 
vein ~ppears to bend to the northeast where it intersects the 
Fox ve1n and continues in a northeasterly-trending arc through 
the San Pedro workings and is lost in the alluvium to the east. 

Dikes 
===== 

Two types of dike rock crop out within the State of Maine 
area. The most predominant type is rhyolite with only a few 
exposures of subordinate andesite being seen. The dikes are 
related to the igneous events that formed the caldera complex, 
and are both pre-mineral. The andesite predates the rhyolite as 
is indicated southwest of the Gold Bug area where a composite 
rhyolite-andesite dike shows spherical xenoliths of andesite in 
rhyolite. Discontinuous and irregular outcrop patterns of the 
rhyolite suggest intrusion into tension fractures, which may 
have been synthetic to the State of Maine right lateral strike­
slip movement. Proximity of the rhyolite to productive veins, 
as well as their pervasively pyritized and altered character may 
suggest a genetic relationship to the veins. However, no signi­
ficant metal values have been discovered in the rhyolite to 
date. 

Post-Mineral Faults and Photolinears and Topographic Alignments 
=============================================================== 

Surface evidence of significant post-mineral faulting has 
only been seen in a few areas. A possible fault was noted in 
the southwest corner of the May claim, apparently being respon­
sible for a bold ridge of Uncle Sam porphyry a few hundred feet 
long. One small probable left lateral fault was noted a few 
feet southwest of the Triple X shaft. This fault appears to 
offset the adjacent rhyolite dike about 10 feet. However, nor­
mal movement in the fault would give the same apparent movement. 
A few small strike-slip faults were noted in the window in the 
Fox Ranch area, offsetting limestone .beds in the Bisbee sedi­
ments. The most significant fault could not be identified in 
the field, yet is indicated by its left lateral offset of the 
composite andesite-rhyolite dike southwest of the Gold Bug pros­
pect. This linear appears to correspond with a poorly defined 
structure visible on aerial photographs. The structure can be 
traced on the color air photos approximately 4,000' to the 
south, but apparently terminates against another photolinear 
northwest of the Gold Bug area (Figure 29). 
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Examination of the 1" = 2,000' color photo mosaic of the 
district shows the Prompter fault splits at its intersection of 
the Ajax fault - the caldera margin. The northerly split passes 
just north of the south end line of the Free Coinage claim, and 
offsets the Free Coinage vein 200 feet in a left-lateral manner. 
This offset corresponds to the same offset in a rhyolite dike 
east of the Prompter mine (Newell, 1974, p. 71). 

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

In 1973, examination of the 1" = 200' enlargements of the 
black and white photographs revealed linears, which were shown 
on the geologic map of the area as heavy dashed blue lines. The 
linears are for the most part topographic, vegetation or small 
drainage alignments, and cannot generally be seen from the 
ground. They appear to be post-mineral, and one of the most 
prominent, a north-trending feature traceable for in excess of a 
mile north of Fox Wash, appears to make a right lateral offset 
in the Fox Wash vein zone. The photolinear which trends east­
west and cuts through the top of the Uncle Sam hill (Figure 
27), projects through the State of Maine shaft and partially 
parallels the State of Maine wash, which is alluvial covered. 
Dump rock on old caved prospect shafts along this wash show 
fragments of strongly altered Uncle Sam porphyry. The intersec­
tion of the structure with the State of Maine shaft suggests 
that it may be pre-mineral and may have had some influence on 
mineralization. For the most part, however, it still appears 
most of these features are post-mineral and may be mid-Tertiary 
or Quaternary in age. Except in the case of the fracture which 
offsets the Gold Bug area dike, there is no way at present to 
measure their dynamic effect on the rocks in the area. It may 
be, however, that these features bound structural blocks which 
have been displaced in a vertical sense, either up or down in 
relation to each other. For this reason, they" may have an 
important bearing on the spatial positions of ore bodies within 
the area, and thus, their correct interpretation may be of 
economic significance. Knowledge of their location may be 
critical in correct interpretation of drill hole data. 
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SYNTHETIC AND ANTITHETIC FAULTS. Both right-h':Hlded ,md leit­
h,l(lded strike-slip faults emerge in cia}' deformed in this way (Wilcox, 

11.1rding, and Seely, 1973). The iaults combine to iorm conjugate seb 
marked by ,m initial conjugate angle of intersection of about bO° (see Figure 
').530. Of the two conjugate iault sets. the one whose sense of slip is 
identical to that of the main zone of faulting is called synthetic. .The one 
whose sense of slip is opposite to that oi the main zone is called antithetic. 

The synthetic faults are typically oriented at a small acute angle to the trace 
oj the main fault zone; the antithetic faults are oriented at a very high angle 
to the main zone (see Figure 9.53E). 

./ 
/ 

Figure 9 .. 53 Clay c.lke deformation 
e)(periments simulating strikL' - ~lip rdllltir .,.:. 
CI.1Y cake is placed on adjoining parleb of 
sheet metal. Strike-slip faulting is ,l(hieveo 
b~' shifting the panels horizont,llly p.1St 
one another. (A) Starting coniiguration. 
(8) Initial di!>lortion of clay. (0 Onset of 
faulting and Ihe formalion or synlhetic Jnd 
antithetic faults . (D) to (F) Continued 
iaulting. Folds that develop become 
oriented parallel to the direction oi 
greJtest extension (X). IFrom Wilcox. 
HJrding. and Seely (19731. Published with 
permission of American Associalion 0; 
Petroleum Geologists.1 

Figure 31 
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SUBSURFACE GEOLOGY STATE OF MAINE AREA 

General Statement 
================= 

As mentioned previously under General Geology of the 
District, low angle structures caused by two episodes of thrust 
faulting are responsible for some of the complexities of the 
sub-surface geology within the Tombstone Mining District. The 
Uncle Sam tuff, which comprises the major portion of the 
outcrops in the western part of the Tombstone Mining District, 
is a quartz latite tuff deposited within the Tombstone Caldera. 
The tuff in the northeastern portion of the caldera (the 
Tombstone Silver Mines, Inc. properties) is thinner than in the 
southeast portion (area of the Charleston Mine) and western 
portions (west of the San Pedro River). The relative thinness 
is verified by several windows of sediments peeking from beneath 
the tuff in the vicinity of Uncle Sam Hill, and also the inter­
section of Bisbee Group sediments in the bottom of the State of 
Maine shaft. The low angle of this structure is also attested 
to by its semi-circular outcrop on its eastern edge of the 
caldera caused by topographic effects. One outcrop of Permian 
Colina limestone on the northwest edge of May's Hill and the 
pre-tuff erosion surface developed on Bisbee sediments in the 
north side of Fox Wash, one mile from the San Pedro River, also 
indicates the relative thinness of the Uncle Sam in the northern 
portion of the caldera. The Bronco volcanics which underly the 

· Uncle Sam in the Charleston area have not been identified north 
of Robbers Roost, but may be present in pre-Uncle Sam topograph­
ic lows. All of the sedimentary formations which underlythe 
Uncle Sam tuff (including the the Bisbee Group and Paleozoic 
sediments) have been involved in thrust faulting (Drewes, 1980). 
How many layers of thrust sheets are present is not known. 
Thus, good ore horizons which would include basal Paleozoics and 
basal Bisbee Group sediments, could lie either near the surface 

· or at great depth depending on wehther they have been repeated 
· by low angle faulting. The only method of determining what the 
true layer cake nature of the district is, will be by the 
careful logging of deep exploratory drill holes and perhaps the 
application of detailed magnetic or possibly even seismic 
surveys. 
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Thickness of the Uncle Sam Quartz Latite Tuff 
============================================= 

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

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

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

" 

... 



I 

•• I 
I. 
I 

I 
I 
I 

I 
I 
I 

I .e 
I. 
I 
I 

A .... ' 
".'.Id,n, It 

"1 
c 

a 
b 

Figs. 16a and 16b.-SuperpoSed cylindroldai folding wilh oblique axes, as drawn 
by Weiss, showing stereographlc projections of the bedding and fold axes CIrom 
Weiss, 1!Y.i9, Fig, 5), 16c and 16d.-Superposed deformalion of early lineated 

folds (from Ramsay, 1960, Figs, 1 and 21. Axes and directrices are oblique, 

Figure 32A 

Figure 328 

_ .-Superposltlon ot similar folds with orth. 
agonal strikes and divergent directrices (from 
Reynolds and Holmes, 19:.1, Text·fig. 13>' EF Is 
the axial direction of the first folding and CD 
(or AB) that of the second. (a) Surface out. 
crops after slicing. (b) Surface outcrops on the 
right·hand side only, as secn at a higher level 
than that of (n>. (c) Section of the model, before 
slicing orr Its top, cut along CD or (a) and AB 
of (b>. AB and CD represent the le"els at which 
(b) and (a) were respectively sliced. (d) Section 
of the model . before slicing orr it, top, cut along 
EF or (a!. XY and EF represent the levels at 

.whlch (b) and (a) wer~ respectively sliced. 
,/ / 
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Figure 32 A & 8 
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32. 

MINERALIZATION 

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

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

The only silver mineral, which is documented to have been 
identified within the area, is bromyrite (AgBr). It is a 
pistachio green, waxy mineral which occurs in the oxide zone on 
fracture planes, and is termed horn silver (horn) by the 
operators within the area. It is the equivalent of cerargyrite 
(AgCl) and can only be differentiated by chemical or x-ray 
analysis. It is quite possible that cerargyrite as well as 
iodyrite (AgI) are present in addition to bromyrite, but no 
careful analytical work that would differentiate these mineral 
sub-species has been done. The probable source of silver 
halides is argentiferous galena, and/or tetrahedrite (Butler & 
Wilson, p. 52). Numerous assays, taken in 1973, showed a strong 
geochemical presence of lead, ranging up to multiple thousands 
of parts per million. The lead is probably present as cerussite 
or anglesite, but no specimens of these minerals have yet been 
identified. Open pit operations in the last two years have 
exposed thin seams of galena along vein structures, associated 
with higher grade silver, lending credence to the idea that 
galena is one of the major , sources of the silver. Newell did 
electron microprobe analysis on hessite (Ag2Te) blebs in galena 
and found them to be composed of (weight percent) 60 .9% silver, 
38.6% telluride and 0.2% gold (1974, p. 167). Adjacent galena 
showed only 0.1 weight percent silver. Hessite is probably the 
primary hypogene silver mineral at Tombstone (Newell, p. 169). 
The temperature of formation of the hessite was probably about 
205 degrees centigrade (Ne~ell, 1974, p. 167). Silver is 
probably also tied up as argentojarosite or plumbojarosite, and 
possibly in the manganese oxide minerals. Although operators 
Charlie and Louis Escapule have developed an eye for rock which 
contains ore grade silver mineralization, to the casual 
observer, there appears to be no way of easily judging silver 
content by eyeballing the rock, unless horn silver is visible, 
in which case high assays can be anticipated. Traces of copper 
oxide were seen in the San Pedro area, the dump of the Brother 
Jonathan shaft, and in the State of Maine workings below the 
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second level, but no copper sulfides have been noted. It is 
concluded that the copper may have come from the oxidation of 
tetrahedrite and probably some chalcopyrite occuring as 
ex-solution blebs in sphalerite as it does in the main part of 
the district (Newell, 1974, p. 160, 162). Sarle (1928, p. 33) 
reports that chalcocite was encountered in the lowest level of 
the San Pedro mine. 

Hydrothermal alteration associated with the silver mineral­
ization in the area appears to be mesothermal in character, and 
this is corroborated by fluid inclusion temperatures measured by 
Newell (1974, p. 169) in the main district of 205 degrees to 279 
degrees (±5 degrees) and 243 degrees to 318 degrees centigrade 
(tS degrees) at Charleston. Alteration along the veins in the 
Uncle Sam tuff consists of emplacement of (as judged by leached 
capping interpretation, as well as inferences cited in the 
preceding paragraph) pyrite, minor galena, possibly some 
sphalerite, tetrahedrite, chalcopyrite . and possibly alabandite 
(manganese sulfide-MnS). All of these sulfide minerals (with 
the exception of minor remnant galena) . have been oxidized above 
the water table, and are represented by limonite after their 
respective parent sulfide, or in the case of alabandite(?), 
black manganese oxide minerals. The silver, represented 
primarly by bromyrite was probably originally contained in 
hessite blebs in the galena and in tetrahedrite, before oxida­
tion. Wall rock has been silicified to varying, but generally 
minor degrees, and alteration to clay and sericite has taken 
place in the reactive feldspar and aphanetic matrix of the Uncle 
Sam tuff. Where alteration and vein intensity is greatest, 
sericite is dominate, while in poorly altered vein areas, 
argillization is the primary effect. Pyrite is represented at 
the surface by jarosite and red and yellow limonites. In the 
most strongly altered veins, maroon and red, "relief" or "live 
limonite" is present on fractures. In the most poorly altered 
areas, occasional suggestions of pseudomorphs of limonite after 
pyrite are seen. All of the dumps in the area with the exception 
of the San Pedro dump show only oxidized material. Examination 
of the sulfide bearing fragments on the San Pedro dump show them 
to be intensely bleached and altered Uncle Sam tuff, with finely 
disseminated white pyrite along silicious fractures, and 
disseminated through the rock. Accessory gangue minerals in the 
San Pedro veins consist of silica arid some manganese oxide. 
Barite is seen only in the Gold Bug area. Manganese appears to 
be more prevalent in the San Pedro area with lower amounts seen 
in the Gold Bug, Lowell, Merrimac, and the State of Maine areas. 
The State of Maine, May and Clipper veins are primarily wide 
zones of sericitic and argillic alteration with little, if any 
silicification. They represent the most typical pattern of 
alteration within the State of Maine area. Traces of arnythes­
tine quartz along with a small amount of native gold with horn 
silver has been seen in the Triple X open pit workings. No 
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primary (sulfide) manganese minerals have been identified on the 
Tombstone Silver Mines, Inc. properties, to the knowledge of the 

.writer. 

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

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

Bisbee sediments which crop out within the State of Maine 
area consist of non-descript red beds of quartzite to siltstone, 
probably the equivalent of the Cintura and Morita formations, in 
the Chance area, and a small outcrop of what may be basal Blue 
Limestone warped into a tight isoclinal anticline north of the 
Uncle Sam shaft. There is also some conglomeratic units 
<possibly Glance?) intercalated with greenish shales exposed in 
a window in the Uncle Sam tuff, just east of the Fox Ranch. 
These exposures, with the exception of the limestone north of 
the Uncle Sam shaft, are chemically very similar to the Uncle 
Sam tuff, and the alteration effects on them is quite similar to 
that seen in the Uncle Sam tuff. Thus, in the sandstones, 
quartzites and argillites in the eastern part of the . property, 
and noteably on the Red Top claim, pyrite appears to have been 
disseminated in large areas of the porous rock, and the red 
stain is primarily due to hematite after pyrite. This same 
coloration of similar sediments can be seen in the main part of 
the Tombstone District and in the Tombstone Extension area. In 
the sediments where there is a high lime content, hydrothermal 
alteration has silicated the lime to hornfels attended by weak 
disseminated pyrite. Because of the lime content, pyrite oxida­
tion is minimal. 
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Vein Widths 
=========== 

The most significant feature of the veins in the State of 
Maine area is their width. The State of Maine vein itself 
varies between 100 and 200 feet true thickness (Figure 30) 
between the hanging wall and footwall ore zones. The Gold Bug 
vein zone is silicified and strongly altered over a width of 
about 100 feet, and shows moderate to strong alteration over a 
width of approximately 300 feet. The Fox Wash vein zone is 
approximately 100 feet wide, and sub-parallel fracture zones 
associated with the Fox Wash vein zone appear to be up to 300 
feet in maximum dimension. The north trending San Pedro vein in 
the area of the Fox Ranch windmill is intensely altered over a 
width of 30 feet, and shows moderate to strong alteration over a 
width of approximately 20 to 30 feet on either side of the 
central zone, for a total width of 50 to 60 feet. A parallel 
structure, which is intensely silicified but has not been mined, 
shows a width of 10 to 25 feet. A zone southeast from the San 
Pedro shaft shows disseminated sub-parallel fracture zones ~ver 
a width of approximately 400 feet. This zone apparently 
continues across alluvial cover to intersect the north trending 
San Pedro vein. 

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

The width and intensity of mineralization bf these veins 
suggests greater volume and intensity of mineralization than 
that present in the Tombstone Basin area, from which most of the 
production of the mining district has corne. Further, when it is 
considered that these vein structures are underlain by reactive 
limestone units which would have the effect of precipitating 
metals and silica from ascending hydrothermal solutions, as well 
as from decending supergene solutions, their apparent strength, 
and we assume potential, is further emphasized. The best 
targets for ore bodies, of course, would occur where hydrother-
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mal vein zones intersect the chemically and structurally 
reactive host rocks - the tightly folded lower Bisbee and upper 
Paleozoic sediments. More details on these targets will follow 
below. 
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Proposed Mechanism for Supergene Leaching of Silver in the State 
================================================================ 
of Maine Area, and its Probable Effect on Near Surface Vein 
=========================================================== 
Configuration and Enrichment of Veins at Depth 
============================================== 

The Confusing Geometry of the State of Maine Area Veins 

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

The Hypothesis for Supergene Leaching 

The current understanding of the genesis of the Tombstone 
District, as part of a caldera feature, and the proper identifi­
cation of the Uncle Sam as a tuff rather than a porphyry sill, 
and a review of the solubility of silver in the oxide environ­
ment has lead the writer to a hypothesis which appears to well 
explain the geometry of the veins, as well as having important 
impact on what the configuration of silver mi·neralization at 
depth might be. This hypoth~sis will be described in the 
following discussion. 

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

After development of the resurgent caldera, culminating in 
the accumulation of possibly as much as 1,000 feet of Uncle Sam 
tuff within the State of Maine mine area, . typical late stage 
magmatism occurred. This included the intrusion of the 
Schefflin Granodiorite into the caldera ring fracture shortly 
after the caldera formation, and subsequent intrusion of the 
62.6 :t 2.8 m.y. old (Harald Drewes, 1985, pers. comm.) Extension 
quartz monzonite. Intrusion of, first, andesite porphyry dikes 
and subsequently rhyolite dikes, occurred in the State of Maine 
area. Subsequent fracturing occurred sub-parallel to the frac­
tUres occupied by the rhyolite dikes, and these fractures were 
invaded by hydrothermal solutions, which in their lower extreme­
ties probably tap a porphyry copper type environment, but in 
their upper extremities, grade to mesothermal to possibly 
epithermal lead, zinc, silver, gold, and manganese veins 
(Sillitoe, 1973, p. 800 and 1984, p. 1287, 1291 & 1294). During 
the mid-Tertiary orogeny, the Tombstone area was tilted, like 
all the surrounding mountains, to the northeast . However, the 
tilting and deformation was relatively moderate and resulted in 
no substantial dislocation or destruction by erosion of the 
mineral deposits, except their surface expressions. After 
quiescence of the . Laramide mineral activity, oxidation of the 
veins, and erosion of the surrounding Uncle Sam tuff proceeded 
up to the present time, resulting in the present topographic 
expression. We know from experimental data (Lingren, 1938, p. 
862 & Park & McDiramide, 1985, p. 465) that silver readily 
dissolves in ferric sulfate solutions. Thus, as the Clipper, 
State of Maine, and other veins in the area, which are composed 
of up to 10 percent pyrite as well as galena, sphalerite and 
tetrahedrite, began to weather and oxidize, the zinc, copper and 
silver would go into solution, as would the lead and gold more 
slowly, and move . towards the water table where they would 
encounter reducing conditions. Under reducing cdnditions at and 
below the water table, copper would precipi·tate as chalcocite, 
while silver would probably precipitate as argentite, stromy­
rite, and native silver. However, on the journey from their 
original position in the sulfide minerals of galena (as blebs of 
hessite?) and tetrahedrite to their position of future re-depo­
sition below the water table, those silver ions near the hanging 
wall and the footwall zones of the veins would encounter 
halides, which are present as weathering products of the fresh 
Uncle Sam volcanic wall rock. The continual decrepitation by 
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weathering and mechanical destruction of inclusions within the 
fresh Uncle Sam tuff provides a continuous supply of bromine, 
iodine and chlorine to react with the mobile silver in the 
ferric sulfate solution. Of course when the silver ions encoun­
ter halides, they immediately form insolubl~ silver halides that 
are precipitated in and immediately adjacent to the fresh Uncle 
Sam tuff - the source of the halide ions. Since the solubility 
of the halides is in decreasing solubility order of chlorine­
bromine-iodine, after substantial weathering, bromyrite is the 
predominate halide left in the near surface enviornment. 

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

This scenario appears to adequately explain why in all the 
wide vein zones within the State of Maine ' area (the State of 
Maine vein, the Clipper vein zone, etc. etc.) there is always a 
zone of "horn" (bromyrite or other halides) in the hanging wall 
and in the footwall, but the center portion of the vein, though 
strongly altered, is barren or relatively so~ In all probabili­
ty, silver values were distributed evenly or relatively so 
within the vein, but in the central portions where no halides 
were available to precipitate silver, the silver migrated down 
the dip of the vein to be precipitated in the reducing zone 
below the permanent water table. The same mechanism was obser­
ved by Lee (1967) at Charleston, as shown in his Figure 7A 
(p.24), reproduced herein as Figure 33A. 

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

,,/ 

/ 

93 



I 

I. 
I 
Ie 
I 
Ie 
I 
I 
I 
Ie 
I 
I 
I 

I 
e I 

Using this hypothesis, we can predict and anticipate other 
conditions which will be helpful in maintaining accurate ore 
control. For example, since silver ions probably migrated into 
poorly altered or unaltered rock where they were . precipitated 
along micro fractures by halides in the fresh rock, it will not 
be perplexing to find silver of economic proportions in what 
appears to be uninteresting rock adjacent to veins. Further, 
crushing and screening of such silver bearing rock, will 
probably yield silver in the fine fractions and an oversized 
product with little or no silver content. Also, where the veins 
flatten in dip, perculation of halide bearing surface water into 
a greater thickness of the vein hanging wall in the flattened 
part of the veins will precipitate additional silver yielding 
hot spots of more voluminous silver halide mineralization. This 
is exemplified in the State of Maine mine between the 3rd and 
4th levels, where the vein flattens. In fact, any hydrologic 
traps in the plane of the vein, which would tend to channel 
surface originated waters carrying higher than normal volumes of 
halides into the vein, would tend to precipitate a larger volume 
of silver halides. Thus, careful mapping and structural 
contouring along the vein surface could be used as ore guides to 
silver halide mineralization within the oxide portion of the 
veins. Recognition of the genesis of these halide ore bodies 
and attention to the factors which might cause their formation 
may be an important ore guide in profitable exploitation and ore 
control in surface and underground mining operations within the 
State of Maine area. 

Gold, though substantially less soluble than silver, may 
also be solubilized in some portions of the typical State of 
Maine vein environment. Lingren (p. 858) states that where the 
manganese content is high (as in the Merrimac #2 pit area and 
along the San Pedro and Fox veins), it may be possible to carry 
gold downward to be precipitated below the water table. Since, 
except where noted, the Mn02 content of the State of Maine area 
veins is relatively low, we might expect gold to be left sub­
stantially untouched. Interestingly, however, the gold content 
in the State of Maine vein in the various levels, indicated by 
the 1915 Phelps Dodge assays (Figure 36), is relatively uniform. 
Since a substantial column of rock (possibly as much as 1,000 
feet), has been eroded from above the current surface, we might 
question what has become of the contained goYd. If it were 
simply mechanically enriched by the dissolution and erosion and 
removal of lighter and less inert vein and rock constituents, it 
would be expected to find rich pockets of native gold at or near 
the surface within the State of Maine area veins. Since no such 
accumulation has ever been found, it is concluded that either 
(1) there was not much vein removed from over the current 
erosion surface, or (2) the vein material carried essentially no 
gold, or (3) the gold was solublized and has migrated to the 
permanent water table where it has been precipitated. To the 
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ASSAY RECORDS, STATE OF MAINE MINE 
BUTLER, WILSON & RASOR, 1938, P.1 02 
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------================+============================================================= 
SUM OF SUM OF 
SAMPLE SAMPLE 

AVERAGE AVERAGE WIDTH X AVERAGE WIDTH X RATIO OF 
NUMBER OF WIOTH GOLD IN GOLD SILVER IN SILVER SILVER 

LEVEL SAMPLES .. IN FEET OUNCES ASSAY . .. OUNCES ASSAY TO GOLD 
----- --- ----- ---- ------ --------

1 ST AND 2ND •••••••• 251 2.73 .017 .04641 1.98 5.4054 116.47:1 
3 RD •••••••••••••••• 196 2.06 .023 .04738 3.50 7.21 152.17 : 1 
4TH ••••••••••••••.• 199 1.80 .019 .0342 4.35 7.83 228.95:1 
7TH ••.•••.••••••.•• 178 1.29 .012 .01548 3.27 4.2183 272.50:1 

TOTAL- 824 7.88 .14 24.66 

GOLD I I SILVER 
EIGHTED AVERAGE-) 1.018 3.12 I 1171.9:1 

3 RD (HIGH-GRADE l 1 
SAMPLES) • • •••• 4 465.30 

==================== ========= =========l=========l=========l=============================== 
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writer, it seems like alternative #3 is more likely. It is also 
worthy of note that where supergene halides from weathering of 
the fresh Uncle Sam are encountered, an environment of gold 
solubility would be present since gold is soluble in halides as 
adverse to silver, which is insoluble. Thus, within the halide 
zone, we might find silver halides, but gold would be solublized 
and removed. No data has been collected within the State of 
Maine area to test this hypothesis, but because of its impor­
tance in mining operations, evidence for or against should be 
developed in the course of mining. 

Bisbee group sediments lie at shallow depth beneath the 
Uncle Sam tuff and the current erosion surface (Cross Section, 
Figure 30). Thus, there is a geochemical layer cake in which 
supergene enrichment will react differently, depending on the 
chemistry of encountered rock units and whether they are 
encountered above or below the oxidation zone. The different 
potential rock types encountered above or below the oxidation 
zone create a relatively large number of environments, all of 
which would react somewhat differently in precipitating super­
gene solutions. For example, if the Clipper vein were to 
encounter the water table while the vein was still in the Uncle 
Sam tuff, then supergene solutions would probably precipitate 
copper and silver (and possibly gold) as chalcocite, argentite, 
stromeyerite, native gold and possibly native silver, as well as 
ruby silvers, depending on the content of arsenic and antimony. 
If, however, the vein intersects the Blue Limestone, the Glance 
Conglomerate or the Naco Limestone while still above the perma­
nent water table, the ferric sulfate solutions mobilizing 
copper, silver, zinc and lead (and Mn02 mobilizing gold?) would 
pobably be neutralized by reacting with the calcium carbonate of 
the limestone to precipitate copper carbonates, native silver, 
silver chlorides, smithsonite, and native gold. If Bisbee red 
beds were intersected prior to the interception of the water 
table" and no significant limestone beds were present, an oxide 
environment similar to that in the Uncle Sam tuff would be main­
tained, assuming a low lime (calcium carbonate) content. If a 
pre-tuff erosion surface with coarse clastic material is 
encountered, the vein may splay out along this more porous zone, 
possibly developing a significantly wider ore zone at this 
point. If this erosion surface should contain pebbles or 
cobbles of carbonate material, then selective '. replacement as 
well as supergene enrichment in these cobbles could be present. 
If limestone units are intersected by the vein below the current 
water ~able, then secondary sulfide deposition would occur in a 
manner similar to that if the vein remained in the Uncle Sam 
tuff immediately below the water table. However, the enrichment 
zone may be compressed by the neutralizing character of the 
surrounding limestone wall rock. 
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Obviously, a relatively large number of permutations of 
environments and resulting mineral deposition may be present in 
the State of Maine area. The geologic exploration staff must be 
familiar with, and able to interpret and evaluate the various 
possibilities in order to comprehend the drill data and to make 
geologic and economic projections. 
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Potential for Enriched Silver Ore Bodies at the Uncle Sam Tuff -
================================================================ 
Bisbee Sediment Interface and Below 
=================================== 

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

Fold Structures Within the Sediments 

We know from previous mining activity in the main part of 
the district (Butler, Wilson, et al., Bulletin 143, 1938), and 
in the surrounding area (Galully, James, 1951 & Drewes, Harald, 
1980), that tectonic forces have resulted in the thrust faulting 
and folding of the Bisbee sediments and underlying Paleozoic 
formations. In the main part of the district, the axial planes 
of drag folds along northwest trending anticlines and synclines, 
when intersected by the northeast trending veins, formed saddle 
reef type replacement zones of bonanza grade silver deposits. 
Further, these ore bodies appear to have continuity along the 
strike of the axial planes outwards from the vein conduits. 
Since these folds are apparently regional in nature, it is 
logical to conclude that the same types of drag folds would form 
similar saddle reef type bonanza ore bodies where the Clipper, 
State of Maine and other veins of the State of Maine area inter­
sect these features at depth. Geologic mapping by the writer 
has confirmed that one such isoclinal fold exists in the expo­
sure of sediments north of the Uncle Sam shaft. Thus, the same 
type of mineralization can be expected in the 'State of Maine 
area that formed the high grade bonanzas along the various rolls 
(saddle reefs) in the main district, such as the Visina roll, 
the Toughnut, the ,Silver Thread and others. The geologic task 
is how to predict in three dimensional space not only where 
these folds in the sediments might occur (and in which horizons 
- i.e., the Glance Conglomerate «the Novaculite», the Blue 
Limestone, the Twelve Foot or Six Foot Limestone, or the Naco 
Formation), and where the veins or vein intersection zones may 
intersect these favorable structures. Obviously, this is a very 
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Figure 378 

Figure 37A 
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complex three dimensional problem, which is not amenable to easy 
solutions. However, by ardent, thorough geologic work, 
including the careful structural, geologic, mineralogic, and 
geochemical logging of exploration holes, this three dimensional 
geologic ore puzzle can probably be solved with commensurate 
economic rewards. Individual ore bodies within the main part of 
the district were of exceptional grade yielding, at current 
prices, several millions of dollars of ore, grading over $1,000 
per ton. Thus, the writer feels that the reward is probably 
worth the difficulties of the search. 

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

Karst Targets 

Whenever there are any subaerial erosion surfaces developed 
on limestone bedrock, there is potential for development of 
karst topography - that is the development of caves or caverns 
in the limestone. When these karst (cavern) topography lime­
stones are subsequently covered and then subject to hydrothermal 
mineralization, the caverns or karsts foim ideal targets for the 
localization of hydrothermal solutions, and deposition of 
massive sulfide deposits. This mineral deposition in karsts is 
a possible origin of the Tri-State lead-zinc deposits, though 
the source of mineralizing solutions is open to much debate. 
However, in the Leadville Mining District of Colorado, the 
environment appears to be similar, if not equivalent to that at 
Tombstone (oral communication Roland C. McEldowney, September, 
1985). Here the Leadville Limestone, which has karst develop­
ment on its erosion surface with overlying formations, has been 
cut by ~ caldera with subsequent lead-zinc-silver mineraliza­
tion. Where the veins have intersected caverns in the Leadville 
Limestone, massive deposition of silver bearing galena with 
subordinate zinc and copper has resulted. These exceedingly 
large and rich ore bodies are currently exploited by the ASARCQ­
Newmont joint venture - the Black Cloud Mine. 

Prior to the deposition of the Bisbee Formation, the Naco 
Formation was exposed to sub-aerial erosion and potential 
development of karst topography. During the Cretaceous, it was 
subsequently covered by the Glance Conglomerate and other units 
of the Bisbee Formation. During the development of the 
Tombstone vein system, if karsts were indeed present in the Naco 
Limestone, they may have well been invaded by the veins, and 
massive lead-silver-zinc deposition may have occured. In fact, 
some of the ore bodies in the main part of the district within 
the Naco Limestone may be such karst replacement zones. 
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Solution caves and 
cavities in limestone. A. B. Open 
solution cavities lined with crusts 
of crystals. Wisconsin lead-zinc 
region (after Chamberlin); C, 
gash vein or solution enlarge­
ment along joint (after Whitney); 
0, solution cave occupied by ore 
(black) and cave breccia on bot­
tom, overlain by later breccia and 
ore, and by breccia fragments 
(after Walker). 

Figure 39 A & 8 



I 
I 

I 

I. 
I 

I. 
I 
Ie 
I 
I 
I 
Ie 
I 
I 
:1 
--
I 

•• 
I . • -
I 

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

Since the northeast fracture direction appears to have been 
have 
been 

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

In addition to the Naco Formation, the question remains 
were there other karst developments lower in the Paleozoic lime­
stone sequence? Any where there was a hiatus in Paleozoic 
limestone deposition and where that limestone was subject to 
sub-aerial erosion, there was potential for karst development. 
An examination of the geologic column (AAPG, 1967) suggests that 
the Escabrosa limestone (equivalent to the Leadville limestone) 
underwent a period of sub-aerial erosion as did the Devonian­
Martin Limestone. Thus, potential for very deep karst targets 
in these horizons would be a possibility, as would replacement 
porphyry copper mineralization, particularly in the Martin, 
which was very productive at Bisbee. 
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Possible Changes in Alteration and Mineralization With Depth 
============================================================ 

The writer has previously described the Tombstone District 
as being the surface expression of multiple nested porphyry 
copper systems. Thus, as exploration proceeds more deeply below 
the State of Maine Mine area, mineralization should grade down­
wards into a more copper rich and less lead-zinc-silver rich 
environment, until true porphyry copper mineralization might be 
encountered at an unknown depth. Increasing grade of contact 
metamorphic calcsilicate minerals would be expected as would an 
increasing copper to zinc and lead ratio. Molybdenum might also 
be expected to increase, and it is conceivable that the rhyolite 
dikes exposed at the current surface might expand into or be 
rooted into a granitic pluton, the Extension quartz monzonite or 
its equivalent. Such a gradation was reported by Ransome in 
1914, in the main part of the district, where he mapped complete 
silicification and calcsilicate alteration on the six hundred 
foot level of the Pump Shaft workings (Ransome, personal field 
note summaries, 1914). Further, in Section 36, at the R~bbers 
Roost breccia pipe, drill holes to a 5,000 foot depth by ASARCO 
in the early 1970's, intersected typical porphyry copper altera­
tion, including disseminated chalcopyrite, secondary K-spar, and 
purple anhydrite. Such a deep seated porphyry copper target, 
should it lie below the Tombstone Silver Mines, Inc. property at 
the State of Maine Mine, is not economically attractive with the 
currently poor state of the copper industry in the United 
States. However fluctuating copper prices are the rule, not the 
exception, and a decade or two in the future may see high 
copper/moly prices, which would make this an attractive target. 
Since the size of such a potential porphyry could be substan­
tial, though probably very deep, the economic potential in the 
future could be significant. 
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Potential of the State of Maine Area Compared With Known 
======================================================== 
Economic Silver Deposits of Similar Character 
============================================= 

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

The Constancia Mine, Chanarcillo, Chile 

The Constancia Mine, Chanarcillo Chile (see Figure 20-4, 
(Park & McDieramid, 1975, p. 489, Figure 39, this report), which 
is hosted by intercalated Cretaceous limestone and tuff, had a 
zone of supergene enrichment that was a m1n1mum of 130 feet 
thick to a maximum 500 feet thick below the water table. It 
produced an approximate total of 100 million ounces of silver, 
33 million ounces produced between 1860 and 1885. The produc­
tion averaged 100 to 240 ounces of silver per ton in the 
supergene enriched zone. Because of its isolation, only the 
highest grade material was mined and shipped. Almost all 
production was from the limestone units. "In places the 
oxidized (silver) ores cropped out, but elsewhere they were 
overlain by tuff" (Park & McDiramid, p. 490). 

Because none of the un~erlying limy sedimentary rocks 
within the State of ~1aine m1ne area have been penetrated by 
either drill holes or mine workings beneath the water table, we 
could conceivably intersect bonanza type silver mineralization 
similar to that located at Chanarcillo. 

The El Potosi Mine, Santa Eulalia, Hildalgo, Mexico 

At the El Potosi Mine, andesite and dacite flows and flow 
breccias overlie Cretaceous limestone. Veins form mantos, 
chimneys and irregular replacements in Cretaceous limestones, 
which are folded into a gentle anticline along which ore bodies 
are concentrated. This environment is quite similar to the main 
part of the Tombstone District, and similar to that for which we 
projected below the State of Maine area. Apparently both low and 
high temperature environments are present at the El Potosi mine, 
as indicated by the presence of garnet and other calcsilicates. 
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Cross section through the Constancia 
mine, Chaiiarcillo, Chile, showing the 
concentration of ore in limestones 
and the extensions of ore parallel to 
the bedding. (From Whitehead, 
1919, Fig. 2.) 
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Cross section of 
part of the ore bodies of the Po· 
tosi mine. Santa Eulalia . Mexico. 
showing mantas and pipes in 
limestone (white). The are is 
shaded. (From Watker. U.S. Bur. 
Mines.) 
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There is garnet and calcsilicate alteration at Tombstone, so 
here again the environment is similar. The production at the El 
Potosi mine has been $600 million since 1703, in silver, lead 
and zinc. This production figure does not represent the current 
price of silver, but probably silver at $1 or less and similarly 
low prices for lead and zinc. If we could extrapolate that 
price to the current price of silver at say $10 per ounce, then 
the mine may have produced as much as $6 billion in silver. 

The Tintic Standard Mine, East Tintic District, Utah 

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

The Main Pa~t of the Tombstone District 

As a close to this section on comments on the mineral 
potential of the State of Maine area, a comparison to the main 
part of th~ district is worthwhile. In size, they are very 
similar. Most production has come from a block approximately 
6,000 feet square in the main part of the district, where as in 
the State of Maine area, the greatest intensity of mineraliza­
tion appears to occupy a block 5,000 feet X 6,000 feet. Perhaps 
the best comparison might be the area of vein mineralization -
that is, lerigth of vein X average width between ~he two. Since 
we know, with some degree of accuracy, the production from the 
main part of the district between 1879 and 1937 (Figure 21), 
comparing the area of the veins in the two areas and multiplying 
the vein factor in the State of Maine area X the production in 
the main district, should give us an estimate of the potential 
for the State of Maine area. This is shown in the table on the 
following page: 
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PRODUCTION POTENTIAL . 

STATE OF MAINE AREA vs. THE MAIN TOMBSTONE DISTRICT 

================================================================================ 
East edge of Section 16 to Wedge of 
the True Blue claim & N end of the 
Free Coinage vein to S end of the 

Clipper vein 

PHYSICAL 
SIZE: 6,000' X 5,000' 

TOTAL 
VEIN 
LENGTH: 29,000' 

TOTAL 
AVERAGE 
VEIN 
WIDTH: 28' 

TOTAL 338,000 oz. Ag 
PRODUCTION: 787 oz. Au 

Eastern edge of the Contention - Silver 
thread W to the Scheiffelin Granodio­
rite & from the Vizina shaft to the 

Prompte r fau l t 

PHYSICAL 
SIZE: 6,000' X 6,000' 

TOTAL 
VEIN 
LENGTH: .63 ,000 ' 

TOTAL 
AVERAGE 
VEIN 
WIDTH: 5-15' [not clearly reported) 

TOTAL 33,468,647 oz. Ag 
PRODUCTION: 257,785 oz. Au 

Using vein [fissure) length X width of the main district veins vs. the same for 
the State of Maine area to calculate potential for the State of Maine area; 

Area of vein (fissures) for main district = 

Area of vein [fissures) for SOM area = 

812,000 State of Maine sq. ft. 
= 1.29% 

630,000 Main district sq. ft. 

34 million oz. Ag produced X 1.29% = 

258 thousand oz. Au produced X 1.29% = 

63,000' in length 
X 10' average width 

630,000 sq. ft. 

29,000' in length 
X 28' average width 

812,000 sq. ft. 

of the main district is the 
State of Maine area potential 

43 million oz. Ag potential 
for the State of ~alne area 

333 thousand oz. Au potential 
for the State of Malne area 

================================================================================ 

Figure 42 
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When compared in this way, it appears that because the State of 
Maine veins seem to have a greater average width even though the 
length so far identified is not as great as the main district, 
the total production in the State of Maine area might be larger 
than that in the main part of the district. Since production in 
the district ceased because of lowered silver prices rather than 
exhaustion of ore (Figure 18), it is quite likely that the main 
part of the district is far from exhausted, suggesting the 
potential for the State of Maine area is greater also. 

The only difference the writer can discern on concluding 
this study between the two areas, is that within the State of 
Maine alteration zone, the strongest parts of the veins are con­
tained within the non-reactive Uncle Sam tuff, which chemically 
allows the leaching of silver and gold values out of the 
surface, to be precipitated below the water table, out of site, 
and where they were beyond the reach of miners in the 1880's. 
In the main part of the district, reactive limestone neutralized 
supergene solutions, resulting in bonanza grade precious metal 
ore bodies now exposed at or near the surface. 

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

/10 
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GEOTECHNICAL EVALUATION OF STATE MINERAL CLAIMS 

GENERAL 
======= 

The explorationist must have a firm grasp not only of the 
regional geologic settings, but also the character of attendant 
alteration, coupled with post-mineral structural disruption, 
weathering, and leaching which has occurred. Attention to these 
facts is critical. Understanding the nuances can lead to 
economical recovery of ores in the area. Generally speaking, 
many other factors must also be considered. Some of these are 
found in the following outline, without reference to author's 
work: 

1. The sinuous nature of the veins (Briscoe). 

2. Width and nature of through-going alteration zones 
<Sarle, Briscoe, Escapule). 

3. The sporatic, stringer, or pod-like nature of the ore 
zones (many authors). 

4. The apparent lack of surface expression of vein values 
<Sarle, Briscoe). 

5. The complex structural environment exhibited in 
calderas (Briscoe). 

6. Pre-mineralization environment and vein forming 
mechanisms (Briscoe). 

7. Post-mineralization, oxidation and leaching of vein 
zones (Briscoe). 

8. Erosion of altered vein zones (Sarle, Briscoe). 

Accounting for these facts, a re-investigation of office 
records, maps and photographs was performed within and adjacent 
to the area, and interestingly, subtle extensions to known vein 
zones became apparent. Washes and soil covered zones became 
immediately suspect. Field investigations have followed, over 
several years, periodically mapping prospect pits, trenches and 
bulldozer cuts. 

Recent investigations were undertaken by professional 
graduates of the geological, earth or geological engineering 
sciences and included: 

1. James A. Briscoe, University of Arizona, Registered 
Professional Geologist, Arizona #9424, 21 years 
experience. 

//7 
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2. Arthur J. Graves, Colorado School of Mines, Registered 
Professional Geologist, Colorado, 31 years experience. 

3. C. Bailey Escapule, Jr., University of Arizona, 
Geologist, 5 years experience. 

4. Thomas E. Waldrip, Jr., University of Arizona, 
Geologist/Landman, 10 years experience. 

Other data used herein was limited to that collected in a 
scientific manner by professionally educated consultants, and is 
believed to be accurate and representative. Assays are 
substantiated by attched reports, as all were done by certified 
assayers or reputable assay firms. 

GEOPHYSICS 
========== 

Within the immediate claim area, only one reported and 
documented geophysical I.P. survey is known (Figure 43). Three 
lines were within the limits of the claim area. According to 
Carouso (1968), a 500 foot station spacing was used, identifying 
two moderately weak, anomalous zones in the claim area. Carouso 
suggested in his summary that a closer dipole spacing be used to 
better define the anomalous zones, but this survey was never 
performed. 

DRILLING 
----------------

Several episodes of drilling have been performed through 
the years on or adjacent to the claims in question. 
Unfortunately, data related to assays has either been lost or is 
proprietary to other companies. 

In 1968, Austral Oil Company had a drilling program of 36 
holes of which 33 were on patented claims. Three holes, H-19, 
H-24 and H-27, were located on claims now under consideration, 
and are plotted on Figure 44. Each hole and its importance will 
be discussed later in the section pertaining to each mineral 
claim now under consideration. 

A summary of Austral Oil's drilling results are as follows: 

1. Total drilled footage: 10,580 feet • 

2. Total drilled footage in the area of current State 
mineral claims (rotary/hammer): 960 feet. 

3. Drilling type: 

/Il 
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a. Conventional vertical down the hole hammer: 8,398 
feet. 

//5 

b. Diamond, sub-horizontal -45 degrees to -60 degrees 
to the east or southeast direction: 2,560 feet. 

4. Sample assay intervals generally were 10 feet. Most 
samples were assayed for silver. Anomalous sample 
intervals of +1/2 ounce silver were also assayed for 
gold. Copper was assayed in deeper holes at or below 
450 feet in depth. No lead, zinc or trace element 
assays were performed. All assays were performed by 
the Atomic Absorption (AA) method by Southwestern 
Assayers and Chemists, Inc., Registered Assayers 
(Wilbur D. Wright, Certificate #5875), with offices at 
P. O. Box 7517, Tucson, Arizona 85713. 

5. Silver assays included 863 assays (AA), ranging from a 
trace to a high of 10.06 troy ounces per ton. 

6. Gold assays included 78 (AA) assays ranging from a 
trace to a high of 0.52 troy ounces per ton. 

7. Copper assays included 93 (AA) assays ranging from less 
than 100 ppm (parts per million) to a high of 0.05 
percent. 

Drilling results failed to indicate sufficient reserves to 
justify mining at the then current averaged yearly precious 
metal pirce of $2.14 per troy ounce for silver and $35.00 per 
troy ounce of gold. 

SURFACE GEOCHEMISTRY 
==================== 

Throughout the years, many geochemical samples have been 
collected over the claims in question. Suffice to say, some are 
currently proprietary. Others were assayed by questionable 
assay labs. Still others are questionable as to sampling 
methods involved. Therefore, any reference to these 
questionable samples has been dismissed, and only those results 
known to have been collected by professional geologists, using 
scientific sampling methods, and certified assay labs, are used 
in this report. 

A few words are in order as to what a scientific sample 
collection method is. The following general specifications have 
been followed by the author for this report: 

1. A described sample, i.e., grab, high-grade, vein, soil, 
etc. 

2. A minimum of a four pound sample. 
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3. A sample from in place bed rock. Otherwise a soil 
sample is indicated. 

4. A known sample position verified to a map or map 
coordinates. 

5. A fresh sample, uncontaminated by soil or biological 
debris or mineral matter. 

6. A sample, generally, as best as possible representing 
an admix of all representative rock types, alteration 
or particular vein, etc., in porportion to that in the 
field (a true representatie statistical sample of the 
population being sampled). 

As pointed out earlier, many samples did not fit these 
categories and were dismissed. Many others did, but were 
collected on private lands. These are likewise left unreported, 
herein, but are open to private review during normal business 
hours, with prior appointment. The resultant geochemical 
samples are thus few, but representative of outcrop. 

OTHER WORK 
--------------------

In the immediate State lands covered by mineral claims, 
numerous surface disturbances are noted. They range from 
bulldozer cuts estimated to be from 6 feet in depth to 100 feet 
in length, to backhoe trenches of various depths and lengths. 
It is assumed that they have been dug in prior years for work 
obligations or exploration activities, as they are now overgrown 
and appear several years old. 

Numerous old prospect pits are scattered throughout the 
area along vein trends, off patented mineral claims. Only one 
mine, the Uncle Sam, of any consequence on the northward arcuate 
extension of the Maine Vein is known. It is estimated that an 
approximate tonnage of 1,500 tons of rock has been removed in 
total from all prospect pits, several tons being of shipping or 
milling quality ore. Of the figure mined, 75 to 80 percent was 
derived in the Uncle Sam mine area, with the remainder being 
from scatterd workings on State grounds. 

The main observable value gained from these various 
endeavors, sampling and drilling in relation to the veins are: 

1. Veins or their indications are continuing from workings 
on patented mineral claims onto and across State lands 
under claims. 

2. Individual veins are narrow, less than 1 foot 
generally, and are difficult to identify on the 
surface, often because of soil cover. 
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3. Characteristically, workings in the area of mineral 
claims were in argillically altered county rock up to 
100 feet in width on either side of the vein zone. 

4. Veins are best described as vein zones, and generally 
characterized as strongly fractured and oxidized, 
shattered zones of Uncle Sam tuff, with associated 
manganese and iron oxides, with possible silica 
enrichment of wall rock. 

5. Surface silver values seem to be denuded by surface 
leaching (no noticeable, observable silver 
mineralization was evident). 

6. Generally, workings were in zones where junctions of 
veins were indicated or structures would change, such 
as strike (possible also dip, as noted in workings on 
patented claims). 

7. Vein dips are variable, but generally appear to be 
moderate - 40 to 70 degrees in the west to northwest 
direction. 

8. Surface and drilling indications are that vein 
mineralization is sporadic, generally low grade over 
undefined widths, with possible high grade zones. 
Silver values can vary from ore to anomalous values 
within a one foot distance. Vein zones identified to 
date on State grounds and sampled are all anomalously 
high in precious metals, minor areas and tonnage 
possible being able to be mined currently. 

9. Assay indications are that veins are strongly silver in 
nature with minor gold values. Silver to gold ratios 
vary considerably, as seen in assays. In the Uncle Sam 
dumps (unpublished results), results range from 400:1 
to (rarely) 23:1 in Austral Oil's drill hole #13. 

/11 
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-----------------------------------------------------------------------

DISCOVERY EVIDENCE BY CLAIM 
------------------------------------------------------

Type A Mineral Claims 

T.S.M. I-A 

Altered vein zone(s) evident in dump cuttings of three 
prospect shafts and three backhoe cuts, and possibly more veins 
noted, all with northeasterly strike and north-northwest dips in 
the 60 to 83 degree range, according to Escapule (1981). Fire 
assays were performed on samples labled T.S.M. 15,16, and 17, 
collected in the area in 1981, by Arizona Assayers, P. O. Box 
672, Tombstone Arizona, invoice #6199 (Figure 45). Sample 
descriptions and results are as follows: 

================================================================ 
Sample 
Number 

T.S.M.#15 
T.S.M.#16 
T.S.M.#17 

Type of Sample 

Channel - highgrade - 1" 
Channel - 25 feet 
Channel - 7 feet 

Ounces/Ton 
Silver 

220.07 
1.53 
0.24 

Ounces/Ton 
Gold 

0.0980 
0.010 
0.005 

================================================================ 

Indications are that veins cropping on the Merrimac 
patented mining claims could transect the north side line of the 
Merrimac and proceed onto (under) state grounds of this claim at 
300 to 900 feet in depth. Extralateral rights off the Merrimac 
veins, as granted by patent recorded 06/16/1882, Cochise County 
Deeds of Mine Book 9, Page 413, to Merrimac Silver Mining 
Company, and assigned to present owners, Tombstone Silver Mines, 
Inc., would take precedence over those portions of the vein(s) 
continuing through state lands, as covered by this claim. 
Indications are, as yet proven, that mineralization cropping and 
identified on this claim at the surface, as only spurs traced to 
the Merrimac vein zone at depth, and thus, belong to it by 
extralateral rights. 

Two Austral Oil Company drill holes were drilled to the 
southwest of the above samples in 1968. Hole numbers 24 and 27 
(Figure 44), which show little evidence of economic 
mineralization (Figures 46 & 47), attributed to cropping veins 
on the claim. Regretably, these holes were not drilled to a 
depth sufficient to accurately determine the issue of 
extralateral rights off the Merrimac. However, approximately 
250 feet further south (just south of the northend-line of the 
Maine claim>, a drill hole, number 25, Figure 44, intersects 30 
feet of averaged 2.0 troy ounces silver mineralization between 
400 and 430 feet in depth, which would be the anticipated depth 
to mineralization, 500 feet distant from the Merrimac veins, at 
a dip angle of 40 degrees. Author's note: A 40 degree dip is a 
very compatible dip for veins within the area. 

II! 
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Austral Oil Company 
2700 Humble ' Building 
Houston, Texas 
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NUMBER 
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SOUTHWESTERN ASSAYERS & CHEMISTS, Inc. 
REGISTERED ASSAYERS 

P. O. BOX 75' 7 FELIX K. DURAZO 
WIL WRIGHT .. ·TUCS!ON. ARI ZONA 857' 3 ' 

AA'ZONA. REO. NO. ,,"a 

Austral Oil Company 
2700 Humolc ]uilding 
;iouston, Texas' 

SAMPLE 
NUMBER 

H-271 . 

0-10 

10-20 

20-30 

30-40 

40-50 

50-60 
60-70 

70-80 

80-90 

90-100 

. :: ' ,: 

COLO 
oz." 

" ':', , . 
', ... 

. . ' , ,' :' 

.. ' . , .. ', ' 

. . : 

.Nil ·· ··· . 
. ,.' 

': t " ;' ;: .', ,," , 
. -: .... ... ' . : .. .. . ,,:,::,:. 

, ,' ,, ' 

SILVER ' 
oz." 

. ' .: . 

.: ' . Tra.ce · 

. Trace :, 

.04 ::'~:' 
' . ''-06'':';'.:;: 
. .';i .. 
. .)2,0-: 

' . 24 ,· :.: ··.~ 
' .68 >" 

.' .30''":'\' 

: ', .24 .:: 

.18 ': '. 
'. . . .. :. ' -

. 100-110 " .:': :." .. ':: • 16 ;~: 

110-120 : :' .... : .. :' : . • :. ~: / ' .. • 08::: .. ' 

. .... 

LEAD 
~ 

' .. 

"':' , ' , 

'," ... : 
" 0 ' 

~~. ::" 
~. : . .' . ' . 

: , , ' 

120-130 . ' . .20 ·'· 
130-140 ·' ;"::·:·Ni{1i) .; .72'.'; . 

.: ~~=: ~: "/?,t}}! . :!~ .-'; : :.L.... .. "'""" .. ~, -:;:-: '.:: " 

170-180 

180-190 

190-.200 

/ 

Trace ' .. ... : . 
" ,.. 

. ·Tra.ce" 

· .O{ ~·:· · . . . ' .. .... :. ' " 

': ': : ::~' :' 

, , ,', ' ; " , 

','" , 

,,',. , 

." 
" 

COPPER 
~ 

.. : " 

- .> , 

., 

.- , , 

" 
~.- ' 

,:'" ' 

,.', 
.: 

' ,; , 

. . 
, '. 

.:,- ' 

'. 
" 

" 

710 E. EVANS BLVD. 
PHONE 602-294-5811 

JOBP __ ~0~0~2~a~1~1------------
RECEIVED ___ -.l71.....-.-:.1....J5,--~6~8-----
REPORTED ____ -.l7L-.-:.1J7~-~6~a------

ZINC 
"1. 

, ~ . , 

, '. 

, ~: . : 

, ': 

, . 

, ., ' . 

, '~ , 

\
MOLV8DC:NUM 

"T. 

. I 
1 

. I 

I · 

I 
I 
I. 

I . 

I 
.' I 
. I 

" I , ! 
i 

. i 
.' 1 

1 
:1 

I 

I 
I 
I 
I 

I 
, 1 

I 
.1, 
I I· . I ' , , I . 

I
, · .' . I . 

IF/~E4·1i 
I ~ 40~OO CHARGE _________ _ 

INVOICE ,:, ' ',: .. ' . •. . 
. • , Gold ond Sil.af i.j!ori.ci IIi troy 0&. per 2.000 lb. ton; 
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T.S.M. 2-A: 

Altered vein zone evident in dump cuttings from four 
prospect pits and bulldozer cuts. Vein appears to be the 
arcuate northward component of the Maine vein, with ample 
evidence of workings. Immediately north of the northend-line of 
the Maine claim lies the Uncle Sam Mine (State lands this 
claim). Extensive development work exists in the mine (see 
underground level map, Lacy, 1968, Figure 48). 

A private correspondence to Austral Oil (believed authored 
by Lacy), dated 3/11/68, indicated three mine dumps (at the time 
comprising the total of the Uncle Sam Mine waste), amounted to 
341.6 cubic yards or approximately 700 tons, all on State land 
of this claim. A subsequent composite backhoe channel sample 
was cut and assayed at 1.60 troy ounces silver per ton (Figure 
49), a reasonable figure, considering dilution from mining. 
These mine workings have yet to be fully investigated as to 
their potential. 

Grab sampls of mine dumps and prospect pits associated with 
this claim were collected by both Briscoe (1973, samples 293A & 
B, and 294 throuh 297) and Escapule (1981, T.S.M. #18) (Figure 
44), with results presented in figure 50 for respective 
samplers. Two samples collected by Escapule (1981) on the Maine 
patented claim, just south of the north end-line of this claim 
in a bulldozer cut (samples SM2-7 and SM2-8, Figure 44) , 
indicate a representative sample of ore mineralization in the 
area. These two samples are high graded vein samples, from 
narrow (1/2 foot or less) vein structures and have respective 
values of 0.80 troy ounces per ton of gold, and 33.28 troy 
ounces per ton silver, and a trace of gold, and 44.64 troy 
ounces per ton silver. 

T.S.M. 3-A: 

Altered Uncle Sam tuff associated with rhyolite dikes 
dipping 42 degrees to the northwest. Several prospect pits and 
workings are noted along the dike with associated iron and 
manganese oxides being apparent. 

Briscoe (1973) collected four samples in this area. Samples 
259 and 260 (Figure 44), were high grade vein zone samples from 
a shaft collared in the footwall side of the rhyolite dike. 
This shaft is just outside the north side-line of the Brother 
Jonathan patented mining claim, showing the vein dipping to the 
northwest at 55 degrees. The northeastward trend of the vein is 
onto the Brother Jonathan patented claim, where it has been 
mapped by Briscoe (1973). Two other grab samples, Numbers 261 
and 262, were collected off prospect pits immediately to the 
north (Figure 44), showing negative results. Assays for this 
claim are highlighted on Figure 51. 
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SOUTHWESTERN ASSAYERS & CHEMISTS, Inc. 
/~ 

FELIX K. DURAZO 

WIL WRIGHT: 

Austral Oil Company Inc. 
2700 Humble Building 
Houston, Texas 77002 

SAMPLE 
NUMBER 

Dump ;'16 

GOLD 
OZ.' 

Nil 

),75 
CHARGE . __ __ _ . - - --- --._- --

SILVER 
oz.' 

1.60 

REGISTERED ASSAYERS 

P. O. BOX 7517 
TUCSON, ARI ZONA 65713 

LEAD COPPER 
'T. '1, 

710 E. EVANS BLVD. 

PHONE 602-294-5611 

JOB ______ O~0~2~6~1~8~~~------
RECEIVED _____ 6:;..-_1:....1:...--=6;.::8~ __ _ 
REPORTED ___ ~6~-_1~3~--=6~8~ __ ___ 

ZINC 
'1, 

MOLYBDENUM 
'T, 

• Gol<l an<l Silver repo r led in Iroy 01. per 2,000 lb. Ion . INVOICE 
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P. O. Box 50106, 1700 W. Grant Rd., Tucson, Arizona 85703 

ITEM SAMPLE IDENTIFICATION 
NO. 

1 T - 276 . 
,-

2 277 
J 281/\ ./ 
4 2818 ,./ 
;) 282 ,./" 

6 233 
7 287 -
8 288 
:J 289 
10 290 ./ 

11 291 /" 
12 292 
1:- ! 293A 
1~ 2938 . 
IS ! 294 / 

16 .I 295 ' 
17 296 ' 
Jfj '_ 297 ' 
1;;1 298 / 
20 299 / 

21 332 
22 333 ./ 
23 334 
24 335 . 
25 T - 336 

TO: 

J 8mes A. Briscoe DBA 
Slerr~ Mineral Hana9ement 
4741 E~st Sunr::,he Orive 
Tucson, Arlz9na 85718 
Attn; Mr. R. Hewlett 

ACCT.: 

MANAGEMENT 

,-\. u 

<0.02 
<0.02 

0.18 
0.23 
0.11 

<0.02 
<0.02 
<0.02 
a. 11 

<0.02 

0.06 
<0.02 
<0.02 

0.19 
<0.02 

<0.02 
<0.02 
<0.02 

0.03 
0.06 

0.06 
<0.02 
<0.02 
<0.02 
<0.02 

CERTIFICATE OF 
ANALYSIS 

Ag ?b Cu 

4.0 125 20 
0.2 85 15 

28. 6,800 75 ") -f-: 
:./ , \' ... 

26. 3.800 40 0,7(;'" 
165. 8.900 1,300 :/- i( f 

6.6 8.100 50 
() , I (J 

8.2 4,000 45 c· ~ , / 

11) 3,600 30 Ot Z 'l0-

36 1,400 30 J. 0';-

165. 4,400 180 4 , ~ ( 

3.6 30 30 
2.0 1,100 20 

O. (')... 18. 1,400 75 
I J. 1.300 85 ~. 3d' 
1.4 125 20 

4.2 3.200 45 
0.8 55 20 
1.0 425 25 

13. I,SOO 90 o , ~ ? 

62. 6S)oO 260 (. rt; 

4.2 850 20 -
4.0 1.300 15 
6.6 1.900 15 
1.0 110 25 
4.4 4,100 too 

REMARKS: 

Trace .n~lysls 

of 2 

/2 a, 

F/t:;tlA'E SO 
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P. O. Box 50106 , 1700 W. Grant Rd. , Tucson, Arizona 85703 

ITEM 
NO. 

I 
2 
3 
4 
5 

6 
7 
8 
9 

10 

II 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 

SAMPLE IDENTIFICATION 

T - 232 -
240 
241 -. 

/ 

242 
243 / 

244 / ' 

245 1 ql rff' 
246 (' q, o.~(rV' 
247 )D< . 

248 

249 
~50 

251 
252 

( 253 

1 254 
\' l}Y J 255 

,.),] l 256 
257 
258 

259 ./ 
260 ,,/ 
261 .-
262 --
263 

264 
265 
266 

T - 305 

TOj. A. B r i s coe DBA 
Sierra Mineral Management 

Gold 

0.08 
<0.02 

0.23 
<0.02 
<0.02 

<0.02 
<0.02 
<0.02 
<0.02 

0.06 

O. 11 
<0.02 
<0.02 
<0.02 
<0.02 

<0.02 
<0.02 
<0.02 
<0.02 
<0.02 

0.32 
1.20 

<0.02 
<0.02 
<0.02 

<0.02 
<0.02 
<0.02 
<0.02 

S i 1ve 

8. 1 
8.1 

220. 
5.7 
1.4 

1.8 
9.7 

11.4 
8,8 

31. 

14. 
13. 
0.8 
9.4 
2.4 

2.6 
2.2 
2.0 

39. 
9.8 

39. 
240'­
< 0.2 

0.6 
31. 

6.2 
2.6 
2.8 
2.0 

CERTIFICATE OF 
ANALYSIS 

Lead 

4,900 
2,800 

25,000 
4,200 

280 
1,200 
1,100 

525 
2,30 

1,900 
65 
80 

2,500 
470 

535 
435 
540 

4,000 
630 

33,00 
4,500 

5 
25 

1,900 

2,500 
165 
15 

35 

Copper A 
rn.~ 

30 O. Jlf 
60 o. ';:Y 

120 ~. ~J, 
600 0, (7 

25 

25 
30 o. ~{s' 
30 D·33 
25 O.~b 

40 0.1 0 

55 
70 
15 

100 
15 

20 
30 
30 

110 
50 

320 
55 
15 
15 
55 

30 
35 
30 
10 

'" :,' : 
V ' • 

O· 3? 

--
/./ ~I 
r. r '/ v, ~· 

/. 1-1 ' 
7. 00 -
(), } i) 

('(.1<6 

REMARKS: CERTIFI 

1971 Minerals Ltd., 4741 E. Sunrise Dr. 
Tucson, Arizona 85718 
cc: Mr. R. Hewlett 

A~~:A. BRISCOE, DBA, SIERRA MINERAL 
MGNT., 1971 MINERALS LTD 

Trace analysis 
DATE REC ' D: DATE COMPL.: 

6/14/73 6/21/73 347451 
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Again, it must be pointed out that existing veins on the 
Brother Jonathan patented mining claims appear to be dipping 
under State grounds on which this claim is located. Tombstone 
Silver Mines, Inc. has extralateral rights to such 
mineralization, if shown to be contiguous with vein cropping on 
the Brother Jonathan, as acquired by chain of title per patent 
issued to C. W. Leach, as recorded on 1/12/1885, in Cochise 
County, Deeds of Mine Book 8, Page 530. 

T.S.M. 4-A: 

Four prospect pits exist on altered Uncle Sam tuff on the 
footwall side of the projected rhyolite dike in the area. Waste 
rock and float indicate abundant manganese and iron oxide 
staining, with possible minor silicification in the area. 
Samples have yet to be assayed, but indications are they will 
run in lead and silver, although low grade. 

T.S.M. 5-A: 

Abundance of evidence exists for the southward projection 
(continuation) of the Clipper vein zone, past the south end-line 
of the Clipper patented claim into and across the claim in 
question. Other alteration (vein?) zones enter the corner of 
the State claim from the Merrimac and/or Triple X (XXX) patented 
claims. Bulldozer cuts and waste rock surrounding prospect 
shafts indicate a moderately altered zone of Uncle Sam tuff on 
these trends. Argillic alteration predominates with noticeable 
amounts of manganese and iron oxides on fractures. 

Both Briscoe (1973) and Escapule (1981) have mapped and 
sampled this area. A compilation of their work appears on 
Figure 44 with samples, location sites noted. Results are as 
follows: 

Briscoe Samples - A.A. Assay (Figure 52) 

================================================================ 
Sample Oz/Ton Oz/Ton 
Number Description Type of Sample Silver Gold 
------ ------------ ----------------------- ------- -------
T-270 Prospect pit Grab 1.08 0.03ppm 
T-271 Prospect pit Grab 0.40ppm Trace 
T-272 Prospect pit Grab 4.40ppm 0.03ppm 
T-273 Prospect pit Grab 0.25 Trace 
T-274 Prospect pit Grab 0.44 O.04ppm 
T-275 Surface vein Linear surface chip 15' 1.46 0.l2ppm 
T-278 Surface vein Linear surface chip 25' 2.00ppm Trace 
T-279 Surface vein Linear surface chip 50 ' 2.20ppm O.02ppm 
================================================================ 

1,28 
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SKYLINE LABS, INC. 
Hawley & Hawl ey, Ass ayers and Chemists Division 
P. O. Box 50106,1700 W. Grant Rd., Tucson , Arizona 85 703 

CERTIFICATE OF 
ANALYSIS 

Au Pb CU ITEM 
NO . 

SAMPLE IDENTIFICATION ppm 
Ag 
ppm ppm ppm A~ _') 

Co'l-

I 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

T - 267 ./ 
268 . 

1 269 
/-270 / 
. ? 271 

r 

L 279 ./ 
280 / 

1 284 
285 

T - 286 

TO:J • A. Bri scoe DBA 

0.03 
<0.02 
<0.02 
0.03 

<0.02 

0.03 
<0.02 

0.04 
O. 12 

<0.02 

0.02 
0.06 

<0.02 
0.02 
0.03 

6.8 2,500 
1.6 360 
1.0 135 

37. 6,100 
0.40 120 

4.4 540 
8.6 400 

IS. 980 
50. 2,300 

2.0 335 

2.2 360 
79. 7,000 
31. 1,100 
34. 850 
95. 2,200 

REMARKS: 

30 r) . J r.':-
25 ---
20 ~ 

175 /, o ~ 
15 -
20 --- " 

20 0"" , , J 

85 , ~.J 
t ' ,: 

195 I, t/ t,. 
10 -
10 -

215 '2,'3 0 

45 :) . P 
95 (5 , : ;-( 

220 '") 77 
... ' 

I CERTIFIED ElY. 

Sierra M I nera Is ~1anagement 
4741 East Sunrise Drive 
Tucson, Arizona 85718 
Attn: Mr. R. Hewlett A~I?E 52 

ACCT.: DATE REC'D: DATE COMPL.: 

SIERRA MINERALS MANAGEMENT 6/20/73 6/26/73 347483 
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Escaule Samples - Fire Assay (Figure 45) 

================================================================ 
Sample Oz/Ton Oz/Ton 
Number Description Type of Sample Silver Gold 
------ ------------ ----------------------- ------ ------
TSM #4 Prospect pit Grab - 51 0.S2 0.04 
TSM #5 Prospect pit Grab - 2 ' 0.40 Trace 
TSM #6 Prospect pit Grab - 5 ' 0.21 0.002 
================================================================ 

Surface samples are highly erratic, but in all cases, 
strongly anomalous if not ore grade considering strong surface 
leaching. Soil cover prevents adequate sampling without large 
surface disturbances by trenching or bulldozer cuts. 

T.S.M. #6-A: 

Evidence on this claim exists for showing the continued 
southward trend of the Clipper vein after its crossing the 
southwest corner of the May patented claim. Some evidence also 
exists to show the southward trend of the May veins could cross 
into the claim, and possibly intersect with the Clipper vein 
(Figure 44). This evidence has been generated by past backhoe 
cuts, cut normal to the proposed vein structures and their 
trend. These cuts, plus prospect pits, indicate moderately 
altered Uncle Sam tuff being present in the area, with strongly 
anomalous silver mineralization, as indicated below (for sample 
locations, see Figure 44): 

================================================================ 
Sample Oz/Ton Oz/Ton 
Number Description Type of Sample Sil ver Gold 
------ ------------ ----------------------- ------ --------

TSM #1 Prospect Pit Grab-channel 5 ' 0.S2 0.04 
TSM #2 Prospect Pit Grab-channel 2 ' 0.40 Trace 
TS~1 #3 Prospect Pit Grab-channel 5 ' 0.21 0.002 
TSM #10 Backhoe cut Channel-2.5' O.OS Trace 
TSM #11 Backhoe cut Channel-lO.O' 0.74 Trace 
TSM #12 Backhoe cut Channel-12.0 1 0.13 Trace 
TSM #13 Backhoe cut Channel-lO.O' 0.12 Trace 
TSM #14 Backhoe cut Channel-4.0' 0.07 Trace 
================================================================ 

/30 
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Type B Mineral Claims 

T.S.M. #'s B-1, B-5 and B-6: 

Evidence for discovery upon these claims is limited to 
observable continuation of vein structures from the Clipper vein 
onto and across the common corners (SW corner T.S.M. #B-l, NE 
corner T.S.M. #B-5, and NW corner T.S.M. #B-6) of these claims. 
Details of the veins and backhoe cuts cut on the Clipper 
patented claim are detailed by Briscoe (1985) under his section 
1" = 50' Color Photography Matched to Topography, this report, 
Page --. The three veins named by Briscoe have been identified 
from east to west as the Office Vein 1 East, Office Vein and 
Office Vein West. Adequate sampling on State lands has yet to 
be performed due to soil cover in the area and the necessary 
disturbances needed to perform such scientific sampling surveys. 
Briscoe (1985) has identified surface mineral rubble on the 
State claims in question in trend with the above referenced vein 
zones. 

T.S.M. #'s B-2, B-3 and B-4: 

Evidence for discovery on these three claims is taken 
directly from the State of Maine mine workings on the Maine 
vein. No direct assays are available to present here for 
individual samples collected within the mine on levels 5, 6, and 
7 workings. These levels cross into and are driven upon State 
lands, Figures 53 & 54. However, during various investigations 
through the years, several surveys have been performed. 

The earliest sampling of record was performed by the Phelps 
Dodge Corporation in 1915. Sampling of the 7th level of the 
mine consisted of 178 samples giving the following results: an 
average sample width of 1.29 feet; and averaged assay values of 
0.12 and 3.27 troy ounce(s) per ton gold and silver, 
respectively (Butler, et al., 1938, Page 102, Briscoe, 1985, 
Figure 36, this report). Although Phelps Dodge sampling 
stations are still visible in the mine today, results have been 
lost or are filed and misplaced in the company archives. 

Recent sampling in underground workings has been limited 
to spot checking various structures with a UNC Silver MAP unit. 
Sampling stations and results therefrom have been spray painted 
on mining workings, and have yet to be transferred to hard copy. 
Results of the survey indicate similar results to Phelps Dodge's 
work (author's observation). Results were sporatic and vary 
highly from station to station. Assays from no detectable 
silver to a reading of several tens of ounces were noted. By 
use of the UNC Silver MAP unit, a quick, cost effective, 
quantitative and reliable method of taking silver assays is at 
hand, with the instrument to be used in the future as an 
assaying guide to open pit selective mining of silver veins. 

/31 
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An Austral Oil drill hole, Number 19 (Figures 44, 53 & 
54), is projected to near an area of the common corners of the 
above claims. This drill hole tends to be quite dead, for 
silver mineralization above 350 feet, but silver values pick up 
from there to a total depth to be strongly anomalous in the 
expected dip slope trend of the drilled Maine vein. Figure 55 
lists assay values of various intervals for Austral Hole #19. 

133 

Ground reconnaissance and review of aerial photography of 
the slopes of Uncle Sam Hill failed to locate any visible 
evidence of mineralization, other than that exposed in the Maine 
vein system. The Uncle Sam tuff, as exposed on the west and 
north slopes (claim area of T.S.M. #'s B-2, B-3 and B4), is 
unaltered and save for weathering, quite fresh in broken 
exposure where sampled. The inference the author would draw 
from this observation would be to strongly suspect that the only 
economic silver mineralization to be devleoped on State lands 
would be that directly associated with the Maine vein, 
extralaterally off the patented claim. Any other mineralization 
found extralaterally to the west side-line of the Maine patented 
claim will then, in all likelihood, ultimately pass to Tombstone 
Silver Mines. It is the author's opinion that in order to avoid 
further complications, the State should grant Tombstone Silver 
Mines a preferred right to lease the States mineral rights to 
all three of the claims, on this basis. 



I SOUTHWESTERN ASSAYERS & CHEMISTS, Inc. 
:' , 

FELIX K. DURAZO 
. WIL WRIGHT 

A"IZONA REO. NO. Ule 

I. 
I·.· Austral Oil Company 

. 2700 iiumale Building I . Houston, Texas 

• I SAMPLE GOLD 

I 
. NUMBER OZ.· 

H-19: 
0-10 

.•... 

~ . 
· .. · ., 

SILVER ' 
OZ.· . , ' 

Trace ' .: 

REGISTERED ASSAVERS 

P. O. 80 X 1511 
:T UCSON, ARIZONA 85113 

LEAD COPPER 
". ". 
... .. . 

Trace '.",' 
;.:;: .. ' 

. Trace ' ,':: : ':: ' ' 

. Trace :." :; ': :.' _ ,:., ~ . ' ' 

10-20 

20-30 

30':'40 

40-50 

50-60 

60-70' 

70-80 

80-90 ' 

~ . Trace ", .> : :: 

' ,,' . , "' . 
t , • • • 

. '. 
Trace . >: 

. . ' 

I 
I' 

.:.-' . . . 

.. ,.. ,: :- ... . :. 
.. '.: ..... ... . 

:,' : . 

: T~ace :'>:' .::. I ' .).;' 

Trace . ::'" .;' . ' 

Trace 

Trace .: ... .. 

~ . . ... . 

., .~ . 

~ " .. 

. .. 

· , . ' . Trace . ~: " 
. ' : " ,, ' 

. ~ :' :"..' .. . ' . .~ :. 

710 E. EVANS 8L.VD. 
PHONE 602-294-5811 

JOB" 002781 
7-11-53 RECEIVED --~-'--""-r"'----7-16-60 REPORTEO ___ ~ __ ~ _ ___ _ 

ZINC 
. ". 

... .. 

.... . 

" .. 

. . ' ' . " - . .... ,' .' 
: . ' " 

. ... : 

\

MOL.Y8DENUM 
"T • 

1 
I I ' , 

. 1 ' ' 
,. 

' . i·· 
I 

, . . 1 

. 90-100 

100-110~ 

110-120 . 

120-130 . 

130-140 

140-150 
150-160 .. 

160-170 

170-180 

180-190 

190-100 

200-210 .' 

. '" .. ' ~~ : :. . Trace 'Y·' 
:'Trace : ' 

,; . - .. , ' , . . .:' I' · 
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GENERAL COMMENTS: 
================= 

Within the general environment of the North 1/2 of 
Section 16, Township 20 South, Range 22 East, G. & S.R.B.M., 
Tombstone Silver Mines, Inc. or its predecessors have expended 
large sums in exploration capital, doing a complete and 
scientific survey of mineral occurrences located there. These 
parties have established reserves, substantially all located on 
patented claims, extending to the end-line boundaries with State 
lands. 

During 1984, Tombstone Silver Mines, Inc. drilled 170 
vertical 4 1/2 inch diameter developmental drill holes. A total 
of 10,159 feet of drilling, to a maximum depth of 120 feet, was 
performed. Mining commenced shortly thereafter on ore reserves 
in 1985, with termination later in the year, due to weakening 
commodity prices. During this hiatus, work has continued to 
delineate additional reserves and re-evaluate results to date, 
conceptualizing various mining and developmental plans. What 
has become clear from this work is that: 

1. A consolidation of all lands within the NWl/4 and 
Wl/2Wl/2NEl/4 of Section 16 will be necessary in order 
to formulate a viable and economic mining plan. 

2. Most, if not all, past production of high grade 
mineralization has been generated off of patented 
claims in the outlined area. 

3. Little, if any, mining of economic results has been 
done on State grounds in the outline area. 

4. Mineralization and reserves exist on patented land 
currently awaiting development. 

5. Some mineralization of probable development grade 
exists on state grounds under claim by Tombstone Silver 
Mines, Inc., if developed in conjunction with that 
located to date on patented claims. 

6. Evidence is substantially in favor of Tombstone Silver 
Mines proving ownership to most any ore developed 
extralaterally to their claim, on State lands, as being 
associated to outcropping veins on patented claims 
(emphasized by the Maine and Merrimac veins, this 
report). 

7. Tombstone Silver Mines, Inc. and its personnel has and 
continues to demonstrate superior ability to prospect, 
develop and mine low grade silver mineralization found 
in the area, at a profit. 
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8. Tombstone Silver Mines, Inc. and its consultants have 
developed a unique method of selective mining in order 
to mine the lower grade dispersed mineral reserves in 
the area at a profit by open cut design. 

9. Tombstone Silver Mines, Inc. is in the unique position 
to have a mining and processing infrastructure in place 
to mine, extract and process ore. 

10. Future mining on patented claims may prove it necessary 
to limit easy ingress and egress to future mineable 
areas on State lands in the area. Resulting 
exploration, development and mining of State lands will 
become more difficult 

Further, some intangibles in our conceptualizing have 
caused concern to Tombstone Silver Mines, as they should be to 
the Commissioner. The author does not wish to harbor or imply 
any misunderstanding by the following points, but feels it 
proper to point them out to the Commmissioner. 

Tombstone Silver Mines exploration acitivities indicates: 

1. The strong possibility of conflicts resulting over the 
extralateral rights issue, should mineral rights be 
subsequently leased to other parties. 

2. The distinct possibility that should State lands under 
claim by Tombstone Silver Mines, Inc. not be leased to 
them, that development will not result thereon, both 
because of low grade nature of mineralization contained 
therein, and the removal of the mining and processing 
infrastructure. Obvious royalty losses to the State 
will probably, therefore, result. 

3. unitization of all grounds (veins) will be necessary in 
order to obtain necessary tonnages and lands to fulfill 
comprehensive and economical mining objectives. Without 
consolidation, large scale mining will probably be 
impossible in the future. Dilution of higher grade 
near surface reserves by small scale mining on patented 
claims will result, removing the future possibility of 
large scale open cut mining in the area on the State 
lands. 

4. Due to the complex and broken-up nature of State land 
parcels in the area, it will be extremely difficult for 
any party other than Tombstone Silver Mines, Inc. to 
put forward a mining plan capable of extracting what 
mineralization is known to exist on State lands. 
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