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ON 
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OVERVIEW 

The purpose of the exploration program in the Tombstone area, 

to date, has been the gathering and integration of a variety 

of structural and geochemical data aimed at generating 

specific drill targets in the project area. The area of 

exploration, shown in Figure 1, was selected to evaluate 

numerous manifestations of possible carbonate re~lacement-type 

ore deposits such as those in the Charleston-Bronco Hill, 

State of Maine, and Section 32 areas, as well as in the main 

Tombstone mining district. The da ta gather i ng program has 

progressed through three major phases: a review of the 

literature and past exploration work, air photo and field 

structural interpretation, and geochemical sampling . This 

effort, to the date of this report, has resulted in the 

generation of two sElecific ex~lorati(>n targets " one (Uf which 

is presently being drilled. Additional ta~ge:t:50 will be 

determined as the on-going process of data analysis c on.t i nues, 

Thus far, approximately six man months of . work ' lIwas be'en 

expended on the project, at a cast of abO'l1:t $52 ~ OO,~ ~a0, of 

which approximately two thirds has been for work o,n the SFPM 
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Figure 1. Proposed exploration areas in the Tombstone district 
and vicinity. Cochise County. Arizona. 
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lease. The following sections outline the work accomplished 

in each of the exploration phases mentioned above, as well as 

discusses the drill targets generated thus far. 

LITERATURE SEARCH AND REVIEW OF PAST EXPLORATION 

A thorough review of all of the published lit~rature on 

the Tombstone district, as well as a review of · available pri-

vate archives, yielded valuable documentation of surface and 

sub-surface geology, ore controls, and certain geochemical 

zoning patterns. The information thus gathered strongly in-

fluenced the formulation and design of subsequent exploration 

program. Three major sourc~s of information were available: 

published material, private company archives, and public col-

lections of unpublished maps and reports . 

The computerized GEOREF system was used to recover a com-

prehensive bibliography of the Tombstone literature dating 

from 1882 to the present. Included in the listing are early 

reports contained in various mining journals, state and 

federal articles and bulletins, articles in more recent geo-

logic books, guidebooks, and journals, as well as theses and 

dissertations. Most valuable among this group is the disser-

tation by Newell (1975), which contains an excellent geologic 

map and abundant geochemical data, and the Arizona Bureau of 

Mines Bulletin 143 (Butler, et. aI, 1938) which contains in-

valuable plans and cross sections of the ore bodies in the 

main Tombstone district. 
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Little information was obtained from private company 

archi ves, , wi th the exception of the map collection of 

Tombstone Development Company. Most companies who have mined 

or have done exploration work in the district either no longer 

exist, have destroyed or misplaced the pertinent information, 

or are unwilling to disclose what information they have. A 

case in point is Newmont Exploration whose personnel were un-

able to locate drill records or core from their 1952 under-

ground program in the district. Interviews with retired 

Newmont engineers who performed the work also yield Ii ttle 

useful information. The map files of Tombstone Development 

Company were the only source of private archival information 

which proved useful to the exploration program. 

Two archive collections, available to the public, con-

tained the most valuable underground information obtainable 

from any source i those of the Arizona Bureau of Geology and 

the American Heritage Collection at the University of Wyoming .. 

The former has a fragmentary collection of underground maps of 

various mines in the district, some showing underground 

geology, and a very few showing assay data. The underground 

workings an.d geology of the Lucky Cuss Mine are particularly 

well documented in this collection. The American Heri tage 

CenTerls Anaconda collection, availahle to cor.porate users for 

an annual fee of $8,500.00, contains an excellent collection 

of reports and mine maps covering the northeast part of the 
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Tombstone mining district. Level maps show detai.led under-

ground geology, details of mineralization, and abundant assay 

data. 

The result of the literature search phase of the project 

was two-fold. First, it allowed the formation of several the-

or.etical models for mineralization in the Tombstone distr i ct, 

and delineated numerous areas for field testing of these 

ideas. Secondly, the collected information, in part, dictated 

the design and methods to be used in the subsequent field pro­

gram; i. e. it suggested the required areal extent of ex:plo­

ration program, as well as the type and density of field 

information required to identify s:pecific dr i lling targets. 

STRUCTURAL ANALYSIS 

Insofar as many i mportant carbonate replacement deposits 

are known to be controlled, at least in part, by structure, a 

thorough structural analYSis of the Tombstone region was 

under.taken in order to identify the most promising areas for 

ground f ollow-up. Given the time and manpower available, it 

was decided that such analysis could best be undertaken using 

aerial photography. Var.iOlls types of images were considered 

fOt" use, ranging from LANDSAT and high-level 0-2 images to 

low-level photography. Given the size and type of target 

under investigation, it was decided to utilize 1 : 24000 scale 

natural color aerial photographs. 



The 1:24000 photos were obtained from Explor.ation 

Photography, Tucson, from an existing file. These photographs 

served well in delineating the major structural trends in the 

Tombstone area. Four sets of structural trends were docu-

mented: 1) an early, strong N-S trend primarily affecting 

Paleozoic and Cretaceous sedimentary rocks, 2) a strong E-W 

trend, again affecting Paleozoic and Cretaceous sediments, and 

to a lesser extent Cretaceous volcanics, 3) a ' NE trend 

strongly developed in Cretaceous sediments and volcanics, and 

4) a late, weak NW t~end affecting all rock types. 

Despite attem:9ts at com:9uter enhancement, sufficient 

structural detail in areas of primary interest could not be 

obtai ned from the 1: 24000 set which also suffered from :9oor 

color rendition. To rect ify these problems, Mc[.ain Harbers 

Co., Inc. of Tucson, was contracted to re-f 1 y the area to 

obtain a set of 1:12000 scale (from approximately 6000' above 

average ter.rain) natural color stereo photographs of the 

region, as we11 a three spot 1:24000 photographs from an alti-

tude of 12000' above average terrain. The resulting set 

showed superb structural detail as well as excellent rock 

color rendition. Additional structural overlays were made on 

these photos and added to the previous 1:24000 interpre-

tations. Together, these were computer-transferred to 7.5 

minute topographic quadrangle maps. The 1: 12000 photos . were 

subsequently used in the field for ma:9ping additional 

structural details and for :91otting sample point locations. 
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The resulting structural interpretation map was then 

overlaid on a geologic map showing all mines, prospects, and 

mineralized trends in the Tombstone region. The resulting 

composi te showed an excellent correspondence between certain 

structural trends and/or intersections, and areas of known 

mineralization. In addition, several areas of favorable 

structural intersection without known mineralization became 

apparent as the result of this analysis, serv.ing to further 

focus the subsequent field mapping and sampling program. 

GEOCHEMICAL SAMPLING AND FIELD DATA COLLECTION 

The bulk of the effort on the Tombstone project has been 

spent gathering geochemical samples, as well as collecting and 

compiling certain geologic data at the sample locations. A 

total of 355 surface and underground rock samples were col­

lected in the project area previously defined by geologic and 

structural stud ies . Of these, 103 surface and underground 

samples were 

Development 

were also 

taken on lands leased by SFPM from Tombstone 

Company. Both surface and underground samples 

taken from property controlled by Tombstone 

Deve] opment adjacent to the SFPM lease; the results of this 

sampling will be included in the next semi-annual report of 

activities. 

The goal of the sampling program was to obtain thegeo­

chemical signature of the highest grade mineralization in a 

given area, in order to generate metal ratio contour maps, raw 

assay contour maps, and/or metal value and metal ratio 
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vectors. To this end, sam91es consisted of either high-graded 

dum!J sam9'les or channel sam!Jles of vein material in :place. 

Considerable difficulty in obtaining such samples was experi­

enced in the leased part of the main Tombstone mining district 

because of the extensive reworking of old dum9s and general 

lack of underground access. An important exception to this 

situation was in the Lucky Cuss Mine area where sam9ling could 

be carried out underground on the 100-500 levels along a 

stretch between the Old Guard incline and the McCann patent. 

All samples collected were assayed as follows: Au and Ag 

by standard fire assay (Copper State Labs, Tucson), 30 trace 

element suite by ICP analysis, As,Sb,Bi,Ge,Se, and Te by 

hydt"ide generat:ion ICP analysis, and F assay by NaOH fusion 

and ICP processing (Acme Analytical Laboratories, Vancouver). 

Assay resul ts for samples collected on the SFPM lease are 

listed in Appendix I; sampJe locations are shown on the en­

closed sample location map. 

At each sample location, various geologic data were also 

collected. These include the following: type and dimensions 

of mineralization; sample mineralogy, paragenesis, and dilu­

tion; alteration type, mineralogy, width and intensity; host 

ror;k lithology; strike and dip of mineralized strur;ture and 

cross structures; and estimated extent of mine worki ngs. It 

is intended that all of this information will be encoded and 

entered into the computer data base, along wi th all assay 

data, for subsequent analysts. To date, however, only the 

assay data has been entered, as well as the coding for host 
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rock lithology, alteration type, and alteration intensity. 

These latter data ap~ear in Appendix I, accompanying the assay 

results for each sample. 

DATA ANALYSIS 

The goal of the data analysis phase of the project is the 

generation of specific drill target locations based on the 

integration and interpretation of all of the geologic, 

structural, and geochemical data at hand. 

data entry (which is still in progress), 

Upon completion of 

the following infor-

mation will be available for each sample site: a three dimen­

sional sample location (UTM coordinate and elevation), all 

assay data, and coded geologic/structural information, as dis-

cussed above. These data will be used to generate maps 

showing the distribution of raw assay data, contoured ma~s of 

various groups of metal ratios, and maps showing the various 

types of mineralizat :ion and alteration in the project area, 

and their relationships wi th each other. In addi tion, all 

assay data will be factor analyzed and sample scores plotted 

to show their areal distribution. 

The end result of such analyses should be the delineation 

of structural/geochemical Itbulls eye" targets and/or well­

defined geochemical vectors pointing to mineralization centers 

both in the Tombstone main district and elsewhere in the area. 

Drill sites will then be selectively assigned to the highest 

quality targets. 
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DIAMOND DRILLING 

Two drill hole sites have been established on the SFPM 

lease, the locations of which are shown on the enclosed sample 

location map. Vertical, 3000 foot dee~, HQWL core holes are 

• planned for both locations. Si te locations were based on raw 

sample assay data, structural interpretation, and information 

gathered from the published literature. 

Diamond drill hole T-l was collared on July 22 at ,tbe 

common corner of the West Side, Blue Monday, and Tribute 

patents in an area of complex structure near the intersection 

of the West Side fissure and north-trending structures assoc-

iated with the Tribute dike. The hole is designed to test for 

the presence of: 1) mantos, developed deep jn the Naco section 

which are rooted in the West Side fissure feeder and/or 2) the 

development of a chimney along the West Side at a point of 

north-trending structural intersection(s). Secondary, the 

hole is intended to provide a good stratigraphic cross section 

of the m.iddle and upper parts of the Naco group c~rbonates, 

and to test for the presence of Schieffelin granodiorite 

beneath this part of the mining district. A copy of the drill 

log for T-1 will be forwarded to Tombstone Development Company 

upon completion of the hole. 

Drill hole T-2 is designed to explore the Lucky Cuss 

structure at a point approximately 2300 feet below the · sur-

face. To be collared about 700 feet due east of the Lucky 

Cuss shaft on the East Side !'latent, the hole is targeted on 

the intersection of the Lucky Cuss faul t and the receptive 
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carbonates of the Middle Naco group, a potential site for the 

develo9ment of significant mantos or chimneys. The drill hole 

locatiqn was based on underground structural observations and 

The results of sampling in the Lucky Cuss Mine, as well as on 

published information which suggests an increase in gold 

values with depth in both the Lucky Cuss and Old Guard Mines. 

Additional drill holes are planned to test for deep min-

eralization on the Lucky Cuss structure. At present two holes 

are tentatively planned: one to be drilled beneath the Mn-Ag 

chimneys on the McCann and Wedge claims, and another beneath 

the Mn-Ag-Pb chimney cropping out at the Luck Sure Mine. 

Additional drill sites elsewhere on the SFPM lease will be 

spotted as data analysis progresses. 

1 1 
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SEMI-ANNUAL REPORT TO TOMBSTONE DEVELOPMENT COMPANY 
ON ACTIVITIES ON THE SANTA FE PACIFIC MINING LEASE IN 

THE TOMBSTONE DISTRICT, COCHISE COUNTY, ARIZONA 

W. D. RIESMEYER 

SUMMARY 

A total of five core holes, with an aggregate footage of 

14,841 feet, was drilled on the Santa Fe Pacific Mining lease 

in the Tombstone distr ict between July 21 and December 20, 

1988. Several mineralized intercepts were obtained but none 

were of both are grade and width. In addition to the 

Cretaceous Bisbee formation, an extensive Paleozoic 

stratigraphy was cored during the program. This included the 

Martin, Escabrosa, Horquilla, Earp, Colina, 

formations. While all formations contained mineralization, 

drill results showed the Earp to be most strongly mineralized, 

followed by the Epitaph and Colina. Carbonates, particular~y 

recrystallized and/or skarned limestone, appear to be the most 

receptive host for replacement type mineralization which 

occurs only rarely in the other lithologies cored during the 

program. Structural observations suggest that formations 

occurring deep in the section and consisting primarily of 

carbonates (i.e. the Martin through the Colina) deformed 

plastically, while those higher in the section, and having a 

large clastic component (i. e. the Epitaph the Bisbee), 

deformed in a more brittle fashion. Mineralization occurring 

in the core may be classified into six types: 1) base metal 
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replacements, 2 ) pyrite replacements, 3 ) skarn-related 

mineralization, 4) fracture-controlled mineralization, 5) 

oxide replacements, and 6) base metal oxide manganese 

deposits. Of these, types 1, 3, 5, and 6 are volumetrically 

most important and have yielded the best assay results. Types 

1, 2, 5 and 6 resemble manto-type replacements. Some are high 

grade, but are too thin to constitute ore. Type 4 

mineralization includes quartz vein de90sits which are of high 

grade but are volumetrically insignificant. Type 3, skarn 

mineralization, while widespread is generally of very low 

grade. Very little direct structural information was derived 

from the drilling program aside from confirming the continuity 

of the Lucky Cuss faul t to depths exceeding 2,500 feet. Two 

drill holes missed their targets, apparently because of 

significant changes in the dip, at depth, of major structural 

features such as the Westside fissure and the Empire dike. 

Inter-hole stratigraphic correlations suggest the presence of 

major, pre-Bishee faulting which may be significant in 

planning further exploration in the district. 
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INTRODUCTION 

This report outlines and discusses the resul ts of the 

drilling program conducted by Santa Fe Pacific Mining, Inc. 

between July and December, 1988, on lands leased from 

Tombstone Development Company. The drilling program 

represents a part of a continuing exploration effort in and 

around the Tombstone mining district which began in early 1988 

with an extensive mapping and sampling project, the results of 

which were outlined in a previous semi-annual report of 

activities. The recently completed phase of drilling 

consisted of five deep core holes with an aggregate footage of 

14,841, targeted on areas thought to be favorable for the 

occurrence of economic carbonate replacement deposits. While 

numerous mi neral ized intervals were doiscovered in the course 

of the program, none were found to be of adequate thickness 

and/or grade to be economic. The drilling did, however, yield 

information pertaining to stratigraphy and structure which 

will be of value in targeting additional core holes on the 

property. 

This report is intended as a supplement to the 

accompanying detailed drill logs for holes Tl-T5 which record 

the stratigraphic and structural information from each hole, 

as wel.l as descriptions and assay data for the mineralized 

intervals encountered. Laboratory assay sheets are appended. 

The following report expands on the log information. The 

first section describes, in detail, the stratigraphy revealed 
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by the drilling program. Included are lithologic descriptions 
, 

and paleontological information, as well as summaries of the 

alteration, structure, and mineralization found in each 

formation. The second section classifies and describes the 

various types of mineralization found in the drill core. Each 

type is described in terms of form, mineralogy, related 

alteration, structure, and preferred host rock. 

Representative metal values for each type of mineralization 

are also included. The final section discusses the structure 

observed in the core and also describes the structural geology 

implied by hole to hole correlations. The report is 

accompanied by two plates. Plate 1 is a geologic map of the · 

Tombstone district which shows the results of mapping during 

the first phase of exploration, as well as the location of the 

five drill holes. Plate 2 presents simplified graphic logs 

for each hole. Summary structural and mineralization data are 

also plotted on the logs, · and inferred inter-hole correlations 

are shown. 
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PROGRAM OUTLINE 

A total of 14,841 feet of core was drilled in the 

Tombstone district between July 21st and December 20th, 1988. 

Five holes, designated T1-T5, were completed. DDH T1 was 

dr i lIed on the East Side ( 280) patent to a depth of 2,834. 

The hole was lost short of its projected TD at 3000 feet 

because of caving ground. T2, drilled on the Blue Monday 

claim, reached TD at 3,003 feet. T3, on the East Side (376), 

was TDed at 3,000 feet. T4 was dr.i1led on the Luck Sure and 

reached a depth of 3,000 feet . T5 was collared on the Silver 

Thread patent and TDed at 3,004 feet beneath the Empire claim. 

All holes were vertical except T5 which was drilled N57 0 W at 

-80 0
. NC core was r.ecovered from the upper parts of the holes 

until reduction became necessary to NX core. 

all holes averaged 100%. 

Core recovery in 

Dr.illing was car.ried out by Longyear. Contr.act Dri l ling 

Company utilizing Longyear Hydro-44 rigs. The program began 

using two 10 hour shifts. Inadequate progress, however., 

required changing to three 8 hour shifts in early November. 

Overall average production was approximately 35 feet per 

shift. Core logging was done on site on a daily basis. W. D. 

Riesmeyer and K. E. Eagan (North Amer.ican Exploration, Inc.) 

where the primary core loggers. P.K.M. Megaw logged the 

major.ity of T2 ear.ly in the progr.am. The cor.e was stored on 

site in a watertight sea-going container. Core for assay was 

shipped to var.ious labs for splitting or sawing, and sample 

prep. 
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Assaying, early in the program, was done by Copper State 

Analytical Laboratory in Tucson, but was later shifted to 

Mountain States R&D in Vail, Arizona. Gold and silver were 

determined by standard fire assay; copper, lead, and zinc by 

regular assay. Thirty trace elements were determined by ICP 

analysis, and As, Sb, Bi, Ge, Se, and Te by hydride generation 

and Iep analysis. Fluorine was determin.ed by sample fusion 

with NaOH, leaching and analysis by specific ion electrode. 

All minor element determinations were done by Acme Analytical 

Laboratories, Ltd., Vancouver, British Columbia. Assay 

results were entered in the computerized Tombstone data base, 

and major metal assay values were posted on the drill logs. 
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STRATIGRAPHY 

The following formations were cored during the 1988 

drilling program: Martin limestone, Escabrosa limestone, 

Horquilla limestone, Earp formation, 

dolomite, and the Bisbee formation. 

Colina limestone, Epitapb 

In addition, Schieffelin 

granodiori te was encountered in one hole. In general, the 

Bisbee and formations of the upper Naco group were recovered 

in drill holes 1-4, while the Bisbee, Horquilla, Escabrosa, 

and Mar.tin wer.e cored in hole 5 in an apparent ly up-faul ted 

block. 

Most rocks in the project are~ are moderately to strongly 

al tered. This, along wi th the pauci ty of fossils, made the 

precise determination of formation tops and bottoms difficult. 

Forma tion contacts could, however, be determined wi th a fair 

degree of certainty wi thin a few to a few tens of feet . The 

stratigraphy of each hole, as well as hole to hole 

correlations, are summarized on Plate 2. 

Martin Limestone 

Distribution and Thickness. The upper Devonian Mart in 

limestone was encountered only in DDH T5 where it was cored in 

the lower 339 feet of the hole. Only two questionable bedding 

angles were determined which suggest between 185 and 300 feet 

true thickness of the Martin were cored. Gilluly measured a 

true thickness of 230 feet in the Tombstone Hills, suggesting 

a nearly complete section may have been drilled in T5. 
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Litholoay. In drill hole T5, the Martin consists of 

light to , medium gray, silty to argillaceous, generally 

massively bedded limestone, with abundant interbedded 

siltstone. The siltstones form beds from a few inches up to 

30 feet thick consisting of tan, brown, or green, fine to 

medium grained clastic material. Such beds are far more 

abundant than in the overlying Escabrosa. The limestone 

generally lacks any distinguishing characteristics except for 

the presence of black (organic) stylolites which are common in 

the lower part of the unit. 

Stratiaranhic Relationshins. The Martin is in apparent 

conformable contact with the overlying Escabrosa. 

contact was placed at the contact between "clean" Escabrosa 

limestone and the distinctly silty limestone of the Martin. 

The abundance of interbedded siltstone also served to 

differentiate the two formations. Scattered intervals of very 

~oorly preserved crinoid stems and brachiopods are present in 

the cored section, but they were of no diagnostic value. 

Al teration Summarv. Due to the silty and argillaceous 

nature of the limestone, skarn development is prominent in the 

Martin. Several long intervals of weak to moderate 

wollastonite garnet-vesuvianite skarn with a pseudo-

conglomerate structure were cored. Where not skarned r the 

limestone is moderately recrystallized. Si 1 t8tone uni ts are 

moderately hornfelsed and contain significant amounts of 

epidote. .~ 

\ 
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Mineralization Summarv. 

was found in the Martin. 

No significant mineralization 

Weak, disseminated and veinlet-

controlled pyri te mineral ization is associated with skarned 

intervals, as are trace amounts of sphalerite. Two 

rhodochrosite "veins" (2" and 6"), with associated trace 

pyrite and sphalerite, were cut in the lower part of the 

formation. 

Structural Characteristics Summary. In T5, the Martin is 

II tightll ; fracture intensi ty is low, both in limestone and 

sil tstone units, even where skarned or hornfelsed. Fracture 

angles are generally >45 0 to the core axis. The only 

exception to these characteristics is a 15 foot sheared and 

brecciated zone in an unal tered siltstone unit high in the 

formation. Here, nearly vertical fractures and shears are 

tightly cemented by calcite. 

Escabrosa Limestone 

Distribution and Thickness. The lower Mississippian 

Escabrosa limestone was cored only in DDH T5 where a total of 

702 feet was recovered. Measured 

true thickness of 450 feet was cut. 

bedding angles suggest a 

This does not match well 

with Gilluly's measurement of 733 feet in the Tombstone Hills, 

perhaps indicating a part of the T5 section has been faulted 

out or attenuated along the limb of a fold. 

Lithology. The Escabrosa in T5 is primarily a limestone 

unit, but, unlike the formation elsewhere in Cochise County, 

it here contains approximately 12% siltstone interbeds. Where 

9 



least altered, the limestone is very light to medium gray, 

fine grained, and massively bedded; some intervals consisting 

of crinoid cocina. Several sections contain one to two inch, 

round to irregularly shaped, dark gray to cream colored chert 

,~n~du~es. -_ Chert is far less common, however, than in the 

overlying Horquilla. Limestones are weakly stylolitic towards 

the too of the formation. Si 1 tstone interbeds range from a 

few inches up to 13 feet thick. They are predominantly brown, 

but are also black, green, or dark gray, and are fine to 

medium grained, and thinly bedded to massive. One five foot 

bed of fine grained, greenish whi te dolomi te was cored near 

the middle of the formation. 

Stratigraohic Re.lationshios. The Escabrosa is in 

apparent conformable contact with the under 1 ying Mart in and 

the overlying Horquilla limestone. The upper contact is 

distinguished by a dramatic increase in the degree of 

recrystallization in Escabrosa limestone, compared with that 

in t:he Horqui lla, as well as a substantial decrease in the 

amount of chert downward across the contact. While this 

division may appear. to be quite ar.bi trar.y, the contact, as 

picked, fits very well with published descriptions. The 

fossil content of the Escabr.osa is rather. sparse, consisting 

largely of crinoid stems and unidentifiable brachiopods, 

gastropods (up to 1" tall), rugosa (up to 3" long), and 

various pieces of trilobites. One cross section of a 

pygidium, sufficiently well preserved and distinctive, allowed 

10 



pos! tive identif ication of the lower Mississippian trilobi te 

crytosymbole hercules, confirming the unit to be Escabrosa. 

Alteratjon Summarv. The entire Escabrosa section in T5 

is al tered to one degree or another. The upper half of the 

unit is strongly recrystallized, yielding a coarse grained 

white marble. Interbedded siltstones are strongly hornfelsed. 

In the lower half, limestones are either weakly recrystallized 

or weakly to moderately skarned. Where best developed (around 

and in cherty horizons), the skarn has a pseudo-conglomerate 

structure with mottled pink, apple green, and gray colors, and 

consists of silica, tan garnet, epidote, chlorite, and 

wollastonite. Other intervals are silicified in a distinctive 

anastomosing network fashion. Also, in the lower half of the 

formation, short two and three foot intervals have been 

converted to light green talc probably derived from dolomi te 

interbeds. Si 1 tstone uni ts in the lower half are weakly to 

moderately hornfelsed; 

hleached. 

some hornfels intervals have heen 

Mineralization Summary. Disseminated and veinlet-

controlled pyri te occurs sparingly throughout the Escabrosa, 

most commonly associated w:i th hornfels and the most strongly 

developed skarn intervals. Similarly, very weak sphalerite, 

galena, and/or chalcopyrite disseminations or veinlets occur, 

associated usually with skarn intervals. Nowhere do base 

metal sulfides exceed 1%. Two 2" rhodochrosite uveins" occur 

in the cored section which are accompanied by trace 

sphalerite, galena, and chalcopyrite. 
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structural Characteristics Summary. The Escabrosa, in 

T5, is ' very "tight"; fracture intensity is very low 

throughout, except in the lone dolomite bed where it is 

moderate. Most fracture orientations fall between 300 and 600 

to the core axis. Faults, shears, breccias, and other signs 

of b~ittle deformation a~e altogether lacking, while evidence 

of plastic flow, with nearly vertical orientation, is 

abundant. 
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Naco Grouo 
Horquilla Limestone 

Distribution and Thickness. As is the case wi th the 

above-mentioned units, the lower Pennsylvanian Horquilla 

limestone was cored only in DDH T5. A total of 1,497 feet was 

cored. Measured, well-defined bedding shows that T5 cored a 

true thickness of 1,060 feet which compares very well with the 

999 foot thickness measured by Gilluly in the Tombstone Hills. 

Lithology. The Horquilla in T5 consists of over 95% 

limestone. The remainder consists of siltstone/shale beds up 

to 16 feet thick, and one four foot bed of cherty 

(intraformational ? ) conglomerate. The bulk of the 

si 1 tstone/shale, as well as the conglomerate, occur in the 

upper quarter of the formation. The limestone, where 

unaltered, is very light gray, fine to medium grained, and 

massive to thickly bedded. Several intervals in the upper 

quarter have a distinct shaly component, while the lower three 

quarters of the formation is very "clean" limestone. Large, 

brown to black, rounded chert nodules occur sparingly in the 

upper quarter of the Horquilla, are rare in the middle parts, 

and are qui te numerous .i.n the lower quarter. The general 

abundance of chert in the Horquilla serves well to distinguish 

it from limestones of the overly.ing formations of the Naco 

Group. 
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Stratigranhic Relationships. The upper contact of the 

Horquill~ in T5 is a profound erosional unconformi ty being 

overlain by the Cretaceous Bisbee formation. While t.he lower-

most Bisbee is a conglomerate, there is no evidence, in the 

core, of an erosional surface at the top of the Horq'llilla. 

The definition of the lower Horquilla contact has been 

discussed previously. In addit.ion to the abundant chert, 

identification of the Horquilla was materially aided by the 

presence of abundant fossils. The formation contains numerous 

large, chert filled burrows and other evidence of extreme 

bioturbation. Also observed were long sections composed 

almost exclusiveJ.y of fossil "trash" : crinoid stems, 

fusilinids, rugosa, brachiopod fragments (both articulated and 

non-articulated types) , and bryozoa. One rugosa was 

identi f jed wi th fair certainty as rUGosa 1 oohonhvll idi um a 

Penn-Perm horn coral. Most important, however, was the 

d.iscovery of the lower Pennsylvanian index fusilinid 

triticites sp? exceptionally well preserved in chert in the 

lower part of the formation. 

Al terat. .l0n Summarv. Al teration of the Horquilla in T5 

consist.s primarily of recrystallization and skarning of the 

1 imestone and development of hornfels in the rare sil tstone 

units. Recrystallizat ion affects the upper and middle parts 

of the fo .r.mation. In these areas I long sections have been 

converted to a coarse grained gr.ay-white marble. In the lowe~ 

half, only patchy, weak recrystallization was observed. S ~~ 

shows similar spatial development. Unlike most other 
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formations in the project area, Horquilla skarn mineralogy is 

simple, consisting of quartz and wollastonite, with only rare, 

patchy development of garnet. 

Mineralization Summary. Most mineralization observed in 

the Horquilla occurs in the upper half of the formation 

associated with skarn or recrystallized limestone. Here, 

several zones of manganese oxide dendri tes wi th associated 

pink limestone alteration and disseminated pyrite were 

observed. Zones of trace to very weak, disseminated and 

veinlet-controlled pyrite, sphalerite, and galena in skarn are 

also common in the upper half of the Horquilla, but none 

returned significant assay values. The best intercept was a 

ten foot segment of galena>sphalerite»pyrite associated with 

a quartz vein in recrystallized limestone, four feet of which 
.,-") 

ran 8.99 opt Ag and .~~ opt Au . . J 
............. - "'--- - - - ---

Structural Characteristics Summary. L.i.ke the carbonate 

formations below it, the Horquilla is "tight", with a low 

fracture · density throughout. Fracture angles are low; 

generally less than 45
0 from horizontal; high angle fractures 

are exceed i ng 1 y rare. What best exemplifies the structural 

character of the Horquilla is the presence of numerous zones 

of plastic deformation and flowage, all of which are oriented 

within 15° of vertical. This strongly suggests that the 

Horquilla deformed plastically along the limbs of the Silver 

Thread anticline rather than yielding in a brittle fashion. 
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Earp Formation 

Distribution and Thickness. The upper Pennsylvanian Earp 

formation was cored in DDHs T1, T2, T3, and T4. All four 

holes were TDed in Earp sediments. Footages cored were 225, 

455, 585, and 1,250 fee.t respectively. Measured bedding 

angles indicate true thicknesses of 180, 410, 480, and 715 

feet. Gilluly reports a thickness of 595 feet for the Earp in 

the Tombstone Hills. The great thickness of the formation in 

T4 is undoubtedly due to repetition of the unit by faulting, 

of which there is abundant evidence in the core. 

Lithologv. 

members of the 

The Earp is easi 1 y distinguished from other 

Naco group by its large clastic component. 

This component ranges from 74% of the formation in T2 to 34% 

in T4, and consists mostly of shale and siltstone, along with 

one short interval and sandstone and one of arkose. Earp 

shales are black to greenish black, laminated to thinly 

bedded, and generally calcareous. Siltstones range in color 

from tans and browns to grays and blacks. Most are fine 1 y 

bedded, and many intervals are calcareous. The lone sandstone 

unit, in T3, is light gray, very fine grained, and thinly 

bedded. There is no apparent pattern of upward fining or 

coarsening of the clastic units within the Earp. Earp 

limestone units are light shades of gray where unaltered, and 

white where recrystallized. Unaltered limestones are fine to 

medium grained and generally mass i ve I a1 though rare bedding 

planes are occasionally observed. Much of the 1 imestone in 

the Earp section is argillaceous or has a sil ty component I 
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judging by the abundant development of skarn minerals. 

~tylolites are common in several limestone intervals. A few 

dolomite beds, up to 10 feet thick, are interbedded with 

limp.stone in two holes. 

Stratiaraohic Relationships. The top of the Earp is 

placed at the top of the first significant clastic unit 

occurring beneath the Co] ina. While an occasional similar 

clastic bed occurs within the Colina, the character of any 

underlying Colina limestone is so distinctive that picking the 

first Earp clastic unit can be done with confidence. In core, 

the Colina-Earp contact is entirely conformable; there was 

probably no time break between the deposition of the two 

formations. The bottom contact, that between the Earp and 
~ 

Horquilla, was not penetrated in any drill hole. The Earp is 

only sparingly fossiliferous and those fossils that exist are 

very poorly preserved. Crinoid stem and rugosa fragments were 

found, along with unid~ntifiable fusilinids; none were of any 

usp. in determining the age of the formation. 

Alteration Summary. Irregular dp.velopment of recrystal-

lization, skarn, and hornfels characterize the alteration of 

the Earp. Al teration patterns ar.e complex wi thin a single 

hole and are not consistent between holes, undoubtedly due to 

the complex vertical and lateral changes between carbonate and 

clastic lithologies ~ The Earp in T1 shows moderate to strong 

recrystallization and hornfels development, but no significant 

skarn, while T4 shows very strong recrystallization and 

hornfelsing and patchy skarning. T2 and T3 show similar. 
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alteration, but also contain intervals of skarn which appear 

to increase in thi ckness and intensity down hole. Skarn in 

the lower Earp of T2 and T3 is the most strongly developed and 

the most mineralogically complex of any found to date in the 

district. Developed both in limestones and in calcareous 

clastics, skarning is so intense that Ii tt Ie or no remnant 

carbonate remains in the core. In these areas, the rock has 

been totally converted to quartz, green and/or tan garnet, 

vesuviani te, and wollastoni te. In some skarn zones a brown 

pyroxene is also present. In addition to these prograde 

minerals, retrograde ( ? ) actinolite, chlorite, talc, and 

epidote are present in some skarn zones. 

Mineralization Summarv. The Earp is perhaps the most 

heavily mineralized formation drilled, although nowhere were 

ore grade intercepts obtained. Pyrite mineralization occurs 

with all lithologies and alteration types, but shows a strong 

preference for calcareous and/or hornfelsed siltstone. 

Disseminated to semi-massive manto-tYge galena-sphalerite± 

chalcopyrite mineralization occurs mainly in skarned 

limestone; one 1 foot interval of such mineralization assayed 

13.42 opt Ag, 5.10 Pb, and 3.66 Zn. Similar mineralization 

a Iso occurs in skarned dolomite, and, to a leaser degree in 

recrystallized limestone. Perhaps the most intriguing 

mineralized interval occurs in 9robable cave fill below . a 13 

foot void in T4. Here, at a depth of 2845, feet wulfenite, 

mimetite, hemimorphite, and possible bromargyrite are found 
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disseminated through the vuggy fill. Manganese oxides appear 

to form a halo above and below the mineralization. 

Structural Characteristics Summary. Overall, the 

fracture intensity in the Earp is low. However, unlike lower 

formations, there exist several zones of moderate to high 

fracture density, especially in the clastic units and in the 

occasional dolomi te horizon. Fracture orientation spans the 

range from nearly flat to vertical. Further, the Earp is 

broken by numerous faults which have left relatively open 

gouge and breccia zones. No evidence of plastic deformation 

was observed. In general, the Earp appears to have yielded in 

a more brittle fashion than underlying units. 

Colina Limestone 

Distribution and Thickness. The Permian Colina limestone 

was cored in DDH' s Tl, T2, T3, and T4 . In the'se holes, a 

total of 675, 655, 680, and 510 feet of the formation, 

respectively, was recovered. Recalculation, using very 

questionable bedding angles, shows 520, 505, 490, and 335 feet 

true thickness were cored. Gilluly reports a thickness of 635 

feet in the Tombstone Hills. 

Litholoay. The Colina is the most distinctive for.mation 

cored during the drilling program. With few exceptions, it is 

a whi te to very light gray r coarse grained calci te marble 

which, in places r is stylolitic. Only in a few short 

intervals does recrystallization decrease enough to hint of 

the Colina's original character - a dense, aphanitic, black 
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limestone. In DDH T2 and T4, 

of 1 imestone marble. In. T 1 

the Colina consists exclusively 

and T3, a few beds ' of thinly 

bedded dark gray siltstones and shales, generally less than 10 

feet thick, occur towards the bottom of the formation, 

reflecting a change towards the more clastic sedimentation of 

the underlying Earp. 

Str.atiaranhic Relationshi ns. The top of the Colina is 

placed at the base of the last clastic or dolomite unit of the 

overlying Epitaph formation. Because of the distinctive 

marblized nature of the Colina and the lack of clastic units 

in its upper. part, the top contact is easi ly spotted. The 

character of the lower contact wi th the Earp has been pre-

viously discussed. Because of the strong recrystallization, 

most fossils in the Colina have been destroyed. None of the 

Colina-characteristic gastr.opods omnhalotrochus wer.e obser.ved 

in. the core; the only fossils found were poorly preserved and 

unidentifiable fusilinids. 

Alteration Summarv. Strong recr.ystallization is the most 

char.acteristic alteration type in the Colina and has affected 

all of the limestone to one degree or another. 

Siltstone/shale horizons are str.ongly hornfelsed. Towar.ds the 

bottom of the unit, numerous zones of generally weak quartz­

wollastonite-garnet-vesuvianite±.pyroxene±.actinolite±.epidote±. 

chlorite skarn have been developed .i.n what must or.iginally 

have been zones of argillaceous limestone. Short intervals 

( <fi I) of Col ina marble have been sanded, yielding a mass of 
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extremely friable calci te crystals. Significant sanding has 

not been pbserved in any unit other than the Colina. 

Mineralization Summary. The Colina is the third most 

well mineralized unit next to the Earp and Epitaph. Numerous 

thin mantas or thin, bedding-parallel veins of massive galena-

spha1erite-chalco!)yrite±pyrite are scattered throughout th.e 

formation. They range from paper thin up to a few inches 

thicl<. One such "mini-manto", 1.5 inches thick, assayed 1.87 

opt Ag, 2.14% Cu, 10 . 4% Pb, and 5.4% Zn. Finely disseminated 

ga1ena-sphalerite-pyrite occurs associated with skarned 

intervals in the lower part of the formation, and along , 

organic-rich stylolites. In either occurren~e sulfides do not 

exceed 1.%. Significant manganese oxide replacements occur in 

the Colina in Tl and T4. In Tl, a seven foot section is 

large] y replaced by manganese oxides and on 1 y assays .35 ppm 

Ag. In T4 there are numerous, thin manganese oxide mantos. 

Two such zones, two and six feet thick, contain, in addition 

to manganese minerals, wulfenite, mimetite, and fluorite; 

assemblages simi lar to those found in stopes of the Em!)ire 

Mine . One 1 foot section assayed 2.84 opt Ag . 

Structural Characteristics Summarv. Fracture density in 

the Colina is generally low and fracture orientation is 

o usually >45 • The intensity of fracturing tends to increase 

in skarned intervals and in sil tstone interbeds. There are 

few faults in the Colina; those which exist have left tight, 

thoroughly healed breccias or shears . Any convincing evidence 
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of pre- or syn-metamorphic plastic or bri ttle deformation of 

the Colina has been obliterated by the intense 

recrystallization. 

Epitaph Dolomite 

Distribution and Thickness. The Permian Epitaph dolomite 

occurs in drill holes TI-T4. The cored footages are as 

1,040', and T4: 590'. follows: Tl: 1,010', T2: 540', T3: 

Adjusted for bedding angles, true thicknesses are 780', 440', 

735', and 200' respectively. Gilluly reports a thickness of 

780 feet in the Tombstone Hills. The abnormal thinness of the 

formation in T4 is undoubtedly due to intense faulting along 

the Lucky Cuss structure. The thin section in T2 may be more 

apparent than real in that the upper contact with the 

problematical Scherrer formation may be misplaced, or part of 

the Epitaph may simply hav~ been faulted out (see Plat~ 2). 

Litholoav. Epitaph lithologies are extremely varied. 

Included are limestone, dolomite, shale, siltstone, arkose, 

sandstone and conglomerate. The reader is referred to Plate 2 

for a generalized view of the distribution of the various 

lithologies in the drill holes. It would appear that facies 

changes in the Epitaph were quite rapid. Thick sequences of 

dolomite, for example, are present in Tl and T2, especially in 

the upper and lower quarters. Dolomite is lacking, however in 

T3 and T4, suggesting either a rapid facies change or 

localized dolomitization. Clastic units are abundant in Tl, 

T3, and T4, but are almost absent in T2, while carbonates are 
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abundant in all holes except T4 which is composed to a large 

degree of ' siltstone and arkose. 

Stratigraphic Relationshins. The upper contact of the 

Epitaph rests against basal conglomerate of either the Bisbee 

or Scherrer formations and is clearly an erosional 

unconformity. The Bisbee basal conglomerate is composed 

primarily of limestone fragments mixed wIth rarer sandstone 

and siltstone pebbles, in an arkosic mat:r.ix. The Scherrer 

basal conglomerate consists of epidotized dolomite clasts. 

The natu:r.e of the lower contact of the Epitaph has been 

discussed above. Onl y a very few fossi Is were found in the 

formation: forams, fusilinids, brachiopods, and echinoderm 

spines; none were of diagnostic value. 

Alte:r.ation Summary. In general, the Epitaph shows a 

noticeably lower degree of pervasive alte:r.ation than other 

forma t ions in the pro j ec t area. While certain uni ts in the 

Epi taph show very strong skarn or hornfels development, the 

overall aspect of alteration in the formation is weak. The 

exceptions to this observation are a st:r.ong skarn section in 

T3, and moderate to strong argillization found in T2 and T4. 

The skarn section in T3 is unique among those in othe:r. drill 

holes because of its thickness - slightly more than 200 feet, 

and its distinctive structure - that of a pseudo-conglomerate. 

Skarning apparently progressed along bedding and fractures to 

yield a :r.ock with rounded 1c:1asts" set in a matrix of skarn, 

all of which resembles a sedimentary conglomerate. 

minp.rals a:r.e quartz, wollastonite, tan garnet, 
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vesuviani te, along wi th rare brown pyroxene. In DDH T-2, 

Epjtaph limestone has been largely converted to a white to tan 

gri tty clay for several feet above and below a mineralized 

interval. Save for a short section of equally intense, but 

non-mineraI-related argillization in T4, this type of 

alteration is also unique among all the drill holes. 

Mineralization Summary. The Epitaph is the second most 

intensely mineralized formation after the Earp. Unlike the 

Earp, mineralization in the Epitaph tends to occur in discrete 

thin mantas and is not scattered throughout the formation as 

veinlets and disseminations. In T1, a semi-massive manto, two 

feet thj ck, composed of galena and sphaleri te, assayed 5.81 

opt Ag, .09% Cu, 8.3% Pb, and 7.5% Zn over the best one foot. 

A s .lmi lar two foot thick manto in T2, which cot:J.tained, in 

addition, significant chalcopyrite, assayed 1.32 opt Ag, 1.04% 

Cu, 5% Pb, and 3.95 Zn over one foot. Several semi-massive 

pyrite mantas, one to two feet thick, also occur in T1, but 

all failed to return significant assays. T3 and T4 lacked 

noteworthy mineralization. It is significant that all 

import-ant mineralization observed in the Ep:i taph occurs in 

limestone units and noticeably avoids adjacent dolomite beds. 

Structural Characteristics Summary. The Epitaph has 

yielded in a far more brittle manner than any of the 

underlying formations. Fracture intensity, while highly 

variable, is strong over many intervals, and shows a variety 

of orientations. Near vertical orientations are more common 

in the Epitaph than in underlying units. Numerous faults and 
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shears are present in the formation, many of which have left 

par.tially , open breccias and semi-por.ous gouge zones. Only in 

the thickest carbonate uni ts is fracture intensi ty low, but 

even here, there is no strong evidence of plastic deformation. 

Scherrer Formation (?) 

Distribution and Thickness. The Permian Scherrer 

formation (?) was observed in only one drill hole: T2. Its 

presence and identification ar.e somewhat problematic in that 

the Scherrer has never. been reported in the Tombstone 

district; its closest documented occurrence is at the northern 

end of the Dragoon Range. A total of 895 feet of probable 

Scherrer was cored in T2 with an estimated true thickness of 

770 feet. Gilluly reports a thickness of 687 feet in the 

Gunnison Hills. 

Litholoov. The Scherrer is primar.ily a clastic formation 

with limestones, dolomitic limestones, and dolomites occurring 

in the middle and upper parts. The lower half of the 

formation consists of a gener.ally coarsening upwar.d sequence 

of lower shales and upper siltstones. The upper half of the 

formation consists of sandstones with thick inter.beds of 

limestone or. dolomite. In the sandstone units, several thick 

gr.aded ~ F -~ . . "" ~ <.es were obser.ved consisting of basa I nebble 

conglomerate ranging l1pward to silty, fine grained sandstones. 

Str.atioranhic Relationshins. The top of the Scherrer in 

T2 is well-defined at the base of the basal (Glance) limestone 

conglomerate of the Bisbee formation. The contact is clearly 
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erosional, but there is no apparent angular unconformity 

between the two formations. The lower contact of the Scherrer 

is set at the base of a dolomi te pebble conglomerate which 

overlies shales of the Epitaph formation. 

contact is somewhat arbitrary and is 

The placing of this 

perhaps too low, 

accounting for the anomalously thin section of underlying 

Epitaph referred to previously. No fossils were found in the 

Scherrer to assist in resolving this ~roblem. 

Alteration Summary. Al teration throughout the Scherrer 

.1.S generally weak with the exception of moderate 

recrystallization of some of the carbonate units. Clastic 

units, especially those dee~est in the section, show weak 

development of hornfels. Weak wollastoni te-actinoli te skarn 

is vatchily developed in some carbonate units and in sections 

of calcareous sandstone. Wi th the exception of the Bisbee, 

the Scherrer is the least altered formation observed dur ing 

the present drilling program. 

Mineralization Summary. Weak disseminated and veinlet-

controlled pyrite mineralization is found throughout the 

Scherrer. Weak manganese oxide replacements of carbonate 

units are scattered through the upper half of the formation. 

No significant base or precious metal mineralization, however, 

occurs anywhere within the Scherrer. 

Structural Characteristics Summarv. Brittle deformation 

characterizes the Scherrer. Fracture density ; while variable, 

is high 

highly 

over long sections. 

variable with numerous 
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observed. Numerous brecc ias, both semi -open and hea led are 

present, ' most notably in the bri ttle sandstone units. 

Carbonate units, while showing low to moderate fracture 

density, host numerous breccias and shears, and show no 

evidence of flowage or plastic deform~tion. 

Bisbee Formation 

Distribution and Thickness. The Cretaceous Bisbee 

formation overlies Paleozoic rocks in all drill holes in the 

project area. Cored thicknesses are as follows: T1: 650', 

T2: 445', T3: 685 1 , T4: 650', and T5: 395 1 • Calculated tr.ue 

thicknesses are 330', 295', 310', 120', and 250' respectively. 

In the Tombstone area, Gi 11 ul y reports a thickness is excess 

of 3000 feet. Accordingly, all drill holes penetrated the 

very basal ~arts of the Bisbee. 

Lithology. In the project area, the Bisbee formation 

consists of a basal conglomerate (Glance) of variable 

thickness overlain by finer grained clastic rocks with 

interbedded limestones. The basal conglomerate ranges from 8 

to 28 feet thick. In T2, T3, and T4, 1 imestone pebb les and 

cobbles are the dominant clast lithology, while sandstone and 

siltstone fragments are the primary clast types in Tl and T5. 

Overlying the conglomerate are thick, monotonous intervals of 

siltstone or arkose with lesser amounts of . sandstone and 

conglomerate. Graded bedding is common in some units. 

Limestone units are scattered throughout the section, but are 

more numerous towards the bottom. They range .in thickness 

from a few inches IIp to 75 feet. Hole to hole correlation of 
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the limestone units proved impossible (see Plate 2) , 

sugges"tin,g the carbonate units are ver.y lenticular and that 

the historically applied names (eg. the "Blue", "Joe", etc.) 

are of use only on a very local basis. 

Stratigranhic Relationshios. As discussed above, the 

base of the Bisbee is set at the base of the lowest (basal) 

conglomerate. The top of the formation was not seen in core. 

A few scattered fossils - gryphea and large gastropods- were 

found in the Bisbee, but none had any diagnostic value. 

Altp.rat i on Summary. With the exception of that cored in 

DDH T3, the Bisbee is only weakly alter.ed. Carbonate units 

show weak, patchy development of skarn, while the clastic 

units are weakly hornfelsed. Very weak silicification affects 

nearly all Bisbee lithologies. 

In T5, short intervals of arkose and siltstone are 

sufficiently silicified to resemble "novaculite." Bisbee 

Ii thologies in T3 are slightly more altered than those in 

other holes, but overall the formation has the appearance of 

being only lightly "cooked", in contrast to the distinctly 

strong alteration found in the Paleozoic section. 

Mineralization Summary. Aside from intervals of up to 

10% disseminated pyrite in arkose, siltstone, and limestone, 

and the weak development of manganese oxide replacements in a 

few carbonate intervals, no significant mineralization was 

observed in the Bisbee. In the case of the limeston.e uni ts, 

this is slightly surprising as these were the hosts for most 

of the known ore in the district. The only hint of the 
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possible prox.imi ty of ore in the Bisbee was found in T5. 

Here, euhedral blue green and green fluorite crystals line 

vugs in a brecciated, silicified limestone. The fluori te I s 

character and nature of occurrence are identical to that which 

occurs adjacent to the large oxidized orebodies of the Benton-

Albert stopes in the Empire Mine. 

Structural Characteristics Summary. Most of ~he clastic 

uni ts in the Bisbee show strong, brittle deformation in many 

sections. Numerous faul t br.eccias, shears, and punky gouge 

zones are common in the clastic units, as are long sections of 

high fracture density, many of which are dominated by nearly 

vertical breaks. Carbonate units, contrastingly, generally 

have low fracture densi ty and many have the appearance of 

having been smeared along very closely spaced shear planes. 

While no evidence of true plastic deformation was observed in 

the carbonates, the "smearing" phenomenon closely approximates 

it. 

Igneous Rocks 
Scheffelin Granodiorite 

Distribution and Thickness. Two sills (?) of Scheffelin 

granodiorite occur in DDH T1 which also bottomed in 

granodiorite. The upper s iII occurs in Epi taph 1 imestones, 

and is seven feet thick. The lower sill cuts Earp shales and 

is three feet thick. The drill hole cut 11 feet of Scheffelin 

in the bottom before caving prevented further progr.ess. 
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Li tholoay. The 

gra ined, , equigranular 

Scheffelin is a reddish gray, medium 

rock composed of plagioclase, minor K 

feldspar, minor quartz, and accessary biotite and hornblende. 

Minor oxjdized pyrite was observed in the Earp sills. 

Alteration Summary. The granodiorite is moderately 

altered. Feldspars have been thoroughly kaolinized, while the 

maf.Ic minerals have been, in part, chloritized. The t'ock is 

stained with iron oxides, either from oxidized pyrite or from 

the al tet'ation of maf ic accessory minerals. The limestones 

and shales immediately adjacent to the sills are not visibly 

altered no contact metamorphic effects could be found 

despite a careful search. This is in accord with findings at 

similar exposures underground in the Lucky Cuss Mine, and 

suggests that the Scheffelin was intruded in a very dry 

condition at fairly low temperatures. 

Mineralization Summarv. The Scheffelin contains trace 

amounts of accessory pyrite and is cut by tiny pyrite-bearing 

veinlets. Given the unaltered and unmineralized nature of the 

immediately adjacent wall rock and the generally unmineralized 

nature of the Scheffelin, it is doubtful that the intt'usive 

was responsible for the eRD mineralization in the Tombstone 

district. 
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MINERALIZATION 

All holes in the 1988 drilling program conta .i.ned 

mineralization of one type or another, as did all of the 

formations cored in the holes. Mineralization varied greatly, 

however, as to type, mineralogy, and intensity, r.anging from 

skarns containing disseminated pyrite, to thin, but intensely 

mineralized base and preciolls metal "mini-mantos", to massive, 

ar.gentiferous manganese oxide replacements. This section 

classifies and describes the various types of occurrences 

found in holes T1-T5. 

Base Metal Replacements 

This classification 

metal replacements of 

embraces 

unskarned 

occurrences are found in the core, 

bedding-controlled base 

limestones. Numerous 

but the best examples are 

found in T1 and T2 in the Epitaph and Colina, respectively. 

Mineralogy. The megascopic mineralogy of this type of 

mineralization is rather simple, consisting of galena, 

sphalerite, chalcopyrite, and pyrite, along with possible 

tetrahedri te and argenti te. Spha.1 er i te is typi ca] 1 y of the 

honey-yellow amberjack variety; blackjack is rare. Galena, 

coarse sphalerite, and chalcopyrite usually occur as 

interlocking gr.ains, up to .5", while pyrite is more fine 

grained and disseminated among the other sulfides. 

Tetrahedrite (?) and argentite (?) are very fine grained and 

oGcur in tiny veinlets cutting other sulfides. Typically the 
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paragenesis is amber jack sphalerite - blackjack (if present) -

galena chalcopyrite tetrahedrite ( ? ) , wi th :9yr i te 

occurring throughout the sequence. 

Form. This tY!)e of mineralization has extremely shar:9 

footwall and hanging wall contacts which are cOincident, or 

nearly so, with the bedding of the host limestone. In gross 

as:gect the contacts are planar, but in detail are slightly 

irregular. Ranging from 0.111 to 21 in thickness, they 

resemble miniature mantos in most aspects. 

Host Rocks. Base metal IImini-mantos" occur exclusively 

in "clean" recrystallized, but unskarned, limestone; most 

commonly that of the E:9itaph or Colina. These re:9lacements 

clearly avoid dolomite units, some having grown from a 

limestone bed up to the contact of a dolomite unit and 

Such re:9lacements have not been observed 

in "dirty" limestones, or in any of the clastic units. 

Associated Al1:eration. Most: "mini-mantos ll are 

unaccompanied by any discernible alteration, having razor 

shar:9 contacts against llnal tered limestone. Ina very few 

cases, manganese oxides, in the form of dendrites and/or 

pinkish limestone, form what may be a halo jn both the hanging 

and footwall of the small mantas. This possible IIhalo 

mineralization ll occurs several feet (up to eight feet in one 

case) above and below the manto and is separated from the 

manto hy totally harren limestone. 
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M~tal Values. Manto-type replacement mineralization 

found in ' the drill holes is usually of ore grade, but never 

approaches ore widths. Typical assays are as follows: 1 foot 

grading .02 opt Au, 5.81 opt Ag, .09% Cu, 8.3% Pb, and 7.5% 

Zn; 1 foot of a 2 foot thick interval grading 1.3 opt Ag, 

1.04% Cu, 5.0% Pb, and 3.94% Zn; and a 1.5 inch thick interval 

grading 1.87 opt Ag, 2 . 14% Cu, 10.4% Pb, and 5.4% Zn. Most 

intervals of mineralization in this classification wer~ too 

thin (.1"-.5") to have yielded a meaningful assay because of 

excessive dilution . 

Pyrite Replacements 

Pyrite replacements occur ubiquitously throughout the 

core from all of the drill holes, and show great variation in 

form and intensity. Included in this classification are weak 

diss~minations in megascopically unaltered limestones, to more 

intense disseminations in skarn, to semi-massive manto-type 

mineralization in limestone. 

Mineralogy. In some of its occurrences, especially in 

skarns and manto-type mineralization, pyrite replacements are 

accompanied by base m~tal sulfides, but in the majori ty of 

cases !?yrite occurs alone as attested by assay values 

discussed below. 

Form. Pyrite replacements take a variety of forms. Most 

common are weak, fine grained disseminations of anhedral 

pyrite. These occur over intervals of less than an inch up to 

scores of feet in a wide variety of lithologies and with 
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several associated alteration types. Veinlet- and fracture-

controlled pyrite often accompanies the disseminations, and 

some disseminations are clearly rooted in more intensely 

mineralized fractures. Weak, fine grained pyrite replacements 

also occur associated with wa.vy stylolites, especialJy in 

moderately to strongly recrystallized limestones. At the 

other end of the replacement intensity scale are the manto-

type semi-massive pyrite replacements. These take a form very 

similar to base metal "mini-mantas" discussed above ~ They are 

bedding parallel with sharp foot and hanging wall contacts, 

a.nd range between a tenth of an inch up to two feet thick. 

Thev are comnosed of un to 60-70% anhedral nvrite in a auartz-.. .. - . ... -

calcite gangue. 

Host Rocks. Pyrite is found in all lithologies cored. 

It is perhaps most common in fine grained clastic rocks; 

siltstones and shales, as fine grained disseminations, 

typically in the 1-2% range, but, in places, forming up to 10% 

of the rock. In these host rocks some, and perhaps most of 

the pyrite may be diagenetic. Similar pyri te mineralization 

also occurs in arkose, sandstone, and conglomerate where it is 

more clearly of replacement origin. Weak to moderate (up to 

10%) pyrite disseminations also occur in limestones and 

dolomites. In many cases it shows a preference for thin 

carbonate units sandwiched between fine grained clastic beds, 

or for the upper parts of carbonate beds immediately beneath 

shale or sil tstone horizons. Semi-massive manto-type pyrite 
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mineralization occurs exclusively in 

base metal manto-types, it occurs 

dolomite. 

carbonates. Unlike the 

both in limestone and 

Associated Alteration. Pyrite replacement mineralization 

occurs .most commonly in al tered rock, but is also occurs in 

rocks that are not visibly altered most commonly in 

limestone. Hornfelsed clastic sediments and skarned 

carbonates, almost without exception, contain varying amounts 

of pyrite. In these cases, it is usually in the form of weak, 

fine grained disseminations, although manto-style semi-massive 

pyrite occurs in weakly skarned Earp and Horquilla limestones 

and dolomite. In other cases, pyrite usually accompanies 

moderate to strong silicification, and zones of weak to strong 

argillization. 

Mp.tal Values. Only in rare instances was pyrite 

replacement mineralization developed intensely enough to 

warrant assay. Even where strongly developed, metal values in 

this type of mineralization are low. The best one foot 

interval of disseminated pyri te mineralization in shale (T2) 

ran ND Au, 

the best 

1.03 ppm Ag, 

one foot 

.01% Cu, 

interval 

.16% Pb, and .18% Zn, while 

of manto-style pyrite 

mineralization in Earp limestone (T1) ran .41 ppm Au, 43.75 

ppm Ag, ND Cu, .03% Pb, and .01% Zn. 

Skarn-Related Mineralization 

Skarn-related mineralization is found in all of the 

Tombstone drill holes and in every carbonate-bearing formation 

cored during the program. In all instances the mineralization 
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was ei ther too weak or too thin to even approach economic 

grades. 

Mineraloay. As wi th other types of Tombstone mineral-

ization, that related to skarns is, megasco9ically, quite 

simple. In decreasing order of abundance, the sulfide 

minerals are pyrite, blackjack sphalerite, galena, amberjack 

sphalerite, and chalcopyrite. Typically all sulfides are 

s9halerite grains anhedral and fine grained; exceptionally 

obtain dimensions of one inch in diameter. Amberjack 

sphalerite is relatively rare, and where present is invariably 

rimmed by blackjack. Galena too is rimmed and/or corroded by 

blackjack. This suggests an early of skarn 

mineralization consisting of low temperature iron-poor amber 

sphalerite and galena, followed by higher temperature, iron-

rich black sphalerite, pyrite, and minor chalcopyrite. Very 

rare green sphalerite occupies an unknown posi tion in this 

paragenesis. 

Form. Two types of skarn-related base metal 

mineralization are present. One consists of mineralization 

which forms an integral part of the skarn occurring as 

disseminations, veinlets, and bands, while the other apgears 

to be manto-type mineralization wi th relatively narrow skarn 

alteration selvages. The first type of mineralization varies 

in intensity from sparse, fine grained disseminations in which 

pyri te, ga lena, and sphalerite for only 1-2% of the skarn. 

More intense miner.al iza tion is marked by the appearance of 

veinlets and narrow bands of sulfides making 119 3-5% of the 
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rock. Most intense skarn mineralization is marked by 

irregular ' semi-massive "knots" of sulfides which locally make 

UD 10-15% of the skarn. 

intervals greater than 6". 

base metal sulfides only 

Such mineralization rarely exceeds 

Chalcopyrite accompanies the other 

in this most intense style of 

mineralization. The second, or manto-type skarn-related 

mineral izat ion is very similar to base metal "mini-mantos" 

described above, but have not been observed to exceed 1.5 

inches in thickness. They differ, from those previously 

described, in having narrow selvages, one to three inches 

thick, of skarn minerals (garnet, vesuviani te, wollastoni te, 

etc. ) i the entire assemblage occurring :in unal tered or 

recrystallized limestone. Intergranular relationships suggest 

that, in this type of mineralization, a thin skarn manto 

deve.loped first, with later base metal mineralization 

replacing the central part of the skarn. 

Host Rocks and Associated Alteration. Mineralized skarn 

is found in every carbonate bearing lithology in every 

formation cored during the program, but is best developed in 

the Ear!? The Ear!? was probably most susceptible to skarning 

because of the "dirty", argillaceous nature of the limestones, 

and the numerous, thin clastic uni ts interbedded throughout 

the carbonate horizons. The Colina, being the "cleanest" 

carbonate formation cored, has relatively few, thin skarn 

horizons. Where best developed in the Earp or other 

formations, skarn has completely replaced the rock leaving no 

residual carbonate. Such skarn is composed of quartz, tan or 
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green garnet, wollastonite, vesuvianite, and rare brown 

pyrox.ene, which occur in widely varying proportions. 

Retrograde ( ?) chlorite, epidote, actinol i te, and clays are 

generally unimportant constituents. Most skarn zones 

encountered in the drilling, then, appear to be prograde, an 

observation in accord with the increasing temperature 

suggested by the paragenesis of skarn-related base metal 

mineralization. 

Metal Values. Only the more massive skarn-related 

replacement zones were assayed. A one foot section of 

py>sl>gl in a strong Earp limestone skarn assayed 1.09 ppm Au, 

13.42 opt Ag, .38% Cu, 5.1% Pb, and 3.66% Zn. Another similar 

zone in the Earp assayed .03 ppm Au, 1.15 opt Ag, .16% Cu, 

1 .79% Pb, and .09% Zn. A one foot section of Earp garnet-

vesuvianite skarn containing a two inch gl-cpy-py-sl vein 

assayed .14 ppm Au, 2.05 opt Ag, .33% Cu, 1.52% Pb, and .72% 

Zn. A 1.5 inch "mini-manto" with a skarn selvage in the 

Colina assayed over one foot (note the very large dilution) 

yielded the following: .01 ppm Au, 21.09 ppm Ag, .16% Cu, 

2.52% Pb, and 1.73% Zn. 

Fracture-Controlled Mineralization 

This classification embraces vein mineralization as well 

as fracture- faul t-, and breccia.-related m,inera l ization. It 

does not include the skarn-related vein and veinlet-controlled 

sulfides discussed above. 
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While miner.alization of this classification is very 

widesprea~ in all of the Tombstone drill holes, it is 

volumentrically insignificant, especially in the case of base 

metal sulfides. 

most mineralized 

Tombstone drill 

It is important to point out, however, that 

fractures are high angle. Since the 

holes were vertical or nearly so, the 

abundance and importance of this type of mineralization may, 

accordingly, be underestimated. 

Mineralogv. All of the base mp.tal sulfides discussed 

above, along with pyrite and manganese oxide minerals occur as 

fracture-controlled mineralization. Significantly, though, 

faul t and breccia zonp.s, as well as intervals of unusually 

high fracture densi ty, are almost exclusively mineral ized by 

manganese oxidp. minp.rals and finely disseminated pyrite. Basp. 

metal sulfides do not occur in such zones. Galena, 

sphalerite, and chalcopyrite, as well as pyrite occur in veins 

and veinlets which are isolated from intp.rvals of major 

structure, suggesting mineral ized fractures may predate many 

of the major structures found in the core. Of possible 

significance, too, is the fact that base metal sulfides (as 

well as fluorite) most commonly occur in high angle (~80o) 

fractures, and often leave coexisting (but not necessar i 1 y 

coeval) flatter. fractures harren. Sphalerite is the most 

common base metal sulfide found in these fractures, followed 

by galena; chalcopyrite is uncommon. Where both amherjack and 

blackjack are present, the fot"mer is always rImmed by the 

latter, as is the case wi th skarn-related sphaleri tes. Only 
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the larger veins contain significant gangue minerals. Quartz 

and calcite are the most common; the former is most closely 

associated with base-and precious metal-bearing veins, while 

the latter is more c;ommonly associated wi th pyr .i. te- and/or 

manganese oxide-bearing veins. Rhodochrosite and fluorite are 

uncommon gangue minerals. 

Form. Mineralization in the c;lassification occurs as 

fracture fillings, ranging in thickness from paper thin up to 

.1 inch across, and in veins up to two inches thick. As noted 

above, most mineralized fractures and veins have high-angle 

orientations. Fracture fillings tend to be tightly filled 

with pyrite and/or base metal sulfides, while veins (>.1") are 

commonly vuggy and contain clusters of euhedral gangue 

minerals: quartz, calcite, or fluorite. Dustings of iron or 

manganese oxides typically coat gangue or sulfide minerals in 

such "\Tugs. Crustified veins are apparently quite rare; only a 

few were found in core from T5. These are one to two inches 

across and consist of thick outer layer of brilliant pink, 

acicular rhodochrosite, followed by a band of dense whi te 

quartz, and are cored by irregular masses of amberjac;k and 

pyrite. 

all 

Host Rocks. 

lithologies 

Fracture-controlled mineralization occurs in 

cored. Fracture-controlled pyrite and 

manganese oxides are very non-specific in there occur:J:'ence, 

showing no preference among the various carbonate and c;lastic; 

lithologies present. Base metal sulfide-bearing fractures and 

veins, conversely, show a distinct preference for c;arbonate 
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units, but apparently none between limestone and dolomite. 

Only rarely are tiny sphalerite veinlets observed in siltstone 

or shale units. 

Associated Alteration. Al teration haloes around veins 

and fracture fillings in the Tombstone core are remarkably 

rare, and when present are exceedingly thin - much thinner 

than the half-width of the associated vein. Fracture fillings 

usually have no associated alteration with the exception of 

those containing manganese oxides minerals. These rarely have 

thin selvages of manganese dendrites and weak argillic 

alteration. Larger veins occasionally have thin bleached 

haloes, and, in the case of quartz-rich veins, an irregular 

halo of weak silicification. 

Manganese Oxide Replacements 

Two distinct types of manganese oxide mineralization are 

apparent in the Tombstone area. The first type embraces weak 

disseminations, fracture coatings, and dendrite development 

which is widespread in the upper parts of the drill holes and 

of more sparing occurrence deepe~ in the holes in highly 

fractured or faulted areas. This type is probably related to 

supergene processes. The second type, probably directly 

related to hydrothermal processes, are massive replacements of 

limestone by manganese oxides whjch occur in dril'l holes Tl, 

T4, and T5. A third type, manganese oxides which form 

apparent haloes around base metal mantos have been discussed 

in a previous section. 
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." The first, or "supergene" type is briefly described here 

and will not be considered further in the follow-on 

discussion. This type of manganese mineralization is found 

mainly in the upper parts of the drill holes: above 640 feet 

in T2, above 395 feet in T3, above 490 feet in T4, and above 

545 feet in T5. These intervals correspond roughly to the 

modern water table. In addition, this type of mineralization 

occurs deeper in the drill holes, but only in areas of 

brecciation, faulting, or dense fracturing. These data imply 

that this type of mineralization is related to supergene 

processes or circulating groundwater. The nature of the 

mineralization, too, suggests supergene redistribution of 

manganese, as the oxides occur primarily as dendritic fracture 

coatings or as weak impregnations in porous Ii thologies such 

as sandstone or arkose. Massive manganese oxide replacements 

are considered below. 

Mineraloav. The major manganese oxide in massive 

replacements is a fine grained, black, sooty mineral which is 

probably a mixture of pyrolus:ite and psilomelane. A few of 

the replacements contain a compact, dense, heavy manganese 

mineral which may be mangani te. X-ray diffraction studies 

would be needed to positively identify the minerals occurring 

in these deposi ts. Manganese-rich replacements occur in T4 

which also contain wulfenite and mimetite. These are 

discussed in a separate section, but it should be borne in 

mind that they may be related to the purely manganese oxide 

replacements of the present discussion. 
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Form. Manganese replacements are intervals of limp-stone 

which have been replaced by 

foot 

between 20 and 100 percent 

and hanging wall are well­

although weak dendrite-type 

manganese minerals. The 

defined and usually sharp, 

mineralization or pink limestone may extend sevp-ral feet from 

the massive interval. Thicknesses of massive or semi-massive 

mineralization range from six inches to 6.S fp-et. Where 

bedding in the host limestone can be determined, the foot and 

hanging wall of the manganese replacements appear to be 

parallel or nearly so. This type of mineralization, then, 

appears to take the form of relatively thin mantas . 

Host Rocks. 

limestone hosts. 

Manganese manros have only been found in 

In DDH Tl, a 6.5 foot manto occurs in 

strongly recrystallized Colina limestone. In T4, five mantos, 

between one half and three foot thick, also occur in 

recrystallized Colina. In T5, a one foot thick semi-massive 

manto occurs in moderately recrystallized Horquil1a limestone. 

Associated Alteration. The manto in Tl shows no hanging 

wall alteration, but a one foot interval of weak to moderate 

sanding is present in the immediate footwall. Mantos in T4 

are surrounded by up to 15 feet of weak manganese oxide 

dendrite development, and the TS manto has a two to three foot 

thick halo of pink manganiferous limestone alteration 

surrounding it. 

Metal Values. The mantos in T4 and TS have generally low 

metal values . Assay ranges are as follows: .01-.07 ppm Au, 
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1.58-11.73 ppm Ag, 5 ppm - .01% Cu, 76 ppm - .33% Pb, and 98 

ppm - .27% Zn. 

Base Metal Oxide Mineralization 

Mineralization in this classification bears many 

similarities to the ore that was mined during the heydays of 

the Tombstone district. Similar in both mineralogical 

composition and in physical for.m, the base metal oxide 

intercepts from the present drilling program differ from the 

old bonanza ores in grade, thickness, and depth of occurrence. 

Only three intervals containing base metal oxides were 

encountered during the drilling; all are in DDH T-4. 

Mineralogy. The mineralogy of the "ore" and gangue 

minerals in the three intercepts is remarkably similar, with a 

few exceptions as noted below. 

lead oxides are the most common. 

Of the "ore" minerals, the 

the most abundant, occurring as yellow-green, or lemon-yellow 

pseUdo-hexagonal crystals up to .1" long, which line fractures 

or vugs. 

as thin, 

Wulfenite (PbM004 ) is almost as common. It occurs 

delicate brilliant orange to red-orange panes, 

frequently twinned, and reaching .5" in size. Cerrusi te is 

probably present but is too fine grained to be identified. No 

discrete zinc oxide minerals (smithsonite, hemimorphite, etc) 

were identified in any of the three intervals, but assay data 

suggests their presence. Silver oxides, notably bromargyrite 

(AgBr), are apparently very rare. Sooty black manganese 

oxides are present in two of the three intercepts. One 

intercept contained a sky blue mineral tentatively identified 
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include quartz, calcite, and 

crystalline druses, or occurs 

botryoidal crusts. Calcite 

Gangue minerals 

fluorite. Quartz forms 

as multiple generations 

tiny 

of 

is either crystalline (tiny 

scalenohedra) or massive, and ranges in color from black 

(manganiferous) to clear, to brilliant yellow (iron oxide­

bearing). Fluorite is abundant as a gangue mineral and occurs 

as coarse druses of perfectly euhedral white to clear cubes. 

Orange iron oxides and thin films of manganese oxides commonly 

coat all "ore ll and gangue minerals in these assemblages. 

Form. Two intercepts, those at 1320 1 (51 thick) and 

1470 1 (2 1 thick) appear to have a manto-like form. Both foot 

and hanging wall contacts are sharp and well-defined. While 

bedding is difficult to discern in the strongly recrystallized 

host rock, the contacts of the mineralized intercepts are 

parallel to stylolites and, therefore, probably also to 

original bedding. Mjneralization is clearly of a replacement 

nature; no vein-like characteristics are present. The margins 

of the intercepts are composed largely of manganese oxides in 

a quartz-calcite matrix, juxtaposed against unaltered 

limestone. The interiors are very vuggy; some open spaces 

approach one inch across and are lined with crystals or druses 

of ore and gangue minerals. 

The third intercept, at 2845 1
, has an entirely different 

form, appearing to be weakly mineralized cave fill, lying 

immediately beneath a 13 foot natural void. Because of its 
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. e 
unusual nature and its potential importance is future 

explorati~n, this occurrence is described, in detail, below: 

2792-2798' : 

2798-2800' : 

recrystallized light gray, stylolitic 
limestone. 

as above, but containing 1/2" vugs 
containing orange calcite crystals (dog 
tooth spar) and amorphous clots of 
manaanese oxides. Several fractures at 

0-
20 to core axis, haloed by manganese 
oxide dendrites and finely disseminated 
pyrite are present. 

2800-2822.5': recrystallized white limestone with 
numerous thin seams of talcy clay at 30 0 

to core axis. Specks of manganese oxides 
and orangA carbonate scattered throughout. 

2822.5-2823': white, slightly gritty, weakly sanded, 
recrystallized limestone. 

2823-2836': void; possible oxidation cave. 

2836-2836.5': very vuggy limestone. Vugs lined with 
perfectly clear rhombs of iceland spar; 
accompanied by white, sectile clay. 

2836.5-2837': pulverent orangish-gray clay with calcite 
crystals scattered throughout. 

2837-2842': very porous and vuggy limestone; vugs 
lined with calcite and quartz druses and 
with gray clay; numerous quartz and 
calcite veinlets. Strong iron oxide 
Liesegang banding is offset by 800 micro­
faults. 

2842-2844' : as above, but contains angular 1" 
fragments of argillized siltstone. 
Interval suggestive of a collapse breccia. 
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2844-2852 1 
: 

2852-2865 1 
: 

Host Rocks. 

assayed interval. Very similar to unit 
immediately above. Vugs filled with 
pulverent bright orange iron oxides, and 
calcite crystals (scalenohedra with 
growth patterns outlined by iron oxides). 
Brilliant red-orange wulfenite panes and 
doubly terminated yellow-green mimetite 
crystals form druses in vugs and along 
fractures. Possible trace cerrusite and 
bromargyrite along open fractures. 

recrystallizen stylolitic limestone. 
Upper contact sharp; upper one foot 
contains only very rare tiny vugs and 
thin clay seams. 

The base metal oxide intervals at 1320 1 and 

1470 1 occur in moderately recrystallized Colina limestone, 

while that at 2845 1 occurs in moder.a tel y to strongly 

recr.ystal1jzed Earp limestone. In all thr ee cases, the mar.ble 

is clean, save for the presence of organic-rich styloll tes. 

The lack of a silty or. argillaceous component is indicated by 

the total absence of skarn minerals in either the hanging or 

footwall limestones of the mineralized intervals. 

Associated Alteration. The alter.ation in the 2845' 

occurrence is adequately described above. The 1320' 

occurre nce shows a weak halo of ma nganese oxide, both as 

dendrites and fracture-fillings extending 13 feet into the 

hanging wall and 13 feet into the footwall where it is 

accompanied by minor pink manganiferous limestone. The 1470' 

occurrence shows a similar, but weaker manganese halo. It is 

accompanied, however by a zone of high angle fractures lined 

with fluorite, which extends nine feet into the hanging wall. 

MF.taJ Values. The best one foot of the 1320' occur.rence 

ran .14 ppm Au, 32.33 opt Ag, .09% Cu, 1.27% Pb, and 1.60% Zn, 
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while the best one foot of the 1470· zone assayed .07 ppm Au, 

2.84 opt Ag, .02% Cu, 2.8% Pb, and .21% Zn. The best one foot 

assay interval in the 2845 1 occurrence ran .07 ppm Au, .32 opt 

Ag, .01% Cu, .21% Pb, and .48% Zn. The reader is referred to 

the T5 log for complete assay information. I t is noteworthy 

that assays of the complete intervals show that in these. 

oxidized mineral occurrences the values for lead and zinc are 

almost equal and that zinc values, in places, exceed those for 

lead. Unoxidized base metal IImantos ll at Tombstone usually 

show nearly equal lead and zinc values, or lead exceeding 

zinc. Insofar as zinc, in an oxidizing environment is far 

more mobile than lead, it is usually the case that oxidized 

mantos (at, for example, Leadville and Santa Eulalia) are 

strongly depleted in zinc by descending ground water. The 

val nes shown by the above three intercepts, accordingly, 'X. 
suggest in situ oxidation with little or no transport of the 

metal components away from their initial site of deposition. 
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STRUCTURAL GEOLOGY 

One of the major thrusts of the Tombstone drilling 

program was to explore for manto mineralization in ground 

adjacent to major structures rather than to specifically 

target chimney-type mineralization within the structures 

themselves. The structures that were cut by certain drill 

holes were the resul t, then, of needing to explore footwall ~ 
and hanging wall rocks, not of targeting the structure per se. 

The result of this approach was that Ii ttle new information 

was generated concerning specific structures (i.e., the Lucky 

Cuss fault zone, etc). In some cases (e.g. T5) the nature and 

geometry of certain target-related structures became even less 

clear as the result of drilling. On the other hand, the wide 

scatter of hole locations generated some unexpected ,inferred 

data concerning major structures heretofore unknown. The 

following sections describe both the structural data directly 

observed in the drill holes, and those struct¥res which 

drilling data imply to exist. 

Observed Structural Data 

Luckv Cuss Fault Zone. DDHs Tl, T3, and T4 were designed 

to explore ground in the hanging and footwalls of the Lucky 

Cuss faul t zone. All were vertical holes of depths judged 

sufficient to cross the fault where it cut suitable carbonate 

host rocks deep in the Paleozoic section. 

Drill hole Tl was collared 900 feet due East of the Lucky 

Cuss headframe where the fault zone strikes nearly north-
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south. Data gathered from the accessible mine workings, as 

well as from published cross sections, indicates that the 

Lucky Cuss fault (between the surface and 400 feet 

underground) eastward at The planned fault 

intercept was 2,460 feet. It is most likely that the Lucky 

Cuss fault was actually cut at 2,655 feet, indicating on 

overall surface to intercept dip of 72 0
• At this depth, the 

fault is represented by a three foot calcite-cemented breccia 

zone in a nine foot thick shale sandwiched between two massive 

Earp limestone beds. The breccia contains only weak, 

disseminated pyrite mineralization. Weak to moderate galena-

sphaleri te replacements occur., however, in the hanging wall 

limestone immediately above the fault. 

Drill hole T3 was collared 450 feet east and 100 feet 

south of a large glory hole resulting from the mining of a 50 

foot diameter chimney of argentiferous manganese oxide ore 

localized on the Luck Cuss fault. The fault in this area 

strikes almost due north and underground data indicated a 

southward rake of between R5° and near vertical. Measured 

surface and underground dips ranged from vertical to as low as 

The planned fault/chimney intercept, assuming a ROoE 

o dip and 87 rake, was 2,480 feet. The fault was actually cut 

at 2,426 feet, indicating an actual overall dip of 
o 

79 E. 

Several fractures, measured above and below the faul t, dip 

between 70 0 and 80 0 which generally agree with t he projected 

faul t dip. The faul t zone itself is seven feet thick and 

consists of sheared and brecciated, calcite- and quartz-
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cemented arkose which contains several intervals of strong 

manganes~ oxide mineralization both as replacements and as vug 

and fracture fillings. No base metal replacements occur in 

immp.diate hanging or footwall limestones. Thp. targeted 

chimney either dies out above the intercept depth, or was 

missed by the drill hole because of a change in rake. 

Hole T4 targeted the down dip extension of mineralization 

at thp. Luck Sure Mine . The hole was collared 600 feet east of 

the mine openings where the Lucky Cuss fault sti.11 str.ikes 

almost due north before starting a sharp swing to the east 

(see Plate 1). Surface dips on various strands of the Ioucky 

Cuss in the mine area range o 0 from 75 E to 85 E. Assuming an 

o average dip of 80 E, the planned fault intercept was at 2,830 

feet. This point lies nearly in the center of the 13 

natural cave intersected between 2,823 and 2,836 

fOO~ 

feet. 

Fracture angles in rocks of the immediate foot and hanging 

wall tend to . support an fault dip. The nature of the 

mineralization associated with this intercept is described in 

detail in a previous section. 

The intercept widths of the Lucky Cuss fault may appear 

surprisingly narrow. They are not uncharacteristically so, 

however, when compared to numerous segments of the Lucky Cuss 

observed both on the surface and underground where the width 

pinches and swells dramatically both along strike and down 

dip. Continuous exposures along several levels of the Lucky 

Cuss mine show the faul t varies from a few inches thick in 

barren areas, up to perhaps ten or twenty feet in mineralized 
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areas (the exact . width being obscured by replacement 

mineralization) . Width may vary from one extreme to the other 

over a strike length of only a few feet. Accordingly, it is 

concluded that, although stratigraphic displacements could not 

be determined either underground or in core, the nature, dip, 

and intensity of faulting along the Lucky Cuss does not 

significantly change from the surface to the depths drilled. 

Westside-Eastside Fissure. DDH T2 was collared near the 

intersection of the Westside-Eastside fissure, the Grand 

Central fault and the Tribute dike. Near the collar location, 

the dike dips west at 85 0 and the fissure dips 75 0 northwest 

(see Plate 1). Published cross sections and underground 

measurements in the Westside mine, however show the fissure to 

have an overall vertical to steep southeastward dip. It was 

ant icipa ted, therefore, that the dri 11 hole would pierce the 

dike-fissure intersection at depth, somewhere in the middle of 

the Naco section. Drilling results, however, showed 

otherwise. Neither the Tribute dike or the Eastside fissure 

were cut in the hole, indicating that both ei~her ~aintain a 

vertical dip or reverse their indicated dip at depth. The 

presence of a thick section of Scherrer fo:r.mation in T2 is 

undoubtedly due to faulting which may involve some movement on 

the Eastside fissure. It is probable, however, that pre-

Bisbee faulting is also involved, as will be discussed in a 

subsequent section. 
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Empire Dike and Breccia PiDe (?). DDH T5 targeted 

mineraliz,ation associated wi th a strong breccia occurring at 

the intersection of the Empire dike and the Silver Thread 

roll. Neither the dike or the roll crop out on the surface, 

but both are mapped in detail on the 400 and 500 level of the 

Empi re Mine. Careful del ineation of the breccia mass and 

associated structures in the Benton-AI bert stopes showed, on 

two levels, that the intersection of the vertical dike and 

roll axis had produced a vertically oriented breccia wi th a 

pipe-like geometry. T5, accordingly was targeted to intersect 

the breccia approximately 1,500 feet vertically below the 

breccia exposed on the 400 and 500 levels. As was the case 

with T2, the target was missed completely neither the 

breccia or the dike were cut hy the drill hole. The 

structural implications of the "miss" are as follows: 1) since 

the drill hole was oriented almost at right angles to the dike 

which was never cut, the dip of the dike must have changed 

from vertical to westward (away from the hole) at depth, and 

2} the existence of the associated mineralized hreccia at a 

depth of 2000 feet can neither be proved or disproved by this 

drill hole since the associated Empire dike was never 

penetrated, and there is no way of telling how closely the 

hole approached the dike along its course. 

Implied Structural Data 

Perhaps the most important structural data generated by 

the program can not be observed directly in the core, but 

rather is implied, based on drill hole stratig:r.aphic 
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information. In the following discussion reference is made to 

Plate 2 ~hich shows the stratigraphie correlation between all 

of the Tombstone drill holes. 

Inter-hole correlation clearly shows that the Paleozoic 

section has been affected by major faulting that is not 

expressed in the Bisbee and therefore must be pre-Bisbee in 

age. Evidence for this is found in the stratigraphy of holes 

T2 and T5. In DDH T2 a thick section of Scherrer is present 

immediately below the undisplaced Bisbee unconformity and 

above a severely foreshortened section of Epit~ph. One 

solution to the geometry so imposed is shown on Plate 2 which 

suggests the Scherrer was faulted in on a generally east­

dipping normal fault which also "decapitated" the upper parts 

of the Ep1 taph. The east dip is required to maintain the 

inter-hole stratigraphic integrity shown between Tl, 3, and 4. 

In T2, the missing part of the Epjtaph suggests a fault 

displacement exceeding 500 feet. 

Diagonally across the Tombstone basin, DDH T5 revealed 

that the Horquilla limestone immediately underlies the Bisbee 

unconformity which, as in T2, shows no apparent displacement. 

The existence of the Horquilla · in this location impl ies that 

the area containing holes Tl-4 has been downdropped in excess 

of 2,300 feet relative to T5. Such a pre-Bisbee displacement 

may have occurred along one major fault as shown on Plate 2, 

or may represent the cumulative disolacement of a series of 

west-dipping, west side-down step faults between T2 and T5. 
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Another noteworthy feature of Plate 2 is the apparent 

IIflatness~' of the Bisbee unconformity between drill holes T3, 

Tt, T2, and T5. Closer spaced drilling might reveal local 

irregularities, but, in general, the unconformity would still 

maintain a fairly constant elevation. This implies that post­

Bisbee faul ts (i. e. most of the faults wi thin the Tombstone 

basin shown on Plate 1) did not produce significant vertical 

displacement. This is in accord wi th published mapping and 

with personal obser.vations both on the surface and 

undeJ:'ground. The literature also suggests that lateral 

movement on such structures was minimal. 

The only exception to this generalization, documented by 

the present drilling program, is the appar.ent movement on the 

Lucky Cuss faul t . Examination of Plate 2 shows that the 

contacts between the various Paleozoic uni ts in hole T3 are 

displaced sharply downward relative to those in T4, as is the 

Bisbee unconformity. Recognizing the distortions inherent in 

the diagram, and the presence of several cross faults (Plate 

1), it still appears that these displacements are the resul t 

of drag, or successive, closely spaced stepwise displacements, 

caused by movement on the Lucky Cuss fault (compare Plates 1 

and 2). If this is true, it can be further noted that the 

contact displacements decrease in magnitude upwards. Between 

T3 and T4 I the Earp-Colina contact is dj splaced downward by 

811 feet, the Colina-Epi taph contact by 640 feet, and the 

Epitaph-Bisbee unconformity by only ]87 feet. These figures 

imply that the Lucky Cuss fault has been in existenc~ at least 
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since Colina, and probably Earp time, and moved, perhaps as a 

growth fault, through Epi~aph tim~. Movement continued or was 

reactivated in Bisbee time, offsetting the unconformity. If 

this analysis is correct, it marks the Lucky Cuss fault as one 

of the more important and fundamental elements of the 

structural " fabric of the Tombstone district. 
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6200 Uptown Blvd. N.E., Suite 400 
Box 27019 
Albuquerque, New Mexico 87125 
505/881-3050 

May 1, 1989 

Mr. LaVerne Baxter 
Tombstone Development Company 
Route 2, Box 67 
Grand Island, Nebraska 68803 

Dear LaVerne: 

FEDERAL EXPRE SS 

Tombstone Pro ject 
Cochise county, Arizona 
File 3-033-000 1 

Santa Fe will commence its 1989 drilling program on the 
Tombstc,ne Development Company lease May 1st. This years 
drilling program will consist of one rig and vlill be as 
follows: 

1. T-6 will be drilled on the Luck Sure Patent at the 
same location as last years hole T-4. Thi s hole will 
be drilled first. 

2. T-7 will b e drill ed on the we s t Side Patent. 

3. T-8 will be drilled on the contention Patent. 

4 . T-9 will be drilled on the Silver Thre a d Patent at 
the same location as last years hole T-S. 

I will s upply you with a map of all drill s ite s prior to 
the completion of the drilling of T-6. 

If you have any questions, please call. 

Dc:dlu 

Attachme nt 

cc: W. D. Riesmeyer 

A Santa Fe Southern Pacific Company 

Very truly yours, 

~0J--
Denni s Cole 
Manaqer-Land 
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Seml-Annual Report to Tombstone Development Company 

on the 

Tombstone Project, Cochise County, Arizona 

W. D. Riesmeyer 
santa Fe Pac ific Mining, Inc. 

September, 1989 



-- 6200 Uptown Blvd. N.E., Suite 400 
Box 27019 
Albuquerque, New Mexico 87125 
505/881-3050 

September 11, 1989 

Re: Tombstone Project 
Cochise County, Arizona 
SFPM File 3-033-0001 

Mr. LaVerne Baxter, President 
Tombstone Development Company 
P. O. Box 1445 
Grand Island, Nebraska 

Dear LaVerne: 

b ;2tween 
Mining 
during 

.Attached in accordance with the term of 
Tombstone Development company and santa 

is the semi-annual report covering santa 
this period of time. 

the Lease 
Fe Pacific 

Fe I s work 

If you have any questions concerning this report, 
pl ease feel free to call e ither me or Duncan Ri esmeye r of this 
office. 

DC: fy 

Attachment 

cc: D. Riesmeyer 

A Santa Fe Southern Pacific Company 

Very truly yours, 

O.J--.~ ~ 
Dennis Cole 
Manager-Land 
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Semi~Annual Report to Tombstone Development Company 
on the 

Tombstone Project, Cochise County, Arizona 

Introduction 

Santa Fe Pacific Mining, Inc . conducted diamond c o re d rilling 
on the Tombstone De velopment Company lease between May ~ and August 
7, 1989. Two deep core ho l e s (T:-6 and T-8), with an a ggr e gate 
footage of 4,200 ' , were completed during the period. Extreme l y 
difficul t drilling conditions , with att e ndant increas ed costs, 
pre vented completion of the anticipated four hole program . 

The following report d es c r ibes the r e sults from the two d ril l 
hole s . Included are descriptions of the stratigraphy, struc t ure , 
and mineralization encountered in each hole. A geologic map 
showing the location of each h ole, a s well a s g r aphic logs f o r T-
6 and T-8 are appended as Plates 1 and 2, re s pective ly. Compl e t e 
drill l ogs an d assay sheets f o rm an appendix to the r e port. 

Diamond Drill Hole T- 6 

DDH T-6 was drilled between May 1 and June 10, 19 89 , on an 
asimuth of S85W at - 80 degrees from the collar of DDH T-4 ( see 
pr i or r eport ) . T. D. was 1, 9 00 I . The bearing of t he hol e was a 
dire ct line be t we e n the T-4 collar and the main s haft o f the Lu c k 
Sure wo rkings , which exploit e d a chimney of a rgentif e r ou s manganese 
and le a d oxide ores, lying wi t hin the Lucky Cuss fault. Drill hole 
T- 6 was sited to explore for similar chimney and attendant manto 
mineralization in and adjacent to the Lucky Cuss where the fault 
wa s projected to cut the Paleozoic limestones of t h e Earp 
forma t ion, apparently 1700 fe e t below the surface. The propo sed 
intercept laid on a straight line projection betwe e n the outcrop 
of the Luc k Sure min e ralization and the ox idation c a v e , and 
a c c ompanying mineralization, c ut in T-4 a t a depth o f 28 40 f ee t , 
which is thought also to lie in the Lucky Cuss f ault z one. 

s tra tigraph y 

DDH T-6 cut a section which included the Bisbee; Epitaph, 
Co lina, and Earp formations . A complete stratigraphic de sc ription 
of these formations is included in a prior report; only a brief 
summary description will be g i ven here. 

Bisbee Formation. Rocks of the Cretaceous Bisbee f o rmation 
were cored from the collar to 672 feet. The bulk of the unit 
consists of a generally coarse polylithic conglomerate, with clas t s 
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in some sections reaching boulder size. Clasts consist primary of 
underlying Paleozoic units limestone, marble, sandstone, 
siltstone, and shale, which are supported in a generally 
calcareous, sandy matr ix. The second most abundant Bisbee 
Ii thology is fine to coarse sandstone , quartzite, and arkosic 
sandstone. The lower-most part of the Bisbee consists of siltstone 
and mudstone. 

Epitaph Formation. In T-6, the Pennsylvanian-Permian Epitaph 
formation, consisting primarily of 1 imestone and s il tstone was 
cored between 672 and 1 088 feet. The upper part of the unit is 
composed of fine siltstone and interbedded sandstones and arkose. 
The bulk of the unit is light grey limestone which has been 
r e crystallized to a medium grained marble. The bottom of a lower 
si ltstone unit marks the contact with the underlying Colina 
limestone. 

Colina Limestone . The Col in a limestone, cored between 1088 
and 1521 feet, i s also of Pennsylvanian-permian age, and consi s t s 
almo s t entirely of white to light grey , coarsely crystalline 
marbl e . Rare, thin dolomitic sections are pre s ent, as well a s 
healed col l apse breccia, and thin s ilt stone intervals. A small 
solution cavity and a four foot jasperoid int e rval were e ncountered 
in the upper part of the unit. The appearance of the first 
significan t siltstone at 1521 feet marks the contact with the 
underlying Earp formation. A thin fault sliver of white marble 
between 1740 and 17 :)0 feet is also tentatively assigned to the 
Colina. 

Earp Formation. The Penn s ylvanian-Permian Earp formation was 
cored between 1521 and 1738 feet and between 1 750 and 1900 feet. 
It consists of limestone , calcite marble, and dolomite, along with 
interbedded silts tone, sandstone, and arkose. Coarse 
recrystallization of the limestones in the upper part of the unit 
make the distinction between the Colina and Earp , carbonates 
difficult. 

St:ructure 

Despite the number of faults and breaks mapped on the surface 
between the Luck Sure shaft and the collar of T-6, drilling showed 
very litt le structural disruption of the section except in the 
Bisbee , and in and near the Luc ky Cuss fault. Th e contact between 
t he Epitaph and Colina, and betwe en the Colina and Earp f o rmations 
can be readily correla t ed between holes T-4 and T-6, both dipping 
eastward between 45 deg. and 50 deg. Thi s is in acco rd wi tl1 
bedding angles measured in both holes which generally range between 
40 deg. and 60 deg. The numerous faults, noted on the accompanying 
drill logs, which cut the Paleozo ic section, are gener a lly high 
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angl e , b ut" a s shown by h o le to hole correlation, h ave only minor 
ve rtical o ff se t. 

A c omplication to this apparently simple structural picture 
is found in the attitudes o f the Bi s bee beds a nd the Bisbee ­
Epitaph contact. In both T- 4 and T- 6 , beddi ng i n t he Bi s bee ~ips 
ve ry steeply - between 7 0 d e g. and 9 0 deg ., up to 50 deg. steeper 
th a n t h at of the underlying Pale o z o ic units. I n addition, 
correlation b e tween T- 4 an d T- 6 , s h ows the Bi s bee - Epitaph con tact 
to dip west a t 6 deg. While this may b e due to a n extremely rugged 
u n con fo rmi ty surface , th e attitude o f th e Bisb ee beds sugges t a 
te c t oni c caus e . Th e s hallow contact angle and the steep bedding 
angl es s ug gest thrust f a ulting along the unconformity with poss i ble 
overturning of the upper plate Bisbee. Hhile the re is some 
e v i dence o f ov e rturning reflected in the core, there is l i ttle or 
n one o f a thru s t at the c ontact . For the t im e, the issue is 
unre s olved. 

The Luc ky Cuss fault was int ercept e d i n T-6 at 17 38 feet, 
approximately 4 5 late ral feet from the proj e cted int e rc ept on the 
l i n e between its outcrop at the Luck Sure a nd the T-4 intercept. 
Th u s the Lu c ky Cuss dips 7 9 deg . betwe e n the sur f ace and t h e T- 6 
interc ept , and 75 deg . b e twe e n T-6 and the oxidation cave in T-4. 
Th e cav e a n d unde rlying mineralization e n countered along the fault 
in T- 6 s uggest the Luc ky Cuss zone to be about four f eet thick, 
con s iderably thinner than th e 20 fo ot t hic k s ec tion mea s ure d on the 
s urface . 

H:LnE'ral i zat ion 

While several minerali ze d i nte rcept s were obtained in T- 6 , 
none were of a dequat e grade a nd/or width t o constit u te or e . of 
these , the three most significant are described below . Comp lete 
assay resul t s f or these and oth er ass ayed intervals are loca t ed i n 
the app endix. 

Th e interval 99 1.5 ' - 992' contained a thin (0 . 5 ' ) replacement 
consis t ing of nearly massive blackjack spha lerite and minor: .v.. 

diss em inated galena. The intercept assayed 31 . 0 opt Ag, 0 . 81% Cu. ? 
3 .20% Pb, a nd 17. 3% Zn. Mineralization appea r ed t o be conc o rdant 
with b e d d i n g and had razor-sharp contac t s with the carbonate host . 
1'1ine1-a l iz a tion occurred wi thin an al tera t ion s he ll of s trongly 
recrystall i z ed Ep itaph limestone (marble ) . Thes e cha r acter i stics 
s u g gest a. typical CRD-type manto, albeit very t h in. Tlll s "mini ­
ma nto" may con ce i v ably be r ooted in the Lucky Cus s fault, 500 f eet 
dh~ t an t , up dip a l ong b e ddi n g. It does no t , however, extend 
f u rther down dip to T-4 only 285 feet away. 

The i n te rval 1185.5'-1187' i s a vuggy , strongly oxidized zone 
in Colina limestone in the imme d iate footwell of a b a rren t h ree 
f oot thick j a speroid . The zone cont ains manganese oxides l ining 
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vugs, as well as remnant kernels of galena (to 1" across), and 
scattered wulfenite . The zone assayed 3.28 opt Ag. 0.69% Pb, and 
1.6 Ll% Zn. Proj ected 290 feet down dip along bedding to T-4, a 
silica-fluorite - pyrite-manganese zone is encountered which may be 
a man to-like correlative of the T-6 intercept. 

Th e Lucky Cuss fault is probably represented by a two foot 
oxidation (?) cavern cut between 1738' - 1740', which is similar 
in nature to the cavern on the Lucky Cuss which was drilled in hole 
T- 4. The T- 6 cave (fault) has a siltstone hanging wall and a vuggy 
marble footwall . Unlike the T- 4 cave, this cavern is f loored only 
by vuggy, semi-massive manganese oxides; no wulfenite or anglesite 
was observed . F.ssays shm"led some lead oxides to be pre sent, 
howev e r, viz: 2 feet of 0.18 opt Ag, 0.06 % cu, 2.35% Pb, and 0.35 % 
Zn. It is probable tha t the low Ag, Cu, and Zn values have 
resulted from migration of these metals away from this strongly 
oxidized zone, only the Pb r e maining, fixed as oxidation z on e ­
stab l e , fine grained cerrusite. 

Below the cavern, zones of mangane se oxide impregnations and 
dendrites occur in Earp limestones , the strongest of which lies 
between 1797.5' and 1802'. Assays s how the manganese oxides t o be 
argentiferous, carrying 0.88 opt Ag; no other significant met a l 
values are present . It is probable that this HnOx zone i s an 
alteration/mineralization halo related to the Lucky Cuss zone. 

Diamond Drill Ho l e T-S 

DDH T- 8 was drilled between June 12 and August 7, 1989 f r om 
a site on the n orth end of the PBR Minerals open pit . The hole was 
dril led due we st beneath the pit a t an angle of -61 deg . T.D. was 
2,300 I. The hole was sited to explore the possibl e d own d ip 
extension of rich s ilver-go ld ore associated with a generally 
north-trending complex of fault s and the Empi r e - Contention dike. 
Published cross sections show bonanza-grade oxide ore was closely 
ass ociated both with the margin s of the dike and with t he multitude 
of s teeply dipping norm a l faults which progress ively o ffset the 
dike wes t wa rd. Because the best "shallow" ore was fo und where 
dikes or faults cut Bi s bee l i me stones, it was believed that larger 
ore bodies might be found where the fault-dike system cut thick 
s ecti ons o f Paleozoic ca r bonates at depth. 

stratigraphy 

DDH T-8 cut a section consis ting of the Bisbee format ion and 
the Horqu illa and Escabro s a limestone s . These unit s a re a lso 
tho rough ly described in a prior semi-annual report ., and only a 
brief s ummary of t heir characteristics is given below . 
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Bisb,~ e ' Formation, Unl i k e the Bisbee drilled in T-6 which 
contaIned coarse clas t ic sediments - sandstones an conglomerates , 
the 802 .7 feet of Bisbee d rill ed in T- 8 consists of fine. clastics -
[.iltstone and mudstone, as well as lime stone. only rare , th in 
interbeds of sandstone or arko s e were encountered in the section . 
The siltstones, in the upper 200 feet of the hole, are strongly 
s h attered and altered, creating extremely bad drilling condit ions. 
Drill progress, on occasion, was as little as one foot per 20 hour 
s hift. Below the zone of shattering, the siltstones , black , t an, 
b rown o r red in color, are seen to have a variable sandy component 
and fr equently grade into finer gr a ine d mudstones. Limes t o nes 
showing vary i ng degrees of argillization, dolomltiz a tion, and 
silic:Lfication, form interbeds, up to 50 feet thick, within the 
si l tstone section. 

Ho rquilla Limestone. Th e Pe nnsylvani a - Permi a n Horqu i lla 
lime stone forms the lowe r-mo s t formati on of the Naco g roup, 
unde rl y ing the Earp formation. Th e Horquilla was cored in T- 6 
be tween 802 .7' and 194 9.5' . The upper part o f the uni t i s a 
thi ckly b e dded, light grey to pinkish grey lime s tone which conta in s 
a few thin i nterbeds of s iltstone. From 897 ' t o 1332' t he 
Horquilla is a limestone or dolomitic limestone breccia. Clasts 
average :2.5" to 3" ac rO Sf:~ r and are supported in a calcite matrix. 
This s ub-un i t either represent s a healed co ll a pse breccia, or, mor e 
likely a tec t onically s hatt e r e d interval which was subsequently 
solution-healed with calcite. The lower half o f the Horquill a in 
T-G is compo sed of thickly bedded to maSS l ve, stylolitic, medium 
to c oars e g rained lime s tone '''i'11ich contains a few thi c k beds of 
dolomi te and si lts tone . Weak skarning affect s the lowe r part o f 
this limes tone unit. The lower-most unit o f the Horquilla is a 
thinly bedded dark grey t o brown s i ltstone which disconformably 
o verlies the Es cabrosa. 

Escabros a Limestone . Th e Mississippian Es cabrosa was cored 
between 1949.5' and T.D. at 2300'. Th e unit. cons i sts of thi ck ly 
to mass ively bedde d, moderately recrystallized, light to dark grey 
limestone, wi th lesser amounts of dolomite arid dolomite limestone. 
Most p art s have been affected by weak skarning and argillization. 
styloli t es are common throughout the section. Onl y one thin . 
interb ed of dark grey siltstone appears in the s ect ion. 

Fels it e Dike. A felsite dike intrude s t he Es c abros a between 
2179 ' :lLd 2199'. The dik e is an orangish Cl-eam aphani tic­
porphyritic r ock with a sharp footwall contact, but a very diffuse 
hangin g wall contact. Phenocrysts con sis t of small plagioclase and 
potassium f e ldsp a r crystal s, rare rounded quartz "eyes", and 
blackish green biot i te books. Th e aphanitic grollndmass is ve ry 
s iliceou s and has the appearance of potass i c flooding. The rock 
probably ha s a qu a rtz monzonit e composition. The di ke con ta ins no 
s ulfides, and s hows no trace of argillization, unlike most o ther 
d ike s seen on the surface or underground in the dist rict . 
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structure. ,The lack of surface outcrops along the line of T- 8, as 
well as poor pit exposures and the lack of underground and nearby 
drill h o le data, make a ny s truc tural analysis of T-8 extremely 
difficult a nd s peculative . Despite these difficulties, the 
following obse rvations are , nonetheless, offered. 

Faul ts. Numerous faults were recognized on the T-8 core. 
----

Most have a dip ranging from 58 deg. to 78 deg.; regional 
s truc tural data suggest t hat most, or all, dip eastward. Host 
show little or on ly moderate displacement, a s diffe ring lithologies 
o r form ations a re not juxtaposed. The only apparent exception is 
a major f ault very near the Bisbee-Horquilla contact . This fault , 
dipping eastward at 75 deg., when projected to t he surface, 
corre":. ponds closely to the lo c a tion of the contention faul t as 
mappe d by Butler. Because of its proximity to the f o rmational 
contac::t, it is probable that the Bisbee has been down - d ropped 
a g a inst the Horquilla along this structure . Th e no rthea s t­
trending Tranquili ty faul t I approximately 600 feet north of the 
drill col l ar (see Plate 1), dips southeast and is probably 
r esponsible for down dropping the Bisbee-Horqui lla contact 
approximately 245 feet relative to the position of the contact in 
DDH T- 6 (see prior report). 

As shown on Butler's cross s ections, east-dipping f au l ts 
progress ively offset the contention dike to the west with 
increasing depth. No dike segments were encount e red in T- 8 with 
t he exception of the above desc r ibed fe lsi t e which occurs at a 
verti c al depth of 1900'. Its projected position i s 1000' west of 
th e out c rop of the Contention dike as mapped by Bu tler . Drill data 
shows the fe l site dike probably dips east at -6 0 deg. Its l oca t i on 
an d attitude militate against its being a segment of the 
Contention; it i s more li kely a segment of the Sulphur s t di ke which 
outcrops jus t west of the vertical projection of the bottom of T-
8 . Th e absence of segmen t s of the contention dike further up - hol e 
i s , at present, unexplained . 

Fo l ds . Various tectonic fabrics observed in the core, as well 
as known structural trends el s ewhere in the district, s ugges t that 
T- 8 passed through the axis of one or mor e folds. Unfortun a tely; 
because fabrics in drill core cannot be absolutely oriented in 
thr e e d i mensional space! the t rue dip and strike of bedding, 
r ecorded on the drill log, cannot be determin e d. Accordingly, on 
the basis of one drill hole , positive proof of a fold s tructure 
ccmnot be obtaj_ned. However lit should be noted that t he trac e of 
t.h e Girard 11 roll" (anticl ine) proj e c t s acros s the cour s e of T- 8 
(Pl a te 1 ) . Manipulation of measured bedding angles in the core 
s uggest that the axis of the roll may have been crossed b etween 
1000' and 1300' . This corre s ponds to the loca t ion of the intens e 
brec c ia cored in the Horquilla, as described above . It may be 
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speculated that this breccia formed as a result of shattering along 
the crest of the roll. That weak mineralization occurs associated 
with the bottom of this brecci a unit may be analogous to ro l l crest 
r eplacements which are well documented el s ewhere in the Tombston e 
district . 

Ml ne r al iz a t ion 

Ml n e ralization o ccurs s p oradically throughout the length of 
T- 8 . Mos t, however, is v e ry weak . Only two i ntercepts y ie lded 
significant assay values, but those were not of s uffici ent grade 
a nd/ or width to constitute ore. Ass ays for all int e r c ept s c h os e n 
f o r a n alysis, in addition to the two discu s sed b e low, appea r with 
the T-8 drill log in the appendix. 

A three foot intercept, between 1648.6' and 1651 . 6', as s ayed 
0 . 64 opt Ag . 0 . 62 % eu, 2.16 % Pb, and 2.35 % Zn. The minera l ization 
con s i s ts o f 20% co a rsely di s semina ted sphalerite = chalcopyrite 
ga l ena, h oste d in strongly r e cryst a llized and we a kl y ska r ned 
Horquilla limestone. Mineralization is accompani e d by we ak pink 
and bl a ck manganese oxide s , a s well a s pos s ible fine grained green 
ga rnet . In addition , the sulfide s a r e s urro unded by a h alo of 
r e c r ys tallizat i on up to 7 f ee t thick, and a shell of weak chlorite -
epidote skarn up to 23 feet wide. The re is no obvious structura l 
c ontrol f or the mineralization, and it i s probable that it is a 
part o f a weak bedding contro ll e d s karn - sulfide ma nto sys t e m of 
unknown source. 

,'" 

The best mineralized interval in DDH T-8 occurs ass oc i ated 
l-nth t he f e l s ite dike between 2154' and 217 7 . 5' ; in the d i ke 
h a nging wall, and between 219 8 .5 and 21 99' in the footwall. The 
hangi n g wall zone consists of up to 30 % total s ulfides including 
galena, sphalerite, chalcopyrite and chalcocit e . Trace amounts of 
various copper oxides and wulf enite are s cattered through the 
section . The average tenor of the interva l 21 54' to 2177 . 5 ' 
( 23 . 5 ') is . 002 opt Au, 1.14 opt Ag, 0.61 % eu, 6 . 54 % Pb, a nd 2 . 57 % 
Zn. Ref e r e nc e is made to the appendix for a c omple t e tabulati on X 
of th e metal values in this interval . Th e footwa l l i n 1: e rcep t 
contains about 20 ~; sulfide s with a min e ralogy s i milar to the 
section above. As sociated a l t e ration occurs mostly i n the hang i ng 
wal l and con s i s t s of weak r e crystalli z ation, and we ak t o mo dera te 
sanding . A one f oot cave rn, completely fill e d with mass ive 
crys talline c al c ite and dolomite o c curs in the immedi a t e foo twa ll 
o f t Ile dike . 

It will be not e d that the f elsite dike contains anomalou s l e a d 
anc~ zin c va lue s only on it s ma rgins; the interior o f the dike is 
comp l e t ely b e rren. This , in add i tion t o it s megasc op i ca l l y 
un al t e r ed n ature and lack of e v e n v isible pyr i te, su gges t s the d i ke 
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- --------- ---~-----------------------------~ 

is pos t-mineral and was not the source of the surrounding CRD 
mineralization. Accordingly, it is suggested that mineralization 
is related to a pre-dike fault (the same as, for example, 
mineralization in the Westside fissure). Both the faul t and 
mineralization are thought to have been subsequently intruded by 
the barren felsite. 

SUMMARY 

Two deep core holes were completed on the Tomb s tone 
Deve lopment Company lease as part of Santa Fe Pacific Mining' s 1989 
,?xploration program. A 1,900 foot hole was drilled in the Luck 
Sure mine area, and a 2 ,300 foot hole was cored under the PBR 
Minerals open pit. Both holes were targeted on major faults, the 
Lucky Cuss and the Contention fault complex, whi c h hosted 
s ign:i ficant ore deposits in the near-surface environment. Th e 
hole s were directed to intersect these structures at depth wh e re 
the y cu t thick sections of Paleozoic carbonate rocks - locations 
holding potential f or hosting large mantos and chimneys o f CRD 
minera lization. Both holes cut the t a rgeted st ructures , but found 
only minimal de velopment of sulfide mineralization, the grad e 
a nd/ or thickness of which wa s inadequate to constitute ore. 
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SKYLINE LABS, INC. 
1775 W. Sahuaro Dr. • P.O. Box 50106 
Tucson, Arizona 85703 
(602) 622-4836 

REPORT OF ANALYSIS 

SANTA FE PACIFIC MINING INC. 
Attn: Mr. Duncan Riesmeyer 
6200 Uptown Blvd., H~OO 
Albuquerque, NI1 8712~j 

Analysis of 1 Drill Core Samples 

JOB NO. UJI,) 086 
June 13, 19139 
T-6 9'7'1 .:)-']'92 

PAGE 1 OF 1 

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

ITEI1 S()11PLE I·JUI·mEH 

FIHE ASS{W 
(IU (lq 

( oz/t) (oz/t) 
ell 
( % ) 

Pb 
( % ) 

Zn 
( % ) 

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

T-· 6 9'11.5- 992 

cc: Mr. Fred Jenkins 
Mr. Dale Armstrong 

Charles E. Thompson 
Arizona Registered ASSIIyer No. 9427 

.002 31.00 

William l. Lehmbeck 
Arizona Regl~tered Assayer No. 9425 

.81 3.20 17.:3 

James A. Martin 
Arizona Registered Assayer No. 11122 



SKYLINE LABS, INC. 
1775 W. Sahuaro Dr .• P.O. Box 50106 
Tucson, Arizona 85703 
(602) 622-4836 

REPORT OF ANALYSIS 

SANTA FE PACIFIC MINING INC. 
At t n: ttr. Duncan rd esmeyer 
6?00 Uptown Blvd., R400 
AlbUquerque, NM 87125 

Analysis of 8 Drill Core Samples 

ITEt1 SA~lPL.E NUf1BER 

T-- f., 11 Wi . ::) -- 1187 . ::' 
:~:~ T-- 6 1 :)'7'7 . :i-- 1602 
:3 1 --6 174 1--1 74:3 
4 T--6 1770-- 1772 . 2 

5 T -6 177'1--17130 . :3 
6 T-- 6 1797 . ~j ·- l BOO 
7 T--I:, 11301 .4 ·0 1 130~~ .4 
B T_06 lOIn . ~5 -- lO96 

cc: Mr. Fred Jenki ns 
My. Dale Armstrong 

FIRE 
Au 

( oz/t ) 

.010 
< . OO:? 

.OCll3 
< .002 

< .OO? 
< .002 
.< .002 
( .002 

AS~JAY 

A~J 
( oz/t ) 

3 .2B 
.07 
.18 

< . 01 

< .01 
.BO 
.137 
.06 

JOB NO. UJV 107 
June :30, 1989 

T··(, (110~i.5 TO 18%) 
PAGE 1 OF 1 

C:u Pb Zn 
(:0 ( % ) ( % ) 

.04 . f:/i 1 .fA 

. Cll .04 . 09 

.01:, ~: .:35 • ~1::) 
<'01 .0:::' .02 

(,01 .01 <'02 
" o:::~ . 03 .3~! 

. 01 .05 . 1 !3 

.02 . ~!7 . ~! :) 

Charles E. Thompson 
Arizona Registered Allllyer No. 9427 

William L. Lehmbeck 
Arizona Registered AS88yer No. 9425 

James A. Martin 
Arizona Registered Assayer No. 11122 
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SKYLINE LABS, INC. 
1775 W. Sahuaro Dr . • P.O. Box 50106 
Tucson, Arizona 85703 
(602) 622-4836 

REPORT OF ANALYSIS 

SAN1A FE PACIFIC MINING INC . 
Attn: f1r. Duncan rH esmeyer 
6200 Uptown Blvd., D400 
Albuquerque, NM 87125 

Analysis of 9 Drill Core Sampl es 

rIf~E 

Au 
ITEl1 !;Af'lPLE NUMl3m ( oz/t ) 

l -8 2:30 --?3~) .006 
2 T--8 2~!:i - ;:']B <. oo;~ 
:3 T--13 40:3 "'- 40~) .004 
4 T-'- O JjO~-, - - 410 <.00:2 ,-
-) T - ·!) ~)?~j-5 :29 .002 

(, T-- n :,;:;'9- :,]3 .006 
7 T -B 6 :3;::~ . 5 ·- 6:3~:' .00t, 
B T·- (I (, ::1 ~) -- f:.,4 0 ( • O();:~ 
9 ,- ····13 640--6'1·:3 . ~:i < .002 

cc: Mr. Dale Armstrong 

cc: Mr. Fred Jenkins 

ASSAY 
AS! 

( oz/t ) 

( . eJl 
<'01 

• Cll 
( .01 

.10 

.22 

.10 
( . Cll 
( . Cll 

eu 
( % ) 

( . CJl 
<'01 
(,01 
(, 01 

.01 

<'01 
.01 
. ell 

( .ell 

Charles E_ Thompson 
Arizona Registered Assayer No. 9427 

William L. lehmbeck 
Arizona Registered Assaysr No. 9425 

JOB NO. UJV 118 
Ju 1 y ? 1, 1 '189 

T- 8 (230 TO 643.5) 
Pr)GE 1 OF 1 

Pb Zn 
( % ) ( % ) 

( .Cll . Cll 
<'01 ( . ell 
(,01 .01 
(.01 (,0 1 
(,01 .04 

<'01 .10 
(,01 .O i~ 

<'01 . O? 
( .01 . Cll 

James A. Martin 
Arizona Registered Assayer No. 11122 
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SKYLINE LABS, INC. 
1776 W. Sahuaro Dr .• P.O. Box 50106 
Tucson. Arizona 85703 
(602) 822-4836 

REPORT OF ANALYSIS 

SANTA FE PACIFIC MINING INC. 
Attn: Mr. Duncan Riesroeyer 
6200 Uptown Blvd., ~400 
Albuquerque, NM 87125 

Analysis of 17 Drill Core Samples 

J08 NO. UJV 149 
August 18, 1989 

T-8 807-808.4 TO 
T-8 1669-1671 

PAGE 1 OF 1 

--------------------------------------------------------------------
FIRE ASSAY 
Au Ag Cu Pb Zn ITEM SAMPLE NUMBER (oz/t) (oz/t ) (~) (%) ( % ) 

--------------------------------------------------------------------
1 T-8706.3-707.3 
2 T-8 746.5-751.5 
3 T-8 807-808.4 
4 T-8 813.5-817 
5 T-8 1314-1319 

6 T-8 1319-1324 
7 T-8 1324-1327 
8 T-8 1390-1395 
9 T- 8 1476-1481 . 

10 T-8 1481-1486 

11 T-8 1486-1491 
12 T-8 1643-1644 
13 T-8 1646-1648.6 
14 T-8 1648.6-1651.6 
15 T-8 1651.6-1653.5 

16 T- 8 1653.5-1658.5 
17 T-8 1669-1671 

Charl .. i . Thompeon ""'01\& ~1Itere<I ,,-"yet' No. ~7 

< .002 .04 
< .002 <'01 
(,002 (,01 
( .002 (,01 
< .002 (.01 

(,002 (,01 
<.002 <'01 
<.002 (,01 
( .002 (,01 
(.002 (,01 

<'002 (,01 
(,002 (,01 
(,002 (,01 

.004 .64 
(,002 (,01 

<.002 <'01 
~,002 .02 

William L. lthmbtok 
ArIZona A~It**<t Nwyer No. IM2fi 

.01 (,01 
<'01 <'01 
(,01 (.01 
(,01 <'01 
(,01 <'01 

(,01 (,01 
.01 .06 

<'01 .02 
.01 .02 

(,01 .02 

<'01 .03 
(,01 .02 
<'01 <'01 

.62 :2 .16 

.01 .03 

.05 .02 
COl .02 

.03 

.03 

.01 

.01 

.01 

.01 

.06 

.04 

.01 
<'01 

.01 

.07 

.02 
2.35 

.03 

.03 

.03 

James A. Martin -
ArizOnti ~lIttl'8d ~ No. 11122 

TOTAL P.02 



SKYLINE LABS, INC. 
1775 W. Sahuaro Dr .• P.O. Box 50106 
Tucson, Arizona 85703 
(602) 822~36 

REPORT OF ANALYSIS 

SANTA FE PACIFIC MINING INC. 
Attn: Mr. Duncan Riesmeyer 
6200 Uptown Blvd., '400 
Albuquerque. NM 87125 

Analysis of 22 Drill Core Samples . 

JOB NO. UJV 150 
AU9ust 18 ~ 1989 

T-8 (2153 TO 2226) 
PAGE 1 OF 4 

FIRE ASSAY 
Au Ag 

ITEM SAMPLE NUMBER ( oz/t) ( oz/t ) 

1 1-8 2153-2154 < .002 (,01 
2 T-6 2154-2155 <'002 3.15 
3 T-8 2155-2157 < .002 .59 
4 T-~ 2155-2158 ** .000** .0mB~ 

5 T-8 2157-2158 .002 1.96 

6 T-82158-2161.5 .002 .69 
7 T-92161.5-2162.5 < .OO? :2 .14 
8 T-8 2161.5- 2163.5 ** .000~Ht .00** 
9 T-a 2162.5-2163.5 <'002 (,01 

10 T-8 2163.5-2165 (.002 .30 

11 T-82165-2167.5 .002 4.46 
12 T-82167.5-2172.5 <'002 .33 
13 T-82172.5-2177.5 <.002 .56 
14 T-82177.5- 2182 < .002 <'01 
15 T-a 2182-2186 < .002 <'01 

16 T"·8 2186-2189.5 . < .002 <'01 
17 T-8 2189.S-2194.5 (.002 (,01 
18 T-8 2194.5-2198.5 <.002 .10 
19 T-8 2198.5-2199 <'002 10.29 
20 T-8 2199-2202 ;.; ,000* .00* 

21 T "'S 2202··2205 < .002 <'01 
22 T-8 2205-2209 (,002 <'01 
23 T~8 2209-2211.5 * .000* .00* 
24 T-82211.S-2216.5 (,002 (,01 
25 T-8 2216.5-2219.5 < .002 (,01 

Chari. E. Thompaon William L. Lehmbeck James A. Martin 
Arizona Reg~ AIMy.t' No. i427 Al1zona Fl..;lmrt<l AsHver No. i42i Arllona A~:"11f'Id ~ No. 11122 
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SKYLINE LABS, INC. 
1775 W. Sahuaro Dr .• P.O. Box 50106 
Tucson, Arizona 85703 
(602) 622-1836 

J08 NO. UJV 150 
August 18, 1999 

PAGE 2 OF 4 

FIRE ASSAY 
Au AQ ITEM SAMPLE NUMBER ( oz/t) ( oz/t ) 

26 T~B 2219.5-2224 * 
27 T-6 2224-2226 

.OOOIt .OO~ 
<'002 < .01 

Ohar1a ! . Thompson 
Arqona Aegltterld .... ylf No. IM27 

William L. Lehmbed( 
Aritona Rog~ Allaytr No. ~6 

Jamee A. Martin 
Arizona R6Qister.d ~r No. 11122 



e 

e 

e 

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

SKYLINE LABS, INC. 
'77.5 W. Sahuaro Dr .• P.O. Box 50106 
Tucson, Arizona 85703 
(602) 622-4836 

JOB NO. UJV 150 
August 18, 1989 

PAGE 3 OF 4 

--------------------------------------------------------------------
cu Pb Zn 

ITEM SAMPLE NUMBER (%) (:0 (% ) 

--------------------------------------------------------------------
1 T-8 2153- 2154 .02 ., T-8 2154-2155 2.28 .... 
3 T-8 2155'~2157 .68 
<1 T-8 2155-2158 ** .OO~H( 

5 T-$ 2157-2158 1.33 

6 T-'8 2158-2161.5 .19 
7 T-6 2161.5~2162.5 1.69 
6 T-8 2161.5-2163.5 ** .om~~ 

9 T-6 2162.5-2163.5 .01 
10 T-8 2163.5-2165 .12 

11 T-82165-2167.5 1.43 
12- T-82167.5-2172.5 .56 
13 T-82172.5-2177.5 .08 
14 T-82177.5-2182 .02 
15 T-8 2182-2186 .01 

16 T-8 2186-2189.5 .02 
17 T-8 2189.S-2194.5 .02 
18 T-8 2194.5-2198.5 .02 
19 T-9 2198.5-2199 .49 
20 T-8 2199-2202 * .00* 

21 T-·8 2202-2205 <'01 
22 T-8 2205-2209 {'01 
23 T-8 2209-2211.5 * .00* 
24 T-92211.S-2216.5 (,01 
25 T-8 2216.5-2219.5 <,01 

Chari. E. Thompeon 
"""on. Reg~ AtNytt' No. i427 

William L. LehmbeQl( 
Artzona Flogttw.d AMayer No. ~5 

.06 .10 
7.35 2.45 
2.62 3.05 

.00** .OO~* 
5.90 4.25 

2.61 2.50 
4.00 5.35 
.omo~ .00** 
.09 .16 

1.60 .77 

13.00 6.10 
.73 1.87 

1.31 1.50 
.09 .55 
.02 O? . ... 

.02 .0:1 

.20 1.05 

.c.8 2.53 
15.60 2.60 

.00* .OO~ 

.04 .03 

.16 .04 
,00* .00* 
.01 .01 
.20 .07 

Jamet A. Martin 
Arizona R~~ AMqef No. t t tza 
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SKYLINE LABS, INC. 
1775 W. Sahuaro Dr .• P.O. Box 50106 
TUClon, Arizona 85703 
(602) 622-4836 

JOB NO. UJV 150 
August 18, 1989 

PAGE 4 OF 4 

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

ITEM SAMPLE NUMBER 
Cu 
(:~ ) 

Pb 
(X) 

Zn 
(% ) 

----._--------------------------------------------------------------
26 T-8 2219.5-2224 * 
27 T-a 2224-2226 

*NOTE: No sample submitted. 

**NOTE: Sample not received. 

.om+ 
(,01 

Char1 .. !. Thompeon 
Arilona A~~ ...... yer No. ~7 

William L Lthmbtck 
ArWma AegItteI'8d AoMver No. 11425 

.00* 

.11 
.om~ 

.05 

Jamea A. M.rtln 
A~QI!a A~IIt~ ~ No. 11122 

TOHlI. P e:l 
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