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CE RTIFIED MAIL # 

December 5, 1985 

Robe rt K. Lane , Commissioner 
Ariz ona State Land Department 
162 4 W. Adam s 
Phoenix, AZ 85007 

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

Dear Hr. 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 
th e official r ecords 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, 

~£tLU~ 
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: 

Robe rt 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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SUMHARY AND CONCLUSIONS 
===================== == 

Sufficient information has been presented herein to 
demonstrate mineral location on the twelve State mineral claims 
under claim by Tombstone Silver Hines, 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 author is optimistic that production will 
result on State lands under claim, with generation of mineral 
royalties to the State, should our leases be approveO. 
Notwithstanding, strong argument also exists as to the 
intangible aspects of unitization via mineral lease of the l a nds 
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 1 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 am,ounts 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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EXHIBIT 1 

MASTER CLAIM LIST, TYPE A & B MINERAL CLAIMS 
'lOMBS'lrnE SILVER MINES, INC. 
UXATED: NOVEMBER 14, 1985 

Claim Name County Claim Legal 
and Number Recording Typ2 Description 

T.S.M. H-A 851122739 A M & B Lots 3 & 4 

T.S.M. #2-A 851122740 A M & B Lots 3 & 4 

T.S.M. i)-A 851122741 A M & B Lot 4 

T. S. M. t4-A 851122742 A M & B Lots 5 & 6 

T.S.M. t5-A 851122743 A l>l & B Lots 5 & 6 

T.S.M. i6-A 851122744 A M & B Lot 6 

T.S.M. iB-l 851122745 B WlI2 Lot 2 

T.S.M. #B-2 851122746 B ElI2 Lot 4 

T.S.M. #B-3 851122747 B WlI2 Lot 5 

T.S.M. #B-4 851122748 B M & B Lots 4 & 5 

T.S.M. #B-5 851122749 B ElI2 Lot 6 

T.S.M. #B-6 851122750 B WlI2 Lot 7 

3 

Sect- TCMn-
ion ship Range ~ridian 

----
16 20S. 22E. G.&S.R.B.M. 

16 20S. 22E. G. &S.R.B.M. 

16 20S. 22E. G. &s.R.B.M. 

16 20S. 22E. G. &S.R.B.M. 

16 20S. 22E. G. &S.R.B.M. 

16 20S. 22E. G. &S. R. B. M. 

16 20S. 22E. G. &s.R.B.M. 

16 20S. 22E. G.&S.R.B.M. 

16 20S. 22E. G.&S.R.B.M. 

16 20S. 22E. G. &S. R. B. M. 

16 20S. 22E. G.&S.R.B.M. 

16 20S. 22E. G. &S.R.B.M. 

'. 
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LOCATION, CULTURE, TRANSPORTATION, PHYSIOGRAPHY & GEOGRAPHY 
====================== ========================== = = ====== === 

The Tombstone Mining Distr i ct 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 co~rse 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 

'------------------------------------_ .. _-------

8 





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 
t hat hessite, tetrahedrite and galena were the hypogene silver 
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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 tu~f. 

2. Surface oxidation led to a marked increase in silver 
solubili ty and subsequent removal of sil ver 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 scient ific 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 
t hat 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 homog~nous for the area, no 

/~ 



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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Geology 
OU>ER OR UNDIFFERENTIAlEO SURf1CAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
GnweI, sand, and sit (PIetstocene and f'Iiocf!:nI!­
Mc.inIyaDuviumdbasins;includessome 
coIkMum and ~ deposits. GeneraBy igll­
pinkish gray, weakly indunr.ted, and with poorly 
~clas!s;Joc.WIy1Adfldurated. Thicknes$ 
sewraI mett'TS to hU"dreds ci meters.. 

&saJt {PieislOCene to PIiocene)-uVOl 1bNs, 
pyrodMric: roclu. and some nt~ted gr.weI. 
Thickness several meten to a ~ hundred meters 
in most placu.. Radiometricaly dated at 0.25, 1.0, 
and 3.2 my. old 

Extensive andesite and dacite (Miocene and Upper 
OIigocene)- 1.HJa fk:Ju.os, pyroclastic rocks, some 
inten:.ab.ted epiclastJc rocks, and dikes. Mostly 
!PY. fne.grained. porphyritic rocks; irdudu 
some \IefY CoarK feldspar porphyry ;mdesite 
(Turkey track porphyry, an iofOfTT\!il term ci 
Cooper, 1961). Thidu'\elS mo5t1y 5e'Rr.III meters 
lOseo..wal tCIl5r:imelen. ~ted 3124,25, 'n, 33, 
and 39 m .y. 

Extn.JSio.,oe rhyolite a.""II:I rhyodaate (Miocene and lipper 
OIigocene-~va flows, welded tuff, ~ 
rocks, aOO ~ i'I,en:alaled epidastic: rocks. 
IJght.gray,o grayrsh·pink.";trl:IOfine~, 
porphyritic:. Commonly III lew lens \0 a lew 
lhouszlnd 01 meIer.; thick. [);"ted at 23,24, 25, 26, 
26, 26. and 27 m.y. An llddirional date 01 47 m.y., if 
substantiated, may indicate the presero:e 01 
Eocene rocks in the b.ul!r member 01 the S 0 
VoIca.Iicsoi Cochise Co. 

lDwer conglomerate, gravel, and sand (Oligocene and 
Eocene?)- ADuvium; commonly grayish.red 
de)XMlits 01 ifNII, well round..!d. noo-.dca.ric 
clast$. Mostly several meters 10 II lew tens cI 
me.tersthkk. 

~- _J UPPER CORDIll.ERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PAL£OCENE):-1..Dwer 
voIc:a.rK rocks-Rhyolite to andesite lava flows, 
pyroclastic rocks, and some intercalated epidastic 
rocks. DIlted.!lt 57 my. Possibly yo=ger age to 

• 

Kib 

Ka 

MAIN CORDILLERAN (L.ARAMIDE) IGNEOUS 
ROCKS: - Porphyriric and aplitic intrusiw rock$ 
(P.!IIecane and Upper Cre1<lCe01.JS)-MostIy latiric 
porphyry to dKitM: porphyry in small stocks and 
plugs .!ltd .!IpIitic bodies not associated "";Ih other 
!pmoid stocks. DIlted.!ll 61, 63, 63, 64, iIInd 65 
~y-

Fluidized inlrusive brecci.!l- eQCT .!Ige unknown. but 
penetr.!ltes, illrod Thus younger than Uncle Sam 
porphyry. 

RhyodaciTi! TuH.!Ind welded lufL - lncludes parIS 01 
S.!Ik>ro FormaTion, Sugarloaf QuarTz Lilntor. "nd 
Bronco Volc.~nICS. and all 01 Red Bay Rhyolite. CiIIl 
Mwntilin Rhyolite 01 Brown (1939) and Uncle Sam 
Prophyry. Includes local intrusive bodies and locally 
conlinns friJgmeniS of e)l01ic rocks. Thickness 
commonly severaiTenS of meters 10 sever31 
hundri!ds 01 melers. Daled al 66(?). 70. n. 73. and 
73 m.y. The Unck> Sam. in The Tombstone areill. IS 
dlloo 12m.y. 

Andesitic to dac:itic YOkarit: breccia.-Indudn parts 
d SoIero Formation. Sugarloal Quam Latile, and 
Brc:In:o VoIcarit:.l,.IInd all 01 Demen VoIcarit:.l 
and SiiverbeIt FOfTI"I<'tion of Courtright (1958). 
Commonly containllarge blocks 01 exotic rocks 
and haIIIy includes some secimentary rocks and 
inlrusiYerocks. Severt\I tens 01 melers to !leVel'al 
hundreds d melers lhick in ~t places. 

Lower quartz monzoniTe and grKldioriTe- lncludes 
some quarU diorite: aPlX'ars in small stocks 
Locally associated with mineralization. Dated al 70. 
71. n , 73. 74. 74. 74. iIInd 76 m.y. The Schiefflin 
granodorile.lll Tombstone IS 12 m.y. 

Roads and Highways 

~ -- -'-- Dry wash 

II II : II ; I11I ! II Southern Pacific Railroad 

Explanation 

•• 

1 .. ····1 ... . 'Jr ,',: 
.................. 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUSr.- Upper part d Bisbee 
Formation Of Group, undifferenMIed,.IInd related 
rocks.-1ncIuda upper part d Bisbee Formation. 
Murallimeslone, Morit.a, CinlUra, \.ViDow 
Canyon, Apache Canyon, SheIIe~ CafYy()fl 
and Tumey Ranch Formations (not isted in 
srr;,tigraphic se<p!nc:e) 01 the Bisbee G~, 
AmoIe Arko5e 01 Bryant and Kimson (1954), and 
Angeic Arkose, Cort5isIS 01 br'ownish- 10 reXIish· 
arkose, gnIY Wtstof1e. sardstone, congIorneBte, 
and $OITIe fossiliferous gny imulooe. Commonly 
several hundred meters ttwck 

GRANJTI: AND QUARTZ MONZONITE 
(JURASSlC}-SIOCks 01 ~kish.gray coarse· 
grained rock. Localy associated"";!h 
rrinetaization. DaTed al 140, 148. 149, 149, 150, 
153, 160, 161, 167, 178, 185 m.y. 

SedimenlaI)/ rocks (Lower ~n and Upper 
Pe~rian)-<oosists d Epitaph Ddorrite 
(l.ower Permian), UXI'III Ume!itone (l..oY.e­
Permian), and Earp Formation (l.oo.uer Pennian 
and Upper Pe~rian) , undifferentiated . 
Epitaph OoIon1te is a dark· to ight.gfay slightly 
cherty doIorrile, limesrone, marl, siltstone, ",,,d 
gypsum, l2().28) meters thick. Coina Limeslone 
is a medium gray, lhick-bedded, spa.rseIy cherty, 
arv::l sparsely fossiliferous limestone l2().28) 
meters thick. Earp Formation is.ll paIe·red 
siltstone, mudstone, shale, and limestone, l2().240 
metersthic:k. 

HorquiDa Umestone (Upper and MXJdle 
Pernsylvarian)-Light.piJ'Ikish.gray, thick· to trun. 
bedded, cherty, f05Siiferous limestone and 
intercal.ated paIe·brown 10 paIe·reddish~ 
siltSlonethat increases in ~ UpN<lrd. 
T ypica.Iy 300490 meters thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN}-Comists mainly d Escabrosa. 
Limestone (Mis.sissipp0n)- locaDy (ArmslTong 
and Silberman, 19'74) called Escabrosa Group-­
and Martin Formation (lipper DeYorianl, 
undifferentiated. In part 01 the Chiricllhua 
Mountains also includes Paradise Formation 
(Upper Mississippian) arv::l Portal Formation d 
.5.IlbiN, 1957.11 (lipper Devonian). In the little: 
Dnr,goon Mountains lind some adjacent hills also 
includes Black Prince Umestone, whose f&ma 
and comlation show strongest affinities with 
~n rocks but which may include some 
PerYlII,,'Ivarian rocks. Escabrosa. Limestone is a 
medium.gray, massive 10 lhick.bedded, comrncxVy 
crinoida1, cherty, fossiliferous 6mestone 9Q.310 
meters thick. Martin Formation is thick· to thin· 
bedded, gray 10 brown doIomile, gray sparsely 
fossiliferous., and some siltslone and sandstone, 
9().120 meterl d1ick. Par.:lise Formation is a 
brou.n.fossi5ferous.shalylimestone. Portal 
Formation isa black shale and ~rnestone 6.1a5 
melen thick. Black Prince Limestone is pinkish. 
gray limesfonewith.llbasal shaIe.llndclwrt 
c~te,c>sml.J:hll5S2metersthick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):-El Paso Limestone 
(l..ower Ordovician and Upper Cambrian), Abrigo 
Formation (lJppeT and MidcIe Cambrian), and 
BoIsa Quartz (Middle Cambrian), 
undifferenrialed.-FJ P.uo UmestOf1e is a gray, 
thin-bedded cherty imestone and ckjomite 90 
melers to about 220 meters thick. Abrigo 
Formation is a brown, thin·bedded 1000000erous 
limestone, S.IIndstone, quanzite, .IInd ihM, 21(). 
240 nw\eTS lhick. Bolsa Quartzite is a brQv.In TO 

....nite Of purpIish.gray, thick-bedded, COiU'54!' 

grained quanzile and sandstone with a basal 
conglomerale,9().UI)meler5thick. To d. cast, 
equiyalenll d part cI the Abrigo Formation and 
Bolsa Quartzile are kf'lO'W'TllI5 lhi! Coronado 
s.r.doono. 
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Sedimentary rocks {Upper and MidcIe Cambrian}­
Abrigo FOITI'IIIDon (Upper and Midcae Cambrian), 
and BoIsa Quartzite (Midcle Cambrian), 
unditferenrialed. 

GRANITOID ROCKS (PRECAMBRIAN Y):-MainIy 
granodiorite iIInd quartz monsonite, unfolia!ed 10 

foliated . ., par! metamorphosed. Generaly in 
Stocks, which iIIhve been &ttIe sludied. 

PINAL SCHIST (PRECAMBRIAN X}-ChIorite ~, 
phyllite, andsorne metaYOIcaric rocks. 
metavoIcaricrocks,metaquartzite,metaQuartzite 
congomenlle, and gneiI.s.. One: melZlvdcarit: rock 
dated at 171Sm.y. 

CONTACT- Dotted where concealed. 

MARKER HORIZON- Dotted v.here concei!lled. 

DIKES----ShoW-e dip. 

F AUL TS---ShooMns dip. Dotted where concealed Of 

intruded; ball and bar on downthrown side. 

Strike·s!ip-Anow-coupillsho.usrelativedisplllcemenl. 
Singieal'fOVol.showsl1'll)Veml!nloi acriwbb::k. 

Major thrust laull-Sawteeth on upper plate. 

Thrust fault-Sawteeth on upPer plate. 

Anticline. 

Sync6ne. 

Inctined strike and dip 01 beds.. 

EXOTIC·BlOCK BRECCIA- Rock contains dip Of 

block inclusions 01 rock different from theM cI 
host Of other blocks nearby. TypicaJlyoi voIcarit:­
tectonic or sedimenTary-ti!CIonic origin; excludes 
T£Ttiary rnegi!lbreccia deposits. 

Site 01 well or generalized site clseveralweRs,shQ...Iing 
unit penetrated. if kf'lO'W'Tl. and depth of IIJ(!g , in 
leet . 100 feet equals 30.5 meters. 

COLLECTION StTE- Rillcliogenically dated rock 
showing age in millions of years. Query before 
symbol where precise location uncertain. 
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Tombstone Development Company, InCa 
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 3, Generalized geological and structural map on screened 
topographic base. 
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Geology 
OlDER OR UNDIFFERENTIATED SURFtCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, sard, and silt (Pleistocene and f'1ioceoe ­
MairVoj ~um 01 basins; includa some 
colluvium and landslide deposits. Generally light· 
pinkish gray. weakly indumled, 11M with poorly 
I'OU'Idrddast5;~~lindurnted. Thickrwss 
sewTai !Tleters 10 hl.rldreds cJ meIer$. 

& $aIt (P\ei$tocene to i1ioceZ1l!)-~vllo flows, 
pyroclastic roclu, and some inlm-alalOO gravel. 
1Bckness ~ me1er$ to II lew hI.nfred meten 
in mosI places.. Radiometncaiy daled al 0.25, 1.0. 
lind 3.2m.y. old 

ExTensive andesili! and ciadle {Miocene and Upper 
OIigcx:ene)-Lava flows, pyroclastic rocks. some 
intercalated epiclMric rocks, and dikes. Mostly 
gray,fine.grained,~ncrocks; IO(;Jude$ 
some wry coarse feldspar porphyry andesite 
(T urb\l tTaCk porphyry, an inlorma1 term eX 
Cooper, 19tH). Tlicknes.s!TlO$llysevetal meters 
to severa/tens of mell!fS.. /Ar.led at 24, 25, '17, 33, 
and 39 m .y. 

ExtrusM!: ~te and r~te (Miocene and Upper 
Oligocene- lava flows, welded tuff, pyroclastic 
rocks, and some intercalated epiclastic rocks. 
l...ig'Il-gray 10 gnlyisI'I.pink, vitric to lineilr'ained, 
porphyritic. Commonly a lew tens to a few 
thousand 01 meters thick. [)rated III 23, 24, 25, 26, 
26, 26, and 'El m.y. An additional date ol47 m.y., if 
substMtilIled, may indicate the presence 01 
Encene rocks in the la.wr member 01 the 5 0 
VoIcaricsolCochise Co. 

Lower congiomerllle , gravel, and &and (Oligocene and 
Eocene?)- AlIuvium; commonly grayish-red 
deposits cI srnaD, well murded, ~ric 
cJasts. Mosdy 5eWrai meters to" kw tens ol 
meters thick. 

UPPER CORDtllERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-Lower 
vokanc. roc~RhyoIite to andesite ~i!I flows , 
pyroclastic rocks, nd tome i'ltercali!lted epicli!lstic 
roc~ I)Qted i!lt 57 m.y. Possibly yo~ age to 

MAIN COR[){LlEf<AN (lARAMIDE) IGNEOUS 
ROCKS:-POI'phyriric and i!lplillC Int rusive JOCks 
(Paleocene and l...IppeJ Cret~eoos)-Mosdy lauric 
IXJI'Phyry to daciric porphyry in small s tocks and 
plugs and apliric 00dies not associated with other 
grariloid Alocks. DIIted al 61, 63, 63. 64, and 65 
~,. 

Fluidized intrUSIVe breccia- exact age unknown. but 
pe~tratn. and thus younger rhan Uncle Sam 
porphyry. 

RhyQdacue luff and wekled lu ll. - Iocludes P3,ts of 
Salero For~llOn. Su9"lrloof Quartz Lal;te. and 
Brnoco VoIcal\ics, arid all of Red Bay Rhyolite. Cat 
Mountain Rhyolite 01 Brown ( 1939) lind Uncle Sam 
Prophyry. Includes lexal intrusive bodies and locaUy 
C(H1tams fragment s of exotic rOCks. Thickneu 
commonly several tens 01 nwters to several 
hundreds of meters. Dated at 66(?). 70. n. 73. and 
73 m.y. lne Uncle Sam. in Ike Tombslo~ a rea. is 
da lednm.y. 

AndesiticIO&ciric.....xaricbreccia.- lncluOe5parts 
01 SoIMo FOI'TI'I3Don. Sugarloaf Quartz u tite, and 
Bronco VoIcarics, and III ol Dernetrie VoIcaric.a 
and SWetbeII FOI'TI'I3tion of Courtri!tII (1958). 
~contllinslargtblocksolexoricrocks 
and b::aIy ndudes tomI! sedimentary rocks and 
intrusive rocks. Several tens 01 meters to s.ewral 
hundreds of meters tl-kk i'l1m6I pIar:a.. 

Lower Quam: monzonitE' and gracx!iorilE' - locludes 
some quaTlz diorile: appears in smaD siocks. 
Locally MJOCialed wilh mineralization. Dated al 70. 
7 1.72.73.74, 74 , 74, and 76m.y. The Schielmn 
granodorill.' al TombstOl'l" is 72 m.y. 

Roads and Highways 

e ~- -- " "'- Drywash 

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

- - -- Government Reservation Boundary 

e --------Aqueduct 

A - ---A· Cross section line 

Explanation 

BIS8EE FORMATION OR GROUP, 
UNOIFFERENTlATEO (LOWER 
CRETACEOUS):- I)pper Pi\Tt 01 Bisbee 
Formation or Group, undifferentiated, and relatl:d 
ru:ks.-Includes upper part cl Bisbee Formation, 
MuraiUrnestone, Morila. CinIunr. , VJi/Iow 
Canyon, Apache:~. Shellenberger CaJ¥)fl 
and Tumey Rarw;h Formations (nol wed in 
StTatigmphic sequence) al lhe Bisbee Group, 
AmoIe Arkose 01 Bryant and Kinnison (1954), and 
Angeic ArkOM. Consists of brownish· 10 reddish· 
ark05e, gray siltslone. sandstone, c~le, 
and .some f(l5Sitifer0u5 gray imesrone. Commonly 
sweraI hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
{JURASSlC}-$focks 01 pinkish.gBy coarse· 
grained rock. LocaIy MSOciated ~th 
rnineratizalioo. Dated 0111 140. 148. 149. 149, 150, 
153, 160. 161. 167,178. 185m.y. 

Sedimentary rocks (Lou.oer Permian and Upper 
Pe~rian)--consistsol Epitaph DoIorrite 
(l..owe, ~,njo.n), CoiM l.irne$Ionoe (l...ower 

Penrian), and Earp FOI'TI'I3tion (lowcr Pwmran 
.,nd Upper ~rian). undifferentiated. 
Epitaph Doiomle is a dark· to lighl.gray sI91t!y 
chertydoiorrile.lirnestone, marl, siltstone, arv:! 
~m, 12().2Hl melers lhick. Colina Umestone 
is a medium gray, thick·bedded, sparsely cherty, 
and sparsely f065iliferou& Uneslone l2().28) 

rnrters thick. Urp Formation is a paIe.red 
siltstone, mudstone, shale, ard imestOl'll! , 120.240 
melersthick. 

Horquilla lJme$!:one (Upper lind Middle 
Pernsylvarian)- lJght .pinkish.gray. thick- to thin· 
b0dded, cheny, fosStiferous limestone lind 
intm:al<ttcd pale.broo.om to ~kNl~ddish'9ray 
sihSl<ne Iml increases in abundance upward. 
T ypicaIy 3004~ metCfS thick. 

SIDIMfl'I'TARY ROCKS (M1SSISSlPPIAN AND 
DEVONlAN)- Coosists ~nIy 01 Esc:abrOllll 
Umestone (MMis.sippian}- 1ocaIIy (Armstrong 
and Silberman, 1974) called Escabrosa Group­
and Martin Formation (Upper Dewnian), 
undifIerentiated. In part 01 the Chiricahua. 
Mooorains also i:nc:Iudes Paradise Formation 
(Upper Mississippian) and Portal Formation at 
SlIbirrs. 195711 (Upper IJeo.ooni.\n). In dw Uttle 
Dragoon Mountains and some adjacent hiDs also 
includes B0ck PrinI:e lJme$tone. v.rhoM bluna 
and correlation sOoN strongesl affinities with 
Missis5ippian rocks bul IAllW:h may irduda tomI! 

Pe~n rocks. Escabrosa limestone is a 
medium.gray, massive to Il-kk.t>edded. cOl'TllTlOriy 
crinoidIII, cl'lmy, fosaifCfOUS limesltn! 9()..310 
meters thick. Martin Formation is thick· 10 Inn. 
bedded, Way 10 brown dolomite, gray spandy 
f06$ililerous. and some siltstone and sandstone, 
91).120 meletSlhick.. Pandte FOI'TI'I3tion is" 
brown, fossiliferous. shaIy imestone. Portal 
Formation is a black shale and imestone 6-105 
metm thick. Black Prince limestone is !Xnkish. 
gray imestooe ",,"11'1 a basal shale and chen 
conglomerate, os much as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRlAN):-fl Paso l..nnatone 
(lower ~ian and IJppn- CambrianJ. Abrigo 
Form!Ition (lJppcr and MidcIe Cambrian), and 
80Isa Quartz (Mdde Cambrian). 
uroci&rmtiated.-fl Paso Umestonl is a gray. 
thin.bedded cherty lmestone and doIofrite 90 
melers to about 220 meters thick.. Abrigo 
Formarioo is II br""""". thin·bedded fOMiilerous 
lirresIone, aandstone, quartzite, and 1haIe, 2IC). 
240 meters thick. BoIsa QuartzitE' is II brown to 
IIoNteor~, thick-bedded,coar_· 
grained quartzite and sandstone with a basal 
~le. 9I).18J1TWI~thic:k. To 1M ust, 
cquMlrnlS cI pan cI the Abrigo Fonnalion and 
Boba Q.wtzit. are known _1M Coronado 
Sor.do~. 
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Sedimentary rocks (Upper and MIddle CambrianJ­
Abrigo FOI1TI3tion (Upper and Middle Cambrian), 
and BoIsa Quart2ite (Middle Cambrian). 
undiffCf'erl6ated. 

GRANITOID ROCKS (PRECAMBRlAN Y}:- Main/y 
gran:diorite and Quartz rnonsonite . urloialed to 
foliated, il par! metamorphosed. Gerwraiy in 
stocks, .....;,jch ahve been ~ttle studied 

PINAl SCHIST (PRECAMBRiAN X)-Ctbite schist, 
phyIite. and some I1lI!tavoIcaric rocks, 
rTWtiJVobricrocks, met;,qUanJ:ite, met<tquarlJ:ite 
cor9omer.llte. and gneiss. One metauolco'ltW:. rock 
dated at 1715 m.y. 

CONTACT- Dotted where ~ 

MARKER HORIZON- Dotled ~ concealed. 

FAUL TS-ShoMng dip. Dotted where concealed or 
intruded; bait and bar on do.wnthrOUolfl side. 

Strlke,slip-Arrow couple shooNs relatIVe dispI.xement. 
Single arrow shoo.us m;)V(>ment oIaclive block. 

Major thrusl fautl - SaWleelh on upper plate . 

Thrust fault- s"wteelh on upper pia.te. 

Anticline. 

Inclrned strike and cfsp 01 beds. 

EXOTIC·BLOCK BRECCIA- Ib:k contains CBP Of 

block inclusions 01 rock different from lOOse of 
host Of other blocks nearby. Typically 01 voIcaric· 
tectonk Of sedimentM'y-leclonic origin: excludes 
Tertiiuy megabn:ccia deposit s. 

Site 01 well Of ~neralized sile of several weDs, showing 
unil penetnlted. if known, lind depth of well, in 
fftt . 100 fwl equals 30.5 melers. 

COUECTION SITE- Radiogl.'nically dated rock 
shov.ingageinmi1lionsoiyc:ars. Query before 
symbol where precise location uncertain. 

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

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

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

Figure 6. 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 silver ratios in dump 
samples (in red) . 
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Geology 
OLDER OR UNDIFFERENTIATED SURftCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, sand. and silt {Pleistocene and PIiocene­
Mainly aDlJIJium of basin5; indudes some 
colltMum and landslide deJX)Sits. GeneraDy light. 
pinkWI gray, weakly indurated, and \\lith poorly 
rounded clastS: locally well ind~ted. ThIckness 
5eVerai meters to ntaldrec\s ol meters. 

Basalt (Pleistocene 10 f'Iiocene)- uva flows , 
pyroclastic rocks, and some intercalated sravel. 
1hickness S(lIRI'3I mell~rs to a few hundred meters 
in most places. Radiometric<tly dated;,ll 0.25, 1.0, 
and 3.2 m.y. old 

Extensive IInduite and dOCIle (MIocene And lJppeT 
OGgocene)- l.ava bs. pyroclastic rocks. some 
inten:.alated epiclasric rocks, and dikes. /VIostly 
gray, fine-grained, porphyribc rocks; IOCludes 
some....ery CO!Iorsefeldsparporphyrya!ldesile 
(Turkey track porphyry, an infnrTlVl1 ff'TITI nI 
Cooper, 1961). Thickness moslly several meters 
lu_,..J l .. , ~uI "' .. i ...... o.led ar24, 25, 27, 33, 
and 39 m.y. 

Extrusive rhyolite and rI'lyodocite (Miocene and Upper 
OIigcx:ene-Lavaflows,Wl!ldedrutf.WOCla.sric 
rocks, arod some intercal.:ited epiclastic rock$. 
lJglt.gray to grayish. pink, IAtric to fine-grained, 
porphyritic.Comrronlya~tenstoarew 
lnousard of meters thick. Dated at 23, 24, 25, 26, 
26, 26, and 27 m.y. An addirional dale cl 47 m.y., If 
substantiated, may indio:<Ile the prewnce 01 
Eocene rocksrn the lower member 01 the SO 
Volcaricsol Cochise Co. 

L..nw.!r congIon'llmlte, gravel, 11M $.!Ind (Oligocene and 
Eocene?)- AJhr..ium; commonly gr.tYish.red 
dep.?sitsol small. weD l"OI.II"ded,nonvoicaric 
clasts. /Iobstly 5eVer.tl meters to a kw tens 01 
metersthic.k. 

UPPER CORDIlLERAN (LARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):-lD.uer 
voIcaric rocks- Rhyolite to andesite lava ftow5, 
pyroclasric rocks, and some intercalated epicla.sric 
rocks. Dated at 51 m.y. Possibly younger age to 

MAIN CORDIUfJ<AN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyritx: and apiitlC intTUSlW rocks 
(Paleocene am Upper Cretaceous)- MostIy latiric 
porphyry to dacitic porphyry in 5maII stocks and 
plugs and apti tic bodies root associ31ed "";Ih other 
graritoid stocks. Dated at 61,63, 63,64, and 6S 
~y. 

Fluidll!:ed intruSIVE! brKcill - e xac::t age unknown. but 
peroetratli:S. and thus younger than Uncle Sam 
porphyry. 

Rhyodacite tuff and W\'Ided tuff. - Includes pilrts of 
Salero FormatIOn, Sugarlolll Quartz ~Iile. and 
Bronco Volcanics. I'nd all of Red Bay Rhyolne. Cat 
Mountain Rhyolite 01 Br()loWlI (1939) ",nd Uocle Sam 
Prophyry. IncludeS 1oc",lmtrusiw bodies and locaUy 
cont",lm; fragment s of exotic rocks. ThKkoess 
commonly several tens of m4l!!ers to several 
hundreds 01 meteors. Dated at 66(?), 10. 12. 13. and 
13 m.y. The Uncle Sam. in the Tombstone area. is 
dated 12 m.y. 

Andaitic to dilCitic YOIcaric brecda.-IncJudn pans 
01 So/ero FOI'TOation, 5ugMIoaI Quartz Latite. and 
8rcnco Vok:aric1l. and ~ 0I1Ametrie VoIc.arics 
atd ~ FOI'TOarion 01 Courtright (1958). 
Con-monIy contains IMge blocks 01 exotic rocks 
and localy includes some sedmentary rocks and 
intrusiw: rocks. Sew:rallent; 01 ~ers to ~ 
hundreds 01 metm thick in most pl!JCn. 

Lower quartz monzonite I'M graodiorite- lncludes 
5OrTlI! quartz diotite; appears in sman stocks. 
Locally asSOCl/lted with mine-raliUltiorl. Dated at 10. 
11. 12. 13. 74. 14. 14. and 76 m.y. The Schwfnin 
gr.lOOdorne o1t T omb$tone 15 12 m.y. 

Roads and Highways 

e ----_.- -..... Drywash 

+++H++++t+H++- Southern Pacific Railroad 

Explanation 
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BISBEE FORMATlON OR GROUP, 
UNDIFFERENTIATED {LOWER 
CR£TACEOUS),-Uppo. port '" """" 
Formation or Group, W"ldifferentiated, i'l"xI related 
rocks. - Indudes upper part 01 Bisbee F~tion. 
Mural Limestone, Morita, Cintura, WtIIow 
Ca~, Apoche Canyon, SheDenberger Canyoo 
and Tumey Ran:h Fonnations (root &Sted in 
siratigraphic sequence j of the Bisbee Group, 
AmoIe Arkose at Bryant and ~ (1954). and 
Angelic Ark06e. Consisrs 01 browrtish· to reddish· 
arkose, 9fi'Y ~tstone, sandstone, conglomerate, 
and some fossiliferous gray limestone. Commonly 
aeveraI hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
{JURASSJC)- Stocks 01 pinkish-gray coarse· 
grained rock. l..oca!Iy asscx:2oted with 
~zation. Dated at 140, 148, 149, 149, 150, 
1531 160, 161, 161, 178, 185 m.y. 

Sedimentary rocks (Lower PenrAa:n and Upper 
Pl!~ri.ln) cor\!:ist!;oIEpt",phDolorrite 
(Lower Permian), Coif"l/l limestone (l.ower 
Permian), and Earp FOTTMDon (Lower Penrilln 
and ~ PennS»varianJ. undift"mmtiated. 
EpitaphDolorniteisadllork· to1ight-grayslightly 
cherty dolomite, limestone, rmri , siltstone, ,,'ld 
!M):SUm, 12().28) meters thick. Colina l.imestooe 
is a medium gray, thic.k-bedded, sparsely cherty, 
and sparsely fossiliferous limestone }20-28) 
metas thick. Earp Fonnation is a paIe·red 
siltstone, mudstone. shale. and imestone, l2O-240 
~ers lhick. 

Horquilla lJrTiestone (lJpper and Middle 
Pe~ni)n)-Ught.pinkish.gray, thick· to thin· 
bedded, cherty, fossililerous limestone and 
iruercalatedpale.bro.....ntopale·r~ 
siltstone that increases in abundance upoltlard. 
TypicallyJ00.4lXJmeterstnick. 

SEDIMENTARY ROCKS {MISSISSIPPIAN AND 
DEVONlAN)- Coosists mainly of Esc.abJos<, 
limestone (Mississippian)-Ioc.aIly (Armstrong 
an:! Silberman, 1974) called E5cabt"osa Group­
and Marrin Fonnation (Upper DevonilIn), 
undifferentiated. In part 01 the Chtricahua 
Mountains also includes Paradise. Formation 
(LIpper Mississippian) and Portal Fonnation 01 
SOOins, 1951a (Upper Devonian). In the Little 
Dragoon Mountilins and JOITIE! act;acent hiI1s abo 
includes Black Prince umestone, whose fauna 
and con-elation show Stronge..St affinities with 
Mississippian rocks but wheh mitY include some 
Pemsylvanian rocks. Escabrosa Umestone is a 
medium-sraY. rnas.siw to thic:k-bedded, commonly 
crinoidal. cherty, losSIiIerous &me$lone 9().JI0 
meters thick. Martin Formiltion is thick· to thin­
bedded. gray to bro.I.m doIorrite, gray sparsely 
fouiliferous, and some siJutone I'nd sandstone, 
9().120 metm thick. Pol'radse Formation isa 
bro.I.m, fossiliferou&, shaIy i:rne5tone. Portal 
Form/Ition is ~ bW;k shale and irneslone 6-100 
melffl thick. Black Prince LirMstone is pinkish. 
gray limestone with a basal shale and chert 
c.ongIomerate,;;.smuch as 52 melers lhick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MlODl..£ CAMBRIAN);-E1 PMo Limestone 
(Lower Ordo.oician and lipper Cambrian). Abrigo 
Formation (Upper and MidoJe Cambron). and 
Bois;, Quartz (~Cambrian), 
unditferen&ted.-B Paso l.irne:stone is I' g-ay, 
thin-bedded cnnty immOl"W and doIorrite 90 
metm to about 220 meleT$ tt-i:k. Abr'eo 
Fonnarion is a brown, \hin.bedded fauilifcous 
imestone, Sol'nclslone, quartzite, and shale, 21(). 
240 rMtcrs thick. Saba Quartzite is a brown 10 
white or purpish-gray, thick-bedded. COllofM· 

g'ained quanzi'te and sardstone with a basal 
conglomrrate. 9().18) meters thick. To the east, 
eqtJiI.oaIenI& 01 part 01 the Abrigo Formation w 
Boba Quartzite an! known u the Cororwdo '""""_. 
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Sedimervary rocks (lipper atd Middle Cambrian}­
Abrigo FOITNtion (Upper atd Middle Cambrian). 
I'nd BoIsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y);-MainIy 
granodiorite and quartz momonite, unfoli<lted to 
fo6ated,"'p..v1me~Generalyin 
&tocks, whichaho..ov beli!n ittlestudied.. 

PiNAL SCHIST (PRECAMBRIAN X)--ChIorite schist , 
phyIite. arv:l some metavolcaric rocks. 
~avoIcaric rocks, mE!taqUartme, ~aquaf1zite 
conglomerate, and gneiss. One metavolcanic rock 
daIMal I115m.y. 

CONTACT - Dolled where concealed. 

MARKER HORIZON Dotted ~ concrolcd. 

UIKES-ShowinoJ dip. 

FAUL TS--~ dip. Dot:ted where concealed or 
intruded: baI and bar on dou.mthrown side. 

Strike·s.!ip--Arrow couple MIows rel&1M! displacement. 
StngIe illTQW sho.ws roowr,'lent of active block. 

Major thrust fauh - Sawleeth on upper plate. 

Thrustfault - Sawteeth on upper plate. 

Anticline:. 

Inclined strike and dip of beds. 

EXOTIC·BLOCK BRECCiA- Rock contains clip or 
blcxk inclusions 01 rock different from those 01 
ho6t or other blocks nearby. Typic.allydvolcaric· 
tectonic or sedimentary-tectonic ori!jn: excludes 
Terriary~~ciadeposits. 

Sit" 01 weB or generaliud sile 01 severaJ weis, shou.ing 
unit penetrated, if known. and depth 01 weD, in 
leet. 100 feet equals 30.5 meIer$. 

COllECTION SITE-Radiogenica/ly dated rock 
showing age in miDions of years. Query before 
symbol where preciw location uncertain. 

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

1980, and Newell, R_A. , 1973. 

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

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

Distribution pattern for high zinc ratio in dump samples 
(in red)_ 
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Geology 
OLDER OR UNDIFFERENTIATED SURACAL 

DEPOSlTS (HOLOCENE TO OUGOCENE):­
GnIWI, ~nd. and silt (PMstocene and P&iocene­
MainlyalluvH.rndbasins; includes~ 
colluviun and landslide deposits. GeMt1lly ight· 
pinkish gray. weakly iodUlaled. and ~th poorly 
fOI.n3edclMts; ~weliodurafed. Thicknes6 
M:VeTal meters to hU'ldreds 01 meters. 

Basalt (Pleistocene to P!iocene)-lava Bows. 
pyroclastic rocks, and 50fTe intercalated gravel. 
Thicknes6 KI.Oef'aI nw:ters to ill few hundred meters 
in most places. R.xiometrically dated at 0.25, 1.0, 
ard 3.2 m.y. old 

&1~nsM: endesik and da.cite (Miocene and Upper 
Cligcx:ene)--Lava f\oI.vs, pyroclastic rocks,.some 
intercalated epiclastic rocks. and dikes. Mo5t1y 
gnty. fioe.grained, porphyritic rocks:includcs 
~ very coorw feldspar porphyry andesite 
(Turkey track porphyry, an infOllTli5llenn 01 
CoopeT, 1961). Thicknus rno&tly!leYl!:rl'lI rNters 
to se...eral tens 0( meters. Dated at 24, 25, n 33, 
and J9 m.y. 

Extrusive rhyolite and rhyodacite (Miocene and Upper 
OIigocene-Uva 1Iows, welded tuff. popoclMric 
nxlu, ;md some .,tercalated epidastic rocks. 
ug,1.gray to grayish·pink, vitO: to fine.grained 
porphyrik. ComlTtlJriya iewlens loa few 
thousand 01 meters thick. Dated at 23, 24, 25, 26, 
26, 26, and TJ m.y. Art addiOOrW date 0147 m.y., if 
sobstanliated.ll0Yiodicalertwp~nceoi 
EDcene rocks in the loweT member of !he 5 0 
Volcarics d Cochise Co. 

L.ower COf'l9omenlle, gnweI, lind sand (Oligocene aM 
Eocene?)-Alh.rvi~; commonly grayish.red 
deposits d small, wen rounded, I'IOIl\IOIcarjc 
clasts. Mostly sewraI meleTi to ill lew lens 01 
meters thick. 

UPPER COROO.lERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PALEOCENE):- !...ower 
YOIcarit rock5-Rt¥lite to ande5ile loNa flows, 
pyroclastic rocks, "n:I some intercalated epic:1Mric: 
rocks. Dilted al 57 m.y. Possibly younger age to ..... 

MAIN COROIL1..Ef<AN (LARAMIDE) IGNEOUS 
ROCKS:-PorphyI'iric: and "pIitic Inh'USM! rocks 
(PaIeocerw and Upper Crelaceous)- Mosrly ~riric: 
porphyry 10 daciric: porphyry in smaIIstoc ks and 
pIug$ "nd aplitic bodies nol associated with o tne,. 
g-anitoid stocks. DAted a! 61 , 63, 63, 64, and 65 
m·lI· 

Flu ichzed intrusIVe brKcia - exac t age unknown , but 
perwtrate$, and thus younger than Uncle Sam 
porphyry. 

Rhyo&cllt lull and _Idtd lull. - Includes parts 01 
~lero Formation, Sugarloaf QuaI'lZ utile, and 
Stonco Volcanics. and aU 01 Red Bay Rhyolite, Cal 
Mountain Rhyoli te 01 Brown f 1939) and Uncle Sam 
Ptophyry. IncludeS local intrusive bodies and Iocal~ 
contains Iragnwnts of exotic rocks. Thickness 
commonly KVflitl ti'05 01 mell!Tl 10 _ral 
hundreds 01 metl!Tl . Dated '" 66(?) , 70. 72. 73, and 
73 m,lI , The Uncle Sam. in lne Tombslone area, is 
daled 72 m,Y. 

Andaitic k) dKitic wIc.aric brecda,-1rdIcies parts 
01 SoIero Fonnation, SugmoaI Quartz Latite, and 
Bron:o VoIcarica., and .. 01 Drmetrie VoIc:.anb 
ardSilwrbtl FOfTNItlonol C~(1958). 
Conmc:ri.I contMvi large blocks 01 exotic rocks 
an:! IocaIy indudn some .on.nt.ry rocks And 
nrueiw roclu.. SeYeralter. 01 meters 10 5eYefaI 
hundreds 01 nwtcnllWc:k in mo.t .a. 

Louier quartZ monzonite and graociorite- lncludH 
some quartz diorite: appears in small slocks. 
locaUy auoci3ted with l'T'Iinera~zalion. Dated OIl 70. 
71. 72. 73. 74. 74. 74. and 76 m.lI. The Schiefflin 
gr3OOdofitt a l Tombstont is 72 m.y. 

Roads and Highways 

e ~ .. ~"' '- Dry wash 

-+++++<+l+H i+++ Southern Pacific Railroad 

Explanation 
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BLSBEE FORMATION OR GROUP, 
UNDtFFERENTlA'ITD (LOWER 
CRETACEOUS):-Upper piIort d Bisbee 
Formation 01" Group, undiHerentiilted, ;md rYli:tted 
rocks. - Indudes upper part of Bisbee Formation. 
Mur.tI Umestone, Merit;" Cannlnl, \.VtIIow 
Cafl')oOfl, Apache Canyon, Shellenberger Canyon 
and TUJTIey Rarrll Formations (not ilted in 
stratigraphicseq.Jence)oftheBisbeeGro~, 
AmoIe Arkose 01 Bfyanl "rd Kinnison (l954), ard 
Angelic Ark05e. Coosistsol~· to reddM· 
arkose, sra\I siltstone. sandstone, conglomerate, 
;md some fouiliferous 91'''11 ime5tone. Commonly 
sewraI hundred meters thick 

GRANm: AND QUARTZ MONZONm 
(JURA$SlC)-Stocks 01 pinkiAh.gray coarse· 
grained rock. Locally associlIted with 
rnineraiz.Ilrion. Dated al 140, 148, 149, 149, 150, 
153, 160, 161, 167, 178, ISS m.y. 

SedimeIVMy rocks (lDNer Permian and Upper 
PelY'lS»wrenl-<onsisls 01 Epitaph DoIorrife 
(Lower Perman), Colina l...irneslone (lDNer 
?amen), ;md Earp Formation (Lower Penrian 
"rd lJpper Pe~rian), u:rdfferenriated. 
Epitaph DoIorritt is a d;,rk· toJi!j\t1Jfi!Y s/i.jltly 
cherty ddomile, imeatone, mM, siltstOne, ar.d 
gypsum, 120-28) meters 11Wc:k. Co5na linestone 
is a medium~, tNc.k-bedded. $JWseI\I cherty, 
ar.:I spoIfw/y foWliferouslimestone 120-28) 
meters thick. Earp Formation is a paIe·red 
siltSfone, mudstone, shale, an:! imalone, l2().240 
mefersthick. 

Horquila limestone (lipper ar.:I MidcIe 
P~n)-light·pinkish.gray, lhick. tothin. 
beddtd, cherty, fossiliferous m-.estor. and 
intercalated paJe-bro>.un 10pale.reddish.gray 
siltslone that in:nases in iJbundance upo.iRlrd. 
Typicaly300-4~metel'$thick. 

SEDIMENTARY ROCKS (MlSSISSlPPlAN AND 
OEVONIAN)-Consisls ma.inly c:J Escabrosa 
Limesl:one (Mis&s5ippian)-locaIIy (Armstrong 
and SiIbemwt. 1974) called &cabrosa Group­
and Martin FOI'l'natlon (Upper Dtwnian). 
undiHerentialed In part 01 the Chiricahua 
Mou1tains also r.cludes Paradise Formation 
(LWer Missiuippian) and Portal Formation c:J 
Sabins,1957a(l,.\ppeT~n). lntheLittle 
Dragoon Mountains and some a4acent has also 
includn Black Prince limalone, whole {."WliI 
and c.orreIlItlon show strongest affinitie$ with 
~ rocks but wtich may include some 
P~rUn rocks. Escabrosa limestone is a 
rnedium~, rnasM 10 llick-bedded, comrnotill 
crinoidaI, dwrtll, fossiilt-rous 5mntone 9().310 
meters thick. Martin FOfTNIDon is thick· to thin­
bedded.!JCIY 10 brown dobrite, gray spaneIy 
fouilileroul, and aorTII: sitatone ard sardlUone, 
9().120 meten thick. Paracbe Formation is II 
brown, fos.silerous, shaIy imestone. PnrtaI 
Formotion.(I black sNIe IIf'td imatOl1l 6-1C6 
metl!TS tNc.k. Black Prince Limestone is pinkish. 
9fil'I imestone wilh II baYI sNIc and d.rt 
congiornefalt,asrmd\lII$52 me1I!TS thick. 

SEDIMENTARY ROCKS (LOWER 0RlXMClAN 
TO MIDDLE CAMBRlAN):-B Paso Urntstone 
(lowft ()rrdo...;cia,n and Upper Cambrian), Abrigo 
FOfTNIDon (~an:! MidcI.: Umbrian), and 
Bolla Quartz (~ CarrOian), 
urtc:itJemUItecl-E1 Pa.o Un.stone ila 'P"/, 
thin-bcdded cherty m-tone and doIofni'Ie 90 
nwt~ 10 ebout 220 rrctlrn thick. Abrigo 
FOI'I"Mtion iI.a brown, thin-bedded foItiIiIerous 
Iinwstone, anditone, quart .. , And __ , 21()' 
240 nwters 11Wc:k. Bolla Quartzite is a brown 10 
whittot~, thick.t.:lded.cow.· 
!J'ained quart_..d sand:ll:0IW with a t-aI 
c~, go.llllnwt«nthick. To the .... , 
~. 01 part of the Abrigo FotmItion an:! 
Ik*a QuartziC. 1ft known . the Coronado 
Sondotaw. 
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Sedimentary rocks (Upper and Middle Cambrian)­
Ab.igo Formation (lipper and Middle Cambrian), 
ard BoIR. QulImite (Middle Cambrian), 
undifferenMted 

GRANITOID ROCKS (PRECAMBRIAN V}:-MaiNy 
grarodiorile ard quartz ~Ie, unfoliated to 
folialed, ., part metamorphosed. Ge~ in 
stocks, v.nch ahve been ~ttJ. studied. 

PINAL SCHIST (PRECAMBRlAN X)-ChIorite schilt , 
phyIite. "rd some metiWOk:aric: rocks. 
~ rocks, metaquar1:tite, melaquamite 
con9omerllte, and gneiss. One rrwtavolcanc rock 
dated at 1715m.y. 

CONTACT- Dotted IoI.twre concealed. 

MARKER HORlZON- Dot:ted where concealed. 

FAUl TS---ShoMng dip. Dotted ~ concealed 01" 

inlruded: baI and bar on c;b.wnrhro.un side. 

Strike·sip-Arroo.I.> couple shows relatm displac:cmenl. 
Single arrow &haws movemenl 01 acri~ block. 

Thrust IauIt- Sawt0elh on upper plate. 

Anticline. 

Indined sllite and dip 01 beds, 

EXonCBLOCK BRECCIA- Rock ca'llains chp 01" 

block inclusions of rockdfferent from thoee 01 
host or other bIoc.ksnearby. Typic.alyc:J ...,xanic;· 
tectonic. 01" Mdimenlary.tectooic origin; excludes 
Ttrtiary mr.>gabreccia deposits. 

Site of -a or!Jll!Tlel'llized site of 5e\IefiI/ wth, ~ 
um pelVtnlted, if known, and depth 01 lAId, ., 
feet . 100 leel t~ 30.5 me!cn. 

COLLECTION SITE- Radio9tnic;eIIy daled rock 
showing lIIgI in millions 01 yeaJ'l. Query befOl"e 

svmboI wlwrl! precise: location uncerlNn. 

• Dump sample location 

Lead 

r, 2l 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 8. Dump sample location map showing area of influence 
boundaries and the Ajax, Prompter, and Horquilla 
faults, from Newell, R.A. , 1973. 

Distribution pattern for high lead ratios in dump samples 
(in red). 
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Geology 
OLDER OR UNDIfFERENTIATED SURACAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Grave. $.lind, and sit! (P\tisI:ocene and FIoce~ 
Many alluw..nol~: nduda IOfT'C 

colkMum and 11Ind5ide deposits. Get1e1'i\Dy ~t 
p.nkish gray, weakly Indurated, and IMth poorly 
rOl.RJed clasts; locaDy...d indurated Thickness 
_ral meters to hundreds d meters. 

Basalt (P!eislOCene 10 PIiocel'll)-Lava 1\ooNs, 
pyroclastlC: rOCks, and some inlercalated grtIvei. 
1luckness sewraI meters 10 .I lew hundmi meters 
m most ~es. Radiometricaly dated .II 0.25, 10, 
and U m.y. old 

ExtensMl ondeslte and daclle (Miocene and Upper 
Oigocene)-Laval\c:lw5, pyroclastIC rocks, some 
I'Itercaiated epiciubC rocks, ~nd diku. Mostly 
gray, Me-grained. ~'I'lfic rocks; InCIodes 
.tOrJ'oI!; very coarse feIdspa.r porphyry andesite 
(Turkey tri!ICk porphyry, an 1nforrnci term 01 
Cooper, 1961). ThIckness mostly sewraI rneten 
to _raJ tens 01 melers Dated at 24, 25, 'n, 33, 
and 39 m . .". 

Extl'USlYe m."oIite a;'ld rhvodacite (Miocene and \Jpp('r 
Obgccene- UMt 1b.Ini, welded tuff, pyroclastic 
rocks, and sorre nten:&ted epidaslic rocks. 
l..JgI-It-grayto~pink,viTril::lOme-<JI"&IN!CI. 
!XJfl)hvntic. Commoriv a few lens 10 a few 
lhouland 01 meters thick. Dated .II 23, 24. 25, 26. 
26. 26, and 'l7 m.y. All additional dale 0147 m.I/., II 
wMrantialed, ~ incieate lhe ~ruol 
Eocene rocks ... the lower member 01 the S 0 
VoIcMics 01 Cochise Co. 

Lower congIomerale, grM, and $.lind {O&goc.ne and 
Eocenen- Alh.Mum: cCll'TYTlOriv ~.red 
depositsoismaJl,_l rOln:fed , ~ric 

clasts. Moslly ~aI meters to a lew lens d 
meten thick. 

UPPER CORDIll.ERAN (LARAMIDE1IGNEOUS 
ROCKS (LOVJER PALEOCENE):-Lower 
«aric rocks-Rhyoile 10 andesile I.wa I\ows, 
P'.Toclutic rocks, and IOfT'C ntl!l"C.llaled epciul1C 
rocks. Dated at 57 ",-\!. PossibIv~ age 10 

MAIN CQRDIll£kAN (LARAMIDE) IGNEOUS 
ROCKS:- Porphvritic lind aplitic: intrusM rocks 
(Paleocene and Upper C retaceOU5.)-Mostll/l!iritic 
porphyry 10 d;,citic porphyry in small stocks lind 
plugs and aplilic boditI not associllled with otl'llr 
!J'aritoid stoclu. Dated at 61. 63. 63, 64, &tid 65 
m .\!. 

Fluidl:red InIrUsrve brecc ... - iliaCI a-ge unknown. but 
penerra r ~s. lind rhll5 \IOUnger th<ln Uncle Sam 
porphyry. 

Rh."oda(lI~ rull and ~ tuff . - Includes parts 01 
Silk.'fo Formll\tofl. ~rloaf Quam: Lahte. and 
BrIWO VokMlics. 3M all of Rid Bay Rhyoirlf. C!t 
Mountain Rhyolite 01 Brown (1939) and Uncle Sam 
Proph."r.". Includes local iOirusivE> bodies and Iocan." 
contains fragmenTS 01 ~lIofic rocks. ThICkness 
comrTlOll1y ~allens of melers TO several 
hundreds 01 meters. Dated at 66(n, 70. 72. 73. lind 
73 m.\!. The Uncle Sitm. tr'Illw Tombstone area. 15 
d.\11!d72 m . .". 

Anduiric 10 dacitk: uobric breccia.-1nckJdn pans 
01 SoIero Fomtiltion, Sugarloaf Quartz Latite, and 
Btorco VoIcarics, and aI 01 Ormwtrie Voicarics 
and Si/>.onbd Fomtilhon d Courtrigtlt (l958). 
ConvnorVv conlains large bb:ks 01 e:wtic rocks 
and IocaIy incIuda lOme secimenwy rocks and 
inlnnive rocks.. SeIIeraI tens a meter5 to ....raJ 
hundreds a melers thick in most pb:es. 

lowt>r Quartz monmte aod graodiorite - Includes 
sonw quartz diortle; appears in 5mllII 5tocks. 
Loc:aliv i155OCWUI!d With mtnera~zallOf1. Dared at 70, 
71 , 72,73. 74.74.74, "nd 76 m . .". The Schielmn 
granodol"lte ... t T~lorw 1$ 72 m . ." 

Roads and Highways 

e~ .. ~- . --- Dry wash 

i il! I I!!!; I:;I: Southern Pacific Railroad 

Government Reservation Boundary 

e--------Aqueduct 

A--- - .A· Cross section line 

Explanation 

BlSBEE FORMATION OR GROUP, 
UNOIFFERENllATED (LOWER 
CRETACEOUS):-lIpper pM d Bisbee 
FormIItionOfG~,~led, andrelated 
T1Xks. - 1ndudn upper pM 0I8i.sbee Formation, 
Murallmestone. Morita, Cmtura, ~ 
Canyon, Apache Canyon, Shellenberger Canvon 
and Tumey Ranch Fonnatiom {noluled in 
SlTllrignlphicsequence)oI the Bisbee GrOl.4l, 
AmoIe Arkose d &ya.nl and KiM!on (1954). and 
Argeic Arkose. Consists a browMh· 10 reddish· 
Dfkoee, gray sitStoni!, sandlUone, Cor8omerale, 
and some fossiJifemus ~ imatone. Commonly 
MVmII hurdred meters tlick 

GRANITE AND QUARTZ MONZONITE 
(JlJRASSIC)- Stocks 01 pinkilh-gray coarse· 
grained rock. UxaIIy llIIOCiated with 
rmwnIIizallOT\. Dated al 140. 148. 149, 149, 150, 
153, lro.I61, I67, 178, 185m.y . 

Sedinwrtary nxks (I...cMer- Pwman ard lJpper 
PelY'l6Ylvarian}-<:onsisIsdEpitaph DoIotrite 
(lD.wr Pwrrian), C»na l...imutone (Lower 
Permian), lind urp Formation (I.o ..... er Permian 
and \Jpper Pe~rMn), undifferentiated. 
Epitaph DoIorr-tte is a dark· to ~t-gray ~tIy 
chertv doIorritl, anatone, marl,siltstone, IIrd 
~, l2().28) melers lock. CoiN l..imestone 
iI a mechnI gray, tlick·bedded, ~ chertv, 
and sp.VSe!v fos.siferous Innalone l2().28) 
meters thick. EArp Formation is a p*·red 
siltstone, mudstone, shale, and imalone, 120-240 
met(!f$thick. 

tiorqu&llJmestone {Upper and Middle 
Pemsytvarian}-l.dll.pCnkiah-gray, d'ick· 1O lhin· 
bedded, cherty, fCllS.'5ililerous lrnnIone and 
inrercal&tedpale.browntopale.redd:sh-g.-ay 
siltstone that i1creases in ~ upward. 
Typicaly JOO4~ meters thick. 

SEDIMENTARY ROCKS (MlSSI.SSfPPlAN AND 

~=~~(~ 
and ~ 1974) called Escabrou G~ 
and Marm FOfTI"Illtion (Upper [)r..orian). 
undiffll'tnriBr.i In pMt a It. Chir'cahua 
MounI3ins also includes Pandise Formation 
(lJppa Miuiuippian) and Portal Formation 01 
Sabins, 196711 (lWer OeYorMn). In the Little 
Dragoon Mountains and some adjacent hils aI50 
in:kJdes BilIck Pmce l.imntone, wt-.o. fauna 
and correlation show strongest atfrities with 
~ rocks but....tCh n-..y rdude IOmI 

~n roclu. &:.abr06lllinestone is a 
~, mu.siul totNck-bedded, cOlT1lf1Ofiy 
crinoidaJ, chert\!.lossiIlerous irnatone 90..]10 
metm thick. Martin Formation II thick· 10 thin­
bedded,9'<IY 10 brown cIobrile, gray spaneIy 
fouiIifemua, and IOfT'C litaone and ardstone, 
90-120 met(!f$ tlick. ParadiK Formation is a 
brno.un. fosdilcttous, IhaIo,I irnestone. PnnaI 
Formanon illI black aha'I ud irrwIIone 6-1Q) 
meters t"*=k. Black Pmce l.Jmestone is pinkish­
gr~ limntone with a basal ahaIc and chert 
conglomerale, os. much M 52 mettf$ thick. 

SEDiMENTARY ROCKS {lOWER OROOVlClAN 
TO MIDDLE CAMBRIAN);-fl Paso ~one 
(Lou.oa- 0n:I0vician and Upper Cambrian), Abrigo 
Form/Ition Cl.Wer and Mickle Cambrian), iU'd 
Boba Quartz (Mdde Cambrian), 
~ted.-fl Paso L.matone is a 9"lY, 
tI*t-btdded cheTty irratone and doIc:wTVIe ~ 
meters 10 aboot 220 me1tf$ thick. Abrigo 
Formation is .I brown, 1m-bedded f065ilerou$ 
irratone. sa.ndstone, quartzite, and shale, 210-
240 rnt!lers thick. BoIsa Quartzite is a brown 10 
white Of purpbh-gray, thick-bedded. COBnI' 

grained quartzile and $.lIndstone with .I basal 
congbnerale, 90-111lmrtenthick. TOW_I, 
~sol pM d the Abrigo Formation and 
BcI.a Quartzite an! known _ the Coronado 
Sandstone. 
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Searnmtaty rocks {Upper and Mickle Cambrian}­
Abrigo Formation (Upper and Mickle Cambrian), 
and Boha Quartzite (~ Cambrian). 
urrdilferenbated. 

GRANITOID ROCKS {PRECAMBRIAN y):-MarrIv 
granodiorite and quartz mcmonile, urloliated 10 
foliated, in part metl'llT'lOl'phose. Generallv in 
stocks, v.nch ahve been ittlllludied. 

F'tNAL SCHIST (PRECAMBRIAN X}-OoIorite schist , 
~te, and some metavoIc.lric rocks, 
rnctavoIcanrcrocks, metaQUllTlzite,metaqUartzite 
COI"9omerale, and gneiss. One me1~ rock 
dated .It J71Sm.y. 

CONTACT - Dotted when! concealed. 

MARKER HORIZON- Doued ~ concealed 

DIKES-,.,.,....."". 
FAULTS-Showing dip. Dotled where concealed or 

intruded; ball "nd bar on downtllrown side. 

R.",,,. 

Strike·slip-Arrow couple shows ~ cis:placement. 
Sirglea1'l'Ol>l<l~rTIOYementolactM!:bIock. 

Major IhT\lSl lauh-Sa~1eeth on upper plale. 

Anticint. 

Incined llrice and dip 01 beds. 

EXOTlC·BLOCK BRECCIA-Rcxk contaiN ct-ip or 
block inclusions a T1Xk different from those 01 
holt Of other blocks nearby. TypicaIoJ 0I~· 
Iec:roric Of sedimenlarv-leCloric origin; elCCbles 
Tertiary~ deposit .. 

Site 01 __ Of generaized sile a R\Ii!1'llI web, sho\.r.Iing 
unit peretrated, it known, /lind depth 01 __ , ... 
feet . 100 feel equals 30.5 mete rs . 

COI.l.ECTlON SITE- ROKiogericaly dated rock 
showing .191 in tftIionr; oIl/eNs. Query bebe 
...,mboI where pt'ec:ise Iocalion uncertain. 

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

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

By James A. Briscoe 
James A. Briscoe a nd Associates 
Tucson, Arizona 

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

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

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, sard, and silt {P\eistoc4?ne and PIiocene­
Mllinlyalll.lllium d basins; ncl~!oOfl'W 
colhMum and landslide deposits. Generally light­
pinkish gray. weakly rollnltoo, and with IXJOI'Iy 
totrded WIJ; JocaIIy wdI indunl1eci Thlckne5S 
sewn! meters 10 hundreds 01 meters, 

~ (Pleistocene toPliocene)- ulVlll\oo.o.rs, 
pyroclastic rocks, and 500le intem!latlld gravel. 
Ttuckne56 several meters to a few hundred meters 
in most pOCe5. RadiometricaIy dated III 0..25, 1.0, 
and l .2 m.y. old 

Extensiw andesite and dacite (Miocene arrl l.lpp!r 
~)-~IIows,pyroclasbCroclu,iOfT'oI! 
intercalated epicIasric rock$., and dikes. Mo6tIy 
~. ~t porphynnc rocks; nciudH 
!iI:JITe ueTy coarse feldspar porphyry ar.dH!le 
(Turkey track porphyry, an WOI'I1"o1I tmn 01 
Cooper, 1961). 1l'ickness mostlywYCtal meters 
10 several lens d melers. ~Ied at 24, 25. 27. 33, 
ard 39m.y. 

Extrusr.R rhyolite a.1d rhyodaote (Micx:ene and Upper 
OIigocene- ulVlI 1Iows, welded tuff. pyroclastic 
rod~$, and 5CIIT1e n terealated epclasrit: rocks. 
I..qll.graytograyish-pink,...nric loline.grained. 
porphyritic. Commonly ill few lens \0 II lew 
tkousard 01 meters thick. Dated at 23, 24, 25. 26, 
26, 26, and T1 m.y. An addiriorW date of 47 m.y., if 
substantiated, l'T\ayindiclite the presence 01 
Eocene rocks in the lower member 01 Ike S 0 
Voicarics 01 Cochise Co. 

lower conglomerate, gnNeI, and sand (Oligocene and 
Eoune?}-Alh.Mum; COfTlmOfVy gntyISh.red 
deposits 01 small, \IoII?A rounded, norwoIcaric 
clasts. Mostly sewral meters to a few tens of 
meters thick. 

UPPER COROlU...ERAN (l.ARAMIOE) IGNEOUS 
ROCKS (LOWER PAl.£OCENE):- lower 
\IOIcarIc rocks-Rhyolite to andeSIte liwa f\oo.L.os, 
pyrocLlstic rocks. aM $Oflle intet'Cal&ted epcwnc 
rocks. Dated at 57 m.y. PosSbIy ~ age to 

MAIN CORDIUEkAN (LARAMIDE) IGNEOUS 
ROCKS:-Porptyynnc and :aplibC Intf\lSl\le' rocks 
(Paleocene and Upper Cretaceous)- Mostly !antic 
~todacincpol'l)hyry.,sm.l!ISloc:ksand 
plugs and aplibc bodies not iIUOC0ted with olher 
9""ritoid stocks. Dated at 61, 63. 63, 64, arc:I6S 
~,. 

Flul(:fIz'!d intruswe breCCI!l - uMt age unknown. but 
~rwtr:a te'5. and thus younger than UIlCIe Sam 
porphyry. 

Rhyodocue tuff and ~ tuff. - lnclu<W5 parts of 
$alero Forma!!on. Sugarloaf QuaflZ LaWf, and 
Brorco Volcanics. and all 01 Red Bay Rhyohte , Cat 
Mountall' RhyoliTe of Brown (1939) and Uncle Sam 
Prophyry. Includes local int rUSIVe boches and locally 
contalTlS fragments of exOtiC rocks. 1lucknns 
commonly _ral If fa of meters to ~aI 
hundreds of meters. Dated at 66(?). 70. n. 73, and 
73 m.y The Uncle Sam. in the Tombstone area. IS 
<i3ttdnm.y. 

Andaitic 10 dacitic YOk:aric brec:cia.- 1nckJ,on pan .. 
of SoIero FormIIotion. ~ Quartz lahte. and 
Bn:n:o Volcarica, and .. 01 Demetrie Voltaria 
and SM!Tbd Formation of C~I (1958). 
~containslarge blcxksolexo6c rocb 
and 10caIy includes sornt: sedmcnlMy rocks and 
inlf\.l5ive rocks. Severllllf!ns of meter510 5I!Yerai 
hundmis 01 meters lhick in TnO$I pIoca. 

Lower quartz monzonite <'Ind graodlOfiTe- lncludet 
some quartz diorite: appears in small stocks. 
Locally olSSUCliited with mrnerahlllllOn. Dattd at 70. 
71. T2. 73. 74. 74. 74. and 76 m.y. The Schl('fflin 
granodoritt at Tombstol"l(' is 72 m.y. 

Roads and Highways 

e - .. -'"'- Drywash 

: ; 1 ! 1 1 , 1 ; . 1++++ Southern Pacific Railroad 

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

- ------- - Aqueduct 

A----.A' Cross section line 

Explanation 

BISBEE FORMATION OR GROUP, 
UNDIffERENTIATED (LOWER 
CRETACEOUS):- l)pper pan 0I 8isbee 
FOf'TT\lItlon or G~. undifferentiaTed, and related 
rocks.-Includn uppn" pan 01 Bisbft Formation, 
Mural l.imestone. Morita, Ctntura. Willow 
Canyon. Apache CaJ'l!P"l, Shellenbtrgn Canyon 
and Turney Ranch Formations {not ~ro in 
5tra~~~nce)oIrheBisbeeGT"OI.4l, 
AmoIe Arkose 01 Brya.nt and Kinni50rl (1954), and 
~ Arkose. Consist! 01 broo,.,onish. to reddi$h. 
mOM, gray .. ilt .. tone, Iilndstone, congk>merate. 
and some fossiliferous gray 5mestone. Commonly 
~ hundred mften thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-Stoc.ks 01 pinkish.gray coarse· 
graned rock.l..ocaIv IISIOcialed with 
IT'81ef"ilbation.Dalroall 40, 148.149. 149, 150, 
153, 160, 161, 167, 178, l&5m.y 

Sedimrnl:AfY rocks (l...ower Permian and Upper 
~r.an}-<onsislS 01 EpMph DoIomile 
(l...oIwr Perrrian), Colina l..Imalone (l.ower 
PerrrMn), and Earp FOfTMrion (l.ower Permian 
and Upper f\!:mso)varian), undiffenmo.,ted. 
Epitaph Dolomite is a dark· to light.gray ~tIy 
cherty doIolT'lte, limnlooe, marl , silUlone. a'ld 
!M)5Um. 12().2IJ) meters lhick. Coina limestone 
is a medium gray, thick·bedded. sparsely cherty, 
and sparsely fO&Siliferous 6mestone 12().28) 

mfter .. thick. arp FOITMrion is a paIe.red 
siltstone, mudstone. shale, and limestone, l2().240 
mfterslhick. 

Horquila lJme5tone (Upper and Middle 
Pe~rian)-Ughl· pinkish.gray. thick· 10 thin· 
bo:lded. cherty. f06-Siliferous limnIone and 
inlac.aLated paIR.bro.I,rn lo pa\e' reddish-gray 
sitstone tNt increases in abundance up.vard. 
Typicaly 300-490 mettT$ thick. 

SEDIMENTARY ROCKS (MlSSISSlPPIAN AND 
DEVONlAN}-CoNists mairiy 01 Escabrosa 
lJrnestone (Missis5ippian)--IocNIy (Arrn.strong 
and Silberman, 1974) called ~ Gruup-­
and Marrin Formation (Upper Dewnianl. 
undiIfe-entJaled. In part 01 the CMicahw 
Momtain5a1soincJudesPaladise Formarioo 
(1Jpper Miuwippan) and Portal Fonnation 01 
Sabins. 1957a (Upper Devonian). In the lJtde 
Dragoon Mot,mlalnl and some a4acenl his Bbo 
includes Black Priocel.imestone • .....hosefauna 
and correlation IhoN IIl"OI"IgeSt affritiu with 
Mississippian rocks but whch may include some 
Pe~rian rocks. Eac.abrosa UmesIOlll! is a 
1'I"Wdi1ATl-grny. massMi: to thi::k-beddtd., cornmorVv 
crinoidal. cherty. fOMiti1erous imeslone 90-310 
ITIfleT"l thk:k. Martin Formation is thick· 10 thin­
bedded, gray to brooNn dolomite, gray sparsely 
fouiIiferous, and ~ IiltstOlll! and sandstone, 
9().120 meters thick. Paradi5e Formation is a 
brown. fouiliferous, shaIy lirnutone. PomI 
Formation is a black shale and imesl~ 6-100 
meter .. thick. Black PMcf; l..Jmestone is pinkish. 
gray limestone ""';Ih a basal shalt and chert 
congjommlle, ;as much as 52 meters thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MJOOlE CAMBRIAN):-El Paso Limestone 
(l..cw«r OrdovIcian and LIpper Cambrian), Abrigo 
Fonnation (lJpper ard MidcIt Cambrian). and 
BoIu Q.t.artz (Midcte Cambrian), 
...-ditf~ted.-B Paso lJrnatone is a ."ay, 
Ihin.bedded chmy analone and ddorrite 90 
meters to abouc 220 metlm lhit:k. Abr90 
Formation is a brown. lhin-bedded foMiIeroos 
limestorw, SiJndstone, quartzite, and 5h:a.It, 210-
240 rnetlm thick. Bolla Quanzite is a ~ 10 
'Nhtte Of purpIish.gray. thit:k-bedded, COMW­
grained quartzite and sandstone with a basal 
C~IIt.90-IIK).,... .... thir:::k. To lhiteasl, 
equivalents 01 pari 01 the Abrigo Formation and 
BoIu Q.w\zilfl are known 105 the Coronado 
Sandstone. 
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Sedirrentary rocks (Upper and Middle Cambrian)­
Abrigo Formation (Upper and MidcIe Cambrian), 
and BoISlI Q\.oartzite (Middle Cambrian). 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN V>:-MainIy 
~Ie and quartz momonite, unlolialed 10 
foliated, in part met<'l~ Generally in 
SllXks, .....t.ic:h aM been Mnle studied. 

PINAL SCHIST (PRECAMBRIAN X)-ChIorile SCMt, 
phyllite, and some metavolcaric rocks, 
metauoIc.aric rocks, me~mile. metaquartzilt 
con9omerate. and gnetU. One metavolcaric reck 
datro al 1715 m.y. 

CONTACT - Dotted where concealed 

MARKER HORIZON-Dotted ~ concmled. 

DlKES-Sho.o.-irecip. 

F AUL lS--Showing dip. Dotled lIItw:re concealed or 
intn.ded; b.lJI and bar on oo....nthrown SIde. 

Strike·I&p--Arrow couple shows relative displacemenr. 
$ingleollTOWsho.usl"l"lO\llm'lltnraacnvebiock. 

Thrust fault-Sawtmh on upPer plait. 

Anticine. 

Inclined strike and dip 01 beds. 

EXOTIC·BLOCK BRECCIA-Rock contains clip or 
block inclusions 01 rock difitlTent from those 01 
hosl or othtr bIocki nearby. Typically of voIcaric· 
tectoric or sedimentarY.leclonic or9n: Itxdudn 
T ertWy megabreccia deposits. 

SiterJlIIodorgenerai;zedsiTeofseveraflAods,~ 
unit pmetraled. if known. and depth 01 wei , in 
feet. 100 feel equals 30.5 meters. 

COUECTlON SITE- Radiogenicaly dated rock 
showing age in millions 01 year ... Query before 
5YmboI wtwrc prltClM Ioaotion uncertain. 

• Dump sample location 
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Geology 
OlDER OR UNDIfFERENTlAlEO SURFICAL 

DEPOSITS (HOlOCENE TO OUGOCENE):­
GTCIIIeI.. sand, and silt (PIei:!.locel'll lind PIioctne­
MamIy ;,IIuvium of basins; incIude5 50me 
colluvium and Ja,rd5Iide deposil~ GenenWly igtu· 
pnkish gray. weakly ndura.ted. iilrrl With pooriy 
rOUlded clasts; Iocaly wei indurated Thickness 
5eIIef1II meun 10 hln1reds 01 meters.. 

BMah (Pleistocene to PIiocene)- Lilvd Rows, 
JMOC~tic rocks. and some inTercalated gRlveI. 
1l-i:knes6.5e\11t1'31 meters 10 iI lew hundred meters 
U'I most places. Radiometric.;,ly dated iU 0.25, 1.0, 
and 3..2 m.y. okt 

ExtmsIW andesite: .uv:l d.-v:rte (Miocene and l,.tpp0 
Oigocene)-LwlIIIows, pynxlasK" rocks. some 
inrm:aLated EPidasnc rocks, lind dikes. MoctIy 
O""i'.~, rvwrh!rrirW-ff'r"lw ir""lI'k 
.tOfne very coane ieldspar porphyry andesite 
t I Ufkey track porphyry. an norm.ll ftm'l 01 
Cooper, 19(1), 1Nckness mostly several meters 

to sewrailens 01 melers. O;.,ted at 24, 25, 'n, 33, 
and 39 m.y. 

Extrusive rfyJIite a."Yi rtayod.v;ile (Miocene and Upper 
OIigocene-L.:.wa /looNs,~ tuff, pyroclastIC 
rocks. and so:::rne tllerca2ted epiclasric rocks. 
Utj'll-gray 10 gntyISh'pulk, vilric:: to 6ne~ntd. 
porphyritic. ComrT'lCllVy a bt fem to a lew 
lkousand 01 meters tlK:k. Dated at 23, 24, 25, 26, 
26, 26, and 'l:l m.y. As! additional date 01 41 m.v" if 
subslaonrialec:i, may indicate The preserce of 
&x:ene rocks in the Joo.oNr member 01 the S 0 
VoIca.rics c:J Coc~ Co. 

lDwer conglomin"ate, griJII'd, and SiIIod {~ne ilnd 
Eoceoe?)- Alluvium: commonly grayish-red 
deposits of small, wei reuded, non\IOk:aric 
claslS. Mostly several meters 10 is lew tens 01 
melerslhi::k. 

UPPER CORD/lllRAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PAlEOCENE):- l...owef 
..ocaric rocks-Rhyoite to andesite lava 1\ow5, 
pyroclMric: rocks, and 50mIl r liercaLated ~1Mtic 
rocks. Dated at 51 m.y. Pos.siJIy ~ age to ..... 

MAIN CORD!ll£f<AN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyntic lInd "plittc intfU5ive rocks 
(Paleocene and Upper Cret&CeOUS}-Mostiy \abbe 
porphyry to d;,citic porphyry In small stocks and 
plugs and aplitic: bodies not as.socWIled \llith other 
~aritoid stocks. Dated at 61. 63, 63, 64, and 65 

FIUlchzi!'d Intrusive brecc\a - eXiK't age unknown, but 
IX'r'lel rates . .,nd thus younge! tMn Uncle Sam 
porphyry. 

Rhyodacite tuff and.....elded 11,111. Includes palts of 
Salero Fonnanon, Sogalloaf Quam: ullle. and 
BrOOC"o VolcanICS. and all of Red Bay Rhyoille. Cat 
Mountain RhyoliTe of Brown (1939) and Uncle Sam 
Prophyry loc1udes local intrusive bodies and locally 
cootains 'l~nIS 01 eltolic rocks. Thi<:kness 
comrnoo/y ~ tens g/ lT1t!Iers to sewral 
hundrl'ds g/ meters. Dated .,t 66(1), 70, 1'2. 13. and 
7J m y. The Uncle Sam. In lne TombstorM' area. IS 
daled 12m.y, 

AndesiticlOdacitic~ricbfea:ia,-IncIuOtSpart1 
01 Solem Formation, Sugarioal Quam LaTite. and 
8ronc:o VoIcarics, and aI a Dtmetne Voicarks 
ard SMrl:JeII Formation a Courtri!I'It (1958), 
CotrmonIy contains 1arge blocks a ellOric rocks 
and locaIy nck.des ~ smmenlafy rocks and 
intrusive rocks. Severailens a meters 10 IIoeWflII 
hundreds a meters thick in mosl placn. 

u-r quartz monzonite lind graodiorite- Includes 
some QUaftz diorite: appe.,rs in small stocks. 
locally ;)Ssociated With l1'IInet'allz.,hOI'l. Dated a11O. 
n 12. 13. 74, 74. 74. and 76 m.y. The Schielflin 
granodorite at T ombslOrw IS 1'2 m.y. 

Roads and Highways 

e~ -.---- Drywash 
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BISBEE FORMATION OR GROUP, 
lJNDIFFERENTIATED (LOWER 
CRETACEOUS):-lJpper pan 01 Bisbee 
FormabOO or Group, undifferen~ted, and related 
rocks.- lnckJdes upper pM 01 Blsbee FOfmIItion, 
Murall..tmestone, Manta, Cinrura, Willow 
Cano,.on, Apache Canyon, Shelerber'ger Carryon 
and Turnf\' Rarch Formations (not isted in 
slratuaphic sequence) al the &$bee Group, 
Amole ArkoIIe d Bryant and Kinrison (l954), and 
Angric Arkose. Consi5ts 01 brownish· to reddish­
",10...-, ~"Y s.atSlone, sandsl:()[')e, conglomtrate, 
and.some fouiliferous gray imeslone. Commonly 
5eVeI'aI hundred meters lhie!. 

GRANITE AND QUARTZ MQNZONm.: 
(JURASSlC}-$tocks 01 ~ coarw· 
!J<'IIined rock. Ltxaly M60ciated \llith 
TTineraiD.tion. Dated 1II 140, 148, 149, 149, 150, 
I!'.l), 100. lIil,l'1, no, IO& ,,~y . 

Sedimmt&ljl rocks (l.Dwer F'ftmian and ~ 
~)-consists oiEpitaphDolorrite 
(l.D.o.oer Pmnian), Coma Limestcn! (l...ou.oeT 
Pvnnan), and Earp Formation (lower Penr6an 
and ~ Pe~rian), undifferenrillted. 
Eptapl'! DoIorrile 15 a dark· to light-gray 5IioJ'ttly 
cherty doIomite , lirnestone, mari, sitstone, ard 
~ l2().28) meters theck.. Coina I.Jmestone 
is a medium gr/llY, thick·bedded, sparsely cherty, 
lind splIrM!ly 10000000erous limestone l2().~ 
meters thick. Earp Formation is a pale-red 
siltstone, mudstone, shale, and imestone, 12Q.240 
rtWtersthlck. 

Horqui/la l.Jmutone (Upper and Middle 
Pe~nian)-light ·pinHish-gray,thick· 10 thin· 
bedded, cneny, fossiliferouslimestorM' and 
intercalated pale-brown to paIe.redc5sh"JI"IY 
sihltont that ncreases in abundance uplARlrd. 
Typic"" 300490 meters ttMck. 

SEDIMENTARY ROCKS (MlSSISSlPPtAN AND 
DEVONIAN}-ConaistJ main.; 01 Escabro&a 
l.Jmestone (Mississippian}-locaIIy (Armstrong 
and Silberman. 1974) called ~ Group­
and MarM Formation (Upper Devonian), 
undiffef-enrillted. 1n part 01 theChiric.ahua 
MoUltu\S abo nciudes Paradite FormabOn 
(Upper ~n) and Portal Formation 01 
Sabins, 1957.11 (Upper Or.Jorian). In the little 
Dragoon Mountains and SOrTIe 4x:ent his also 
incb:ies Black Prince l..imI!slone, whose fauna 
and correlation show strongest affinities \llith 
Missis6ippianrocks but u.+ich may incIude.some 
~nIIn rocks. Escabrosa Limestone is a 
medi..,,-gray, maW,.oe 10 thick·bedded, corT\l1'lOriy 
crinotdal, cher1y, fossiliferous limntone 90-310 
melers thick. Martin FOI'ITIIItion is thick· to thin· 
bedded, ~ay to brOlNl'l dolomite, gray 5pM5e:Iy 
fossiiferous, and 6Ofr1e siltstone and sarodstone, 
9().120 met.,.. thick. Paradise Formation is a 
brOlNl'l. fossiferoos. shaIy imeslone. Portal 
Formation isa b£ack shale and imestone b-lllS 
ffWters thick. Black Prince Umestone is pinkish. 
gr/llY imesrone \llith a basal shale and clwrt 
conglomerate, <is rtllEh as 52 meters tBck.. 

SEDIMENTARY ROCKS (LOWER OROOVICIAN 
TO MIDDlE CAMBRlAN):-El Paso I..irnmone 
(l...owef Qrdoo..oician and Upper Cambrian), Abrigo 
Formation (Upper and MidcIe Cambrian), and 
EloIsa Quartz (MidIe Cambrian), 
undiIferenriated.- El Paso Limestone is a!J'llY. 
uw.-bedded cherty lmestone and doIorrite 90 
meters 10 abouI 220 meters tNck.. Abrigo 
Formation is a brooun. tnn.bedtWd f<:JWiIerous 
1imHtone, s.andsrone, quartzite, and shale, 21()' 
240 meters thick. Bolsa Qwnzite. a brown to 
white or pwpish-gRly, thick-bedded, coarse· 
grained quartzite and 5andstone INith a basal 
c~le, 90-181 melersthck.. To the east, 
equivalents 01 pan oItM Abrigo FOI'TT'Iation and 
EloIsa Quartzite ate known as the Coronado 
Sardtltont. 
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Seamerury rocks (Upper and Mickle Cambrian)-­
Abtigo F()n1'IaOon (Upper and Midde Cambrian), 
and BoIsa Qwnzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y),-"""" 
grar.xiorite and quartz rromonite, u!Voialed to 
foliated, in pan metamOrphoeed. Generaiy Ifl 
stock$. which ahve bern i ule studied, 

PINAL SCHLST (PRECAMBRIAN X)-Chiorite schast. 
~te, and !Om!! meta\.dcaric rocks, 
metiNOlcanic rocks, ~rtZJtIl, metaqUartzite 
conglomerate, and gneiy. One metavolcaric rock 
dated at 1715 m.y. 

CONTACT - Dorted where conc::e.Wd. 

No",,", 

Strike·s5p-AfTOw couple shows relative tisplacement. 
Single arrow ahowI TT'IOYI!ITIent 01 active block.. 

Thrust tauh-Sawteeth on upper piIIte. 

Anticw . 

EXo n C-BLOCK BRECCIA- Rock COt'ltains c~ or 
block inclu5ions 01 rock diffllfent from tho&eol 
hast or Ofher bkx:ks nearby. T).1licaIyoluOlcaric· 
tectonic or sedimtnl:ary.ttctonic 0I'i9n: excludes 
Tertiary~ecciadePOSiIs. 

Siteolweilorgeneraizedsite0l5eYeralwells,~ 
uri! penetrated, if kntN.TI, and depth 01 wei, il 
feet . 100 leet ~30.5 melers. 

COlLECTION SlTE- Radiogt:ricaily dated rock 
shovmg age in milhons of years. Query before 
symbol where pred5e location uncenain. 
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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). 



Geology 
OLDER OR UNDIFFERENTIATED SURFlCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, $and, and silt (Pleistocene and PIiocene­
Mainly alluvium 01 basitu; indl..ldes some 
colluvium and I;,ndsIide de-posits. Gerwraliy light-
pinkish gray. II./Caldy indurated. and with poorly 
~ clasts; locally weD indurated. Thickness 
~ meters 10 hundreds of melers. 

Basalt (~tocene to PIiocene)- u.va fbws, 
pyroclastic rocks, and some interca).,te<! gravel. 
Thickness ~ meters to a few hundred melen 
in most pbces. RMiiomelricaDy dated ill 0.25, 1.0. 
3n:13.2m.y. oId 

e[~ Extensive andesite an:! daciTe (Miocene arxi Upper 
Otigocene)-Lava flows, pyroclastIC rocks, some 
intercalated epidastic rocks, aoo dikes. Mostly 
gray, fine.grained. porphynric rocks; inc~ 
some very COOr5e feldspar porphyry andesite 
(Turkey InllCk porphyry, an infQnTllil umn 01 
Cooper, 1961). ThIckness rT105dy 5eWrai meters 
\0 several lens d meIers, Dated at 24, 25, 27, 33, 
and39m.y. 

e 
Tv ! C
------l 

________ .J 

r-------·--

I TIc I 
L ___________ J 

r ---------i 
! llv I L ______________ .J 

[-----::---1 
L ________ .J 

K. I c:----1 

_____ J 

Extrusive rhyolite aild rhyodacite (Miocene and lipper 
Oligocene- lava fklws, welded ruff, WOClastic 
rocks, and some inlercal<lIed epclasTl: rocks. 
l.4lt-gray to grayish.pink. vitric to fine.grained, 
porphyritic . Commonly a few lens \0 a lew 
thou$and of melers thick. D<lled al 23.24,25.26, 
26, 26, and 27 m.y. An addition1ll d.zlle of 47 m.y., if 
substomtiated, may indicate the pre5erlCeoi 
Eocene rocks in the lower member d the S 0 
Voicarics d ~hiw Co. 

t.o...er congiomerate,graveI,ardsa...:! (Oligoceoe lind 
Eocene?)- AlIuvium: commonly grayish.red 
deposits 01 small. well rounded. !lolll/okanic 
clMts. Mostly several meters to a few tens d 
meten;lhick. 

UPPER CORDIllERAN (lARAMIDE) IGNEOUS 
ROCKS (lOWER PALEOCENE):-Lower 
voIc.aric rocks- Rhyolite to andesi te lava f\ows. 
pyroclgsric rocks, a...:! some "' tercalated epiclasric 
rocks. Dated at 57 m.y. Possibly yo~ age to 

MAIN CO RD1LLEf<AN (lARAMIDE) IGNEOUS 
ROCKS:-Porphyriric lind apliric r.1rusM> rocks 
(Paleocene and IJppe-r Cretaceous)- Mos.tly latiric 
porphyry to dacitic porphyry in smaU stocks and 
plugs and apliric bodies not as50Ciated with other 
graritoid stocks. Dated at 61, 63, 63, 64, and 65 
m.y. 

FluidIzed int ruSive br('(cia e~ac t age unknown, but 
penetra res. and thus younger than Uncle 5.lm 
porphYTY. 

RhyodaClre rull and welded lutf. - Includes parts of 
5,:,1e,o Formation. Sugarloaf Quartz Larite, and 
Bronco Volcanics. and all of Red Bay Rhyoli te, Cat 
MountaIn Rhyofite of Brown (1939) and Uncle Sam 
Prophyry. Includes Iocallnlrusive bocbe5 and locally 
contaIns fraglT1o@ ntsot exotIC rocks. Thickness 
commonly $('\Iera) rens 01 meters to several 
hundreds of mete.s. Dated at 66(?) . 70. 72. 73. and 
73 m.y. The Unde5,:,m. in lhe Tombstone area, is 
dlr ted72m.y. 

Andesitic todaciric vokanic breccia.- lncluOeS pans 
ol Solem Formation, Sugarloaf Quartz urite, ;meI 
Bronco Volcanics. aOO all d Demelrie Volcarics 
and SiIverbeII Formation ol Courtright (1958). 
Con-monIy contains large blocks 01 eKoric rocks 
and locally includes some sedimentary rocks;mel 
intT1JSiw rocks. Several tens 01 melm to several 
hundreds 01 meters thick in rrosI places. 

LOWi! r quam : monzonite and graodionre - Include-s 
sorrre quartz diorne: "pp""rs in small sux:ks. 
Locillly MSOCrated wit h mineralization. Dated al 70, 
71,72.73.74. 74. 74. " rod 76 m.y The SchM?fflin 
grdnudurit{' "I TombslOO(' is 72 m.y. 

Roads and Highways 

e -·--" Dry wash 

+H+H-+ri-+i-H+ Southern Pacific Railroad 

- .. _- --- Government Reservation Boundary 

e ---- ---- Aqueduct 

A----A' Cross section line 
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Explanation 

BISBEE FORMATION OR GROUP, 
UNDIFFEREf'mATED (LOWER 
CRETACEOUS):-Upper part ol Bisbee 
Formation or Group, undifferent2led. and related 
rocks.-Indudes upper pan 01 Bi.0ee Forrnanon, 
MunrJ Umestone, Mont" , CintUT<lo, WrIIow 
Cano,.on, Apache Canyon, Shellenberger Canyon 
and Tumey Ranch Formations (nol hsted in 
SIT<lobgril.pNc sequence) d the Bisbee Group, 
AmoIe Arkose 01 Br,RIntllnd Kinnison (1954), and 
Angeic Arkose. Consists a brownish· 10 reddish· 
arkose. 91""11 siltstone, sandst:one, cooglomerate, 
and some tossiliferous gray limestone. Commonly 
several hundred meters thielc 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC}-Stocks ol pinkish.gray coarse­
~drock.l.ocaJIyassociatedwith 
mineralization. Dated at 140, 148, 149, 149, 150, 
153,I60,161,167,178.185m.y. 

Sediment" ry rocks (~ Permian IltId Upper 
Pennsylvarian)-eoosists ol Epitaph Dolomite 
(Lower Permian), Colina lJmeslorre (l..a.uer 
Pemll,m), aOO Earp FOl1Tllltion (Lower Permian 
and Upper Pennsylvarian), urdfIerenriated. 
q,.taph DoIomte is a dark· to bght-gray slightly 
cherty dolomite, 6mestone, marl, sihstooe, a1ld 
gypsum, l2().28J meters thick. Colina Limestone 
is a medium gray, thick·bedded. sparsely cherty, 
and sparsely fossiliferous11!T1eSlone 120-28J 
melrm thick. Earp Formation is" paIe·red 
silTstone, mudstone, shale, and ~mestone, 120-240 
mt:te:rsthick. 

HorquiDa limestone (lipper and Middle 
Pemsylvarian)- Light.pinkish-gray. thick· to thin· 
bedded, cnerty. fossiliferous limestone and 
interca1crted paIe·brown to paIe.reddish-gray 
siltStone tnat increases in abundance upv.!il.rd. 
TypicaIIy.)OO.4Cll rrreters thick. 

SEDIMENTARY ROCKS (MISSISSIPPIAN AND 
DEVONIAN)-Consists mainly 01 Escabrosa 
Utneslone (Mississippian)-locaDy (Armstrong 
and Si~rman, 1974) called Escabrosa Group­
and Martin Formation (Upper Devonian1, 
undifferentiated. In pan oIlhe Chiricahua 
Mountains also includes Paradise Formation 
(LWr Mississippian) and Portal Formation 01 
$&bins, 19571'.1 (Upper IAYonian). b-r the lJttle 
Dr<i9QOfl Mountains arv:l some acijocent niBs also 
irv:1udes Bl&ck Prince lJmestone, whose fauna 
and corrdation show strongest affinitie-swith 
Mississippian rocks but which may irw:lude some 
Pemsyfvanian rocb Escabrosa Limestone is" 
meGum.gray, massive. to thick·bedded, commonly 
crinoidal , cherty, f05siliferous timeslone 9().310 
meters lhick. Martin Formation is thick· to thin­
bedded, gray to broo.vn dolomite, gray sparsely 
fossiilerous. ,,00 some siltstor.! Clr ...:! sandstone, 
9O- 1ro melers thick. Paradise Formarion is a 
brown, fossi1iferous, shaly 5mestone. PortaJ 
Formarion is a bl&ck shale ard imestone 6-105 
meters thick. Black Prince UrnestOlE is pinkish. 
gray limestone with a basal shaJe. and CMrr 
c~ate,..slTluch as52meler5thick. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDLE CAMBRIAN):-B Paso Umestone 
(L..ower Orc\ol.1cilln and Upper Cambrian). Abrigo 
Formation (Upper and Middle Cambrian), and 
Bolsa Quartz (Middle Cambl"ian), 
undifferenMled.-El Paso Limestone is a spy, 
thin-bedded cherty ~meslone ,mel doIomile Cll 
meters to about Z20 meters thick. Abrigo 
FOI"ITIiltion is a broo.vn, thin-bedded fossiliferous 
limestone, sardstone, qUClrT1;':ite, aOO shale, 21()' 
240 meters thick. BoIsa Quanziie is a brouin to 
~te Of purpIish-gray, thick·bedded, coorse· 
grained quartzite and sandstone with a basal 
conglomerate, 9().18:) meters thick. To the east. 
equivalents 01 part 0I1he Abrigo Formation aOO 
BoIsa Quartzite are known as tne Coronado 
Sardstone. 
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Sedimentary rocks (Uppet- arv:l Middle Cambrian)­
Abrigo Formation (Upper and Middle Cambrian), 
Clrnd BoIsa Quartzite (Middle Cambrian), 
undifferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y}:-Mainly 
granodiorite and quanz monsonite, unfollated to 
foliated, in part metamorphosed. Generally in 
Stocks, whic.hahve been tittle studied. 

PINAL SCHIST (PRECAMBRIAN X)-QIorite 5Chist, 
phyllite. Clrrd some metavolcaric rocks, 
metavolcaric rocks, meUlquanzite, metaquanzite 
conglomerate, and gneiss. One metavokanic rock 
dated 11.1 1715 m.y. 

CONTACT - Doned ...-here concealed. 

MARKER HORIZON-Dotted where concealed. 

DIKf.S-.-Showingdip. 

FAULTS-Shou.;ng dip. Doned where concealed or 
Intruded; baD aOO bar on dooNnthrown side 

Strike·slip-Arrow couple ~ relatrve dispW:ement. 
Single arrow ~ movement 01 active block. 

Major thrust fault - Sawteeth on upp('r plare. 

Thrust fauh - Sawteeth on upper piate. 

Anlidine. 

lncbned strike and dip 01 beds. 

EXOTIC-BLOCK BRECCIA-Rock contains clip Of 

block inclusions 01 rock different from those d 
host or other blocks nearby. Typically 01 voIcanic­
tectonic or sedimentary-tectonic origin; excludes 
Terriaryrnegabrecciadeposits. 

SiTe r:J well or generalized site 01 several weDs, $hou..ting 
unit penetT<loted, if known, and depth d ~U, in 
feel . 100 feet equa1sJO.S mt:ters. 

COLLECTION SrTE- Radiogenically daled rock 
showing age in millions of years. Query before 
symbol where precise location uncertain. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold. 

1980, and Newell, R_A_, 1973_ 

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

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

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, sand, and sill (Pleisf(X:11'Ie and PIiocene­
Mainly aIIuvi\.m 01 basins: includes some 
cdlu\.Un and IlIIndslide deposits. Generally light· 
~ gray. URaklyindUl1lted, lin:! ~Ih poorly 
rOU1ded cJMu.; locally wei induraTed. Thickne&& 
se\IEl'aI meten 10 hlRfreds cI melen.. 

Buall (PllEistocenc to P'Iioc:ene}-Lava flows, 
pyrocl3stic rocks. and some ir'llercamted gJilIvei. 
Thickness ~ meters to I few hundred meters 
in most places. RadiomeIricaIy daled ilt 0.25, 1.0, 
and 3.2 m.y. ok! 

Extensiw andesite and d&cite (Miocene ilt'd Upper 
OIigocene)-L.wa flows, pyroclMtic rocks. IlOl'1'-. 

int~ted epiclMtic rocks. and dikes. Mo6t1y 
gray.~,porphyriticrocks; indude:s 
some wry COiU'W fddsp;v porP¥Y andesite 
rrurkey Il'lllCk porphyry, an inlort'I'0I tenT! c:J 
Cooper, 1961), lhcknru mDIIdy 5o£I.Ie'I1II meters 
10 SEWrailel'l$oI meteTS. Dated ilt 24, 25, 27. 33, 
ard39m.y. 

Extrusive rhyolite and rhyodacite (Miocene and lJppn 
OIigoceot- uva flows, -'ded h.IIf, pyroclastic 
rock5, and some inlen:.alzt.led epiciMtic n:x:1u.. 
l..ij'It-gray to grayish.pink, vrtrc toline-grained, 
porphyritic. Commonly II. few tens to II lew 
thousand 01 meters thick. Deled ilt 23, 24, 25, 26. 
26,26. and 27 m.y. An ~tioM date ol47 m.y., if 
substantiated, may indicate the pruence 01 
Eocene rocks in the lower member of the S 0 
Volcaria. cI Coc_ Co. 

l...oweT conglomerate, gravel, and sand (Oligocene and 
Eocene?)-Alluvium; commonly grayish.red 
depo5ils 01 small, v.d rounded, I1OI'M:lIcaric 
clasts. Mosdy ~raI meters to II lew lens 01 
meterJ lhick. 

UPPER CORDIllERAN (lARAMIDE) IGNEOUS 
ROCKS (lOWER PALEOCENE):- Lower 
voIarjc rocks-Rhyolite to andesite Iiwa 1\ow5, 
pyroclastic: rocks, and some intercalated epiclasric 
rocks. Dated at 57 m.y. PosaibIy younger age 10 

MAIN COROlU.EkAN (LARAMIDE) IGNEOUS 
ROCKS:- Pofphyritic aM aptitic intrusive rocks 
(PaIeocerw and \JppeT Cretace0U5)- Mostly latitic 
~y 10 doxitic: porphyry in small t.locks aM 
plugs and aplitic bodies not associated ""';th other 
gramoid stocks. Dated at 61, 63. 63, 64. ard 65 

FluidIzed int rusIVe breccia - ellbCt age unkl"l()Wll. but 
~neu!ltes. and thus younger than Unck! Sam 
porphyry. 

Rhyodaci te tuff and _Ide<! tufl. - Includes parts of 
Salero Formation, Sugarloaf QuarlZ utite. and 
Br()O(o VoIcam.:s. and all 0( Red Bay Rhyolite. Cat 
Mountatn Rhyolite 01 BrOlNrl(1939) and Uncle Sam 
Prophyry. Includes Ioc~ Int ruWe bodies and locally 
contaiN fragme nts 01 eKOIic rocks. Thickneu 
commoO/Y severa/lens at meters 10 several 
hundreds of meters. Dated at 66(?), 70, 72. 73. and 
73 m.y. The Uncle Sam. ill Ike T ombstoroe area. is 
dated n m.y. 

Arde$itictocDciricuolca.ricbreccilt..- lnclude$part$ 
01 Solem Fom'IIIbon, Sugarioaf Quam LAm., and 
EItonoo VoIcaria, and !II cJ Demetrie Voicarics 
and SiIwrbd Fom'IIItion cJ ~I (1958). 
CotrmonIy contains IMge blocks cJ eKOOc rocks 
and IccaIy indudn lOrN sedmentary rocks and 
intrusil.or rocks. Severaitens cJ meters 10 sewraI 
hW'ldreds cI nvttn thick in mo5I plllce:s. 

lower quartz monzonite lind graodioritll/- fncludes 
SOrllll/quartz cfioritll/: appeoarsin srMII stocks. 
LocaUv aHOC0ted with mineralization. Dated al 70. 
71. 72. 73. 74. 74. 74. and 76 m.y. The Schiefflin 
granodorite at Tombstone is 72 m.y. 
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8lSBEE FORMATION OR GROUP, 
UNOtFFERENTlAlE> (LOWER 
CRETACEOUS):-1JppeT pm 01 Bisbee 
Formation Of Group. undifferentialed, and relaled 
rocks.-1ncIudes uppu part 01 Bisbee Formation, 
Mural limo?stcn:.>. MnriI" , OnIuT<l.I.A/iJIow 
Canyon, Apac:1w: Canyon, Shelle~ Canyon 
and TW'TIl'Y Rarteh Formation5 (I1Ot bted in 
stn\lgnlphk: 5e<1U1!ru) 01 the &bee Group, 
Amok Arkose 01 &yanl and Kinnison (1954), and 
AngeIicArkQ5e. Consist5cJ~· toreddish· 
arkose, ~ siltstofW, 5aOOsione, conglomerat., 
lind some fossiliferous gray limestone. Commonly 
~nunc:in!drrwt~lhick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)--Stocks 01 pinkish-gray coarse­
grained rock. l...ocaIyauocillted..wh 
rrinerahation. Datedall40, 148, 149, 149, 150, 
153,. 160, 161, 167, 178, 185 m.y. 

Sedimentary rocks (Lowet Perrren and Upper 
Pemsylvarian)-consisll cI Epitaph Dolomite 
(l.o.wr Perrrtan), Colina Urnestone (L.oo.o.er 
Permian), and Earp Formation (Lower Permian 
andllpper~rian), undifferll/ nti;,tll/d. 
Epitaph Dolomite is a dark· to light.gray sligllIy 
cherty doion;le. limestone, marl , siltstone, a'WI 
~m, 120.2a) meters thick. Colina limestone 
is a medium fPIlI , thick·bedded, aparKIy cherty, 
and sparsely fos.siilerous limeslone 12().2a) 
meters thick. Earp FOI'TT\a.rion is a paIe·red 
siltstone, mt..dstone, shI*, and imestone, J20.240 
rIlIirtmthick.. 

Horquilla~(llpperandMicklie 
Pe~n}-light·pinkish.gray, thic:k. tothjn. 
bedded, cherty, fossiliferous limestone and 
inrerc.aiatll/d pak-brown 10 paIe·reddish.gray 
siltstone thaI increases in abundance upward. 
TypiI:a&yJ00.490meterst:hick. 

SEDIMENTARY ROCKS (MlSSISSIPPlAN AND 
DEVONlAN)- Consists rnairiy cJ Escabrosa. 
limestone (Mississippian}-hcally (ArmsITOng 
and SiIbennan. 1974) called EsclIbro5a Group­
and Martin Formation (lipper IJevorian), 
undifferentiated. h1 paTlcJthe Chiricahua 
Mot.\tains ,,00 inch.des Paradise Formation 
(l.Jppu~) lIndPortalFOI'TT\a.tionoi 
Sabins, 1957a (Upper [)eo..Iorian). h1 the Uttle 
Dragoon Mountains and ~ adjacent hills abo 
includes Black Prince Umestone. whose fauna 
and cCJrTe:lation show Strol"ogUl affinitin ""';Ih 
Missis.sippicl1l rocks but when may include some 
PemsyNariaIl rockS. Escabr-osa lineslOl"le is a 
mdl.m~, massiw to ttW:k-bedded. comm;:,Ry 
crinoidaf, cherty, 10000000erous 5meslone 91).310 
meters thick.. ~ Fom'IIItion is thick· to thin. 
bedded,!JaY 10 brown dolomite, gray sparsely 
fouiIiferous, and IOfT'III/ siltstone and sandstone, 
9().120 meters thick.. Paradise Formation is a 
brONt'l, fouiJifcrous,5halylimutone. Portal 
Formation is a black shale and imestone 6-1()S 
meteT$ thick. Black Princ. Umestone is pinkish. 
gray imestone ""';th a bMaI shale and chert 
congiorrerate, as muc:h as 52 nvterl thick.. 

SEDIMENTARY ROCKS (LOWER ORDOVICIAN 
TO MIDDlE CAMBRlAN):-B Paso UrnesI:one 
(Lower Ordoo.Iician and lJpper Cambrian), Abrigo 
Formation (Upper and MidcIt Cambrian). and 
BoIsa Quartz (Midcle Cambrian), 
undifferenliiloled.-B Paso l...ime:stone is a !JaY, 
tI\in.bedded clwrty imalone and dolomite 90 
meters 10 about Z!O meters thick. Abrigo 
Formation is a brown, fhin..bedded ICI&Iiimous 
limntone, 5aodstone, quartzite, and shale, 21()' 
240 meters thick. Bdsa Quartzite is a brown to 
....nne Of purpi5h.gray, thick-bedded. Ctw ... 

grained quartzile and sandstone ""';th a baM! 
conglomera", 9().Ull INttn thick. To lhe .411, 
equivalents cJ part 01 the Abrigo Formation and 
BoIsa Quartzite .... known as lhe Coronado 
Sandstone. 
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t ---r-------

--+-

o (QTg u) 
151 

72. 

~ 400 ppm 

401 - 600 ppm 

601 - 800 ppm 

;::: 800 ppm 

~ rocks (Upper and MOle Cambrian)­
Abri90 Formation (lJppn and Middle Cambrian), 
and BoIsa Quartzite (Middle Cambrian), 
undifferentiosted. 

GRANITOID ROCKS (PRECAMBRIAN Y).-Maiolly 
~rodiorite and quartz monsonile, udoiated to 
foliated,inpart rn!t.arnorp/'lo&ed.Generalyin 
stocks, ....nen ahve been little studied. 

PINAl.. SCHIST (PRECAMBRlAN X}-o.Iorile Khilt, 
phyllite, and some rn!lavoIcaric rocks, 
metllllOk"lIrW: mc.~ rMt'i'\llIli'Irtritf' , rMt'lIIJtIIl11:i!1! 
cor9omerate. and gneiss. One mela\<Jlcaric rock 
dated at 1715 m.y. 

CONTACT- Dotted where ceorce.aled.. 

MARKER HORIZON- Dotted ~ conc:Wed. 

DIKES-"""",,"". 

F AUl TS--SOO.t.;ng dip. Dottll/d where concealed or 
intruded: baD and bar on do,.t.mthrouom side. 

Strike.5lip-Arroo.r.I CoupM 5hows relalll.>l! di5p0cemerl . 
Singlellrf'OW~T1'IOIICmI'nt cJactiveblock. 

~ thrust lauft-Sav.rteeth on upper plaTe . 

Thrust fault - $awteetn on upper platll/. 

Anticline. 

Inclined strike and dip cJ beds. 

EXOTIC·BLOCK BRECClA- Rock contain5 ct-fp Of 

bIockind.asionsoirockdille~t'IIlrorntho6ecJ 
nosl Of otheT blocks nearby. Typically 01 vcIcaric· 
tectoricorsedirn!nlary-lecloricOlijn: eKCIudes 
Tertia.ry~ecciadll/posill. 

St. cJ well Of ~neraIi* site cJ several weBs, showing 
oM penetraled, if kr"l(lO,l/l'\. and depth cJ.....eIf. in 
leet. l00leel equals 30.5 rn!tel'l.. 

C(X.l£CTION SITE-Kadiogel'lically daled rock 
$hc).uiog age in millions of years. Query belore 
symbol where precise kxalion uncertain. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, RA, 1973. 

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

Figure 13_ Distribution pattern of zinc in mesquite trees (in red), 
from Newell , RA, 1973_ 
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Geology 
OLDER OR UNDIFFERENTIATED SURACAl 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gr;we/, sand, and sit (Pletstecene and PIiocene­
MainIy&lluviumdbasin&;i'rl.dessome 
colluvium and landslide deposits. Generaly Iiojll' 
pinkish~, ~kIY indurated, aM with poorly 
rounded clasts; IocaDy wd indurated ThicknEss 
sewTai melers 10 ht4ldreds d meters. 

&salt (Pleistocme 10 P\iocene)- Lava f\oI.us, 
pyroclastic: nxks, and some intercalated gravel. 
Thicknes5 sewraI melers to a few hundred meters 
in I1"'lO$l places. Radiometrically dated al 0.25, to, 
and 3.2 my. old 

Extensive arde$te and dacite {Miocene and Upper 
OIigocene)-lava flows, pyroclastic: recks, some 
intercalated epiclastic: rocks, and dikes. Mostly 
gray, fine.grained, pcxphyriric: rocks; includes 
some Wfy coo.r~ feldspar porphyry andesite 
(Turkey track porphyry, an infomW lerm of 
Cooper, 1961). Thicknes5 mostly several meters 
to several tens d melers. Dated a124, 25, 27, 33, 
and 39 m.y. 

&:t~ rh).dite and rh).<ldacite (Miocene and Upper 
Oligocene-Lava flows, welded tuff, pyroclastic 
rocks, and some intercalated epidasric: rocks. 
4jlt..gray to grayish·pink. vitric 10 line~ned, 
porphyriric: . Common/y II few tens to a lew 
thousand of meters thick. Dated at 23, 24, 25, 26, 
26,26, and 27 m.y. ArI additional date of 47 m .Y., if 
substantiated, may indicate the prnence of 
Eocene nxk5 in the lower member of the S 0 
Volcarics of Cochise Co. 

lower coogiomerate, gravel, and sand (Oligocene and 
Eocene?}-ADuvium; commonly grayish.red 
deposits of small. well rounded, nonvoIcaric 
clasts. Mostly!eWraI meters to a few tens of 
melersthick. 

UPPER CORDU...LERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PAlfOCENE):-Lower 
voIcaric roclu-Rhyo/ite to andesite 1.ava flows, 
pyroclbsric I'(Xks, and some intercalated epiclastic: 
rocks. Dated al 57 m.y. Possibly younger age to 

MAIN CORDILlEkAN (LARAMIDE) IGNEOUS 
ROCKS:-Porphyri!ic and apiitlC "tl'U5lve rocks 
(Paleocene and l.Jpper Cretaceoosl- Mostly lariric 
pClIllhyry 10 daciric porphyry in small stecks and 
pLgs and apliric: bodies nol asscxiated with other 
!pritoid stocks. Dated at 61, 63, 63, 64, and 6S 
~,. 

FluKl12.ed intrUSIVe brecClca - eKact as'! unknown , but 
penetrates. and thus younger tMn Uncle Sam 
porphyry 

Rn~lte tuff ilnd WE'1ded tuff. - Includes pariS of 
Sakoro FormallOn, Sugarloaf QUAm Ulill! . lind 
I3rooo.:o Vok:an.ics , and all or Red BIov Rhvolil~. Cal 
Mountain Rhyolite o f Brown ( 19391 and Uncle Sam 
ProphYfY. Includes local intruslVC bodies and locally 
contains fragments of I!'Kolle rocks. Thicknns 
commonly 5eVftaJ tens of meters to several 
hundr~ 01 meter! . Dated /IT 66(?). 70. 72, 73, and 
73 m.y. The Uncle Sam. in the TombsTone area, is 
dared 72 m.y. 

Andesitic:todaciric\lOlcaricbreccia.- lnclodesparts 
d Solero Formation, Sugarloaf Quart~ lalitII', and 
Bronco VoicaricA, and lIB d Demetrie Voicarics 
and SiIwrbeIl Formation of Courtright (1958). 
Commonly contains large blocks of eKOric rocks 
and locally r.ciudes some :wdmentary rocks and 
inlrusive rocks. SevenII tens of meters 10 wveraI 
hTJl"lClnds 01 meten tlW:k in most places. 

~r quarTZ monzonite /lnd graodiorite- Includes 
some Quartz diorite; appears in small slocks. 
Locally ilSSOCiated with mineralizat ion. Dated at 70. 
71. 12, 73, 74. 74, 74. and 76 m .y. The Schiefflin 
gr<'loodorite lit Tombstone is n m.y 

Roads and Highways 

e ---- ....... Dry wash 

++4+H+H++-H++ Southern Pacific Railroad 

_ ._ ._ .. - Government Reservation Boundary 

---- --._- Aqueduct 

A-·---A' Cross section line 

Explanation 

BlSBEE FORMATION OR GROUP, 
UNOIFFEREN11ATED (LOWER 
CRETACEOUS):-t)pper part of Bisbee: 
Formation or Group, undiffennt»tecl, and related 
rock5..- 1nchJdes upper part d Bisbee Formation, 
MUBll.imestone, Morita, Cintura, WtIlow 
~. Apc.che Cllnyon, SOeIIenberger Canyon 
and Tumey Ranch Formations (not &Sted in 
stratigrapt-8c sequence) of the Bisbee GfOt4), 
AmoIe Arlcose of Btyanland Kinnison (1954), and 
Angelic: Arkose. Consists 01 brownish· to reddish· 
arkose, ~ siltstOne, sardstone, conglomenlTe, 
and !lOme fossiliferous gray limestone. Commonly 
~ hundred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-$tocks of pinkish-gray coorw· 
grained nxk. l...ocaDy M50ciated with 
mineralization. Dil.ted at 140, 148, 149, 149, ISO, 
153, 160. 161,167, 178, I85m.y. 

Sedimmt:ary rocks (~ PYrmian and Upper 
Pemsylvarian)-consist5 of Epitaph Dolomite 
(L...ower Penrian), Colina Umntone (l...ower 
Permian), and Earp FOI'l1"0tion (l...ower Permian 
and Upper Pems~rian), undifferentiated. 
Epitaph Dolomite is a dark· 10 light.gray ~tIy 
ckerty doiomile,limulone, marl , 5iItstone, lIO""ld 
gypsum. l2O-28'J meters thick. Coma limestone 
is a medium ~WoJ, lhil:k·bedded, spIIrseiy cherty, 
and ~Iy fossiliferous ~tone l2O-28'J 
meters thick. Earp FOI'l1"0000 is a paIe·red 
5iItstone, mudstone, 5hale, and limestone, 120-240 
meter5lhick. 

HorQuilIa l..imestone (Upper lind Middle 
Pennsylvarian)- Ught·pinkish.gray, lhick. tothin. 
bedded, cherty, fossiliferous limestone and 
interc.alated pale-brown to pa\e.reddish-gray 
siftstone that increases in abundance upward. 
Typic.aJIy D).490 meters thick. 

SEDIMENTARY ROCKS (M1SSISSiPPIAN AND 
DEVONtAN)-Consists mainly of EscabrOill 
limestone (Mississippian)- 1ocaJIy (Armstrong 
and Silberman, 1974) caJIed Esc.abrosa Group­
and Marrin Formation (lipper Oeo.onianl, 
W"ldifferentiated. In pan 01 the Chiricahu.!a 
Mountains also includes Paradise Formation 
(Upper Mississippian) and Portal Formation of 
Sabins, 1957a (lJpper Oeo.onian). 1n the Little 
Dragoon Mountains and some ~nl hils aI50 
includts Black Prince umnlone, whose fauna 
and COI'Teiarion sno,v strongest affinities with 
Mississippian roc~ but wtich may include some 
Pemsylvarian rocks. Escabrosa lJme:stone is II 
mecium-gray, fl"IMSive to tlW:k-bedded, commonly 
crinoidal, c l-erty, fossililerous hnestone 90-310 
meters thick. Martin Formation is thic.k· to thin­
bed&-d,!J"ay to brown dolomite, gray 5piUWIy 
f05Sililerous, lind !lOme !ihStone and sandstone, 
90-120 meters thick. Paradise Formation is a 
brown, fO&.siiferous, shaIy imestone. Portal 
form/lOOn i, i!I black shale am imutorw 6-105 
meter$ thick. B0c:k Prince UmestQne i& pinkish' 
gray limestone IoIIith a basal 5hale and chert 
congiomera.le ,MTnuch as 52 meterstt-ick. 

SEDlMENTARY ROCKS (LOWER OROOVlCiAN 
TO MIDDLE CAMBR1AN):- B Paso limestone 
(lD.I..oer Ordovician and Upper Gambrilln) , Abrigo 
Formation (lipper and Middle Cambrian), and 
Boisa Quartz (Middle Cllmbrian), 
undifferentiated.- E1 Pa50 Umestone is a gray, 
thin-bedded ct-erty limestone and dolomite 90 
ml!'fen 10 about 220 meters thick. Abrigo 
Formation is a brown, thin-bedded fossiliferous 
limestone, sandstone, quanme, and shale, 21D-
240 me1ers thick. BoIsa Quartrite is a broY.rn 10 
"'""te Of purp6sh-gray, thick·bedded, COllT&l!:' 

grained Quartzite and sandstone ...... th a basal 
congIomenIle, 90-111) ml!'ters thick. To the east, 
~nts ci part d the Abrigo Formation and 
Boisa Quartzite are known as the Coronado 
Sandstone. 
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--t..----
+ 
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o (QTg u) 
1ST 

~ l00ppm 

101 - 150 ppm 

151- 200 ppm 

2 200ppm 

Sedimentary rocks (Upper lIrd MidcIe Cambrian)­
Abrigo Formation (LIpper and Middle Cambrian), 
and BoIsa Quartzite (Midde Cllmbrian), 
undifferentiated 

GRANITOID ROCKS (PRECAMBRIAN V):- MainIy 
grarodiorile and Quartz monsonile, urloiated 10 
foliated, in part metamorphoeed. Genrrrally in 
stocks, u.t-ich ahve been &rtle studied. 

PINAl SCHlST (PRECAMBRIAN X)-ChIorite schist, 
phyllite, lind !lOme metavoIc.aric nxlts., 
metaYoIcaric rocks, metaquartme, metaquartzitl!' 
conglomerate, aM gneiss.. One meta\IOIcaric rock 
dated at 1715 my. 

CONTACT - Dotted where coocealed 

MARKER HORIZON- Dotted where concealed 

DlKES-,"",""""" 

F AUL TS-$ho..ving dip. Dotted where cooce.aled or 
intruded; ball and bar on downthrown side. 

Strike·slip-Arrow couple $hoo.o.!$ reianve displacl!'TTll!'nt . 
Single arrow shows f"f"(")Ver"nenl 01 active block. 

Major thrust fauit-Sal.Vteeth on upper plate . 

Thrust fauh - Sawteeth on upper plale. 

Arlric:Iine. 

Sync6ne. 

Inclined strike and dip of boeds. 

D:onC·BLOCK BRECCIA- Rlxk t~It.U!~ dap Uf 

bfock inclusions of rock different from tOO6e of 
nostorotherblocksnearbv. Typical1y of volcanic· 
tectonic or sedimentary· Tectonic origjn; eKCIudes 
Terhary~eccl3<k!posits. 

Site of well or generaIi.MI site of several wells, showing 
unit penetrated, if known, and depth of wen, in 
fWi. 100 feel equals 30.5 metl!T"s. 

COLllCTION SITE- Radiogenically dated rock 
showing age in millions of years. Query before 
symbol where precis.e location uncertain. 
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Geology adopted from Drewes, Harold, 
1980, and Newell, R.A., 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 
OU>ER OR UNDlFFERENTlA TID SURfJCAL 

DEPOSITS (HOLOCENE TO OUGOCENE):­
GI'1I'JeI, sand, cmd sit {P\eistocene and Poiocene­
Mainlyaluvil.Wnciba.sins:incJudes5Ol'l'le 
c~um and landsidl deposits. Ge~ &!til· 
pinkish gray. weakly indlnted, and with poorly 
I'OU"ded clasts; Iocdv II.d indurated. lNckneM 
sevmII meters to hundNds 01 meters. 

Basall (P\eistoc~ to PIiocene)-12MI Bows. 
P'ftOCiash: rock$. and some intercalated grawl. 
ll*:kness 5I:\Il!faI TTW1en to a lew hu'ldred meters 
in most places. fWIiornetricaIy dated III 0.25, to, 
and 3.2 m.Y. old 

Extensiw i!I11dnite and dacite (Miocene and Upper 
OIigo.:.ene)-Lwa 1bNs, pyrocl.uric rocks, 5OO"II! 
inI~ted epic1astic rocks, and dike$. Mostly 
gray,fine.graired,lXlrphyriticrocks;inc/I.Jde$ 
IOfTW wry COMW feldspar porphyry andesite 
(Turkey track porphyry, an irJOI1'I'Ia1 term d 
Coos:m, 19(1). Thk:knus rTIOIrlyseverai metel'5 
to ~raI tens 01 meters. Dated at 24, 25, 27, 33, 
IInd39m.y. 

Extrusive rhyolite a.-,d rhyodadte (Miocene and Upper 
OIigocene-uva flows, -'ded tuff, pyroclastic 
rocks,lInd5Ol'nl!inlerc.alaledepiciasricrocks. 
Li!Ilt~Ylograyish·pink,wriclofine~, 
porphyritic. CommorIy II few tens to II few 
thousa.n:i cI meten thick. Dated al 23, 24, 25, 26, 
26, 26, and 27 m.y. Arlltdditional date 0147 m,iI" if 
substantiated, may indicate the pre5era! cI 
Ecnnerocksinthek::Moer~oItheSO 
VoIcaricJ 01 CochiM: Co. 

Lower conglomerate. gravel, and.Mnd (Oligocene and 
Eocenen- ADuvium; commonty grayish·red 
deposits eX 5maII, wei rounded, nonvoIcaric 
clasts. Mostly wveml meters to a lew lens 01 
meters thick. 

UPPER CORD1Ll.ERAN (l..ARAMJ.DE) IGNEOUS 
ROCKS (lOWER PAlEOCENE):- Loo,uer 
vokaric rocks-Rhyolite 10 andesite lava flows, 
pyroclMtit rocks, and some intercalated epidastic 
rocks. Dated III 57 m.y. Pos.sibIy younger age to 

MAIN CORDIlliF<AN (LARAMIDE) IGNEOUS 
ROCKS:- Porphyritic bnd bplir ic int~ve rocks 
(Paleocene and lippa Cmaceous)-Mostly !i,tiric 
JXlrl)hyry to d.?lcitic porphyry in smallsuxlu. bnd 
plugs and bpliric bodies not associated with otheT 
grariloid stocks. Dated at 61. 63, 63, 64, bnd 65 
m.y. 

Fluicllzed intrusIW breccia - e_acl age unkf'lOWn. bur 
penetrares. and thul younger than Uncle Sam 
po"""",,, 

Rhyodacite luff and _Ided tull. - Includes parts 01 
Salero Formarlon. Sugarhaf Quartz urile. and 
Bronco VokclnM.:S. and all 04 Red &y Rhyolite. Clit 
Mountain Rhyolite of Brown! 1939) and Uncle Sam 
Prophyry, Includes local intrusiue badin iIInd locaDy 
C"Dntllin5 Ir&gments of .. oric rexlu.. Thicknns 
commonly severlll ten5 01 meters to several 
hundreds of met~s. Oat('(i at 66(?). 10. n. 73. lind 
73 m.y. The Unde Sam. in the Tombstone lIrli'a, is 
dated n m.y. 

Andesitictodacitic...olcaricbreccill.-lncluOeSpart5 
d SoIIro FOI'1TIiIItion. SugarioII Quart: Larite, and 
Bronco VoIcarics, and aI d Demelrie Vobric6 
an::! SiIwrbd FOI'1TIiIItion d CourtriWrt (I958). 
CorrrnonIy contains 1arge bIockl de_otic rocks 
and b:aIy r.cluda IOI'TII! sedimenlary rocks an::! 
in~ rocks. SewraI tens aI mctm 10 Sfi'W'l'aI 
hundred5 01 meters thick in mo6f pIlIces. 

LO'WIl'r quartz monzonite and gr/lOdiorite- lncludes 
somI! quartz diorite; appears in smaU stocks. 
Locally MSOCialed with mineralization. Dated III 70. 
71. n , 73, 74. 74 . 74. and 76 m,y The Schielflin 
gr.,nodorit(> <'II Tombstone is 72 m.y. 

Roads and Highways 

e - -'- Dry wash 

! ; I ! II , I I ; 1'H+i- Southern Pacific Railroad 

Explanation 

~-l 
I ptp. I 
L-__ .J 

BlSBEE FORMATION OR GROUP. 
UNOIFFERfNT1ATFD (LOWER 
CRETACEOUS):-lJpper pM d Bisbee 
Foonation or Group, undiffeTmtillted, and rNted 
rocks.-Indudes upper part d Bisbee FOI'TI'IIIbon, 
MurailJrne$lone, Morita, OnIUI'1I, w.aou,. 
c..an...on, Apache YIYj.'On. Slvllenbergn Ynopl 
;md Tumey Ran:h Foonations (not 5sl:ed i'I 
SI'Rltigr&pIW: sequence) d the Bisbee Group, 
AmoIe Arkose 01 Eltyanl and KWison (1964), and 
Angeic Arkose. Consists 01 browrUh· 10 reddish· 
arkose, gray IiIlslone, 5aJ'ldstone, cooglomerate, 
and torT1t fos.sililerous ~ lime5rone. <nnmonIy 
several hUl"ldNdmetenthiclc 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC)-Srocks 01 pinki5h-gray CC\MSIII· 
grMled rock. locally associated with 
minerWation. Dated at 140, 148, 149. 149. 150, 
153, 160, 161 , 167, 178, 185 m.y. 

Sedimentary rocks (tower F'ertNn and Upper 
PerY\Sl;tvl.rian)-cONists 01 Epitaph Dokmte 
(lo.wr ~n), Colina limestone (Lower 
PemwlTll, and Earp Fonnation (lDwu Penrian 
and lippa Pemsy!wrian). Wldifferentillted. 
Epitaph OoIorTVte isa dark· to ight-gray aig\dy 
cherty dokmite, limestone, nwI, siltstone, lIrd 
~, 12(1.2!Il meters thick. Coina I...irMstone 
is a medium gray, thiclc~, spaneIy cherty, 
and spi)f'SeIy 1000000erous limestone l2().2!Il 
metl!f$ thick. Earp Forma.tion is a paIe.red 
siltstone, mudstone, shale. and imestone, 12(1.240 
meters thick. 

HorQ~ Limestone (Upper and Midde 
~rnsylvorian)-L8tt ·~,thick· tothn­
bedded, cherty, 1065iIifer0us limestone and 
intm:alated paje.orown to piW.r~ 
siltstone that increases in abundance up.o.oard 
Typicaly JOO.4CjU meten thick. 

SEDiMENTARY ROCKS (MISSISSlPPIAN AND 
DEVONlAN1- Con$sI:I mainly d ~osa 
Limestone (MiMissippian)-1ocaIIy (Armstrong 
and SiI:lerman, 1974) called Escabrosa Group­
and MIrortin Forma.tion (Upper Dewnian), 
undifferentillted. In part d the Chirbhull 
Mountain5 IIbo includu Paradise Formation 
(lippa Mississippian) and Portal F(JITn,ltioo d 
Sabins, 1957a (Upper Devonian). In the Uttle 
[hgoon Mountains;md some ~ent hins also 
includes Black Prince Limestone, who6e f;wna 
and cOl'Tl!!arion .oow strongnl affiniIin with 
Mis$ssippian rocks but ....nch may nciude some 
~rian roclcS. fxabrou, linatone it II 
medi...n-gnly. massive to thick-bedded, cornrTlOl'lly 
~,ctvrly, louiliferous irnestonf: 9().310 
melers thick. Martin Formation is thiek· to thin­
bedded.!PY to bn)I.I.rn dolomite, gray sparsely 
fCllUikrCM.lS, and tome WJstone ond s;md$tone. 
9().120 melers thick. Paradise Formation is a 
brown, fo5siIiIerous, shaIy limestone, Portal 
FOI't'TIation is a black shaM! and irnHtone f>.lCli 
meters thick. Black Prince Umestone ill pinkish. 
gt(JfJ limestone with a basal shale and ctvrl 
c~ .. , G5tT'1lXhu S2meter5tnck. 

SEDlMENTARY ROCKS (LOWER ORDOVICIAN 
TO MlOOLE CAMBRlAN);-El Paso Umatone 
(l.cM.oer Qn:Io...ician and IJpper Combrianl, Abrigo 
Formation (Upper and MidcIe Cambrian). and 
Bolla Quartz (Midck Cambrian), 
undiIIerentiated.- El Paso limesI:one is a gray. 
thin-bedded cherty imntone and doIo!rite 90 
meters 10 about 220 meters thick. Abrigo 
Formation is a brown, fhin.o.dded fouilHrous 
limestone, 5andstone, quartzite, and shale, 210-
240 meters thick. 801M Quartzite iI a bn)I.I.rn to 
white or ~.gray, thick-bedded, CcaNe· 
grained quart. an::! ... rdstone with a buaI 
conglomrmote. 9().UK) me!en thick. To the east, 
~Nsolpllr1oltheAbrigoFormlItionand 
Bolla QuartJ:ite.- kooo.wn ill tM Coronado 
Sondotono, 

e - -- -- - Government Reservation Boundary 

--- -- ---- Aqueduct 

1>.---1>.' Cross section line 
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< 5 ppm 

5.1· 9 ppm 

9,1 - 14 ppm 

~ 14 ppm 

GRANITOID ROCKS (PRECAMBRIAN V);-MainIy 
~te an::! quaru monaorite, urWoiated to 
1oIia!ed,~part~Generalyin 
stoclcs. which atwe been ittle studied. 

PINAL SCHIST (PRECAMBRIAN X)-O\IoriTe schist. 
phySte, and lOme metavoIcaric rockl, 
metlM'Jlc.aric rocks. metaQuartzite, metAquatlzite 
Con9orNnte, and gneiu. One meta\dcaric rock 
doted ot 17lS m.y. 

CONTACT -Dotted where concealed. 

MARKER HORIZON-Doned ~ concealed. 

FAUl TS-Showing dp. Dotted where c~ or 
imuded; ball and b;u on doNnthrown 5ide. 

Strike,slip-Arrow couple shou..'S relatM! cisplacemenl. 
SinglellJT()Wshowstn::IVeITIeNoIllCtiveblock. 

Maier thrustlault- Sowteeth on upper plate. 

Thrust fauh-Sowteeth on upper plate. 

Anticline. 

Inclined strike And dip 01 beds. 

EXOTIC,BLOCK BRECCIA-Rock conlllins CBp or 
block inclusions of rock diHllftN from thole 01 
host orOlhef blocks nearby. Typicallydvolcaric· 
tectonic or sedimentary.fectoric orio!jn; excludes 
Tertiary~deposits. 

Site 01 well or gmeraized si te d sewraI v..eIIs. sOOwins 
W'it pelYll'llteci, if known., and depth of weD, ., 
l«t . lOOfeet~30.Smeters. 

COLl..£CT1ON SITE- Ra&ogerically doted rock 
showing itge in millions of ~arl. Query before 
symbol where precise location uncertain. 
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Tombstone Development Company, Inc. 
Tombstone, Arizona 
Geology adopted from Drewes, Harold, 

1980, and Newell, R.A_, 1973, 

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

Figure 15. Distribution pattern of molybdenum in mesquite trees (in 
red), from Newell , HA, 1973, 
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Geology 
OLDER OR UNDIFFERENTIATED SURACAl 

DEPOSITS (HOLOCENE TO OUGOCENE):­
Gravel, scud, and silt (PI0sloceroe and Aioceroe­
MiJinIy aJluvium 01 basins: includes lOrN 

colluvium.llnd landslide dePOSits. Gerwrally Iig'It . 
~ gray,.....eakly indurated. and with poorly 
rounded da.srs; locally weD irdunl.leci. ThK:krwss 
several meters to hundreds 01 meters. 

&sail (Pleistoc:eroe to f'tiocene)- Lav.ll 1Io.us, 
pyroclMtic rocks, and 5OI"I'Ie mtercalilted gravel. 
Thickness severn! meters 10 a few hundred met~, 
in most places. Radiometrically dated al 0.25, 1.0, 
and12m.y. cId 

Extensive andesite ~ dactl! (Miocene and l.\ppef 
OIigocene)- lava flows. !¥,oclasric rocks, !iOmI! 

intercalated epiclasric rocks, and dikes. Mosdy 
gray, fine.gratned, pc)l'phyribCrocks;includes 
some...ery coarse feldspar porphyry andesite 
(Turkey traCk porphyry, an Informal tl!fm d 
Cooper, 1961). Thickness mOlsdy several meters 
to sewral len5a meln5. Dated al 24, 25, 'n. 33, 
and 39 m.y. 

ExtT\l5lYe ~te imel r~~ (Miocene and Upper 
OIigoxene- Lava flows , welded ruff, WOCiastlC 
rocks, and some ~tercalaled epidas hC rocks. 
Li!j1t.grayto'grayi:sh.pink, vitrictofine.grained, 
porphyritic. Commony a lew rem to it lew 
thousaoo of meters thick. Dated al 23, 24, 25, 26, 
26, 26, and 27 m.y. An additional da te of 47 m.Y., if 
subsl"nti<'l"'?d.rnayindicatelhepr~~eol 
Eocene rocks in the Iov..oI>:r member 01 the S 0 
VoIcaric::s cJ. Cochise Co. 

!...ower cor.glomer1!lte. gnweI, and sand (Oligocene and 
Eocene?}-ADuviwn; commonly grayish.red 
deposits d smaD, wei rounded, nonwlcanc: 
clasts. Mostly sew:raI meters to a few tens d 
rnl;!tersthick.. 

UPPER COROlUERAN (lARAMIDE) IGNEOUS 
ROCKS (LOWER PA1..EOCENE):-~ 
...dt:arIt: rocks-~te to andesile i;wallou.ls, 
pyn:x:1<ssric rocks. and.some intercalated ~~it: 
rocks.DilIteda157 m.y. ~~ageto 

MAIN CORDII....l.EkAN (LARAMIDE) IGNEOUS 
ROCKS:-~tlt: and aplite n trusNe rocks 
(PaIroc:;ene and Upper C retaceous)- Mostly IatltIC 
porphyry fO dacitit: porphyry In smaD $t~ks ard 
plugs and aplitit: bodies not MSOCiated ""';Th other 
!J<'ritoid stocks. Dated at 61, 63. 63, 64. and 65 
m.y. 

RUl(hzed intruSive brKCIa - exaCf age unknown. bul 
penetrates. and thus yvun9'! ' than Uncle Sam 
porphyry. 

Rh~ne luff and wt:1ded luff. InduWs pilrts of 
Salero FormatIOn. Sugarloaf Quartz liltlte. i.1nd 
Rrnnro Vnk:i'loics. and all 01 Red Bay Rhvo!Jte. Cat 
Moulllam RhyoliTe d Brown (19.)9) aM Uncle Sam 
Prophyry Includes local IntruSIVe bodies and locally 
c;onlalllS fr~nts of exoloe rocks. ThK:kneS5 
c;ommooly 5INefaltens 01 meters 10 ~ 
hundreds of meters. Dated al 66(?), 10. n. 13. and 
13 m.y_ 1he Uncle Sam. 10 The Tombstorw area, IS 
d.ltednm.y. 

Andesirictodilcitic\lCllcMicbrecoa.-lnc:ludesparls 
01 SoIero Formation, Sugarloaf Quanz larite , and 
Bronco Volcarit:s. and <:III at Demetfito Volcaric:s 
and SiiwrtJeI Formation at Coorfri!j\t (1958). 
CorrwnonIy contains large blocks 01 eXObC rocks 
and kxaIy includes some sedimentary rocks and 
intTUSiue rocks. Severalte ... cI meters to MYftaI 
hunclreds 01 meters thie k in mosI .,&«15. 

Lnwer qUil. ll monzonne and graochorlte - [ncluoo 
some Qu<!I rt7. dioriTe; appears In smAllSlocks. 
luc.,11y ~iated with millerahation. Dated lit 10. 
11. 12. 13. 14. 14. 74. and 76 m.y. TI'l' SchlCiflin 
granodornl' at Tombstorw iii 12 m.y. 

Roads and Highways 

e -. ~ ... --- Dry wash 

!" " '. I : , I ', I! Southern Pacific Railroad 

Explanation 

1----, 
I PlPt I L-___ l 

BtSBEE FORMATlON OR GROUP, 
UNDIFfERENllATED (LOWER 
CRETACEQUS);-l.Jpper part 01 Bisbee 
Formation or Group, undilferennated, and n?ia!ed 
rocks. - inc/udes upper part at Bisbee Formation, 
Mural Umestone. MoriTA, Cinrura, Willow 
Canyon, Apache Carryon, Shelle~ Canyon 
and T UI'l'WY Ranch Formations (nol lisled in 
st ratigrllphic &equence) ol the Bisbee Group, 
AfroIe Arkose 01 &\00l1t and Kinrison (1954), and 
AngeIic Arkose. Consist' at brovmish· to redchsh· 
llri!ose , gray 5i!t,.tone, sandstone, cooglomerate. 
and some fossili!eroUli gray limestone. Commonly 
8eYImI hundri1d meters u-ic l< 

GRANITE AND QUARTZ MONZONITE 
(JURASSlC}-SI:ocks 01 pmkIsh~ CQilll"W' 

gnw:ned rock.. Localy associated witt\ 
~tion. [)ated lit 140, 148, 149, 149. ISO. 
153, 160, 161 , 161. 178. 185 m.y. 

Sedimentilll)/ rocks (~ Permian and Upper 
Pe~Bi1n)-<OJ\5ISts at Eprtaph Dolomite 
(l.o.ueT Pmrian). Coina l..imestone (~ 
Pel"l"rian), and Earp Forrn;!lJOn {~ Pernia.n 
andlJpper~rian), Ufdtferenriated. 

Epotaph O%mtC 1$ a douk· to 1irjIt-gray sioiltly 
cOOty dolomite, limestone, marl, siltstone, a'lCl 
!M)5Um, 120-ztn !Mterl thick. CoiN l...imeslooe 
IS a medium gray. (nick·bedded. sparsely cherty, 
aocl sp.;,rsely fossiliferous limestone 12Q.28J 
meters thick. E<u-p Formation is a paIe·red 
siltstone, mudstone. !hale, and ~mestone , 120-240 
meterlttuck. 

Horquilla Umulone (lipper and Middle 
~rian)-L..ight . r.inkish-gray, lhick. tothin. 

bedded, cherty, fossihferous 6mestone and 
mtercalated paIe·brown to pale.reddish-g.ay 
~stone IMt increases in abundance upward. 
TypcaIy:JX).490 meters thick. 

SEDIMENTARY ROCKS (MISSlSSlPPIAN AND 
DEVONIAN}-ConsiMa mairJy at Escabrosa 
l.Jmestone {Misslssippa.n)-1ocaIy (Armstrong 
and SiI>erman, 1974) called Escabrosa Group­
and Mamn Formation (Upper ~l, 
uncifferenbated h pan oIlhe Chiric:ahua 
Mou-Itains also IOCIudn Par.xtise Formation 
(Upper- Mississippian) and Portal Formation d. 
Sabins, 1957a (Uppn Devonian). In the little 
Dragoon Mountains and some adjocent hils 3Iso 
ird.w:ies Bl&ck Prince limestone, I.Vhose fauna 
and correlation snc,.., st~t affinities with 
Missis6ippian nxks but wlich may include some 
PemsylvaBan rocks. Escabrosa Limestone is a 
medium.gray, ~ 10 thick·bedded, c~ 
crinoidal, cherty, fouiHerous nnestone 90-310 
meters thick. Marrin FOfTr\..'I tion is thick· to thin· 
bedded, 9"itY to brown dolomite, gray sparsely 
f05Siliferous, and some siltstone and sandstone, 
9Q.120 meters Thick. PariKMe Fonnation is a 
brown, fossilif~. shaJy limestone. Portal 
Formation is a black shale and imestone 6- lOS 
melersthick.BldtkPrin:el..irntslot'1ll!is~· 
9f"i"I imestone Vlilh a basal shale and chert 
conglomerate, CoS I'luch as 52 meters thick.. 

SEDlMfNTARV ROCKS {LOWER QROOVICIAN 
TO MIDDLE CAMBRlAN):- El Paso limestone 
(t...o.r..er Ordoo..1ci.!In aM Upper CambriM), Abrigo 
FormatIOn (~and Midc:Ie Cambrian), and 
Balsa Quartz (Middle Cambrian), 
undifferentiated.-El Paso Umutone is ilI< !J"Y, 
thin·bIi.-dded cherty imestone and dolomite 90 
meten to about 220 meters thick. Abrigo 
Formabon is a brown. thin-bedded fossiiferous 
limestone, sandstone, quartzite , and shale, 21G-
240 me1en thick. Boba Quartrite is a brO\lolf\ to 
....niteOl"purpish-gray,thick-bedded.coarse· 
9"ained quartZIte and sandstone with a basal 
coreiomerale. 9().UI) meters thick. To the east, 
equivalents cI pMt cI the Abrigo Formation and 
Boba Quartzite are known as the Coronado 
Sardstone. 
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Sedimentary rocks (Upper and MidcIe Cambrian}­
Abrigo Formation (lJppwr arM:! Middle Cambnan), 
and BoIsa Quartzite (Middle Cambrian), 
undifferentlated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-Mim!y 
granodionte and quam monsonile, urlolaled 10 
foliated, in part melamorphof.ed. Generally 11"1 

stocks, ....tuch ahue been ~ltIe studied. 

PINAL SCHIST (PRECAMBRIAN X)-ChIorite schist. 
phyllite, and IIOI"I"W! melavobiric rocks, 
metavolcanic rocks, metaquanzile. melaqu,)rtziTe 
con9omeraTe, and gnew. One metaYObric rock 
datedatI115m.y. 

CONTACT - Dofted wMre concealed. 

MARKER HORIZON- Dotted IO.ttere concealed. 

FAUL TS---ShoMng dip. Dotted ~e concealed 01" 
iorruded; ball and bar on dow-nthrown sUo 

Nom'" 

Slrike·sip-Arrow c~ shoNs relatNe displaceme .... 
SngIe arrow shows ~nl 01 active bkx:k.. 

MajoIo"lhrust fault - SalWleitlhon upper plate . 

Anticline. 

Sy"d"o. 

Inclined strike and dip 01 beds. 

EXOTIC·BLOCK BRECCIA- Rock contains chip 01" 
block inclusions 01 rock different from lhose of 
host 01" other blocks nearby. Typic:altyol volcanic· 
t('CIonic: or sedimentary-tectonic: origin; excludn 
Tertiaryl11l!9ilbrecciac!eposlts. 

Site at well Of grmeraIized site at wueraI w.ds. showing 
unit peroetraTed, if knoIun, and depth 01 wei. In 

feet. lOO/eet ~ 30.5 meters. 

COLLECTION SfTE- ROOiogeric:aDy dated rock 
showing age In millions of years. Query before 
symbol wMre ptKIIe locaTIOn uncenaill. 

Index contour line 

Contour line 

Contour interval: 25 gammas 
21 

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

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

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

Figure 16. Aeromagnetic map of the Tombstone area. 

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

DEPOSITS (HOLOCENE TO OUGOCENE);­
GrM, sand, and silt (Pleistocene aro:! Pliocene­
Mainlyalluviumolbasins;includes.some 
colluvium and landslide deposits. Generally Iish'­
pinkish gray. weakly indurated. and IWith poorly 
f'OU"'oded clasts: locally weD indurated. Thickness 
several rmtrm to hundreds 01 meters. 

Basalt (Amlocene 10 P\iocene)-Lava Bows, 
pynxlasric rocks, MId some tnl~led gr;,vel 
Thickness ~ meters to a lew hundred meters 
In most p0ces. Radiometrically dated at 0.25, 1.0, 
and J .2 m.y. old 

[xtel'<Sive andesite and dlIcite (Miocene and Upper 
Otigocene)-Lw.1 fIo,vs, pyroclastic: roc::ks, some 
inten:ak.ted epic1asric: rocks. and dikes. Mostly 
gray. fine.grained, porphynnc rocks; InCludes 
some very coarse feklspar porphyry andesite 
fTurl<ey fnlCk porphyry, lin infOnT'llil lmTI of 
Cooper. 1961). Thickness ~tly 5eW1'"aI mell!TS 
10 several tens 01 melers. Dated al 24, 25, 2:1, 33, 
ard 39 my. 

ExlnJSlllll! rhyolite and rh~le (Miocene and lJpper 
Oligocene- lava Aows, welded tuff , pyroclMric 
rocks,and.somelflt~ledepc:la5t1Crocks.. 
l..i!tIt.gr<tytograyish·pink,vilr1c tofine.grained, 
polPl'¥itic:. Commonly a few lens 10 a few 
lnousand 01 meters thick. Dated 31 23, 24, 25, 26, 
26, 26, and 'n m.y. An additioMl cilr.le ol47 m.y .. If 
sub5tantialed,mayindicale lhepresenceol 
Eocene rocks in the lower rnembef of the 5 0 
VoIcarJcs 01 CochU;e Co. 

l.ou..0 conglonlffilte, graveI , ar(! sand {()tigocene and 
Eocene,?)- ADuvium; commonly grayish.reO 
deposits cI small. well rounded, nonvolcanic 
elllst$. MostlY!eVllrai meters to a few tens cI 
meienlhlck. 

UPPER CORDILLERAN (lARAMIDE)lGNEOUS 
ROCKS (LOWER PAl£OCENE):-l...oo.wr 
volcanic melts- Rhyolite to ",ndnjte \av", flows, 
P'YTOC~tic rOCks, and some intercalated epiclastlC 
rocks.. ~Ied at 57 m.y. Possibly younger- age to 

MAIN CORDtuEkAN (LARAMJDE) IGNEOUS 
ROCKS:-Porphyritic and aptinc rmusiYe rocks 
(Paleocene ",nd Upper CretbCeous)- Mosrly laritic 
porphyry to dacitic porphyry in small SIOC ks and 
plugs and aptitic bodies not ilS$OClilted with other 
grllritoid stocks. DaTed al 61, 63, 63, 64, and 65 

FluidIzed !l1truslve brecci.!o - elt3C1 age unknown. but 
penetrates. and thus younger IMn Uncle 53m 
porphyry. 

Rhynd.vue tull lind welded tull. - Includes I>"'rt$ of 
s.,l(:ro FOflTlo:Ilion, Sugarloaf Q uall Z Latile , and 
Bronco Vok"nics. _,rod " II 01 Red Bay Rhyolite. Cat 
Mounlain Rhyolile of Brown (1939) and Uncle Sam 
Prophyry. Inclutks kx"llntrustw bodoes and locally 
C'onHllns Iragments of e)cOI IC rocks. Thickness 
C'ommonly 5eVeraiTen5 of meteu TO sever31 
hundreds of meters. Dated at 66(?). 70. 72. 73. and 
73 m.y. nlt: Uncle Sam. III the Tombstone area. IS 

dated 72 m.y. 

Ardesitic to daciric volcanic: br'Kcia.-~11.JOt';5 parts 

01 SoIero FortnitDon, $ugarlwl Quam Latite , and 
Bronco Volcanics, aod aD 01 Demetrie Voicarics 
and SiverbeII FormatiorJ of Courtright (19581. 
Commonly contains large blocks 01 e)(()tic melts 
lind DcaIIy includes some sedimentary rocks and 
intrusive rocks. Sew:raI tens 01 meters t05e'olef1l.l 
hun1n!ds 01 meten thick in most places. 

Lower qUilrll mon~onite and 9laodionte- lllCludes 
50me qUil rtz diorile: appellrs ,n sman stocks 
Locally asSOCiated WIth mineraliza tion. Dated lit 70, 
71. 72. 73, 74, 74. 74. and 76 m.y. The Schtefflln 
gr_,oo<iorite ... 1 TombslOl'll! is 72 m.y. 

Roads and Highways 

-- .. -- . ----- Dry wash 

+;4+1+'++++++<+ Southern Pacific Railroad 

Explanation 

[~ 
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BISBEE FORMATION OR GROUP, 
UNDIFFERENTIATED (LOWER 
CRETACEOUS):-Upper part 01 Bisbee 
Formanon or Group, undifferenMted. and related 
rocks.- Ioclucles upper part 0I8imee FOnTliltlOn, 
Mural Urnestone, Montll , Cmtura, Wd!ow 
Caf'l!P'l, At»cht' Canyon. Shellenberger Canyon 
arv:l Tumey Ranch Formanons (not listed 111 
stril~ seque11C4!) d the Bisb0e Group, 
AmoIe Mow 01 Bryant lind Kinnison (1954), ;meI 
Angdic Ark05t'. Consists 01 brownish· to reddish· 
arkose. gr1)Y sit~one, sardstooe, conglomerate, 
and some fosstliferous gray limestone. C;xnmooIy 
several hwdred meters thick 

GRANITE AND QUARTZ MONZONITE 
(JURASSIC}-Stocks 01 p!Tlki5h~ coal"St'· 
grillrWd rock. l.ocaIIy MSOCiated lllith 
rrineraizallOn. Daled at 140, 148, 149. 149, ISO, 
153,160,161,167,178. l85m.y 

Sedimenllll"y rocks (Lower ~n and lipper 
Pervl$ylvari,!on)-<onsisIS 01 Epitaph DolomiTe 
(Lnwer Permian), Colina umestone (Lowe, 
Pern-.i!ln), and Earp Formation (lower Permian 
and Upper Pennsytvanian), undifferentiated. 
Eprtaph DoIomte is a dark· to light-gray ~tIy 
cMrty dolomite, imeslOT'le , marl, siltSTone, arod 
gypsum, J.2O.28) meters thick. Colina limestone 
is II medium gray, thick·bEdded, sp!lrsely cherty, 
lind sparsely fossiliferolJ$ hmestone 12Q.28) 
meters thick. Earp FOI'TTIiIOOn is a paIe·red 
siltStone, mudstone, shale, and bnestone, J.2O.240 
meters thick. 

Horquilla. lJmestone (Upper and /'.ttiddIe 
Pe~nian)-Ught .pinkish.gray , tnkk· to thin· 
bedded, chmy, fossiliferous limestone and 
intercalated paIe·brown to pale·reddish.gray 
siltstone that increases in llbundanc:e upward. 
T ypocaly 30).490 meters thick. 

SEDIMENTARY ROCKS {MtsSISSlPP\AN AND 
DEVONLAN)-Consi!;;ts mainly 01 ~brOSO!l 
Umestone (Mississippian)- Ioc.aUy (Armstrong 
and Silberman. 1974) caOed Escabrosa Group­
and Martin Formation (Upper Devonian). 
undifterenliated. In part of the Chiricahua 
MountalllS also includes Paradisl! Forma-lion 
(~ Mi.ssis!ippian) and Portal Formation 01 
Sabms, 1957a (Upper Oeo.oraa.nl. WI the utile 
Dragoon Molmtains and 5Orl"e adjacent hils also 
Includes Black Prince Umestone, whose fauna 
and corre!ation show Strongest affinirieswith 
Mississippian meks but which may include some 
Pennsylvarian rocks. E5cabr0Si!l Umestone is a 
medium.gray, massiw to thick·bedded. coml1'1CJriy 
crinoidal, cherty. fossiliferous 5mestone 90-310 
meters thick. Martin Formation is thick· to thin· 
bedded, gr1)Y to broNn dolomite, gray sparsely 
fossitifti!rous, lind 5OI'ne siltstone and S!lncistone, 
90-120 meters thick. Paradise Forma-lion is a 
brooNn. f()6Siliferous. shaIy~mestonl! . Portal 
Formaricn is a black shale and ~mestone 6-1re 
rTM;>ters thick. BIlocIc Prince Umeslone i!; pinkish. 
gray limestone with II basal shale and chm 
cClfl9ornerate.os much <'It5S2 meters dW:.k. 

SflJIMENTARY ROCKS (LOWER ORDOVlCIAN 
TO MIDDlE CAMBRlAN):-B Paso u meslone 
(l...oo.wr Ordovicia.n and lJpper Cambrian), Abrigo 
FOI111iItion (Upper and Mic\cIe Cambrian). and 
BoI:sa Q.art.t (Middle Cambrian), 
undifferentii!lted.-B Paso Limestone is a gray, 
thin·bedded cherry limesl:one arv:l ddomite 90 
meters to about 220 meten thick. Abrigo 
Formation is a brown, thin·bedded fossiliferous 
limestone, sandstone, quartzite, and shale. 21(). 
240 meten thick. BoIsa Quartzite is a brOIAII'lTO 
INhiteorpurpiish-gray, thick-bedded,cOilf'S{" 
gr<»ned qui!lrt zite ard sandstone ""';Ih a basal 
conglomerate, 'iJO.18) meters thick. To the east, 
equivalents 01 part 01 the Abrigo Forma-lion and 
BoIsa Quartzite are known lIS the Coronado 
SIIndstone. 
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Sedimentary rocks (Upper arv:l MickIIe Carnbrian)­
Abngo Formation (Upper and MWie Cambnan), 
and Bolsa Quartzite (Middle Cambrian). 
unddferentiated. 

GRANITOID ROCKS (PRECAMBRIAN Y):-MainIy 
granodionte and qUllrtz monsonite, unfoliated to 
foliated, in pan metamorphosed Generally in 
stocks, \I.+wc:h.m...oe been 61tle 5tucbed 

PINAl SCHIST (PRECAMBRlAN X)--ChIonte schrst. 
phyllite. and some metavolcar.c: lOCks. 
metavoicarIC rocks. mefaquartzite, metaquartzlIe 
conglomerate. and gneiss. One mefavoicar*: rock 
dated at 1715 m.y. 

CONTACT- Dotted I.Uhere c(:lOCealed 

MARKER HORIZON- Doned....toere concealed 

D1KES-ShoNing dip. 

FAULTS---ShowIng dip. Dotted where concealed or 
intruded. ball and bar on dou.m.thrown side. 

Nom'" 

Strikt'·slip-ArTQw couple shows relatlW dispLxement. 
Single arrow shows !TIO\It'ITlt'nt 01 ar:tive block. 

MI'l1or thrust fault-5<JWfeeth on upper p!ate. 

Thrust lauit- SaWfeelh on upper plate. 

Anticline. 

Inclined strike and dip of beds. 

EXOTIC-BLOCK BRECCIA- Rock contains dip or 
block inclusions of rock different from tnose of 
ho.storotherblocksnearby. TypicaUyolvolcatW::· 
tectonic or sedimenlary-tectonic origin; e)Cctudes 
Tertia.ry~re«iackposits. 

Site 01 we\I or generatized site of several wells, shotw-ios 
unit penetrated, if known, and depth of wea, in 
feet, 100 feel equals 30.5 meters. 

COLLECTION SITE- Radiogenically dated rock 
showtng age in millions of years. Query before 
.symbol where precise location unc:.eTlain. 

-150 Gravity contour line 
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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 17. Gravity map of the Tombstone area. 

From Bouguer Gravity Anomaly map of Southeastern 
Arizona, West, EE, Sumner, J.S., Aiken, c.L.V., and 
Conley, J .N., 1973. 
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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 carne 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 Haine, hence the mine and claim name (Bailey 
Escapule, 1985, pers. comm.). His decendents are operating his 
discovery, and are pr incipals in Tombstone Silver f.1ines, 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 district under the 
Tombstone Consolidated Mining Company. 

In 1911, silver prices of qpproximately $0.55 per ounce 
(l~ss 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 Bunk'er 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 
Sta te of Maine wor kings, 'the only informa ti on 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 mlnlng 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 UQited 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 Development Company was acquired by 
the Newmont Mining Company. Fred Searls, then president, had 
great faith in the potential at Tombstone, and felt that after 
the war, precious metal prices would increase (William Hight, 
President, Tombstone Development 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 results 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 ~nd 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 
unre~ognized 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 report~ 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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SUM/oIARY OF TOTAL RECORDEO PROOUCTION AT TOt18STONE 
1879 TO 1537 
CALCULATEO TO CURRENT VALUES - 1400 GOLD, 110 SILVER, 11.00 COPPER, $.50 LEAD, $.40 ZINC 

TOTAL 
VALUE OF CALCULATEO CALCULATED CALCULATED 

PROOUCTION OUNCES OF aJNCES OF POUNDS OF 
IN YEAR GOLD VALUE AT SILVER VALUE AT LEAD 

SaJRCE ,. YEAR PAOOUCEo PROOUCEo '400/0Z. PROOUCEo $10/0Z . PROOUCED 

J . B. TENNEY 

1879 TO 1007 28400,000 182356 76942400 24338159 243381500 31805070 

MINERAL AESaJRCES OF 
THE UNITED STATES 

1008 TO 1934 8138571 57871 23188400 66500 82 66500820 23767829 

TOMBSTONE OEVELOPIo£NT 
TOMBSTONE MINING CD'S. 

1935 TO 1936 ' 564437 6375 2550000 300305 3003050 3197305 

ToHBSTOOE EXTENSION 

1930 TO 1937 374972 1083 433056 1080491 10804007 6335734 

TOTAL 37477!Bl 257785 103113856 32468647 324686467 65105938 

AVERAGElTOO-- 0.21 82.22 25.89 258.00 51.91 

CALCULATED CALCULATEO TOTAL 
POUNDS OF POUNOS OF CURRENT 

VALUE AT COPPER VALUE AT ZINC VALUE AT VALUE OF 

'.50/U! • PROOUCEO '1.00/U!. PROOUCEO $.40/ U!. PROOUCTIOH 

15902535 Nfl'- Nfl' HAP NAP 336226525 

11883915 2358495 2358495 1058234 423294 104451023 

1598653 157536 157536 NAP NAP 8208239 

3167867 NAP NAP ~RP NAP 14405829 

32552969 2516031 2516031 105823 4 423294 463292616 

25 . 00 2.01 2.01 0.84 0.34 369.42 

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

-NO RECORDEO PROOUCTIOH 

--TOTAL TONNAGE ASSUlo£O TO BE -

"T1 .... 
co 
c: .., 
m 

I\J 
->0 

Pr~oor~d bv Jam~1 A. Brllco~ 

12540 97 

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

© COPYright. 1982 by Jam . , A. Bri scoe' Associ ates, Inc 



~------------------------------------------------------------------------------------------------" -~~-

IC 
c: .., 
m 

I\) 
I\) 

e· 

PRODUCTION OF THE TOMBSTONE MINING DISTRICT 
1879 TO 1907' 
CALCULATED TO CURRENT VALUES - 1400 GOLD, 110 SILVER & 1.50 LEAD 

YEAR 

1879-1880 
lB81 
1882 
1883 
1884 
1 B85 
1886 
1887 
1888 
1889 
1 B 90 
1891 
1892 
1893 
1894 
1895 
1896 
1 B 97-1901 
1902-1906 
1907 

TOTAL 
VALUE OF 

PROOUCTION 
IN YEAR 

PROOUCEO 

231B567 
5040633 
5202876 
28B190D 
1380788 
1320978 
1050000 

600000 
600000 
250000 
600000 
674650 
490000 
450000 
300000 
300000 
300000 

1539610 
2550000 

550000 

CALCULATEO·· 
OU NCES OF 
GOLD OUS 

OF TOTAL 
PRODUCED 

15704 
34141 
35240 
19519 

9352 
B947 
7112 
4064 
4064 
1693 
4064 
4569 
3319 
3048 
2032 
2032 
2032 

10428 
17271 

3725 

CALCULATED" 
OUNCES OF 

SI LVER 08a 
VALUE AT OF TOTAL 
14DD/OZ. PRODUCED 

6281555 1633078 
13656287 3613197 
14095942 36967BO 

7807760 2122126 
3740887 1016762 
3578842 999991 
2844702 859091 
1625544 495918 
1825544 517021 

677310 215426 
1625544 462B57 
1927789 551886 
1327528 456207 
1219158 467308 

812772 244890 
B12772 373846 
B12772 357353 

4171174 207B474 
6908563 3500847 
1490082 675000 

CALCULATED'· 
POUNDS OF 

LEAD·" ISS 
VALUE AT OF TOTAL 

110/0Z. PRODUCED 

16330776 2318567 
36131971 5250659 
36967B03 5309057 
21221264 3351047 
10167621 1865930 

9999912 1651220 
B590909 1141304 
4959184 666667 
5170213 681916 
2154255 320513 
4628571 666667 
5519B64 7B4477 
4562069 597561 
4673077 608108 
2448900 454545 
3738462 468750 
3573529 500000 

20784735 1877573 
350DB475 2771739 

6750000 51BB68 

VALUE AT 
I . SO/ LB. 

1159284 
2625330 
2654529 
1675523 

832965 
825610 
570652 
333333 
340909 
1602"56 
333333 
392238 
298780 
304054 
227273 
234375 
250000 
938787 

13B5870 
259434 

TOTAL 
CURRENT 

VALUE OF 
PROOUCTION 

23771615 
52413598 
53718174 
30704547 
14841472 
14404363 
12006264" 
69180~1 

7136666 
2991822 
6587449 
7739891 
6188377 
6196289 
3488945 
4785609 
4636302 

25894695 
43302907 

8499516 
--------------------------------------------------------------------------------------------------------------- -- ----

TOTAL 28400000" 192356 76942429 

AVERAGE/TON···· 0.32 126 . 4B 

24338159 2433815B9 

40.01 400.07 

31805070 

52 . 28 

15902535 

26 . 14 

336226552 

552.69 

··UNPU8LISHED FIGURES & ESTIMATES COMPILED BY J.B. TENNEY FROM OLD COMPANY REPORTS·, ARIZONA BUREAU OF MINES, 
GEOLOGICAL SERIES, NO. 10, 8ULLETIN NO. 143 (BUTLER & WILSON) 

•• AS REPORTED 8Y 8UTLER & WILSON, "THE PROOUCTION OF THE TOMBSTONE DISTRICT BY VALUE WAS ABOUT 81S SILVER, 14S GOLD 
AHD 5S LEAD, WITH MIHOR COPPER AND MANGANESE". THE METAL PRODUCTION IN THIS TABLE WAS CALCULATED BY MULTIPLYING 
THOSE PERCENTAGES BY TOTAL DOLLAR PRODUCTION, AND THEN DIVIDING THE RESULTING FIGURE BY THE METAL PRICE FOR THAT 
YEAR TO YIELD A CALCULATED PRODUCTION IN TROY OUNCES, OR POUNDS . 

···INCLUDED ARE SOME TRACES OF COPPER, MANGANESE & ZINC PRODUCTION. 

····ASSUME TONNAGE MINED FROM 1878 TO 1907 EQUAL TO THAT FROM 1908 TO 1934 - 608345 TONS 

James A. Briscoe & Associates, Inc. 

Prcpart!d by James A. Briscoe 
Tucso n , Arizona ~ 

© Copyright. 1982 by James A. Bri scoe & As sociate s, Inc. 
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PRODUCTION OF THE TOMBSTONE HINING DISTRICT 
1009 TO 1934" 
CALCULATED TO CURRENT VAWES - S40D GOLO, $10 SILVER, 51.00 COPPER, $.50 LEAD & $.40 ZINC 

• 

GOLD VAWE AT SILVER VALUE AT COPPER VALLE AT LEAD VAWE AT ZINC VALLE AT 
TOTAL 

CUR RE NT 
VA LLE YEAR TONS (IllNCES) S400/0Z . (ClJNCES) 51D1DZ. (POUNDS) S1.DD/LB. (POUNDS) $.5D/LB . (POUNDS) $.4O/ LB. 

1009 51266 4106 1642304 357414 3574140 7609 7S08 1770784 885397 
1009 27123 2280 91 1832 201700 2017000 27706 27706 1535637 76791 9 
1910 4619 1062 424712 116520 1165200 31163 31163 305876 152939 
1911 8797 2155 862186 224098 2240980 68209 68209 962010 491 005 
1912 7405 1363 545272 159377 1593770 27723 27723 617820 308910 
1913 5760 1230 491 824 1263S! 1263820 10657 10657 334S!3 167462 
1914 6063 13110 552144 109968 10886110 14217 14217 234345 117173 
1915 1Il03 1216 486404 100115 1001150 36075 36075 164136 82068 
1916 57200 3950 1580144 343453 3434530 131546 131546 B83963 4919S! 
1917 57474 3373 134S!20 444139 4441300 229488 229488 1278754 639377 
1918 19507 1388 555700 283412 2834120 41503 41503 457183 2285S! 
1919 27445 1946 778328 450366 4503660 200182 2 III 1 82 289424 144712 
1 S!O 28946 1788 715104 458855 4588550 144010 144010 243 946 121973 
1 S!1 18594 1057 422632 423688 4236800 132688 132688 678946 339473 
1822 44347 2322 S!8960 613700 6137000 186740 186740 744529 . 372265 
1823 32770 3093 1237040 495943 4959430 195485 195485 465914 232957 
1S!4 15448 2459 963458 24764? 2476420 72836 72836 465323 232662 
1 S!5 27760 2677 1070682 241381 2413810 77340 77340 1527018 763510 
1826 47708 2900 '195860 220579 22057 III 113476 113476 1970986 965493 
1S!7 31186 2459 9113458 159944 1599440 68867 68867 1Il0178 450089 
1S!8 24172 2287 918844 164161 1641610 135643 135643 247316 123658 
1S!9 15601 1671 668216 99423 994230 86793 86793 843817 421 III 9 
1930 8734 1875 749600 74937 749370 32003 32 III 3 936862 468431 
1931 15623 2204 881568 1 o 1Ii 04 1015040 62440 62440 476914 239407 
1932 5067 485 184096 48021 490210 24810 24810 1166700 583350 
11133 7016 1441 578464 100323 1003230 27875 27875 1744270 872135 
1934 3701 3706 1482448 296737 2967370 70512 70512 2400324 1200162 

TOTAL 608345 57971 23188586 66586S! 66500S!0 2359495 2358495 23767829 11893915 

AVERAGE/TON 0.10 38.12 10.95 109.47 3.89 3.89 39.07 19.53 

z;:c:==.s::cC===:lCrz::===:c..z:.=========::::..cz::=s:..c:c::==~----r==:c-.:c.=;:::=--=---r=~;:::~-=:::.:=:=.........:= 

"AS RECORDED IN "THE HINERAL RESClJRCES OF THE UNITED STATES " 

AV ERAGE VAWE PER TON AT CURRENT PRICES (SEE ABOVE) - "04,451,219 

609,345 
$171 .70/ TON 

173313 6932 5 6178774 
713116 295246 4009603 

0 0 1774013 
0 0 3662300 
0 0 2465675 

36503 14601 1948464 
39324 15730 1787943 
63386 25354 1631051 

0 0 5638212 
0 0 6658475 
0 0 3659975 
0 0 5716982 
0 0 5549637 
0 0 5131673 
0 0 ·7634965 
0 0 ·6624912 
0 0 3765374 

325 82 13037 4338388 
0 0 4500619 
0 0 3101852 
0 0 2819555 
0 0 2171148 
0 0 2000504 
0 0 2197455 
0 0 1282466 
0 0 2479704 . 
0 0 57204 82 

105823 4 423284 104451219 

1.74 0.70 171.70 

----== 

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

Prepared by.James A. Brbcoe 
© Copyrig ht , 198 2 Dy J .mes A. Briscoe & Assoc i a l es . I"(~ 
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PRODUCT ION OF THE TOMBSTO NE MINING DISTRICT 
1935 TO 1936" 
CALCULATED TO CURRENT VALUES - HOD GOLD , .10 SILVER , '1.00 COPPER, $.50 LEAD, $.40 ZINC 

YEAR TONS 

1935 12907 
1936 9305 

---------

TOTAL 22212 

AVERAGE/TON 

GOLD 
(OUNCES) 

3450 
2925 

---------
6375 

0.29 

VALUE AT 
HOD/OZ . 

1380000 
1170000 

---------
2550000 

114.80 

SI LVER 
(OUNCES) 

2430B7 
147218 

--- ------

390305 

17.57 

VALUE AT 
$10/0Z . 

2430970 
1472180 

------ ---

3903050 

175.72 

COPPER 
(POU NDS) 

103574 
53962 

---------
157536 

7.09 

VALUE AT 
'1 . 00/ LB. 

103574 
53962 

---------
157536 

7.09 

LEAD 
(POUNDS) 

2229289 
969017 

---------

3197305 

143 . 94 

VALUE AT 
$.50/ LB. 

1114144 
484509 

---- -----

1598653 

71 .97 

TOTAL 
CURRENT 

VALUE 

5029588 
3160651 

---------
8209239 

369.59 
=x= ====== c == ==== =========== ===== ==== ==ac&&c=== =========cc =:=::::= =:=:=:=:====: =::=: : =:=:::::::::_:::::=::=::== ==::=:=:=:: 

" 
co 
c: ..., 
(I) 

"AS STATED 9Y THE TOMBSTONE DEVELOPMENT CO. , THE TOMBSTONE MINING CO. 

Prepared by James A. Briscoe 

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

© Copyright, 1982 by James A, Bri scoe & Associat.s . Inc. 
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TOMBSTONE EXTENSION AREA 
PRODUCTION STATISTICS OF THE TOMBSTONE MINING CO. FOR THE TOMBSTONE EXTENSIQN AREA - 1930 TO 1937 
CALCULATEO TO CURRENT VALUES - 5400 GOLD, 510 SILVER & $ . 50 LEAD 

OPERATOR 

TOMBSTONE MINING CO. 

1930 
1931 
1932 

HAYWARD & RICHARDS 

1833 

A. S. & R. 

1933 
1934 

HOL T & O'AUTREMONT 

1934 

HASSE LG REN & 
O'AUTREMONT 

1935 

CARPER LEASE 

1935 

TOM8STONE MINING CO. 

1935 
1936 
1937 

WET TONS 

2910.7 B 
311.66 

2482.88 

795.00 

3041.00 
2018.00 

1195.01 

2308 . 64 

196.71 

118.50 
90.78 

461 .05 

ORY TONS 

2759.84 
299.69 

2348.69 

747.31 

2819.36 
2006.20 

1123.03 

2164.36 

183.35 

110.02 
75.93 

412.49 

GOLD· 
(OUNCES) 

204.60 
44 . 21 

225.56 

60.27 

224.14 
116.38 

79.38 

79.86 

8.14 

2.49 
2.36 

27.55 

VALUE AT " 
$400/0Z. 

81840.00 
17684.00 
90224.00 

24108.00 

89656.00 
46552.00 

31752.00 

31944.00 

3256.00 

896.00 
844.00 

11020.00 

' SIlVER 
(OUNCES) 

21996.64 
5800.71 

32392.00 

9093.00 

37840.00 
19836.00 

VALUE AT 
510/0l. 

. LEAO 
(POUNOS) 

219966 . 40 887952 . 45 
58007.10 232098 . 67 

323920.00 1226722.00 

VALUE AT 
5.501 L8. 

TOTAL 
GROSS.' 
VALUE ' 

443976.23745782.63 
116049.34 191740.44 
613361.00 1027505.00 

90930.00 336810.00 168405.00 283443 . 00 

378400.00 1145565.00 
198360.00 726559.00 

572782.50 1040938.50 
363279.50 608191.50 

15796.27 157962.70 553991.48 276995.74 466710.44 

27055 . 81 270558.10 842762.11 421381.06 723883.16. 

2421.26 

961.49 
648.74 

4437.05 

24212.60 

9614 . 90 
6487.40 

44370.50 

88951.82 

39143 .48 
21970.27 

167949.24 

44475.91 

19571.74 
10985.14 
83974.62 

71944.51 

30182.64 
18416.54 

13 93 65 . 12 
----- ----------------------------------------------------------------------------------------------- - ------- ------~ ------
MACIA LEASE 

" 1936 96.48 88.96 3.56 1424 . 00 983.68 9836.90 36054.90 18027.45 29288.25 
---- ------------------- - - --------------------------------------------~-------------------------~ - --- -- - -- -- - - -- ------ ----
GALLAGHER LEASE 

1938 65.37 56 . 63 4.14 1656.00 1228.01 12280.10 29203.22 14601.61 28537.71 

TOTAL 16081.86 15195 . 65 '1082.64 433056 . 00 180490.66 1804906 . 60 6335733.64 ' 3167866 . 82 5405829.42 

AVERAGE/TON 0.07 28.50 

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

15,1 95.65 

11.88 416.94 

$355 . 75/TON 

208.47 355 . 75 

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

Prepare d by JameJ A. BriJcae © Copy rlghl , 198 2 by JAm" A. Briscoe I. Assocl at., . 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 vo.lcanism 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 fee~ 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 pioduced 
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 Tombst'one, 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 i~ 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 copper, molybdenum, lead, zinc, silver and gold 
mineralization centers within and adjacent to the caldera. 
Phreatic (steam) explosions and venting probably gave rise to 
the breccia pipes in the Robbers Roost-Charleston Lead mine 
area. Deep exploration drill holes in this area confirm 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 :bearing hydrothermal 
solutions. At Silverbell, the volcanic complex' is Laramide­
approximately 65 m.y. old. 

Age dating of samples of altered rock collected by Newell 
at the Charleston Lead mine (1974, p. 73), show potassium-argon 
age date of sericite of 74.5 ± 3 m.y., while a sample of the 
altered Contention dike material collected by Gustafson (Newell, 
1974, p. 74) yield an age of about 72 m.y. The age date of 63 
m.y. by Creasey, et 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' r where some 5,000 feet of stratigraphic throw 
between the Pre~mbrian 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 

/ 
! 

. I 



• 

• 

granophyre, and the rhyodacite. The reopening of the northeast 
trending fracture zon~ the prevalent fracture direction in 
Arizona since the Pre ambrian, 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.148-155), 
and possibly magnetic anomalies at the Charleston crossing, on 
the Huachuca Military Reservation, west of the San Pedro River, 
and at Fairbank. Following Newell's chronology, the writer has 
rearranged the chronology to support the evidence for caldera 
formation, and intrusion of the 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 
faul t. 

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 
faul t. 

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 latite porphyry. 
Evidence: 

a. The quartz latite porphyry cuts the Bronco 
Andesite. 

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

10. Emplacement of the granophyre. Evidence: 

a. The granophyre intrudes the Ajax Hill fault. 

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

11. Emplacement of the rhyodacite. Evidence: 

a. The rhyodacite intrudes the Ajax Hill fault. 

/ 



~--------------------------------------------------------------------------~- ---

• 
,-• 
• 

• 

• 

b. The rhyodacite intrudes the Uncle Sam Tuff. 

c. The rhyodacite probably altered the 
granophyre. 

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

a. The fissures cut the Uncle Sam Tuff. 

b. The fissures are intruded by hornblende 
andesite dikes. 

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

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

a. Hornblende andesite dikes are hydrothermally 
altered (Charleston lead mine; sericite date 
74.5t 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.). 

15. Emplace~ent 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. 

16. 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 
fault system. 

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

18. Introduction of the manganese mineralization, in 
the southern part of the district. Evidence: 

a. Manganese mineralization is intimately 
associated with the rhyolite porphyry in the 
Side Wheel mine west of Military Hill. 

b. Alteration related to silver mineralization 
along the Contention dike yielded an age of 
about 72 m. y • . (Gustaf son, 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 ~ilting to the northeast 
possibly associated with the northwest faulting. 
Evidence: 

a. Quaternary (?) conglomerate beds along Walnut 
Gulch dip 40 degrees NE. 

b. Northwest-treriding faults (Grahd 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 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. 

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 faul t 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 lati te 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 ale (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) • 

~I 
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14. Introduction of hydrothermal solutions and formation 
of the base-metal and silver deposits at Charleston 
and at Tombstone. Phreatic (stearn) 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. (Gustafson, 
per s. 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 porphyry • . 
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. 
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17. Renewed minor fracturing along the northeast- trending 

fissures. Evidence: A northeast- trending fissure 
cuts the rhyolite dike west of Military Hill. 

18. Introduction of the manganese mineralization, in the 
southern part of the district. Evidence: 

a. Manganese mineralization is intimately associated 
with the rhyolite porphyry in the Side Wheel mine 
west of Military Hill. 

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

c. The age of the rhyolite porphyry is about 63 m.y. 
(Creasey et 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), arid 
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 base triangulation survey for the 1973 base map was 
surveyed by Florian and Collins, civil engineers from Tucson, 
Arizona. Elevation control was ti.ed 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 distance measuring device. The survey is first order in 
nature and adheres to minimum government specifications. In 
addition to the primary control points, all identifiable claim 
monuments and posts were targeted with white, 24 inch wide 
butcher paper, in the form of a llyn, 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. 
Prob~bly 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 with 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. Adi ts were also marked with a "y" symbol, the 
"Y" aligned along the direction of the adit. The collars of 
shafts were also marked because in 1973, with the 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 Aerial re-flew the area at tw6 scales. One flight 
line which covered the desired width was flown at 1:12600 (I" = 
about 1,000'), while another set of photos was flown at the 
larger scale of 1:6,000 (1" = 500). This was done so that as 
the need might arise, a topographic map at a scale of 1" = 50' 
with a 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 arbi~rary, 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 dr1ll holes, roads, control points, etc. 

The original presentation of the fifty-scale map of the 
northwest quarter of Section 16 came in four sheets, 30" x 30" 
square. Unfortunately, the joint of this four sheet composite 
map fell precisely in the middle of the most active mining area. 
Therefore, yet another composite map, 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, particular).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 1" = 
1,000' and 1" = 500' scale color air photos, where in 1973, only 
black and white photos were used. Because of the color of 
alteration zones, which ranged from red to white, depending on 
the amount of limonite in outcrop, veins as well as large areas 
of alteration could be precisely mapped. This was not possible 
in 1973. Better stereo equipment, as well as transparent 
inkable mylar overlays and colored permanent marking pens, which 
were not available in 1973, also made photo interpretation 
easier and more efficient. Photo interpretation on this new 
photography had one at three different scales and ~wo different 
ways. First, both the 1" = 1,000' and 1" = 500' photography was 
examined with a mirror stereoscope, both with 5X binoculars, and 
without binoculars. Rock types, alteration features, fault 
zones, vein zones, prospect pits and mine shafts, were annotated 
onto transparent overlays on the photo. Also, color photo 
enlargements at a scale of 1" = 50', matched to the topographic 
map of that area, were prepared. At this scale, the same type 
of features could be mapped much more precisely. A more 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 Hines, Inc. 
prop~rty 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 the structural fabric of 
the district • 

Aside from the caldera margin fault and its associated 
geologic complexities, the Prompter Fault, a major east-west 
feature, may have important structural influence on 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 
abrup~ westerly-trending bend in the river drain~~e, 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 intensity of limonite stain as well as a prospect pit. 
The Triple X , and Merrimac #1 vein appear to form a four-way 
intersection with the Clipper vein and a possible post-mineral 
fault, ' partially under the Big Pond water retention dam. This 
area of intersection may localize mineralization, and, 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 quarter of 
Section 16 - the area of active mining. This photography could 
not be examined in stereo view (because of the lack of a stereo 
pair, though the scale would make it unwieldy), but was used for 
both office interpretation and for a field base map for in-field 
follow up. The photograph was securely stapled to a 1/4" 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 1" = 200', it was found that errors at 
this scale were not ~ignificant. 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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~urface 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 redu·ce 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, a~ 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 remaining 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 map in detail all of the small outcrops 
within the stream drainage areas marked Quaternary alluvium on 
the map. In the Fox Wash area in particular, there are numerous 
windows of bedrock sticking through alluvium. 

Bisbee Group Sediments 

The great preponderance of sedimentary outcrops within the 
bounds of the State of Maine geologic map a~e 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, 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 of 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 alsQ 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 evidence of this is 
suggested by the presence of a quartzite pebble conglomerate, 
exposed in the Fox Ranch window. This conglomerate is probably 
the Glance conglomerate. In most of the Tombstone area, the 
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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 enV1S10n 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 oy 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 



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). 

'. 

/ 

10 



D 
0 + + 

0 
0 

GEOLOGY AND PROPERTY MAP 
OF THE 

TOMBSTONE SILVER MINES, INC. PROPERTY 
IN THE VICINITY OF 

THE STATE OF MAINE MINE 
TOMBSTONE MINING DISTRICT 

COCHISE COUNTY, ARIZONA 
byl JAMES A. BRISCOE 

EXPLANA nON 

Qo.l QUQterno.ry AlluviuM 

Rhyolite Porphyry 

Andesite Porphyry 

Kut Creta teous Uncle SaM Tuff 

Creto.teous msbee Group Se~Ments 

1~?iU Kb Shale, .Sa.ndstone, Quo.rtzlte 

o Kbg Glo.nce · ConglOMerate 

o Kbbl Blue liMestone 

o 250 500 
LI .1.' ....L-L.L' ..J.I.....II. • ..LJ I J 

Scale. 1 In. = 500 ft. 

Dro.wn by: Bailey Esco.pule 
L.C tober 15, 1985 

SYMBOLS 

o..--\---~. 
a. Anticline b. Syncline 

Showing trace of aXial plane 

--- -----
Conta.ct 

Dashed where approXIMately located 
dotted where concealed 

------- . 
Fault 

------ _., 
Vein 

,..----_ .. 
Photo ! .incat 

Dashed where apprOXiMately loco.ted 
dotted where concealed 

25 

0.. Y 
30 

b./ 35 / 

c. Y 
Strike o.nd Dip 

a. Bedding trends 
b. JOint . trends 
c. Flow structure 

Meo.sured Veins 
(length x width) 

Precisely /'lapped at 1 In 
on color photos 

Property Boundaries 

50 ft 

Surveyed Property 

• 

• 
Boundaries frof"l Me tes and Bounds 

Desc. - Unsurveyed 

• / 
" , 



• 
( e 

1 : Fox 11 
I 
I 
I 
I 
I 
I 
I 
I .+----_._--
I 
: 12 
I 
I 
I 

! 

.----------------
_ 16 

I 
I 
1 
I 
I 

I 
I 
I --1--- .-------
I 
! 

( 

I 
I 

, 
( 

I 
I 

/,..,,1 
I I 

I I 
I I 
I / 

1 
I r---

yrl z: .... , 
/ ~ J 

/ I 

( 
\ 
\ 
J 

,./ 

// . I 

, , 

I 
I : ) 1 r 1 
1 I 1 
1 I 1 

-______ ' (-/ : 
r------...J.. 1 : F~ ----J-
1 ) 1 
1 I 1 , 1 

1 
1 
1 
1 
1 ,. 
1 I 

J 
,If) 

TSM-4A 

" ... 



- ---------- -- ---- ------ ---------

7-3 

• 
'e 

e , 

_n~ X-SECTlDN THRU 254000 N I 
UIIICJNG ICIt1H f I -

~ --~ I 
/ ~ I 

~ //- I 

-" I 

--""" ~ / / / .. II I - ._,-
- I-~ 

, 
/ ,J II J / 

I- -----::..:.:..'. --I I II / I 

III 16' I / 
-" ; //1 II I / 

8 \ / J 11 : I 

'" , 
I ; 

~ 
i Ii 

I· ,.. 
~ ; _n I 

// I 
/ .. : 

.' / i 
Figure 30 



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 either poorly exposed or 
not exposed at the surface, and can only be inferred from 
detailed surface geologic mapping or measured by drilling. Only 
the steeply dipping features will be discussed in this section, 
while the low angle features will be discussed under the heading 
Sub-Surface Geology, State of Maine Area. 

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

The strongest direction of structural fracturing within the 
Tombstone Mining District is approximately north 55 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 Ma:tne structure and the Clipper vein zone. '. The strongest 
synthetic structure is the Triple X vein which appears to be 
continuous between the State of Maine vein and the Clipper vein 
zone. Similar synthetic structures along the San Pedro vein 
also suggest right lateral movement. 

An offsetting vein structure identified during the recent 
mining of the Merrimac #1 pit and other "post mineral" 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. 

71 



• 

75 

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 Paults 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 hqndred feet 
long. One sm~ll 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 arep, offsetting limestone beds in the Bisbee sedi­
ments. The most significant fault could not be identified in 
the field, yet is indicated by its lef't 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 throu9h 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 AN D ANTITHETIC fAULTS . Both ri ght-h.3nded ;1nd lcit ­
h.lnded strike-slip faults emerge in clay deformed in this way (Wilcox, 
HMding, and See l~' , 1973) . The iaults combine to iorm conjugate sets 
lIlarked by an initial conjugate angle of intersection of about 60° (see Figure 
'J. 53C). Of the two conjugate iault sets, the one whose sense of slip is 
identical to that of the main zone of faulting is call ed synthetic. .The one 
whose sense of slip is opposite to that of the main zone i:s called antithetic. 
The synthetic faults are typically oriented at a small acute angle to the trace 
oi the main fault zone; the antithetic fau l ts are oriented at a very high angle 
to the main zone (sec Figure 9.53£). 

/ 
/ 

Figure 9.S3 C l a ~' c.lke deformati on 
experiments simulating strike·~ l i p i.HJiti , 't.;. 
Clay ca ke is placed on adjoining paneb 01 
sheet metal. Strike-slip faulting is achieved 
by shifting the panels horizontally p.1St 
one another. (A) Starting conliguration . 
(8) Initial distortion of clay. (0 Onset of 
faulting and the formation of synthetic and 
antithetic faults . (0) to (F) Continued 
faulting. Folds that develop become 
oriented parallcl to the direction oi 
greiltcst extension (X). (From Wilcox. 
Harding. and Seely (1973). Published with 
permission of American Association oi 
Petroleum Geologists.( 
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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 underly the 
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 explorato'ry 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
tions from surface geologic data, as well as information from 
the State of Maine workings, through the State of Maine area. 
The purpose was to determine the approximate thickness of the 
Uncle Sam tuff, as well as areas of intersections of veins with 
each other and with sedimentary horizons beneath the Uncle Sam 
tuff. In about 1980, several diamond drill holes were sunk in 
the Fox Ranch area by Oxidental Minerals Corp. The Uncle Sam 
tuff was penetrated at about 90 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. . 
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Figs. 16a and 16b.-Superposcd cyllndroldal folding with oblique axes, as drawn 
by Weiss, showing s tereographlc projections at the bcddins: and fold axes Hrom 
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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 
fracttire 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, show'ed 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 d~grees centigrade (Newell, 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 appea~s 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 corne 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 (is 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, 
argil1ization is the primary effect. Pyrite is represented at 
the surface by jarosite and red and yellow limonites. In the 
most strongly altered veins, maroon and red, "relief" or "live 
limonite" is present on fractures. In the most poorly altered 
areas, occasional suggestions of pseudomorphs of limonite after 
pyrite are seen. All of the dumps in the area with the exception 
of the San Pedro dump show only oxidized material. Examination 
of the sulfide bearing fragments on the San Pedro dump show them 
to be intensely bleached and altered Uncle Sam tuff, with finely 
disseminated white pyrite along silicious fractures, and 
disseminated through the rock. Accessory gangue minerals in the 
San Pedro veins consist of silica and some manganese oxide. 
Barite is seen only in the Gold Bug area. Manganese appears to 
be more prevalent in the San Pedro area with lower amounts seen 
in the Gold Bug, Lowell, Merrimac, and the State of Maine areas. 
The State of Maine, May and Clipper veins are primarily wide 
zones of se~icitic . 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 In = 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 1 000 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-pa~allel fracture zones over 
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 come. Further, when it is 
considered that these vein structures are underlain by reactive 

.limestone units which would have the effect of precipitating 
metals and silica from ascending hydrothermal solutions, as well 
as from 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 
composed of a narrow, high grade ore shoot in the hanging wall, 
immediately adjacent to, or sometimes within poorly altered 
tuff, consisting of bromyrite along fractures, then a wide zone 
(largely barren of silver, or, at best, low grade) of argillized 
and sericitized rock containing abundant limonite after pyrite 
and assumed other sulfides, and then a lower grade of silver as 
bromyrite immediately adjacent to or within the poorly altered 
Uncle Sam tuff in the footwall. During the writer's association 
with the area, of about 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 miner~lization at 
depth might be. This hypothesis will be described in the 
following discussion. 

As explained in the discussion of the general geology, the 
Tombstone District lies within . and adjacent to the 72 million 
year old Tombstone resurgent caldera. The main district lies 
just outside of the caldera ring fracture · (the Ajax fault) which 
has been intruded by the 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 precipitate 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 insoluble silver hal ides 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 reduction 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-Ieaching, 
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 Figuie 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 p~edict 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 • 

'1.5 
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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, w~ might expect gold to be left sub­
stantially untouched. Interest1ngly, 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 goId. 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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1915 PHELPS DODGE CORPORATION 
ASSAY RECORDS, STATE OF MAINE MINE 
BUTLER, WILSON & RASOR, 1938, P.102 
====--==============--=========-==--======-=========-=========--========-=========-=========== 

SUM OF SUM OF 
SAMPLE SAMPLE 

AVERAGE AVERAGE WIDTH X AVERAGE WIDTH X RATIO OF 
NUMBER OF WIDTH GOLD IN GOLD SILVER. ~N SILVER SILVER 

LEVEL. SAMPLE;S .. IN FEET OUNCES ASSAY OUNCES ASSAY TO GOLD 
----- ---- ------ --------

1ST AND 2ND ........ 251 2.73 .017 .04641 1.98 5.4054 116.47:1 
3 RD •••••••••••••••• 100 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 SILVER 
EIGHTED AVERAGE-> .018 3.12 171.9 :1 

3RD (HIGH-GRADE 1 
SAMPLES) ...... 4 465.30 

==================== ========= ========= ========= =========-=========-=========-=========== 



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 e~osion 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 table, then secondary sulfide deposition would occur in a 
manner similar to that if the vein remained in the Uncle Sam 
tuff immediately below the water table. However, the enrichment 
zone may be compressed by the neutralizing character of the 
surrounding limestone wall rock. 

/ 
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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, i938), 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 0 e 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 ~tate · 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 
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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 form ideal targets for the 

' localization of hydrothermal solutions, and deposition of 
massive sulfide deposits. This mineral deposition in karsts is 
a possible origin of the Tri-State 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 ero~ion surface with overlying formations, has been 
cut by a 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 ASARCO­
Newmont joint venture - the Black Cloud Mine. 

'. 

Prior to the deposition of the Bisbee Formation, the Naco 
Formation was exposed to sub-aerial erosion and potential 
development of ~arst topography. During the Cretaceous, it was 
subsequently ' covered by the Glance Conglomerate and other units 
of ~he 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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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 S~ction 36, at the Robbers 
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 Chil~ (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 minimum 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 l-1aine mlne area have been penetrated by 
either drill holes or mine workings beneath the water table, we 
could conceivably intersect bonanza type s·il ver 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 
bre~cias overlie Cretaceous limestone. Veins form mantos, 
chimneys and irregular replacements in Cret~ceous 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. 

I 
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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 ~rea. 

The Main Part of the Tombstone District 

As a close to this section on comments on the mineral 
potential of the State of Maine area, a comparison to the; main 
part of the district is ~orthwhile. 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, length 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 OISTRICT 

======================================~========================================= 
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 1 X 5 ,000 1 

TOTAL 
VEIN 
LENGTH: 

TOTAL 
AVERAGE 
VEIN 
WIDTH: 

29,000' 

28 1 

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

Eastern edge of the Contention - Silver 
thread W to the Scheiffe lin Granodio­
rite & from the Vizina shaft to th e 

Prompter fault 

PHYSICAL 
SIZE: 6,000 1 X 6,000 1 

TOTAL 
VEIN 
LENGTH : 

TOTAL 
AVERAGE 
VEIN 
WIDTH: 

63,000' 

5-15 1 (not clearly reported) 

TOTAL 33,468,647 oz. Ag 
PROOOCT ION: 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 = 63,000 1 in length 
X 10 1 average width 

630,000 sq. ft. 

Area of vein (fissures) for SOM area = 29,000 lin length 
X 2BI average width 

B12,000 sq. ft. 

812,000 State of Maine sq. ft. 
= 1.29% of the main district is the 

630,000 Main district sq. ft. 

34 million oz. Ag produced X 1.29% = 

258 thousand oz. Au produced X 1.29% = 

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 

================================================================================ 
'. 

Figur e 42 



When compared in this way, it appears that because the State of 
Ma ine 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 th~ 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 ~xposed 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. 

//0 



GEOTECHNICAL EVALUATION OF STATE fUNERAL 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. 

11/ 
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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: 
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a. Conventional vertical down the hole hammer: 8,398 
feet. 
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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. Host 
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 GEOCHEHISTRY 
==================== 

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. 11 5 - 117 



3. A sample from in place bed rock. Otherwise a soil 
sampl e 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, a s 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 geoch~mical 
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 year~ for work 
obligations or exploration activities, as they are now overgrown 
and appear several years old. 

Nume r ous 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. 

:" 



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 

o .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, ~hat 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. 
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Austral Oil Company ' 
2700 Humble ·Building 
Houston, Texas 
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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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SKYLINE LABS, INC. 
Hawley & Hawley, Assaye rs and Chemists Div ision 
P. O. Box 50106, 1700 W. Grant Rd ., Tucson, Arizon a 85703 

ITEM 
SAMPLE IDENTIFICATION .'.U 

NO. ppm 

I T - 276 / <0 . 02 
2 277 <0 .02 
3 281/\ ./' 0.18 
4 2818 ./ 0.23 
5 282 .../' 0.11 

6 233 <0.02 
7 287 .- . <0.02 
8 288 <0 .02 
~ 289 O. II 
10 290 ./' <0.02 

11 291 ./' 0.06 
12 292 - <0.02 
1 ] 

~ / 
<0.02 293A 

14 2938 ' 0.19 
15 294 / <0 .02 

I 

16 ! 295 ' <0.02 
17 296 <0 .02 
18 297 ' <0.02 
1 ~ 298 / 0.03 
20 299 / 0.06 

21 332 0.06 
22 333 /' <0 . 02 
23 334 .. <0 .02 
24 335 / <0 . 02 
25 T - 336 <0 .02 

TO : 

J ame s A. Br' scoe DBA 
S ' e rr~ Mine r a l Management 

Ag ?b 
ppm ppm 

4 .0 125 
0.2 85 

28. 6 ,800 
26. 3,800 

165 . 8,900 

6.6 8,100 
8.2 4,000 

" ) 3,600 
36 1,400 

165. 4,400 

3.6 30 
2.8 1.100 

18. 1,400 
13· 1.300 
1.4 125 

4.2 3.200 
0.8 55 
1.0 425 

13· I.SOO 
62. 16poO 

4.2 8S0 
4.0 1.300 
6.6 1.900 
).0 110 
4.4 4.100 

REMARKS: 

CERTIFICATE OF 
ANALYSIS 

Cu :).., 
ppm /i '1 

20 -
15 ---
75 ') .(" '; 

".../.:- \ ' ..... 

40 0 ,7;c. 
1, 300 If. 't I 

SO 
0 , ((/ 

4S o· ~~ 
30 f) -:-/ ' •• ,r t 

30 } . o~ 
180 t.{ • ~ f 

30 -
20 -a,r ... 75 
85 0,36' 

20 --
45 - } 20 --
25 --
90 O , ,,? 

260 /. ;r! 

20 -
15 -
15 -
25 -

100 -

CERTIFIED BY: 

4741 E8St Sunrise Orlve Tri!lce anelysls 

FIf:nJee Tucson, Arlzon8 85 71 8 / 
.' 

Attn; Mr. R. Hewlett Page 1 of 2 
ACCT.: DATE REC ' D: DATE COMPl,: 

I SIERR/\ MINERAL MANAGEMENT 5/26/73 6/29/73 347509 

I~ 

50 



~ --~ SKYLINE LABS, INC. 
Hawley & Hawley, Assayers and Chemists Division 
P. O. Box 50106, 1700 W. Grant Rd., Tucson, Arizona 85703 

CERTIFICATE OF 
ANALYSIS 

ITEM Gold S i 1 ver Lead Copper 
&:l. A~ NO. SAMPLE IDENTIFICATION 

T - 232 ~ 0.08 8.1 4,900 30 0 , ~ 'f 
2 240 <0.02 8 .1 2,800 60 o, r;. 'i 
3 241 ,; 0.23 220. 25,000 120 ~ ,'-f l /" 
4 242 <0.02 5.7 4,200 600 0 , , 7 
5 243 / <0.02 1.4 40 25 

6 244 / <0.02 1.8 280 25 
7 2451 q ql fF f\ <0.02 9.7 1,200 30 c>, :z ~ 
8 246 ' 0 , 'l; fT"" <0.02 11.4 1 , 1 00 30 D. 33 
9 247.J °< <0.02 8.8 525 25 O,;l.~ 

10 248 0.06 31. 2,300 40 O.q b 

11 249 O. 11 14. 1,900 55 
() Il I , , 

12 --?-250 <0.02 13. 65 70 O· 3t' 
13 251 <0.02 0.8 80 15 
14 252 <0.02 9.4 2,500 100 (), ~ 7 

15 ( 253 <0.02 2.4 470 15 

16 . 1254 <0.02 2.6 535 20 _ ......... 

17 
\.f1V t55 <0.02 2.2 435 30 

18 "') 256 <0.02 2.0 540 30 --
19 257 <0.02 39. 4,000 I 10 / . / .. ( 
20 258 <0.02 9.8 630 50 (), P./f 

21 259 ./ 0.32 39. 33,000 320 I, ,'-I 
, 22 260 ...--- 1. 20 240. 4,500 55 7. 00 
. 23 261 ,; <0.02 < 0.2 50 15 -

24 262 / <0.02 0.6 25 15 
25 263 <0.02 31. 1,900 55 &·91) 

26 264 <0.02 6.2 2,500 30 /. /~ 
27 265 <0.02 2.6 165 35 
28 266 <0.02 2.8 150 30 
29 T - 305 <0.02 2.0 35 10 

. A. Briscoe DBA REMARKS : CERTIFI 

Sierra Mineral Management 
1971 Minerals Ltd., 4741 E. Sunrise Dy. 
Tucson, Arizona 85718 I 
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 

1.21 

/ J _._1.-. 

51 
347451 



Agiin, 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 M~nes, 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: 

/2$ 

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 L08 0.03ppm 
T-271 Prospect pit Grab 0.40ppm Trace 
T-272 Prospect pit Grab 4.40ppm 0.03ppm 
T-273 Prospe ct pit Grab 0.25 Trace 
T-274 Prospect pit Grab 0.44 0.04ppm 
T-275 Surface vein Linear surface chip 15' 1.46 0.12ppm 
T-278 Surface vein Linear surface chip 25' 2.00ppm Trace 
T-279 Surface vein Linear surface chip 50 ' 2.20ppm 0.02ppm 
======= = ======================================================== 

.' 



SKYLINE LABS, INC. 
Hawl ey & Hawley, Assayers and Chemists Divis ion 
P. O. Box 50106, 1700 W. Grant Rd ., Tu cso n, Arizona 85703 

ITEM Au 
SAMPLE IDENTIFICATION 

NO. ppm 

I T - 267 ../ 0.03 
2 268 " <0.02 
3 ~ 269 <0.02 
4 ~270/ 0.03 
5 

I 

271 <0.02 ' 7 
t 

272 /' 6 0.03 
7 273 /' <0.02 
8 274 / 0.04 
9 .275 / 0.12 
10 278 .....- <0.02 

I 

II \ 279 /' 0.02 
12 280 / 0.06 
13 1 284 <0.02 
14 285 0.02 
15 T - 286 0.03 

TO :J • A. Briscoe DBA 
Sierra Minerals Management 
4741 East Sunrise ' Drive 

Ag Pb 
ppm ppm 

6.8 2,500 
1.6 360 
1.0 135 

37. 6,100 
0.40 120 

4.4 540 
8.6 400 

15. 980 
50. 2.300 

2.0 335 

2.2 360 
79. 7,000 
31- 1,100 
34. 850 
95. 2,200 

REMARKS : 

CERTIFICATE OF 
ANALYSIS 

CU A~ _) ppm L.o ~ 

30 1"\' 
t., 

25 --
20 ~ 

175 /, o~ 
15 -
20 I~ 

20 O J :2L~ 

85 ~~ . ~. ' 

195 /. '/1" 
10 --

--
1"1 10 -

215 '2 ."3 0 

45 D . 1D 
95 (f • ' I ~( 

220 ") 77 
ro' 

CERTIFIED BY : 

Tucson, Arlzona; / 85718 Fl6t1RE 52 Attn: Mr. R. Hewlett 
ACCT. : DATE REC 'D: I DATE67i61'73 

I SIERRA MINERALS MANAGEMENT 6/20/73 347483 

/2'1 



Escaule Samples - Fire Assay (Figure 45) 

============================================================= = = = 
Sample Oz/Ton Oz/Ton 
Number Description Type of Sample Silver Gold 
------ ------------ ----------------------- ------ ------
TSM #4 Prospect pit Grab - 5' 0.82 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 Silver Gold 
------ ------------ ----------------------- ------ --------

TSM #1 Prospect Pit Grab-channel 5' 0.82 0.04 
TSM #2 Prospect Pit Grab-channel 2 ' 0.40 Trace 
TSf.1 #3 Prospect Pit Grab-channel 5 ' 0.21 0.002 
TSf.1 #10 Backhoe cut Channel-2.5' 0.08 Trace 
TSM #11 Backhoe cut Channel-lO.O' 0.74 Trace 
TSM #12 Backhoe cut Channel-12.0' 0.13 Trace 
TSM #13 Backhoe cut Channel-lO.O' 0.12 Trace 
TSH #14 Backhoe cut Channel-4.0' 0.07 Trace 
================================================================ 

/30 



/.3/ 

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" = ~Q' 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. 



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. 

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. 

j 
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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 andre-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 ote. 

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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