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CERTIFIED MAIL #
December 5, 1985

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

Phoenix, AZ 85007

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

Dear Mr. Lane:

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

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

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

Your approval and notification of such will be appreciated.

Respectfully submitted,

WYomsr € Ry,

Thomas E. Waldrip, Jr., Agent
Tombstone Silver Mines, Inc.

TEW/ms

Enclosure
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T\TUE'Ogﬁz
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. 1A through 6A
Type B Claims: T.S.M. Bl through B6

Located on: November 14, 1985

Located by: Thomas E. Waldrip, Jr., Agent
Located for: Tombstone Silver Mines, Inc.

Submitted to:
Robert K. Lane, Commissioner

Arizona State Land Department
Phoenix, Arizona

Submitted By:

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

James A. Briscoe & Associates, Inc.

5701 E. Glenn St., #120
Tucson, Arizona 85712

December 11, 1985
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SUMMARY AND CONCLUSIONS

Sufficient information has been presented herein to
demonstrate mineral location on the twelve State mineral claims
under claim by Tombstone Silver Mines, reference the Location
Notices on file with your office of T.S.M.'s #'s 1-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 approved.
Notwithstanding, strong argument also exists as to the
intangible aspects of unitization via mineral lease of the lands
under claim to Tombstone Silver Mines, Inc. by the state,
especially in light of the extra lateral rights issues.

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



INTRODUCT ION

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 amounts to
six (6) Type A mineral claims, enumerated as T.S.M. 1-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 N1/2 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.




EXHIBIT 1

MASTER CLAIM LIST, TYPE A & B MINERAL CLAIMS
TOMBSTONE SILVER MINES, INC.

LOCATED: NOVEMBER 14, 1985

Claim Name County Claim _——;;;I Sect- Town—

and Number Recording Type Description ion ship Range Meridian
T.S.M. #1-A 851122739 A M&BIots 3 &4 16 20S. 22E. G.&S.R.B.M.
T.S.M. #2-A 851122740 A M&BILots 3 &4 16 20S. 22E. G.&S.R.B.M.
T.S.M. #3-A 851122741 A M&BILot 4 16 20S. 22E. G.&S.R.B.M.
T.S.M. #4-A 851122742 A M&BILots5&6 16 20S. 22E. G.&.R.B.M.
T.S.M. #5-A 851122743 A M&BlLots5&6 16 20S. 22E. G.&S.R.B.M.
T.S.M. #6-A 851122744 A M&BILot 6 16 20S. 22E. G.&S.R.B.M.
T.S.M. #B-1 851122745 B WL/2 Lot 2 16 20S. 22E. G.&S.R.B.M.
T.S.M. #B-2 851122746 B El/2 Lot 4 16 20S. 22E. G.&S.R.B.M.
T.S.M. #B-3 851122747 B WL/2 Lot 5 16 20S. 22E. G.&S.R.B.M.
T.S.M. #B-4 851122748 B M&BlLots4 &5 16 20S. 22E. G.&.R.B.M.
T.S.M. #B-5 851122749 B El/2 Lot 6 16 208.  22E. G.&S.R.B.M.
T.S.M. #B-6 851122750 B WL/2 Lot 7 16 20S. 22F,

G. &S.R.B. M.
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LOCATION, CULTURE, TRANSPORTATION, PHYSIOGRAPHY & GEOGRAPHY

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

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

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

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

The area is on (if not transitional) the very northeastern
margin of the Sonorian Desert physiographic provenance. The
climate here is not indifferent to that of other desert regions
of southwestern Arizona of similar elevations. Days are warm,
often wet during summer, and cool but mild during winter. Rains
are seasonal and sporatic, heaviest during summer thunder storms
when the greatest majority of precipitation falls. Yearly
recorded precipitation amounts are in the range of 15 inches.
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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. 1Invaluable
underground illustrations, as studied and mapped by Ransome in
earlier years, were also incorporated. Mineralization of the
district was shown to be associated with north-south dike
fissures, faults, anticlines, saddle reefs, and northeast-
southwest fissures. Rasor's cited contribution was to recognize
that hessite, tetrahedrite and galena were the hypogene silver

/0
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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 0Oil's (1968) cross-section and drilling results;
Carouso's (1968) I.P. work over the area showing several
moderately responsive zones; Lacy's (1968) report and detailed
underground maps of the State of Maine and Uncle Sam mines; and
King's (1973) logs and assays of deep porphyry copper
exploration drilling. King's assay results indicated uneconomic
deep copper mineralization was encountered. More importantly,
through drilling logs, he conclusively demonstrated the relative
shallow nature of the Uncle Sam porphyry underlain by the
Mesozoic/Paleozoic sedimentary section seen outcroping in the
central Tombstone district, all cut by several episodes of
phases of intrusions of differing composition.

Briscoe (1973) mapped, in great detail, the area
surrounding the State of Maine mine, and beyond a doubt,
recognized the complex nature of mineralization found there and
on surrounding State lands, now under claim (this report). An
excellent outcrop, structural, and vein map was compiled to

‘illustrate his field work. Numerous surface assays were taken,
including some on State lands under claim and covered by this

report. Briscoe recognized two important facts in relation to
the general geology and mineralization. Namely:

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

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



the upper two feet of the soil horizon (supergene
enrichment) .

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

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

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

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



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.

3
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Geology

OLDER OR UNDIFFERENTIATED SURFICAL
DEPOSITS (HOLOCENE TO OLIGOCENE).—
Gravel, sand, and silt (Pleistocene and Pliocene—
Mainly alluvium of basins; includes some

colluvium and landsiide deposits. Generally light-
pinkish gray, weakly indurated, and with poorly
rounded clasts; locally well indurated. Thickness
several meters to hundreds of meters.

Basalt (Pleistocene to Pliocene)—Lava flows,
pyroclastic rocks, and some intercalated gravel.
Thickness several meters to a few hundred meters
in most places. Radiometrically dated at 0.25, 1.0,
and 32 m.y. old

Extensive andesite and dacite (Miocene and Upper
Oligocene)—Lava flows, pyroclastic rocks, some
intercalated epiclastic rocks, and dikes. Mostly

Explanation

BISBEE FORMATION OR GROUP,
INDIFFERENTIATED (LOWER

CRETACEOUS) —Upper part of Bisbee
Formation or Group, undifferentiated, and related
rocks.—Includes upper part of Bisbee Formation,
Mural Limestone, Morita, Cintura, Willow
Canyon, Apache Canyon, Shellenberger Canyon
and Tumey Ranch Formations (not listed in
stratigraphic sequence) of the Bisbee Group,
Amole Arkose of Bryant and Kinnison (1954), and
Angelic Arkose. Consists of brownish- to reddish-
arkose, gray siltstone, sandstone, conglomerate,
and some fossiliferous gray limestone. Commonly
several hundred meters thick

GRANITE AND QUARTZ MONZONITE
(JURASSIC)—Stocks of p\nklsh'g’w coarse
grained rock. Locally associated wi

l Dated at 140, 148, 149 149, 150,

gray, fine-grained, porphyritic rocks; includes
Some very coarse feldspar porphyry andesite
(Turkey track porphyry, an informal term of

Cooper, 1961). Thickness mostly several meters
to several tens of meters. Dated at 24, 25, 27, 33,
and 39 my.

PPs

Extrusive rhyolite and rhyodacite (Miocene and Upper
Oligocene—Lava flows, welded tuff, pyroclastic
rocks, and some intercalated epiclastic rocks.
Light-gray to grayish-pink, vitric to fine-grained,
porphyritic. Commonly a few tens to a few
thousand of meters thick. Dated at 23, 24, 25, 26,
26, 26, and 27 m.y. An additional date of 47 m.y.,
substantiated, may indicate the presence of
Eocene rocks in the lower member of the S O
Volcanics of Cochise Co.

Lower conglomerate, gravel, and sand (Oligocene and
Eocene?)—Alluvium; commonly grayish-red
deposits of small, well rounded, nonvolcanic

153, 160, 161, 167, 178, 185 m.y.

Sedimentary rocks (Lower Permian and Upper
Pennsylvanian)—consists of Epitaph Dolomite
(Lower Permian), Colina Limestone (Lower
Permian), and Earp Formation (Lower Permian
and Upper Pennsyivanian), undifferentiated.
Epitaph Dolomite is a dark- to light-gray slightly
cherty dolomite, limestone, marl, siltstone, and
gypsum, 120-280 meters thick. Colina Limestone
is a medium gray, thick-bedded, sparsely cherty,
and sparsely fossiliferous limestone 120-280
meters thick. Earp Formation is a pale-red
siltstone, mudstone, shale, and mestone, 120240
meters thick.

Horquilla Limestone (Upper and Middle
Pennsylvanian)—Light-pinkish-gray, thick- to thin-
and

clasts. Mostly several meters to a few tens of
meters thick.

UPPER CORDILLERAN (LARAMIDE) IGNEOUS

ROCKS (LOWER PALEOCENE):—Lower
volcanic rocks—Rhyolite to andesite lava flows,
pyroclastic rocks, and some intercalated epiclastic

rocks. Dated at 57 m.y. Possibly younger age to
east.

MAIN CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS:—Porphyritic and aplitic intrusive rocks
(Paleocene and Upper Cretaceous)—Mostly latitic
porphyry to dacitic porphyry in small stocks and
plugs and aplitic bodies not associated with other
granitoid stocks. Dated at 61, 63, 63, 64, and 65

my.

Fluidized intrusive breccia—exact age unknown, but
penetrates, and thus younger than Uncle Sam
porphyry.

Rhyodacite tuff and welded tuff. —Includes parts of
Salero Formation, Sugarloal Quartz Latite, and
Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
Prophyry. Includes local intrusive bodies and locally
contains fragments of exotic rocks. Thickness
commonly several tens of meters to several
hundreds of meters. Dated at 66(?), 70, 72, 73, and
73 my. The Uncle Sam, in the Tombstone area. is
dated 72 m.y.

Andesitic to dacitic volcanic breccia.—Includes parts
and Silverbell Formation of Courtright (1958).
memulycmmm large blocks of exotic rocks

and locally includes some sedimentary rocks and

intrusive rocks. Several tens of meters to several
hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite—Includes
some quartz diorite; appears in small stocks.
Locally associated with mineralization. Dated at 70,

71,72, 73, 74, 74, 74. and 76 m.y. The Schiefflin
granodorite at Tombstone 1s 72 m.y.

Roads and Highways

Dry wash

Southern Pacific Railroad
Government Reservation Boundary
Aqueduct

Cross section line

siltstone that increases in abundance upward.
Typically 300-490 meters thick.

SEDIMENTARY ROCKS (MISSISSIPPIAN AND
DEVONIAN)—Consists mainly of Escabrosa
Limestone (Mississippian)—locally (Armstrong
and Silberman, 1974) called Escabrosa Group—
and Martin Formation (Upper Devonian),
undifferentiated. In part of the Chiricahua
Mountains also includes Paradise Formation
(Upper Mississippian) and Portal Formation of
Sabins, 19572 (Upper Devonian). In the Little

Mountains and some adjacent hills also
includes Black Prince Limestone, whose fauna
and correlation show strongest affinities with
Mississippian rocks but which may include some
Pennsylvanian rocks. Escabrosa Limestone is a
medium-gray, massive to thick-bedded, commonly
crinoidal, cherty, fossiliferous limestone 90-310
meters thick. Martin Formation is thick- to thin-
bedded, gray to brown dolomite, gray sparsely
fossiliferous, and some siltstone sandstone,
90-120 meters thick. Paradise Formation is a
brown, fossiliferous, shaly limestone. Portal
Formation is a black shale and imestone 6-105
meters thick. Black Prince Limestone is pinkish-
gray limestone with a basal shale and chert
conglomerate, as much as 52 meters thick.

SEDIMENTARY ROCKS (LOWER ORDOVICIAN
TO MIDDLE CAMBRIAN).—El Paso Limestone
(Lower Ordovician and Upper Cambrian), Abrigo
Formation (Upper and Middle Cambrian), and
Bolsa Quartz (Middle Cambrian),
undifferentiated. —E] Paso Limestone is a gray,
thin-bedded cherty limestone and dolomite 90
meters to about 220 meters thick. Abrigo
Formation is a brown, thin-bedded fossiliferous
limestone, sandstone, quartzite, and shale, 210-
240 meters thick. Bolsa Quartzite is a brown to
white or purplish-gray, thick-bedded, coarse-
grained quartzite and sandstone with a basal
conglomerate, 90-180 meters thick. To the east,
equivalents of part of the Abrigo Formation and
Bolsa Quartzite are known as the Coronado
Sandstone.

Sedimentary rocks (Upper and Middle Cambrian)—
Abrigo Formation (Upper and Middle Cambrian),
and Bolsa Quartzite (Middle Cambrian),

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodiorite and quartz monsonite, unfoliated to
foliated, in part metamorphosed. Generally in
stocks, which ahve been little studied.

PINAL SCHIST (PRECAMBRIAN X)—Chlorite schist,
rocks,

phyllite, and some metavolcanic
roc!

Andgne\&c One metavolcanic rock

© (aTgu)
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dated at 1715 m.y.

CONTACT—Dotted where concealed.

MARKER HORIZON—Deotted where concealed.

DIKES—Showing dip.

FAULTS—Showing dip. Dotted where concealed or
intruded; ball and bar on downthrown side.

Normal

Reverse

Strike-slip—Arrow couple shows relative displacement.

Single arrow shows movement of active block.

Major thrust fault—Sawteeth on upper plate.

Thrust fault—Sawteeth on upper plate.

Anticline.

Syncline.

Inclined strike and dip of beds.

EXOTIC-BLOCK BRECCIA—Rock contains chip or
block inclusions of rock different from those of
host or other blocks nearby. Typically of volcanic
tectonic or sedimentary-tectonic origin; excludes
Tertiary megabreccia deposits.

Site of well or generalized site of several wells, showing
unit penetrated, if known, and depth of well, in
feet. 100 feet equals 30.5 meters.

COLLECTION SITE—Radiogenically dated rock
showing age in millions of years. Query before
symbol where precise location uncertain.
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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
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Explanation

Geology

OLDER OR UNDIFFERENTIATED SURFICAL BISBEE FORMATION OR GROUP, 2 R Sedimentary rocks (Upper and Middle Cambrian)—
aTgu DEPOSITS (HOLOCENE TO OLIGOCENE):— Xu UNDIFFERENTIATED (LOWER ] Abrigo Formation (Upper and Middie Cambrian),
Gravel, sand, and silt (Pleistocene ami Plocene— CRETACEOUS) —Upper part of Bisbee z QA Bolsa Quartzite (Middle Cambrian)
Mainly alluvium of basins; includes Formation or Group, undifferentiated, and related :
collmaum and andside eposts. Generally Fght rocks.—Includes upper part of Bisbee Formation,
pinkish gray, weakly indurated, and with poorly Mural Limestone, Morita, Cintura, GRANITOID ROCKS (PRECAMBRIAN Y):—Mainl
rounded clasts; localy well indureted. Thickness Canyon, Apache Canyon, Shelenberger Canyon Al it e
several meters to hundreds of meters. and Turney Ranch Formations (not listed in foliated, in part metamorphosed. G"mm
Styaepsphic sqiierice) of the Flsbes Group stocks, which ahve been lte studied.
Basalt (Pleistocene to Pliocene)—Lava flows, Amole 5;'*:* of va";‘a;d Kinrison (1954), and
pyroclastic rocks, and some intercalated gravel Angelic Arkose. Consists of brownish- to :
arh Thickness several meters to a few hundred meters arkose, gray siltstone, sandstone, conglomerate, PINAL SCHIST ‘mcm:t;ﬂ““"h acist,
in most places. Radiometncally dated at 0.25, 1.0, and some fossiliferous gray mk:mmh 1
and 32 m.y. old several hundred meters thick S ek, One e
TR s dated at 1715 m.y.
itariive s delin i tackis Miscine 3ol Ui G GRANITE AND QUARTZ MONZONITE 2
S (JURASSIC)—Stocks of pmkuhgay coarse-

toa Oligocene)—Lava flows, pyrociastic rocks, some gL rained rock.Locally associed
intercalated epiclastic rocks, and dikes. Mostly A Dated at 140, 148. 1 m 149, 150,
gray, fine-grained, porphyritic rocks; includes S L eAmsy . e e CONTACT—Deotted where concealed.

Y-

some very coarse feldspar porphyry andesite e Do

(Turkey track porphyry, an informal term of somn e somtonmn e s MARKER HORIZON—! where concealed.

Cooper, 1961). Thickness mostly several meters Sedimentary '“"5)(:‘"" P‘?E';:‘:h'-’w" - =

5 s
(;‘dse;r:;emdmm Dated at 24, 25, 27, 33, PP 'ﬂ' nevariar 5 “:"“" W. DIKES—Showing dip.
Permian), and Earp Formation (LW" Permian e FAULTS—Showmg dip. Dotted where concealed or
Extrusive rhyolite and rhyodacite (Miocerw and Upper and Pennsyhvanian), undifferentiated. ball and bar on downthrown side.
Tv Oligocene—Lava flows, welded Dolonite is a dark- to light-gray shightly

rocks, and some intercalated qxhsuc rocks. cherty dobza-;) irmslwh.‘rrd Cos;l‘:n'w: and 45

Light-gray to grayish-pink, vitric to fine-grained, gypsum, 1 meters t imestone _L_——L— Nl

porphyritic. Commonly a few tens to a few is a medium gray, thick bedded, sparsely cherty,

thousand of meters thick. Dated at 23, 24, 25, 26, and limestone 120-280

26,26, and 27 my. Anaddmonaldaledﬂmy i meters thick. Earp Formation is a pale-red

substantiated, may indicate the presence of siltstone, mudstone, shale, and limestone, 120-240 Revcise

Eocene rocks in the lower member of the S O meters thick.

Volcarics of Cochise Co. 45

s and Horquilla Limestone (Upper and Middle

Lower conglomerate, gravel, (Oligocene Pennsyivanian)—Light-pinkish-gray, lhck to thin-

Tie Eocene?)—Alluvium; commonly grayish-red L bedded, cherty, fossilierous imestone Strike:slip—Arrow couple shows relative displacement.
deposits of small, well rounded, nonvolcanic pale-brown to pak.mddg.gay Single arrow shows movement of active block.
clasts. Mostly several meters to a few tens of siltstone that increases in abundance upward.
meters thick. Typically 300-490 meters thick.

--------------- o' ORDILLERAN (LARAMIDE S 7 N N S | Major thrust fault—Sawteeth on upper plate.
- | UPPER%EKS (LOWER P,‘A,_EOCENE,’:EL':E?,U SEDIMENTARY ROCKS (MISSISSIPPIAN AND
i vokanic rocks—Rhyolite to andesite lava flows, MDs DEVONIAN)—Consists mainly of Escabrosa
ey pyroclastic rocks, and some intercalated epicastic Limest )—d (Armstrong e Wil Thrust fault—Sawteeth on upper plate.
rocks. Dated at 57 m.y. Possibly younger age to Silberman, 1974) called Escabrosa Group—
east and Martin Formation (Upper Devonian),
undifferentiated. In part of the Chiricahua I AiGe
EEYE AT MAIN CORDILLERAN (LARAMIDE) IGNEOUS Mountains also includes Paradise Formation ’
K fﬁ*‘ [ ROCKS:—Porphyritic and aplic intrusive rocks (Upper Mississippian) and Portal Formation of
AL SO (Pakeocene and Upper Cretaceous)—Mastly latitic Sabins, 1957a (Upper Devonian). In the Littie i
0oy dVaatt s b, Dragoon Mountains and some adjacent hills also e e o .
Y porphyry to dacitic porphyry in small stocks and . e Synciine.
plugs and aplitic bodies not associated with other includes Black Prince Limestone, whose fauna
granitoid stocks. Dated at 61, 63, 63, 64, and 65 i corelation sl MTongeat sl Wil
s, Mississippian rocks but which may include some
i Pennsyivanian rocks. Escabrosa Limestone is 2 %5
Fluidized intrusive breccia - exact age unknown, but medium gray, massive to thick bedded, Cm‘;.‘“‘v o Inclined strike and dip of beds.
Kib penetrates, and thus younger than Uncle Sam crinoklsl, cherty, fossilferous kmestone %03
porphyry. ‘meters thick. Martin Formation is thick- to thin-
bedded, gray to brown dolomite, gray vaa P B EXOTIC-BLOCK BRECCIA—Rock contains chip or
fc and some siltstone and sandstone, el P block inclusions of rock different from those of
90120 meters thick. Paradise Formation is a host or other blocks nearby, Typically of volcaric:
Rhyodacite tuff and welded tuff. —Includes parts of brown, shaly tectonic or sedimentary-tectonic origin; excludes
Kr Salero Formation, Sugarloaf Quartz Latite, and Formation is a black shale and limestone 6105 Tertiary megabreccia deposits.
Bronco Voicanics, and all of Red Bay Rhyolite, Cat meters thick. Black Prince Limestone is pinkish-
Mountain Rhyolite of Brown (1939) and Uncle Sam gray imestone with a basal shale and chert Site of wel or generalized site of several wels, showing
Prophyry. Includes local intrusive bodies and locally conglomerate, as much as 52 meters thick. O (QTgu) " Uk penaiyated, f own, and depth of el in
contains fragments of exotic rocks. Thickness 157 &
feet. 100 feet equals 30.5 meters.
commonly several tens of meters to several SEDIMENTARY ROCKS (LOWER ORDOVICIAN
hundreds of meters. Dated at 66(?), 70, 72, 73, and TO MIDDLE CAMBRIAN)—E) Paso Limestone
73 m.y. The Uncle Sam. in the Tombstone area, is (Lower Ordovician and Upper Cambrian), Abrigo . i P “ £ &0 i
dated 72 m.y. Formation (Upper and Midde Cambrian), and P9 oo g P A ; 2 2 LAY el i 2y, s i Y.igfenacan oy
" Bolsa Quartz (Midde Cambrar), 72 COLLECTION SITE—Radiogenically dated rock : : ; / T LTy A ; L i £aaed
Andesitic to dacitic volcanic breccia.—Includes undifferentiated. —E] Paso Limestone is a gray, X Do aae ookl eaes e Fiors i | ; qMS Fry ; 1 kot -
Ka of Solero Formation, Sugarloaf Quartz Latite, and thin-bedded cherty imestone taa local s / oh b o ol e et & b e 2.
Bronco Volcanics, and all of Demetrie Volcar meters to about 220 meters thick. Abrigo Symboltieré recisd bcaton imosE . o B Y m e - . e S A
and -ormation of Courtright (1958). Formation is  brown, thi
Commonly contains large blocks of exotic rocks 5 Qquartzite, and shale, 210-
and includes some sedimentary rocks and 240 meters thick. Bolsa Quartzite is a brown to
intrusive rocks. Several tens of meters to several or , thicl coarse-
of meters thick in most places. grained quartzite and sandstone with a basal
conglomerate, 90-180 meters thick. To the east,
Lower quartz monzonite and graodiorite —Includes equivalents of part of the Abrigo Formation and
some quartz diorite; appears in small stocks. Bolsa Quartzite are known as the Coronado
Locally associated with mineralization. Dated at 70, Sandstone.
71.72. 73,79, 74, 74, and 76 m.y. The Schiefflin

granodorite at Tombstone is 72 m.y. /,
i Sc;’zrodef
i Bese

e RORAS @and Highways

e wash )
e ® Dump sample location

_ Silver vanch g
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s Southern Pacific Railroad
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Tombstone Development Company, Inc. [ : R
Tombstone, 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).

Geology adopted from Drewes, Harold,
1980, and Newell, R.A., 1973.

By James A. Briscoe

James A. Briscoe and Associates
Tucson, Arizona




Geology

OLDER OR UNDIFFERENTIATED SURFICAL
DEPOSITS (HOLOCENE TO OLIGOCENE):—
Gravel, sand, and silt (Pleistocene and Pliocene—
Mainly alluvium of basins; includes some
colluvium and landslide deposits. Generally light-
pinkish gray, weakly indurated, and with poorly
rounded clasts; locally well indurated. Thickness
several meters to hundreds of meters.

Basalt (Pleistocene to Pliocene)—Lava flows,
pyroclastic rocks, and some intercalated gravel
Thickness several meters to a few hundred meters
in most places. Radiometrically dated at 0.25, 1.0,

Extensive andesite and dacite (Miocene and Upper
Oligocene)—Lava flows, pyroclastic rocks, some
intercalated epiclastic rocks, and dikes. Mostly
gray, fine-grained, porphyritic rocks; includes
some very coarse feldspar porphyry andesite
(Turkey track porphyry, an infarmal term of
Cooper, 1961). Thickness mostly several meters
to several lens of melers. Dated at 24, 25, 27, 33,

Extrusive rhyolite and rhyodacite (Miocene and Upper
Oligocene—Lava flows, welded tuff, pyroclastic
rocks, and some intercalated epiclastic rocks.
Light-gray to grayish-pink, vitric to fine-grained,
porphyritic. Commonly a few tens to a few
thousand of meters thick. Dated at 23, 24, 25, 26,
26, 26, and 27 m.y. An additional date of 47 m.y., if
substantiated, may indicate the presence of
Eocene rocks in the lower member of the S O
Volcanics of Cochise Co.

Lower conglomerate, gravel, and sand (Oligocene and
Eocene?)—Alluvium; commonly grayish-red
deposits of small, well rounded, nonvolcanic
clasts. Mostly several meters to a few tens of

UPPER CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS (LOWER PALEOCENE):—Lower
volcanic rocks—Rhyolite to andesite lava flows,

fic rocks, and some intercalated epiclastic

bbb b

>»

R

rocks. Dated at 57 m.y. Possibly younger age to

MAIN CORDILLEKAN (LARAMIDE) IGNEOUS
ROCKS:—Porphyritic and aplitic intrusive rocks
(Paleocene and Upper Cretaceous)—Mostly latitic
porphyry to dacitic porphyry in small stocks and
plugs and aplitic bodies not associated with other
granitoid stocks. Dated at 61, 63, 63, 64, and 65

Fluidized intrusive breccia — exact age unknown, but
penetrates. and thus younger than Uncle Sam

Rhyodacite tuff and welded tuff. ~Includes parts of
Salero Formation, Sugarloaf Quartz Latite, and

Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
Prophyry. Includes local intrusive bodies and locally

contains fragments of exotic rocks. Thickness
commonly several tens of meters to several

hundreds of meters. Dated at 66(?), 70, 72, 73, and
73 m.y. The Uncle Sam, in the Tombstone area, is

QTgu
QT
and 3.2 m.y. old
Tva
and 39 m.y.
Tv
Tic
meters thick.
Tiv
east.
NOEMIT
e\ T T‘F{; W
P : e 't S
my.
Kib
porphyry
Kr
dated 72 m.y.
Ka

hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite—Includes
some quartz diorite; appears in small stocks.

Locally associated with mineralization. Dated at 70,

71.72,73.74. 74, 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.

Roads and Highways

Dry wash

Southern Pacific Railroad

Government Reservation Boundary

Aqueduct

Cross section line

Explanation

BISBEE FORMATION OR GROUP,
UNDIFFERENTIATED (LO‘WER

kY CRETACEOUS):—Upper part

of Bisbee
Formation or Group, undifferentiated, and related

rocks.—Includes upper part of Bisbee Formation,
Mural Limestone, Morita, Cintura, Willow
Canyon, Apache Canyon, Shellenberger Canyon
and Turney Ranch Formations (not listed in
stratigraphic sequence) of the Bisbee Group,
Amole Arkose of Bryant and Kinnison (1954), and
Angelic Arkose. Consists of brownish- to reddish-
arkose, gray siltstone, sandstone, conglomerate,
and some fossiliferous gray limestone. Commonly
several hundred meters thick

o GRANITE AND QUARTZ MONZONITE

. (JURASSIC)—Stocks of pmloshgay coarse
“ ymd rock. associated

% Dated at 140, 148, 149 149, 150,
153, 160, 161, 167, 178, 185 m.y.

Sedimentary rocks (Lower Permian and Upper
PP Pennsyivanian) consists of Epitaph Dolomite
(Lower

Pmn) and Earp Formation (Lower Permian
and Upper Pennsyivanian), undifferentiated.
Epitaph Dolomite is a dark- to light-gray sbgmy
cherty dolomite, imestone, marl, siltstone, and
gypsum, 120-280 meters thick. Colina Limestone
is a medium gray, thick-bedded, sparsely cherty,
and sparsely fossiliferous limestone 120-280
meters thick. Earp Formation is a pale-red
siltstone, mudstone, shale, and imestone, 120240
meters thick.

Horquilla Limestone (Upper and Middle

Ph Pennsyivanian)—Light-pinkish-gray, thick- to thin-
bedded, cherty, fossiliferous limestone and
pale-brown to pale-reddish-gray
siltstone that increases in abundance upward.
Typically 300-490 meters thick.

______ SEDIMENTARY ROCKS (MISSISSIPPIAN AND
MDs DEVONIAN)—Consists mainly of Escabrosa

(Upper

Sabins, 1957a (Upper Devonian). In the Little

Dragoon Mountains and some adjacent hills also

mr.hdx Bla:kPrmbnwstom whose fauna
strongest affinities with

Missﬁpuanrocksbmuhchnaymchdcm

Pennsylvanian rocks. Escabrosa Limestone is a

conglomerate, as much as 52 meters thick.

SEDIMENTARY ROCKS (LOWER ORDOVICIAN
MIDDLE AMBRIA.N). El Paso

Upper
Formation (Upper and Midde Cambrian), and

Bolsa Quartz (Middle Cambrian),
undifferentiated. —E] Paso Limestone is a gray,
dolomite 90

Bdstm-!kmum-ﬂnOamudo
‘Sandstone.

and Bolsa Quartzite (Middle Cambrian),

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodiorite and quartz monsonite, unfoliated to
foliated, in part metamorphosed. Generally in
stocks, which ahve been little studied.

PINAL SCHIST (PRECAMBRIAN X)—Chlorite schist,

phylite, and some metavolcaric rocks,
roc
and gneiss. One metavolcanic rock

45

2 {QTgul
187

dated at 1715 m.y.

CONTACT—Deotted where concealed.

MARKER HORIZON  Dotted where concealed.

DIKES—Showing dip.

FAULTS—Showing dip. Dotted where concealed or
intruded; ball and bar on downthrown side

Normal

Strike-sip—Arrow couple shows relatve displacement.

Single arrow shows moveraent of active block.

Major thrust fault—Sawteeth on upper plate

Thrust fault—Sawteeth on upper plate.

Anticline.

Inclined strike and dip of beds.

EXOTIC-BLOCK BRECCIA—Rock contains chip or
block inclusions of rock different from those of
host or other blocks nearby. Typically of volcanic-
tectonic or sedimentary-tectonic ongin; e;

Tertiary megabreccia deposits.

Site of well or generalized site of several wells,

unit penetrated, if known, and depth of well, in
feet. 100 feet equals 30.5 meters.

COLLECTION SITE—Radiogenically dated rock
‘showing age in millions of years. Query before
'symbol where precise location uncertain.

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

ik Woiries andAesbeinids l?lstrxbutlon pattern for high zinc ratio in dump samples
Tucson, Arizona (m red).

Geology adopted from Drewes, Harold,
1980, and Newell, R.A,, 1973.
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pinkish gray, weakly indurated, and with poorly
rounded clasts; locally well indurated. Thickness
several meters to hundreds of meters.

Basalt (Pleistocene to Pliocene)—Lava flows,
pyroclastic rocks, and some intercalated gravel.
Thickness several meters to a few hundred meters
in most places. Radiometrically dated at 0.25, 1.0,
and 32 m.y. old

Extensive andesite and dacite (Miccene and Upper
Ofigocene)—Lava flows, pyroclastic rocks, some
intercalated epiclastic rocks, and dikes. Mostly

Explanation

BISBEE FORMATION OR GROUP
UNDIFFERENTIATED (L

CmACEOUS)—UppupandEnsbee
Formation or Group, undifferentiated, and related
rocks.—Includes upper part of Bisbee Formation,
Mural Limestone, Morita, Cintura, Willow
Canyon, chheCanym,Suellenbager Canyon
and Tumney Ranch Formations (not listed in
stratigraphic sequence) of the Bisbee Group,
Amole Arkose of Bryant and Kinnison (1954), and
Angelic Arkose. Consists of brownish- to reddish-
arkose, gray siltstone, sandstone, conglomerate,

GRANITE AND QUARTZ MONZONITE
(JURASSIC)—Stocks of pinkish-gray coarse-
gmnzd mck, Locally associated with

Dated at 140, 148, 149, 149, 150,

gray, fine-grained, porphyritic rocks; includes
‘some very coarse feldspar porphyry andesite
(Turkey track porphyry, an informal term of

Cooper, 1961). Thickness mostly several meters

153, 160, 161, 167, 178, 185 m.y.

Sedimentary rocks (Lower Permian and Upper

to several tens of meters. Dated at 24, 25, 27, 33, PPs Pennsylvanian)—consists of Epitaph Dolomite
and 39 m.y. ), Colina eru’mne
Pem!an)v and Earp Formation (Lower Permian
Extrusive rhyolite and rhyodacite (Miocene and Upper Pennsyivanian), undifferentiated
Oligocene—Lava flows, welded tuff, pyroclastic Epltaph Dolomite is a dark- to light-gray slightly
rocks, and some intercalated epiclastic rocks. cherty dolomite, limestone, marl, siltstone, and
Light-gray to grayish-pink, vitric to fine-grained, gypsum, 120-280 meters thick. Colina Limestone
porphyritic. Commonly a few tens to a few is a medium gray, thick-bedded, sparsely cherty,
thousand of meters thick. Dated at 23, 24, 25, 26, and sparsely fossiiferous limestone 120-280
26,26,and 27 my. Anadrﬁnonaldaleolﬂmy i ‘meters thick. Earp Formation is a pale-red
ted, may indicate the presence of siltstone, mudstone, shale, and imestone, 120-240
Eocene rocks in the lower member of the S O meters thick.
Volcanics of Cochise Co.
Horquilla Limestone (Upper and Middle
Lower conglomerate, gravel, and sand (Oligocene and wh Pennsylvanian)—Light-pinkish-gray, »-ck to thin-
Eocene?)—Alluvium; commonly grayish-red baided, cherty, fossiliferous limestone
deposits of small, well rounded, nonvolcanic D&Mwntopakmddrshgray
clasts. Mostly several meters to a few tens of siltstone that increases in abundance upward.
meters thick. Typically 300490 meters thick.
UPPER CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS (LOWER PALEOCENE)—Lower SEDI Y ROCK:
volcamvocky—ﬁryoiwlomhvaﬂwvs MDs

lastic rocks, and some intercalated epiclastic
mcks. Dated at 57 m.y. Possibly younger age to

east.

MAIN CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS:—Porphyritic and aplitic intrusive rocks
(Paleocene and Upper Cretaceous)—Mostly latitic
porphyry to dacitic porphyry in small stocks and
plugs and aplitic bodies not associated with other
granitoid stocks. Dated at 61, 63, 63, 64, and 65
my.

Fluidized intrusive breccia —exact age unknown, but
penetrates, and thus younger than Uncle Sam
porphyry.

Rhyodacite tuff and welded tuff. -Includes parts of
Salero Formation, Sugarloaf Quartz Latite, and
Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
Prophyry. Includes local intrusive bodies and locally
contains fragments of exotic rocks. kness

commonl

ly several tens ol meters to several
hundreds of meters. Dated at 66(?), 70, 72, 73, and
73 m.y. The Uncle Sam, in the Tombstone area, is
dated 72 m.y.

and locally includes some rocl
intrusive rocks. Several tens of meters to several
hundreds of meters thick in most

Lower quartz monzonite and graodiorite | Includes
some quartz diorite; appears in small st
ocally associated with mineralization. Daled at 70,
7! 72.73.74.74. 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.

Roads and Highways

Dry wash

Southern Pacific Railroad
Government Reservation Boundary
Aqueduct

Cross section line

Bolsa Quartzite are known as the Coronado
Sandstone.

Sedimentary rocks (Upper and Middle Cambrian)

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodiorite and quartz monsonite, unfoated to
foliated, in part metamorphosed. Generally in

stocks, which ahve been little studied.

PINAL SCHIST (PRECAMBRIAN X)—Chlorite schist,
phylite, and some metavolcaric rocks,

roc)
and gneiss. One metavolcanic rock

© (QTgu)
187

72y

dated at 1715 m.y.

CONTACT—Dotted where concealed.

MARKER HORIZON—Dotted where concealed.

DIKES—Showing dip.

FAULTS—Showing dip. Dotted where concealed or
intruded, ball and bar on downthrown side.

Normal

Strike-siip—Arrow couple shows relative
Single arrow shows movement of active block.

Major thrust fault—Sawteeth on upper plate.

hrust fault—Sawteeth on upper plate.

Anticline
Syncline.

Inclined strike and dip of beds.

EXOTIC-BLOCK BRECCIA—Rock contains chip or
block inclusions of rock different from those of
host or other blocks nearby. Typically of volcanic-
tectonic or sedimentary-tectonic origin; excludes
Tertiary megabreccia deposits.

Svled\\dwgrtmiudslcdscmdwdh
unit penetrated, dknmm,mddepthelweﬂ in
feet. 100 feet equals 30.5 meters.

COLLECTION SITE—Radiogenically dated rock
‘showing age in millions of years. Query before
'symbol where precise location uncertain.

® Dump sample location
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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).

Geology adopted from Drewes, Harold,
1980, and Newell, R.A., 1973.

By James A. Briscoe

James A. Briscoe and Associates
Tucson, Arizona



Geology

and 32 m.y. old

Explanation

OLDER OR UNDIFFERENTIATED SURFICAL BISBEE FORMATION OR GROUP,
QTgu DEPOSITS (HOLOCENE TO OLIGOCENE):— S INDIFFERENTIATED (LOWER
Gravel, sand, and silt (Pleistocene and Pliocene— CRE['ACEOUS) —Upper part of Bisbee
Mainly alluvium of basins; includes some Formation or Group, undifferentiated, and related
colluvium and landslide deposits. Generally light- rocks.—Includes upper part of Bisbee Formation,
pinkish gray, weakly indurated, and with poorly Mural Limestone, Morita, Cintura, Willow
rounded daﬁs locally well mdura(ed. Thickness Canyon, Apache Canyon, Shellenberger Canyon
several meters to hundreds of meters. and Tumney Ranch Formations (not listed in
stratigraphic sequence) of the Bisbee Group, -
Basalt (Pleistocene to Pliocene)—Lava flows, Amole Arkose of Bryant and Kinnison (1954),
arh pyroclastic rocks, and some intercalated gravel. Angelic Arkosg Consists of - to reddish-
Thickness several meters to a few hundred meters arkose, gray siltstone, sandstone, conglomerate,
in most places. Radiometrically dated at 0.25, 1.0, and some fossiliferous gray limestone.

several hundred meters thick

i Extensive andesite and dacite (Miocene and Upper CRANITEAND QUARTZ MONZONITE
(JURASSIC)—Stocks of plnhshgmy coarse-
Ofigocene)—Lava flows, pyroclastic rocks, some
H Tva = grained rock. Locally associated
L intercalated gprlasnc rocks, and dikes. Mostly =Y Dated at 140, 148, 149, 149, 150,
___________ i} gray, fine grained, porphyritic rocks; includes 153, 160, 161, 167, 178, 185 m.y.
some very coarse feldspar porphyry andesite sl
(Turkey track porphyry, an informal term of
Cooper, 1961). Thickness mostly several meters Sefﬁmpe ar;:t_ks (W_Pm-nof Exr
to several tens of meters. Dated at 24, 25, 27, 33, PPy s m"mmsuz:z‘ o
SO Permian), and Earp Formation (Lower Permian
Extrusive rhyolite and rhyodacite (Miocene and Upper and Upwwzennmr:an‘)( undifferentiated.
Ty Ofigocene—Lava flows, welded tuf, pyroclastic Epitaph Dolomite is a dark- to Iidn(-gray "‘"’.,'f,’
rocks, and some intercalated epiclastic rocks. cherty dolomite, limestone, marl, siltstone, ar
Light-gray to grayish-pink, vitric to fine-grained, aypsum, 1202&) meters. thn:k Colina Limestone
porphyritic. Commonly a few tens to a few is 2 medium gray, thick-bedded, sparsely cherty,
thousand of meters thick. Dated at 23, 24, 25, 26, and f imestone 120280
26, 26, and 27 m.y. An additional date of 47 m.y., if ‘meters thick. Earp Formation is a pale-red
substantiated, may indicate the presence of siltstone, \_'nudslone. shale, and limestone, 120-240
Eocene rocks in the lower member of the S O meters thick.
Volcanics of Cochise Co.
Horquilla Limestone (Upper and Middle
Lower conglomerate, gravel, and sand (Oligocene and ®n Pennsylvanian)—Light-pinkish-gray, thick- to thin-
Tic Eocene?)—Alluvium; commonly grayish-red bedded, cherty, fossiliferous limestone and
deposits of small, well rounded, nonvolcanic to pale-reddish-gray
________________ clasts. Mostly several meters to a few tens of siltstone that increases in abundance upward.
meters thick. Typically 300490 meters thick.
UPPER CORDILLERAN (LARAMIDE) IGNEOUS
SEDIMEN (MISSISSIPPIAN
T e WL o DEVONIAN)Consets mary o Excbrom
volcanic rocks—Rhyolite to andesite lava flows, MDs Consists mainly
Jocks nd Some Lencalind wicem v Sherman: 1970 b Eebrin Groum—

rocks. Dated at 57 m.y. Possibly younger age to
east.

MAIN CORDILLERAN (LARAMIDE) IGNEOUS
ROCK&——Porphvnl: and aplitic intrusive rocks
ind Upper C:

)—Mostly latitic
vorv'wry to dac\hc porphyry in smal stocks and
plugs and aplitic bodies not associated with other
granitoid stocks. Dated at 61, 63, 63, 64, and 65

(Upper Mississippian]
Sabins, 1957a (Upper Devonian). In the Little
Dragoon Mmmmnl and some adjacent hills also

. Mississippian rocks but which may include some
3 ks.
——————— 1 Fluidized intrusive breccia - exact age unknown, but ; resaive o fHick bedded),
i penetrates, and thus younger than Uncle Sam cxrol chiny, Ioneoue knusipe 0o10
i porphyry. bedded, gray to brown dolomite, gray
e memtremmeope some siltstone and sandstone,
90-120 meters thick. Paradise Formation is a
Rhyodacite tuff and welded tuff. -Includes parts of 3 shaly limestone. Portal

K Salero Formation, Sugarloaf Quartz Latite, and Formation is a black shale and kmestone 6-105
Bronco Volcanics, and all of Red Bay Rhyolite, Cat meters thick. Black Prince Limestone is pinkish-
Mountain Rhyolite of Brown (1939) and Uncle Sam gray mestone with a basal shale and chert
Prophyry. Includes local intrusive bodies and locally congomerate, as much as 52 meters thick.
contains fragments of exotic rocks. Thickness
commonly several tens of meters to several SEDIMENTARY ROCKS (LOWER ORDOVICIAN
hundreds of meters. Dated at 66(?), 70, 72, 73, and TO MIDDLE CAMB}‘“AN)»_E Paso Limestone
73 m.y. The Uncle Sam. in the Tombstone area, is (Lower Ordovician and Upper Cambrian), Abrigo
daled Rmyy. Formation (Upper and Middie Cambrian), and

Bolsa Quartz (Middie Cambrian),
Andesitic to dacitic volcanic breccia.—Includes parts undifferentiated. —E] Paso Limestone is a gray,

Ka of Solero Formation, Quartz Latite, and thin-bedded cherty imestone and ite 90

Bronco Volcanics, and all of Demetrie Ve nmesmabanmmdtkw
‘ormation of Courtright (1958). Fom-mn isa

hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite—Includes
some quartz diorite; appears in small stocks.
ally associated with mineralization. Dated at 70,
71.72,73, 74, 74, 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.

Roads and Highways
-~~~ Dry wash

s SoUuthern Pacific Railroad

and Bolsa Quartzite (Middle Cambrian),

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodiorite and quartz monsonite, unfoliated to
foliated, in part metamorphosed. Generally in
stocks, which ahve been little studied.

PINAL SCHIST (PRECAMBRIAN X)—Chlorite schist,
phylite,

, and some metavolcanic rocks,
rocks, i

One rock

2 (QTguwl
187

724

and
dated at 1715 my.

CONTACT—Deotted where concealed
MARKER HORIZON—Dotted where concealed.
DIKES—Showing dip.

FAULTS—Shwmg dip. Dotted where concealed or
intruded; ball and bar on downthrown side.

Strike-slip—Arrow couple shows relative displacement.

Single arrow shows movement of active block.

Major thrust fault—Sawteeth on upper plate.

Thrust fault—Sawteeth on upper plate.

Anticline.

Inclined strike and dip of beds.

D(OTIC BLOCK BRECCIA—Rock contains chip or
block inclusions of rock different from those of

host or other blocks nearby. Typically of volcanic-
tectonic or sedimentary-tectonic origin; excludes
Tertiary megabreccia deposits.

Site of well or generalized site of several wells, showing
unit penetrated, if known, and depth of well, in
feet. 100 feet equals 30.5 meters.

COLLECTION SITE—Radiogenically dated rock
showing age in millions of years. Query before
symbol where precise location uncertain.

® Dump sample location

Copper
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Figure 9. 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 copper ratios in dump
samples (in red).

Geology adopted from Drewes, Harold,
1980, and Newell, R.A., 1973.

By James A. Briscoe

James A. Briscoe and Associates
Tucson, Arizona




Geology

OLDER OR UNDIFFERENTIATED SURFICAL
DEPOSITS (HOLOCENE TO OLIGOCENE):—
Gravel, sand, and silt (Pleistocene and Pliocene—
Mainly alluvium of basins; includes some
colluvium and landslide deposits. Generally light-
pinkish gray, weakly indurated, and with poorly
rounded clasts; locally well indurated. Thickness
several meters to hundreds of meters.

Basalt (Pleistocene to Pliocene)—Lava flows,
pyroclastic rocks, and some intercalated gravel.
Thickness several meters to a few hundred meters
in most places. Radiometrically dated at 0.25, 1.0,
and 3.2 m.y. old

Extensive andesite and dacite (Miocene and Upper
Oligocene)—Lava flows, pyroclastic rocks, some
intercalated epiclastic rocks, and dikes. Mostly

, porphyritic rocks; includes

y
o several tens of meters. Dated at 24, 25, 27, 33,
and 39 my.

Extrusive rhyolite and rhyodacite (Miocene and Upper
Oligocene—Lava flows, welded tuff, pyroclastic
rocks, and some intercalated epiclastic rocks.
Light-gray to grayish-pink, vitric to fine-grained,
porphyritic. Commonly a few tens to a few
thousand of meters thick. Dated at 23, 24, 25, 26,
26, 26, and 27 m.y. An additional date of 47 m.y., if
substantiated, may indicate the presence of
Eocene rocks in the lower member of the S O
Volcanics of Cochise Co.

Lower conglomerate, gravel, and sand ((X)go\:ene and
Eocene?)—Alluvium; commonly grayish.
deposits of small, well rounded, nonvo!can«z
clasts. Mostly several meters to a few tens of
meters thick.

UPPER CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS (LOWER PALEOCENE):—Lower
volcanic rocks—Rhyolite to andesite lava flows,
pyroclastic rocks, and some intercalated epiclastic
rocks. Dated at 57 m.y. Possibly younger age to
east.

MAIN CORDILLEKRAN (LARAMIDE) IGNEOUS
ROCKS:—Porphyritic and aplitic intrusive rocks
(Paleocene and Upper Cretaceous)—Mostly latitic
porphyry to dacitic porphyry in small stocks and
plugs and aplitic bodies not associated with other
granitoid stocks. Dated at 61, 63, 63, 64, and 65
my.

Fluidized intrusive breccia —exact age unknown, but
penetrates. and thus younger than Uncle Sam
porphyry.

Rhyodacite tuff and welded tuff. ~Includes parts of
Salero Formation, Sugarloaf Quartz Latite, and
Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
Prophyry. Includes local intrusive bodies and locally
contains fragments of exotic rocks. Thickness
commonly several tens of meters to several
hundreds of meters. Dated at 66(?), 70, 72, 73, and
73 m.y. The Uncle Sam, in the Tombstone area, is
dated 72 m.y.

intrusive rocks. Several tens of meters to several
hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite —Includes
some quartz diorite; appears in small stocks

Locally associated with mineralization. Dated at 70,

71.72,73.74. 74. 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.

Roads and Highways

Dry wash

Southern Pacific Railroad

Government Reservation Boundary

Aqueduct

Cross section line

Explanation

BISBEE FORMATION OR GROUP,
UNDIFFERENTIATED (LOWER

CRETACEOQUS):—Upper part of Bisbee
Formation or Group, undifferentiated, and related
rocks.—Includes upper part of Bisbee Formation,
Mural Limestone, Morita, Cintura, Willow
Canyon, Apache , Shellenberger Canyon
and Tumey Ranch Formations (not fisted in

Angelic Arkose. Consists of brownish- to reddish-
arkose, gray siltstone, sandstone, conglomerate,
and some fossiliferous gray limestone. Commonly
several hundred meters thick

GRANITE AND QUARTZ MONZONITE
(JURASSIC)—Stocks of pinkish-gray coarse-
grained rock. Locally associated

Dated at 140, 148, 149, 149, 150,

PiPs

153, 160, 161, 167, 178, 185 m.y.

Sedimentary rocks (Lower Permian and Upper

and Upper Pennsylvanian), undifferentiated.
Epitaph Dolomite is a dark- to light-gray slightly
cherty dolomite, imestone, marl, siltstone, and
gypsum, 120-280 meters thick. Colina Limestone
is a medium gray, thick-bedded, sparsely cherty,
and sparsely fossiliferous limestone 120-280
‘meters thick. Earp Formation is a pale-red
siltstone, mudstone, shale, and imestone, 120-240
meters thick.

Horquilla Limestone (Upper and Middle
Pennsyivanian)—Light-pinkish-gray, thick- to thin-
bedded, cherty, fossiliferous limestone and

pale-brown to pale-reddish-gray

MDs

siltstone that increases in abundance upward.
Typically 300-490 meters thick.

SEDIMENTARY ROCKS (MISSISSIPPIAN AND
DEVONIAN)—Consists mainly of Escabrosa
Limestone (Mississippian)—locally (Armstrong

and Silberman, 1974) called Escabrosa Group—

(Upper Mississippian) and Portal Formation of
Sabins, 1957a (Upper Devonian). In the Little
Dragoon Mountains and some adjacent hills also
includes Black Prince Limestone, whose fauna

meters thick. Martin Formation is thick- to thin-
bedded, gray to brown dolomite, gray sparsely
fossilferous, and some siltstone and sandstone,
90-120 meters thick. Paradise Formation is a
brown, fossilferous, shaly limestone. Portal
Formation is a black shale and imestone 6105
meters thick. Black Prince Limestone is pinkish-
gray limestone with a basal shale and chert
conglomerate, as much as 52 meters thick.

SEDIMENTARY ROCKS (LOWER ORDOVICIAN

),
Formation (UpvermdMiddeszbmn). and
Bolsa Quartz (Middle Cambrian)
u'ﬂuznnated—EPuchm\sag'ay
thin-bedded cherty limestone and dolomite 90
meters to about 220 meters thick. Abrigo
Formation is a brown, thin-bedded
limestone, sandstone, quartzite, and shale, 210-
240 meters thick. Bolsa Quartzite is a brown to

equivalents of part of the Abrigo Formation and
Bolsa Quartzite are known as the Coronado
Sandstone.

Sedimentary rocks (Upper and Middle Cambrian)—
Abrigo Formation (Upper and Middle Cambrian),
and Bolsa Quartzite (Middle Cambrian),

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodionte and quartz monsonite, unfoliated to
foliated, in part metamorphosed. Generally in
stocks, which ahve been little studied.

QXQu 150
“bu@mc SR

PINAL SCHIST (PRECAMBRIAN X)—Chilorite schist,
phylite, and some metavolcanic rocks,
rocks,

One ic rock

and
dated at 1715 m.y.

e CONTACT—Dotted where concealed.
e s e MARKER HORIZON—Dotted where concealed.
#--5-4-9-0-0-9-¢  DIKES—Showing dip.

472 FAULTS—Showing dip. Dotted where concealed or
intruded; ball and bar on downthrown side.

S T B

[ SN S S Y Thrust fault—Sawteeth on upper plate.

Vas

Strike:siip—Arrow couple shows relative displacement 1
Single arrow shows movement of active block. ==
ci
LE
[ SR WS W \ Major thrust fault—Sawteeth on upper plate. ': §
?J

[}

I3

§

l

Anticline.

i Inclined strike and dip of beds.

EXOTIC BLOCK BRECCIA—Rock contains chip or
k inclusions of rock different from those of
hmarathxrbhckanurby Typically of volcanic-
tectonic or sedimentary-tectonic origin; excludes
Tertiary megabreccia deposits.

° (QTgul
187

Site of well or generalized site of several wells, showing
unit penetrated, if known, and depth of well, in
feet. 100 feet equals 30.5 meters.

H{QTga) 900
o) 1

72y COLLECTION SITE—Radiogenically dated rock
showing age in millions of years. Query before
symbol where precise location uncertain.

Dump sample location
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Tombstone, Arizona

Figure 10. 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 molybdenum ratios in
dump samples (in red).

Geology adopted from Drewes, Harold,
1980, and Newell, R.A,, 1973.

By James A. Briscoe

James A. Briscoe and Associates
Tucson, Arizona
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Explanation

Geology

OLDER OR UNDIFFERENTIATED SURFICAL
(HOLOCENE TO OLIGOCENE):— Kb
Gravel, sand, and silt (Pleistocene and Pliocene—

Mainly alluvium of basins; includes some

colluvium and landslide deposits. Generally light-
pinkish gray, weakly indurated, and with poorly
rounded clasts; locally well indurated. Thickness
several meters to hundreds of meters.

Basalt (Pleistocene to Pliocene)—Lava flows,
pyroclastic rocks, and some intercalated gravel.
Thickness several meters to a few hundred meters
in most places. Radiometrically dated at 0.25, 1.0,
and 32 m.y. old

Extensive andesite and dacite (Miocene and Upper .
Oligocene)—Lava flows, pyroclastic rocks, some + .
intercalated epiclastic rocks, and dikes. Mostly o

BISBEE FORMATION OR GROUP,

\TED (LOWER
CRETACEOUS):—Upper part of Bisbee
Formation or Group, undifferentiated, and related
rocks.—Includes upper part of Bisbee Formation,
Mural Limestone, Morita, Cintura, Willow
Canyon, Apache Canyon, Shellenberger Canyon
and Turney Ranch Formations (not listed in
stratigraphic sequence) of the Bisbee Group,
Amole Arkose of Bryant and Kinnison (1954), and
Angelic Arkose. Consists of brownish- to reddish-
arkuse, yray silsrone sandstone, conglomerate,

ly

GRANITE AND QUARTZ MONZONITE
(JURASSIC)—Stocks of pinkish-gray coarse-
gramed rock Locally associated with

Dated at 140, 148, 149, 149, 150,

gray, fine-grained, pambritic rcks: inchires
some very coarse feldspar porphyry andesite
( lurkey track porphyry, an informal ferm ot

Cooper, 1961). Thickness mostly several meters.
to several tens of meters. Dated at 24, 25, 27, 33, PiPs
and 39 m.y.

Extrusive rhyolite and rhyodacite (Miocene and Upper
Oligocene—Lava flows, welded tuff, pyroclastic
rocks, and some intercalated epiclastic rocks.
Light-gray to grayish-pink, vitric to fine-grained,
porphyritic. Commonly a few tens to a few
thousand of meters thick. Dated at 23, 24, 25, 26,
26,26, and 27 m.y. An additional date of 47 m.y., if
substantiated, may indicate the presence of
Eocene rocks in the lower member of the S O
Volcanics of Cochise Co.

Lower conglomerate, gravel, and sand (Oligocene and ®h
Eocene?)—Alluvium; commonly grayish-red
deposits of small, well rounded, nonvolcanic

159, 160, 161, 167, 170, 166 1in.y.

Sedimentary rocks (Lower Permian and Upper
Pennsylvanian)—consists of Epitaph Dolomite
(Lower Permian), Colina Limestone (Lower
Permian), and Earp Formation (Lower Permian
and Upper Pennsylvanian), undifferentiated.
Epitaph Dolomite is a dark- to light-gray siightly
cherty dolomite, limestone, marl, siltstone, and
gypsum, 1202&) meters thick. Colina Limestone
is a medium gray, thick-bedded, sparsely cherty,
and sparsely fossiliferous limestone 120-280
meters thick. Earp Formation is a pale-red
siltstone, mudstone, shale, and limestone, 120-240
meters thick.

Horquilla Limestone (Upper and Middle
Pennsylvanian)—Light-pinkish-gray, thick- to thin-
bedded, cherty, fossilferous limestone and

pale-brown to pale-reddish

clasts. Mostly several meters to a few tens of
meters thick.

UPPER CORDILLERAN (LARAMIDE) IGNEOUS ek
ROCKS (LOWER PALEOCENE):—Lower
voloammcls Rhyolite to andesite lava flows, MDs

rocks, and some intercalated epiclastic

Ka

rocks. Dated at 57 m.y. Possibly younger age to
east

MAIN CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS:—Porphyritic and aplitic intrusive rocks
(Paleocene and Upper Cretaceous)—Mostly latitic

granitoid stocks. Dated at 61, 63, 63, 64, and 65
my.

Fluidized intrusive breccia - exact age unknown, but
penetrates, and thus younger than Uncle Sam
porphyry.

Rhyodacite tuff and welded tuff. -Includes parts of
Salero Formation, Sugarloaf Quartz Latite, and
Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
Prophyry. Includes local intrusive bodies and locally
contains fragments of exotic rocks. Thickness

sitstone lhal increases in abundance upward.
Typically 300-490 meters thick.

SE‘DIMENTARV ROCKS (MISSISSIPPIAN AND

and Silberman, 1974) called Escabrosa Group—
and Martin Formation (Upper Devonian),
undifferentiated. In part of the Chiricahua
Mountains also includes Paradise Formation
(Upper Mississippian) and Portal Formation of
Sabins, 1957a (Upper Devonian). In the Little
Mountains and some adjacent hills also
includes Black Prince Limestone, whose fauna

meters thick. Black Prince Limestone is pinkish-
gray limestone with a basal shale and chert
conglomerate, as much as 52 meters thick.

commonly several tens of meters to several
hundreds of meters. Dated at 66(?), 70, 72, 73, and
73 my. The Uncle Sam, in the Tombstone area, is
dated 72 m.y

intrusive rocks. Several tens of meters to several
hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite —Includes
some quartz diorite; appears in small stocks.
Locally associated with minerahzation. Dated at 70,
71.72.73.74. 74. 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.

. RORAS and Highways

== Dry wash

 BEREE R e

Southern Pacific Railroad

~— =~ (Government Reservation Boundary

-~ Aqueduct

Cross section line

Y ROCKS (LOWER ORDOVICIAN
TO MIDDLE CAMBRIAN):—El Paso Limestone

fossiliferous.
, sandstone, quartite, and shale, 210-

conglomerate, 90-180 meters thick. To the east,
equivalents of part of the Abrigo Formation and
Bolsa Quartzite are known as the Coronado
Sandstone.

Sedimentary rocks (Upper and Middie Cambrian)—
Abrigo Formation (Upper and Middie Cambrian),
and Bolsa Quartzite (Midde Cambrian),

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodiorite and quartz monsonite, unfoliated to
foliated, in part metamorphosed. Generally in

stocks, th:h ahve been little studied.

PINAL SCHIST (PRECAMBRIAN X)~Chbmz schist,

phylite, and some metavolcaric rocks,
rocks,

One ic rock

2 targul
187

72y

Molybdenum

and
dated at 1715 m.y.

CONTACT—Dotted where concealed.

MARKFR HNRIZNN—Nattad whare roncealed

DIKES—Showing dip.

FAULTS—Showing dip. Dotted where concealed or
intruded; ball and bar on downthrown side.

Normal

Strike-slip—Arrow couple shows relative displacement.

Single arrow shows movement of active block.

Major thrust fault—Sawteeth on upper plate.

Thrust fault—Sawteeth on upper plate.

Anticline.

Synciine.

Inclined strike and dip of beds.

EXOTIC-BLOCK BRECCIA—Rock contains chip or
block inclusions of rock different from those of
host or other blocks nearby. Typically of volcanic-
tectonic or sedimentary-tectonic origin; excludes
Tertiary megabreccia deposits.

Site of well or generalized site of several wells, showing
unit penetrated, if known, and depth of well, in
feet. 100 feet equals 30.5 meters.

COLLECTION SITE—Radiogenically dated rock
showing age in millions of years. 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 11. 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 molybdenum and zinc
ratios in dump samples (in red).
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Explanation

Geology

OLDER OR UNDIFFERENTIATED SURFICAL BISBEE FORMATION OR GROUP, Sedimentary rocks (Upper and Middle Cambrian)—
aTgu DEPOSITS (HOLOCENE TO OLIGOCENE):— Kn UNDIFFERENTIATED (LOWER Abrigo Formation (Upper and Middie Cambrian),
Gravel, sand, and silt (Pleistocene and Pliocene— CRETACEQUS):—Upper part of Bisbee and Bolsa Quartzite (Middle Cambrian),
Mainly alluvium of basins; includes some Formation or Group, undifferentiated, and related i

rocks. —Includes upper part of Bisbee Formation,
Mural Limestone, Morita, Cintura, Willow
Canyon, Apache Canyon, Shellenberger Canyon
and Turney Ranch Formations (not listed in Pt i partrastadiny Conerallyin f \
stratigraphic sequence) of the Bisbee Group, el phosed. enera i B O,
ribhsranlal, o), and stocks, which ahve been little studied. i " s e N %E%J« L: z{:\)

Angeiic Arkose. Consists of brownish- to reddish- CAMBRIAN X)—Chlorite schist,
PINAL SCHIST (PRE( X) ite 5
arkose, gray siltstone, sandstone, conglomerate, phylite, and some metavolcanic rocks,

colluvium and landslide deposits. Generally light
pinkish gray, weakly indurated, and with poorly
rounded clasts; locally well indurated. Thickness
several meters to hundreds of meters.

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodiorite and quartz monsonite, unfoliated to

Basalt (Pleistocene to Pliocene)—Lava flows,
arth pyroclastic rocks, and some intercalated gravel.
Thickness several meters to a few hundred meters

in most places. Radiometrically dated at 0.25, 1.0, and some fossilferous gray mestone. Commornly Kt ;
and 32 my. old scorelfidred netecs thick and gneiss. One rock
: ; P “TETETETETE GRANITE AND QUARTZ MONZONITE dated at 1715 my.
Extensive andesite and dacite (Miocene and Upper S (JURASSIC)—Stocks of pinkish-gray coarse- > ! / 7 1
Tea Otigecarie) =L eve fows, pyraciastic rocks, some . grained rock.Locally associated with ! " : { \ ! : H 6y Lelitsa ik S )
intercalated epiclastic rocls,ard:ﬁlfgs. my T, Dated at 140, 148, 149, 149, 150, o . SO Do — H { : - i : {3 % iz u-—..—--,__‘j:(fa
W"":wmf"*y“z‘om‘“‘-:“‘ = 153, 160, 161, 167, 178, 185 m.y. Fole] J ! i N P i i 5 e o
(Turkey track porphyry, an informal term of v s s s e MARKER HORIZON—Dotted where concealed. 4
Coud;y 1961). Thickness mostly several meters Sedimentary rocks (Lower Permian and Upper
10 soveral tene of meters, Dated at 24, 25, 27, 3, PP Pennsylvanian)—consists of Epitaph Dolomite Sarea-ee-0d  DIKES Shoviing .
d 39 = i (Lower Permian), Colina Limestone (Lower i
a0 Permian), and Earp Formation (Lower Permian A7 FAULTS—Showing dip. Dotted where concealed or
Extrusive rhyolite and m-m (Miocene and Upper 2 Lopes Pennmbiencn: m& " JETw— | intruded; ball and bar on downthrown side.
Oligocene—Lava welded tuff, pyroclastic Dolomite is a
i rocks, and some intercalated epiclastic rocks. cherty dolomite, limestone, marl, siltstone, and 45
Light-gray to grayish-pink, :wm to ﬁmﬁr\ed g/:sm mgﬂ"w;? thick. C::;:d Ll;n&ﬂom E z vl
porphyritic. monly a tenstoa nediur ' cbedded, cherty,
thousand of meters thick. Dated at 23, 24, 25, 26, and sparsely fossilferous lmestone 120-280 .
26, 26, and 27 my. An additional date of 47 m.y., if meters thick. Earp Formation s a pale-red
substantiated, may indicate the presence of siltstone, mudstone, shale, and limestone, 120-240 Reverse
Eocene rocks in the lower member of the S O meters thick. s
Volcanics of Cochise Co.
Horquilla Limestone (Upper and Middle
nd inki hin-
| et o il Rk b e s s
deposits of small, well rounded, nonvolcanic pale-brown to pale-reddishgray Single arrow shows movement of active block.
clasts. Mostly several meters to a few tens of siltstone that increases in abundance upward.
meters thick. Typically 300-490 meters thick.
UPPER CORDILLERAN (LARAMIDE) IGNEOUS e B Major thrust fault—Sawteeth on upper plate.
Tiv ROCKS (LOWER PALEOCENE):—Lower SEDNENTARY ROCKS (MISS%'SH;PMN AND
volcanic rocks—Rhyolite to andesite lava flows, MDs ) —Consists mainly of Escabros
i lastic anut 1Missl$puan)flocally (Armstrong 57 S oSy S { Thrust fault—Sawteeth on upper plate.
focks sl Miertalst o ok and Silberman, 1974) called Escabrosa
rocks. Dated at 57 m.y. Possibly younger age to = F " tion sy
L undifierentiated. In part of the Chiricahua 4} P
Mountains also includes Paradise Formation = i
SREHINE A R (Upper Missisippian) and Portal Formation of
*“1;“{:“-‘:* (Paleocene and Upper Mostly latitic Sabins, 1957a(lmogmna)d’m.1;:dm y
4 5 4 LT SA B it p s and some it
SHe { B3 porphyry to dacitic porphyry in small stocks and 3 z e Syncline.
plugs and aplitic bodies not associated with other "*r:duﬂh_ckﬁmm“»whmh:ﬂ
granitoid stocks. Dated at 61, 63, 63, 64, and 65 a m”"mksmi”mm”
my. Mississippian roc| may include some
Pennsylvanian rocks. Escabmsa Limestone is a 3
Fluidized intrusive breccia - exact age unknown, but medium-gray, massive to thick-bedded, comm Y e Inclined strike and dip of beds.
Kib penetrates, and thus younger than Uncle Sam ;’““mdﬂl‘:k”ly o mnh ': MW Ek e
porpy. bedded, gray to brown dolomite, gray sparsely > .5 .v pt  EXOTICBLOCK BRECCIA—Rock contains chip or
fossiiferous, and some siltstone and sandstone, 29 s’ a block inclusions of rock different from those of
90-120 meters thick. Paradise Formation is a gt i offier Blocis rawby, Topicall of delkcarii:
Rhyodacite tuff and welded tuff. -Includes parts of brown, fossilferous, shaly . Portal tectonic or sedvmemarwac(mnc origin; excludes
Ky Salero Formation, Sugarloaf Quartz Latite, and Formation is a black shale and imestone 6105 Tertiary deposi
Bronco Volcanics, and all of Red Bay Rhyolite, Cat meters thick. Black Prince Limestone is pinkish-
Mountain Rhyolite of Brown (1939) and Uncle Sam gray limestone with a basal shale and chert Site of wel or generalized site of several wells, showing
Prophyry. Includes local intrusive bodies and locally congomerate, as much as 52 meters thick. o (QTgul st prratrale ¥ B and ot wd
contains fragments of exotic rocks. Thickness 187 feet. 100 feet equals 30.5 meters.
commonly several tens of meters to several SEDIMENTARY ROCKS (LOWER ORDOVICIAN
hundreds of meters. Dated at 66(?). 70, 72, 73, and TO MIDDLE CAMBRIAN):—I Paso Limestone
73 m.y. The Uncle Sam, in the Tombstone area, is (Lowwes Ovdorician and Upper Cambriati, Almso
dated 72 m.y. Formation (Upper and Middle Cambrian), and
Andesitc to dacic wolaric breccia.—Includes parts o e O e, T2y COLLECTION SITE—Radiogerically dated rock
: R ntiated.—} one s a gray,; showing age in millions of years. Query before
Ka of Solérs Foermution, Laszand thin-bedded cherty mestone and symbol where precise location uncertain.

and locally includes imentary rocl 240 meters thick. Bolsa Quartzite is a brown to
intrusive rocks. Several tens of meters to several Mmeorwvﬁshgrcy. thick-bedded, coarse-
hundreds of meters thick in most places. grained quartzite and sandstone with a basal

conglomerate, 90-180 meters thick. To the east,
equivalents of part of the Abrigo Formation and
Bolsa Quartzite are known as the Coronado
Sandstone.

Lower quartz monzonite and graodiorite —Includes
some quartz diorite: appears in small stocks.
-ally associated with mineralization. Dated at 70,
71,72,73,74.74, 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.
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1980 anc Newell R AL1973 Figure 12. Distribution pattern of silver in mesquite trees (in red),
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Geology

OLDER OR

several meters to hundreds of meters.

Baslk(ﬁmoccr-lo?ioam)—hvaﬂms

hundmd
in most places. Radiometrically dated at 0.25, IO
and 32 m.y. old

Extensive andesite and dame (M;ocene and Upper
Oligocene)—Lava rocks, some
mmcalaudepuchm rocks and dikes. Mostly
gray, finx rocks; i

Tic

Tiv

some very coarse feldspar porphyry andesite
(Turkey track porphyry, an informal term of
Cooper, 1961). Thickness mostly several meters
to several tens of meters. Dated at 24, 25, 27, 33,
and 39 my.

Extrusive rhyolite and rhyodacite (Miocene and Upper
Oligocene—Lava flows, welded tuff, pyroclastic
rocks, and some intercalated epiclastic rocks.
L.gngay to grayish-pink, vitric to fine-grained,

a few tens to a few
lhmnrddmetmﬂnck Dated at 23, 24, 25, 26,
26, 26, and 27 m.y. An additional date of 47 m.y., if
substantiated, may indicate the presence of
Eocene rocks in the lower member of the S O
Volcanics of Cochise Co.

Lower conglomerate, gravel, and sand (Oligocene and
Eocene?)—Alluvium; commonly grayish-red
deposits of small, well rounded, nonvolcanic
clasts. Mostly several meters to a few tens of
meters thick.

UPPER CORDILLERAN (LARAMIDE) IGNEOUS

wvolcanic rocks—Rhyolite to andesite lava flows,
ic rocks, and some intercalated epiclastic

Kr

— e N
b
A S—Y

rocks. Dated at 57 m.y. Possibly younger age to
east.

MAIN CORDILLEKAN (LARAMIDE) IGNEOUS
HOCKS—Pmphynn: and aplitic intrusive rocks
Mostly latitic
porphyry to dacmc parphyvy in small stocks and
plugs and aplitic bodies not associated with other
granitoid stocks. Dated at 61, 63, 63, 64, and 65
my.

Fluidized intrusive breccia - exact age unknown, but
penetrates, and thus younger than Uncle Sam
porphyry.

Rhyodacite tuff and welded tuff. - Includes parts of
Salero Formation, Sugarloaf Quartz Latite, and
Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
Prophyry. Includes local intrusive bodies and locally
contains fragments of exotic rocks. Thickness
commonly several tens of meters to several
hundreds of meters. Dated at 66(?), 70, 72, 73, and
73 m.y. The Uncle Sam, in the Tombstone area, is
dated 72 m.y.

mmmmmmu—wmm
Quartz Latite, and
Volcanics

Several
hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite—Includes
some quartz diorite; appears in small stocks.
Locally associated with mineralization. Dated at 70,
71,72, 73, 74, 74, 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.

Roads and Highways

Dry wash

Southern Pacific Railroad

Explanation

Kb

BISBEE FORMATION OR GROUP,
UNDIFFERENTIATED (LOWER
CRETACEOUS):—Upper part of Bisbee
Formation or Group, undifferentiated, and related
rocks.—Includes upper part of Bisbee Formation,
Mural Limestane, Marita, Cintura, Willow

associated with
Dated at 140, 148, 149, 149, 150,

PPs

153, 160, 161, 167, 178, 185 m.y.

, undifferentiat
EmphDohvmak-dnk migmg-aysigmy
cherty dolomite, limestone, marl, siltstone, and
Wm,mmmmkmm
is a medium gray, thick-bedded, sparsely cherty,
and sparsely fossiliferous limestone 120-280
meters thick. Earp Formation is a pale-red
siltstone, mudstone, shale, and imestone, 120-240
meters thick.

Government Reservation Boundary

Aqueduct

Cross section line

and Martin Formation (Upper Devonian),

crinoidal, cl limestone 90-310
mzunﬂnck.VarmFonmanhck to thin-
bedded, gray to brown ' gray

IA

%

Sedimentary rocks (Upper and Middle Cambrian)—

GRANITOID ROCKS (PRECAMBRIAN Y).—Mainly
granodiorite and quartz monsonite, unfoliated to
foliated, in part metamorphosed. Generally in
stocks, which ahve been little studied.

PINAL SCHIST (PRECAMBRIAN X)—Chilorite schist,
phyllite, ar\dwnnk:lemwkux rocks,
rocl

One met ic rock

30

G

Vagd P p®
vivda’a

© tQTgul
187

72y

400 ppm
401 - 600 ppm
601 - 800 ppm

800 ppm

and
dated at 1715 m.y.

CONTACT—Dotted where concealed.

MARKER HORIZON—Dotted where concealed.

DIKES—Showing dip.

FAULTS—Showing dip. Dotted where concealed or
intruded; ball and bar on downthrown side.

Normal

Strike-slip—Arrow couple shows relative di
Single arrow shows movernent of active block.

Maior thrust fault—Sawteeth on upper plate.

Thrust fault—Sawteeth on upper plate.

Anticline.
Syncline.

Inclined strike and dip of beds.

EXOTIC-BLOCK BRECCIA—Rock contains chip or
block inclusions of rock different from those of
host or other blocks nearby. Typically of volcanic-
tectonic or sedimentary-tectonic origin; excludes
Tertiary megabreccia deposits.
mdwmmmdmmm
if known, and depth of well, in
i-t 100 feet equals 30.5 meters.

COLLECTION SITE—Radiogenically dated rock
showing age in millions of years. Query before
symbol where precise location uncertain.

Y. 2u8

31%3¢’

{QTgy) 800
{rey 1

o
| Sénrader
i Beock

N 05(,

€ \be\gmck‘) #

Qoaapl-Fry
Xxﬁrﬁ

130%48"

8 o
Bak ar/$?§~

(<10
{Qrgu) 220

CANYO

smmu ,_--3—4-‘—"

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

\TED SURFICAL
DEPOSITS (HOLOCENE TO OLIGOCENE):—
Gravel, sand, and silt (Pleistocene and Pliocene—

several meters to hundreds of meters.

Basalt (Pleistocene to Pliocene)—Lava flows,
pyroclastic rocks, and some intercalated gravel.

Thickness several meters to a few hundred meters

in most places. Radiometrically dated at 0.25, 1.0,
and 3.2 m.y. old

Extensive andesite and dacite (Miocene and Upper
Oligocene)—Lava pyroclastic

meters
to several tens of meters. Dated at 24, 25, 27, 33,
and 39 m.y.

Extrusive rhyolite and rhyodacite (Miocene and Upper
Oligocene—Lava flows, welded tuff, pyroclastic
rocks, and some intercalated epiclastic rocks.
Light-gray to grayish-pink, vitric to fine-grained,
porphyritic afew tens to a few
lhwsandolmetcrsﬂuckDaludalZS 24, 25,26,
26,26, and 27 m.y. An additional date of 47 m.y., if
substantiated, may indicate the presence of
Eocene rocks in the lower member of the S O
Volcanics of Cochise Co.

Lower conglomerate, gravel, and sand (Obeocene and
Eocene?)—Alluvium; commonly grayish-red
deposits of small, well rounded, nonvolcanic
clasts. Mostly several meters to a few tens of
meters thick.

UPPER CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS (LOWER PALEOCENE): —Lower

rocks. Dated at 57 m.y. Possibly younger age to
east.

MAIN CORDILLEKAN (LARAMIDE) IGNEOUS
\OCKS:—Porphynitic and aplitic intrusive rocks

granitoid stocks. Dated at 61, 63, 63, 64, and 65
my.

Fluidized intrusive breccia - exact age unknown, but

penetrates. and thus younger than Uncle Sam
porphyry

Rhyodacite tuff and welded tuff. ~Includes parts of
Salero Formation, Sugarloaf Quartz Latite, and

Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
locally

Prophyry. Includes local intrusive
contains fragments of exotic rocks, Thickness
commonly several tens of meters to several

hundreds of meters. Dated at 66(?), 70, 72, 73, and
73 my. The Uncle Sam, in the Tombstone area, is

dated 72 m.y.

intrusive rocks. Several tens of meters to several
hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite—Includes
some quartz diorite; appears in small stocks.

Locally associated with mineralization. Dated at 70,

71.72, 73, 74. 74, 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.

Roads and Highways

Dry wash

Kb

Explanation

PiPs

iated with
ted at 140, 148, 149, 149, 150,
m, 160, 161, 167 178, 185 m.y.

Sedimentary rocks (Lower Permian and Upper
Pemsyhoamn)—cam of Epitaph Dolomite
(Lower Permian), Colina Limestone (Lower
Pemnan). and Earp Formation (Lower Permian

and Upper Pennsyivanian), undifferentiated.
Epitaph Dolomite is a dark- to light-gray slightly
cherty dolomite, imestone, mar, siltstone, and

sparsely fossilif
meters thick. Earp Formation is a pale-red
siltstone, mudstone, shale, and limestone, 120-240
meters thick.

Horquilla Limestone (Upper and Middle
Light-pinkish-gray, thick- to thin-
i limestone and

Typically 300-490 meters thick.

SEDIMENTARY ROCKS (MISSISSIPPIAN AND
NIAN)

e Formati
(Upper Mississippian) and Portal Formation of
Sabins, 1957a (Upper Devonian). In the Little
Dragoon Mountains and some adjacent hills
includes Black Prince Limestone, whose fauna
and correlation show strongest affinities with
Mississippian rocks but which may include some
Pennsylvanian rocks. Escabrosa Limestone is a

conglomerate, as much as 52 meters thick.

Government Reservation Boundary

Aqueduct

Cross section line

SEL ROCKS (LOWER ORDOVICIAN
CAMBRIAN).—|

limestone, sandstone, quartzite, and shale, 210-
240 meters thick. Bolsa Quartzite is a brown to
white or purplish-gray, thick-bedded, coarse-
grained quartzite and sandstone with a basal
conglomerate, 90-180 meters thick. To the east,
equivalents of part of the Abrigo Formation and
Bolsa Quartzite are known as the Coronado
Sandstone.

in part
mcls,vhchalmheeniﬂzstmﬁd

PINAL SCHIST (PRECAMBRIAN X)—Chlorite schist,
phylite, and some metavolcanic rocks,
rocl

One metavolcanic rock

Bt S — }

Tada? e
vie s 2% a

2 gargul
187

72y

< 100 ppm
101 - 150 ppm
151 - 200 ppm

> 200 ppm

and
dated at 1715 m.y.

CONTACT—Dotted where concealed.
MARKER HORIZON—Dotted where concealed.

DIKES—Showing dip.
FAULTS—Showing dip. Dotted where concealed or
intruded; ball and bar on downthrown side.
Normal
Reverse

Strike-slip—Arrow couple shows relative displacement.

Single arrow shows movement of active block.

Major thrust fault—Sawteeth on upper plate.

Thrust fault—Sawteeth on upper plate.

L

Inclined strike and dip of beds.

EXOTIC-BLOCK BRECCIA—Ruck contains chip or
block inclusions of rock different from those of
host or other blocks nearby. Typically of volcanic-
tectonic or sedimentary- rectomc origin; excludes
Tertiary megabreccia dej

Site of well or generalized site of several wells, showing
unit penetrated, if known, and depth of well, in
feet. 100 feet equals 30.5 meters.

COLLECTION SITE—Radiogenically dated rock
showing age in millions of years. Query before
symbol where precise 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, R.A., 1973. .
By James A. Briscoe
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ts. Generally light
pinkish gray, mHynde ndwnthpoorb
rounded clasts; locally well ted. Thickness
mﬂmmhmchd'dnm

Basalt (Pleistocene to Pliocene)—Lava flows,

3 datednlo?.‘: 10,
andiZmyoH

Extensive andesite and dacite (Miocene and Upper
Oligocene)—Lava flows, pyroclastic rocks, some
intercalated epiclastic rocks, and dikes. Mostly
sray fine-grained, porphyritic rocks; includes

very coarse feldspar porphyry andesite
('I'udwylnckwm'w an informal term of
Cooper, 1961). Thickness mostly several meters
to several tens of meters. Dated at 24, 25, 27, 33,
and 39 my.

Extrusive rhyolite and rhyodacite (Miocene and Upper

Light-gray to grayish-pink, vitric to

a few tens to a few
Mdmﬂmd’ukmﬂnﬂ 24,25, 26,
26, 26, and 27 m.y. Anadziﬂomldauolﬂmy if
substantiated,

‘may indicate the presence of
Eocene rocks in the lower member of the S O
Volcanics of Cochise Co.

Wmle.gavd and sand (Oigwennnd

e Tl o o e
clasts. Mostly several meters to a few tens of
meters thick.

UPPER CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS (LOWER PALEOCENE):—Lower
volcanic rocks—Rhyolite to ‘andesite lava flows,
pyroclastic rocks, and some intercalated epiclastic
rocks. Dated at 57 m.y. Possibly younger age to
east.

MAIN CORDILLEKAN (LARAMIDE) IGNEOUS
ROCKS—Porpiwnnc and aplitic intrusive rocks
and Upper Ci )—Mostly latitic
wrphyvy to dacitic porphyry in small stoclu and
plugs and aplitic bodies not associated with other
granitoid stocks. Dated at 61, 63, 63, 64, and 65
my.

Fluidized intrusive breccia - exact age unknown, but
penetrates, and thus younger than Uncle Sam
porphyry.

Rhyodacite tuff and welded tuff. ~Includes parts of
Salero Formation, Sugarloaf Quartz Latite, and

Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
Prophyry. Includes local intrusive bodies and locally

conmm lragnenu of exotic rocks. Th:kn:n
ens of meters to sever:

hundvedsolmetus Dated at 66(%), 70, 72 73, and
73 m.y. The Uncle Sam, in the Tombstone area, is

dated 72 m.y.

hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite—Includes
some quartz diorite; appears in small stocks.

Locally associated with mineralization. Dated at 70,

71,72,73, 74,74, 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.

Roads and Highways

Dry wash

Southern Pacific Railroad

Government Reservation Boundary

Aqueduct

Cross section line

Explanation

K

BISBEE FORMATION OR GROUP,
UNDIFFERENTIATED (LOWER
CRETACEOUS).—Upper part of Edaee

Group,

associated with
Dated at 140, 148, 149, 149, 150,

PiPs

153, 160, lbl 167, 178, 185 m.y.

MDs

: e
Mu-ppun Pbml anon of

fossiliferous, and

90-120 meters thick. Paradise Formation is a
brown, fossiliferous, shaly imestone. Portal
Formation is a black shale and imestone 6105

sandstone
conglomerate, wmmu:knuun
equivalents of part of the Abrigo Formation and
Bolsa Quartzite are known as the Coronado
Sandstone.

Sedimentary rocks (Upper and Middle Cambrian)—
Abrigo Formation (Upper and Middle Cambrian),
Iﬂ&hw( Cambrian),

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodiorite and quartz monsonite, unfoliated to

foliated, in part metamorphosed. Generally in
stocks, which ahve been little studied.

PINAL SCHIST (PRECAMBRIAN X)—g.\bme schist,

phyliite, and some metavolcanic
iic rocks,

Ore ic rock

B —

_4}_ _____________
et
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2 (QTgu)
187

724

< 5 ppm

5.1-9 ppm

9.1- 14 ppm

14 ppm

and gneiss.
dated at 1715 m.y.

CONTACT—Dotted where concealed.
MARKER HORIZON—Dotted where concealed.
DIKES—Showing dip.

FAULTS—Showing dip. Dotted where concealed or
intruded; ball and bar on downthrown side.

Strike-slip—Arrow couple shows relative
Single arrow shows movement of active block.

Major thrust fault—Sawteeth on upper plate.

Thrust fault—Sawteeth on upper plate.

Inclined strike and dip of beds.

EXOTIC-BLOCK BRECCIA—Rock contains chip or
block inclusions of rock different from those of
hudorndmbbcksmfby Typulyd\dran:

Stedudwmnﬁudsmdsanrdmls.ﬂwng
unit penetrated, if known, and depth of well, in
feet. 100 feet equals 30.5 meters.

COLLECTION SITE—Radiogenically dated rock
showing age in millions of years. Query before
symbol where precise location uncertain.
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Geology adopted from Drewes, Harold,
1980, and Newell, R.A,, 1973.

Figure 15. Distribution pattern of molybdenum in mesquite trees (in

By James A. Briscoe red), from Newell, R.A., 1973.

James A. Briscoe and Associates
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OLDER OR UNDIFFERENTIATED SURFICAL
DEPOSITS (HOLOCENE TO OLIGOCENE):—
Gravel, sand, and silt (Pleistocene and Pliocene—

i

Mainly alluvium of basins; includes some
colluvium and landslide deposits. Generally light
pinkish gray, weakly indurated, and with poorly
rounded clasts; locally well indurated. Thickness
several meters to hundreds of meters.

Basalt (Pleistocene to Pliocene)—Lava flows,
pyroclastic rocks, and some intercalated gravel.
Thickness several meters to a few hundred meters
in most places. Radiometrically dated at 0.25, 1.0,
and 32 m.y. old

Extensive andesite and dacite (Miocene and Upper
Oligocene)—Lava flows, pyroclastic rocks, some *
intercalated epiclastic rocks, and dikes. Mostly

Explanation

BISBEE FORMATION OR GROUP,
UNDIFFERENTIATED (LOWER
CRETACEOUS):—Upper part of Bisbee
Formation or Group, undifferentiated, and related
rocks.—Includes upper part of Bisbee Formation,
Mural Limestone, Morita, Cintura, Willow
Canyon, Apache Canyon, Shellenberger Canyon
and Turney Ranch Formations (not listed in
stratigraphic sequence) of the Bisbee Group,
Amole Arkose of Bryant and Kinnison (1954), and
Angelic Arkose. Consists of brownish- to reddish-
arkose, gray siltstone, sandstone, conglomerate,
and some fossiliferous gray limestone. Commonly
several hundred meters thick

GRANITE AND QUARTZ MONZONITE
(JURASSIC)—Stocks of pinkish-gray coarse-
grained rock. Locally associated with

lization. Dated at 140, 148, 149, 149, 150,

gray, fine-grained, porphyritic rocks; includes
some very coarse feldspar porphyry andesite
(Turkey track porphyry, an informal term of

Cooper, 1961). Thickness mostly several meters.
to several tens of meters. Dated at 24, 25, 27, 33,
and 39 m.y.

PPs

Extrusive rhyolite and rhyodacite (Miocene and Upper
Oligocene—Lava flows, welded tuff, pyroclastic
rocks, and some intercalated epiclastic rocks.
Light-gray to‘grayish-pink, vitric to fine-grained,
porphyritic. Commonly a few tens to a few
thousand of meters thick. Dated at 23, 24, 25, 26,
26, 26, and 27 m.y. An additional date of 47 m.y., if
substantiated, may indicate the presence of
Eocene rocks in the lower member of the $ O
Volcanics of Cochise Co.

Lower conglomerate, gravel, and sand (Oligocene and
Eocene?)—Alluvium; commonly grayish-red
deposits of small, well rounded, nonvolcanic

153, 160, 161, 167, 178, 185 m.y.

Sedimentary rocks (Lower Permian and Upper
Pennsylvanian)—consists of Epitaph Dolomite
(Lower Permian), Colina Limestone (Lower
Permian), and Earp Formation (Lower Permian
and Upper Pennsylvanian), undifferentiated.
Epitaph Dolomite is a dark- to light-gray slightly
cherty dolomite, limestone, marl, siltstone, and
qypsum, 120-280 meters thick. Colina Limestone
is @ medium gray, thick-bedded, sparsely cherty,
and sparsely fossiliferous limestone 120-280
meters thick. Earp Formation is a pale-red
siltstone, mudstone, shale, and limestone, 120-240
meters thick.

Horquilla Limestone (Upper and Middle
Pennsylvanian)—Light-pinkish-gray, thick- to thin-
bedded, cherty, fossiliferous limestone and

d pale-brown to pale-reddish-gray

clasts. Mostly several meters to a few tens of
meters thick.

UPPER CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS (LOWER PALEOCENE):—Lower
volcanic rocks—Rhyolite to andesite lava flows, i
pyroclastic rocks, and some intercalated epiclastic H

rocks. Dated at 57 m.y. Possibly younger age to | I————

east.

MAIN CORDILLEKAN (LARAMIDE) IGNEOUS
ROCKS:—Porphyritic and aplitic intrusive rocks
( and Upper Ci )—Mostly latitic
porphyry to dacitic porphyry in small stocks and
plugs and aplitic bodies not associated with other
granitoid stocks. Dated at 61, 63, 63, 64, and 65
my.

Fluidized intrusive breccia - exact age unknown, but
penetrates. and thus younger than Uncle Sam
porphyry.

Rhyodacite tuff and welded tuff. - Includes parts of
Salero Formation. Sugarloaf Quartz Latite, and
Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
Prophyry. Includes local intrusive bodies and locally
contains fragments of exotic rocks. Thickness

commonly several tens of meters to several
hundreds of meters. Dated at 66(?). 70, 72, 73, and
73 m.y. The Uncle Sam, in the Tombstone area, is
dated 72 m.y.

Andesitic to dacitic volcanic breccia.—Includes parts
of Solero Formation, Sugarloaf Quartz Latite, and
Bronco Volcanics, and all of Demetrie Volcanics
and Silverbell Formation of Courtright (1958).

intrusive rocks. Several tens of meters to several
hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite —Includes
some quartz diorite; appears in small stocks.
Locally associated with mineralization. Dated at 70,
71.72.73.74. 74, 74, and 76 m.y. The Schiefflin
granodorite at Tombstone i1s 72 m.y.

Roads and Highways
Dry wash
Southern Pacific Railroad

Government Reservation Boundary

SEEUP Aqueduct

* Cross section line

siltstone that increases in abundance upward.
Typically 300-490 meters thick.

SEDIMENTARY ROCKS (MISSISSIPPIAN AND
DEVONIAN)—Consists mainly of Escabrosa
Limestone (Mississippian)—locally (Armstrong
and Silberman, 1974) called Escabrosa Group—
and Martin Formation (Upper Devonian),
undifferentiated. In part of the Chiricahua
Mountains also includes Paradise Formation
( Mississippian) and Portal Formation of
Sabins, 1957a (Upper Devonian). In the Little
Dragoon Mountains and some adjacent hills also
includes Black Prince Limestone, whose fauna
and correlation show strongest affinities with
Mississippian rocks but which may include some
Pennsyivanian rocks. Escabrosa Limestone is a
‘medium-gray, massive to thick-bedded, commonly
crinoidal, cherty, fossiliferous limestone 90-310
meters thick. Martin Formation is thick- to thin-
bedded, gray to brown dolomite, gray sparsely
fossiliferous, and some siltstone and sandstone,
90-120 meters thick. Paradise Formation is a
brown, fossiliferous, shaly limestone. Portal
Formation is a black shale and limestone 6-105
meters thick. Black Prince Limestone is pinkish
gray limestone with a basal shale and chert
conglomerate, as much as 52 meters thick.

SEDIMENTARY ROCKS (LOWER ORDOVICIAN
TO MIDDLE CAMBRIAN):—El Paso Limestone
(Lower Ordovician and Upper Cambrian), Abrigo
Formation (Upper and Middle Cambrian), and
Bolsa Quartz (Middle Cambrian),
undifferentiated.—EJ Paso Limestone is a gray,
thin-bedded cherty limestone and dolomite 30
meters to about 220 meters thick. Abrigo

white or purplish-gray, thick-bedded, coarse-
grained quartzite and sandstone with a basal
conglomerate, 90-180 meters thick. To the east,
equivalents of part of the Abrigo Formation and
Bolsa Quartzite are known as the Coronado
Sandstone.

B

Sedimentary rocks (Upper and Middle Cambrian)—
Abrigo Formation (Upper and Middle Cambrian),
and Bolsa Quartzite (Middle Cambrian),

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodiorite and quartz monsonite, unfoliated to
foliated, in part metamorphosed. Generally in
stocks, which ahve been little studied.

PINAL SCHIST (PRECAMBRIAN X)—Chilorite schist,

phylite, and some metavolcaric rocks,
Icanic rocks,

One ic rock
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Fax

Flight line

and
dated at 1715 m.y.

CONTACT—Dotted where concealed.

MARKER HORIZON—Dotted where concealed.

DIKES—Showing dip.

FAULTS—Showing dip. Dotted where concealed or
intruded; ball and bar on downthrown side.

Normal

Reverse

Strike-slip—Arrow couple shows relative displacement

Single arrow shows movement of active block.

Major thrust fault—Sawteeth on upper plate.

Thrust fault—Sawteeth on upper plate.

Anticline.

Syncline

Inclined strike and dip of beds.

EXOTIC-BLOCK BRECCIA—Rock contains chip or
block inclusions of rock different from those of
host or other blocks nearby. Typically of volcanic-
tectonic or sedimentary-tectonic origin; excludes
Tertiary megabreccia deposits.

Site of well or generalized site of several wells, showing
unit penetrated, if known, and depth of well, in
feet. 100 feet equals 30.5 meters.

COLLECTION SITE —Radiogenically dated rock
showing age in millions of years. Query before
symbol where precise location uncertain.

Index contour line

Contour line

Contour interval: 25 gammas
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Tombstone Development Company, Inc.
Tombstone, Arizona

Geology adopted from Drewes, Harold, Figure 16. Aeromagnetic map of the Tombstone area.

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

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

By James A. Briscoe

James A. Briscoe and Associates
Tucson, Arizona
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Geology

OLDER OR UNDIFFERENTIATED SURFICAL
DEPOSITS (HOLOCENE TO OLIGOCENE).—
Gravel, sand, and silt (Pleistocene and Pliocene—
Mainly alluvium of basins; includes some
colluvium and landslide deposits. Generally light
pinkish gray, weakly indurated, and with poorly
rounded clasts; locally well indurated. Thickness
several meters to hundreds of meters.

Basalt (Pleistocene to Pliocene) —Lava flows,
pyroclastic rocks, and some intercalated gravel
Thuckﬂeﬂ several meters to a few hundred meters
in most places. Radiometrically dated at 0.25, 1.0,
and 3.2 my. old

Extensive andesite and dacite (Miocene and Upper
Oligocene)—Lava flows, pyroclastic rocks, some
intercalated epiclastic rocks, and dikes. Mostly
gray, fine-grained, porphyritic rocks; includes
some very coarse feldspar porphyry andesite
(Turkey track porphyry, an informal term of
Cooper, 1961). Thickness mostly several meters
to several tens of meters. Dated at 24, 25, 27, 33,
and 39 m.y.

Extrusive rhyolite and rhyodacite (Miocene and Upper
Oligocene—Lava flows, welded tuff, pyroclastic
rocks, and some intercalated epiclastic rocks.
Light-gray to grayish-pink, vitric to fine-grained,
porphyritic. Commonly a few tens to a few
thousand of meters thick. Dated at 23, 24, 25, 26,
26, 26, and 27 m.y. An additional date of 47 m.y., if
substantiated, may indicate the presence of
Eocene rocks in the lower member of the S O
Volcanics of Cochise Co.

Lower conglomerate, gravel, and sand (Oligocene and
Eocene?)—Alluwium; commonly grayish-red
deposits of small, well rounded, nonvolcanic
clasts. Mostly several meters to a few tens of
meters thick.

UPPER CORDILLERAN (LARAMIDE) IGNEOUS
ROCKS (LOWER PALEOCENE):—Lower
volcanic rocks—Rhyolite to andesite lava flows,
pyroclastic rocks, and some intercalated epiclastic
rocks. Dated at 57 m.y. Possibly younger age to
east.

MAIN CORDILLEKAN (LARAMIDE) IGNEOUS
ROCKS: —Porphyritic and aplitic intrusive rocks
(Paleocene and Upper Cretaceous)—Mostly latitic
porphyry to dacitic porphyry in small stocks and
plugs and aplitic bodies not associated with other
granitoid stocks. Dated at 61, 63, 63, 64, and 65
my.

Fluidized intrusive breccia —exact age unknown, but
penetrates, and thus younger than Uncle Sam
porphyry.

Rhyodacite tuff and welded tuff. -Includes parts of
Salero Formation, Sugarloaf Quartz Latite, and
Bronco Volcanics, and all of Red Bay Rhyolite, Cat
Mountain Rhyolite of Brown (1939) and Uncle Sam
Prophyry. Includes local intrusive bodies and locally
contains fragments of exotic rocks. Thickness.
commonly several tens of meters to several
hundreds of meters. Dated at 66(?), 70, 72, 73, and
73 m.y. The Uncle Sam, in the Tombstone area, is
dated 72 m.y.

lolcanics
and Silverbell Formation of Courtright (1958).
‘Commonly contains large blocks of exotic rocks
and locally includes some sedimentary rocks and
intrusive rocks. Several tens of meters to several
hundreds of meters thick in most places.

Lower quartz monzonite and graodiorite —Includes
some quartz diorite; appears in small stocks.

Locally associated with mineralization. Dated at 70,

71,72, 73,74, 74, 74, and 76 m.y. The Schiefflin
granodorite at Tombstone is 72 m.y.

Roads and Highways

— > Dry wash

Explanation

L)

BISBEE FORMATION OR GROUP,
[FFERENTIATED (LOWEI

CRETACEOUS):—Upper part of Bisbee
Formation or Group, undifferentiated, and related
rocks.—Includes upper part of Bisbee Formation,
Mural Limestone, Morita, Cintura, Willow
Canyon, Apache Canyon, Shellenberger Canyon
and Turey Ranch Formations (not listed in
stratigraphic sequence) of the Bisbee Group,
Amole Arkose of Bryant and Kinnison (1954), and
Angelic Arkose. Consists of brownish- to reddish
arkose, gray siltstone, sandstone, conglomerate,
and some fossiliferous gray limestone. Commonly
several hundred meters thick

GRANITE AND QUARTZ MONZONITE
(JURASSIC)—Stocks of pinkish-gray coarse
grained rock. Localy associated with

Dated at 140, 148, 149, 149, 150,

PPe

wh

153, 160, 161, 167, 178, 185 m.y

Sedimentary rocks (Lower Permian and Upper
Pennsyivanian)—consists of Epitaph Dolomite
(Lower Permian), Colina Limestone (Lower
Permian), and Earp Formation (Lower Permian
and Upper Pennsylvanian), undifferentiated.
Epitaph Dolomite is a dark- to light-gray slightly
cherty dolomite, limestone, marl, siltstone, and
gypsum, 120-280 meters thick. Colina Limestone
is a medium gray, thick-bedded, sparsely cherty,
and sparsely fossiliferous mestone 120-280
meters thick. Earp Formation is a pale-red
siltstone, mudstone, shale, and imestone, 120-240
meters thick.

Horquilla Limestone (Upper and Middie
Pennsylvanian)—Light-pinkish-gray, thick- to thin-
bedded, cherty, fossilferous fimestone and

pale-brown to pale-reddish-gray

[ |

I

Government Reservation Boundary

- ——-- Aqueduct

Av—A* Cross section line

siltstone that increases in abundance upward.
Typically 300-490 meters thick.

SEDIMENTARY ROCKS (MISSISSIPPIAN AND
DEVONIAN)—Consists mainly of Escabrosa
Limestone (Mississippian)—locally (Armstrong
and Silberman, 1974) called Escabrosa Group—
and Martin Formation (Upper Devonian),
undifferentiated. In part of the Chiricahua
Mountains also includes Paradise Formation
(Upper Mississippian) and Portal Formation of
Sabins, 1957a (Upper Devonian). In the Little
Dragoon Mountains and some adjacent hills also
includes Black Prince Limestone, whose fauna
and correlation show strongest affinities with
Mississippian rocks but which may include some
Pennsylvanian rocks. Escabrosa Limestone is a
medium-gray, massive to thick-bedded, commonly
crinoidal, cherty, fossiliferous limestone 90-310
meters thick. Martin Formation is thick- to thin-
bedded, gray to brown dolomite, gray sparsely
fossiliferous, and some siltstone and sandstone,
90-120 meters thick. Paradise Formation is a
brown, fossiliferous, shaly limestone. Portal
Formation is a black shale and limestone 6105
meters thick. Black Prince Limestone is pinkish-
gray limestone with a basal shale and chert
conglomerate, as much as 52 meters thick.

SEDIMENTARY ROCKS (LOWER ORDOVICIAN

),
undifferentiated. —E] Paso Limestone is a gray,
thinbedded cherty limestone and dolomite %0
meters to about 220 meters thick. Abngo
Formation is a brown, thin-bedded fossiliferous
limestone, sandstone, quartzite, and shale, 210-
240 meters thick. Bolsa Quartzite is a brown to

, 90-180 meters thick. To the east,
eqmder\lsofparldﬂ\eAbngoFonmhmand
Bolsa Quartzite are known as the Coronado
Sandstone.

Sedimentary rocks (Upper and Middle Cambrian)—
Abngu Formation (Upper and Middie Cambrian),
nd Bolsa Quartzite (Middle Cambrian),

GRANITOID ROCKS (PRECAMBRIAN Y):—Mainly
granodiorite and quartz monsonite, unfoliated to
foliated, in part metamorphosed. Generally in
stocks, which ahve been little studied.

PINAL SCHIST (PRECAMBRIAN X)—Chlorite schust,

phyllite, and some metavolcanic rocks,
rocks,
nd gneiss. One metavolcanic rock
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dated at 1715 m.y.

CONTACT—Dotted where concealed.

MARKER HORIZON-—Dotted where concealed.

DIKES—Showing dip.

FAULTS—Showing dip. Dotted where concealed or
intruded; ball and bar on downthrown side.

Normal

Strike-slip—Arrow couple shows relative displacement.

Single arrow shows movement of active block.

Major thrust fault—Sawteeth on upper plate.

Thrust fault—Sawteeth on upper plate.

Anticline.
Syncline.

Inclined strike and dip of beds.

EXOTIC-BLOCK BRECCIA—Rock contains chip or
block inclusions of rock different from those of
host or other blocks nearby. Typically of volcanic
tectonic or sedimentary-tectonic ongin; excludes
Tertiary megabreccia deposits.

Site of well or generalized site of several wells, showing

unit penetrated, if known, and depth of well, in
feet. 100 feet equals 30.5 meters.

COLLECTION SITE —Radiogenically dated rock
showing age in millions of years. Query before
symbol where precise location uncertain.

-150 Gravity contour line

Contour interval: 5 milligals
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Tombstone Development Company, Inc. ——— :

Tombstone, Arizona

Geology adopted from Drewes, Harold,
1980, and Newell, R.A., 1973.

By James A. Briscoe

James A. Briscoe and Associates
Tucson, Arizona

Figure 17. Gravity map of the Tombstone area.

From Bouguer Gravity Anomaly map of Southeastern
Arizona, West, E.E., Sumner, J.S., Aiken, C.L.V,, and
Conley, J.N., 1973.
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HISTORY

The Tombstone Mining District, then in Arizona Territory,
was discovered by the son of a California 49ers, Edward L.
Schieffelin in 1877. Tombstone, though isolated and subject to
marauding Indians and outlaws in its early days, was affected by
world events through their effect on silver prices. Ironically,
with Schieffelin's discovery of rich silver mineralization at
Tombstone, silver prices began a decline, and the price in 1877
would not be seen again for 86 years (Figure 18). During the
thirty-four year period from 1877 to 1915, when most of the ore
was produced at Tombstone, declining silver prices, financial
panics and the removal of the United States currency from the
silver standard, had immeasurably more affect on the mines than
the Earp/Clanton fued, Apaches, bandits or underground waters.

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

In 1911, silver prices of approximately $0.55 per ounce
(less than half that in effect when Schieffelin discovered
Tombstone) brought the demise of efforts to unwater the mines,
and the bankruptcy of the Development Corporation of America and
its Tombstone Consolidated Mines subsidiary. The Phelps Dodge
Corporation, who was a creditor of the Development Corporation
of America, took over the Tombstone Consolidated Mines and
operated them in a desultory fashion as the Bunker Hill Mining
Company from 1914 through 1933. 1In 1915, the wunderground
workings of the State of Maine mine were thoroughly sampled by
Phelps Dodge (Butler, 1938, p. 10l1). Though 824 samples were
taken, markings of which can still be seen on the walls of the
State of Maine workings, the only information remaining concern-
ing this sampling was published in the Butler Wilson volume,
page 102, reproduced as Figure 34 in this report. 1In 1904, the
Mellgren's, headed by Mr. V. G. Mellgren, a graduate mining and
metallurgical engineer (Sarle, C. J., p. 8) began acquiring

2




unpatented claims surrounding the patented ground 1later to be
held by the Bunker Hill Company (Phelps Dodge Corporation
subsidiary). The Pittman Act, supporting the price of silver at
$1 per ounce between 1920 and 1923, stimulated some production
in the main part of the district, primarily in the Bunker Hill
mine, and a small amount of production in the western part of
the district. During this time, surface mining on the Free
Coinage vein and from the Bonanza dump was undertaken. In 1923,
the 01d Puebla Leasing Company cyanided part of the State of
Maine dump and underground mine gob reportedly at a profit
(sarle, p. 8). Also, Chapman (later Dean and Dean Emertris of
the College of Mines, University of Arizona, Tucson) undertook a
Master's thesis (completed in 1924) to study the metallurgy of
potential commercial leaching of the State of Maine mine dump.
With the repeal of the Pittman Act in 1923, the price of silver
plumeted (Figure 18), and no leaching of the dumps was ever
accomplished. In 1933, when the price of silver averaged
approximately $0.32 per ounce, the Tombstone Development
Company, Inc., was formed by Ed Martin, owner of Tucson Ice, Dr.
Roger Kline, founder of the Tucson Clinic, Mr. Moorehead, a
retired banker from St. Louis, and Messrs. William Grace, Sr.
and William Grace, Jr. (father and son). Lack of sufficient
capital forced the Graces out of the deal at the time of
incorporation. The purchase price from Phelps Dodge was $75,000
(Bill Grace, 1985, pers. comm.) for all of their patented mining
claims in the district, which included essentially all of the
producing mines. The company was headed by Ed Holderness, and
acquired all the Bunker Hill (Phelps Dodge) properties in the
Tombstone Mining District. It was the depths of the Great
Depression, and miners were paid $3 per day and were happy to
get the work

The higher gold price instituted by Franklin Roosevelt in
1932, stimulated some development, particularly in exploration
in the main part of the district. The United States Smelting,
Refining and Mining Company did considerable underground work in
the northeastern part of the main district from early 1934 to
May, 1937, on <claims leased from the Tombstone Development
Company, and shipped some ore. The Tombstone Extension mine was
operated by the American Smelting and Refining Company during
fifteen months in 1933 and 1934, and subsequently by its origin-
al owners, the Tombstone Mining Company and by lessees (Butler,
p. 48). Except for some possible treatment of old stope fill-
ings and dump leaching, there was no significant activity in the
western part of the district. Sometime in.the early 1940's, the
State of Maine, Lowell, Brother Jonathan and the Triple X claims
were purchased for back taxes by Mr. William Grace, and were
subsequently transferred to Ernest Escapule, Senior. Joe
Escapule, Sr., about the same time, acquired the True Blue, San
Pedro, Santa Ana and the Free Coinage claims. During World War
II, there was some study of the manganese deposits in the
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district in relation to the war effort, and some manganese ores
were produced, primarily from the Emerald and Bunker Hill mines,
' owned by the Tombstone Development Company. After World War II,
in the late 1940's (the exact date is uncertain),.a controlling
interest in the Tombstone Development Company was acquired by
the Newmont Mining Company. Fred Searls, then president, had
v 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 and since have discouraged further explora-
tion for copper at this depth.

In 1973, 1971 Minerals, Ltd. - a limited partnership headed

by general partners Richard F. Hewlett (operating as Sierra

Mineral Management, Inc.) and Bruce Stevenson and James Bishop

(operating as Stevenson, Bishop and McCready, Inc. of New York

. City, New York), optioned the various holdings of the Escapule
family in the western part of the district, and later, the land

of the Tombstone Mineral Reserve, Inc. (now ALANCO, Inc.) and

the lands belonging to the Tombstone Development Company, Inc.

In the spring of 1973, the writer was hired by Mr. Dick Hewlett

to prepare a report on the State of Maine area. A topographic

map of the State of Maine area was prepared at a scale of 1" =

‘ 200" with contour intervals at five feet, detailed mapping on
black and white photos later to be transfered onto the topogra-

phic base, and geochemical sampling was performed. Previously
unrecognized windows exposing sediments beneath the Uncle Sam
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tuff, as well as isoclinal folding in the sediments, were
mapped. A comprehensive exporation program was planned and
recommended. Also, in October of 1973, just before completion
of the detailed report on the State of Maine area, the entire
Tombstone District was flown in color aerial photography at a
scale of 1" = 2,000' along north-south flight lines. 1In 1974, a
counter-current decantation c¢yanide 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 1in
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 o0ld 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 (Fiqures 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. (TEI) obtained a lease
on the patented Tombstone Development Company lands in the main
part of the district. Between 1980 and 1985, TEI operated an
open pit mine on the Contention vein, and produced up to 3,000
tons per day of 1low 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.

A
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A regional map covering southeastern Arizona compiled by
Harald Drewes of the United States Geological Survey was
published in 1980. 1In 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 1is related to a
Laramide caldera, and mineralization in the district is also
related to the caldera and attendant volcanic action and hydro-
thermal fluids.

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

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

3¢




SUMMARY OF TOTAL RECORDED PRODUCTION AT TOMBSTONE
1878 TO 1537
CALCULATED TO CURRENT VALUES ~ $400 GOLD, $10 SILVER, $1.00 COPPER, $.50 LEAD, $.40 ZINC

TOTAL
VALUE OF CALCULATED CALCULATED CALCULATED CALCULATED CALCULATED TOTAL
PRODUCTION OUNCES OF OUNCES OF POUNDS OF POUNDS OF POUNDS OF CURRENT
IN YEAR GOLD VALUE AT SILVER VALUE AT LEAD VALUE AT COPPER VALUE AT ZINC VALUE AT VALUE OF
SOURCE & YEAR PRODUCED  PRODUCED  $400/0Z. PRODUCED  $10/0Z. PRODUCED $.50/LB. PRODUCED $1.00/LB. PRODUCED  §.40/LB. PRODUCTION
J. B. TENNEY
1878 TO 107 28400000 182356 76842400 24338153 243381590 31805070 15902535 NRP* NRP NRP NRP 336226525
MINERAL RESOURCES OF
THE UNITED STATES
1808 TO 1534 8138571 57971 23188400 66596% 66596520 23767828 11883815 2358485 2358485 1058234 423284 104451023
TOMBSTONE DEVELOPMENT
TOMBSTONE MINING CO'S.
135 To 1936 564437 6375 2550000 390305 3903050 31987305 1598653 157536 157536 NRP NRP 8208239
TOMBSTONE EXTENSION
1230 TO 1837 374972 1083 433056 1080491 10804807 6335734 3167867 NRP NRP NRP NRP 14405828
TOTAL 37477980 257785 103113856 32468647 324686467 65105838 32552969 2516031 2516031 1058234 423294 463292616
AVERAGE/TON** 0.21 82.22 25.89 258.90 51.91 25.% 2.01 2.01 0.84 0.34 369.42
*NO RECORDED PRODUCTION
*sTOTAL TONNAGE ASSUMED TO BE — . 1254087

L2 8JunbB4

James A. Briscoe & Associates, Inc.
Tucson, Arizona 8.“\\

Prepared bv James A. Briscoe @© Copyright, 1982 by James A. Briscoe & Associates, Inc




PRODUCTION OF THE TOMBSTONE MINING DISTRICT

1878 TO 1807+

CALCULATED TO CURRENT VALUES - $400 GOLD,

RS S S EEEE S EEECECCCEESEESEEErCCc=

TOTAL

VALUE OF
PRODUCTION

IN YEAR

PRODUCED

CALCULATED**
OUNCES OF
GOLD e14Xx

OF TOTAL
PRODUCED

$10 SILVER & $.50 LEAD

VALUE AT
$400/02Z.

CALCULATED**
OUNCES OF
SILVER 081X
OF TOTAL
PRODUCED

VALUE AT
$10/02Z.

CALCULATED**

POUNDS OF
LEAD®*** @5X
OF TOTAL
PRODUCED

VALUE AT
$.50/LB.

EEEEEECEEERCEEEESEEEEEEESSS=ESSSSSS==========

TOTAL
CURRENT
VALUE OF
PRODUCTION

18785-1880
1881
1882
1883
1884
1885
1886
1887
1888
1888
1880
1891
1882
1883
1884
1885
1886
1887-1801
1802-1806
1807

2318567
5040633
5202876
2881800
1380788
1320878
1050000
600000
600000
250000
600000
674650
430000
450000
300000
3dooooo0
300000
16538610
2550000
550000

6281555
13656287
14085842

7807760

3740887

3578842

2844702

1625544

1625544

677310

1625644

1827788

1327528

1218168

812772
812772
812772

4171174

6808563

1480082

1633078
3613187
3696780
2122126
1016762
9898881
858081
485818
517021
2154286
462857
551886
456207
467308
244880
373846
357353
2078474
3500847
675000

16330776
36131871
36967803
21221264
10167621
9988812
8580808
4858184
5170213
2154255
4628571
5518864
4562068
4673077
2448800
3738462
3573528
20784735
35008475
6750000

2318567
5250658
5308057
3351047
1865830
1651220
1141304
666667
681818
320513
666667
784477
587561
608108
454545

468750

500000
1877573
2771738

618868

1158284
2625330
2654528
1675523
832865
825610
570652
333333
340808
160256
333333
392238
298780
304054
227273
234375
250000
838787
1385870
258434

23771615
52413588
53718174
30704547
14841472
14404363
12006264
6918061 .
7136666
2981822
6587449
7739881
6188377
6196289
3488845
4785608
4636302
25884685
43302907
8499516

TOTAL

AVERAGE/TON®*#***

28400000

182356

0.32

76842428

126.48

24338158

40.01

243381588

400.07

31805070

52.28

15902535

26.14

336226552

552.689

R R R RN RN NS S SR RS S NS SN EECE S S EE S EEC SN S S E S SR EECECCCSSSSCSEES S S S S EEEECEEEEECESEEEEEEESSEREEEESEES==EE==s

*"UNPUBLISHED FIGURES & ESTIMATES COMPILED BY J.B. TENNEY FROM OLD COMPANY REPORTS", ARIZONA BUREAU OF MINES,

GEOLOGICAL SERIES, NO. 10,

22 @24nbB1L4

Prepared by James A. Briscoe

AND 5% LEAD,

BULLETIN NO.

WITH MINOR COPPER AND MANGANESE".

143 (BUTLER & WILSON)

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

#***ASSUME TONNAGE MINED FROM 1878 TO 1907 EQUAL TO THAT FROM 1808 TO 1834 -

608345 TONS

**AS REPORTED BY BUTLER & WILSON, "THE PRODUCTION OF THE TOMBSTONE DISTRICT BY VALUE WAS ABOUT 81% SILVER, 14% GOLD
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.

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

© Copyright, 1982 by James A. Briscoe & Associates, Inc.
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PRODUCTION OF THE TOMBSTONE MINING DISTRICT
1908 TO 1834+
CALCULATED TO CURRENT VALUES - $400 GOLD, $10 SILVER, $1.00 COPPER, $.50 LEAD & $.40 ZINC

TOTAL

GOLD VALUE AT SILVER VALUE AT COPPER VALUE AT LEAD VALLE AT ZINC VALUE AT CURRENT
YEAR TONS  (OUNCES) $400/02Z. (OUNCES) $10/02. (POUNDS) $1.00/LB. (POUNDS) $.50/L8. (POUNDS) $.40/18. VALUE
1908 51266 4106 1642304 357414 3574140 7608 7608 1770784 885397 173313 63325 6178774
1908 27123 2280 811832 201700 2017000 27706 27706 1635637 767818 7131186 285246 4009603
1810 4618 1062 424712 116520 1165200 31163 31163 305876 152538 0 0 1774013
1811 87g7 2155 862196 224088 2240980 68208 68208 882010 491005 0 0 3662390
192 7405 1363 645272 158377 1583770 27723 27723 617820 308810 0 0 2465675
1913 6760 1230 491824 12632 126380 10667 10857 33423 167462 36503 14601 1948464
1914 6063 1380 552144 108868 1088680 14217 14217 234345 117173 3x24 15730 1787843
1915 8003 1216 486404 100115 1001150 36075 36075 164136 B2068 63386 25354 1631051
1916 57200 3850 1580144 343463 3434530 131546 131548 883883 4818 0 0 5638212
1917 67474 3373 134820 444138 4441390 228488 228488 1278754 63%377 0 0 6658475
1818 18507 1388 555760 283412 2834120 41503 41503 457183 2285 0 0 3658975
1918 27445 1845 778328 450366 4503660 280182 280182 289424 144712 0 0 5716882
120 28846 1788 715104 456855 4568550 144010 144010 243848 121873 0 0 5549637
121 18584 1057 422632 423688 4236880 132688 132688 678846 338473 0 0 5131673
182 44347 2322 28880 613700 6137000 186740 186740 744528 . . 372265 0 0 7634985
193 32770 303 1237040 495843 4858430 185485 185485 465814 232857 0 0 6624812
10R4 15448 24589 883456 - 247842 2476420 72836 72836 465323 232662 0 0 3765374
1R5 27760 2677 10706 R 241381 2413810 77340 77340 1527018 763510 325 13037 4338388
196 47708 2890 1185860 220578 22057 20 113476 113476 1870886 88543 0 0 4500618
187 31186 2458 883458 168844 1588440 68867 68867 800178 450088 0 0 3101852
128 24172 2287 818644 164161 1641610 135643 135643 247316 123658 0 0 2818555
128 15601 1671 668216 88423 884230 B67® 8678 843817 421808 0 0 2171148
130 8734 1875 748800 74837 74870 32803 32803 836862 468431 0 0 2000504
181 16623 2204 881568 101504 1015040 62440 682440 476814 238407 0 0 2187455
182 5067 485 184096 48021 480210 24810 24810 1166700 583350 0 0 1282466
1833 7018 1441 578464 100323 1003230 27875 27875 1744270 872135 0 0 2479704 °
1364 3701 3706 1482448 286737 2867370 70612 70512 2400324 1200162 0 0 57204
TOTAL 608345 57871 23188586 665868 66586820 2368456 2358486 23767829 11883815 1058234 423284 104451218
AVERAGE/TON 0.10 38.12 10.85 108.47 3.88 3.88 38.07 18.53 1.74 0.70 171.70

*AS RECORDED IN "THE MINERAL RESOURCES OF THE UNITED STATES"

AVERAGE VALUE PER TON AT CURRENT PRICES (SEE ABOVE) - $104,451,218
—— = $171.70/TON
608,345

g2 aJnblyg

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

P db J A.BA @© Copyright, 1982 by James A. Briscoe & Associates, lnc\“l
repare yJames A, scoe



PRODUCTION OF THE TOMBSTONE MINING DISTRICT

1835 TO 1836*

CALCULATED TO CURRENT VALUES - $400 GOLD, $10 SILVER, $1.00 COPPER, $.50 LEAD, $.40 ZINC
========:=x====z::::::=======================================::::======================:=:g:::::::::z::::::==:==========x
TOTAL
GOLD VALUE AT SILVER VALUE AT COPPER VALUE AT LEAD VALUE AT CURRENT
YEAR TONS (OUNCES) $400/02Z. (OUNCES) $10/02Z. (POUNDS) $1.00/LB. (POUNDS) $.50/LB. VALUE
1835 12807 3450 1380000 243087 2430870 103574 103574 2228288 1114144 5028588
18386 98305 2825 1170000 147218 1472180 53862 53862 868017 484508 3180651
TOTAL 22212 6375 2550000 380305 3803050 157536 157536 3187305 1588653 82082389
AVERAGE/TON 0.28 114.80 17.57 175.72 7.08 7.08 143.84 71.87 368,59
====================:=B===============‘=E===============================================:====:===E=======================

*AS STATED BY THE TOMBSTONE DEVELOPMENT CO.

y2 aJnbiLg

Prepared by James A. Briscoe

& THE TOMBSTONE MINING CO.

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

@© Copyright, 1982 by James A, Briscoe & Associates, Inc.
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TOMBSTONE EXTENSION AREA

PRODUCTION STATISTICS OF THE TOMBSTONE MINING CO. FOR THE TOMBSTONE EXTENSION AREA - 1830 TO 1837

CALCULATED TO CURRENT VALUES - $400 GOLD, $10 SILVER & $.50 LEAD
‘.S::‘:EIS:::E:::z::::======================:========:============================8= EE S S E SRS SR RS SCSESE=SSS=S=S=S=E=EZ=
TOTAL
‘ : . GOLD: VALUE AT -  SILVER VALUE AT -~ ° LEAD VALUE AT GROSS,
OPERATOR WET TONS  DRY TONS  (OUNCES)  $400/0Z.  (OUNCES) $10/0Z.  (POUNDS)  $.50/LB. VALUE
TOMBSTONE MINING CO.
1830 2810.78 2758.64 204.60 B81B40.00 21886.64 219966.40 B887952.45 443976.23 745782.63
1831 311.66 288.69 44.21  17684.00 5800.71  5B007.10 232098.67 116049.34 191740.44
1932 2482.88 2348.69 225.56  90224.00 32382.00 323920.00 1226722.00 613361.00 1027505.00
HAYWARD & RICHARDS
1833 785.00 747.31 60.27 24108.00 9083.00 80930,00 336810.00 168405.00 283443.00
A. §: & R.
1833 3041.00 2818.36 224.14  88656.00 37840.00 378400.00 1145565.00 572782.50 1040838.50
1834 2018.00 2006.20 116.38  46552.00 198836.00 198360.00 726558.00 3632789.50 608181.50
HOLT & D'AUTREMONT
1934 1185.01 1123.03 78.38  31752.00 15786.27 157962.70 553881.48 276995.74 466710.44
HASSELGREN &
D'AUTREMONT
1935 2308.64 2164.36 78.86  31844,00 27055.81 270558.10 B42762.11 421381.06 723883.16
CARPER LEASE
1935 1986.71 183.35 8.14 3256.00 2421.26  24212.60 B88951.82  44475.91  71944.51
TOMBSTONE MINING CO.
1935 118.50 110.02 2.48 886.00 961.489 8614.80  38143.48 19571.74 30182.64
1936 80.78 75.83 2.36 844,00 648.74 6487.40  21870.27 10885.14 1B8416.54
1937 461.05 412.48 27.55 11020.00 4437.05  44370,.50 167849.24 83974.62 139365.12
MACIA LEASE
1836 96.48 88.96 3.56 1424.00 983.68 9836.80 36054.80 1B027.45 29288.25
M e e e e e e e e e e e e e e e e e e e e e e e e e e e
- GALLAGHER LEASE
w
c 19386 65.37 56 .63 4.14 1656 .00 1228.01  12280.10 289203.22 14601.61  28537.71
.1 ===============2================H§======================================:===========:::============:=========:===========
@ TOTAL 16081.86 15185.65 1082.64 433056.00 180480.66 1804906.60 6335733.64 3167866.82 5405829.42
2: AVERAGE/TON ‘ ) g 0.07 28.50 11.88 118.78 416.34 208.47 355.75
========:===============:::=================:================:::=================:================:==:=::::::::::::::::::

Prepared by James A. Briscoe

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

@ Copyright, 1982 by James A. Briscoe & Associates, 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 had a complex geologic
history, which includes sedimentation, folding, thrust faulting,
explosive acid volcanism and caldera formation and resurgence,
several stages of intrusion by igneous rocks and mineralization
from hydrothermal solutions between 72 m.y. and 63 m.y.

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

The post-Paleozoic tectonic history of the Tombstone area
has been complex. At least two episodes of folding and thrust
faulting have taken place (Gilluly, p. 122-130). It is apparent
(Gilluly, p. 128) that an earlier period of deformation created
eastward trending features, and later deformation formed north-
trending and oblique features. During the first stage, north-
south compression formed east trending folds and minor thrusts,
with a north strike and northerly 1low angle dips. Later, the
area underwent southwest-northeast compression, which produced
thrust faults of northwesterly trend, and was probably responsi-
ble for large features visible in the district today, including
the Empire anticline and the north 50 degree east fractures.

There must have been a profound structural weakness at the
current location of the Tombstone Hills, because: Laramide vol-
canism appears to form a focus at Tombstone, with relatively
smaller effect on the surrounding terrain for a distance of 20
or more miles. Laramide surface volcanism began with the extru-
sion of the Bronco volcanics, comprised of lower andesite flows
and breccias, overlain by rhyolitic tuffs and flows (Newell, R.
A., 1974, p. 40-41). Examination by the writer suggests that
these rhyolites, at least in part, may be a series of coalescing
rhyolite domes, as they exhibit contorted flow, and in places,
flow breccia structures. The Bronco andesites, which were

Lo -4Y
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extruded as flows, flow breccias and probable lahars, are of the
Silverbell type. Extruded over the Bronco volcanics is the 71.9
2.4 m.y. (Drewes, 1971) old Uncle Sam quartz latite tuff. The
extrusion of the tuff, which probably started issuing forth from
the area of the Bronco Hills, resulted in partial evacuation of
the wunderlying 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 wunits
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, 1lead, 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 al. (1962) for potassium—argon on rhyolite

4z



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 al. (1968, p. 30), "15 of
the 16 known porphyry copper deposits in Arizona are intimately
related to the late-Cretaceous or early-Tertiary plutons of the
Laramide (75 to 55 m.y.)", and of these 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). 1If 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 1lead-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 1is 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, 1is along the
Ajax Hill fault, . where some 5,000 feet of stratigraphic throw
between the Preambrian on the wupside 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 1latite porphyry, the
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granophyre, and the rhyodacite. The reopening of the northeast
trending fracture zone§ _ the prevalent fracture direction in

Arizona
geother
emplaci

since the Preé%mbrian, allowed the «circulation of
mal convection cells altering the surrounding rock and
ng 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 pos

sibly magnetic anomalies at the Charleston crossing, on

the Huachuca Military Reservation, west of the San Pedro River,

and at
rearran
formati
after

The rea
sable

The onl
fault,

Schieff
of whi
evidenc

Ch
(Newell

Fairbank. Following Newell's chronology, the writer has
ged the chronology to support the evidence for caldera
on, and intrusion of the the Schieffelin Granodiorite
the extrusion of the Uncle Sam tuff and caldera collapse.
der should note that the rearranged chronology is permis-
within the sound chronologic evidence cited by Newell.
y major change is the timing of movement on the Ajax

extrusion of the Uncle Sam tuff, and intrusion of the
elin Granodiorite along the caldera fracture zone - all
ch are permissable under Newell's cited geochronologic
e:

ronological Summary--Igneous and Structural Activity
» 1974, p. 67-72)

The following chronological summary is based on field

relations and age dates from selected igneous rocks. The

su
se
hi

mmary is presented in a tabulated form to allow better
paration and understanding of the complex structural
story.

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

2. Folding of the Bisbee Formation in the central
portion of the Tombstone district. “Evidence:

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

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

3. Movement along the Ajax Hill fault. Evidence:

i
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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 al. (1962) dated the granodiorite
at 72 m.y.

7. Renewed movement along the Prompter fault.
Evidence:




8.

9.

10.

11.

b.

“#

The Prompter fault cuts andesite porphyry
dikes.

The Prompter fault offsets the Ajax Hill
fault.

Emplacement and extrusion of the Uncle Sam Tuff.
Evidence:

de.

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

The Uncle Sam Tuff follows the Ajax Hill
fault.

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

The Uncle Sam Tuff is more siliceous than the
Schieffelin Granodiorite.

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.

Emplacement of the quartz latite porphyry.
Evidence:

de.

b.

The quartz latite porphyry cuts the Bronco
Andesite.

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.

Emplacement of the granophyre. Evidence:

de.

b.

The granophyre intrudes the Ajax Hill fault.

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

Emplacement of the rhyodacite. Evidence:

de.

The rhyodacite intrudes the Ajax Hill fault.




12.

13,

14.

15.

16,

47

b. The rhyodacite intrudes the Uncle Sam Tuff.

c. The rhyodacite probably altered the
granophyre.

Earliest fracturing along the northeast-trending
fissures. Evidence:

a. The fissures cut the Uncle Sam Tuff.

b. The fissures are intruded by hornblende
andesite dikes.

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

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

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

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

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

Emplacement of the rhyolite porphyry, and
associated dikes and sills. Evidence:

a. A rhyolite dike cuts an andesite porphyry
dike immediately west of Military Hill.

b. The rhyolite intruded the Prompter fault
zone. b

c. Creasey et al. (1962) obtained a potassium-
argon date of 63 m.y. for the rhyolite.

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




17. Renewed movement along the Prompter fault.
Evidence:

a.

b.

A rhyolite porphyry dike is cut and offset
left laterally about 200 ft. by the Prompter
fault system.

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

18. 1Introduction 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.

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

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

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.

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

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

a.

b.

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

Northwest-trending faults (Grand Central,
East Boundary, and Walnut Gulch) have
progressively lowered the district to the
northeast.

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 Eo)te

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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5.

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

C. The dikes do not cut the Schieffelin Granodiorite.

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.) L ]

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.

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

a. The Ajax Hill fault cuts the Prompter fault.

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

c. The Ajax Hill fault bounds the western margin of
the Tombstone basin.

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

Emplacement of the quartz latite porphyry after caldera
resurgence above. Evidence:

a. The quartz latite porphyry cuts the Bronco
Andesite.



9.

10.

11.

12.

13%

4

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.

Intrusion of the Schieffelin Granodiorite. Evidence:

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

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

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

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.

Earliest fracturing along the northeast-trending
fissures. Evidence:

a. The fissures cut the Uncle Sam Tuff.

b. The fissures are intruded by hornblende andesite
dikes.

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

Emplacement of the rhyodacite. Evidence:

a. The rhyodacite intrudes the Ajax Hill fault.
b. The rhyodacite intrudes the Uncle Sam Tuff.

c. The rhyodacite probably altered the granophyre

(and related alteration of the hornblende andesite
dikes above).




14.

15,

16.

5z

Introduction of hydrothermal solutions and formation
of the base-metal and silver deposits at Charleston
and at Tombstone. Phreatic (steam) explosive activity
at the surface, and fluidized breccia pipe formation
in the sub-surface at Robbers Roost and the Charleston
Lead Mine area with attendant hydrothermal alteration
and base and precious metal mineralization. Evidence:

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

b. The mineralization followed northeast-trending
fractures at Tombstone (Butler and Wilson, 1942,
P. 2031)

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

d. Fluidized breccia pipes at Robbers Roost and
Charleston Lead Mine.

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

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

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

Emplacement of Extension quartz monzonite porphyry.
Evidence:

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

Emplacement of the rhyolite porphyry, and associated
dikes and sills. Evidence:

a. A rhyolite dike cuts an andesite porphyry dike
immediately west of Military Hill.

b. The rhyolite intruded the Prompter fault zone.

c. Creasey et al. (1962) obtained a potassium—- argon
date of 63 m.y. for the rhyolite.



7.

18.

"' 19,

20.

a3

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

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.).

¢. 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.

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

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.

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 %



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

Plio-Pleistocene(?) Gila Conglomerate 1is exposed along
Walnut Gulch south and east of Tombstone. These gravels, which
are well indurated by calcium carbonate, are faulted and tilted
about 40 degrees to the northeast (Newell, 1974, p. 72), and
probably occupy valley basins and pediment areas surrounding the
Tombstone Hills. Quaternary alluvium 1lies 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 GEQLOGY IN THE STATE OF MAINE AREA

General Background

—— —— ———————— —— —— — ——————————————————

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.

The base triangulation survey for the 1973 base map was
surveyed by Florian and Collins, civil engineers from Tucson,
Arizona. Elevation control was tied to the state survey, using
the bench mark at the Public Library at Tombstone. Primary
control points were surveyed using theodolites and a Hewlett-
Packard distance measuring device. The survey is first order in
nature and adheres to minimum government specifications. In
addition to the primary control points, all identifiable claim
monuments and posts were targeted with white, 24 inch wide
butcher paper, in the form of a "Y", with the monument in the
center and legs extending outward 10 feet in 1length. 1In
addition to claim monuments, £fence corners, other property
boundaries of interest, and some power poles were thus targeted.
Probably at least 200 points were so identified. The area was
then flown by Cooper Aerial Survey and photographed with black
and white film using a Wild RC-10 mapping camera. The map was
compiled using Kelsh plotters. Each of the targeted claim
monuments and other points of interest were surveyed on the
Kelsh with their 1location 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 1located, 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 1longer 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 "T", and the intervening
drill holes were marked with a twenty-four inch square sheet of
butcher paper. Adits were also marked with a "Y" symbol, the
"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 two scales. One flight
line which covered the desired width was flown at 1:12600 (1" =
about 1,000'), while another set of photos was flown at the
larger scale of 1:6,000 (1™ = 500). This was done so that as
the need might arise, a topographic map at a scale of 1" = 50°
with a two foot contour interval could be prepared of any area
within the over flight zone. 1Initially, the northwest quarter
of Section 16, where all mining and exploration activity of
significance in the previous decade had taken place, was to be
mapped at this larger scale, as well as the smaller scale, wider
coverage map at 1" = 200' with five foot contour intervals.
Coordinates used on the 1973 vintage map were arbitrary, while
on the 1985 vintage map, the state coordinate system was used so
that it could be compared with other map data within the dist-
rict. Cooper was able, using their sophisticated computerized
equipment, to re-calculate their original photo control points
and re-position the coordinate system to correspond to the state
coordinate system. They then wupdated areas of change without |
the necessity of re-drafting the entire map, thus saving a i
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 BAerial
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. 1In this manner, the more simplified base map showing
only the drill hole and triangulation point position could be
used for geologic presentation purposes. However, by double
burning the photographic mylar, a base map containing all infor-
mation could also be reproduced. All three master sheets, that
is the topographic map at a scale of 1" = 200', the topographic
map of the northwest quarter of Section 16 at a scale of 1" =
50', and the Control Overlay (control point master overlay) for
the fifty-scale map, can be upadted at any time as far as the
position of new drill holes, roads, control points, etc.

The original presentation of the fifty-scale map of the
northwest quarter of Section 16 came in four sheets, 30" x 30"
square. Unfortunately, the Jjoint 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, particularly 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.



Geologic Mapping Methods, 1973

——— ———————————————————————————

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

. S  ————— — —— ——————————— ———————— ——— {———————————————— ——_——_——

———————————

In addition to the new photography, a color photo mosaic of
1973 vintage photography at 1:24,000 scale covering approximate-—
ly 345 square miles, was prepared by Cooper Aerial Photography,
Inc. A second set of the mosaic photos was also printed so that
the mosaic could actually be examined and annotated on it in
stereoscopic view. This scale of photography is most valuable
in mapping large, through going, structural or geologic features
of district-wide proportions, i.e., features with a strike
length of a minimum of several hundred feet, up to ten or more
miles in length. Since the purpose of this report is not
regional in scope, but pertains to the immediate State of Maine
mine - Tombstone Silver Mines, Inc. property, this district-wide
map was not studied in detail. However, it should be noted that
the structural texture within the Tombstone Silver Mines, Inc.
property 1is 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, 1Inc. property. The Prompter can be
followed as a continuous feature from U. S. Highway 80 (the
Jefferson Davis Memorial Highway), 9,000 feet southeast of the
edge of Tombstone, almost due west some 15,000 feet to a point
approximately 2,800 feet west of the old Prompter shaft. At
this point, the fault splits, or bifricates, and appears to be
broken into a west-south-west trending segment, and a northwest-
trending segment. This bifrication takes place at the intersec-
tion of the Prompter with the Ajax fault, which is also the edge
of the caldera margin. The west-southwesterly split can be
followed as far west as the San Pedro River, where it causes an
abrupt westerly-trending bend in the river drainage, 17,000 feet
south of Fairbank. The northeasterly branch passes through the
north slope of Mays Hill, and can, with difficulty, be followed
also - to the San Pedro River, where it appears to also cause a
westerly-trending bend in the San Pedro, about 15,000 feet north
of Fairbank. The northeasterly branch of the Prompter fault
appears to cause the slight left-lateral offset in the Free
Coinage-Merrimac vein, just north of the Merrimac end line. The
Free Coinage West vein may also terminate to the southwest
against this projection of the Prompter, and it also appears to




VA,

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 1is
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, 1Inc. 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 #l1l 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.



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. 1In
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 significant. Since no optical lens, color
air photo can be matched exactly to a planometric topographic
map, this map distortion was not unexpected and the usefulness
of the photography for this detailed geologic mapping can
certainly not be negated.

After mappig on this photo base, it was found that one of
the vegetation alignments noted on the 1,000 and 500 scale
photos was an old wagon road and had no geologic significance.
The vegetation alignment passing by the northwest corner of the
Charlou office trailer was confirmed as being a vein by both
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surface mineral rubble - primarily limonite stained quartz, as
well as two backhoe cuts across the vein. After the backhoe
"excavator" was used to trench across the vein, it was found
that the boundaries of the vein could be picked within approxi-
mately one foot accuracy. This vein has been termed the "Office
Vein" and after confirmation by backhoe cutting and further
examination of the photo, a second vein indicated by a vegeta-

tion alignment approximately 20 feet to the west, was

identified. This was also confirmed by backhoe cutting. This
vein 1is termed the "Office Vein West", and yet another vein
which had already been cut obiquely by backhoe cuts made the
preceding year, was identified and termed the "Office Vein 1
East". Further, sinuous veins extending from prospect pits on
the May claim were mapped in detail. Though prospect pitting
possibly dating back to the 1880's had been sunk on these veins,
no recent exploration had been done. This identification of new
veins approximating 3,000 feet in length, alone, justifies the
expense of the color photo enlargement. Details of the width
and length of other vein features in a way that would not have
been impossible, but would have only been performed with great
difficulty using black and white photos, or topographic map or
without plane table, were identified. It is thus concluded that
field mapping on the remainder of the Tombstone Silver Mines,
Inc. property in the Tombstone Mining District, and elsewhere,
should be performed either at the 1" = 50' scale where great
detail is required, or perhaps at 1" = 200', where lesser detail
is necessary.

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

ble on the fifty-scale photography could be cross referenced to

the 500 and 1,000 scale photography.

Computer Assisted Drafting Equipment

——————— ———————— —— — — — ——— — - ———————————

Recent advances in micro-computer technology has reduced
the cost of computer assisted drafting to make it affordable to
relatively small companies. The author has been investigating
various CAD (Computer Assisted Drafting) systems for the pre-
vious year. and when the project was presented for the Tombstone
Silver Mines, Inc. properties in Tombstone, it was recommended
that a CAD system be used to reduce the drafting and calculation
requirements for ore reserve and geologic evaluation. There-
fore, Charlou Corporation purchased a CAD system, consisting of
a Tandy 2000 computer with a 20 megabyte hard disk, a Houston
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Instrument CD size plotter, a Hewlett-Packard 17" X 24" digiti-
zer, and an AUTO-CAD software system by AUTO DESK, Inc. This
equipment, costing approximately $10,000, provides state-of-the-
art micro-computer CAD drafting and calculating facilities. It
is operated by geologist, Bailey Escapule. All geologic, survey
and ore reserve data has or is in the process of being entered
into this system. A substantial reduction in total drafting
time, as well as a vastly more flexible method of manipulating
map data is possible with this system. For example, maps can be
entered at a very large scale, and reduced to a very small
scale, or conversely, entered at small scale and enlarged to
extremely large scale. A map can be printed at any scale
desired. It s immediately obvious that original maps at differ-
ent scales can be entered into the computer and then combined to
form one composite map. Measurements can be entered into the
computer accurately for four decimal places, and again printed
out at any required scale. Measurement of the areas irregular
areas can be accomplished within a few moments by the computer.
It 1is 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 data over the State of Maine
area, and the more recent data on the fifty-scale photo enlarge-
ment base has been entered into the computer and combined to
form the map presented in Figure 29. The cross section, Figure
30, has also been produced by the CAD system.
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Sedimentary Rocks

———————————— ——————

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. 1In 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 1is generally arbitrary and marked
with a dashed line on the geologic map. There was insufficient
time in this study to map in detail all of the small outcrops
within the stream drainage areas marked Quaternary alluvium on
the map. In the Fox Wash area in particular, there are numerous
windows of bedrock sticking through alluvium.

Bisbee Group Sediments

The great preponderance of sedimentary outcrops within the
bounds of the State of Maine geologic map are nondescript
Bisbee Group sediments -- probably equivalent of the Morita and
Cintura formations as described in the Bisbee area. The 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 approached. This idea is
reinforced by the presence of limestones cropping out north-
northwest of the Free Coinage claim (about 1,600 feet north of
the Uncle Sam shaft), and also exposed in the window in the Fox
Ranch area. These limestone units are probably corelative of
either the Ten Foot or the Blue limestone ore horizons present
in the main part of the district. Further 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. 1In most of the Tombstone area, the
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Glance 1is 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 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 1is 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 1is easy to envision steep topography with
active fault scarps. The Uncle Sam tuff was deposited over
hills, wvalleys and fault scarp terrain. It is also possible
there may be feeders for the Uncle Sam buried by the ash fall
within the State of Maine area. '

Schieffelin Granodiorite

The Schieffelin granodiorite is a holocrystalline rock. 1In
hand specimen, it 1is 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).
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