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ACCESS STATEMENT 

These digitized collections are accessible for purposes of education and research. We 

have indicated what we know about copyright and rights of privacy, publicity, or 

trademark. Due to the nature of archival collections, we are not always able to identify 

this information. We are eager to hear from any rights owners, so that we may obtain 

accurate information. Upon request, we will remove material from public view while we 

address a rights issue. 

CONSTRAINTS STATEMENT 

The Arizona Geological Survey does not claim to control all rights for all materials in its 

collection. These rights include, but are not limited to: copyright, privacy rights, and 

cultural protection rights. The User hereby assumes all responsibility for obtaining any 

rights to use the material in excess of “fair use.” 

The Survey makes no intellectual property claims to the products created by individual 

authors in the manuscript collections, except when the author deeded those rights to the 

Survey or when those authors were employed by the State of Arizona and created 

intellectual products as a function of their official duties. The Survey does maintain 

property rights to the physical and digital representations of the works. 

QUALITY STATEMENT 

The Arizona Geological Survey is not responsible for the accuracy of the records, 

information, or opinions that may be contained in the files. The Survey collects, catalogs, 

and archives data on mineral properties regardless of its views of the veracity or 

accuracy of those data. 

 

CONTACT INFORMATION 
Mining Records Curator 

Arizona Geological Survey 
416 W. Congress St., Suite 100 

Tucson, Arizona 85701 
602-771-1601 

http://www.azgs.az.gov 
inquiries@azgs.az.gov 
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llb . L~ .... . . ... ... . . . 

I lb . Z,nc . 
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lHO.NLX ARl~ONA 35012 

Phoenix, Arizona 

p O. Box 1148 

Short Ton . ... ...... .. .... 2000 Lb.. 

Short Ton Unit ...... ..... 20 Lb.. 

Long Ton .. .. .. . . 2240 Lb.. 

Long Ton Unit " ... . ... 22.4 LhI . 
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14g Shop No . . .. ... ... ... . ...... . ... . .... . 
. ~03'7 ~ File No ....... ..... . .. .. ... .... . . .. ...• 

VALUES 
Lot •• t O .. ototlo .. 

I oz . Gold ... ... .. .... . . . .... . .. ..... . 

I oz. Silver ... .. .. .. ... . ... .. . ....... . 

I lb. Copper ............. .. ........ . . 

I lb. Leod .. ..... ...... . . .. ....•...... 

I lb. Zinc .. ... .......... ... . .. .... . .. . 

THIS ClRTIFIU 
Sompl ..... bmltt.d fo, 0 ... ., 
co .. tol .. o. follow. : 

MA R KS 

Chargr ··-}g ... oo ... .. . 

.~' 
. ) : 
. 'I . .... 

'. ~ 

ri ,. 

Date ....... ~ ... -M~.:r.~~ ... +. g 68 

cArizona cAJJay Ollice 
815 NORTH FIRST STREET 

Phone: 253·4001 

J.AJ,iiS Sl'i:WJ.Rr CO 
Phoenix .Arizona 

( . ' t ",.-. 
·_ · .. fL...cL..lJL..a . .", .( ,,.. ,' ... , 

Phoenix, Arizona 85001 

P. O. BOX 1148 

Short Ton ................ 2000 Lbs. 

Short Ton Unit ............ 20 Lbs 

Long Ton ..........•.•... 2240 Lbs. 
Long Ton Unit .......... 22.4 Lbs. 

REMARKS 
GOLD 

PER TON VALUE 
TOTAL VALUE I-___ --.;P:...:E:.;.;R~C=.:EN..:.T:..:..A.:.;:G:.::.E ____ -i 

PER TON 
SILVER 

PER TON VALUE 
On. Tenths PER TON On. 100ths PER TON of Gold & Silv., n .. - . 

... 

:-\ ......................... . 
/ ,--. 

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

.' -1RI'~A \)~/ ":') 
"\ . )~ -~- .... ~ ; '- ~ ). .. . , .. ..... .. .. .. ...- ....... ../ ..... .. .. ~ 

JACK. STONE R i c; . Nn . !'i 470 ~ 
Assayer .......... . 
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14:1 
Shop ~;o ...... ... ... . . .. .. .. . .... . .. . . 

File No . ... .... ~036 .. .sr .. . 
VALUES 

Lot •• t Quototloll 

I oz . Gold .... . ... . ......... .... . .. .. . 

I oz. Silver ... ... .. .......... ........ . 

I lb. Copper .... ... ........... .•. .. .. 

I lb. Leod .. ..... . .. ....... . .. .... .. . . 

I lb. Zinc ..... . .. ... . .. .......... . .. . . 

THIS CERTIFIES 
Sompl ••• ubmltt.d for .... ., 
cOllt.III o. folio ... : 

MARKS 

B - 1 -gao 
B - 1 - gOO .. 

1080 
, - i 

~--, .- .. -.- JI '<"':' ~. / 

Charge! .... ) J) .. ~~.~ ..... 

"."/ 

11 MARCH 1968 
Date .............................. . 

----
~ 
; ' 

oIrizona oIJJay Ollice 

SILVER 
PER TON 

Ou. T.nth. 

3 

.;;: ;f, , . ( .. (~ 

815 NORTH FIRST STREET 

phone: 253-4001 

J AJ4i S sr:i WIlRr CO 
Pao:i~~1X 
ARIZOlfA 

GOLD 
VALUE PER TON VALUE 

PER TON Ou. 'OOth. PER TON 

t -4:5 TM Ci: 

.;:~ 
..; 

TOTAL VALUE 
PER TON 

of Gold & Silvar CO'J)"PW ~ 

0.04 

0_.04 

0.04 

Phoenix, Arizona 85001 

P. O. BOX 1148 

Short Ton ......•.. .. ..... 2000 Lbs. 

Short Ton Unit ... .. ......• 20 Lbs. 

Long Ton •.•... ..... .. ... 2240 Lbs' 

Long Ton Unit •• ........ 22.4 Lbs. 

PERCENTAGE 
REMARKS 

A-1~~t..D ~?:iJ '" .. .• ~ L"~ 

f~ ~~\vr 1 
rJ.'/.. 

~-tA,~~~ ;'\ 
\oj 11~ ),\ ~ H. I 

/1 .... ..... .....-: J"L /1 . .c:-~' Z 

' ~,()t:- .. .. i . 

... . 

'~~-\19)1 :') .. ,. , " '." -.. ' l ' . ') 
' .. ............. .. ............... .. Assayer. ............ .~ ···l~ ..... :::,~ ... !:.,:,~.:/. ..... J ....... .. ~ 

~ . '"--..... ' J .' ;.-o,:';£o :A i~ ',jo:' 5'.(79 . ' . . 



Shop No . 2.?9. .................. .. 
F~ I N 2~i ~ e o ................ ... .... .... .. . . 

VALUES 
lotest Quotatio" 

1 o z. Go ld .......... ................ .. 

1 oz . Sil ver .. .. .......... ............ . 

1 lb. Copper ........ .... .... ...... .. . 

1 lb. Lead .. .. .. ...... ...... .... .. .. .. 

1 lb . Zinc .. .... .. ................ .. .. . 

THIS CERTIFIES 
Sample. submitted for OllOY 
contain 01 follow.! 

MA R KS 

'R 101. _ , H oN. n 

-

Oat 26 Apr11 1968 e ... .. ...... ... .... ... .. .... ... . 

cArizona cAJJay Ollice 
815 NORTH FIRST STREET 

Phone : 253 -4001 

.TAMIS ~KWAM CO 
lElOiKlX ARIZONA 

TOTAL VALUE PERCENTAGE 
PER TON C 

of Gold & Silver OP1Kll 
GOLD 

PER TON VALUE 
Ozs. 100ths PER TO N 

SILVER 
PER TO N VALUE 

Ozs. Ten ths PER TON 

.to 

Phoenix, Arizona 85001 

P. O. BOX 1148 

Short Ton ................ 2000 Lbs. 

Short Ton Unit .. .... .. .. .. 20 Lbs. 

Long Ton .... .. .. ........ 2240 Lbs. 

Long Ton Unit .......... 22 .4 Lbs. 

REMARKS 

Charges $ ..... .. . :l7.~O ................ .. ..... ...... ... .. 
~;~ 

Assayer ... ....... ... ... ...... ... .... .. ... .. .. .... .. ..... . ....... : .. --:-.... ... ....... .. 
JAC K STO N E RE G. No . 5479 

ANOY C HUK A , PRIN T 

. '~.:" 

I 

~ .~ 



-lECTOR C. ROCHIN · ROCHIN ENGINEERING AND ASSAY OFfiCE MANAGER 

IIII[QI$Tlllllro ••• ,aVIJII 

RIZONA REG . No . 4073 P. O. BOX 218 "HON I: 384'80112 

DOUGLAS. ARIZONA· 811807 

CERTIFICATE OF ASSAY 

( .. ( 

H ECTO R A. ROC~ 
WININO lNOI"'II" AN:;£; 

LAND .UIIIIVlYOA <-c::. 
ARIZONA REG. NO . 2472 

nme . ~~~.~ .. ~~~~.~~ .. 9~, ... .. .......... .. ...... Address .. ~9~~ ... ~, .. ~~.l?-~.:r~~ ... ~~C?~n.1:~.l .. ~.~~.~.Cm~ ........ . 

lb 23235 &.1--1780 (Core) 

GOLD 

0%' 

Tr 
0: .. 

Tr 

co~~.. LRAD 

% 0/0 

n.nA 0 .. 73 n.',,! 

--------------------------------+------~--~-----4_------~----~--~----_+------~-----

------------------+---+---+-----...1f-----+---+----+--.---+---.-4---.. 

-------------+----+----+------+---~~"\.t'~:~ • .. ' 1/:5·/ 
~!.9NA.~ I~P'_ 

-------------------------~.----~----4-----_+-----.~~~~.-~_~,~-- --r----+------4~----

REMARKS: DATE : CHARGES 

15 Apr 68 

. : .... :. : 



-" Shop No ... J.~.1 ...... ....... .... . 
File No ...... ?Q.~ .... S'l' .... . 

VALUES 
Lat .. t Qyotation 

1 oz . Gold ... ................ .... ... .. 

1 oz . Silver .. .. .. .............. ...... . 

1 lb. Copper .......... ....... ..... .. . 

1 lb. Lead ........ ...... ......... .... . 

1 lb. Zinc ...... .......... .... ...... .. . 

THIS CERTIFIES 
Sam pi .. Iybml"ed fo, allOY 
contain 01 foliowl: 

MAR KS 

206-L-1 

Ni!:n CURE - B~rrh<. 

7 MARC H 1 9 68 Dote .. ... .. .. ........ .. ......... . .. 

oIrizona oIJJay Ollice 

SILVER 
PER TON 

Oz •. Tenth. 

- j K1(J ± ?q..... 
IV 

t 

815 NORTH FIRST STREET 

Phone: 253-4001 

J .1.11£ S SI'E i'IA.1'u' CO 
PHOENIX ARIZONA 85012 

GOLD TOTAL VALUE 
VALUE PER TON VALUE PER TON 

PER TON Oz •. IOOth. PER TON of Gold & Silver 

-

---

r.()'PPt 'Q 

0.18 

b.075 

PERCENTAGE 

Phoenix, Arizona 85001 

P. O. BOX 1148 

Short Ton ............ .... 2000 Lbs. 

Short Ton Unit ............ 20 Lbs. 

' Long Ton· ...... .... ...... 2240 Lbs. 

Long Ton Unit ...... .... 22.4 Lbs. 

'. 

REMARKS 

~. \j r- 0-' 

- .. 

:,1: ' , . 
" "'\. \ 

I. 'j ,;1:';,:-;' 

AMLJ ~rUVAI 'f COMPANY 
PI OENIX . ;. PI % 01'l A 

i---.~. 

6{~ " '" . ..... I:) /1 c. · ·· · .... 

,~ /" b.---:.":~:_~·.~ .' .:., '. "., 

~2 (~~~\ VI·t·.,.,> ... ". \ 

" -\ 
. , / ;,- / 

~ ~ 
~ :- . . 

V 'JT.P'f ~ 
I"\); ./ 

~ \ , t'--P<:,," - d',. 
" " 

~ 
...... . - ' .. -.. 
· 'j/~·-: -':"""' ·"- \. · 

" , 
I, /0"', '. ' ,; ..... . .. ~ i \ , .... , ! \. 

Charges $ .... .. ;? •. Q.9. ...................................... ... ~ .... . " , 
Assayer ....................... .. .... ........... ..................... ........ ..... .. 

JACK STONE REG. No . 5479 
ANOY CHUK ... , PRINT 

.-'" 
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MEMORANDUM TO FILE March 4, 1968 

RE: Mining - Limestone --------
Diamond drilling of this deposit was authorized on February 29. 
Drill location was picked near the limestone outcropping which 
occurs .n State Land Section 7, T 20 S, R 22 E. However~ actual 
drilling is on Federal Land approximately 15 feet west of east 
section line and on the Claim Horne #123 near the east end center 
post. 

Geophysics 

h 
. I 

Geop ys~csi 0 
I 

/ 
/ 

/ "A" 
/ "B" 

1./ 

reveals: 

825' 
1080' 
12.6 
11.6 

750' 
1365' 
10 . 5 

7.7 
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MEMORANDUM TO FILE March 7, 1968 

RE: Limestone - Boyles Brothers Drilling - HOLE L-l 

Wednesday evening, March 6, 1968 - 4 p.m. - Hole at 
250' depth. Now in the U. S. Porphry - fairly good 
alteration zones in preceding 100' . A sample taken at 
206' to be assayed. 

C. A. Cosgrove 

CAC:ef 
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Shop No .. .. . ~~cr.z ........ . . 
. .~.: 

Dot ........ 12 .. .&P.lllL .. 1968 (J U. • ell .';/ .' 815 North First Street 
File No .... .. 20iQ .. .S'l ... . . 

YA'. I. 
'--- ......... 

, 01. Go6d: .. _ ......... .... ......... . 
, OL 5;1"., ..........•....... ........ 

, .. c...., ... _ ................ ... . 
I Ib, Litod ......................... .. . 
I Ib. Zinc ...... ... .. .... ........... .. . 

T*I CUTV .. ....... , ....... -., 
....... e.e...a 

MAlltS 

Cherl •• ton , ~ .2107 

is 'S 12~ 
BIRrIA- , 1 
BOX 188. 17~-18o. 
BSftr lla BOX 19V 

1814 - 1825 
Blm 191 

1825 -JaM 
nIU -- "50X 19'"~ 

IBM - 1844 
~KJU:'''' ISUA .1'd~ 

1891 - 1901 
DAlt4 ... - !jUA .1~O 

1901 - 1911 

L - 1 - 1~9 

L - 1 - 14~ 

L - 1 - 144 

L - 1 - 148 

L - 1 - lSI 

L - 1 - l5~ 

70.00 

oIrizotia :AJay.OIIil:e Phoenix, Arizona 

P. O. Box 11~8 

: ,:" . . ~ 

., ;·Hj·· ' .. -
. . 7.-»: . 

J ADa Sf •• Allr CO : ," . . '::'.,:~t:'?:' .... ' 
P iOi nx AltI ZO lfA . . 012 . . .:~: .... 

. ,,: ShM Ton .............. .. 2000 u.. 
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Hl TON 
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VAlUl 
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40 

40 

4. 
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1::1: I 

T~Ct I 
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, Long Ton ................ 2240 lk 
Long TOf'I Unit ...... .... 22.4 LbL 
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~,I~ No. 

VALli •• 
w-O--

01 . Gold 
oIrizona oIjjay, Ollic-e Phoenix, Arizon. 85001 

P. O. lOX 1148 

01 . ~,Iv~r 

lb . Copper 

815 NORTH FIRST STREET 

Phone : 253--4001 
lb . LI'Od 

lb . l,nc 
J A. .... ~ i;) !il' ~ w Al{l' ;,,; u 

THIt (IIT"'D 
.......... •• ttt.4 ... ~ ............... : 

P J\.', ~ !H A AI'\!.:Ai: j .'. 

MAIUl~ 

Sil Vflt 
'U TON 

On. IT..,tt.o 

E B - l" ~~ <>l 0 J 4 0 

1.-: - ; fG.' cI ~:4x., 2b~~~ Jot 0 

f- ~ 2Glt'l I." 0 

VALUE 'u TON 

Charges s .. ... . 17.60 . ... ... ........ .. ..... ... .. .... ........ ...... . 

~O .. e ... "" ... ....... , , 
~ .'-.-. 
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'fit TON 

Ou. 1100-

T !~C&. 

VAlUl 
'" TON 

Short Ton ....... " .. ... 2000 LbI. 

Short Ton Unit .... ... ... .. 20 Lb.. 

lDng Ton ....... .. ... 2240 ~. 

lDng Ton Unit ........ .. 22 .4 Lbs . 
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TOTAL VALUE I P>(IlCENfA(.( "It TON COttER 
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TOMBSTONE SUMMARY 

By Jerry E. Doherty 

December 30, 1976 

The information available for the Tombstone Mining District on the subject 
of ore reserves and ore potential is quite vast. This report is a sum
mary of numerous reports and evaluations by geologists, engineers, 
mine operators, consultants and promoters written on the Tombstone Mining 
Di strict at a previous time. 

DISCOVERY 

The Tombstone Mining District was discovered .by Ed Schieffelin in 1877. 
He was camping in the vicinity ·when he noticed rock" similar to the 
gold-silver bearing rock he had .seen at other mines. Subsequent sampling 
and assaying disclosed that Schieffelin had made 8 most important dis
covery which would result in one of the most famous mining camps in 
the United States. Within three years Tombstone was a prosperous city 
with thousands of residents. 

EARLY MINING 

Early mining was on · the outcroppin~-1edges and - fissures . Df high . gr.ade.. _ . 
ore in the lIre8 . · This ' "glory hole" mining .. yt·elded' consi.derable...."Iuant:ities .· 
of ore. · Large-tonnages-D~ high grade ore were also_mined .near the sur
face from the apexes of anticlinal structures that predominate in the 
vicinity of · the Toughnut Mine. 

Subsequent mining was concentrated on the anticline structures (general 
plunge easterly), fissures, replacement beds and veins, and along the 
contacts of the near vertical dikes that strike north - south through the 
district. These struct~res were pursued down to the water table and 
laterally for considerable distances. Many unknown structures were 
disclosed as a result. 

GEOLOGIC HISTORY 

Pre-mineral ground preparation in any mining district is critical. 
The channelways for mineralizing fluids must exist and be of such a 
nature as to carry the mineralizing solutions away from their source 
and keep them contained until the chemical, temperature and pressure 
controlled exsolution point of the various minerals is reached and they 
precipitate out forming ore bodies. The nature and chemical composition 
of the rock types comprising the channelway is also a factor: the more 
reactive the rock type is to the hydrothermal fluids, the more likely 
it is to be mineralized. Tombstone vas well prepared. 

An intrusion of quartz latite porphyry (Uncle Sam Porphyry) came into 
sedimentary units comprised of limestone, shales, cherts, sandstones, 
quartzites, etc. already folded and faulted by tectonic activity, caus
ing some doming activity which undoubtedly opened up weaknesses, existing 
joints and faults producing wide spread fissuring. Into many of these 
fissures came intrusions of andesite porphyry and slightly later intru
sions of rhyolite porphyry dikes along many of the same and some addi
tional fissures. 
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Next a series of steeply dipping north-northeast trending fi.sures devel
oped pro~ably a. a result of stresses built up in the rock from the 
final intrusion of Schieffelin granodiorite. Subsequent to this episode 
and most likely related to it came a magmatic segregation of gold, silver, 
copper, manganese, lead, zinc and various other minerals of lesser 
economic importance in an aqueous solution. This solution migrated 
away from its source along the various faults, fissures, joints, breccia 
zones, and open bedding planes until exsolution occurred producing the 
mineralized structures observed throughout the district. It would be 
safe to say that nearly every structure occurring within the structurally 
induced syncline that comprises the Tombstone' Hining District is min
eralized at some point. Some structures are mineralized throughout 
thei r extent. 

TYPES OF STRUCTURES AND ORE CHARACTERISTICS 

According to the University of Arizona Bulletin No. 143, the most pro- -
ductive deposits, in order of their decreaSing importance, were those 
associateii ·wi th north-south dike fissures , .. .faults " anticlines. and northeast
fissures only. Huch depended on the rock type encountered by the as
cending ore solutions. In general, it seems that porous or broken lime
stone capped by shale or other impermeable units were the most favorable 
host rocks. 

The hosts themselves can also be listed in order of decreasing importance 
as producers. In order they are mineralized fault breccias and gouges, 
blue limestone, novaculite, "lO-foot" and "6-foot" limestones, shales 
and sandstones of the Bisbee formation, Naco limestone and dike material. 

The accompanying table graphically shows these structure-rock character 
relationships. As an example, the best ore has been produced from the 
areas where the northeast fissures have intersected fault breccias and 
gouge, or the fissures are made up of these two materials. Less impor
tance is an intersection of a northeast fissure with the "lO-foot" and 
"6-foot" limestone units of the Bisbee formation. Of lesser importance 
is the intersection of the north-south dike fissures with these same 
units. The least productive combination would be dike material in an 
anticline .or roll. 

The effect of accessory minerals in the rock on mineral deposition is not 
known but appears to be minimal. 

Generally all ore mined to date has certain characteristics: it occurs
in broken or porous rock, some type of alteration invariably occurs 
around the mineralized zone, ore shoots are almost always continuous 
and connect to a main fissure at some point, and ore is usually associated 
with various oxide and some carbonate minerals, but changes to the char
acter of auriferous to argentiferous sulfides below the water table. 

WATER TABLE 

The water table is approximately 4115 feet above sea level or about 500 
feet below the surface. It was known that the gold-silver values continued 
undiminished for short distances below the water and believed that they 
should continue for hundreds of feet. 

In an effort to exploit this possible ore, attempts were made to dewater 
the Tombstone mines. These proved only temporarily successful as political 
hassles, carelessness, mechanical failures and caving ground forced the 
suspension of pumping. However, the 1000 foot level in the vicinity of the 
Grand Central and the Contention Hines was reached and the water was being 
successfully controlled before trouble closed the deep levels. 
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Even though dewatering operations eventually failed. much data was gained. 
It was proved that the ore continues down wherever it has been pursued. 
Some subwater table mining was done in the Co~tention. Grand Central. 
Luck Sure • . Emerald. West Side and Silver Thread mines. It was discovered 
that not only does the ore continue. but the gold and ' silver content tends 
to increase with gold showing the greater gain. In addition. quite good 
values in lead, zinc and some manganese sulfides have been encountered. 

It was further proven that b.y continuous pumping at a rate of 4500 gallons 
per minute the dewatering could be effected to the 1000 foot level and a 
steady gain on dewatering the .Tombstone basin was made. A substantially 
lower pumping rate of about 2100 gallons per minute is all that would be 
required to reach the 800 foot level. 

PRODUCTION 

In trying to arrive at an overall production figure. a great many unknowns 
were encountered. Ore from company. operations .. outside . of Tombstone was 
grouped with ore from Tombstone branch operations on occassion. Some 
mines kept no records of ore shipped to the many custom mills that operated 
in the Tombstone Hining District. Some high grade ' ore was not milled but 
sent directly to the smelter, and other mines had their own mills at the 
mine site and usually kept no records or poor records at best. Portions 
of mines were leased out to private individuals. The price of gold and 
silver fluctuated considerably and many production reports were given 
in dollars and cents rather than ounces of gold and silver or pounds of 
other recovered elements (lead, zinc, copper and manganese>.. Three major 
factors unmentioned 1n any ' publication , but --.nevertheless .important in an 
estimate of total production must be the possible falsifying of mill and 
smelter records, the high penalties placed on the ore by these concerns 
to increase thei r profits, and the practice of "high-grading" or stealing 
of high grade ore, f~ee gold and native silver by the miners themselves. 
Taking these factors into consideration, it is easjly seen that any given 
figure will have to be up-graded by an unknown percentage. 

Based on production figures and records from several different sources 
and by applying known and assumed facts to calcul~te unknown values and 
quantities, this writer arrived at a set of figures giving production 
from 1879 through 1936. These calculations showed 1,587,195 tons of ore 
shipped valued at $38,000,000. This ore contained 217,118.52 ounces of 
gold and 33,803,559 ounces of silver. In addition, there was in excess 
of 2,500,000 pounds of copper, 25,000,000 pounds of lead, 1,000,000 pounds 
of zinc and an unknown amount of manganese derived from the Tombstone mines. 

Dr. C. J. Sarle's report on the Helgren Hines of the Tombstone Mining District 
of September 5, 1928 gives a production figure of "approximately $79,000,000" 
contributed by the twenty odd mines in the main Tombstone area. No details are 
given as to how Dr. Sarle arrived at this figure. Elsewhere he states, "The 
ores of the whole Tombstone Hi~ing District may be classified as high grad~. 
The earlier operatorS shipped and milled ore having an average value of $100 
per ton or better and hundreds of tons were shipped from Tombstone running a 
thousand dollars or more". (Per ton) 

A report by William P. Blake to the Development Company of America entitled 
"Tombstone and i!is Hines, a Report Upon the Past and Present Condition of the 

Hines of Tombstone, Cochise County, Arizona". gives the value of aggregate 
production of gold and silver from the mines of Tombstone placed by "competent 
judges" from records and estimates at not less than $34,000,000. This report 
is dated 1902. Tombstone would eontinue limited produetion for another 34 yearsl 
Blake's "eompetent judges" also give an 'average value of $45 per ton of ore 
based on samPles and smelter returns. 
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Butler, Wilson and Rasor in their 1938 "Arbona Bureau of Hines Geolog
ical Series No. 10, Bulletin #143," give a grand total for all ore from 
1879 through 1936, including copper, lead and zinc, of $37,103,008. 
Their figures are based on old records, "other sources" and pubUshed 
figures in the Hineral Resources of the United States. 

In summary, it can be said that whatever set of figures the reader decides 
to believe, they will still show the ore mined in Tombstone is some of 
the richest yet produced in the United States. 

CLOSING OF THE HINES 

It is generally assumed that the water encountered in the mines was the 
reason for the closing of the Tombstone operations. Previous work had 
shown that the water could be controlled with proper management and 
maintainance of equipment. The cost of pumping ' had only a slight cost 
effect on the overall_operattons. ,."Other factors must be blamed for bring
ing an end to mining. 

Host of the known easy to reach high grade are had already been mined~ 
The cost of developing additional ore was not only expensive but econom
ically infeasible as it was generally remote from the few remaining hoist
ing facilities. Hilling and treating the ore was again a problem since 
most mills had been closed. The price of silver remained below $1.25 
per ounce. 

If a single blame- had ' to be given to anyone thing, it would probably 
be poor coordinttion -of efforts -on--the ·p-art- o·f t,he.._d.Gus~anagemelU; .. 
personnel for not instigating a program of steady development in advance 
of actual mining which would include systematic dewatering to make more 
ground available ' ,for developing, ,-and .. increasing the . .efficiency of the 
mining and hauling techniques. 

Noteable is the fact that many hundreds of thousands of tons of good 
milling ore were bypassed or broken and left in the stopes and the stopes 
allowed to cave because of the quest for only high grade ore. With 
proper procedures this ore also could have been mined at a profit. 

RECENT ACTIVITY 

Periodically some work is done in Tombstone. Some of the surface dump 
material and underground gob is screened to recover the gold and silver 
in the fine material. An occassional bit of ore is mined from a pit or 
high grade pocket near the surface but most efforts are met with little 
profi t. 

Thousands of feet have been drilled in an effort to prove are reserves 
and the continuation of are at depth, however much of this . data is un
available for evaluation. Those few assays that can be matched with 
structure samples show mineralization in varying degrees indicating 
that the ore shoots persist below the 1,000 foot level. The spotty 
nature of the ore and the surprising fact that some soft oxide ore occurs 
well below the water table should cause concern as to the validity of 
drilling results to give a true .picture of the mineral value of a struc-
ture over any lateral or vertical extent. Associated with many of Tombstone's 
structures are wide voids and solution cavities 'which cause loss of both 
diamond drill core and eutting recovery. 

Some geophysical and geochemical work has been undertaken by various 
companies but ' the results were not conclusive and added little to what was 
already known about the district. 
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The most recent work bas been done by 1971 Hinerals Ltd. This work bas 
primarily been a cyanide heap leaching of the waste dumps and setting up 
of an in situ underground leaching system to recover gold and silver from 
the gob remaining in tbe Goodenough Stope whicb is one of the large 
manto deposits on the crest of an anticline. 1971 Hinerals Ltd. has 
also done some shallow drilling in the vicinity of the Tranquility and 
Silver Thread mines in an unsuccessful effort to prove some shallow 
open pit mineable ore reserves. 

FUTURE POTENTIAL , 

Within the Tombstone Hining District are many large areas with little or 
no development work other than a few small pits, shafts, or adits. At 
least 100,000 feet of ' structures have been mapped on the surface and 
all belong to one of the systems of ' known ore producers. Hany of these 
structures have been mined to some extent, but many have not been touche~ 
either on the surface or underground. In addition, many known producing 
structures and horizons have no known surface exposures. Undoubtedly, 
some ore remains at the surface that can be mined by open pit methods. 
A systematic detailed areal geologic mapping project in conjunction 
with a surface sampling program placing special emphasis on the projections 
of known ore bearing structures from the underground workings will delin
eate these areas. 

The large manto stopes on the apexes of the anticlines contain roughly 
100,000 tons of gob which carries ' good values in gold and silver. No 
average grade has been computed due to lack of data but a figure in 
excess of 10 ounces of silver and .15 ounces of gold per ton would not 
be unreasonable as these were some of the first structures mined and 
"take only high grade" was the rule • 

• 
Huge tonnages of low grade ore are piled at various places throughout 
the mines or used as back fill in much of the workings. Because almost 
all development work has been driven on mineral bearing structures, 
we could'anticipate that most of the gob is mill grade ore and need only 
be hoisted to the surface for processing. 

In order to arrive at a feasible mining plan it will be necessary to 
initiate a program of sampling and measuring all gobbed areas to get 
an accurate tonnage and grade figure. 

Few 'sections along the mined structures are available due to poor records 
and unsystematic mining procedures. Those that are available show a 
very interesting trend in that the amount of mining adjacent to the 
shafts is considerable but diminishes drastically with distance from the 
hoisting facility. This trend applies to all Tombstone structures but 
to a lesser extent with the manto stopes in the rolls or anticlines. 
Occasionally this is due to the shafts being sunk on higher grade ore, but 
more commonly it is due to the inconvenience and extra work of a longer 
tramming distance. The result has been a considerable tonnage of developed 
but unmined ore. 

Due to the stable nature of the ground in the district, dike fissures 
excepted, most ·of the workings are open and readily accessible. As a 
result, an excellent estimate of the value of this ore can be obtained 
by channel sampJing the developmental drifts and raises and sampling with
in the blocks o~ ,ore between levels and raises where stoping provides 
access into ,the 'blocks. \ 

I ' 



( 

( 

( 

( 

( 

- 6 -

Further exploration of the Tombstone ore body can be done in two ways. 
They are, drilling either from surface or from stations ,cut at various 
locations underground, and subsurface exploration with ,drifts, cross
cuts and raises. Both ways have their advantages. 

The most accurate assay value of a structure at anyone point is given 
by a sample cut perpendicularly across the structure to avoid the affects 
of mineral zonation within the structure. The problem of accurate sam
pling is made more complicated by secondary enrichment and oxidation 
which has tended to form local pockets of high grade ore. The mineral
ized zones have been further complicated by more recent faulting and 
decalcification which has produced additional open fissures and solution 
cavi ties. 

It is the writer's opinion that accurate assay data probably cannot be 
obtained from the upper 600 feet of the district by drilling. However, 
due to-the decrease in the effects of oxidation and 'enrichment,_the
credibility of the assays will undoubtedly ' increase with depth. 

Many drill holes, both diamond and rock bit, have lost all returns due 
to intensely broken ground and voids in and adjacent to the structures. 
Several hundred thousand dollars have been spent drilling to intersect 
are zones at depths of up to 1,200 feet only to lose some or all of the 
core or the cuttings throughout the intersection itself. The newer 
reverse circulation drills offer the best solution to this perplexing 
drilling problem. 

Using the reverse circulation drilling 'method,-it is possible to drill 
for ,considerable -distances down the ' heart of ,these mineralized-faults -, 
and fissures or drill at small acute angles to the structures in order 
to get longer and therefore more representative sections and still get 
cutting returns after penetrating voids in ,broken or loose ground. 
This plan of drilling should not be misinterpreted as giving a completely 
true representation of , the mineralized material between and adjacent to 
the structural 'boundary. But, the information and reliability is a great 
improvement over that provided by other drilling techniques. 

Dd,lUng's major advantage over drifting for structure testing is the 
ability to quickly test and pursue structures in remote and untested areas. 
Another advantage is that of being faster than conventional underground 
mining techniques to develop ore reserves. However, in the Tombstone 
type of deposit, the reliability of the data is questionable at best. 

By driving a drift on a structure, it is possible to see the dimensions 
and rock characteristics of the ' ore ' shoot and to thoroughly sample it. 
Small high grada pockets may be 'sampled and easily averaged into the 
remainder of the vein to give the overall grade. 

Conventional drifting costs about ,$50 per foot of advance. Drilling 
costs are about $25 per foot of diamond drilling, $12 per foot of re
verse circulation drilling and $7 per foot for down hole percussion ham
mer drilling. Drilling is of course cheaper than drifting per foot of 
advance, but when comparing drifting and drilling from the standpoint 
of dollars spent per foot of vein proven or disproven, it is easily 
seen that drilling is many times more expensive and the information 
gained is inconclusive. 

( 
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The manto depoBi.t. are not confined to anyone parUcular .traUgraphic 
unit. In .everal in.tance., the mining began in one horizon and .hifted 
upward or downward to another higher grade rock unit. Study of these 
ore occurrence. hal .hown that there are a nUlllber of rock unita in 
each anticline that are potential ore producer.. In aome instancea, 
these units are completely unteated. Al.o there are poaaible exten
sions to the manto depo.it. that have not been te.ted aa yet, as well 
as two rolla that are virtually untouched. Checking these ta~gets 
is a simple matter of getting in the proper rock unit on the apex of 
the roll. and_drifting. 

TOMBSTONE EXTENSION AND THE WESTERN TOMBSTONE AREA 

There are two additional areas sometimes included in the Tombstone 
Hining District that have not been previously mentioned. They are 
the Tombstone Extension and the Western Area. 

Mining in both areas has been conducted on vein- or- f1l1sure type deposits 
and along' d i ke fi.lled . fissures • ... Generally .i.t can be .said· that except . 
for the 'absence~ of- knoWn ' mant~ deposits~ both areas are .nearly ·iden-
tical in ore occurrences to the main Tombstone District. All three .areas 
most likely owe their origin to the same sources of structuring and miner
alization. 

The Tombstone-Extension · which·li~s about ·7,000 ·feet southeast.of the town 
of Tombstone is wholly in the upper Bisbee Formation. It has had only 
a s~ll total production of lead ore from three mines, the Tombstone 
Extension, .Carper and the San Diego Hines. Most of the . lea~ type ore 
contained abou t .071 · ·ounces · gold· per· .. ton~- ~ ·The . Tombstone::Extension ·Hine 
was the lergest -produce", of-lead .:iri Acl.:.:oria..J.D:...1932--1933. 

Total production ' from the'~omb'stone Extension ' Dtsttict ,La reported. to. 
be 15,195.65 tons of o.re carrying 1,082.64 ounces gold, 180,490.66 ounces 
silver ·and ' 6.,:335~ 743.' 64 pOunds ' of ·leatl,,- ·7fhe ·Totill · gross ·value-·of .alLore . 
shipped was, at the original prices, $408,941.08. 

The Western District, located about 12,000' southwest of Tombstone, is in 
the Bisbee sediments and in the Uncle Sam <t.uar.tz latite porphyry. The best 
known mines are the State of Maine, Bonanza, Chance, Joseph and San Pedro. 

Limited development work was done to the water table ' which stands at a
bout 4,400 feet elevation, or about 200 feet below the sufface at the 
Bonanza Shaft. As with the Tombstone 'Mi ning District, many tons of ore 
were developed and left unmined for various reasons. Nearly all mining 
has been carried out on only five of the 23 known veins. The other 18 
are practically virgin of any exploration. 

Much high grade ore was mined in the Western District. Some 1,000 ounces 
of silver and several ounces of gold per ton ore was often found. 
One small ' shipment of 4~ tons --from the · Jeseph.#l assayed at 5,005 ounces 
silver and 5.01 ounces gold per ton. The biggest producer was the State 
of Haine at $3,500,000. Its ore was reported to average about $60 per 
ton which represents , approximately 55 ounces silver and .10 ounces gold 
per ton. A "very low ' estimate" of the average value · of ore from the 
entire Western Hining District is $25.00 per ton according to C.J. Sarle 
in hi. 1928 report on the Mellgren Mines. 

The total production for the entire district is reported to be around six 
to eight million dollars at the old prices. Unfortunately, only very poor 
and sketchy production records are available. 
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COPPER POTENTIAL 

There is a very real possibility that the structures i~ the TOMbstone 
Hining District will eventually beCOMe major copper veins at depth. Abun
dant copper oxide minerals are seen in nearly all structures. Some copper 
credit was given to the mines by the mills and smelters in the early days. 
As should be expected, the copper content of the ore increases with depth 
and locally heavy copper sulfides were reported from some of the deeper 
workings below the water table. 

The standard porphyry copper zoning of (from perimeter to source), gold 
silver, lead, manganese, zinc, arsenic-antimony, copper and molybdenum 
seems to be holding generally true for the Tombstone deposit. All evi
dence points to the possibility of a large vein type copper deposit lying 
at depth beneath Tombstone. This vein deposit is quite possibly resting 
on a disseminated porphyry copper deposit typical of other deposits in 
south and central-··Arizona.' , . 

This opinion has -been -expressed-bY- IIIany qualified mining personnel who 
are familiar with porphyry copper deposits and this wri~er enthusiastically 
concurs. 
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STRATIGRAPHIC UNITS ASSOCIATED 

WITH TOMBSTONE'S ORE DEPOSITS 

Mixed shales, sandstones, limestones, (, congl. 

"6 foot limestone" blue-gray 

Green to gray or hrown shale & light gray chert 

J "10 foot limestone" blue-gray fossiliferous 

J 
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Gray to -brown shale 

"Blue limestone" blue-gray fossiliferous 

"Novaculi te" pale gray to white very hard 
calcareous sandstone with some Naco 
derived rounded pebble layers 

lInconformi ty 

Mixed pink fossiliferous limestone, shale, 
tl dolomite 

Pale gray limestone 
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TABLE SHOWS THE RELATIONSHIP OF STRUCTURES 

TO ROCK UNITS IN REGARDS TO MINERALIZATION 

Mineralizing Structure 

III 
G) 
~ 

" . 11> .. .... 
III ..... 
G) 
~ G) 

" -" 
III .... 
III ." .... III 

..... ..c u 
u -U " " III 0 IG 

co III ..... 
G) , 

..c ..c ~ 
u u OJ 
~ ~ ..c 
0 0 u 
Z Z 0 

Fault brecc i a & gouge 

Blue limestone 

Novaculite 

lO - foot & 6-foot lime s tones 

Bisbee shales & sandstones 

.. ---0 
~ 

." 
C 
IG 

III 
OJ 
C .... -0 .... 
u 

~ 

i 

I 

Naco limes tone ~ . . . ~ 
_______________ _ .---1 

Dike material 

..... 



; ., 
COMPILED PRODUCTION RECORDS 

! 

OF THE 
! 

MAIN TOMBSTONE HINING DISTRICT 
! 
i 

! , 
; ( 

[C;AR TONS OZ. GOLD $/OZ. VALUE OZ. SILVER $/OZ.' VALUE 

.879-1880 55,567.63 5,219.06 20.71 108,086.71 1,889,299.40 1.17 2,210,480.30 

/ 
81 128,452.02 9,312.09 " 192,853.33 4,367,369.00 1.11 4,847,779 . 

f 82 131,296.23 9,798.81 " 202,541.46 4,464,072.00 1.05 4,955,120.00 

83 75,248.76 9,440.80 " 195,519.06 2,558,458.00 " 2,686,381.00' 

84 33,582.35 8,783.08 " 181,897~58 1,141,800.40 " 1,198,890.50' 

85 31,735.78 9,078.25 " 188,010.52 1,079,016.60 " 1,132,967.50 

86 25,885.45 8,628.48 " 178,695.86 880,105.25 .99 871,304.20 

87 14,500.00 5,559.16 " 115,130.17 494,765.13 .98 484,869.83 

88 14,510.79 6,578.23 " 136,235.06 493,366.95 .94 463,764.94 

89 5,511.82 3,022.61 " 62,598.23 187,401. 77 1.00 187,401.77 

1890 13,537.11 5,636.18 " 116,725.21 460,261.70 1.05 483,274.79, 
" 

91 15,361.77 7,356.34 " 152,349.80 522,300.20 1.00 522,300.20. 
; 

92 .. 
13,573.48 4,273.13 " 88,496.56 461,'498.20 .87 401,503.44 

93 14,126.68 3,638.72 " 75,357.81 480,310.50 .78 374,642.19 

94 11,213.11 2,888.23 " 59,815.15 381,245.79 .63 240,184.85 

95 11,213.11 2,888.23 " 59,815.15 381,245.79 " 240,184.85 

96 11,213.11 2,888.23 " 59,815.15 381,245.79 " 240,184.85 

897-1901 135,607.73 15,409.97 " 319,140.45 2,034,116.00 .60 1,220,469.60 

902-1906 ' 224,602.14 25,522.97 " 528,580.72 3,369,032.10 " 2,021,419.30 

07 48,443.60 5,504.95 " 114,007.60 726,654.00 " 435,992.40 

08 51,266.00 4,097.83 " -64,866.00 357,414.00 " 595,690.00 

09 27,123.00 2,275.18 " 47,119.00 201,700.00 " 336,166.66 

1910 4,619.00 1,059.73 " 21,947.00 116,520.00 " 69,912.00 

11 8,797.00 2,155.49 20.67 44,554.00 224,098.00 " 134,458.80 

12 7,405.00 1,363.18 .. 28,177 .00 158,377.00 .584 92,492.17 
i 

13 5,760.00 1,229.56 .. 25,415.00 126,392.00 .. 73,812.93 

14 6,063.00 1,380.36 " 28,532.00 108,868.00 .. 65,320.80 

15 9,003.00 1,216.01 " 25,135.00 100,115.00 .67 67,077.05 

16 57,200.00 3,950.36 " 81,654.00 343,453.00 " 230,113.51 

1917 57,474.00 3,373.05 " 69,721.00 444,139.00 " 297,573.13 

18 19,507.00 1,389.40 " 28.719.00 283,412.00 .28 79.355.36 

19 27,445.00 1,945.82 .. 40,220.00 450,366.00 " 126,102.48 

1920 28,946.00 1.787.76 " ,36,9~3.00 456,855.00 ,, ' 127.919.40 

! I 
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COMPILED PRODUCTION RECORDS . , 

.. 
OF THE 

MAIN TOMBSTONE MINING DISTRICT 

( j , 

TONS OZ. GOLD J10Z. VAIJlE OZ SILVER JEJz VALUE 
• .:.;\R 

I . 
, 

18,594.00 1,506.5f 423,688.00 : 118,632.64 
1921 .67 31,141.00 .28 

22 44,347.00 2,322.4~ 

I 48,005.00 613,700.00 : 1.12 687,344.00 
r 23 32,770.00 3,092.60 " 63,924.00 495,943.00 ! " 555,456.16 

! . 24 I 15,448.00 2,458.6l< " 50,820.00 247,642.00 " 277 ,359.04 I ; , , 
! 25 I 27,760.00 2,676.73 " ! 55,328.00 241,381.00 " 270,346.72 j ; 

26 47,708.00 2,989.65 ! 
226,579.00 

, 
i 61,796.00 .90 198,521.10 

I 
I 

, 
I i 27 31,196.00 3,132.90 " • 64,757.00 159,944.00 . " 143,949.60 r ;. 

1 " 
28 24,172.00 2,296.61 " 47,471.00 164,161.00 147,744.90 : : 

J 29 ! 15,601.00 1,670.54 " 34,530.00 99,423.00 i " 89,480.70 : r i 

, 1930 8,734.00 1,874.50 " i 38,746.00 74,937.00 i .3876 29,045.58 , 
• . 31 15,623.00 2,203.92 " 
, 

45,555.00 101,504.00 .3075 31,212.48 · 1 I 

32 i 5,067.00 501.50 ·20.00 10,030.00 48,021.00 .2739 13,152.95 
33 I 7,016.00 1,846.42 19.95 36,836.00 100,323.00 .2591 25,993.69 

i 
/ 
I 

189,407.22 
34 · 3,701.00 3,685.04 35.15 129,529.00 296,737.00 .6383 · 
35 i 12,907.00 3,287.38 36.68 120,581.00 243,087.00 .7458 81,294.28 

i ( 
36 : 9,305.00 2,921.81 134.99 i 102,234.00 147,218.00 7687 ~13,166.47 

I I , 

, 
'$4,639,966.00 33,803,559.00 $.9041 $30,559,196.~ 'TAL ; 1,635,638.70 217,118.52 21.371 

! I 
; 

i 

( , 
I 

I 

. 
! 
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C~ntsin: 

• base & precious metals. uranium 

• coal. geothennal • environment 

• ~mote sensing. color aerial photography 

( lerpretation-image processing 

to orldwide Mobilization 

Southwestern ( ) Exploration Associates, Inc. ! 
, 

February 28, 1979 i TOMBSTONE DRILLING SUMMARY 

/ ) i. Drilling Group Date Drill Hole No. Depth 

Bunker Hill 1936 DD-l 23' 
Bunker Hill 1936 ' DD-2 75' 
Bunker Hill 1936 DD-3 123' 
Bunker Hill 1936 DD-4 151' 
Bunker Hill 1936 00-5 78' 
Bunker Hill 1936 00-6 20' 
Bunker Hill 1936 OD-7 6' 
Bunker Hill 1936 00-8 40' 
Bunker Hill 1936 OD-9 56' 
Bunker Hill 1936 DD-I0 180' 
Bunker Hill 1936 OD-ll 211' 
Bunker Hill 1936 OD-ll 75' 

Bunker Hill 1937 CDH-l 380' 
Bunker Hill 1937 CDH-2 75' 
Bunker Hill 1937 COH-3 460' 
Bunker Hill 1937 COH-4 430' 
Bunker Hill 1937 CDH-5 . 385' 
Bunker Hill 1937 COH-6 295' 
Bunker Hill 1937 CDH-7 506' 
Bunker Hill 1937 COH-8 298' 
Bunker Hill 1937 COH-9 295' (" Bunker Hill 1937 COH-lO 385' 
Bunker Hill 1937 COH-ll 400' 
Bunker Hill 1937 CDH-12 215' 
Bunker Hill 1937 COH-13 

\ ) 
Newmont 1650' -. 1954 DO-7 
Newmont 1955 00-9 667' 

~ c; '4500 E. Speedway. Suite. 14 
Tucson, Arizona 857 J 2 

(602) 795-6097 

bmeo A. Bri,c~. P,J~:', 

r , 

Registered Professional 
Geologist 

.......... r "-
"~D : I : _ I .-

V( f-' I. . 
'>t ,,'i : " ! ' ir ~3 

~Hv =-::..:. : "'\ "I.~ .,)i ~A .... 

Location 

T.D.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 

T.D.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 
T.O.C. Claims 

Silver Thread 
West Side 
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Drilling Group 

Duval 
Duval 
Duval 
Duval 
Duval 
Duval 
Duval 
Duval 
Duval 
Duval 

Frankovitch 
Frankovitch 
Frankovitch 
Frankovitch 
Franko.vi tch 
Frankovitch 
Frankovitch 
Frankovitch 
Frankovitch 
Frankovitch 
Fra,nkovitch 
Frankovitch 
Frankovitch 
Frankovitch 
Frankovitch 
Frankovitch 
Frankovitch 
Frankovitch 

71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71'Minera1s 
71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71 Mi.nerals 

Date Drill Hole No. 

1967 RDH-l 
1967 RDH-2 
1967 RDH-3A 
1967 RDH-3 
1967 RDH-4 
1967 RDH-5 
1967 RDH-6 
1967 RDH-7 
1967 RDH-S 
1967 RDH-SA 

1959 DDH-l 
1959 DDH-2 
1959 DDH-3 
1959 DDH-4 
1959 DDH-5 
1959 DDH-6 
1959 DDH-7 
1959 DDH-S 
1959 DDH-9 
1959 DDH-IO 
1959 DDH-11 
1959 DDH-12 
1959 DDH-13 
1959 DDH-14 
1959 DDH-15 
1959 DDH-16 
1959 DDH-17 
1959 DOH-IS 

1976 RDH~lA 
1976 RDH-lOI 
1976 RDH-I06 
1976 RDH-I07 
1976 ROH~10S 
1976 ', . ROH-:-I09 
1976 RDH-I10 
1976 RDH-1l1 
1976 RDH-112 , 
1976 RDH-113 
1976 . RDH-114' 
1976 ." JU)H-iI5~ 
1976 ROH-llS,: 
1976ROH~ 
1976'.. ROH..;.ll 
1976'" .. , ROH':"ll 
197tf:,;, . ' ,;~ " _ RDH~ -'-" .. ;". . t'L' , . ;~,,~. ,;i;-·;:'~:o:: '!;I : :~ . " ,,,,,c< _.'-; ' 

: '. ; ·i;·..:.·:~tt:I .. \f •. 

~f\ 
1) 

Depth Location 

247' T.D.C. .Claims 
250' T.D.C. Claims 
250' T.D.C. Claims 
lOS' T.D.C. Claims 
80' T.D.C. Claims 
50' T.D.C. Claims 
250' T.D.C. Claims ' 
219' T.D.C. Claims 
14S' 

, 
T.D.C. Claims 

l4S' T.D.C. Claims 

230' T.D.C. Claims 
95' T.D.C. Claims 
51' T.D.C. Claims 
40' T.D.C. Claims 
270' T.D.C. Claims 
lS8' T.D.C. Claims 
90' T.D.C. Claims 
192' T.D.C. Claims 
125' T.D.C. Claims 
511' T.D.C. Claims 
287' T.D.C. Claims 
180' T.D.C. Claims 
146' T.D.C. Claims 
329' T.D.C. Claims 
350' T.D.C. Claims 
160' T.D.C. Claims 
205' T.D.C. Claims 
77' T.D.C. Claims 

75' Skip Shaft Area 
55' Skip Shaft Area 
60' Skip Shaft Area 
60' Skip Shaft Area 
60' Skip Shaft Area 
60' Skip Shaft Area 
60' Skip Shaft Area 
60' Skip Shaft Area 
60' Skip Shaft Area 
60' Skip Shaft Area 
80' Skip Shaft Area 
60' Skip Shaft Area 
60' Skip Shaft Area 
80' Skip Shaft Area 
80' ; Skip Shaft Area 
8(y'~.~~'>.:> Skip Shaft Area sa':-",· , , Skip Shaft Area 

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

... , ~:·<~r.:~ : '." 
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Drilling Group 

Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 

Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral '-Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral .Oil 
Austral Oil 
Austral Oil 

. Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil' . 
Austral Oil 
Austral Oil 
-Austr-al Oil 
Austral Oil · 
Austral Oil 
Austral Oil 
Austral Oil 
Austral Oil 

71 Minerals 

71 Minerals 
71 'Minerals 
71 Minerals 
71 Minerals 
71 Minerals 
71 Minerals 

Date 

1968 
1968 
1968 
1968 
1968 
1968 

1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 
1968 

' 1968 
1968 
1968 

1973 

1973 
1973 
1973 
1973 
1973 
1973 

Drill Hole 

DD-l 
DD-2 
DD-3 
DD-4 
DD-5 
DD-6 

H-1 
H-2 
H-3 
H-4 
H-5 
H-6 
B-7 
H-8 
H-9 
H-10 
H-ll 
H-12 
H-13 
H-14 
H-15 
H-16 
H-17 
H-18 
H-19 
H-20 
H-2l 
H-22 , 
H-23 
H-24 
H-25 
H-26 
H-27 
H-28 
H-29 
H-30··_ 

HRD-l 

HRD-2 
HRD-3 
HRD-i ' 
HRD-5 
HRD-6 
HRD-7 

No. Depth 

252' 
876' 
550' 
98' 
216' 
257' 

300' 
215' 
500' 
300' 
250' 
250' 
250' 
100' 
140' 
426' 
250' 
270' 
250' 
250' 
250' 
170' 
285' 
313' 
490' 
300' 
270' 
290' 
207' 
270' 
290' 
500' 
200' 
230' 
235' 
280' 

265' 

120' 
120' 
10' 
10' 
10' 
35' 

Location 

West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 

West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
·West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 
West-Fox 

Seth }tOrD 

Claims 

Robbers Roost 
Robbers Roost 
Robber.s Roost. ,-:., 
.Robbers Roost-·. 
Robbers Roost"~~:~;~:~~~,~~;tA 

. Robbers' Roost·ltl::~<;'h' ~~. 

.. ;:ii' .. ~+~~\~.,.~~ 
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Drilling Group Date Drill Hole No. Depth Location 

( 71 Minerals 1976 RDH-120A 80' Skip Shaft Area 
71 Minerals 1976 RDH-121 60' Skip Shaft Area 
71 Minerals 1976 RDH-122 60' Skip Shaft Area 
71 Minerals 1976 RDH-123 73' Skip Shaft Area 
71 Minerals 19.76 RDH-124 80 ' Skip Shaft Area , 
71 Minerals 1976 RDH-125 130' Skip Shaft Area oJ' 71 Minerals 1976 RDH-126 60' Skip Shaft Area 
71 Minerals 1976 RDH-127 80' Skip Shaft Area 

_. 
71 Minerals 1976 RDH-128 80' Tranquility ( 

Shaft Area 
71 Minerals 1976 RDH-129 70' Tranquility 

Shaft Area 
71 Minerals 1976 RDH-130 70' Tranquility 

Shaft Area 
71 Minerals 1976 RDH-13l 65' Tranquility 

Shaft Area 
71 Minerals 1976 RDH-132 70' Tranquility 

Shaft Area 
71 Minerals 1976 RDH-133 73' Tranquility 

Shaft Area 
71 Minerals 1976 RDH-134 80' Tranquility 

~ Shaft Area 
l' ,71 Minerals 1976 RDH-135 80' Tranquility 

Shaft Area 
71 Minerals 1976 RDH-136 65' Tranquility 

Shaft Area 
71 Minerals 1976 RDH-137 55' Tranquility 

'. Shaft Area 
71 Minerals 1976 RDH-138 50' Tranquility 

Shaft Area 
71 Minerals 1976 RDH-139 50' Tranquility 

Shaft Area 
71 Minerals 1976 RDH-140 50' Tranquility 

Shaft Area 

" 71 Minerals 1976 RDH-141 50' Tranquility 
( Shaft Area ~, 

71 Minerals 1973 AT-I 55' Unpatt::nted 

" T.D.C. Claims 
, 71 Minerals 1973 AT-2 50' Unpatented -', 

T.D.C. Claims 
71 Minerals 1973 AT-3 75' Unpatented 

T.D.C. Claims 
71 Minerals 1973 AT-4 65' Unpatented 

; :~ T.D.C. Claims 
~ ,- 71 Minerals .' 1973 AT-5 50' Unpatented ' t; , '. ':' .-

fi"" 
"l . • 

T.D.C. Claims 
71 )f1nerals 1973 AT-6 80' Unpatented , ~ 

T.D.C. Claims' 

} 
'-j. 
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( ~ 
Drilling Group Date Drill Hole 

71 Minerals 1973 AT-7 

71· Minerals 1973 AT-8 

" 71 Minerals 1973 AT-9 
( 

I 71 Minerals 1973 AT-10 p 
I 71 Minerals 1973 AT-II 
, 

71 Minerals 1973 TDC-l 

.71 Minerals 1973 TDC-2 

71 Minerals 1973 TDC-3 

71 Minerals 1973 TDC-4 

71 Minerals 1973 TDC-5 

""- 71 Minerals 1973 TDC-6 

( 
71 Minerals 1973 TDC-7 

71 Minerals 1973 TDC-8 

71 Minerals 1973 TDC-9 

71 Minerals 1973 TDC-lO 

71 Minerals 1973 TOC-ll 
"*~~,."",,,.,L.~ ' ~~~" " ", ~ ' .. o:.t ,..,~. .' " 

71 Minerals 1973 RD-l 

\ 
:" .: -" . . ' :::~i~:~~::/ 

71 Minerals 1974 RD-l .,: 

71 , Minerals 1974 RD-2 
71 Minerals 1974 RD-3 

\. 71 Minerals 1974 .RD-4 
71 Minerals 1974 RD-5 
71 Minerals 1974 RD-6 

No. Depth 

100' 

104' 

100' 

100' 

100' 

50' 

45' 

48' 

10' 

10' 

10' 

48' 

48' 

48' 

48' 

48' 

210' 

608' 
10' 
185' 
32' 
500' 
415' 

270' 
175' 

~1J 
Location 

Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D .. C. Claims 
Unpatented 
T.D.C. Claims 

Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.O.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 
Unpatented 
T.D.C. Claims 

TMR Claims 
TMR C):tims 
TMR Claims 
TMR Claims 
TMR Claims 
TMR Claims 

-State Of llaine' 
Fox 
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( "" 
Drilling Group ·Date Drill Hole No. Depth Location 

71 Minerals 1973 E-l 50' So. Charleston 
Lead Mine 

71 Minerals 1973 E-2 50' So. Charleston 
Lead Mine 

" 
71 Minerals 1973 E-3 50' So. Charleston 

Lead Mine 
71 Minerals 1973 F-l 35' So. Charleston 

Lead Mine 
71 Minerals 1973 F-2 50' So. Charleston 

Lead Mine 
71 Minerals 1973 F-3 50' So. Charleston 

Lead Mine 
71 Minerals 1973 F-4 50' So. Charleston 

Lead Mine 
71 Minerals 1973 F-S 50' So. Charleston 

Lead Mine 
71 Minerals 1973 F-6 50' So. Charleston 

Lead Mine 
71 Minerals 1973 F-7 50' So. Charleston 

Lead Mine 
71 Minerals 1973 F-8 50' So. Charleston 

Lead Mine 
71 Minerals 1973 F-IO 55' So. Charleston 

i i' 
Lead Mine 

71 Minerals 1973 E-4 85' So. Charleston 
Lead Mine 

! 

! 

\ 

.'" 
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1930 DRILLING SUMMARY 

( Diamond 
Drill Hole No. Location Remarks 

1 West Side - 300 Lev"el Gold ore in very 

"\ 
brecciated dark 

... shale - last hole . 

2 West Side - 300 Level Slight mineralization 

3 West Side - 300 Level Slight mineralization 

4 Sulphuret 500 Level Good - Au, Ag, &. Pb 
in blue ls~ 

5 Sulphuret - 500 Level Very Good - Au, Ag, 

" - " " " 

Pb, 8r. Zn" in blue Is. 

6 West Side - 300 Level Slight mineralization 
in shale 

7 Empire - 300 Level Good - Au, Ag in 
Kaolin fault breccia 

~ 
8 Empire - 300 Level Slight - Ag in blue 

i 
Is. 

9 Sulphuret - 500 Level Fair - Ag in blue Is. 

10 Sulphuret - 500 Level Some Au; Ag, Pb, 8r. 
Zn in blue Is. 

11 Sulphuret - 500 Level Very Good - Au 8r. Ag 
in Is. 

12 Sulphuret - 500 Level Some Ag in blue Is. 

"' ~ 

- < 
.. .. ~ 

"- .!. ~~:~ ::{ :,' 
" " 

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

--..; ... . 
~~~~~~f;. :" 

, 
... 

.~." -.-: ..... 

. y:-

--" 
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1930 DRILLING SUMMARY 

.... Churn Drill 
• I 

Hole Number Location Remarks 

CDH - 1 Blue Monday Claim Very weak mineralization 

CDH 2 So. Ext. Toughnut " , 
CDH - 3 Toughnut Claim Weak mineralization 

CDH - 4 " Some weak silver 

CDH 5 " Weak Au & Ag 

CDH 6 " Weak Ag 

CDH - 7 Mesquite Claim Qual. 

CDH - 8 Manzanita Claim Qual . &. Bisbee , 
~ CDH - 9 Taco Tecalote Claim Qual. &. Bisbee 

CDH - 10 Cholla Claim Qual. & Bisbee 

CDH - 11 Cholla Claim Qual. & Bisbee 

CDH - 12 Nogales Claim Qual. &. Bisbee 

-

. ~ .. ~;~ .- : . 
.... " 

.-: .... :-::..'.. ... -: "}'" 



, 
NEW MONT DRILLING SUMMARY 

..) Diamond Drill 
Hole Number Location Remarks 

DDH- 7 Silver Thread Intervals of very high-
._-- - . . . .. 

grade Ag, Pb, Cu, & Zn. 

DDH- 9 West Side Same as above. 

("' 

' . 

- . ?'" . 
~ . -

',;. ' , . ~~~1;; .. -. . 
,':t.' 
. , . 

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



") DUVAL DRILLING SUMMARY 
( 

Rotary 
Drill Hole No. Location Remarks 

I Contention Area weak mineralization, 

"' ore below Novaculite 
I 

2 So. Tranquility weak mineralization, 
ore in Novaculite . 

3A Contention Area weak mineralization, ... low-grade ore in silty 
quartz sandstone 

3 Contention Area Los Hole in Novaculite 

4 Contention Area weak mineralization 

5 Silver Thread Area weak mineralization, 
last hole in stope 

6 · So. Tranquility weak mineralization, 
ore in siltstone, 
shale, meta siltstone 

"'\ member 
( 

7 No. Empire weak mineralization 

8 E. Empire weak mineralization 

9 E. Empire very weak mineraliz-
ation 

"' ( 



FRANKOVITCH DRILLING SUMMARY 
(No Assays Shown) 

Diamond 
Drill Hole No. Location" " , 1 Silver Reef Property 

2 Silver Reef Property Governor Henderson 
Claim 

3 Silver Reef Property 

4 Silver Reef Property 

5 Silver Reef Proper~y 

6 Silver Reef Property --- .. 

1 Silver Reef Property 

8 Silver Reef Property 

9 Silver Reef Property 

10 Silver Reef Property 

11 Silver Reef Property - #2 Claim 

12 Poor X Claim 

13 ? 

14 ? 

15 Roll 614 

16 ? 

17 
." ~ - 'f'_~ 

Ingersol Anticline 

, .'~t> ';~~~~'.?{:¥~&¥(Vilrina - Tribute Drift 

'. , 

' . ' 



) 

) 

Drill 

AT-l 

AT-2 

AT-3 

AT-4 

AT-5 

AT-6 

AT-7 

AT-8 

AT-9 

AT-lO 

AT-II 

Rotary 

TOMBSTONE DEVELOPMENT CO. - UNPATENTED CLAIMS 
(18 Unpatented Claims) 

Hole No. Remarks 

55' deep, no mineralization 

50' deep, good silver mineralization 

75' deep, very weak silver 

65' deep, no mineralization 

50' deep, no mineralization 

80' deep, some Ag 

100' deep, some Ag 

104' deep, good Ag 

100' deep, some good Ag 

100' deep, some very good Ag 

100' deep, weak Ag 

Drill Hole No. Remarks 

TOC-l very weak mineralization 

TDC-2 weak mineralization 

TDC-3 weak Ag, Cu, Pb, Zn 

TDC-4 weak Ag Itt Cu 

TOC-5 very weak mineralization 

,TOC-6 very weak mineralization 

TDC-7 some weak Cu, Pb, " Zn " 

TOC-8 some weak Cu, Pb, " Zn 

TDC-9 :fair Pb " Zn 

TDC-IO weak Au, Ag, Cu, Pb, & Zn 

TDC-II weak Au, Ag, Cu, Pb, & Zn 

ftD.;.1 210' feet 



A~ 

"' 
71 MINERALS DRILLING 

{, Rotary 
Drill Hole No. Location Remarks 

lA Skip Shaft Area Qual. - no 

"'\ samples 

101 Skip Shaft Area Qual. - no 
samples 

106 Skip Shaft Area Fair -

- mineralization 
( . 107 Skip Shaft Area Fair -

mineralization 

108 Skip Shaft Area Weak -
mineralization 

109 Skip Shaft Area Weak ...;. 
mineralization 

110 Skip Shaft Area Weak -
mineralization 

") III Skip Shaft Area Weak -
i mineralization 

112 Skip Shaft Area Weak -
mineralization 

113 Skip Shaft Area Weak -
mineralization 

114 Skip Shaft Area Fair - hit stope 

115 Skip Shaft Area Fair 

116 Near Skip Shaft Fissure High-Grade 
I 

'\ Intervals 

117 Skip Shaft Area Qual. - no 
samples 

" 118 Skip Shaft Area Qual. - no 
~ samples 

119 Skip Shaft Area Qual. no 
samples 

:.;.;; 120 Skip Shaft Area Qual. , ~ no 
\ , samples '. .. ' 

..... ~ ... ~ 
, , 

.j.:::" 
.;--.... 
. -': .. : 

';>" 7- ~ , 



N\ 
Rotary 

( """l Drill Hole No. Location Remarks 

120A Skip Shaft Area Qual. - no 
samples 

121 Skip Shaft Area Qual. - no 
samples 

122 Skip Shaft Area Qual. - no 
samples 

123 Skip Shaft Area Qual. - no 
samples 

../ 

124 Skip Shaft Area Weak -
mineralization 

124 . Skip Shaft Area Weak -
mineralization 

125 Skip Shaft Fissure Some High-Grade 
Intervals 

126 Skip Shaft Area Weak -
mineralization , 

( 127 Skip Shaft Area Fair -
mineralization 

128 Skip Shaft - Good -
Tranquility Area mineralization 

129 Tranquility Shaft Area Weak -
mineralization 

130 Tranquility Shaft Area Weak -
mineralization 

131 Tranquility Shaft Area Weak -
mineralization 

132 Tranquility. Shaft Area Good -
mineralization 

133 Tranquility 'Shaft Area Good -
mineralization 

134 Tranquility Shaft Area Weak -
mineralization 

135 Tranquility Shaft Area Fair -
mineralization 

". .l3~ · Skip Shaft Area· o

• Weak -
minera1iz~tion 



"" ( 

-( 

Rotary . 
Drill Hole No. 

137 

138 

139 

140 

141 

Location 

Skip Shatt Area 

N. Skip Shatt 

Empire Shaft Area 

Empire Shaft Area 

Empire Shatt Area 

- -0- -

Remarks 

Weak -
mineralization 

Good -
mineralization 

Weak -
mineralization 

Weak -
mineralization 

Weak -
mineralization 
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( 

( 

C.:. 

Eacapule, J. 
~2000.00 

Dozer - 60 hrs. ~$45.00 per hr. :'2700.00 
Hilloan, c. 

Work cCl!1plcted Auo,nuat 31, 1973. c. ,(J.? 
110ad tJor!~ (:one i :: Sec. 27, 28, 33, 34. 

RiC Rental - t475.00 

Fuel & Oil - $89.76 

Bits - t146.10 

Ass~>1C - S1260.oo 

Driller - Ylatarocn - Helper - 11c110011' 

3" bit 

Total hoo. · depth 9 03 

t.._ ·.Vork cOOlpletod prior to Aug"'llSt 31, 1973 (j? .. .! 
i':ori ;: dO:1C on Ie claii.ls Fast of TOOl;r...1tone - Sec. 

Labor - 5756.00 

PIlel - $100.00 

MuG Gel - $40.00 

Sampling ~ $700.00 ~ . 

HORN ?ROOER7Y' 

Driller .~ Henderson, T .... Helper -

ROTARY RIG 4 3/4" bit Hendersort} 

Total hole depth 5'10' 

Repair parts for Rig - ~330.00 

Bits - ~425.00 I 

-;;f. l.c\.1 11 J ':3/ :
",'iork. t OIle L'l Sec. 

Labor - $222.00 

Fuel - $82.25 
B/tJ ~ ..,,; . IJ~ 

I _ I LI?' 1J1.~-t 
S"/~ _t.. /1"-
30. Work cOOlpleted August 31. 1113. C h'.! 

!!OR'i PROPERTY' 

C 1mpl.1ng - $273.00 ROTARY RIG 
Driller - Rendorson, T. - Helpc~ -

Hondt;"f; ·~on. G. 

Rig Rental - $122.25 Total hole d eptb. I 1 t l 4 3/?l' b1t 

Work dale in Sec. 36. Work canpletC(t AuolSt 31, 1973. ~/J'/. 



'. x 
( ( 

RamI PRO?nt'I'T 

( 
tabor - ~373. 60 

Fuel - $80.00 

Rig ~:ltn..l - S::;OO.OO 
TRACK RIG 

Driller - Waterson - Helper - MoUeel;r 

SC'.r!lI>lL"l£.: - ,7102).00 
Total hole 0 e~th 733' 3rt hit 

701J2- 1) , \'/1 LO.l b 70 f.c...Sl ~t~ ... ,- -. c,,~U -...,. 

fJ_ 2'3g- I '1'"3~ 1/ 3. /.<1, 
~ I I 

( 
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ABSTRACT 

Seismic methods, combined with well and geologic data, were used to define the 
subsurface hydrologic and geologic conditions of the Walnut Gulch Experimental 
Watershed and its peripheral area , near Tombstone, Ariz. Surface geology of the 
watershed indicates an alluvium-filled area between igneous intrusive and sedimentary 
rocks that support the Tombstone Hills on the southwest and the Dragoon Mountains on 
the northeast. 

In II areas, 52 seismic refraction profiles, aggregating a length of 115,550 feet of 
in-line seismic profiling, were conducted. Velocities derived from reversed seismic profties 
and profIles conducted over outcrops averaged 2,200 Lp.s. for channel fill , S ,000 f.p.s. 
for unconsolidated alluvial deposits, 8,800 Lp.s. for conglomerates, and, depending on 
the particular unit , 12,300 to 15,600 Lp.s. for basement.type rocks. In many areas 
seismic determinations revealed depths to the water table ranging from near zero at the 
confluence of Walnut Gulch and the San Pedro River to 475 feet in the central pOrtion of 
the watershed . The accuracy of predicting the depth to either groundwater or basement 
was ± 6 percent, while that for groundwater alone was ± 10 percent. 

Analysis of the time-distance data and correlations with surface geology, gravity, and 
well data provided a framework from which geologic sections were constructed. These 
sections reveal the identification, depth, attitude, and extent of geologic units comprising 
the basement and alluvium complex. Extensions of many surface structural features to 
depth were noted. 

1v 
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SEISMIC REFRACTION STUDIES OF THE 
SUBSURFACE GEOLOGY OF WALNUT GULCH 

EXPERIMENTAL WATERSHED, ARIZONA l 

F. Libby, O. E. Wallace, and O. P. Spangler2 

Seismic refraction studies were initiated on Walnut 
Gulch Experimental Watershed in the summer of 1967 
and were completed in 1968. This watershed is an 
outdoor hydrologic laboratory near Tombstone, Ariz. 
(fig. I), under the direction of the Agricultural Research 
Service, USDA. It is the subject of intensive hydrolOgic 
and sediment yield studies. 

The purpose of the seismic study was to provide 
information concerning substrata conditions affecting 
the disposition of ephemeral stream channel water losses 
and groundwater movement and storage. The geo
physical study area was increased to 290 square miles by 
including a peripheral area around the 58-square-mile 
watershed. 

Ephemeral stream channel losses have been measured 
on Walnut Gulch by comparing inflow·outflow data on 
several channel segments. These measured losses have 
been explained in relation to the channel 'and stlbchannel 
geologic materials and related phenomena. The transmis
sion losses need to be related to the channel geologic 
material to enable extrapolation of the data for design 
projects on unmeasured areas. A study of groundwater 
movement and storage in the watershed is continuing, 
with information needed on the piezometric surface and 
the extent of aquifer alluvium. 

Specific objectives of the seismic survey were to: 
I. Identify and map subsurface hard rock units, 

giving particular attention to those units under
lying and bordering major stream channels; 

2. Measure the thickness and extent of watershed 
aquifer alluviums; and 

3 . Determine the depth of regional water table. 
Fifty-two seismic profiles, aggregating a length of 

I Soil and Water Conservation Research Division, Agricultural 
Research Service, U.S. Department of Agriculture, in coopera· 
tion with the Arizona Agricultural Experiment Station. 

2 Research geologist, geologist, and geologist and University 
of Arizona graduate student, respectively. Southwest Watershed 
Research Center, USDA, Tucson, Ariz. 

115,550 feet of in-line seismic profiling, were conducted 
in II areas (fig. I). 

Previous Work 

Geological investigations have been conducted in 
conjunction with . mining activities in the Tombstone 
Hills (part of which constitutes the southwest portion of 
the watershed) since the latter part of the 19th century. 
In the earliest reference, Blake (l)3 referred to the 
general geology and some local ore occurrences. Church 
(±) applied local stratigraphic names and enlarged on the 
general geology after further mine developments. 

Jones and Ransome (10) published the first com pre
hensiv~ work with a regional geologic map in a report 
dealing primarily with the occurrence of manganese ores. 
Rasor (13) submitted a mineralogic and petrographic 
study of the Tombstone Mining District to the Uni
versity of Arizona as a dissertation. 

Butler, Wilson, and Rasor (~) increased the scope of 
Ransome's original work, including a more detailed 
description of the geology. Gilluly (6) concluded this 
series of notable investigations with a-regional study or' 
the stratigraphy and bedrock geology of the Tombstone 
Hills, Dragoon Mountains, and the northern halfof the 
Mule Mountains. 

HoUyday Q~) made a geohydrologic analysis of mine 
dewatering and water development in the Tombstone 
Hills. 

A number of mining companies have been involved 
in exploration programs on and around the watershed . 
An aeromagnetic survey of Tombstone and vicinity by 
Andreasen, Mitchell, and Tyson (.!) has been released to 
the U.S. Geological Survey open file. Spangler and 
Libby OJ» conducted a reconnaissance gravity survey 
covering 290 square miles (including the watershed) as 
part of an integrated geophysical study of the area . 

3 Underscored numbers in parentheses refer to literature cited, 

p. 14. 
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Figure l.-Location of Walnut Gulch Experimental Watershed and periphery showing seismic study areas. 
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GENERAL GEOLOGY 

The survey area, with isolated mountain blocks 
separated by a broad alluvium-filled basin, is typical of 
Basin and Range physiography_ 

,Deep-seated igneous intrusions and accompanying 
high-angle reverse faults are responsible for the high 
relief areas that comprise the Tombstone Hills on the 
west and the lower Dragoon Mountains on the east (fig. 2). 
Great thicknesses of sedimentary rocks (mostly lime
stone) make up the topographic relief of the Tombstone 
Hills, which are underlain by, and adjacent to, large 
igneous bodies of Tertiary age. The igneous lower 
Dragoon Mountains of Triassic-Jurassic age have no 
sedimentary caprock; the only residual sedimentary 
rocks in this area are small limestone drag blocks along 
fault zones. 

Late Tertiary volcanics in the southeast portion of 
the study area are relatively thin beds of andesite-
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rhyolite flows and tuffs and are in an overthrust 
position. Minor amounts of later Tertiary and early 
Quaternary rhyolite ~nd basalt occur as intrusive dikes, 
sills, and plugs in the south and central portions of the 
area .. 

The alluvium that fills the intermontane basin con
sists of deep Tertiary and Quaternary sand, gravel, clay, 
and caliche conglomerate. Previous data indicate the 
alluvium is more . than 1,200 feet deep in places and 
contains a large volume of groundwater. Much of the 
conglomerate is extremely well cemented, approaching 
the strength and appearance of structural concrete. 
These conglomerates act as rock units and exert much 
structural control on surface stream channels and 

groundwater flow. 
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Figure 2.-Geologic map of Walnut Gulch Experimental Watershed. 
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SEISMIC SURVEY 

A network of 360 gravity stations establishc:d over 
the watershed and its peripheral area helped : define 
configuration of the basement complex, provided depth 
approximations of the deep alluvium, and determined 
the bearings for subsequent seismic traverses (I6). 
Criteria for choosing the areas for seismic study were (1) 
areal priorities for the information, (2) control from 
surface geology and well data, or both, (3) a gravity 
survey, (4) terrain conditions, (5) distribution to provide 
coverage of the study area, (6) capabilities of the 
equipment, and (7) permission for ingress and egress on 
private land. Geologic and scheduling conditions re
quired the use of a long geophone spread with sensitive 
equipment to speed survey progress in the field, and 
provide the depth penetration capability required to 
measure the thicknesses of alluvium in the watershed 
without using excessive explosives. 

Fifty-two individual seismic profiles were made 
which, if put end to end, would make a line about 22 
miles long (table I). Most of the profiles were completed 
in the stream channel of the mainstem of Walnut Gulch, 
where large transmission losses occur during flow events 
(!!). Several profIles were made in the deep alluvium 
portions of the watershed, where past drilling efforts 
had never reached bedrock but had shown alluvium 
depths in excess of 1,200 feet. 

Instrumentation 

The two sets of seismic instruments used were an 
Electro-Tech Port-Seis Interval Timer on loan from the 
Geophysics Laboratory of the University of Arizona and 
a refraction system designed by the Electrical Engineering 
Department of the University of Arizona in cooperation 
with the Agricultural Research Service. 

TABLE I.-Number and length of seismic proftles in the 
watershed area 

Name of profile Area Number of Total length 
(fig. 1) shot-profiles of profiles 

feet 
San Pedro River to 

flume 1 A 13 24,950 
FUme 1 to Montijo Flats B 8 12,850 
Lamb's Draw C 7 12,500 
Rifle Range D 4 9,200 
Gleeson Road E 1 2,300 
Willow Wash F 3 10,600 
Highway 82 G 7 15,750 
Gty Dump H I 4,100 
Bennett Ranch Road J 3 10,050 
Lime Tank K 2 5,750 
New Cowan Road L 3 7,500 

-
TOTAL 52 115,550 
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The first system was portable and provided 12 data 
traces, plus a shot-instant trace and lOO-c.p.s. (cycles per 
second) timing marks on 4- by 5-inch Polaroid mm. 
Reading accuracy was ± 1 msec. (millisecond). Record
ing time was adjustable between 200 and 400 msec. 
Twelve 30-cp.s. geophones could be attached to either a 
600-foot cable with takeouts every 50 feet or an 
1,80D-foot cable with takeouts every 150 feet. Transis
torized amplifiers, coupled to 125-c.p.s. galvanometers, 
transferred the seismic signal from the geophones to the 
film . A 90-volt blaster was used to detonate the 
explosives. 

The second system, mounted in a 4-wheel-drive van, 
used a Century Model 408 oscillograph that provided 24 
data traces with the shot-instant on trace 12 or 13. Data 
traces and 10- and 100-c.p.s. timing marks were made on 
Kodak Linagraph No. 809· paper. The paper was 
developed in the field by wet chemical processing in an 
aerial photographic film-developing unit. Reading ac· 
curacy was ± 1 msec. Recording time could be as long as 
desired and could be controlled manually or auto
matically. Twelve Geospace 7.5-c.p.s. geophones were 
premanently attached to a 1,355-foot cable with take
outs every 110 feet. Two cables were used with 100-foot 
lead-ins to the recording van, which was located in the 
middle of the spread. Vacuum tube amplifiers, coupled 
to 100-c.p.s. galvanometers, were used during the sum
mer of 1967. A 120-VAC generator mounted on the 
front of the van provided power. Before the summer of 
1968, the system was modified to use solid-state 
amplifiers, powered by wet cell batteries. This latter 
system produced greater amplification and eliminated 
vibrations from the generator. A 255·VDC blaster with 
insulated telephone wire from a mounted power reel was 
used to detonate the explosives. 

Field Procedure 

Field procedure varied with site conditions and 
infonnation requirements, but the maximum spread 
length procedure was used most. The 12-channel unit 
had an 1,800-foot spread length, and the 24-channel unit 
had a 2,20D-foot spread length. Where very deep 
subsurface penetration was required, the shotpoint was 
placed well away from its nearest geophone, whereas 
relatively shallow strata could be recorded using a 
close-in shotpoint. Most of the profiling was done with a 
spread length of 2,200 feet and an in-line shotpoint 
offset 50 feet from each end . Many of the offsets in the 
deep alluvival deposits were determined by a combined 
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study of the gravity and well data. The seismic profiles 
were shot from both ends, giving reversed time-distance 
data. 

Three variations of the in-line profiling were used in 
the survey: A continuous series of reversed profiles was 
made in the channel and in area G. Short reversed 
profiles, crossing approximately at right angies, and 
spaced along the continuous promes, permitted closer 
control of velocity, depth, and dip. Discontinuous 
profiling was selected for areas where terrain was rugged 

or partially inaccessible and greater distribution was 
desired . 

Shotholes up to 20 feet deep were loaded with 
Apache Powder Company 60-percent Amogel in 2-inch, 
I-pound sticks, and' the charges 'were detonated with 
Atlas no·delay electric blasting caps. This combination 
propagated a satisfactory seismic wave. Charges ranged 
from I pound to 28 pounds per shot, with 3 pounds 
being most common on a 2,2oo-foot spread with a 
50-foot offset. 

INTERPRETATION 

If boreholes or sonic logs are not available, the 
velocities must be determined by measurements along 
the surface ([). Velocity determinations were conducted 
on surface exposures (fig. I) of geologic units to 
interpret the seismic profiles and extrapolate useful 
relationships to density. Loc<ltions were selected to give 
250 feet or more of fresh in-line exposure on a level 
surface. 

Several refraction velocities were taken from the 
reversed seismic.profile records in which nearby expo
sures of well-control data justified a direct identification 
of rock type. Velocities for the channel and alluvial 
deposits also were determined from several seismic
profile records. These data were then used to compile a 
table of seismic velocities (range and average) representa
tive of the study area (table 2). 

The range of velocities agrees very well with the 
histograms of seismic-wave velocities for similar rock 
units presented by Grant and West (7). One exception
the lower end of the velocity range-for the Uncle Sam 

TABLE 2.-Seismic velocities and densities of geologic units 
in the watershed 

Geologic unit 
Geologic Velocity Velocity Density 

symbol range average average 

ft./sec. ft./sec. g./cm 3 

Recent channel 
deposits Qal 1,150-4,900 2,200 --

Qua ternay-Tertiary 
alluvial deposits QT -- -- --

Unconsolidated 3,350-6,000 5,000 2.02 
Co nglomera tes 6,00()'12,350 8,800 2.34 

Quaternary-Tertiary 
basalt QTb -- 115,600 2.80 

S. O. volcanics Tsi -- 112,300 2.33 
Pre-S. O. volcanic 

sedimentary 
rocks Ts 7,55()'10,925 9,700 2.48 

SchiefTelin 
granodiorite Tsc 12,3(XH 7,700 15,450 2.68 

Uncle Sam porphyry Tup IO,10()'16,400 13,350 2.61 
Bisbee group Kb 12,100-16,400 13,650 2.70 
Naco limestone Cn ll,85()'16,OOO 13,350 2.69 

I Values based on a single unreversed velocity proftle. 
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porphyry-may have been caused by fracturing. Because 
the high end of the range of velocities for channel 
deposits is represented by only one value, the true range 
is probably closer to 1,150 to 3,500 f.p.s. (feet per 
second). Only two values represent the low end of the 
range for unconsolidated alluvium, with the true range 
probably closer to 4,000 to 6,000 f.p.s. 

A convenient plot of density versus velocity, using 
values from table 2, indicates that bulk densities tend to 
increase with seismic velocity (fig. 3). Relationships of 
velocity versus density have been described as a function 
of lithification accompanying age and compaction CD. 
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Figure 3.-A plot of bulk density versus seismic velocity 
for geologic units in the watershed 

The magnitude and sign of the total error in 
seismic-calculated depths are functions of field tech
niques, instrumental compatibility, and interpretation . 
Assuming proper . field techniques and instrumental 
compatibility, Northwood (ill classified interpretative 
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refraction errors by their causes under three general 
headings: (1) errors caused by incorrect reading of data; 
(2) errors caused by incorrect assumptions; and (3) 
errors caused by incorrect geologic interpretation of the 
velocity layers. 

Using this type of analysis for the watershed, seismic
calculated depths to the groundwater table and base
ment were compared to actual depths derived from data 
on a nearby well. Figure 4 illustrates this comparison 
graphically.. In general, the deviations do not suggest a 
systematic error one might expect if aU the calculated 
depths were greater, or less, than the actual depths. The 
accuracy of predicting the depth to either groundwater 
or basement was ± 6 percent. The accuracy of predicting 
the depth to groundwa ter alone was ± 10 percent , and 
that for basement alone was ± 4 percent. 

TIle prediction becomes less accurate with greater 
depths. Northwood (12) explained this as a function of 
reading errors caused by greater offset distances . Greater 
offset distances cause decreases in the signal amplitude 

.-
W 
W400 
lL.. 

Z 

(f) 

I 
t-
0.. 300 
W 
0 

0 
W 
t-
<! 
-1 
=>200 
<.) 
-1 
<! 
<.:> 

<.:> -
:E 

10 (f) 

W 
(f) 

o 

and an attenuation of the higher frequency components. 
Errors were kept to a minimum by increasing the charge 
and depth of shothole. For example, shotholes 4 feet 
deep and 50 feet in-line from a 550-foot spr.ead 
contained 2-pound· charges, whereas shotholes 20 feet 
deep and 1,300 feet in-line from a 2,200-foot spread 
con tained 21-pound charges. 

The prediction of depth to the groundwater table was 
less accurate than the prediction of depth to the 
basement. This difference may be explained by the 
greater horizontal distances over which the groundwater 
depths were projected from individual wells to the 
seismic profiles. Changes in groundwater level between 
the time of reading and the time of the seismic profile 
also may have caused minor errors. Finally, the capillary 
zone and its variable thickness and effect on seismic 
response are unknown and need further investigation. 

The seismic data were interpreted by the critical 
distance and time intercept methods (8) (5). Inter
pretations were most commonly based on"2- and 3-layer 

o WATER TABLE 

• BASEMENT 

O~--~--~~~----~ __ ~ __ -L __ ~ ____ ~ __ J 
o 200 300 400 

ACTUAL DEPTHS IN FEET 

Figure 4.- A plot of seismically calculated depths versus depths derived from well logs. 
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horizontal and dipping interfaces. In a few instances, 
4-layer and fault solutions were applicable. 

San Pedro River to Flume I (Area A) 

A continuous seismic profile, containing seven re
versed profiles and one overlapping, unreversed profile, 
was conducted up the channel of Walnut Gulch for 2.5 
miles, starting 1,200 feet downstream from the conflu
ence of Walnut Gulch and the San Pedro River. Plate I 
presents these data and several profiles across the chan
nel, and contains (I) an equal-scale planimetric map 
showing the location of all traverses in area A; (2) time
distance diagrams showing travel time to individual 
geophones; and (3) geologic interpretations based on the 
time-distance diagrams. For orientation, the geologic 
sections are noted by the four compass quadrants. 
Flume I-a prera ted, cri tical-depth, concrete structure 
for measuring the total streamflow from the upper 58 
square miles of the Walnut Gulch drainage basin-is 
located 100 feet from the northeast end of the profile 
(plate I). 

The dominant geologic structure in area A, an 
alluvium-flUed trough, was first noted by the gravity 
survey which predicted a north-trending structural de
pression 800 to 1,200 feet beneath the channel and 
centered 1.2 miles below lIume I. Surface geological 
investigation revealed the Uncle Sam porphyry exposed 
in several locations near area A. Using this information 
and velocity determinations (table 2), the basement rock 
forming the trough was interpreted as the Uncle Sam 
porphyry. The porphyry dips 12° toward the center on 
the right flank and 10° on the left flank. ProfiIe Al on 
the left flank · indicates the porphyry rises to within 125 
feet of the bed of the San Pedro River 1,200 feet 
downstream from the Walnut Gulch confluence. If the 
flanks maintained this attitude, the trough would be 
1,300 feet deep at its center. 

Because no recorded refractions from the basement 
could be identified on the time-distance diagrams in the 
center of profile AIA-A 7', a 2,300-foot reversed spread 
with shotpoints offset 850 feet was attempted in profile 
A I O. Although refracted arrivals cannot be positively 
identified from the basement on this profiIe, the two 
most distant points on the reversed curve may be 
recording basement refractions. Because this is the 
earliest time interval at which a basement refraction 
could occur, a minimum thickness of the alluvial 
deposits can be estimated. To make such an estimate, we 
calculated a basement velocity of 13,000 f.p.s . between 
the points. The results of true velocities on the flanks, 
and the reported value in table 2 of 13 ,35~ f.p.s. for the 
Uncle Sam porphyry, show that 12,000 f.p.s . is reason-
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able. The assumption that the basement is flat in this 
area for estimating purposes is reasonable from an 
inspection of gravity gradients and because projections 
from the flanks :in proftie A I A-A 7 A' indicate a greater 
depth than that calculated from gravity results. The 
int~rcept time of possible basement refraction is 0.194 
second. A minimum total thickness of 650 feet for the 
sedimentary section was determined using the velocities 
from the seismic profile. The trough has: a minimum 
depth of 650 feet based on the earliest possible 
refractions from profile A I 0; a maximum depth of 
1,300 feet if the flanks in profile AIA-A7A' maintain 
the same slopes; and an estimated depth range of 800 to 
1,200 feet based on gravity data . Until more data (Le., a 
longer seismic spread in the channel or a drill hole to 
basement near the axis) become available, a depth of 
1,000 feet to the Uncle Sam porphyry seems reasonable 
near the center of the trough. 

The sediments in the trough may be grouped into two 
broad units: Tertiary and Quaternary alluvial deposits ; 
and Recent channel and flood plain deposits. The oldest 
and thickest unit contains the Tertiary and Quaternary 
alluvial deposits that are exposed in the east bank of the 
San Pedro River at profile Al and outside the channel of 
Walnut Gulch below flume 1. Remnants of the older 
alluvium remain along Walnut Gulch approaching the 
San Pedro River flood plain. Surface exposures of the 
remnants are shown in profiles AIO and 11, in which 
offsets in the time-distance curves could have been 
miSinterpreted as faults. A similar offset in the time
distance · curve of profile A4 is interpreted as a buried 
erosional scarp that has 32 feet of relief. From a 
geomorphological viewpoint, the buried scarp expresses, 
in a subsurface manner, topographic evidence of the 
edge of the San Pedro River flood plain. 

In general, the time-distance diagrams reveal a de
crease in velocity within the older alluvial deposits as the 
axis of the trough is approached. A relatively shallow 
water table tends to give uniformity to the seismic 
results. Apparently the alluvial deposits become younger 
and less consolidated as the center of the trough is 
approached. Assuming the subsurface deposits in the 
center are not composed of claylike material (which can 
give similar velocities), we concluded that the area 
occupied by profiles A4, AS, All, and AI2 isbest suited 
to future groundwater testing and development. This 
area also contains large thicknesses of low-velocity 
Recent channel fill that imply greater transmission losses 
during flood flows. Finally, the irregular interface 
between the two units, as suggested by the erratic travel 
times in profile AS, may provide temporary storage areas 
for the transmission losses until the losses are depleted 
by percolation to the groundwater table (17). 
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The Recent channel and floodplain deposits within 
the San Pedro flood plain were divided into two 
subunits, based on an intermediate slope in the time
distance diagrams. The two · units, channel fill and 
subchannel fill, reach a maxunum thickness of 200 feet 
on the northwest end of prome A9. The interface 
between these deposits and the older alluvial deposits in 
promes A8 and A9 indicates a gradient of 2 to 4 
percent, which is four times the present gradient of the 
San Pedro River. Although the promes are oriented 
approximately parallel to the strike of the river, very 
recent changes in its course are evident in the field and 
on topographic maps. The steeper gradients may rep~ 

resent apparent slopes within much older meander loops. 
Tilting or change in erosional regime may be other 
explana tions. . 

Mapping the water table by seismic methods in area A 
was hindered by (I) insufficient water-level data to 
correlate with slope intercepts on the time-distance 
plots, and (2) near coincidence with othet interfaces. 
These interfaces were between the channel fill and 
subchannel fill in the San Pedro River flood plain, the 
channel fill and older alluvial deposits in the center of 
the area, and the older alluvial deposits and the UncIe 
Sam porphyry near flume 1. 

A theoretical plane surface connecting the bed of the 
San Pedro River with the known occurrence of ground
water immediately above flume 1 could approximate the 
water table. This theory assumes that the water table has 
a constant slope, and the San Pedro River is effluent. 
The first assumption appears valid from solutions of the 
time-distance curves of promes A6 and A 7, in which an 
interface exists in the deep alluvium at a depth of 130 
feet. The second assumption may have minor local 
departures. For example, 40 feet of dry, low-velocity 
channel fill was determined on promes A2 and A2A near 
the Southern Pacific Railroad (plate 1). When projected, 
this establishes the water table 20 feet below the San 
Pedro River. Therefore, the recently formed reach of the 
river has not had sufficient time to entrench itself into 
the well-cemented alluvial deposits exposed on its 
eastern bank. If this is true, the local nature of the river 
is influent, creating a groundwater mound at the Walnut 
Gulch confluence. Finally, any flow beneath Walnut 
Gulch channel may be diverted to an old meander of the 
San Pedro River. 

Flume I to Montijo Flats (Area B) 

Between flume 1 and the lower end of Montijo Flats, 
the channel of Walnut Gulch consists of a series of 
meanders deeply entrenched in the Tombstone Pedi
ment. The planimetric map illustrates the limits such 
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meanders place on the longer seismic spreads (plate 2, 
area B). Because the spread had to cross one of the 
meander loops in pro me B I, older alluvium is noted in 
the profile midsectio.n. 

The four spreads in the channel in area B are shown 
as a composite cross section in profIle 81A-B4A'. 
Proftles outside the channel were discontinuous, with 
varying lengths to avoid serious topographic effects. 
Except for the short profiles of B7 and B8 in Montijo 
Flats (where 300 feet of alluvium had been penetrated 
by a well), all profiles were sufficiently long to record 
refractions from the basement. Evidence from the longer 
promes of B3 and 84 in the channel indicates depths of 
450 feet to the basement, which is the Uncle Sam 
porphyry in area B. 

Probably the most striking feature of area B is the 
amount of relief on the porphyry. This relief varies from 
the 3,620-foot elevation in profile 84 to a surface 
exposure at 4,075 feet in profIle B6. Surface relief.on 
the porphyry is even more pronounced southeast of area 
B in the flanks of the Tombstone Hills. True velocities of 
the porphyry ranged from 10,100 f.p.s. to 14,100 f.p.s. 
and averaged 12,200 f.p.s. Although the lower velocity 
suggests some weathering, drilling several holes con
firmed the presence of fre·sh rock. 

An old meander loop has been interpreted from the 
delay times on the time-distance plot of profile B1. The 
asymmetrical cross section of the old buried channel 
appears entrenched 80 feet into the porphyry. A 
3,760-foot elevation on the channel bottom and a 
similar one in' the southeast section of prome B5 
suggests lateral continuity, Wallace and Renard (17) 
mentioned the presence of an old meander loop from 
surface evidence in this area. This loop is considered 
more recent than the one entrenched within the por
phyry. Seismic response did not indicate the presence of 
the stratigraphic boundaries within ·the alluvium that 
might be expected from a buried channel. The buried 
channel may show as a structure only on the interface 
between the porphyry and the alluvium. Later deposi
tion within and above the depression must have been 
relatively uniform. 

A buried porphyry ridge crosses the Walnut Gulch 
channel between profiles 81 and B2. If the ridge is 
consistent with other plunging ridges noted along the 
edge of the porphyry, it will plunge to the northwest. 
Indications from seismically determined depths to the 
regional water table and from the magnitude of relief on 
the ridge beneath the channel are that most subsurface 
movement of water in the saturated zone is deflected 
away from the channel to the northwest. 

. Mapping of the water table northeast of the buried 
ridge to Montijo Flats was successful because a sufficient 
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thickness of alluvium existed between the water table 
and the porphyry. The water table, 250 feet deep, 
approximately parallels the land surface slope. Drillers' 
logs from wells in the Montijo Flats helped correlate 
'seismic velocities with the saturated zone (fig. 4). West 
of the ridge in profiles BS and BI, the water table could 
not be detected because of the proximity of the 
interface to the porphyry. Soske (15) described a similar 
problem as the blind zone problem. 

Seismic velocities above the porphyry and b,elow the 
water table north of the buried ridge suggest well
cemented alluvial deposits of Quaternary and , Tertiary 
age (table 2). Velocities, ranged from 8,575 f.p .s. to 
10,125 f.p.s., with an average of 9,375 f.p.s. Southwest 
of the buried ridge, the absence of well-cemented 
deposits suggested that the ridge may have been a 
boundary between sedimentational regimes during depo
sition. Loosley to partially cemented alluvium above the 
water table had seismic velocities ranging from 4,250 
f.p.s. to 6,000 f.p.s., with an average of 5,230 f.p.s. 
Overlying the 250 feet of alluvium is a thin veneer of 
Recent channel ftll averaging 18 feet in thickness, with a 
velocity of 2,200 f.p.s. 

Lamb's Draw (Area C) 

Three bedrock types-the Naco limestone, the Bisbee 
group, and the UncIe Sam porphyry-occur in the 
subsurface interpretation of proftle C IA-C4A' (plate 2, 
area C). Internal contacts in area C were interpreted 
from the geologic map in figure 2 because the seismic 
velocities of the three formations show little contrast 
(table 2). The Naco limestone crops out in the hills on 
both sides of profUe C4 and is folded and faulted in a 
complex manner. In several areas below the concrete 
apron (an old highway crossing), the channel fill deposits 
are swept clean, and the exposed rock resembles marble. 
Profiles C6 and C7 show a fairly uniform slope to the 
north and northwest, although the time-distance data of 
profUes C3 and C4 indicate that the interface between 
the Naco limestone and the overlying alluvium is uneven. 
The Bisbee group is exposed between the Uncle Sam 
porphyry and the Naco limestone in a wide outcrop 
one-half mile southeast of proftle C2 and has a strike that 
lends itself to this projected interpretation. From the 
seismic data, we could not determine if the contact was 
intrusive or faulted. A sharp ridge of the Uncle Sam 
porphyry is exposed immediately south of pron.te C5 
and deflects the channel from a southwest to northwest 
course. Profile C5 shows that the ridge plunges sharply 
beneath the channel to the north. 

From west to east in profUe CIA-C4A', 375 feet of 
Tertiary and Quaternary alluvial deposits thin to approx-
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imately 80 feet over the buried, plunging porphyry 
ridge, thicken to 200 feet over the Bisbee Group, and 
lens out beneath the channel fill in the midportion of 
profile C4. Velocities within the alluvial deposits be
neath cross profUes CS, C6, and C7 indicate a range of 
consolidation from loose to partially cemented. The 
pron.te velocities beneath the channel imply a slightly 
higher degree of consolidation because of the higher 
moisture content. 

The water table was not detected in area C, although 
it was known to be 250 feet deep in the west and 
sou thwest portions of area B. The western time-distance 
curve of profile C I would be expected to show a 
9,OOO-f.p.s. segment between the 6,750-f.p.s. velocity 
and the 12,650-f.p.s. velocity if the saturated zone was 
to be detected. This omission is similar to the western 
pron.tes in area B. East of the plunging porphyry ridge in 
area C, the regional water table was not detected, 
although it was believed to be near the contact with the 
Bisbee group. 

Recent channel deposits average 25 feet in thickness 
and increase from zero in certain portions of the channel 
on proftle C4 to between 35 and 40 feet in proftles C2 
and C3. Seismic velocities within these channel deposits 
are similar to those in areas A and B. The 3,200-f.p.s. 
velocity in the thicker deposits is 1,000 f.p.s. higher than 
the average and may be a function of saturation, because 
the traverse was conducted shortly after a runoff event. 

Rifle Range (Area D) 

A continuous, in-line seismic profIle up the Walnut 
Gulch channel and intersecting U.S. Highway 80 north
west of Tombstone is shown as area 0 in plate 2. A 
I.5-mile channel length between areas C and 0 was 
omitted in this study because exposures of the Naco 
limestone and the Schieffelin granodiorite eliminated the 
need for seismic coverage. The geology and hydro
geology of a shallow, perched water aquifer within 
pockets of the Schieffelin granodiorite, one-half mile 
west of area 0, had already been studied intensively 
(14). 

Time-distance graphs from pron.te DIA-D4A' reveal 
an interface of granodiorite sloping east toward the 
deeper alluvium. The 4 0 slope shown in the geologic 
cross section and derived from the time-distance curves 
is only an apparent slope. A northwest structural trend, 
and geologic, hydrogeologic, and other geophysical data 
suggest a maximum gradient oriented N.35° to 450 E. 
These integrated data conclusively show a subsurface 
drainage pattern almost the reverse of that suggested by 
the surface slope of the channel. Transmission losses to 
the channel fUI in the area of U.S. Highway 80 do not 
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have subsurface hydraulic continuity with the shallow, 
perched water aquifer to the west and down chan
nel. Although we do not know the exact location of 
the grQundwater divide created by ' the Schieffelin 
granodiorite between these two areas, the seismic data 
indicate its presence immediately west of proflle D 1. 

Inspection of the time-distance graphs in profIles Dl 
and D2 reveals similar downdip velocities of 13,500 
Cp.s. and 12,300 f.p.s., respectively. On the other hand, 
an updip velocity of 19,200 Cp.s. in profile DI is almost 
twice that of 10,180 Cp.s. in D2. These data indicate 
that the slope of the granodiorite determined in proflle 
o I does not extend at the same rate beneath all of 
profIle 02. The slope was extended as far as the seismic 
data would justify and was tenninated by a normal fault. 
A fault interpretation appears reasonable from an 
inspection of drilling logs that reveals the basement at a 
depth of 160 feet immediately southwest of the profIle 
with at least 1,160 feet of alluvium to the northeast. 
Spread lengths in the seismic profiles were not sufficient 
to determine the depth to basement on the down thrown 
side of the fault. 

Time-distance graphs east of the fault (plate 2, area 
0) indicate three apparent facies of the Tertiary and 
Quaternary alluvial deposits. These facies are believed to 
result primarily from consolidation or cementation. 
Scattered exposures along the channel bed did not show 
visible differences in the conglomerates. 

A high-velocity conglomerate at a depth of 250 feet 
in proflle D3 correlated with a hard, gray conglomerate 
logged in a well one-half mile south at a depth of 280 
feet. This conglomerate is the controlling factor of the 
water table's position in this area. 

The 6,000- to 9,000-f.p.s. velocity for the conglome
rates exposed in the channel suggests minimum transmis
sion losses in the areas traversed by profiles D3 and 04. 
Conglomerates are not exposed in the channel bed in 
proftle 02, and the seismic velocity for the channel fill is 
higher than average. This area has been interpreted as a 
gradational zone between the high-velocity, well-ce
mented conglomerates in the basin proper and the 
channel fill overlying the Schieffelin granodiorite. 

Gleeson Road (Area E) 

Area E in plate 2, approximately one-half mile up the 
Walnut . Gulch channel from area 0, reveals channel fill 
10 to 20 feet thick and two facies of the Tertiary and 
Quaternary alluvial deposits. The upper facies, with an 
average seismic velocity of 5,750 f.p.s., increases in 
thickness from 70 feet up channel co 160 feet down 
channel. This facies is thought to correlate with a 
partially cemented, cobble and boulder conglomerate in 
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a thick, cutbank exposure immediately up channel. A 
lower facies, with a velocity of 8,550 f.p.s., correlates 
with exposures 1,000 feet down channel. This indicates 
the unit is either downthrown by fa~lting; or that an 8° 
rise is necessary to return it to the channel surface 
between areas D and E. The lack of high-velocity slopes 
on the time-distance graphs shows that basalt, exposed 
500 feet east of profile E, does not extend beneath the 
channel. This tends to confirm the presence of a fault, 
discussed under area D. 

Willow Wash (Area F) 

Area F consists of a seismic proftle with a bearing of 
N. SSO E. located I mile northwest of the watershed 
boundary of Walnut Gulch in Willow Wash (fig. 1 and 
plate 2). Information from well and gravity data west of 
U.S. Highway 80 indicated that the basement rocks 
exposed in the Tombstone Hills extended northwest, 
north, and northeast beneath the alluvial deposits. 
Therefore, knowledge of the basement attitude in area F 
was necessary to strengthen this indication. Information 
on groundwater occurrence in area F and the nature of 
the overlying alluvium was also essential to substantiate 
a "noselih" extension in a preliminary water table map. 

Geologic interpretations of profile F I A-F3A' in plate 
2 revealed a very thick deposit of alluvium overlying a 
sloping basement identified as the Bisbee group. To 
determine the degree of slope and identify the rock 
type, we had to depend on. information from the drilling 
logs and the fust arrival times from profile F 1. This 
analysis is limited by the assumption of uniform dip and 
the use of an apparent velocity in the depth calculation. 
Nevertheless, the 8° to 10° northeast slppe compares 
favorably with the 12° to 14° approximation from 
gravity data. The velocities and slope intercepts derived 
from the time-distance graphs suggest that the Tertiary 
and Quaternary alluvial deposits extend to a depth of at 
least 1,200 feet on the northeast and consist of three 
horizons. 

A depth determination of 900 feet to the lower 
horizon was based on the unreversed travel-time curve of 
proflle F3. A constant interface was extended west as a 
dashed line in the cross section and was based on the 
lack of offsets in the travel-time curve. Proftle F2 was 
too short to provide sufficient penetration to the lower 
horizon. Also, the flOal three traces in proftle F3 imply a 
slower velocity above the basement and beneath proflle 
F2. The II, 750-f.p.s. velocity would place this material 
in the well-cemented conglomerate range (table 2). With 
the water table as an upper interface and an average 
velocity of 10,000 f.p.s., an intermediate horizon has a 
600-foot thickness that decreases sou thwest over the 
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basement. The velocities shown in table 2 suggest this 
horizon is also well-cemented conglomerate. The 4,875· 
Cp.s. velocity in the upper horizon of proflle F3 is 
typical of the loosely to partially cemented alluvial 
deposits above the water table in the Walnut Gulch 
Experimental Watershed. A veneer of Recent channel 
deposits completes the section. 

Highway 82 (Area G) 

Area G (plate 3) extends 2.5 miles east-west along 
Arizona Highway 82 and lies between area C (one-half 
mile south) and Area F (I mile north) (fig. 1). In 
general, the data from area G corroborated findings in 
areas C and F. The basement complex supporting the 
Tombstone Hills plunges beneath the alluvium to the 
northwest, north, and northeast. In the central portion 
of area G, depths to basement were 275 to 325 feet. The 
basement was not detected in the most westerly proftie, 
indicating a thick alluvial cover there. The most easterly 
proftle revealed a basement slope to the northeast of 10° 
with a final depth of 575 feet. This slope agrees with 
findings is most of the other promes oriented northeast. 
Based on the seismic velocities and projections in figure 
2, the 13,000- to 15,000-f.p.s. basement velocity east of 
center was interpreted as the Bisbee group. The highest 
velocities could indicate the Schieffelin granodiorite. 
Wallace and Cooper (18) inferred its presence beneath 
this area from a chloride ion concentration map derived 
through a water-quality study of the groundwater. A 
velocity of 12,000 f.p.s. for the basement west of center 
was interpreted as Naco limestone. A proflle oriented to 
the northwest near the center, and showing a small dip, 
confirms the presence of a shelflike feature that was 
previously inferred from gravity data. 

O.verlying the basement are Tertiary and Quaternary 
deposits ranging in velocity from 5,000 to 7,000 f.p.s. 
First arrivals necessary for correlation to a water table 
were not positively identified in area G. We postulated 
that the high elevation of the basement did not permit 
development of the regional water table, although the 
overlying alluvium is 300 feet thick. The presence of a 
300-foot dry hole that penetrated the basement immedi
ately east of area G appears to confirm this postulate. 

City Dump (area H) 

In area ·H, large offsets of the shotpoints prohibited 
first arrivals of the upper layer from showing in the 
time-distance graphs (plate 3). For depth calculations, 
we assumed a 5,200-f.p.s. velocity for the loose Tertiary 
and Quaternary alluvial deposits from an average of 
several adjacent profile areas. Based on this assumption, 
a thickness of 125 feet on the southwest increased to 
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275 feet on the northeast. A second in terface, 425 feet 
in depth and increasing to 500 feet on the northeast, 
separates two layers with velocities greater than 10,000 
f.p.s. A lithologic interpretation of well-cemented 
conglomerates for both layers is based partly on drillers' 
logs from a well to the southeast, which showed that 
basement was not penetrated in a total depth of 1,160 
feet. The interface also correlates with a deep interface 
in area D to the southeast and area F to the northwest 
(plate 2). 

Bennett Ranch Road (Area J) 

Beneath area J in the north-central portion of the 
watershed, Tertiary and Quaternary alluvial deposits 
extend the full I,OOO-foot depth explored by the seismic 
profties (plate 3). This finding is substantiated partly by 
drillers' logs from wells to the southwest and northeast, 
which show alluvial deposits the full extent of their 
respective depths of 500 and 662 feet. An inspection of 
gravity proftles reveals a thickness of 2,000 feet for the 
alluvial deposits beneath area J. Time-distance graphs 
showed three velocity layers of 4,875, 9,000, and 
11,350 f.p.s. The upper interface betw~n loose alluvium 
and conglomerate is irregular and has a maximum depth 
of 150 feet . The lower interface is interpreted as the 
water table and reveals a depth of 400 feet on the 
southwest, increasing to 475 feet on the northeast. This 
gives the impression of a water table inclined toward the 
Dragoon Mountains. However, a 2.5-percent slope in the 
topography gives a net 0.8 percent water-table gradient· 
to the southwest beneath area J. 

Lime Tank (Area K) 

We chose a seismic traverse in area K (plate 3) for 
exploring the extent of a normal fault inferred from · 
seismic data in areas D, E, and H (plates 2 and 3). A 
layer coincident with the land surface, and 530 feet in 
depth beneath the southwest portion of area K, had a 
velocity of 13,050 f.p .s. This velocity could represent 
either the Bisbee group or the Naco limestone (table 2). 
An exposure of the Naco limestone and the Bisbee group 
in a faulted complex one-fourth mile southwest and an 
exposure of the Bisbee group three-fourths mile north 
did not offer a positive means of chOOSing between them 
(fig. 2). A tentative assignment of the Bisbee group 
beneath area K was based on the nature and location of 
the northern outcrop. Because first arrivals from the 
Bisbee group were not detected on the time-distance 
graph of a long seismic profile extending to the 
northeast, an offset was inferred in the interface that 
was determined from a shorter spread to the southwest . . 
We calculated the minimum depth to the interface to be 
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780 feet, making 250 feet a minimum estimate for the 

displacement on the fault. Based on seismic velocities 

and exposures northwest and southeast of area K, the 

section overlying the Bisbee group was interpreted as 

pre-S_O. volcanic sedimentary rocks. These exposures, 

limited to the beds and banks of washes, were too small 

in area to show in figure 2. A surface veneer of Tertiary 

and Quaternary alluvial gravels thickens to 75 feet on 

the northeast. A water table interface may be associated 

wi th a. change in velocity from 8,300 to 10,825 f.p .s. 

This occurs at a depth of 200 feet on the southwest and 

300 feet on the northeast. A mining shaft one-half mile 

northwest revealed a depth of 254 feet to wa ter. 

New Cowan Road (Area L) 

In area L, 5 miles southeast to Tombstone, seismic 

profiling was conducted across the watershed boundary 

to determine if the groundwa ter and surface wa ter 

divides were coincident (plate 3). Figure 2 indicates that 

Naco limestone crops out one-half mile to the southwest 

and the S.O. volcanics one-fourth mile to the northeast. 

Table 2 indicates an average velocity of 9,700 f.p _s. for 

the pre-S.O. volcanic sedimentary rocks and an average 

. A ~lJ 
velocity of 8,800 Cp.s. for the Tertiary and Quaternary V 
conglomerates. 

Geologic cross sections, interpreted from the time

distance data in profiles L1, L2, and L3 (plate 3.), show 

an average depth of 65 feet for the loose alluvial deposits 

with a velocity of 4,500 Cp.s. This depth increases to 95 

feet to the southeast in profile L2 and decreases to 41 

feet to the north in proftle L3. The a'ttitude of the 

interface between the loose Tertia~ and Quaternary 

alluvial deposits and the underlying pre-S.O . volcanic 

sedimentary rocks is approximately the same as the 

surface attitude. 

An interface within the sedimentary rocks has been 

interpreted as separating a sandstone-mudstone facies 

from a conglomerate facies. This interpretation is based 

on the time-distance graphs, a limestone conglomerate 

outcrop 2,000 feet west of area L, and a driller's log 

from the nearest well, 1 mile southeast. Several minor 

sk:plike faults have been interpreted from the displace

men ts in the time-distance graphs of proftles L 1 and L3 . 

The attitude of the interface derived from profile L3 

suggests that the pre.S.O. volcanic sedimentary rocks dip 

'beneath the S.O_ volcanics, which crop out immediately 

to the northeast. This supports field observations by 

Gilluly ® in adjacent areas. 

DISCUSSION 

Although the velocity with which a layer transmits 

seismic waves cannot be used to clearly identify its exact 

lithology and its hydrologic characteristics, the velocity 

can be used successfully in calculating or predicting 

depth to the layer. Errors caused by incorrect geologic 

and hydrogeologic interpretation of velocity layers can 

be 'reduced if a framework of control can be established 

from a few wells in an area, and if a number of velocities 

are first detennined directly on known outcrops. Prob· 

lems of interpretation may still arise if the ranges or 

averages of velocities of several different fonnations 

group around common values (as noted in table 2 with 

the Naco limestone, Bisbee group, and the Uncle Sam 

porphyry). 
Rock fracturing and weathering may influence the 

arrival times in velocity detenninations over outcrops. In 

this study, we chose the highest value derived from the 

time· distance graph as representative. Placing the 

geophones and charges properly in rock, to get a good 

signal on the record, also involved problems. 

Water·saturated alluvial deposits had significantly 

higher seismic velocities than their unsaturated equiva

lents. The large velocity range in the conglomerates 

(table 2) was primarily a function of cementation or 

saturation or both. A partially cemented, nonsaturated 

conglomerate occupied the lower end of the range, 
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extending from 5,000 to 7,000 f.ps. A well-cemented, 

fully saturated conglomerate occupied the upper end of 

the range, extending from 9,000 to 12,000 f.p .s. 

Without well logs for control, it is difficult to relate a 

change in slope on the time·distance curves from the 

4,000. to 7,OOO·f.p.s. range to the 7,000- to 9,OOO·Cp.s. 

range to a change in stratigraphy or to the effects of the 

water table. 
Ont: of the usual assumptions made in seismic·refra· 

ction interpretation, which may not represent field 

conditions precisely, is that velocity layers are recogniz· 

able as first breaks. Soske (15) referred to significant 

deviations from this assumption as the bli~d zone 

problem and pointed out that such deviations frequently 

occur where the water table is near the interface with 

the underlying bedrock_ In our study, efforts to detect 

groundwater levels were more successful in areas where a 

thick, saturated alluvium with an intennediate velocity 

overlies a high·velocity bedrock. Seismic proftle B4 

(plate 2) gives an example of a time·distance 'graph and 

interpreted profile showing an increase in seismic veloc· 

ity caused by the groundwater interface . In portions of 

areas A, B, C, D, and G, the water table was not detected 

because the returning signal from a high-velocity bed· 

rock overtook and cut off the signal from the water 

table . 
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As Dobrin (~) noted, refraction shooting across a 
fault may reveal parallel, displaced linear segments on 
the time-distance graphs. In this case, the segments 
correspond to the upthrown and down thrown sides of 
the fault, and the throw is determined by the di(ference 
between the intercept times of the two segments. 
However, the displaced segments do not appear on the 
time-distance graphs in area D. Seismic profile D2 

(plate 2), reveals a dipping interface of Schieffelin grano
diorite . If the granodiorite had maintained the same 
slope beneath the reverse shot on the sou theast, an 
apparent updip velocity would have been much higher 
than the noted IO l l80 f.p.s. Well data and seismic 
profiles east of profile D2 reveal deep alluvium, and 
therefore justify the fault interpretation. 

SUMMARY AND CONCLUSIONS 

The seismic refraction survey method used in Walnut 
Gulch Experimental Watershed has proved to be a useful 
and rapid method of collecting information on sub
surface structural geology, groundwater depths, and 
densities of geologic materials. 

Fifty-two seismic refraction profiles were conducted 
in II areas in and around the watershed, aggregating a 
length of 115,550 feet of in-line seismic profiling (fig. I 
and table I). In general, the seismic refraction profIles 
provided sufficient data to construct geologic sections 
for each of the II areas. These sections revealed (1) the 
identification, depth, attitude, and extent of geologic 
units comprising the basement complex; (2) the identifi
cation, depth, attitude, and extent of geologic units 
comprising the alluvium complex; (3) structural features 
such as faults, buried ridges, and buried channels; and 
(4) the presence, depth, and attitude of the regional 
wa ter table. 

The usual seismic spread length was 2,200 feet. The 
complete field unit consisted of 24 geophones, solid 
state amplifiers, a dry paper recording oscillograph, a 
d.c. power source, and a 4-wheel-dnve van for transport. 

We presented seismic profiles at scales of 1 :6,000 and 
I: 12,000 and discussed the surface and subsurface 
geology. Seismically measured water table depths and 
depths from well logs were compared graphically, and a 
graph was prepared to show the correlation between 
seismic velocities and densities of geologic material. 

Like all survey methods, the seismic refraction survey 
method has certain limitations. The most serious limita
tion we found was that of depth penetration. Because of 
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excessive noise amplification with increasing spread 
lengths, we could not measure the complete section of 
alluvium in portions of the watershed. 

Analysis of geophysical, borehole, and geologic data 
provided a basis for interpreting the hydrogeology of the 
Walnut Gulch Experimental Watershed. In general, sur
face and subsurface boundaries of the watershed are not 
coincident. Mapping of the water table in many areas 
revealed depths from near zero at the confluence of 
Walnut Gulch and the San Pedro River to 475 feet in the 
central portion of the watershed. The accuracy of 
predicting depths to either groundwater or basement by 
the seismic m~thod was ± 6 percent, whereas that for 
groundwater alone was ± 10 percent. Recent alluvial 
history of channel deposits was inferred from the 
geologic sections and interpretations in areas A, B, C, D, 
and E. 

The alluvium can be classified on the basis of seismic 
velocities into a loose, gravel-type deposit with a velocity 
of 5,000 f.p.s. and a thickness of up to 300 feet; An 
intermediate velocity of 5,000 to 9,000 f.p.s. represents 
partially cemented conglomerates. The lower boundary 
of these conglomerates near the margins is the basement, 
and within the graben structure, the lower boundary is a 
high-velocity conglomerate. The upper boundary of the 
high-velocity conglomerate appears to be a controlling 
factor on the water table in areas D and J northeast of 
Tombstone. In area F, the upper boundary of the 
high-velocity conglomerate is 900 feet in depth, and the 
water table is developed at the upper boundary of the 
lower velocity conglomerate. 



· .. : ... ... .. ........ . 

( 

( 

i 
\. 

.( 
,,- . 

, .. ~ . 

fJ 0'3 c.c.J( c? s 

Cf/~ II , 1~0S LITERATURE CITED 

(I) Andreasen, G. E., Mitchell, C. M., and Tyson, N. S. 
1965. Preliminary aeromagnetic map of Tomb

stone and vicinity, Cochise and Santa Cruz 
Counties, Arizona. U.S. Geol. Survey open
file rpt. 

(2) Blake, Wm. P. 
1882. Geology and veins of Tombstone, Arizona. 

Amer. Inst. Mining Engin. Trans. X: 
334-345. 

(3) Butler, B. S., Wilson, E. D., and Rasor, C. A. 
1938. Geology and ore deposits of the Tombstone 

District, Arizona. Ariz. Bur. Mines Bul. 143, 
114 pp. 

(4) Church, J. A. 
1903. The Tombstone, Arizona mmmg district. 

Amer. Inst. Mining Engin. Trans. 33: 3-37. 
(5) Dobrin, Milton B. 

1960. Introduction to geophysical prospecting. 
446 pp. New York. 

(6) Gilluly, James. 
1956. General geology of central Cochise County, 

Arizona. U.S. Geol. Survey Prof. Paper 
281,169 pp. 

(7) Grant, F. S., and West, G. F. 
1965. Interpretation theory in applied geophysics. 

583 pp. New York. 
(8) Heiland, C. A. 

1946. Geophysical exploration. 1013 pp. New 
York. 

(9) Hollyday, Este F. 
1963. A geohydrologic analysis of mine dewater

ing and water development, Tombstone, 
Cochise County, Ariz. Univ. Ariz. M.S. 
Thesis, 90 pp. 

(10) Jones, E. L., Jr., and Ransome, F. L. 
1920. Deposits of manganese ore in Arizona. U_S. 

Geol. Survey Bui. 710: 96-119. 

14 

(II) Keppel, R. Y., and Renard, K. G. 
Transmission losses in ephemeral stream beds. 

Jour. Hydraul. Div., Proc. Arner. Soc. Civil 
Engin. 88(HY-3): 59-68. 

(12) Northwood, E. J. 
1967. Notes on errors in refraction interpretatioll . 

Seismic Refraction Prospecting, Soc. of 
Exploration Geophysicists: 459-465. 

(13) Rasor, C.-A. 
Mineralogy and petrography of the Tombstone 

mining district, Arizona. Univ. Ariz., Ph. D. 
Dissertation. 

(14) Renard, K. G., Keppel, R. Y., Hickey, J. J., and 
Wallace, D.E. 

1964. Performance of local aquifers as influenced 
by stream transmission losses and riparian 
vegetation. Amer. Soc. Agr. Engin. Trans. 
7(4): 471-474 

(15) Soske, J. L. 
1959. The blind zone problem in engineering geo

physics. Geophysics 27: 198-212. 

(16) Spangler, Daniel P., and Libby, F. 
1968. Application of the gravity survey method to 

watershed hydrology. Groundwater 6(6): 
21-26. 

(17) Wallace, D. E., and Renard, K. G. 
1967. Contribution to regional water table from 

transmission losses of ephemeral stream
beds. Amer. Soc. Agr. Engin. Trans. 10(6): 
786-790. 

(18) Wallace, D. E;, Cooper, L. R. 
1969. Natural chemical dispersion in groundwater 

from various rock types in a portion of the 
San Pedro River Basin, Arizona. Jour. 
Hydroi. 2, ART. 477: 121-135 . 





Purchased By ~ 
U. s. Departme~ t of Airiculture 

For Official Use 

c·· 

( Application of the Gravity Survey Method 

to Watershed Hydrology 
( 

by Daniel P. Spangler and Fred J. libby 

( 

c 

Reprinted from the November.December, 1968, Volume .6, Number 6 Issue of Ground Water 



c Application of the Gravity Survey Method 
to Watershed Hydrology 

a 

..~ 



f 

"



result then is simple Bouguer values. late Tertiary and early Quaternary rhyolite and basalt 
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Nr. Richard : F·. Hewlett 
Si~rra .Mineral Management 
4741 East Sunr1se DriTe 
Skyline Bel Aire 'Plala 
Tucson, Arilona 85718 

Dear Sirl . 

. . .: 

AU~ t 9'~ ·.1973 

Tombstone D1striot 
. Ar1zona 

Two days .ere spent in the Tombstone District, July 5 with 

Jim Br1scoe and July 11 w1th you and Briscoe. 

aeroreband I had rev1ewed Butler and W11son's u. or A. 

--Arizona Bureau or Mines Bulletin. on Tombstone, Jan. 1938. 

The authors ot this bullet1n must have .had many old m1ne maps 

in order to portray the geolog1c structure, the strat1graphy 

an4the . .mine . • ork1ngs1Il , , ~uch, remarkabled.ta.l:t., .. The,. ahow 
, . ' . . ~. . . 

noasBays, prob~bly beoause the map (and property?) owners 
, . . . 

would not permit pubiioation ot· such data. 

' .: ' ';'' ; . ~ X ;.get the : imprea Si()D ,1"roDl '.r.eadlng the · h1a~o17 .. ;that, · "~ <~ .. 
" . .. .. ::.: . . ': < .... ;! •. . \:.r- ...... ~ ~ ': : r" . " , ... . : .' :'- " ~" ',' ,':' "/ ':', .. .. . " . .',.' : · .r!· · . . -' , -. J, ;_ 

despi te the rair1y aubs·tantial. gross p,roduotlon . or $37 m1llion, 

prori.t was mostl,. non-existant • . Cos.t-pr1ce ratios ,were not 

muoh dirrerent than they are today, even w1th the current 

h1gh silver pr1ce. The .reason I believe that relative oosts 

were so high during the district's hey-d.,. was that too many 

reet or underground workings had to be driven for each . ton ot 

ore disoovered and extraoted. They did not have d1amond 

drills, modern pumps or bulldozers. 



( 

; :' In ~rder ' to aocOiapliahthis,. old mapa showing . 'SS&,-8 ~ 

be· to\D'ld. You have said ' that you ,'.xpect to get maps of thi. 

kind trom propert," ownera wi'th whom ,.ou are dea~ 1ng. 

The :westernpart of the dis triot where you are .etting 

up your presfllltoperations reoeived bu,t little old-time mining 
. . ' . 

aotlTlt7 ,:~ as ':aomp~r'4td , t6~ the ' ~1n,'" ea. tern pcrt1:on;;· ' ·:·~1hli. · li·o~bt~i:l . ,·" 

le.s ' .... due to the pre.enoe or stronger lurr.oe expre •• ion. . 

ot m1nera11zation 1n the east than in the west. This 1s meant 

in the overall mineralisation sense, not just more small pookets 

( of horn .llver a t the surtaoe 1IIhlch was the prinoipal ore guide 
, ' 

' ~J.:#~t.'~~~~: i},;:~.:it:&1\"~·r.j"'lt~.'~alijf6~~O"~~~;Mi~.\idl1.rw,· ~an4'~1f~'i\i~8$;)';~·~i~~f*(~ '~ . - 1-
~~' 

. quiokly ,.ppeared ' 1nthedistriot w~re~ .. tor the 'most part, good , ;. 

( ; '·~~i~Ol~~~~'. ,~br ,,,;&P~~~~o •• ,,t~~~ ':~t~r"·,(~~:~~~r:, '\" .J 
, ~r ~ - :', ·ir· ··tJ.~~ .:;" ·i_i~~'~~~i~'cf~rf.,·;t-... ~,;· ·~}, ~;' :itt:~~if.lfit ,,: (",~·~:~<~tti*i.'f,~~~·'-~:gl#.r.~~1{~ .r!; 
,:,,~.~~~,;. ~. ;,; - r~ . :' ., /::":;;: ~ .. \ .. !:~,.)~_:,~ .. _ .. ~~.;,:,:~! .. I:!~~ ,. , .;i;.' , !'. ; " "~J'a , ,. . -'..~( , .';.::. ;~:: ", (-:.r-w\~') \: 

( 

c 

'b,- , or,\l4e .' t.~ · like, :; "lie lias ' . ·;· no ... ·: t'orore.- . . '·· 1 
. ~ ,. ",'.' " , . . 
.~. . 

Theae earl., ·miner-s had good ,reoogn1tion of stratigraphy, 

struoture, Ilitleralogy," vein In'teraeotiona, and ~he eoonom10 

d11'rerenoes and a.1gn1floanoe ,between hypogene and supergene 

lUnerala. 

The ·point1., you oannot beat these old operators at their 

own game, except (1) by consolidation ot properties, : (2) by 

reoonstruotion ot the geometry of all mineral oocurrences (in 

this oonnection Brisooe's detailed ourrent field mapping' i8 J 



( 

( 

You w1ll be .luoky:lt ·.youoan keep your Ddll ., ruri.tiing. very ' 

long. But the above tour point. wl11 improve your luok quite 

a bit. 

Without old a .... ,. maps in hand tor anal,..ls. It aeeu 
. '. . 

likely · that, at beat, aotual undisoovered ore bod1e. are very 

·smal1 .. up.tora tlon':' tarS.,ts 1n\ .1therthe I .... ·tern.~or · ..... ~rn > ,.>:-
. . ! . ". . . . ' . ,'.. J 

porttans ,ot theolddtatrlot.When all intormat1on hasb.en 

put togethe~, I would expect that a tew relat1vely shallow 

dr1llholes wl11 be reoo~ended. 

The large area of alteration with sev~ra18mall breccia 

~~~~~j1.pe~mr;'lt!~+'~lltlJa~~f" b ... t"'_,~· 1ib" ~~" ~~~_~"._¥-D;;~:~'J\~~9.)~~~, 

DIstrict; proper 1s quIte interestIng. It is b1 tar : the 
i , . 

8trQng~s~ and ·largelt, &one ot hydrothermal actIv1.~Y· 
! ~ " :. " > , ,":t , ', ,: ',>,, <" ' ,.:;} ~ ;,i;\ .:' :,; ' ~ ' , ',;' ;. ~~ ' .:> ;;' ,;'" ,- ." . '" .. ' 
:tf~;';·(~;-':!~·~::'~ ;:'f;~~~~~~~~4;~~" ,~~~. '~4~,~~,~:~~~:,~~ .~, :':J.d.~~~f~ .. . ~~4J" ,iI, ::~. ~,~;P~~\f~~~~:!1t11 

C" 

cC. 

, It ;h&I •••• ral;" ,chAracterls tIc8ot' ·porpb7rT-copper ; 
. '.' '..... , . 

(A ·r •• 1nderr There are a number ot long, expensive .t~p. , be';' \; ' 
' .. 

I , ' 

tween "depoait" and ~orenbody~--~and :longer t1nancial , )I~ep. I I" 
~ .\:: - . - .' :r.- . -

betwe.n "ore body'" and '''produqt~/ort -a t ~ont,.mU1ng , P70r.l;~\~) ;:': · ; , ~ :,t;/: ? 

, , !ha-ooourrenoe !; ot8'_ll~r'la t1 ~elt, . ~e~, grade ~ ~,~e , ,: ,:, ~:) .. ',:,;, 

and preoioua metal o~e bQd1e. i8 oommon' around the rririg~s "'or>:,,:: 
80'm:epo~:' oopper dIstr1cts. 

be in th1s catego~y. 

. . 
',.~ "; . . 

" 

'" 

. , 

'\ ', (. 

. ' 
, .. 
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Mr. Richard F.Bewlett, A~t 9, 1913. Pag. 4. 

may l:l&ve been due to a larg • . r 'proportion o.r· pyri te over copper, 

silver and other sulphides, · ... ith acid leaching having "removed 

the latter trom the surtace and near-surtace. Also, a spod 

deal ot the altered area i8 covered .by alluvium. 

There i. a little limenit8-arter-ohalcocitein lecal 

fracture zones and breocia pipes in the al tara tion z one, but 

not :endugh to 1Dc11eate<that '·sb.batantial -amounts.· ~tore~:grade : . . ' 
Dla terial existed in the leached outcrops. Quartz-sericite 

alterati.on is rairly atrong 10 most places. 

The alteratien mostly is in Unole Sam porphyry, although 

some altered outcrops appeared to have clastic textures. In 

'P: ~ ' .:.:' , ' f ;: \. ·~·ant~';~"'lf.~ta8t~&~~<~O~~1'fi\H{.t,tdiJO\$·~8:r~·:· 1&ro~~ft\r~~i·le"ti}''!'lH· 4 .):t ~;':i3~ 

' ;.; ,; . 

( 

~. 

nearb)r • Much or the ere in tha'1'omba,tone . (and ·maybe :.th~'- " 
. . . . :. ' . ' , .. . j ' : . ' I 

C~ar~e.top) Dlat:rict. o~.~r.d':_ aa , ~ogene l'ep~~~~~~~ ';i~ . ·)IL' ,j, .; , t 
..• · 1\i~~4.; ,bi'~he'~;'iI.~~{'fi~~ :~h1i~B~~~'~*;~t~~~ff~i 

. '. , '. , - .~ . II :J . : . t 
Pale080ic carbonate beds. ' , ~.'-' , . . ~" ' . ' . 

.. . .', . 

In the western part otthe Tombstone area the UnoleSam 

porphyry seems to bea thick 8111. I would expect, .though. . . .' . -: . . " 
tha t in the altered are. un~er · ~on814.ration it Is a s ,~'ck. 

~ I, 

;~ ,J ).' . .~ 

I would expect the altered stock and.urrounding al;tere'd. " . i-: 
; . . 

clastic sediments to contain disseminated pyrite with Bome ' 

chalcocite and chaloopyrite. These might constitute relative'ly 

shallow ore bodl ••• and that possibillty 1. interesting enoUgh, 

to warrant drilling. 
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Mr. Riohard F. Hewlett, August 9, 1973. Page S. 

finished, particularly the r 'econnaiaance mapping including 
the Obarleaton area, WhiQh was disoussed when We all were in 
the field • . 

Sinoe you mentioned that several drillholes have been put 
down in the Charleston Distriot, a oouple of ~iCh had deep but 
long intercepts of 0.7(?)~ Cu, I have been thinking that those 
interoepts might be mineralization in favorable oarbonate beds 
in the lower Bisbee or the Paleozoic rormations·. This thought 
certainly enhances exploration possibilities where the aame 
horizons probably extend into the alteration sone described 
abov~. . ReconnaiaAnce mapping of the region probably will give 
us a fair idea as to the depth of these limey bedS. Even if 
surface exposures of these beds are too far away or too widely 

.. . •. . , . - ... "l . .••... ~ . ,'. .. . ···.pa ced," <to ·,·permit., l".a.onabl. '· ~.a"t11iLa·tlon8 .'. ot ' d ep th~th1:s"-' eXplora-
tionpossibility is sufficiently good right now, even with my 
presently rather limited knowledge or the region, tor me to 
recoDDll.nc1:;~' tdr111hole • . I .. (1·) dOOO' deep, 1nsid. the ;.lteratloli · 
zone in the Unole Sam porphyry--preferably within one ottn. 
breccia pipes and (2) 2000' deep, outside at the porphyry but 
near it and hoperully, inside the alteration zone in carbonate 
rooks. '!'he alteration zone should spread out in the carbonate 
horizons. 

This drilling would not be oonclusive, unless only dis
seminated pyrite is encountered • 

Copiesl one extra to Hewlett 

. Yours very truly, 

L:'~~ ~~ "-'-;:;:'~=d 
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JOMBSTONE AIRPORT PROSPECT 

Geologic Report, Drill Hole No. T71-4 
Cochise Co., Arizona 
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TO:.';BSTOhrt: AIRPORT PROSPEC'r 

Geologic HG?ort Dr 5.11 Eole ~~ o. ·f7l-lt. Cochise Co. Arizona 

This hole ~es drilled to test ~ ~oderate1 isolated, sharply 
~i-'':'''!-e ·l r ... -:'), :"""ot",c ,.,,..,O....,,:'ll~r ('"Io·'lJ.. ..... r\oC"' .'- 0:' r;'_y...,r...(' • .;- .... y .. £"!. 11· ..... ~ZO···~.., r:'1·'.is ,. , ... d . .L~! U . .... :.., .. -;:; _ "'-.,. .'_"'~" .... l~l"Ll._ .... .;)v .l ... v •.• u~'vu."~.~ _.,,"~ ........ _. __ 

U~(;::!.':lly is located i!1 D.!1 ar·e~ V.'!1C~0· tl1G Ol11~~ v:!.~ible outcro·ps 
erG Paloozoic li~estcnA. Some Tertiary, r~yoli~~ ~~113 ant 
dil{es cro[) Ol.lt in t,b.·-·: "'-icinit:r • .:~ ... 5sociated \":i~l': t:18 r!-!..:.roli"c0, 
i.i zm~e ;v!i::--~o .. '" f:i.'.lor-i to: i?nd sic.eri te f:lineraliza ti J~1.. ~:r·ounc. 
mcr':!1otic~ ovel~ tr..e anomaly were peri'or'med by A. i ,~. :~US ::~. In 
addition SOlae ::lEl?,!1.?tic profiles ;::3!'(? c[~rried ove:, typi~~l 
all 'CerO})!":; 0 1'"' rh~:-oli t:;~; tl1.e rrl~roli tc; lva s .fOtL.lc. to :'0 esse!: :ciH.ll:v· 
non-marr.!1 :~ ~:~_ c wl1o.reas the s.!~or;1a.ly incL:!~ ted the presence of 2-

strongl:;-:::~Enctic body under relativ~l~r thin cover. Tee near'e;;t 
outcrop '~ rall li:::restona) were 200 to 30G feet awa:." from the 
a.no~~::11::" • 

A drill site '.'.'as 'located on tr~e !1.o:rthern po::-,tion of the 
a~: (.: ' :!..iJ..y. ?hl'ee fee t below the surface 1 the drill entered a 
gr i:.': ' ~r:c:. :-·::,<;.-; rYl, ['ine-grained. quurtz h-l ti te. The !lole V;8.3 CO::1-

t ·> '~~,~dcCo 2.'/5 ane stopped; ~c; s i [:::15 of' ;:~inel"al iza ti 011 were 
:C. :~\: :. .'~' •. ""': 3~ 'ocl: is moderCi tc ly ~agnntic and clec:,ly t..r-re source 
\.. ~ ·· ::le : .. _r,~ .... :;ed r:-:'8. f:;netic a:-;o:-:s.ly. 

G~:·"_~J.USi0:"lS: The airborne ' sur'vey has been pr-o'\rcn capable of 
1'ir..(~inf~ ,:iocier'a te anomalies \'.'1 th sr:1nll In teral exte:l t. (l'he 
l"'oC::~l' fcu~d in drilling represents a heretoforc \.L"1kr:~wn in
t::-'ll.sion in the ciistl"ict. Probable age of" the rock is Tertiar'y 
and it is thought to he related to the !"hyolite dikes in this 
area. No significant mineralization was observed; no further 
wor;'~ is recor;llnend.ed. 
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DRILL HOLE REPORT 

Project Tcmbston~ Alroort Prosoect 

.( ' .~ill Hole No. _ .... 110..-__ 

Date Started June~, 1971 

( 
Date Finished Jv~e 6, 1971 

County of Cochise Sta te of Ar'iz .~ 

T.' 2QS R. 23E S~c.~, -,3u.o:Q ____ _ 

Coord. 7~01 E. and 850 t S. or };"'-: Cor. 
Sec. 30 

Elevation 

I, _o,tal . Tours __ 3-'--______ --=-T.;:..ot.;;...a...;;1~D~eo~t..:..h_-_1..;,.;75;,._1 _______________ _ 

Footage drilled Rotary: Alluv. Rock 12' Dia •. 8t 

( 
Percussion: 121 , 175' 

r'ootage cored from 172' to 17.51 size' NXC 

Average core recovery -------
Casing used _____ l~2_t _________ ___ 

" Type Rig G-D 200Q 

~ize & ,type 6-5/8 Bla ck Iron Pipe 

Drill ing' Contractor(1)~nat1ey Drt'li~g Co. 

(2) 

(~iller_' ________________________ Helper __________________________ __ 
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TOMBSTONE PROJECT 

PO.6bibil..U..ie6 '601L mine pMdu.cUon by eaJrl.y 1974 aile: 
1.. Wa.6te dump6 , 
2. Small hi.gh-glUlde undeJLgMund pMductl.on 
3. Potenti.a.l mecUwn-.6ized open pU. 

CCl6h lLequblemen.t.6 and potenti.a.l c.a1>h 6low Me: 
,~ , PILO j eel CapLtat Requblement 

("lUte dUmp.6 ' Pl.a.n:t (ielUe) 
Sma.U UMeJrBMu.nd Mine equipmen;t (leCl6e) 
Open pU ExploJr.a.;tW 11. 

PlLojeel 
(l/a.6te dWnp6 
Sma.U UruleJrBMund 
Open pU 

Potential PILo6U 
$650,000 

150,000 
0-500,000 

," Se.hedule 06 Ac:t.i..ville.6 60llowb: 

Amow1..t 
$250,000 

50,000 
50,000 

$350,000 

YeM 
1974 

peJL Ye.aJL 
peJL y~ 

t. Pl.a.e.eIL w.Ul analyze met:.aU.uJr.gy"arul6efi6ib.i.W.y 06 mov-Utg 
Wh.U:.e1taU.pta.n.t (on lelUe 6Mm MECL) t:D Tombbbme. 

2. 

3. 

4. 

Plae.eJLw.Ul Iteview 6~i.bLU.tijo6 mIning "S.ta.te 06 Ua1n~'!
a.nd we w.Ul .then move down 6MtTJ Colt!1e1LO(on !eCl6e 6Mm - , ' 

' MECL) -aU' lLeqtdJr.ed 'mbting equipment (ho.i.6t.6, .6WheJL6, 
dozeJ[..6, ioa.de/L6, Ue.'.) -

" 71 ML" .i.6 aftempUng to 60Jc.ma. C!OllpolUtt.i.on and meJLge 
Tomb.6tone MinelU1i Re.6e1Lve6, to ob:taA..n theiJc. p!a.nt (500 
t. p. d.) and .theiJc. 358 mbung c.l.a.im.6 wUh gold-bilveJL-a.nd 
e.o ppeIL mi..neJLaliza.:tW n. ~ ,, -::", ',-' 

A lea.6e ha.6 been pMpobed t.o Tomb.6tone Veveiopment COlLpoJuttion 
to ex.piolLe and mine .theiJc. pa.:tent.ed cl.lWn.6 .that e.o l1..6U.tu.teA 
the taJr.ge6.t hoiding.6 in the cf.i.6.tJr1.c..t. 

5. A iea.6e ha.6 been pILOpobe.d to .the f..6c.a.pu.i.e.6 601L ex.piolUng, 
deVeloping a.nd minin9 the "S.ta.te 06 Maine" and Sa.nta. Ana. mine.6. 

i . 
( 

, ,~ 
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. Page f ..· .. 
.. TOMBSTONE PROJECT .:. :.,' 

• "t , 

· ~~v~· . 
Move ColldelLO Equ.ipment 

. Tomb~.tone R~VlV~ 
Tomb~.tone Vevdcipmen.t 
E~ capulu, 

• 

. Amount 
. $700, 000 

'10,000 
$ 25,000 .to $100,000 
$" 25,-000 
$'50jOOO 
$210,000 to $285,000 

. TECHNICAL EXPLANATION 

"'71 MineJLll..U" ~tJta..tegy .u, to Ue up the en.tUte Tomb~tone cLUWd 
to a..U.ow ~ enough.time to ~e1.ect cla1.m~ OIL m.inu, t.ha.J:. aile d~1.Jr.e
able and ~p cla.im~ that:. don't have much potential be60ILe J:.he ~~~~-
ment dea.cLU.ne 06 .Septemb<?JL " 1913. . ' 

" 
,, ' 0: 

The rn.i.n.ing .plUJpett:ty in the Tomb~tone dUWc,f:. .u, owned by 
( .in deCJLeM.i.ng 0 M(')(. 0 6 impOll.J:.a.nce): 

J. . Tomb~tone Veve1.opme.n.t 
2 • E~ ca.pulu 
3. Tomb~tone M.i.nevr.a..t RUeJLve.6 
4. GJUlce-Bonanza . 
5. Wayne W.i.n.teJ/1J 
6. NumeJLO~~ma..U. bWld.:..6, chuJr.c.hu" etc. 

On J:.he map (on the 60llowing page) aile ~'hown the 60ttow.i.ng: 

OwnVlll hip GItOU~ 
1. Tom64.tone e.ve1.opmen.t 

4. GJUlce-Bonanza 

S. Wayne Win:teJ/1J 

Tomb~tone Vevetopmen:t 

LQ~~· · ·o6 · Cl.~ 
' m OJUlng e don eMt 

06 "S.ta.te 0 6' Maine" . 

. Alr.o~rw. and 1.ncludbtg < 
" S-ta.te 0 6 Ma..i.ne" .. 

UnpiLten.ted ~ 40uJ:.h 
and e~t 06 41 0 N. 
(MiUJ:.a.Ily fUll) 

Bonanza m.ine .due eMt 06 
"S-ta.te 0 6 Ma..i.ne" 

NolLth 06 MUUalLy Hill 
and ~0uJ:.h 06 Emevr.a..td 

. All.. oJUlng'e datA 40uth 06 Tomb.6tofl<!. (ex.chuU..ng "S.ta.te 06 Maine" 
and Bonanza) Me' wa.6te du.rnp,~ owned by T. V. The deJ:.a.Ued JLepolLt on 
~te dump and open-pit po.ten:t.i.a.t .i.4 1.n ex.hibit A • 
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TOMBSTONE PROJECT 

~ c.aeut"-6 ' 
• 

Tki.6 plWpeJLtlj ("S.t.ate 06 Maine") llhoul.d be op.t1.oned and pu.,t 
.tnto. llma.U.-"llc:a.le undeJlglUJund plWduct1.on. Tki.6 c.a.n be done 60Jr.. 
$30,000 exc.lu.d.<.¥t!l a pl..a.nt. The pot:erLtULl 60Jr.. t:1U.6 plWp~y Me.: 

1. Wct6te dumPll ( 4. 5 0 z. Ag l: 
2. Sma11. UMeJlgJr..OW1d 0 peJt.CLt.i.o n 
3. Pot:en:tia.l . 0 0 a l.a.Jt.g e undVlg IWUM 0 peJl4.t1.o n 
4. Pot:ential ·ooJr.. open p£t oJr..e. 

Exh.tb£t B llitoW6 the extent 06 .the undVlgJr..ound WOJr..lU.ngll. I have 
exam.tned thelle wolLki.ngll by £..a.ddeJl a.nd IWpe and have .takenllome 
llamptell ILU.nn.i.ng oJr..om 147 .to 225 ounc.ell peJl ton. Tlte aVeJl4ge gJt.a.de 
06 gobb (oid tow-gJt.a.de 6m) .iA about 20 ounc."-6 wh.tc.h ·can be mined 
6.<A4t. 

The adva.n.ta.ge of. th<'- oid "S.t4t<'- 06 Ma1.n<,-"IAJOJt.lungll .til .tha..t w<'- " 
c.an put th<'- mi.ne bac.k .into pJt.Odu.c.ilon ooJr.. Jr..ei.a.tivei.y tow 1l.taJt..t-UP 

. c.~~. . 

In McU . .t.ion to th<'- "llma.U." poterrJ"htf.., .t.heJle .iA th<'- (U.td).nc..t 
pOM.ib-U.1..tl/ that theJl<'- will be. th<'- .&run<,- tMq<,- h.tqh-qJt.a.d<,- bonanza one 
at dep.t"h M OVeJl .in t:he. Tombllt:one ba.6.in (du."e lloUth 06 the town llUe.). 
flUl, .ill ill.w.dJU1..te.d .in <,-xh.ibLt C, wheJle. t:h<'- OJr..e. .ill llhown .in c.Jt.Ollll-
II <'-c..t.ion lt6 m.in<,-n. out lltop"-6 Oft 1.<'-veiA. NoUc.e that the. oJr..e .ill at 
and "-6p<,-c..ia1iL{ abov<,- the' Nac.o 1.1..m~ .t.on<'- (8 i<,-vd-bo.t.tom) up .into 
,the. "Novac.ul.i.t<,-"; . biue. Ume..6ton<'- and Ri..6be.<,- !I'Mup Lim"-6ton"-6. The 
bo,ttom 06 the. "S:ta.te 06 Ma.ine" llha6·t .ill jUllt: go.ing .i$ Blllbee. 
~IWUp Umutonell oJt.om a pOJr..phyfty Jr..oc.k .that .ill . m.ineJUtUze.d (that.tll 
'wheJle the pallt pftocf..u.c..t.ion c.a.me. nJt.om). . TheJle.60Jr..e, thiiLe .ill a good 
c.hanc.<,- .that ia.Jt.r:JeJl OJr..<'- bOM"-6 <'-wt at de,pth. (We c.a.n at lM6t make. 
mo neg 0 n .t.h<,- <,-wUng "low<'-Jt. gJt.a.d"-6".) . 

At, I mentioned be.ooJr..<'-, I hav<,- a .tax Uen on the SdYl Jua.n mUie.. 

T ombhto ne M-i.neJt.a.i Ru eJLVell 

Tki.6 c.ompany .ill .in bdYlkttuptc.y and .ill an <,-xc.ellent POllll.tb-U.1..ty 
6oJr.. all to c.on.tJt.oi 358 unpatented mi.n.ing c.l.~ will goid-llilveJr.. 
m.i.nVLaLi.zltt..ion a.nd c.opp<'-Jt. potential. TheJA500. t.p. d. p£..a.n.t c.ould 
be. uMlized .t11 paJLt.. by all wU.h OUlt. Whlie Ha.U. p£..a.nt~ The T • . I.UneJLa.l. 
RUeJlvell p£..a.nt.ill a.bout two (2) mUell 6Jt.om the "S.ta.t:e 06 Ma..ine." mi.ne. 
OUlt. ef.e.c.:tJwiyt.ic.-oudat-i.on p'WC.e.611 .ill llupeJLi.Oft to al11j .in th<'- di.l,tJUc..t 
a.nd we. would hav<,- th<'- oniyope.Jt.a.Ung piant and c.ould jo.int-ventuJt<,-
OJr.. tttea.t OJr..e. 0 n a "c.alltom bM.ill". 

Gltac.e-Ronanza 

"Tki.6 pJr..opeJl.ty .ill ne.a.Jt. Ellc.a.puie.6 a.nd MJr... GJt.a.c.e. c.onta.c..ted me Jr..ec.en.t1.y 
a.11d I:t'4nU to mak<'- a de.a..e. w.Uh "71 M L" • 
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TOMBSTONE PROJECT 

(r) a.yne (fJ.ittteJL6 

: " . : ~ . .-. ::-ll~ : 
,:.-

. . ...... . . . ::~-i. ~ " -;' j ~ '~' '''' : ~<;_'; 
• : ~: . '. " '. ,~ . " H • 

"~: ';,;,:~:~~::~; ' ~:i ~: ;~:~?<:<,~: : 

"11 ML" hal, 15 m.i..tt.i.ttg ~ undVt. option .in aM Mou.nd the 
Tomb~tone dlh~. He ha4 g.iven ~ mu.ch 6~ee time 6o~ $100 
pex mOltth. He.i6 v~tj help6ul to ~ .in COMOUc:la.Ung pIlopeMtj 
a.ttd aNUtng.it1.g me.eUng~ 601L "71 #AL". The value. 06 W c1.tt.iJM Me. 
fuc.uJ,~ed in ExJU.bU v. 
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INTROVUCTION 
-

TOMBSTONE VISTRJ CT· 

The Tomb.stone m.i.n..i.ngdi6bri...c:t iA In .:the Tomb.stone H.i..f.t.s, about 

27 m.U.u noJitJuAJut 00 &Ubee, and about 24 m.U.u .southe.a.st 00 Ben6on, 

A!Uzono... The max,bnum el.eva.tion 00,!- ;tkU, Mea iA about .5300 6e.et above 

~ ea level.. 

PROPE1<fI ES EXAMI NEV 

Twen,ty-:thJtee (23) pate.n:ted mbu,ng ci.tLl.m.s welLe .s el.eCtted, malnly 

'0o.se w.Uh mlne dump.s .suUicienil..y hvtge in tonnage to ~ Ile

handU.ng and m.U.U.ng them Oil tho~e in an aJlea 06 geotOgic.allnteILut. 

The ptttented mlning cl.tWn6 evaLuated aile tabcd.ated In TABLE 1. 

11 

SAMPLING PROCEVURE 

Bulk ~amplu welLe .taken oJtOm eac.h 06 the mine dwnp.s and Ile.duc.e.d 

In .size 601l aua.Jj. Weight 06 bulk ~amplu Jt.aJ1.ge.d 61tOm 6i6ty r 50) to' 

one hundJted (130) ton6 each. The. .size and loc.a.ti.on 06 the bulk .samplu 

wa.6 dependent on the .size 00 the mlne dump~ and the Mea 06 expeCte.d 

ln6luenc.e. BUl.k. .samplu welte coned and qualttelted U6ing the ba.c.kltOe:- · 

loadelt equipment Wtti..l. they welte Ileduc.e.d In .s i.z e to about two ( 2 ) to n6 , 

then they welte .tJr.u.c.ked to a ~helt-c.onveyoll .sUe, ~hed, c.oned and 

quaJ!;teJLed and obta.U..y .split with a ]onu .splUteJL to a olna.l weig.l~_ 00 

about ten (10) poun~. . It i..s beU.eve.d th.a:t the 6lna.l .samplu 1le.pIlU ent 

ve.Jty c.lo.sel.y the content 06 the dump.s .sampled, at le.a.st to wi.:thi.n the alLea 

06 in6tu.enc.e.. The tonno..ge c.a1.c.u.lated 601l the dump.s take thi.s into c.on-

~ ideJLa.ti.o n. 

The method ~ed to obtain and pJte.paJte ~amplu 601l lL6.sa.Jj WlL6 decided 

upon In coUaboJr.D.J:1.on w.Uh VIl. W.i.U.a.Jtd. C. La.c.y, PM 6e.6.s01l and Head 06 
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. UnlVeIL6Uy ' 06 ~0Yl41 TUc.6on, WzOYl4. 

'IIr 

ASSAY 'RESULTS 

I' • 

Samplu. 6oIC. aUaJj WVLe. 4e.n.t zo Haw£.e.y and HaJAJtt.y, M4aJjeJL6 and 

Chem.l.6u, TUc.60n,NUzona., t:.IJ bt. a.64a.yed 6oIC. gold, 4UVeIL, lead, COppell 

and ..in many c.a.6e.6 60IC. unc, molybdenum and a 6eJ,1) 60IC. mangane.6t.. Tht. 

a.64aJj value.6 aILe :ta.bu1.a,ted ht TABLE 11. 

Cop.(.e.6 06 tht. 01Ughtai. a.64aJj IC.e6u.U..6 6IUJm HaJAJtey aile htc1.u.dt.d .in 

AT'PENOZX 1. 06 ~ IC.'epolLt. 

AlU.thme:t1.c.al aVeJLag e6 6oIC. gJr.a.de6 06 ali.. the m-i.ne dump6 ' 4 ampled . 

aile a.6 60UoW4: gold, o. 01goz. /t:.IJn; 4UVeJr., 1. 86 oz. /t:.IJn; lead, 

0.55%; COppell, 0.07%, 60IC. 28 4ample6; z.inc, 0.76% 60IC. 11 4ample6; 

molybdenwn, 0.004%, 6oIC. 20 4ample6; and manganMe, 4.56%, 6oIC.5 4ampiM. 

ThM e aVeJLage6 Me inteILMZ.i.ng a.6 they 40mewha.t incU.c.a,te the gJr.a..de 

06 the m1.neJr.a.t.fze£l ma.teJr.1.a.l cOn4ideILed Wa.6Ze ~ng ceJr.:ta.1.n aCtive 

peJr.1.od6 06 mining .in th1.4 cUld:.lLi .. a. HoweveJr., U 4hould be men:Uoned 

ZhtU:. many 06 , the m1.ne dump6 have been 4 elect<.vely IC.ewOJtked and the · 

conc.e.ntM:.te ~hi.pped t:.IJ 4meLtelt6. ActJ.LaUy, thMt. aveJt4ge6 '4hould bt. 

C.On41.cieJr.ed a.6 m.i.n1.mwn6. 

I n co n:tIta..6z Zo the6 e m-i.n.imum value6, pe/l.U6a.l 06 the "OIC.e Sh1.pp.i.ng 

RecoJtd6, 6IUJm AplLU. 3, 1920 t:.IJ febJr.uaJr.y 28, 1,923", gJr.tU:.e6u1.ly 6Wttt.i.4hed 

by MIL. Pue G1.a.c.om-i. 06 Tomb4tone, a copy 06 whic.h 1.4 inc.luded in 

APPENOZX It 06 th1.4 IC.epolLt, incU.c.a.te wha.:t Wa.6 c.on4i.deILed oIC.e gJr.a.de 

dwUng th1.4 peJLiod and the aJU:thme:t1.ca.l aveJt4gM 06 gJr.a.de and tonnage 

60IC. 4elec.ted minM aile :ta.bu1.a,ted ht TABLE rrz. 
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TONNAGE ANO METAL CONTENT Of MINE VUMPS 

• 
c.al.~ed. . The hJtal. .to~e c.al.cu1A.ted 601r. .the .twenty-fuee mine dwnp6 

~amp.ted .Wah 524,900 hJnh, and aILe conhideILed acCWUtte to dot. TIt.iA 

tonnage exclUde..s dump mateM.a.l wfUc.h Wah cOn.6ideILed Wahte and dwnp 

mateM.al out6.i.de. 06 the. aJr.e.a 06 ~ampUng -in6.tu.e.nce. Acce.6~ to ce.lt.tain 

alc.ea.6 06 la/lgeIL dwnp6, .that welLe not ~amp.ted, and to ~oWed ~maUeIL 

m-ine.. dwnp6 would COnhi..dvr.ably -incJLe.Me the tohll. tonnage, howeveIL, 601L 

~ 6e..a.6.i..biLU:Jj ~.tu.dy, .the a.dditi.ona1. expe..n6e did not ~eem jUA.t-i.6.(.ed. 

A va.tu.e. 06 17. 5 c.u.bic 6 ee.t pe..Jr. to n Wah UA e.d in c.a1.c.u.la.ti.ng the to nnag e..s 

06 the m.ine dwnp~. T~ value Wah de.teJmt.i.ned a6teIL we..i.gfUng known 

vo.tu.me.6 06 aVeJr.a.ge ~ize cLiAWbu.t.i.on ~P mateM.al. 

~he. I;onnage.6 c.a1.cu1.a..ted and the metal conte.nt 06 the. mine dwnp6 

.6amp£.ed aILe. tabul.a.:te..d -in TABLE IV. 

V 

ECONOMIC CONSIVERATlONS 

An attempt to place dqUaJr. value. to the. mine. dump mateJr..i.a1. 

geneJr.ate..d · the. 60Uow.i.ng da..ta: 
.... , 

I. We..lghte.d aVeMg~ 601r. glUUle. 06 aU :the m.ine dwnp6: ~timple.d 

welle: gold, 0.021 oz. /ton; ~ilveIL, 7.36 oz. /ton; and lead, 

7 o. 9 lb. /ton. .We.-ighted aveJulge.6 601r. glUUle. 06 COPPelL, zinc, 

molybdenum and mangane.6 e, bah e.d 0 n avaii.a.ble ahMl.1J~ welLe: 

COpPelL, 1.19 lb./ton, 601r. 338,300 tonh; zinc, 2.41 lb./ton, 

601r. 108,600 tonh; molybdenum, 0.099 lb./ton, 601r. 326,700 tOnh; 

and mangane.6e, 48.9 lb./ton, 601r. 14,500 tonh. 

~t~r 't 
, ;,.' 
l ,· · , ' . 
, . 

f 1 ' .. ·r ... . 
t: 
[ 
I . 
! 

2. Me.ta1. content 06 mine dump~ .6ampled: gold, 10, 97S oz.; liUveIL, , 

775,500 oz.;le..ad, 5,707,320 lb.; COppelL 467,780 lb., b~e.d 
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molybde.num, 37,346 1.b., b46e.d on 326, 700~ tol't/); and mangane6e, 

108,-340 ib.; b~~on 74,SOO i,l't/). Me,til; c.o~e.n-t 06 coppeit, 

Unc., molybdenum and mangane6e o 

Wa..6 ba/)ed on tonnage6 c.ovelLe.d 

.. by 4va.Ua.ble. a.I> /) ayl> • Be.c.a.u6 e. gold and I>UVelt Welte. .the. m e..ta.l.6 

06 plUme. -impolt-tanc.e. 1.n .the. 6ea.6-ibi.LU:.y I>t.u.dy,.the. o.thelt me..ta.l.6 

Welle. 46/)a.yed :to a.l>I>.L6i -in de.-teJun1.n.tttg .the1.Jc. di6Wbu.tUJn and 

.the,Uc. -impoJLtanc.e. 601L 1.nc.l.u.l>-ion -in me..ta.e..f.wtg-ic.al. -te6.ting :to . 

develop an econom-ic.a.U.y 6eit6-ible6l.oW/)he.et nOlL theiJL ex.-tJr.a.c.Uon. 

3. A/>I>uming 90% e.x-tJta.c..tion 601L .the. gold and 85% e.d:lta.c..tion 601L .the. 

/)UVelt co nte.nt 06 .the dumpl>, at.the. 60Uow.ing maJtk.e.-t plLic.e. 

06 $90.00/oz. 601L gold and $2.4.i/oz. 60IL /)UVeJL, g-iVe6 the 

1Le.c.ove.Jta.ble. doUa.lt value. 06 $888,975 601L gold, and $1,464,678 

601L /)UVelL, OIL a gltOI>I> 06 $2;354,677j t:JU.6 glLOI>I> e.xc.lude6 
° • 

le.ad, zinc., c.oppelL, molybde.num and mangane6e.. The. e.xc1.iL6-ion 

06 .the6e. e.l.eme.nU -in t:JU.6 e.c.onom-ic. e.va1.tutU.on.L6 jUld;iMe.d WttU. . 

iAboJr.a:toIUj -te6.ting incUc.a-te6 .the. 6ea.6-ib..i.U.,ty"IF06 e.x.tJutcti.ng
o

• ° 

.them. Howe.velL,.the1.Jc. . p1Le6 e.nc.e. .L6 c.eJLta..in1..y ' /)-ig n-i 6-ic.an-t in .the. 

oveJLai.l e.v~n46 0tey, ha.~e. po-te.nt.i.ai. do~ value.. 

4. An e6:tima-te. 601L h.a.Yt,dUng and -tJte.a-tme.nt c.OI>U would be. about: 

$2.75 pelL -ton, -in a 200 TPV p.U.o-t pMdudion -type. plant OIL 

appMUmd-te.l.y $1,444,000, 1.e.aV.tt1g a ne.-t glLOI>I> 06 $910,677. 

5. AMuming.the. p1..l.o-t pMduc.t.ion plant would c.o/)-t applLOUmd-te.l.y 

$250,000 601L a 200 TPV ope.Jta.tion, one. would ILe.al..iZe. a n-ic.e. 

pM 6U 61tOm an 0 peJr..a.tio n 06 -th.L6 -type., and .the. adva.n:tag e6 

deJLive.d would be. ° me.an-ing6ul. Advantage6 would be. the. 6arnili.o.JLi;ty 

wLth 0 Ite. -tJr.e.atme.nt c.ha.Jta.c.te.Jt.L6:tiel>, . 1te6 uU..i.ng in Ite. 6.ineme.nt 0 6 

.the. 6loW/)he.e.t, wlUc.h 06 C.OWL6e. would have. to be. de.ve.l.ope.d by 
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value. 06 lead ciJul.d be. appItOWna.te1.y $720,000, ba.6e.d on a lead 

plLice. 06 $ o. 14Ilb., and .the. . eo ppeJt, zinc., motybde.t1LUrt and mangane.6 e. 
would ah,o e..nha.nce. .the. Jc.e.c.oveJta.ble. dolhvr. value. .that; c1JId.d be. 
e.xpecte.d 6Mm bLea.ti.ng .the mine. dump ma.teJLiAl. 

The. de.w.ion J:tJ eon6ideJt eon6tJutction 00 a p.uot; pltOduc.t1.on plant 
~houl.d be. ba.6e.d on .the. ooUowUtg CIrlieJLi.a.: 

.1. An active. e.x.ploJta.:tion pMglLam, to de.teJrm.ine. i6 pot.enti.a.l. open 

pU: t;ype. m.in.ing ~Uu e.wt; .in .t:JU4 Mea, and.the. OJc.e. 1le.6eJc.VU 
.tha.t could be. e.xpe.cte.d. 

2. The. .de.ve.l:opnent; 00 an e66e.ctive 6lo(W)hee.t, by iAbolla.tol(Jj 

t;e.6:ti..ng, J:tJ e.c.onomic.a.U.y e.x.tJta.ct aU OIL mo~t; 06 .the. vci.luable. 

meta.l6 in .the. m.ine. dwnp6 andloll de.veloped olle. 

VI 

OPEN PIT MINING POTENTIAL 
Vt.llWtg .the. 6ie1.d wollk 06 .t:JU4 6e.a6ib.t.U.i.y ~tady, pot.enti.a.l. open 

pU t;ype. m<.n.i.ng ~Ue.6 WeJc.e. undeJc. cOn6.ide.M.t.i.on. One. '06 the. ~ -wh1.ch ... 
apPe.a.lle.d J:tJ waMant; 6Wt:theJc. cotu,ideJult..ion ~ .t:ha.t Mea 00 Tom~J:tJne. Ba.6bt 
which cont.a.in.6 .the. S.uveJc. ThJc.ead, TJc..a.nqu.ilUy, Head eWell, Co nt;e.nt;.io n, 
Emp.ille., Toughnut:, and Wut; Side. mine.6, and ano.theJc. alLea would be. .the. 
Lucky C~~-HeJL6che1. Zone. 

r n .the 6hL6t; Mea, U ~ lle.polLted by B~S. Bu.t.teJt, E. V. Wilion, and 
C.A. RlUiOIl, .i..n .the. "Geology a.nd Olle Vepo~.i:t6 06 the. Tomb~tone. V~ruct, 
AlUzona.," .that; the Olle. oc.c.uJt4 (1) in .the. 6a.ul.t;ed ~e.gmenU 06 t;he. cUke, 

(2) in bllec.c..ia.ted 600twaU zone.6 06 t;he.6e. ~egme.nt6, and (3) in Ume.6t;one. 
be.d6 06 .the. ~ha..e.e Jleque.nc.e. 

FMm .the. ~a.me. lleoeJc.enc.e, .the ~ec.ond Mea. oo .int;eJc.ut., the. Lucky 
. C~~-He.Mc.he.l. Zone. hlUi the oollow.i.ng ~Weme.nt;: t.ha.t.the. olle depo~w 
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.in and tL6~oeia.te.d wLth. the. Lu.c.k.y Cw~ , 6aUU zone. Cute o6th1te~ bjp~ ~:. 

ve.iM .in .the Lu.cky PuJ,4 ' 6<l.L1li, ve.iM:.in the noJtthetL6t 6~4~, and 
. ". . ..". ." . . :' .~. . .' " . ' .' . • I . 

tlme&tone lLeplac.ement deP04Lt6tL6~oeUtte.d with .the noJtthetL6t &U4wte&. 

M.in.ing .in both alLetL6 06 .itltelle&t wa.6 devei.oped to :the 4U1l6dC.e.. ' 

The6e aiLe.a.6 4houtd oUeIl exc.eli.ent t:aJLget6, 601l a. de:t.iU.ed eval.u:a.ti.on 

by ge.otog.ic.a1., geophy~.ic.a1., dIr1.W.ng and c:omputell te.c.htt.iqu.e6. 

vn 
METALLURGICAL CONSrVERATIONS 

. The pltlme. me.ta.t6 c.on6.ideJr.e.d.in ~ lLepoJtt aile gold and IlUveJr. 

wlUc.h coutd be bene6.icia.ted by U6.ing the c.ya.n.U:fa.Uon · method. Conc.eIr.n iJ, 

explle&4e.d by 40me a.6 to :the e.~pec.ted llec.oveJr.y 06 4UVell oMm manga.tt.i6e.Jr.Ow, 

Olle&. Th.L6 c.ould plle&ent a pMblem .in dwnp mateM..a.l. 06 /Ugh mangane6e 

content. Howevell, m04t 06 :the dwn~ 4ampled appe.a.Jr.' to be not too IUgh 

.in mangane6e content. 

Two pMC.e&4e& wlUc.h have been developed to tIlea.t 4UVeJr. OILe6 IUgh 

.in mangane6e aile :the Ca.Mn PILOC.e64 and :the Mc.Cf.u6ky PMC.e64. The. " 

CaltOn PMC.e64 utiliZe6 a MOld . .in a ILe.duc..ing a.tm04pheJr.e, :the, highell 

mangane&e oude& aile Jte.duc.e.d to manganoU6 ox,.i.de6 wlUc.h 1le.ndeJr. .:0em 

amenable to c.yanidat.icm. LabolUltoILY te&U 6oUowed by pla.nt-~Cate 

telJUng gave the 60Uow.ing 1le6ul.U: V.iJLe.c.t c.yatt.ida.ti.on 06 oILe c.ontaining 

2-10% MnO 2 gave. 50% e.x.bt.a.ction 06 :the. 4UVeJr., :the. CaltOn PILOC.e64 e.x

tJLa.c.te.d 92% 06 the gold ,and 90%' 06 :the 4UVeJr.. The. Mc.ClU6kyPILOC.e6l1 

. ut.,(liZel! a 4utphuJr. di..cJx.ide. tJr.e.a..tme.nt wlUc.h fulloivelJ the. manganelJe 

minelr.a.lll wlUc.h aile :then pllec..ip..i.ta.:te.d by a lime emulll.ion and ox.icUzed to 

the. manga.tt.ic. 4ta.te by aeJr.a.ti.on. In th.L6 lIta.te the. mangane& e no iongell 

a66e.w :the. e.x.bt.a.c.t.ion 06 lIUVeJr. by c.ya.tt.ida.tion. 

To 6u1hJ ex-ploU :the. pote.rz..tia.l- doUaIL va.lu.e. 06 :the Tomblltone OILe6, 

____ ____ . _ ' ___ a c.omp1l.ehe.n6.ive ia.boJLa.;tollY tel!ting pMgitam iJ, lLec.ommended. The. te&ting 
...... - ~ .. --- .. ~~---- ~ ---- ---.- - .. _- ...,... .--.,:- -.. ,---~ ..... - - -- ---- - _ ... _- -
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, pltOglUlnt 4hould inc1u.de. 61ota.tlonte.6.t6,,' ~~UlLe. lea.c.kUig te.6.t6, to 

(
-' 

, , 

, i>olub.iUze. the. ba.6e. me..ta.:4 plLe.6e.nt and pollll.ibly t66e.c.tthe1Jr. u..t:Iutc:tion, 
, " ' , 

and Liquid ion u.c.ha.nge. 60IL upgJUUUitg and ~e.paJULti.on. Nw 'c.hem.i.c.al 

e.x;tJc.a.c;ti.onte.c.hni.que.6 ~houtd de.6.inUei.y ' be. e.x.plolLe.d. 
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TABLE I. PATENTED MINING CLAIMS EXAMINE'D 

'; NAME OF 'MINE --' : LOCATION • 

80b IngeJL60U 

Comet 

Co ntenti.o n 
LittieJoe Sha6~ 
Pump Sha6,t 
Main WoJtki..ng/) Sha6~ 

De6enc.e 

EmeJta.td 

Emp.ur.e 

FILee CObtol.ge 

GJr..a.nd Centlull 

HeM c.he1. 

luc.k.y CU,/)/) 

Old Gu.aJu:I. 

OILegon 

PJr..Omp~eJr.. 

Ra..ttl.e1l na.ke 

San PedJr..o 

SilveJr.. Plume 

SilveJr.. ThlLead 

Tough~ 

Sec. , 11, T 20 S, R 22 E 

Sec. ',11, T 20 S, R 22 E 

Sec. 14, T 20 S, R 22 E 

Sec. 23, T 20 S, R 22 E 

Sec. 11, 12 6 14, T 20 S, R 22 E 

Sec. 11, T 20 S, R 22 E 

Sec. 14 6 23, T 20 S, R 22 E 

Sec. 11 6 12, T 20 S, R 22 E 

Sec. 9, T 20 S, R 22 E 

Sec. 14, T 20 S, R 22 E 

Sec. 11, T 20 S, R 22 E 

Sec. 11 & 14, T 20 S, R 22 E 

Sec. 11,T20S, R,22 E 

Sec. 14, T 20 S, R' 22 E 

Sec. 14, T 20 S, R 22 E 

Sec. 14, T 20 S, R 22 E 

Sec. 8, T 20 S, R 22 E 

Sec. 14 6 23, T 20 S, R 22 E 

Sec. 11 6 12, T 20 S, R 22 E 

Sec. 11, T 20 S, R 22 E 

Sec. 11 & 12, T 20 S, R 22 E 

Sec. 1" T 20 S, R 22 E 
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-8-

: . . 

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

,:~ 

-~~ 



. .,.' 0 ""1 ~~. ~~ - :· O :"'~·',;·~\:~· ?·~~r ~, ,~ .~ .. -:. ·~~~~~~~"~~-P' ·a · ··:·~~~~~~~?':~r:-::f;:;'1£ .. :-;~~;;:7:~~~~i'.'~~~:~.t: ' . ~ .. ,;--': . ~" ~ -. ".: 
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. SAMPLt NO-. · Nio ~-~ ·.,·'· · ... ~.<·,·~~'~ld-~if .. ste~ ~tl~t'~·\··¥=·:·..:"'C~pvr· ·"" ···'"·'-1rn~:li«;"·«oi.Y~· "'4~·"·")(anaanut~N.:ht..,W~',.~~ ~';,~' ,,' ~~ 

NAME OF MINE . . ·otJT6t.'/T · . ' !b~/T 'lbJT . ·lb~/T . ' lb~/T ·lb.'/T · n5~ 
~ 

B.I. *1 (Bob Ing~oll) 
as 1# 1 (BOhh) 
B.H. 1#7 (Bunk~ Hilt) 
B.H. 1#2 (Bunk~ Hill) 
CMf 1# 1 (Come.t) 
L.l. 1#1 (Contention) 
cowr 1# 1 "(Contention) 
CONT 1# 2 ( Co ntentio n) 
cowr "3 . (Ccinten:Uon) 
OF 1#7 (Oe6enc.e) 
EMER 1#1 (Em~d) 
EMER 1#2 (Em~d) 
EMER 1#3 (Em~d) 
EMP 1# 1 ( &npbLe ) 
F.C. 1#1 (FJtee Co..i.nage) 
G. C. 1# lW (GJtand Cenbtal) 
G. c. 1# 2 (Glland Cenbta.t) 
HER 1# 1 (HeJthc.hel) 
L.C. 1#1 (Lucky CUhh) 
O.G. 1#1 (Old GuaJtd) 
ORE 1#1 (OlLegon) 
ORE 1#2 . (OlLegon) 
PRMT * 1 (PJtOmp,t~) 
RTLS * 1 (Ra.t.tle.6nake) 
S.P. *1 (San PedJto) 
SLP * 7 ; (SUv~ Plume) 
S. T. *t (SUVeA ThlLead) 
SET 1# 7 I (Sulphwte.t) 
TN 1# 1 (Toughnut) 
TN 1#2 (Toughnut) 
TR 1#1 (TJtanquitlty) 
TR *2 (TJtanquitity) 
w.s. *1 (We.6,t S.ide) 

I 
ARITHMETICAL AVERAGE 

l 

0.005 
0.037 
'0.030 
0.001 
0.0.1 5 
0.011 
0.022 
0.010 
0.021 
0.0.10 
0.020 
0.02'0 
0.010 
0.080 
0.005 
0.010 
0.010 
0.015 
0.040 
0.015 
0.005 
0.002 
0.005 
0.005 
0.005 
0.002 
0.025 
0.022 
0.015 
0.005 
0.060 
0.022 
0.012 

0.018 

1. 08 
2.39 
3.59 
3.10 
0.91 
1.07 
1. 06 
0.71 
1.. 33 
1. 25 
1. 59 
2.10 
0.90 
1. 90 
0.95 
0.22 
0.97 
3.41 
2.98 
1. 34 
5.52 
3.27 
3.63 
2.33 
4.48 
0.45 
1. 33 
0.66 . 
0.87 
0.36 . 
3.22 
0.85 . 
1. 36 

1. 86 

6.4 
9~2 

26.4 
24.0 
3.8 

10.0 
6.0 
4.2 
6.4 
1.8 

21. 8 
-22.4 

7.6 
15.6 
0.5 
2.6 

23.8 
. 6.0 
20.8 . 
6.0 

14.2 
12.8 
16.0 
11.6 
5.4 
4.2 

13. o· 
6.2 

10.0 
3.8 

19.8 
4.' 8 

11. 8 

71. 1 

0.8 
1.8 
3.8 

0.6 
0.2 
0.6 

0.6 
3.0 
5.6 
1.2 
1.4 
0.2 

0.2 
7.4 
7.4 
o.! 
2.! 
2.8 ._ .... -
7.4 
2.2 
0.6 
0.6 
0.6 
1.0 
0.2 
1.8 
0.4 
1.0 

1.4 

28.8 
9.0 

48.0 
36.6 

8.0 

24.2 

---
0.2 

3.2 

15.2 
70.8 

3.6 

11. 1 

' 0.02 

0.10 

0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.30 
0.02 

0.02 

0.02 

0.06 

O. 12 
o. 70 
0.78 
0.04 
0.16 
0.04 
0.12 

0.07 

8.6 

17.6 
.1 59.0 
139.0 
138.0 

97. 2 
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TABLE III. ARITHMETICAL AV;RAGES OF ORE SHIPMENTS 

APRIL 7.920 THROUGH MARCH 1921 

NMfE OF 'MINE ' 'TONNAGE . 

Bwtil.eJL Hill 99.5 

EmeJUIld 118.5 

GILa.nd C en.tJu:tl 1,437.5 

Lucky C~.6 5,559.5 

OlLegon 3,865.S 

P ILOmp.teJL 9,688.0 

San PedlLo 431. 5 

' Gold~ot..IT 

0.035 

0.010 

0.140 

0.056 

0.013 

0.017 

0.170 

-10-

'SilVeJL, oz.fT 

lS.45 

8.00 

13.75 

16.92 

23.00 

16.50 

27.15 

13.57 

13.48 

74.50 

25.47 

27.45 

22.46 

38. S8 
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SAMPLE NO. 

B.I. 111 
as 111 
B.H. 111 
B.H. 112 
CMf 111 
L.] . 111 
cowr IIf 
cowr tl2 
cowr 113 
VF 111 
EMER 111 
EMER 112 
EMER 113 
EMP 111 
F.C. 111 
G.C.lllW 
G.C. tl2 
HER til 
L.C. til 
O. G. til. 
ORE 111 
ORE tl2 
lPRMT 111 
lRTLS 111 
's. P. til 
iSLP til 
is. T. til 
;SET 111 
TN til 
TN tl2 
TR 111 

i 
j 
I 

TR tl2 
W.S. til 

i 

TONNAGE 
t 10% 

10,500 
3,400 

15,300 
10,500 
13,000 
2,00.0 

11,BOO 
97,700 
16,300 
24,200 
40,000 

7,600 
7,000 

47,100 
200 

10,000 
10,000 
6,800 

78,200 
10,200 
1,000 
1,500 
1,600 
3,000 
1. 500 

12,000 
17,000 
4,100 

18,000 
32,000 
9,200 

. 29,200 
45,000 

524,900 

Gold 
To.ta1.oz. 

52.5 
125.B 
459.0 

73.5 
195.0 
34.0 

259.6 
977.0 
440.7 
242.0 
800.0 
32.0 
70.0 

3,28B.0 
7.0 

700.0 
700.0 
102.0 
728.0 
153.0 

5.0 
3.0 
8.0 

7.5.0 
7.5 

24.0 
425:0 
90.2 

270.0 
160.0 
552.0 
642.4 
540.0 

10,974.6 

S,uVell Lead COPPell Unc Moly 
ToW ·oz • . T6.ta1. lb. ToW ·lb. Total lb. Total lb. 

Mangane.6e 
To.ta1.lb. 

11,340 67,200 
4,624 31,280 

54,927 403,920 
32,550 252,000 
11,B30 49,400 
2,7.40 20,000 

12,508 70,800 
75,229 410,340 
21,679 94,320 
30,250 188,760 
63,600 872,000 
3,360 35,840 
6,300 53,200 

78,090 641,160 
790 100 

2,200 26,000 
9,700 238,000 

23,596 40,800 
54,236 378,560 
13,668 61,200 
5,520 14,200 
4,905 19,200 
5,808 i 27,200 
6,990 252,000 
6,720 8,100 
5,400 50,400 

22,610 '221,000 
2,706 25,420 

15,660 . 180,000 
11,520 121,600 
29,624 182,160 
24,820 . 140,160 
61,200 531,100 

715,500 5,707,320 

8,400 
6,120 

58,140 

780 
400 

7,080 

14,520 
120,000 

8,960 
8,400 

57,540 
40 

2,000 
9,520 

25,480 
8,160 
2,800 
4,200 

4,200 
3,300 
7,200 

10,200 
2,'460 

18,000 
640 

16,560 
11,680 
45,000 

426,800 
30,600 

734,400 
384,300 

16,000 

585,640 

40 

32,000 

276,640 
110,160 

14,760 

270 

1,530 

260 
40 

236 

800 
32 

.140 
12,330 

4 

200 

364 

90 

2,040 
410 

3,240 
1,280 
1,472 
7,168 
5,500 

1.,720 

718,320 
759,000· .. ··· 
208,500 
220,800 

461,780 261,134 31,346 708,340 
( 3 88 , 3 0 OT) ( 1.08 , 60 OT ) ( 3 2 6 , 70 OT) ( 1 4 , SOOT) 

TOTALS BASEV ON ABOVE TONNAGES 
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( EXHIBIT B 

"S.ta.teOn Maine" 

a.nd otheJt d.a.:t.a. 
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Plate XXVI.-Cro!s Jeetion through State of Maine Mine, looking southwest. ~ . 'C 
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INDUCED 'POLARIZATION AND RESISTIVITY SURVEY t:; 
SUfACEPROJECTION COMPOSITE OF CAB AND AUSTRAL SURVE.YS l.P. LINES (1::' : 

OF ANOMALOUS ZONES TOM8STONE , ARE.'A. COCHISE COUNTY •. ARl.ZONA A.AUSTRAL," · .. . 
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TOMBSTONE DISTRICT--Solely owned by Winters. . ... 

C -'atented: 

Side Wheel--Developed to the point where production couid be started from 

underground on a small scale within five shifts. .. , 

/ lttling Boy--Ore developed for surface mining where production could begin 
j ; ' 

on the first shift. 

Wauban--Minerals only. Can be reached eventually by drifting underground 

( from Side Wheel shaft. Some anomolies (IP) on ridge. 

Hugenot--Unprospected in recent years~~ 

Honeycomb--An old working. Some ore showing in 250-foot incluned shaft. 

Needs thorough prospecting. 

Nicholas--An old operation currently undergoing additional exploration. Appe , , '~ 

to be an excellent prospect. 

TOMBSTONE DISTRICT--Properties in which Winters has an interest. 

( Sultana patented claim--Owns 10 pereent of the mineral rights. A 

possible prospect. Did produce a little lead carbonates in the early da~ , 

Blue Top Group--Five unpatented claims in Section 15. Associates on , these. 

Black Beauty Claim--Small fraction that adjoins the Wauban on the east. 

Associates on thi~. 

HARTFORD DISTRICT--Solely owned by Winters. 

{;,netree, New Strike, #2, White Fawh, Mountain Lion, Iv'lammoth, Lost Chance. 

(Mineral survey #1$11).101.$95 acres in Secs. 34 & 35--23 20. Forest Service 

owns surface. Winters owns patented minerals. (Lutz tunnel, etc.) 

(,PO BLANCO DISTRICT--Solely owned by \'linters'. 

LAURA Patented lode claim (gold }I~ 20 acres. 

Doran's Folly--Unpatented gold placer, 20 acres. Currently contested in Unite · 

Sf-,ates District Court by the Forest Service. 

~, -
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INTERUM GEOLOGIC REPORT ON THE TOMBSTONE MINING DISTRICT, 
COCHISE COUNTY 

with particular emphasis on 
THE STATE OF MAINE MINE AREA 

INTRODUCTION 

In April of this year, the writer was engaged by Mr. Dick 

Hewlett, President, Sierra Mineral Management Company, to examine 

and geologically map the State of Maine area in order to deter-

mine the potential for the discovery of additional mineraliza

tion and to assess its mining potential. Sierra had at that 

time consummated lease-option agreements with Messrs. Ernest 

Escapule Sr., Jr., Charles, and Le\.,is Escapule which covered 

patented and unpatented mining claims in the general State of 

Maine area. It was anticipated that Sierra would work toward 

obtaining the ground within the Tombstone basin on lease-option 

basis and adjacent ground to the north owned by Joe Escapule 

(Att. 12). In short, the objective was to consolidate the en

tire district in order to facilitate exploration and production 

of base and precious metals. 

It was anticipated that bonanza-type ore bodies within the 

State of Maine would be relatively small and high grade requir

ing detailed geologic mapping. Therefore the first order of 
I 

business was to obtain a detailed, accurate topographic map. 

A first order ground triangulation survey tied to the State 

s·urvey was put in. All pertinent claim corners and other im-

portant geographic features were targeted, and aerial photography 

f lmvn. A topographic map vlaS prepared photogranunetr:ica lly by 

Cooper i\eria1 Survey of Tucson, at a scale of 1"=200', with a 
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.. 5-foot contour interval. All claim corners and other monuments 

were surveyed photogrammetrically to the nearest ~ foot. De-

tailed geologic outcrop mapping and alteration mapping was then 

performed using the topographic base and air photos enlarged to 

the same scale. Detailed channel type rock chip samples across 

veins were collected by Mr. J.T. Stockdale. Geologic and assay 

. results are plotted on the 1"=200' base map (Atts. 1 & 2). 
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SUMMARY AND CONCLUSIONS 

The Tombstone Mining District was discov~red in 1877 by Ed 

Schieffelin and was active from that time up until approximately 

1937. It is generally thought that production in the district 

was halted because of large quantities of water which were en-

countered in the mines. A more important reason for cessation 

of production however, was depressed metal prices. Prices for 

silver, lead, zinc, and copper were so low at the time the mines 

were closed that economic operation could probably not have sus-

tained even had there been no water problem. 

Value of the total Tombstone mineral production has been 

substantial. Using approximate figures for current metal prices 

of: silver at $3 per ounce, gold at $100 per ounce, copper at 

$0.80 per pound, lead at $0.20 per pound and zinc at $0.25 per 

pound, the value of metals produced between 1877 and 1936 would 

be approximately 145,400,000 dollars • 

. The geologic history of the Tombstone Mining District has 

been exce·edingly complex. Paleozoic and Mesozoic sediments 

have been folded and thrust-faulted by two periods of tectonic 

compression. Igneous rocks of various types have intruded the 

area during five distinguishable episodes. Hydrothermal fluids 

have saturated an area of approximately 42 square miles and im-
I 

placed lead, zinc, and silver mineralization at Tombstone and 

Charleston. 

Discovery of porphyry copper type breccia pipes and as

sociated ·porphyry copper type alteration has been one of the 

most important accomplishments of this current study. Presence 

of this type of alteration in the Tombstone district makes it 
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possible to apply ~odern concepts of . porphyry copper zoning 

which appear to e:,=?lain salient aspects of the district. It is 

now apparent that =he Robbers Roost breccia pipe area is the 

central part of a very large alteration zone. Tombstone and 

Charleston, which are approximately equidistant from the 

breccia pipe area represent opposing lead-zinc-silver zones 

peripheral to the porphyry copper alteration center. Explora

tion for economic ore bodies of copper associated with the area 

of breccia pipes ~s complicated by sub-horizontal geologic 

features in the area, including: the thin Uncle Sam quartz 

latite porphyry sill, and alluvial cover over layers of Bisbee 

Group pelitic sediments which in turn overlie favorable ore 

horizons in Paleozoic limestones. 

The great majority of the production in the Tombstone 

district has come from ore bodies associated with anticlinal 

structures in the so-called Tombstone Basin, a large syncline 

in the Bisbee Group sediments located on the south edge of the 

town of Tombstone. Detailed geologic mapping in the State of 

Maine area has revealed that similar fold structures occur in 

the same rock types, which lie beneath a thin sill of Uncle 

Sam quartz latite porphyry. Recognition of several windows of 

sediments exposed in the main body of the sill is probably the 
f 

second most important discovery re'sulting from t~is study. 

Careful plotting of these features on accurate cross sections 

indicates the Uncle Sam is at most a few tens to a few hundreds 

of feet thick in the State of Haine area. 

Detailed mapping . has sho\VIl that vein zones in Lhe area 

have a greater continuity than had been previously realized. 
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Favorable structural and chemical horizons formed by folded 

beds below the Uncle Sam porphyry make attractive ore targets 

where they are intersected by projections of strongly altered 

surface vein zones. These vein zones appear wider and stronger 

than similar veins in the old part of the district. This might 

be expected since they are closer to the apparent source of 

mineralization -- the porphyry copper breccia pipe zone toward 

Charleston. The width of the veins suggests potential for 

disseminated near-surface ore, though to date surface samples, 

albeit strongly leached, have not been particularly encouraging. 

Thus, this study suggests potential for two types of 

mineralization occurring in economic grades and tonnages. The 

first would be near surface values in vein zones within the 

Uncle Sam porphyry which might be minable by surface methods. 

Higher grade shoots of this type of mineralization might also 

be found along more narrow zones comprising ore of the type 

mined in the State of Maine mine. Extensions of this type of 

ore might be localized along newly discovered parts ·of the 

Maine vein in the Brother Jonathan area. Vein intersections 

on the Clipper and San Pedro veins might also be productive. 

The second type of ore would be replacement orebodies in 

favorable structural traps in sedimentary horizons in the Bisbee 
I 

Group and Paleozoic sediments beneath the Uncle Sam porphyry. 

Two types of exploratory drill programs are proposed to 

test these two possibilities. To test ore potential in the 

Uncle Sam porphyry, within 100 feet of the surface along (napped 

vein zone~ holes should be drilled with an air track percussion 

drill. If encouraging results arc obtained, up to two hundred 
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such holes should be drilled. The cost per foot should be in 

the range of $2.00 and the cost of the program, including assays, 

should be in the range of $65,000 for 20,000 feet of drilling. 

Exploration for replacement ore in sediments beneath the 

Uncle Sam should be done with a rotary drill rig in the initial 

stages. Twenty-five holes have been proposed, each testing 

various specific targets while yielding information on thick

ness of the Uncle Sam sill and structure of underlying sediments. 

Considering an average depth of 500 feet, this program would en

tail 13,000 feet of drilling. Approximate cost including sam

pling and assaying would total $62,000. If the deeper penetra-

tion suggested on several holes were made, about $10,000 would 

be added to the cost. Total cost of both programs would be about 

$127,000 and require two to four months for completion. 

Exploration of the porphyry copper target in the Robbers 

Roost area will require additional geologic and alteration 

mapping to define meaningful drill targets. Geochemical surveys 

in. the area may also prove to "be a valuable exploration tool. 

Induced polarization surveys will be of little value since they 

only indicate the presence of sulfides without respect to base 

or precious metal content -- and there is already abundant in-

dication of sulfides in surface exposures. Magnetic surveys 
I 

may be helpful in indicating magnetite associated with possible 

replacement type copper ore in limestone horizons. 

A thorough knowledge of the geology of the district in 

three dimensions will probabli be the most productive explora-

tion method in the Tombstone district, -- for both precious and 

base metals. Careful geologic mapping and drill hole logging 

-7-
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should therefor be of the first priority in future work in the 

district. 

-8-
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HISTORY 

In 1877, Ed Schieffelin, Army scout at Camp Huachuca, 

took leave from his duties to go prospecting in the nearby hills. 

At that time, Apaches were running rampant over the area and his 

companions tried to dissuade him from going alone into the 

mountains, telling him that the only thing he would find would 

be his tombstone. Undaunted, Schieffelin set out and when he 

made a discovery of rich silver outcrops in the hills to the 

east of Camp Huachuca, he determined to call the new district 

"Tombstone" in honor of his companions' warnings. 

News of Schieffelin's discovery spread quickly and Tombstone 

soon became a boom camp with thousands of fortune seekers moving 

into the area. Between the discovery date of 1877 and 1880, the 

price of silver was averaging $1.20 per ounce (a price not again 

to be attained until almost lbO years later). Production 

amounted to approximately 2~ million dollars at the then current 

metal prices. The greatest production of the camp was between 

1881 and 1886 during which time silver ranged from $0.99 to $1.14 

per ounce, and the mines produced almost 17 million dollars in 

metal. This rate of production was· never again attained, de

creases being due to lower metal prices and depletion of rich 

surface ores. The district has mainly been affected by economic 
I 

events, experiencing buoyant periods during high metal prices 

and depressed conditions during low metal prices. One of the 

most buoyant periods was 1918-1922, when production was stim

ulated. by the Pittman Act which supported the price of silver 

at $1 .. 12 per ounce. 

· / 1\~ 
jJU 
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Water was encountered in the mi.nes in 1882 and the 1,000-

foot deep Pump shaft was sunk to dewater the ~istrict in the 

1897 era. In 1909 a defect in the pumping system caused the 

lower levels of the Pump Shaft to be flooded and the pumps were 

lost in the lowest levels. This flooding of the pumps was 

generally thought to be the reason for the closing of the 

district. However, if silver prices had held at previously 

high levels, pumping would have been resumed and production 

continued. An examination of mineral prices during the life 

of the district suggests that low metal prices coupled with 

increasing mining costs precluded economic operation of the 

mines (Fig. 2), causing the death of the camp. 

f)" 
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GENERAL GEOLOGY OF THE DISTRICT 

The Tombstone Mining District lies within the southwestern 

porphyry copper province. Nearby large porphyry copper deposits 

are located at Bisbee some 25 miles to the southeast, and the 

newly discovered deposits at Dragoon are some 25 miles to the 

northeast. Exploration drilling on porphyry copper at Gleeson, 

about 15 miles northeast, is presently underway. 

The Tombstone area itself has had a complex geologic 

history which includes sedimentation, folding, thrust-faulting, 

several stages of intrusion by igneous rocks, and mineraliz-

ation from hydrothermal solutions. Basement rocks are Pre

cambrian granodiorite, and Pinal schist. Over this are de-

posited approximately 5,000 feet of Paleozoic sediments consist-

ing, for the most part of limestone. Mesozoic sedimentation 

includes the Bisbee Formation consisting of approximately 4,000 

feet of sandstones, minor limestones, mudstones, and shales. 

Tertiary surface volcanic rocks include the Bronco volcanics, 

which are comprised of a lower andesite breccia overlain. by a 

quartz latite welded tuff. The Bronco volcanics are interesting 

in that they are co-relative, at least in time and composition, 

to the Silver Bell andesite complex and the Cat Mountain rhyolite. 

Work by Richard and Courtright show that these units occur rather 
I 

pervasively throughout the porphyry copper province in south

eastern Arizona and are closely associated with porphyry copper 

mineralization. Recent sediments within the Tombstone area in-

clude cemented conglo~erat~s of the Gila type and norn~l alluvial 

material occurring .in the stream drainages Clnd the valley of the 

San Pedro River. 
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The tectonic history has been complex. At least two 

episodes of folding and thrust faulting have taken place (Gilluly, 

p. 122 through 130). It is apparent (Gilluly, p. 128) that an 

earlier period of deformation created eastward-trending features 

and later deformation formed northward-trending and oblique 

features. During the first stage, north-south compression 

formed east-trending folds and minor thrusts with a north strike 

. and northerly low-angle dips. After this structural episode, 

the Bronco volcanics were deposited on erosion surfaces formed 

on Bisbee Group sediments. The disconformity is in general 

low angle, the volcanic units being subparallel to the pre-

existing Bisbee. Following extrusion of the Bronco volcanics, 

the area underwent southwest-northeast compression,which produced 

thrust faults of northwesterly trend and was probably respon

sible for the large features visible in the district today, 

including the Tombstone Syncline, the Ajax Hill fault, the 

Prompter fault, and the Horquilla fault. After this structural 

episode, the Uncle Sam quartz latite porphyry was injected into· 

the area. Feeder dikes of Uncle Sam porphyry are seen to the 

west of Ajax Hill. The large expanse of porphyry in the western 

Tombstone Hills and the State of Maine area is apparently a 

very large sill, which was intruded along a pre-existing thrust 
4 

plane. Over most of its expanse, the Uncle Sam porphyry is 

replete with xenoliths and near its basal contact with under

lying Bisbee sediments, the amount of xenoliths increase until 

they comprise 10 percent or more of the total rock volume. 

Since there are for practical purposes, only occasional windows 

through the Uncle Sam sill, we can onli surmj.se at the rock 
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type lying beneath. . Because of its thrust-fault relationship, 

predictiofi as to the type of underlying rock is further com

plicated. All exposures in the State of Maine area seen to date 

have been of Bisbee Group sediments. 

After the implacement of the Uncle Sam porphyry northeast

trending shearing developed within the district. This zone of 

shearing is expressed topographically and can be easily noted 

on topographic maps and aerial photos of the area. After de

velopment of northeast-trending shears, the area was invaded 

by andesite porphyry dikes. After solidification of the andesite 

dikes the area was intruded by rhyolite porphyry dikes, following 

parallel and sometimes the same fissures as the andesite dikes. 

This relation is seen near the Gold Bug workings in the State 

of Maine area, where a composite dike of rhyolite and andesite 

is exposed. The andesite comprises the central part of the 

dike with rhyolite intruding on either side of the andesite. 

The relative age is indicated by numerous sphereoidal xenoliths 

of andesite in the rhyolite. Extrusive equivalents of these 

rocks may have been deposited on the surface. However, there 

are no surface exposures which can be related to the dikes, and 

it is assumed their extrusive equivalents have been eroded away. 

Emplacement of ,the Schieffelin granodiorite was the next 

intrusive event. The granodiorite forms a stock of northwesterly 

trend on the northern edge of the district, north of the Ajax 

fault, and it is quite possible that the granodiorite was in

truded along . this structural feature. 

Subsequent 1:0 the granodiorite intrusion and possibly 

associated with it, hydrothermal solutions invaded the district 
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and formed the known ore bodies at Tombstone and Charleston and 

were responsible for porphyry copper type mineralization, alter-

ation and formation of breccia pipes in the Robbers Roost area. 

Examination of new color air photographs of the Tombstone 

District show red areas of probable hydrothermal alteration 

extending from the northern edge of the Tombstone district south 

to Lewis Springs--a distance of some 11 miles. The width of 

this alteration zone is approximately 4 miles, giving a total 

of some 42 square miles Qf hydrothermal alteration. If it is 

assumed that the Robbers Roost breccia pipe area, which is ap-

proximately 3,000 feet in diameter is the central part of this 

alteration zone, then the Tombstone Mining District is approx-

' imately the same distance from the breccia pipe center as is 

the Charleston area. Typical mineral zoning, characteristic 

of large porphyry copper deposits, would thus be the source of 

the Tombstone and Charleston lead-zinc-silver mineralization 

with porphyry copper occurrences to be expected in the Robbers 

Roost· area. These relations are shown diagrammatically on 

Attachment 14 which is a transparent overlay for James 

Gilluly's map of the area (Att. 13). Possible mineral zones 

are shown as circular features with the center point being in 

the Robbers Roost breccia pipe area. The radii of the hypo, 
theti'cal zones are; the outward edge of the Tombstone district 

and the inner edge of the Tombstone basin, the outer edge of 

the State of Maine area, and the inner edge of the State of 

Nainearea, and the Charleston mine. It is interesting to note 

that by using these radii, the Charleston circle falls on the 

point where copper staining was noticed \\7est of the T.N.R. mill 
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(Section A-A', Att. 3), suggesting the possible peripheral zone 

of copper mineralization. Further, the StatE! of Maine zone 

coincides almost exactly with the Charleston zone, while the 

Tombstone zone falls into the Lewis Springs area, outside of 

kno~~ mineralization. As was noted previously, there is a strong 

northeast-trending shear direction prevalent in the district as 

indicated by northeast-trending faults, veins, and topographic 

alignments. This northeast trend is one of the most typical 

features of porphyry copper alteration zones in the southeast 

Arizona area. In response to this fracture pattern it can be 

expected that proposed alteration zones may take an elliptical 

rather than circular pattern, being elongated in the northeast 

and southwest direction. As noted, alteration visible on the 

color air photos is elongate, in a northeast-southwest direction 

(At"t. 14 "") corresponding to the above obs.ervation. It has also 

been noted in the Arizona porphyry copper province that in a 

predominant number of the productive districts, there is more 

than one center of mineralization, and are in some cases, numer-

ous centers which contain economic mineralization. Examples of 

this would include the Silver Bell district, the Safford district, 

the Pima district, and the Globe-Miami district. It is conceiv

able then, that the~e may be other centers of porphyry copper 

type mineralization located along the alteration trend in ad

dition to the exposures at Robbers Roost. The circular Tomb

stone basin area in ~act could possibly represent a porphyry 

copper center with the copper zone beini at great depth below 

the present horizon of erosion. Certainly circular features " 

are also typi~al of porphyry copper deposits as exemplified by 
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Copper Creek and Copper basin near Prescott, Red Mountain at 

Patagonia, arid the Safford district (verbal communication, 

Grover Heinrichs). 

Geologic interpretation as related to mineral deposits with

in the Tombstone district is greatly complicated by the presence 

of almost horizontal geologic units. These would include: (1) 

Quaternary soil and alluvial cover; (2) the pre-mineral Uncle 

Sam porphyry sill forming a thin veneer (Section A-A', Att. 3) 

over Mesozoic and Paleozoic sediments; (3) Bronco volcanic units, 

which are sub-horizontal; (4) apparently almost horizontal thrust 

plane(s), which involve Paleozoic, Bisbee Group, and Bronco 

volcanic sedimentary units; and (5) Bisbee formation and Paleo-

zoic limestone units of unknown orientation. Because of the 

greatly differing chemical composition and reactivity of these 

various units to asc'ending hydrothennal solutions, · and un

certainties as to the presence or absence of these features in 

anyone given spot, interpretation of surface exposures of 

alteration and mineralization--or lack of it--are made extremely 

difficult. For example, strongly altered vein systems in Uncle 

Sam porphyry could be indicative of great potential for substan

tial bodies of replacement type mineralization, if the Uncle 

Sam is underlain by reactive limestone units. On the other 
t 

hand, should such reactive units be absent, the presence of 

hydrothermal veining may have no significance directly relating 

to economic mineralization lying below. The corollary of this 

might be; if areas of poor~y altered Uncle Sam porphyry, which 

would seem to have essentially no potential for mineralization, 

were underlain by a thick sequence of reactive lime, presence 



( 

( 

.( 

( 

of the lime--which tends to react vigorously with hydrothermal 

solutions--might be indicated by the very absence of hydrothermal 

effects in the Uncle Sam porphyry. It is obvious then that a 

very thorough understanding of the detailed geologic aspects 

of the district will be necessary before a meaningful porphyry 

copper drilling program can be laid out. The extensive amount 

of pyritic mineralization as indicated by the coloration on the 

. color air photos suggests that induced polarization surveys, 

which merely show the presence or absence of pyritic mineraliza

tion, will be of little use in determining areas which have 

greater content of base and precious metals. However, because 

of the presence of Paleozoic and Mesozoic limy sediments through

out the district, there appears to be great potent~al for the 

occurrence of significant replacement ore bodies within these 

limy units . Since magnetite generally accompanies this type of 

mineralization, magnetic surveying might be a useful guide. It 

should be remembered, however, that magnetic response falls off 

as the inverse square of the distance from the magnetic source 

and thus, small bodies with low magnetic susc~ptability if even 

moderately buried, show little or no magnetic response, even 

though they may carry significant ore grade mineralization. 

The most reliable guide to ore within the district will be an 
I 

intimate knowledge of the geologic and alteration features of 

the district, both on the surface and related to the subsurface. 
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SURFACE GEOLOGY IN THE STATE OF MAINE AREA 

GENERAL STATEMENT 

The major part of the writer's time has been spent in de-

tailed mapping within the State of Maine area in order to 

delineate geologic targets that would relate to production 

anticipated from the old State of Maine workings and processing 

of gob from the old stopes. Since potential was for relatively 

. small, but rich bonanza type ore bodies, it was felt that a very 

detailed map would be required. The first order of business, 

then was to obtain an accurate topographic map at a scale of 

1"=200' with 5-foot contour intervals. The base triangulation 

survey for this map was surveyed by Florian and Collins, Civil 

Engineers of Tucson, Arizona. Control was tied to the State 

survey, using the benchmark at the public library in Tombstone. 

Primary control points -- were surveyed using theodolites and a 

Hewlett-Packard distance measuring device. The survey is first 

order in nature and adheres to minimum Government specifications. 

In addition to the primary control points, all identifiable 

claim monuments and posts were targeted with white, 24-inch 

wide butcher paper, in the form of a "y" with the monument in 

the center and legs extending outward 10 feet in length. In 

addition to claim monuments, fence corners, other property 
t 

boundaries of interest , and some power poles were thus targeted. 

Although no accurate count was kept, probably at least 200 points 

were so identified. The area was then flo\vu by Cooper Aerial 

Survey and photographed with black and white film using a Wild 

RC-IO mapping camera. The map was compiled using Kelsh plotters. 
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Each of the targeted claim monuments and other points of in

terest were surveyed on the Kelsh with their.location :and eleva-

tion being noted to the nearest 1/2 foot. Thus, in addition to 

the topographic lines, there are numerous permanent points of 

reference scattered throughout the map area. Patent corners 

of the patented claims were thus accurately located and claim 

lines were plotted on the map. Topographic features were 

scribed on mylar s~ribcoat and a screened mylar, right-reading 

base map sheet was then photographically reproduced from the 

scribcoat master. The scribcoat master remains on file at 

Cooper Aerial, and additional mylar copies Can be made at any 

time. 

Geologic features were plotted on this topographic base 

and black and white photos at the same scale were used as an 

assist · to mapping. The technique of geologic outcrop mapping 

was employed. That is; only features that were actually seen 

in outcrop were plotted on the map. Little or no interpretive 

material has been added. Further, . actual rock outcro?s are 

shown in darker color (Aft. 1) while talus-covered slopes on 

which bedrock was indicated by presence of only one type of 

rock detritus are indicated by lighter colors. For the most 

part, it was impossible to trace small vein or dike features 
I 

through areas of detrital soil cover. To aid in exploration, 

numerous bulldozer roads and cuts were put in, an effort being 

made to anticipate future drill sites. More of the dozer cut 

work was laid out than has been completed as of this writing 

because of unantic.ipated breakdowns in the bulldozer equipment.. 

As more dozer cuts and roads are made, it is probable that more 
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vein exposures and hence a better knowledge of the area will be 

gained~ 

In addition to the surface geologic mapping, the black and 

white air photos were examined stereoscopically and linear 

features identified. These linea'r features are shown on 

Attachmant 1 as heavy dashed blue lines. They probably represent 

fault or shear zones of substantial magnitude, although their 

effect can rarely be seen on the ground. 

SEDIMENTARY ROCKS 

Quaternary Alluvium 

Quaternary alluvium consisting, for the most part of stream 

wash, is located in valley bottoms. The thickest accumulations 

of Quaternary alluvium occurs in the north-trending drainage 

directly east of the Free Coinage claim where it is probably 

ten toa few tens of feet thick. In this area, it obscures the 

contact between Bisbee Group sediments and Uncle Sam porphyry. 

It , is locally up to 15 or more feet thick in the Fox Ranch area 

as indicated by scraper cuts. However, in the remaining wash 

areas it is probably 5 feet or less in thickness. The contact 

of the alluvium with bedrock is generally arbitrary and marked 

with a dashed line. There was insufficient time to map in de-

tail all of the sma11 outcrops within the stream drainage areas 

marked Quaternary alluvium on the map. In the Fox Wash area in 

particular, there are numerous windows of bedrock sticking 

through alluvium, which are not shown on Attachment 1. As time 

is available, the Project Geologist should endeavor to detail 

the outcrops in this area as it may shed light on alteration 

and mineralization patterns. Since th(~ stream drainages are 

r" 
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obv,iously structurally controlled, they are probably also the 

loci of veins which may carry significant mineralization and for 

this reason they should not escape continued effort at detailed 

mapping. This is particularly true of the northeast-trending 

drainage directly below the State of Maine dump. In this area 

several caved shafts have penetrated alluvium and strongly 

altered Uncle Sam porphyry can be seen on their dumps. To test 

this drainage, I have suggested the drilling of several air-track 

holes (See Att. 1). 

Bisbee Group Sediments 

The great preponderance of sedimentary outcrops within the 

bounds of the State of Maine 200-scale map are nondescript Bisbee 

Group sediments--probably equivalent of the Morita and Cintura 

formations as described in the Bisbee area. The sediments can 

generally be characterized as red bed units consisting of sand-

stones, quartzites, and arkosic sandstones, shaley mudstones, 

and shales (Figs. 3&5). Over most of their exposures within the 

map area, these sediments are soil covered; rock type indicated 

only by detrital fragments. Because of this rapid weathering 

to soil, few exposures show sufficient bedding to determine 

strike and dip. Where seen, divergent attitude of bedding pre

cludes meaningful comment regarding the detail structure of 

Bisbee Group sediments in this area (Att. 16). It is suggested 

by regional aspects, however, that the beds are generally tilted 

to the east so that by progressing in a westerly direction, the 

base of the unit is approached. This idea is. reinforced by the 

presence of limestones cropping out north-northwest of the Free 

Coinage claim (about 1,600 feet north of the Uncle Sam shaft) 
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Tlw lo\\"(',.:l allll tltickl,,,t. i .~ :I "; 11111\ ' " :h .'11 f.·I'!. I hid.: ill 

ph,·(~s. Tllt'~e six 1."'11.-; of 1:1· It' ' .. :' :": '. :til.! ,:illy !ill!l'
S\O!1f~ "olltain nhlllld :lltl . 11I :!rin,· 1' ... ·il,. '1'114' fOrlli:llioll 
('Ullt:liIlS HI ·!I·;t,.:t 1.\\'11 ,I( II. · .. I,,·d · ,d' :illl.·;to"j,' :! mile:.; 

to tlte !=.III(I'\\·P,;I: 11\1''':(, ""liI:!ill fr.··!,-\\ ·:I",r r:I. llllld.·,~. 

Ahout:! milt'S e:I:,1 of Dr:l .:'::"'''1 (':!I'I!' (B~:I.·k I )i:lll1ond), 
slwcral l.hill b('(h of 1,j11l ·-:'!"';I .. \ ·.i,;,i., lil'lI',;lollt~ O'XIU' 

in t.he nish~e formation :II :I. Ip'l'i;~"1I I hat· i:-; muny 
hundred,; of f' .'I,t :;ll'ali!.!:I':lplli. ·;o!l\· I,i ::;,o'\" (\\'itlt l"l';;pcct 
to tit!! 10l'al basl' of Ihl: 1" '1'11:;11;";1 : lil'lll I Ii 1'.""1' sOIIII\('J"1l 

bcd:;. Tile lillll''':ln!lI':; 1-H' :lr I J j' .. ,, ;,'1' ('; ::lI i' ::/,.;\ "olll:Jin 
e marine f:tIlIl:I., bUL so p .... d.,· Pl'l ·"i ·! ... ·l ·,j : IS 1/.) bc of 
litde service ill l·o/,rl'f:H ;"'· H. Tltl ' .-;'1111:1 is prilll'ipally of 
interest because it sitO\\;; till: jll'l'sist l':\I"('. ILt It~ast at 
times, of marine conditioll.': dlll'ill~ tlw deposition of 
t.lte ni:;bec fOl'lIllltion !lS f~H' /IC)l'th :1"; Dl'!lgoon Camp. 

Eyerywhere in the an',I, lhl' top of the Bisbee fornw
tibll is fln l'l'osion :"'1'£::1'('. ..il hl'l' :l ri.(·i('n t or rer.ent. 
Accol'di.n~l)·, en'lt if exposure,.; w('\'~' mw:h hcUt'I' and 
st1'lletlll':l.l cOl!lplexitiC's 1lI11f'ii !"":", it .. \\·ollld be impo!'!';ible 
to det.el'luirll' the ori~i'I:,1 Ihil·b .. ,,:-; of {he formntioll. 
Under these conditio;::; it is pos;;ihle only to estimate 
the minimtuu d,ieimc:;s oi the 1"(,ck;;. A c.!wflll stuuy 
of the mllch-fll;'llt :~d :lnd Inclnmorphoscd :ill·;.J,tn· exposed 
in the ruining' district at Tomhstone I1:1S bcen made by 
~le£srs .. J. P. L:-'dcn, n. ~r. 1ft-mOil, XciI O'Donnell, 
a.nd C. E. Higdon, who kindly supplied the following 
composite get:crali;:('d seetioll, synthe:;:izl'd from many 
p:li·tiul ~.::(;~iMI:' mcu:sun:u ill dw TUlULstonc district. 

Gem:ra:i::cd composite sedio'It, IJisb!c forllll/tioll, TOII/bsio/ic /Tills. 

r:ro:<ion slIrf.1ce. Ferl 
1. S:md:;tc.ue and shak, alterlla&ing; a fcw IO·ioot 

limestone cOIl!;lo.ner:\te hed$; sh:\!e me III Ler.i 
chiefly red or m:\roon; sandstollC beds bllff to . 
brown, n few gt'ay or ".-hitc; s:mdstone mcmber.> 
range (rom 20 to 170 fcet in thickll'~~S , predom-
inate O\'er the s!I:.tIl! __________________________ 1, 040± 

2. Sami:;tolle, hili!', I;[';\Y, :tnd wbitc, ::Olll~ int~rLedded 
gmy-gr,,~'n 1::\ I'd ~I::lk'; t1:ic:' b,'JJed . ______ . _ _ _ 220 

3. Sh:\le, gray to green, h~rd and !;i!iceol.l;;, n iew thia 
burr s:Uld.:<I·OII(! he.:!"' _______________ .__________ 540 

4. S:md;toill', tuff , white, :-,::ct b!'v\\'n, a iC\;'!;H'cn ~It:~k 
bed'! , at IC.'lSt on.~ t.hin !Jed of JirnC~ I.vl;C _______ _ 

5. 8l1alc, I;re0 11 :111<1 1>1;li·"II . :;omc c.)n,.:lf.)r :I:!I':lte __ . ___ _ 
G. Lilllc~to!ll! , llIa:,,::,iI' I!, bIlle, cherty _______ ; _______ _ 

7. Shale, green, 11101 tied r('d and grecn, hroi\'n, :lilt! 
yellow . ______ ____ . ________________________ _ 

8. Limestonc ___________________________________ _ 
P. Shale, ;.:,,:n'~ ~:tlld): uNlo; . ______________________ _ 

10. l;halc a:lfllim.:=-talle, :llterll:ltillg in thin ueds ____ _ 
II. Rltale, ~r~·l!lIi"h, ~I'III!! IiItIY hedL _______________ _ 
12. LihIC.:'I.v!ll! . ______ _____ _______ _ • ____ • _________ _ 

13. i'ilialc. i'''od: ' c'\I' ..... ·d_ .. __ _ . __ _ • __________ • ___ _ 
I ·\. Li 1110'-',. til',' . . .• __ _ . _ ••• _ _ . .. _ • _ . ___ ______ • ____ _ 

15. :-:I ,al(· . ;:1':0:-. !·r .... : Il . :,,,,II.,::.('k . . . _ .•. _______ . ___ _ 
1 G. :': l 11(! .... t , »I:'~ . : • • . i If I . \ ' • _ . .... ...... _ .. . ........ _ .. _ • __ ........... .. 

1;. :.~!:.dl.·. , .... :.! ~ t : . , : iH0Wd . ' .0 .... ______ • __ _ _ _ ___ .. ___ _ 

IS. ~f! :L!C, 1;!.lC:~_ ..... .. _ __ ... _________ • _______ .. ___ .. .. .... 

58 
25 

:345 
10 
29 
15 
30 

5 
53 .. 
-13 

9 
tiS 
1·1 

, • .&.I.IUl\C oJ 

Par 
1!1. ~1I;,Il!. ~n:r;1I :U,(! I!:r:.ty, "ili", :I),ls ••. ______________ .r.! 
:!.IJ. LiI.I""IL'P'!, "'(" ! II·(OOt. be.I" oi miller.;. ___________ 10 
21. SIo:.Ie, \'·il.h ark\; ... c at !J;I"l' . • ____________________ 2·1 
.,., Lilll,·,;(UIII·. ; ' BJoI.'IiIl\l",;l,)II,~" of lIIillers___________ :H 
.) .. _-'t. "X')\':lc:'tlih~," silicifi, ~t1 shal.!. local intercalatioas of 

lill\t'sl • .IIIC con;.:luIIICr:lt.! _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ (;0 

Total. _______________________________ 3, 0\)7 ± 

Tlte ahove seelion cunnot, be considcl"ell il.CCuratc 
bl:l':tu~c it. /,l'[lrc"clIl~ the synthesis of at lcast four purtial 
:;1~dinl''', tlw l'olTclatio\l!'; Ll!lwecn which nre nil dubious. 
~ cV0rht.'lt,,,:::, as it \\,ll:; b;'l.:;ecl on vcry dct.l.ilecl and care
ful work, there can be little doubt that it is us fair 11 

reprc".'nt:1f. ion of tlll~ stnl.tigTnphy of the formation il.t 
TOlll],~ tOllC :1:; it is po:;:;iblc to givc with the prc~ent 
exposurcs. It is sho\\"n gl'aphicf1!ly in figure ,5. The 
forIllat ion cl"cwhere in the Ilrt'l'J. :s lithvlogicnlly much 
the- S:1II1C. 

No «(fort wus made to mc.\SIll·t1 P. scction of t.he Bisbee 
form,\tioll in the Drngooa ~rouut:l.u:s; but from the 
dips :lIte.! width of ,')utCl'OP, it CiHl be seen Hut t.here is 
about 15,000 fect of Bisbee rocks in the section north
etl5t 01 \ r:llllut "pring;;, W;l~!l'e neither bnse nor top is 
exposcJ. This t.hickness, though 111t'get is not ~urpri:;ill;;, 
ns the aggrcg'l.te thickllC5S of the, Bisbee group ~a the 
).[uk :',Iountuins wus mCilSlIl'cd by RtlllSon:c (1904 , p. 
56) as 4,7':'0 fect, with the top ':'I'ot.led. In thc Little 
H:1tchl't )'Iul!ntaills, N. ~lex., 80 milt,s to the cust, 
Lusky (10:3S, p. 52-1-540) has found a sect.i.)u ()f Co
mauch ~ rock:; over 17,000 feet thick, of which fuily 
15,000 fCCL are of ):1,te Triuit,y (Glen Rose) nge. The 
thillnir g of the ~Iural lim(,stone 'lOl'thwuru fl'(,m th", 
Bisbce an!a docs llO~: of course, imply the llorth"':Ird 
thinuug of the cla.~tic rocks nbon! and benc~th it. _\.t
any fatC, willltcVel' the 3. priori p!'ohabilities, the <:on
s.istcnt uttitudcs and gradunl changes in strike and dip 
of t.he scr-tion cxpo:::cd lIo!'lhc:1,,,t of 'Y nlnut Sprinf!5 
&trongl.\- oppose the idca that . lhi~ sect.ion has been 
grcnt.Iy rc:pcatl!d by !:lUlting, ,icspitc the st.ructural 
complt'xitit's of the mOUlt t.lillS to t.he \\·('st. . 

CONDITIONS OF DrrO~mON' 

'fhe Bisbct' fOrll\;ltioll contnins :1 f.~\\" b~ds of definitely 
m:ll'inc ol'i~ill, at least fiS far lIorth fl!= the foothills e!l~t, 
of Bl:l('k Di:)'mo,ltl Pl':\k. .Oil th~ nth,,\, hand, frc:::h
Wtltt:'l' f0",sils i:a.\·e been fOl!w.l ill .he formation bcL\\"eell 
Char!l':'tvll ;HII! tht~ TOII\!,,:: tO\ll~ Hill,;; . 1'111.' t'o,;;;ils nrc 
cOllfiuccl to :1. [ •. :\\" thin 1>:'I!:', and Ihe gn':lt blllk of the 
ro<:k:; :I!';', u\ll\.' :;:;ili~':'rous. 

Thc ;;;1 ilt!,.:t, If :o .~ \'.',[;; :\ I'l' (,('iI;i1i1)lI:~' (,li\,(,l'Id..-lJ : ·ddl~d. 

\\'illl !"(")U;- (," !!!l·i;· !'a .' :··~. ripl"" 1ll:!IL:;. ;r;!,1 !·ol!,.:idl·r

:d.ill· :,:ril (or l'\ \'\1 :i,ll! CllI;,:i"!I!' ·:·;:l.', :tlld Il.,I"' ~i\' c I'Y!': 
c!o:-il"e l-.f ,I:::I!, ... ··; W:.tl,'!· a' lit.· !illll.' l'i llt~'ir .I'·p",.; ilio::. 
' .rill' IlId.l ·; ~()i'l··; : ; \'I.! gt' lIl'l :l i!,\' /',.:1, ;'1'0\\"11, 111:1('0111" or 
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and also exposed in the window in the Fox Ranch area (Att. 1). 

These limestone units are probably coielative of either the 

Ten Foot or the Blue limestone (Fig. 5). Further evidence of 

this is suggested by the presence of a quartzite pebble con

glomerate, exposed in the Fox Ranch window. This conglomerate 

is probably the Glance conglomerate. In most of the Tombstone 

area the Glance is not present; however, as shown in Figure 4 

and Figure 5, Gilluly and other workers in the district do show 

the Glance to be present, at least locally. In a small outcrop 

2,000 feet north-northwest of the Uncle Sam shaft (at the site 

of P-17) there is exposed bleached quartzite breccia, which may 

be the equivalent of the N.ovaculite. Similar limestones appear 

to be absent in the Solstice Hill area and thus, although not 

conclusive because of small outcrops and structural complexities, 

it is presumed that the limestones exposed north of the Uncle 

Sam shaft and in the Fox Creek window are basal Bisbee formation 

--a critical point since this implies that Paleozoic Naco lime

stone should be present within a short distance, either hori

zontally or vertically (see Sections A through I, Atts. 3-11). 

Paleozoic Sediments 

No Paleozoic sediments have been mapped within the State 

of Maine area 200 scale map, Attachment 1. Geologic relations 

indicating that lower Bisbee sediments are exposed in the central 

part of the mapped area (as discussed above) suggest that Paleo

zoic sediments should be located shallowly beneath the lower 

Bisbee in the Fox Ranch area. Further, it is possible that 

Paleozoic limes may surface beneath the Uncle Sam sill as shO\vn 

in Sections B through I (Atts. 4-11). 

,",C' 
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IGNEOUS ROCKS 

Schieffelin Granodiorite 

The Schieffelin granodiorite is a holocrystalline rock. 

In hand specimen it is light greenish-gray or pinkish-gray and 

mildly porphyritic (Gilluly, p. 103), weathering to a buff color. 

Petrographically, it is intermediate between quartz monzonite 

and granodiorite and could easily be called a quart~ monzonite 

(Gilluly, p. 102). No outcrops of this rock were .mapped within 

the State of Maine area, although outcrops could occur in the 

poorly covered area to the north and northwest of the Free 

Coinage claim. A complete petrographic description is given in 

Gilluly, p. 103. 

Rhyolite Dikes 

Several discontinuous rhyolite porphyry dikes crop out in 

the central part of the mapped area and can be traced from the 

area of the Gold Bug prospect to the north end of the Clipper 

claim. The dikes generally have a steep northwesterly dip, 

although in the Brother Jonathan area one dip of 42 0 is recorded. 

Flow structure generally parallels the walls of the dikes. How

ever, a large dike on the Clipper claim shows turbulent flow 

structure. The dike outcrops are generally limonite-stained 

from disseminated pyrite content and are occasionally cut by 

vein structures. The spatial relationship of the rhyolite 

porphyry dike swarm to the productive part of the State of Maine 

v·ein suggests some· subtle relationship to mineralization. t.Jhat 

this is, however, is not clear and numerous assays ~[ dike 

material show only background amounts of base and precious 

metals. 
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Andesite Porphyry Dikes 

Andesite porphyry dikes were mapped on the State of Maine 

map in only one area which is slightly south and west of the 

Gold Bug prospect. Dikes of the same type, however, were ob

served south of the southwest end line of the Chance claim. 

Lack of time, however, precluded detailed mapping in this area. 

Similar dikes are very prevalent in the Robbers Roost breccia 

pipe area. The dike rock consists of a dark-green chloritic 

looking matrix, in which are set white feldspar phenocrysts. 

The dikes are pre-mineral in age and also predate the rhyolite 

porphyry. In the one andesite dike mapped southwest of the Gold 

Bug area, rhyolite porphyry invades both the hanging wall and 

foot wall of the dike and is younger in age as indicated by 

spherical xenoliths of andesite porphy~T in the rhyolite. 

Uncle Sam Quartz Latite Porphyry 

Uncle Sam quartz latite porphyry comprises the· .largest 

area of outcrop within the State of Maine area. The high peaks 

of Three Brothers Hill, the Dome, Main Hill, and Uncle Sam Hill 

are all composed of the Uncle Sam porphyry. 

The porphyry has an aphanetic ground mass with phenocrysts 

of quartz and plagioclase feldspar. Xenoliths of Bisbee Group 

sediments are prevalent throughout its exposures and \l1here it 

is in contact with the underlying Cretaceous Bisbee Group, the 

xenolith content increases and the rock appears to almost grade 

into the sediments. The tops of the higher hills appear to . be 

composed of a: more resistant unit of the Uncle Sam. It is un

clear whether' this is a primary rock feature or a sccond:l ry 
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alteration feature. Preliminary examination of color air 

ph6tos covering the area shows light colorat1on, pos~ibly due 

to a horizontal alteration front, occurring at an approximate 

equi-elevation line in the Uncle Sam. The suggestion is that 

the hard capping facies of the Uncle Sam atop the prominent 

ridges is then due to alteration rather than a primary rock 

feature. 

The Uncle Sam shows sill-like relations in most of the State 

of Maine area CAtts. 4-ll)~ However, its contacts with the 

Bisbee Group, approximately 600 feet northeast of the northeast 

sideline of the Merrimac claim, appears to be vertical as in-

dicated by its lack of deviation across steep contours in the 

area. At the northern exposure of the State of Maine vein, 1,100 

feet north of the Uncle Sam shaft, the exposure appears to be 

flat and sill-like, again indicated by topography while a couple 

of hundred feet north, it again appears to dip steeply. It is 

concluded that while in gross aspect, most of the Uncle Sam ex

posure in the State of Maine area shows sili-like relations; in 

all probability there are areas which are feeder dikes and as 

such, have continuity in depth. 

STRUCTURAL FEATURES OF THE STATE OF MAINE AREA 

General Statement 

Structural features within the State of Maine area can be 

broken down into two broad categories--steeply dipping features 

and horizontal and sub-horizontal features. Steeply dipping 

features which can be easily traced,and mapped on the sur[Qce 

would include veins, vein zones, .dikes, post mineral (nults 
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and photo-linears. Horizontal and sub-horizontal features wo~ld 

include thrust fault planes, bedding and fault planes with an 

angle of dip of less than 20 degrees and the basal contact of 

the Uncle Sam porphyry. These features are either poorly ex

posed or not exposed at the surface, and can only be inferred 

from detailed surface geologic mapping. Only the steeply dipping 

features will be discussed in this section, while the low angle 

features will be discussed under the heading Sub-Surface Geology, 

State of Maine Area. 

Vein Zones 

The strongest direction of structural shearing within the 

Tombstone Mining District is north approximately 55 degrees east. 

This is the typical northeast fracturing direction which is 

invariably seen in the Arizona porphyry copper deposits. The 

shearing is represented by topographic alignments of ridges and 

stream drainages, by rhyolite dikes, and andesite dikes, and by 

the vein system which is responsible for most of the mineraliza- . 

tion within the district. In the Tombstone Basin, northeast of 

the north-trending Ajax fault, these northeast trending fractures 

dip to the southeast, while in the State of Maine area, west of 

the Ajax fault, most of the veins dip to the northwest. The 

exception to this observation is the Fox vein which dips south-

easterly at about 50 degrees. Right lateral movement along the 

northeast trending veins is suggested by antithetic faults oc

curring along the shallowly dipping State of Maine structure and 

the Clipper vein zone (Att. 1). The strongest antithetic struc-

ture is the Triple X vein which appears to be continuous between 

the State of Ma{ne vein and the Clipper vein zone. Apparent 
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antithetic structures along the San Pedro vein also suggest 

right lateral movement. 

One fracture zone within the State of Maine area trends al-

most north-south with a vertical dip. This is the San Pedro 

vein just north of the Fox Ranch. The vein appears to bend to 

the northeast where it intersects the Fox vein and continues in 

a northeasterly-trending arc through the San Pedro workings, and 

is lost in the alluvium to the East. 

Dikes 

Two types of dike rock crop out within the State of Maine 

area. The most predominant type being rhyolite with only a few 

exposures of subordinate andesite being seen. The dikes are 

probably related closely in time and are both pre-mineral. The 

andesite predates the rhyolite as is indicated southwest of the 

Gold Bug area where a composite rhyolite-andesite dike shows 

spherical xenoliths of andesite in rhyolite. Discontinuous and 

irregular outcrop patterns of the rhyolite suggest intrusion 

into tension fractures. 

Post-Mineral Faults and Photolinears and Topographic Alignments 

Surface evidence of significant post-mineral faulting has 

only been seen in a. few areas. A possible fault was noted in 
I 

the southwest corner of the May claim, apparently being respon-

sible for a bold ridge of Uncle Sam porphyry a few hundred feet 

long. One small probable left lateral fault was noted a few 

feet southwest of the Triple X shaft. This fault apparently 

offsets a rhyolite dike. A fe:w small strike-slip faults \-Jere 

noted in the window in the Fox' Ranch area, offsetting limestone 
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beds in the Bisbee sediments. The most significant fault could 

not be ideritified in the field~ yet is indicated by its left 

lateral offset of the composite andesite-rhyolite dike southwest 

of the Gold Bug prospect. This liner appears to correspond with 

a poorly defined structure visible on aerial photographs. The 

structure can be traced on the color air photos approximately 

4000' to the south, but apparently terminates against another 

photolinear northwest of the Gold Bug area (Att. 1). 

Topographic alignments, which have not been specifically 

delineated on Attachment 1 except in the case of the Fox Wash 

zone, probably also represent structural features. The washes 

probably represent vein zones along which there may have been 

post mineral movement; at any rate they are the least resistant 

areas of rock exposure, and alteration generally appears stronger 

along their trerid. Preliminary examination of the color air 

photos shows red coloration localized along the drainages while 

absence of this coloration on the ridge tops suggests fresh 

resistant rock. 

Examination of the 1"=200" enlargements of the o black and 

white photographs reveals linears which are shown on Attachment 

1 as heavy dashed blue lines. The linears are for the most part 

topographic, vegetatOion or small drainage alignments, and cannot 
t 

generally be seen from the ground. They appear to be post mineral 

and one of the most prominent, a north-trending feature traceable 

for in excess of a mile north of Fox Wash, appears to make a 

right lateral offset in the Fox Wash vein zone. The photo-

linear which trends east-west and cuts through the top of the 

State of Maine hill (Att. 1) projects through the State of ~bine 
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shaft and essentially parallels the State of Maine wash which 

is alluvial covered. Dump rock on old caved-prospect shafts 

along this wash show fragments of strongly altered Uncle Sam 

porphyry. The intersection of the structure with the State of 

Maine shaft suggests that it may be pre-mineral and may have had 

some influence on mineralization. For the most part, however, 

it still appears most of these features are post-mineral and 

may be quite recent. Except in the case of the fracture which 

offsets. the Gold Bug area dike, there is no way at present to 

measure their dynamic effect on the rocks in the area. It may 

be, however, that these features bound structural blocks which 

have been displaced in a vertical sense, either up or down .in 

relation to each other. For this reason, they may have an im-

portant bearing on the spatial positions of ore bodies within 

the area and thus their correc.t interpretation may be of eco

nomic significance. Knowledge of their location may be critical 

in correct interpretation of drill-hole data. 

MINERALIZATION 

Hydrothermal solutions associated with vein mineralization 

in the area appear to be mesothermal in nature. Alteration 

along the veins in the Uncle Sam porphyry consists of emplace

ment of pyrite, minor galena, possiply some sphalerite and 

primary manganese minerals. Wall rock has been silicified to 

varying degrees and alteration to clay and sericite has taken 

place in the reactive f eldspars . Where alteration and vein 

intensity is greatest, sericite is dominant, while in poorly 

altered vein areas, argillization is the primary effect. Pyrite 
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is represented at the surface by jarosite and red and yellow 

limonites. In the most strongly alt:ered veins, · maroon, red 

"relief" or "live limonite" is present on fractures. In the 

most poorly altered areas, occasional suggestions of pseudo

morphs of pyrite are seen. All of the dumps in the area, with 

the exception of the San Pedro dump show only oxidized material. 

Examination of the sulfide bearing fragments on the San Pedro 

dump show them to be intensely bleached and altered Uncle Sam 

porphyry with finely disseminated white pyrite along siliceous 

fractures and disseminated through the rock. Accessory gangue 

minerals in the veins consist of silica and some manganese. 

Barite is seen only in the Gold Bug area. Manganese appears 

to be more prevalent in the San Pedro area with lower amounts 

being seen in the Gold Bug, Lowell, and State of Maine areas. 

No primary manganese minerals have been identified in the State 

of Maine area to the knowledge of the writer. 

The only silver mineral which has been identified within 

the area is bromyrite (AgBr). It is· a pistachio green, waxy 

mineral which occurs in the oxide zone on fracture planes and. 

is termed horn silver by the local miners. It is essentially 

the equivalent of cerargyrite (Agel) and can only be differen

tiated by chemical analysis. The probable source of the silver 
t 

is argentiferous galena. Numerous assays show a strong geo

chemical presence of lead ranging up to mUltiple thousands of 

parts per million. The lead is probably present as cerussite, 

or anglesite, but no specimens of these minerals have been 

identified as yet. Silver is probably also ti~d up as argento-

jarosite or plumbojarosite and in the manganese oxide minerals. 
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In spite of very careful observation of the rock in several 

hundred assay samples, there appears to be no' way of judging 

silver content by eyeballing the rock, unless horn silver is 

present, in which case high assays can be anticipated. Traces 

of copper oxide were seen in the San Pedro area and also the 

dump of the Brother Jonathon shaft, but no copper sulfides have 

been noted. 

Mineralization in the sediments consists of silicification 

and disseminated limonite after pyrite. There also-appears to 

be a greater manganese - content than in the Uncle Sam porphyry. 

Alteration is less noticeable, possibly because argillic and 

sericitic alteration of the Uncle Sam porphyry yields white 

bleached zones which have been subsequently stained red and 

orange by limonite while in the sediments alteration has been 

confined to silicification and a rather minor amount of limonite 

staining. 

The veins in the State of Maine area can best be described 

as vein zones rather than discreet sharp-sided vein features 

consisting of emplaced hydrothermal minerals. Put another way, 

they are actually narrow alteration zones with numerous discreet 

fractures, all sub-parallel, along which mesothermal solutions 

have traversed, altering the rock present, and depositing base 
I 

and precious metal sulphides, silica, and in some areas manganese 

and barite. Subsequent weathering has resulted in oxidation of 

the sulphides and deposition of various limonites and oxide 

minerals. 

The most significant feature of the veins in the State of 

-Baine area is their width. The State of Naine vein itself 

-.C" 
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appears to be only about 15 feet wide, however, the Gold Bug 

vein zone is silicified and strongly altered-over width of about 

one hundred feet and shows moderate to strong alteration over 

a width of approximately 300'. The Fox Wash vein zone is ap

proximately 100' wide and sub-parallel fracture zo·nes associated 

with the Fox Wash vein zone appear to be up to 300' in maximum 

dimension. The north-trending San Pedro vein in the area of 

the Fox Ranch windmill is intensely altered over a width of 30' 

and shows moderate to strong alteration over a width of approx

imately 20 to 30 feet. A parallel structure which is intensely 

silicified but has not been mined, shows a width of 10 to 25 

feet. A zone southeast from the San Pedro shaft (in the area 

of Hole P-12) shows disseminated sub-parallel fracture zones 

over a width of approximately 400 feet. This zone apparently 

continues across alluvial cover to intersect the north-trending 

San Pedro vein in the area of hole P-9. 

In the Three Brothers shaft area (the vicinity of hole P-IO) 

altered rock containing sub-parallel fractures is approximately 

300' wide. Throughout the general area of the True Blue claim, 

Three Brothers shaft, San Pedro and Fox veins, the Uncle Sam 

porphyry shows sub-parallel and intersecting veining, the rock 

being pervasively altered over an area approximately 400 to 700 
f 

feet in width and about 1500' in length. In the area of the 

Lowell claim, a vein zone which may be the extension of the 

State of Maine vein, alters rock over a width of up to 200', and 

a length of three or more hundred feet. The Clipper ·Free Coinage 

claims are located on what the writer has termed the Clipper 

Zone. This zone consists of sub-parallel fractures showing 
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weak- to strong-hydrothermal alteration over a width of from 20 

feet to about two hundred feet and a length of at least 3500 

feet. 

The width and intensity of mineralization of these veins 

suggest greater volume and intensity of mineralization than 

that present in the Tombstone Basin area. Further, when it is 

considered that these vein structures are underlain by reactive 

limestone units, which would have the effect of diluting any 

ascending hydrothermal solutions, "their apparent potential is 

further emphasized. Since they appear to be closer to the 

source (the Robbers Roost porphyry copper center) it would be 

reasonable to assume a greater intensity of mineralization than 

that present in the Tombstone Basin. The best targets for ore 

bodies, of course, would occur where the hydrothermal-vein zones 

intersect the chemically and s~ructurally reactive host rocks 

-- the tightly folded lower Bisbee and upper Paleozoic sediments. 
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SUBSURFACE GEOLOGY STATE OF MAINE AREA 

GENERAL STATEMENT 

As mentioned previously under general geology of the 

district, low angle structures caused by two episodes of thrust 

faulting are responsible for some of the complexities of the 

sub-surface geology within the Tombstone mining district. The 

Uncle Sam porphyry which comprises the major portion of the 

outcrops in the western part of Tombstone Mining District is 

actually a very thin remnent of a sill which has probably been 

intruded along the plane of a pre-existing thrust fault. This 

fact is verified by several windows of sediments peeking from 

beneath the sill and also the intersection of Bisbee Group 

sediments in the bottom of the State of Maine shaft. The low 

angle of this structure is also attested to by its semi-circular 

outcrop on its eastern edge caused by topographic effects~ 

Recent color aerial photography reveals a probable fault of 

normal displacement paralleling the San Pedro River which is 

not shown in any pre-existing geologic map. This fault or 

faults are most probably downthrown on the west side, tending 

to give the impression of greater thickness of the Uncle Sam 

porphyry than is the probable case. One outcrop of Permian 

Colina limestone on the northwest edge of May's Hill (on the , 
up-side of the fault) indicates the relative thi'nness of the 

Uncle Sam. Were it not for the normal faults occurring to the 

west of this outcrop, Bisbee Group sediments and Paleozoic 

limes might also be exposed along the western margin of the 

Uncle Sam porphyry to the west of Uncle Sam Ilili. Examination 

of cross section A-A' which is drawn at 1"::1000' (Att. 3) shows 
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the true thickness of the Uncle Sam as related to its surface 

contacts and elevations of windows which the writer has located 

and mapped. To further complicate the vertical picture, the 

pre-Uncle Sam, pre-thrust Bronco volcanic series also forms a 

thin veneer over Bisbee Group sediments which in turn overly, 

at apparent low angles, Paleozoic sediments. All of the planar 

formations which predate the Uncle Sam porphyry (including the 

Bronco volcanics, the Bisbee Group and Paleozoic sediments) 

have been involved in thrust faulting. How many layers of thrust 

sheets are present is not known. Thus, good ore horizons which 

would include basal Paleozoics and basal Bisbee Group sediments, 

could lie either near the surface or at great depth depending 

on their involvement with thrust and other faults. The only 

method of determining what the true layer cake nature-of the 

district is would be -additional detailed geologic mapping at a 

scale of 2000 or possibly 1000 feet per inch followed up by 

exploratory drilling. 

THICKNESS OF THE UNCLE SAM QUARTZ LATITE PORPHYRY 

In order to determine what the sub-surface beneath the Uncle 

Sam porphyry in the State of Maine area was like, eight struc

tural cross sections--SectiomB through I (Atts. 4-11) were 

constructed from the surface geologic map (Att. 1). On these 

sections, the vertical scale is equal to the horizontal scale 

so that no graphic distortion is involved. All surface contacts 

and strike and dip information were used on these maps. On 

eac.h cross . section, apparent angles of dip were plotted from 

tables dependent on their angle of intersection with the plane 

of the section. Thus, features such as surface cont3cts, an g les 
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of strike and dip, locations of proposed drill holes, geographic 

features and projections of planar features such as dikes and 

veins can be considered real and accurate. Curving features 

such as bedding, folds, etc. were drawn in using general back-

ground knowledge of the district. They must be considered only 

typical of what could be found in the sub-surface but it should 

be understood that sub-surface data are at this point too scanty 

to allow the accurate projection of such complex features as 

folded sediments and true contacts of curving features. The 

approximate thickness of the Uncle Sam porphyry in various 

places is plotted from its surface .contacts and the intersec-

tion of the State of Maine shaft with the Bisbee Group sedi

ments. Additional data used in plotting the possible location 

of the bottom contact of the Uncle Sam include: verbal report 

of intersection of sediments in the bottom of the Escapule 

drillhole southeast of the Fox Ranch windmill (reported to 

have cut sediments at approximately 90 feet), exposures of 

sediments in windows in the Uncle Sam sill to the west of 

Sections D, C, and B, and to the south of F, G, and .H. 

Using these data, it is apparent that the thickness of the 

Uncle Sam ranges from several hundred feet from the tops of 

the highest hills tq a few tens of feet in the bottoms of the 

washes. The thin areas would be exemplified by the San Pedro 

Mine area where the porphyry appears to be 300 feet or less in 

thickness (Section F-F'). It should be remembered, however, 

that since the Uncle Sam is an intrusive rock, it could very 

easily have an undulating contact wi~hthe underlying sedi

ments. Thus, the geologic projections from surface outcrops 



( 

( 

( 

( 

( 
\ 

can only generalize its true angle of contact and it may thicken 

I and thin in a complex fashion. Another factor may be important 

in determining the true thickness of the Uncle Sam from spot to 

spot are the photo linears indicated by heavy blue dashed lines 

on Attachment 1. As mentioned previously, they may define fault 

blocks which have been randomly jumbled up and down so that one 

block may have been downdropped considerably, giving an apparent 

increase in thickness to the Uncle Sam, while an adjacent bloc~ 

may have been relatively upthrown, thus giving a thin aspect to 

the sill. There are, however, enough exposures of sediments in 

the various windows to suggest that the thicknesses of the sill 

displayed on Sections B through I are probably fairly accurate. 

STRUCTURE OF SEDI~ffiNTARY ROCKS BENEATH THE UNCLE SAM SILL 

The Bisbee Group sediments are rather massive nondescript 

sandstones, siltstones, and mudstones over most of their ex-

po sure with the State of Maine area. However, north and . east 

of the Free Coinage claim, and in the Fox Ranch area, marker 

horizons which show structure are exposed. These marker horizons 

are limestone beds which may be the equivalent of either the 

Blue limestone occurring near the base of the Bisbee, or the 

so-called Ten-Foot limestone occurring slightly above the 

Blue limestone. Mapping of the sediments exposed in the win

dow on the north end of the State of Maine vein show they are 

warped into a tight anticline plunging to the East. The type 

of fold and direction of plunge appears to be the equivalent of 

folds within the Tombstone Basin. It is preliminar.ily concluded 

that they \vere due to the same tectonic forces . . In the Fox 

Ranch window there;\ rc exposed two 1 illlE'stone beds and one bed of 
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conglomerate . . It is assumed the conglomerate is the Glance 

conglomerat~, and thus the limestones appear "to be overturned. 

Section G-G' shows this bedding sequence to represent a re

cumbent fold. Several other fold structures might be proposed 

to explain the geometry of the exposed features. However, until 

more data are acquired by drilling, the recumbent fold seems to 

fit the general geologic environment as well as any. Remember

ing that at least two events of folding and thrust faulting oc

curred in this area, it is quite probable that folds developed 

during the first episode were again folded during the second 

episode, thus creating extremely complex fold surfaces (Figs. 

6 through 9). 

It was assumed in drafting the cross sections that the 

folds were generally trending northwest-southeast as they are 

in the Tombstone Basin and would be similar to that known within 

the Tombstone Basin. Considerable artistic license was used in 

diagrammatically showing what the subsurface sediments might be 

like and no attempt was made for each cross section to adhere -

exactly to what had been portrayed in the other cross sections 

as far as the folded sediments are concerned. Instead, an at

tempt was made to illustrate various possibilities. It should, 

however, be noted t~at on Sections B, C, and D rather open 

structures were portrayed which would be the case if the sec

tions were indeed drawn obliquely through north\vest-southeast

trending folds. Thus, the projections of the veins, dikes, 

and Uncle Sam ~ontact is probably accurate as it exists. How~ 

ever, the locus of intersection of veins with potentially re

active sediments is only generalized, and is not presented as 
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Fig!'. 16a and 16b.-Superposed cylindroic!al folding with obliqL~e axes, as drawn 
by Weiss, showing stc .. -eographic projection:; of the bedding and fold axes (from 
Weiss, 1939, Fig. 5). lee and 1Gd.-Supel'posed deforma:i(\n of early linc~ted 

folds (from Ramsay, 1960, Figs_ 1 and 2)_ Axes and directrices are oblique. 

B, C, the sections parallel to the rcsp('ctin! fold sy~tcms arc 1'ho\\"n in his Plate 
IV.:\ and traces on oblique surfac('s al'(' !'IIOWIl in II is Platc V. OLliquc inter
section of superposed folds is !;hOWll tn hi,;; Pl:lte Ie. ITB. C 11lt1 lIL\.(' :lnd 
Text-fig-s. 1, 4, 5 and G, which show that :h(, ' l"l'stlHill~ domes ;lllIi i.I; , :,;iI:S !J:1\"C 

sigmoid foJ(l axes whirh ha,\"c ri~ht 01' lert ('('11,,1011 :we(l)·tl ill!': tl) t h.' )'1'1:11 i\"e 
an~lrs of 5h(,:11' of th(' t\\"o illtn'f(,J'in~ fol\1 l:mbs. Tt j:,: ('oll: ::w!lly :ls"m:1('ll 

that such echelon ~i~moid :lnticlill(,S indicate "Tt'lwllillg' trall~(,U1T\' nt. liHl\"e
ments. lIo\\"c\'c'I' O'Driseoll (,llIph:lsiz('s that 11othin'; l'lIt "{,l'ti" ;.1 tl';:l: ~i "Jl't is 
iny"J\"ed in pr(\J\lcjll~ these si;;lIloid edldl)Jj p :!I!(, J' IIS, 11:':'",·t (1,: (: :! I'S \\'!II'Il
eyer the int(;rf('l"ill~ full1 nx('s :ll'e .parall('1 III' han: a (,IlII ! lIl"ll ,"lIq :IIllI'ut (If 

movement (i.e. they are not Ol't.I!(l~OIl:lIj. Till'S\! oft'sl'l s (' ;llI :;t' tjil~ Si;;:Ul,iJ 

FIGURE 6 
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patterns (offset in opposite scn~cs 011 eithel' !;ide of the C'omposite crcst) and 

may canse migration of crcsts Ol' I~\llmillati\lns I,clo\\, :Ill unconformity (s(,t' 

O'lh'iscoll, Text-fig, !»). 

STR.U!G!W'H1C 
S£QIIESCE 

Fig. 17.--Superpositioll of similar folds with orth· 
ogonal strikc,; and divergent dirc::tric('s (from 

Reynolds p.nd Holme;:, 1951, Tex(';;~, 13>. EF is 
the axial dircclion of thc' f.rst fOlding- and cn 
(or All) that of the second, (a) St:rfacc out, 

crops after slidnr!, (b) Sliriacc OU;\I',Oi~S on the 

rig-lIt,hand side only. as "(."cn at a il:~:Il('r k\'t~l 

th:·U1 that of (a I. (el Seclit.ll1 oi U;C ni()(ic'l. b,'!nrc 

slid:l"' cft" its l0P, Cllt along CD c.f l:~' a:1d An 
of (bi'. ,\B and CD rcpn',;,'nt the k\'ds at. wilil-:l 

(b) and (a) \\"' l\~ l'i'!,p~t~ti\·t?!y ~licI.'d. \d I ~~'cliol1 

of the m,xkl. h~·r,'rl' .- \ i:'ir:;:: 0(( i;,: lf1!', c:.It ;1i.): ~ ;~ 

EF oC · I.a l. Xl' ::nrl r::~' fepn' ';'':- :ll : ::.' ;,":-:!., ;!l 

which ' {hl :l1lil (a) W0rc resp'.x'li\""lY s :i.:ed. 

Weiss (1!)5!») has studied 
the sallie kintl of (,:lSC.'1 U!i 

O'Dl'iscol! by statistical an
alysis of S-plancs (sec Fig. 

IG} . 

Reynolds and H( hnes 
(19::i4) have ill\"estigate-i by 
field mapping and petr )fab
ric analysis. confirmed with 
plasticerte models, a cu:.e of 
overprinted . fuldin~ uhl!re 
the strikes arc orthogonal but 
1 he directricc's arc ob. ique. 
Th.:-\· iu\\·e s!:o"'n that \llH~er 
these conditions the t raC(;$ 
(In ~ horizoutal surface (cor
l'espoltding to Fi~. U! and 
20 of 0 'DrisccH) dey.?iop trl
dt,nt-, heart-, stirrup- :1.lld 
anehor.shapccl outcrop3 (Fi~. 
17). 

When the ·orthogonai ax"s 
of Revnolds anu l:{.jl!l1'~s arc 
made· oblique, with thn fold 
directrices also diYergcLt, th~ 
same pat.t(~l'lIs arc produced 
iu a skewcd form, us ;ho,nt 
in Fig. 18. The ohliquity 
also result,; in sig:noida! 
axial traces for the sn.n~e rea
sons as in 0 'D riscoU '~; com
mon directrix cn.se. 

In the left hand colliJ' . .m of 
Pig. 18 the fold :l:~(:S arc at 
right angle,;; to each othel·. 
In the rirrht uMd colUIr,n 
thcy iutcI'sed at 30<>. In 
Fii. lSa. both folds arc sym
lHetri('al but onc has twice 
the wayc h'll !!th ot thc other. 
In Pk. J 81; the Ii r.;t is o\"e1'
tt:.mcd. III J$c the l:r;;t lultl5 
nre O\"c1't 1ll'l1ed bu~, er~st line,> 
arc at tiiftcl'cnt hri;~itts, 41:
I hl'\!~h the nxial Iilll:S for dl 
folds arc hVl'izonta! <1l1d wa ':e 
kn~ths aI '\! equal. ;:;-i~. l~:J 

"illm" COlltiilil)l,s i.]"lltical tv 
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direction of domnl mi~'Tation frofT: f to f' depends on the attitude of the in
clined surface DEF with respect to the horizontal surface ABC, \\~here the 
strike of sUI'face DEF is parallel to BC. EF heeomes hOl'izontal and the dome 
I' mo\'ps :ll th~ llir,'cl.ioll of n.\; w;u.'I"C the strike of DEli' is pa'rallel to BA, DE 
bCCOfllCS h'jl'izolllal and if 1110\'(;; in the direction of BC, 
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Fig. 9.--The sh~p~ ' of a h')riZ0::I :!l ! .JIlI i!ll,~r!('r~!l(,,~ Sl!i'f :\Cl' (A:lD!lC). 
tran~mittcd \'c!·tic,1l!\, to :!Il i::;'!;I: ~~ri ~. \!ri :I'C" I i)(!1 ':'.'j,'l, !'.::;:tJi~s in the 

l::l.kral n'lif:ratio:t tJ~ (,(lr!'('sp.j;I ,:Ln:; domai L'l'l·~t,;. 
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Fi~. :3 shows a specilll(,11 of the type of ('arJ used in till' IlIod('\s to ue 
des(,l"ih('d. .\s llsed, thc c"rd~ arc unmarked except fOl' the ~lIcccs:;ion: of 
similar fold profiles printed UPOll them. For the purp0se of tbis dcsrription, 
not~ tions haye he('n adu('d ot the spceimcn card in Fig. S. The similar fold 
prollks represcnt the "first'" iold system, with yertieal axial planes pal'allel 
to A·A and S-S, whi~h m:ll'k the a:'lticlines and sYJlclillcS of the accentuated 
stratum. on the ca.rd. The linC's p.p mark the loci of maximulll shear on the 
limbs of the folJs. In the fi~m'c they haye equidistant spacillg. The line )I-~I 
represents the slop('s of a lar~cr s tructure on which the smaller fold profiles 
have u('cn impo,;cd. It may ue regardeu as a "l'('g'ional" ~rat1ilmt 01' differen
tir.!. For r('asuns alrca,:ly d0scribed the "xcs A-A and S-S arc thcrefore . not 
equidistantly spaced. _-\lthough tenninolo:;y in these matters is :1Ot confirmed, 
tht;! writel' has rather loosely employed the prefixes "micro·" and "mega-" 
to denote scales relat.ive to the basic clements. In this way the line )f-)I has 
been regardeJ as the slope Qf a " mcga-strueture" on whir:h the basic profile 
is imposed. The P!·(.[i\cs in Fi~. 8 hayc been described as anticlines on a 
"meganticlinc" (or do:nes on a "mega-dome ") :!nd the line l\I-!\I has accord
ingly been described ~s defining the " mega-slope," 

Platc IV (.\.) shows a printed card lIlodel in which the continuous interfer
ence surface (If domes and basins is seen intact in t.he uppel' foreground. On 
th~ ycrtical plane X of the canis may be seen the printed pl·ollle of the first 
fo :d system. On the ycrtical planc Y is the profile representing the second 
fo~d system. 'Yhcre the cut edge of a card intersects a. printed fold trace, 
a dark spot shows on. the edge, and ,,-hen a stack of cards is guillotined or 

~. 
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Plate IV (A L-Printed C;1 I'd mod!'1 f.ho\\"in~ intC'rferellce ~urfacc 
intact in foreg-rollnd. and truncated in badq;round to eXpOS!' traces 

of succe$~i\'c surfaces. 

FIGURE 9 ' 
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an estimation of their true locus in space. The true position 

and shape of these folded sediments will only be known after 

numerous holes have been drilled and detailed plots made of the 

subsurface information. 

MINERAL POTENTIAL 

Within the Quartz Latite Porphyry 

Mineral potential within the Uncle Sam quartz latite por-

phyry might be generalized in two categories. Category I would 

consist of very near surface low-grade open pittable material. 

The economics would be based on the cheapness of handling and 

would be dependent on (a) its degree of dissemination and thus 

ease of -bulk mining within some of the pervasively altered rock 

areas such as the Gold Bug prospect, the San Pedro area, or the 

Fox Wash area, (b) th~ development of a cheap method of bulk 

treatment such as drum leaching (as suggested by Mr. John White) 

or some type of cheap agitation leaching (as suggested by Mr. 

Nicholas Caruso), or dump leaching. Category 2 would be re

latively high-grade supergene oxide type ore shoots such as 

were mined in the State of Maine workings. These would consist 

of bromyrite (horn silver) in fissures ranging from a few feet 

to possibly as wide as 15 feet. It is apparent from numerous 
, 

samples that the surface material is strongly leached, and 

that silver mineralization begins some several feet below the 

present erosion surface. It is possible that richer supergene 

ore bodies might he found at the water table interface along 

vein struct !- es such as the State of Maine, Gold Bug, San Pedro, 

Fox Wc.·,h, etc. Exploration for these narrow zones would be by 

underground methods or surface drilling using air track equipment. 
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Replacement Ore Bodies in Lower Bis.bee Formation and Paleozoic 

Sediments 

The writer feels the greatest potential in the State of 

Maine area is for intermediate size bonanza type ore bodies 

located below the Uncle Sam sill at intersections of veins with 

chemically reactive beds and favorable structural traps. In 

this respect, the State of Maine area is very much like the East 

Tintic district of Utah wherein a previously productive precious 

metal district was extended by correct interpretation of alter-

ation zoning in pre-mineral cover rock. If we adhere to the 

hypothesis that the Robbers Roost area is a central part of a 

porphyry copper zone, and Tombstone and Charleston lead-zinc-

silver mineralization is peripheral to this zone; then, since 

the State of Maine area is closer to the source, it may be 

reasonable to expect stronger mineralization. 

As indicated on Butler, ·Wilson, and Rasor's Bulletin 143, 

cross sections Attachments 27 through 36, the best horizons in 

the Tombstone Basin area were the Blue limestone, the Novaculite, 

and the Naco formation, although ore was also encountered within 

the Bisbee Group redbeds. Ore was not, however, found prefer

entially in anyone of these formations, first being in one 

formation to the exclusion of the others and then another. It 
I 

is not clear what caused a particular horizon in one spot to be 

preferable. However, it may have been some combination of 

favorable structure and/or chemistry. It is apparent, as in

dicated on Attachment 36, that fractures along the crests of 

anticlines or "rolls" were the best locales for orc dcposition. 

Since these structures are present within the State of Haine 

-48-
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area and . beneath the Uncle Sam porphyry, as indicated by the 

outcrops north of the Uncle Sam shaft and in "the Fox Ranch area, 

exploration drilling should be designed to delineate and test 

these structures. 

Because of the complex sub-Uncle Sam structure in the sedi-

ments, it might not be impossible that lower Paleozoics could 

lie near the surface, only covered by Uncle Sam porphyry. Thus, 

stratigraphic units like the Devonian martin limestone which 

form rich horizons in other districts may also have potential

for production within the State of Maine area. 

In addition to favorable stratigraphic and strato-structural 

targets, the intersection of strong veins may also have potential 

for forming important ore bodies. Examples of this would include 

the intersection of the Fox and San Pedro veins which · on the 

surface, are heavily pitted by prospects (Section C-C', Att. 5). 

Less obvious, but possibly even more significant, would be the 

intersection of the Free Coinage vein and the unnamed vein 

(Section D-D', Att. 6, and H-H', Att. 10). Further, it can be 

seen by inspection that if the surface structures have continuity 

in depth, there is potential for 3-way intersections as exempli-

fied by the intersection of the Triple X vein with the inter-

section of the Free ICoinage and unnamed vein-cylinder of inter

section (Section H-H', Att. 10). Further complicating the 

three-dimensional aspects, this three-way intersection might 

(or might not) fallon the crest oJ an anticline (or at the 

bottom of. a syncline) within favorable (or unfavorable rocks) 

which would tend to enhance (or decrease) the ore making potcn-

tial of the structure. It appears then, that the best explorntion 
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tool within the State of Maine area will be detailed surface 

mapping, . projection of strong structures to the sub-surface, 

determination of their loci by descriptive g~ometry and testing 

by exploration drilling. Careful logging of exploration drill 

holes will yield additional data regarding the geometry of 

faulted Mesozoic and Paleozoic sediments, changes in trend of 

vein and dike structures, and the gradual refinement of geologic 

targets. As this process of data gathering continues, a more 

accurate understanding of the geometry of the sub-surface 

features will be gained, and thus a sharpened aim of explora

tion drilling. 
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PROPOSED DRILLING PROGRAM IN THE STATE OF MAINE AREA 

GENERAL STATEMENT 

Two objectives are paramount within the State of Maine 

area. The first is to delineate near surface ore bodies within 

the Uncle Sam porphyry, preferably those which could be mined 

by open pit methods to form immediate mill feed or feed for a 

heap leach operation. The most rapid and efficient means of 

doing this will be rotary percussion drilling using an air 

track drill. 

The other objective is to test veins below the Uncle Sam 

porphyry sill for potential . replacement bodies within the lower 

Bisbee group and upper Paleozoic section. Because of the 

problem at hand, three primary objectives in order of their 

importance become obvious. These are: 

1. Determination of the thickness of the Uncle Sam 

porphyry by drillhole intersection. 

2. Determination of the thickness, approximate geometry 

and .location of Bisbee units and their relation to 

underlying Paleozoic units. 

3. Determination of grade of mineralization in veins 

within the Bisbee or upper Paleozoic sections. 

Since pinpointing the exact location of potential ore 
# 

bodies will be exceedingly difficult until the information 

points 1 and 2 are known, i. e. thickness of the Unc le Sam and 

location of receptive beds within the sedimentary units, it 

is more important to determine those two pojnts <lL Llll: expe nse 

of detailed s ompling than it is to have c':lrL\ ful S;.ll ilplc ( I ~S; l y :'- . 

of each foot of exploratory drilihoic. Th e r c·fon· , i I(' C:lll ~; (' or 

-) J-
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the rapidity of drilling and the low cost, the writer suggests 

that air rotary drilling above the \.,ater table and water cir-

culation or mud circulation rotary drilling belm., the water 

table, be used for the initial holes. Good samples can be 

obtained from the air rotary drilling, while with water cir-

culation, these samples will be much less accurate, but will 

reflect rock type, and certainly strong mineralization, so 

that no significant ore bodies will be missed. If interesting 

structures are intersected, spot cores can always be taken with 

the drill rig. Cost of this drilling using Sierra equipment 

should be no more than $3 to $3.50 per foot, to a depth of 

500 to 800 feet. This compares with a commercial cost of $5 to 

$6 per foot for comparable rotary drilling or a cost of ap

proximately $10 a foot for diamond drilling. 

AIR TRACK DRILLING 

Purpose and Objectives 

The purpose of the air track drilling is to test the 

various vein structures present in the State of Maine area to 

a depth of approximately 100 feet. Surface sampling suggests 

that all of the values have been completely leached from the 

surface, and therefore the only feasible way of making rapid 

tests 1S by drilling. The air track has the capability of 
• 

drilling either vertical or iriclined holes to a depth of ap-

proximately 100 to 120 feet. The holes are approximately 3~ 

inches in diameter and are drilled by percussion with air 

cleaning and circulation in the hole. Progress i s quite rapid 

and should amount to 200 to 300 f e el pe r. ~.; hift. Co s t s hould 

be in the $] lo $ 2 p (: r f 00 t r.'-lil g e . i) r ill C IJ l ti 11 ,; :'i C a 11 Ii c 
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sampled every 5 feet and compiled on core boards for geologic 

logg'ing. 

Since ore may occur in shoots within the vein structures 

relatively close sampling of the veins will probably be neces

sary to ~elineate all the ore present. On Attachment 1, sug-

gested 'hole locations have been indicated by black dots. These 

locations are spaced at approximate IOO-foot intervals along 

the various vein structures. Determination of whether the 

hole should be drilled vertically or at some inclined angle--so 

to intersect the vein in a perpendicular fashion--can best be 

made in the field, and thus " no attempt was made to give specific 

orientations. Further, exact hole placement should also be 

done in the field rather than adhering exactly to the locations 

plotted on Attachment 1. It may be that in some areas the 

Uncle Sam is thin enough so that the air track drilling will 

give some information regarding the underlying sediments. It 

will, therefore, be important carefully to log all of the 

drill cuttings within these holes in addition to the normal 

assay logs. 

ROTARY DRILLING 

Purpose and Objectives 

The purpose and objectives of the 25 proposed holes plotted 

on Attachment 1 is to explore mapped ve in structures within and 

below the Uncle Sam porphyry and to determine the type and 

structure of sediments lying below the Uncle S;:lIn. · 

-5 3-
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Sample Handling and Logging 

The total sample from each hole ~hould be collected and 

split down to approximately 2 quarts in volume, using a Jones 

type splitter. From this 2-quart sample, 1 quart should be split 

again and retained in permanent storage. From the other quart, 

a pint of assay material should be split out and approximately 

the same volume should be taken for constnlction of core boards. 

Atomic absorption determinations for silver, gold, lead, zinc, . 

and copper should be made routinely on each 5-foot sample. Core 

boards should be made for each hole, including a panned fraction 

for each sample. These should be logged immediately and the 

results posted on cross sections so that the sub-surface work 

can be continually updated. 

r 
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FIGURE 10 

TOTAL COST OF PROPOSED DRILLING PROGRAM 

SIERRA ROTARY DRILL PROGRAM 
Cost per foot to 500 feet ~ $3.50/foot 

" " "500-1000" 4.50/foot 
25 holes 500' deep = 12,500' @ $3.50 = $43,750 
12,500 ~ 5' sample intervals = 2,500 Assay samples 
Geochem Assays for Au, Ag, Pb, Zn, Cu 

Hawley & Hawley Discount Price 
Cu, Pb, Znr $2.10; Au, Ag - $3.32 = $5.42 

Assay & Sample Preparation ($1.00) = $6.42 x 2,500= ~050 . 

AIR TRACK - PERCUSSION DRILL PROGRAM 
200 holes x 100' deep each = 20,000 feet 

at $2.00/foot 
Sampling at 5' intervals = 4,000 samples 

= 

$60,675 

$40,000 

Assay cost (with Hawley & Hawley Discount) 
$5.42 for Au, Ag, Pb, Zn, Cu + $1.00 Sample Preparation 

= $6.42 x 4,000 

Total cost 

25,680 

". $65,.680 

$126,355 
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,Objectives of Each Hole 

The positions of proposed rotary drill !ioles are shmVI1 on 

the geologic map of the State of Maine area (Att. 1), and cross 

sections at a scale of 1"=200' (Atts. L:.-ll). 

Hole P - I 

P-l is located on the ridge above and to the northwest of 

the Brother Jonathon inclined shaft. Assuming the State 

of Maine vein is approximately 15 feet in thickness and 

dipping at approximately 40°, P-l should cut the State 

of Haine vein at a depth of 195 feet to 230 feet. The 

hole should be drilled a minimum of 250 feet deep, and close 

track should be kept of cuttings near the bottom. If it 

continues in altered rock the hole should be deepened 

until fresh rock is encountered. As indicated on Section 

H-H' (Att. 10) the base of the Uncle Sam porphyry sill 

should be encountered at approximately 450 to 500 feet. 

It is the writer's opinion that this hole should be drilled 

to at least 500 feet, or until the sediments below the , 

Uncle Sam porphyry are intersected. If these sediments 

show alteration, then drilling should continue at least 

some distance into the sediments in order to determine 

their character. Ideally, a core sample should be cut at 

the bottom of the hole. 

Hole P - 2 

Hole P-2 is locatc'd with respect to tb<: intcns(~ly sil iei-

fied zone at tht, Gold I)ug pl~o;:;lJccL Ilorth or Lile 1.0\\"(:11 

cia im. T t S pll q " is to tc:~t tile ttl tct~a t i 011 ilt thc' Cold 

Uug pro s pee t ELl,-' :let rate lhrou.;h Lh(~ LiIIC i.e S~l\f1 porphy ry 
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to determine if replacement type ore bodies are located 

within the underlying sediments. It shriuld be drilled to 

a minimum depth of 500 feet. It would be preferable to 

drill to a depth of 1000 feet in order to get a clear 

idea of the sedimentary sequence lying beneath the Uncle 

Sam in this area, and to test possible extension of other 

veins which might project toward the hole (Section F-F'). 

The base of the Uncle Sam porphyry should be intersected 

at approximately 150 feet (See Section F-F'). · Between 

320 feet and 400 feet it might well encounter the composite 

rhyolite andesite dike which crops out to the southwest 

of the hole location. 

If the decision is made to bottom the hole at 500 feet, then 

it should be filled with mud so that it could possibly be 

re-entered at a later date. in any event, should it en

counter mineralization it should be deepened until the 

mineralization is penetrated. 

Hole P - 3· 

Hole P-3 is located on the Fox Wash structure . . Its purpose 

is to test grade of mineralization tvithin this structure 

in the Uncle Sam porphyry and for possible replacement 

mineralization in sediments beneath the Uncle Sam. The 

hole will probably cut the bottom of Lhe Uncl e Sam at about 

240 to 300 feet, and should be drilled to a [ilill1.mUm depth 

of 500 feet to gain inEonnation about th e underlying 

sediments. 

-56-



( 

( 

Hole P '"" 4 

Hole P-4 is located to the East of the shop area on the 

Clipper claim, and along the Clipper structure (Att. 1, 

and Section I-I', Att. 11). Its purpose is to cut the 

zone of intersection between the Triple X vein structure 

and the Clipper vein structure at the interface between 

the sediments and the Uncle Sam porphyry. This should 

occur at approximately 120 feet, and drillin~ should be 

continued to a minimum depth of 500 feet in order to de

termine the nature of the underlying sediments (Cross 

Section I-I', Att. 11 and Section B-B', Att. 4). 

Hole P - 5 

Hole No.5 is located 1600 feet north of the Uncle Sam 

shaft on the crest of an anticline in lower Bisbee Group 

sediments (Section H-H', Att. 10). Its purpose is to test 

for mineralization in favorable horizons along the crest 

of the anticline and also along the projection of the State 

of Maine vein. It should be drilled to a minimum depth of 

500 feet or to a depth where the Bisbee Novaculite has 

been penetrated, and the Naco limestone unquestionably 

cut. Preferably it could be drilled to a depth of 1500 

feet in order eo cut the zone of intersection of the 

Free Coinage vein and the Unnamed vein (See Section H-H'). 

However, this deep drilling could be postponed until the 

Unnamed vein and the Uncle Sam vein have been tested by 

Holes P-25, and P-1 8 III orclc-r to dc tcnninc the:ir COll-: 

tinuity. Further, a bett(~r]ocation might be cho0cn 'so 

that a deep hole could pt'!Il c Lrate: Lh ~ >-\\-<1Y i.nL c rscctioll 

r-, 
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of the Free Coinage, the Unnamed vein, and the Triple X 

vein structure as shown on Section H-H'. At any rate, 
.. 

Hole P-5, if drilled to a shallow depth, should be mud 

filled and capped for later re-entry. 

Hole P - 6 

Hole P-6 is located in the Fox Ranch area on the extension 

of what appears to be the San Pedro vein and collars in 

altered Uncle Sam porphyry. Its purpose is to test the 

thickness of the Uncle Sam, the tenor of the altered rock 

in the Uncle Sam, and to test for replacement deposits 

within the lower Bisbee sediments below the Uncle Sam por-

phyry. It should be drilled to a minimum depth of 500 feet. 

Hole P - 7 

Hole P-7 is located in the northeast corner of the Lowell 

claim, and collars in aitered Uncle Sam porphyry. The vein 

responsible for the alteration at the hole collar dips ap

proximately 42° to the north and may be the continuation 

of the State of Maine vein. P-7 is designed to test the 

tenor of the altered Uncle Sam porphyry, the depth to the 

Uncle Sam sediment interface, and to determin~ whether 

there is mineralization in the sediments beneath the Uncle 
I 

Sam. It should penetrate the Uncle Sam at approximately 

200 feet (Section G-G', Att. 9). And should be drilled 

to a minimum depth of 500 feet. 

Hole P - 8 

P-8 is located appl~oxir\lately 300 feet \vcst of til(; Lsc;tpl! 1(: 

t-1l 11 at the Fox E.:.mc.h. I lis d p s L :: 11 edt 0 l est. t Ill ' .:.J1 t L' r :1 L i. 0 l) -, 
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zone which appears to parallel the Fox Wash and to penetrate 

the Uncle Sam sill and test the sediments lying below. It 

should be drilled to a minimum depth of 500 feet (Section 

B- B', At t. 4). 

Hole P - 9 

Hole P-9 is located approximately 350 feet north of the 

Fox Ranch windmil l on the San Pedro claim on the San Pedro 

vein at its intersection with a northwest-trending vein 

zone. It is designed to test the. tenor of mineralization 

along the San Pedro vein both in the Uncle Sam porphyry 

and in sediments lying beneath the Uncle Sam porphyry. 

It should be drilled to a depth of 500 feet and should 

penetrate the base of the Uncle Sam at approximately 100 

feet (See Section C-C', Att. 5). 

Hole P - 10 

Hole P-IO is located approximately 250 feet southeas·t ·of 

the Three Brothers shaft on the Fox vein system. P-IO is 

designed to test the tenor of the Fox vein alteration zone 

in the Uncle Sam porphyry and in the sediments · beneath the 

Uncle Sam porphyry. The hole should penetrate the Uncle 

Sam at approximately 120 feet, and should be drilled a 

minimum depth df 500 feet. Altered rock will probably be 

cut for the total l ength of the hole. 

Hole P - 11 

Hole P-ll is located appro x irrtClt e ly .'.:~: O f e e t nort.h or Lhe 

of hole \>-9. It is located so as to i :~ tC'rs l ~cL tlHo pL n l ~ l 
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of intersection of Fox vein and San Pedro vein within 

Bisbee Group sediments (Section C-C', Aet. 5). P-ll 

should penetrate the Uncle Sam at approximately 100 to 

120 feet and cut the point of intersection of the two vein 

systems at 200 to 250 feet. It should be drilled to a 

minimum depth of 500 feet. 

Hole P - 12 

P-12 is located approximately 350 feet south.of the San 

Pedro shaft on a strong northeast-trending vein system 

which is in total almost 400 feet wide. P-12 is collared 

in what appears to be the strongest part of the vein system, 

and is designed to test its tenor in the Uncle Sam porphyry 

and in sediments which lie beneath. It should cut the 

Uncle Sam porphyry in the vicinity of 200 feet and should 

be drilled to a minimumd-epth of 500 feet. It should in-

tersect altered rock throughout its .total length. 

Hole P - 13 . 

Hole P-13 is located approximately 250 feet northeast of 

the San Pedro shaft on the San Pedro vein zone. It is 

designed to test the tenor of this vein zone in both the 

Uncle Sam porphyry and the sediments lying beneath. It 
~ 

should penetrate the Uncle Sam porphyry at 250 to 300 feet 

and should be drilled a minimum depth of 500 feet. It 

should be in mineralized rock throughout its length. 

However, it may cut the most strongly altered part or 

the 'vein system hetween lO anu ·:.0 Cl~ et. \"hcn the eX.Jct 

locatioll o[ this hol.e is Spolted ill the field j. t lll<ly he 
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better to move it 50 to 100 feet to the south in order 

that a greater section of the intensely -altered vein material 

be cut. 

Hole P - 14 

P-14 is located 170 feet southwest of the San Pedro shaft 

along the San Pedro vein and between surface stopes on 

that vein. Copper oxide mineralization crops out to the 

north of the proposed hole location. P-14 is designed to 

test this intensely altered vein area both in the Uncle 

Sam porphyry and the sediments below as seen on Section 

F-F' (Att. 8). It should cut the Uncle Sam porphyry at 

about 200 feet, and should be drilled to a minimum depth 

of 500 feet. 

Hole P - 15 

Hole P-15 is located approximately 550 feet to the northeast 

of the San Pedro shaft and is collared in Quaternary al

luvium. It is on the prrijection of the very wide San 

Pedro vein zone, while the north-south trending area of 

alluvium may represent an intersecting zone of 'alteration. 

It is designed as a further test of San Pedro vein zone, 

both in the Uncle Sam porphyry and in underlying sediments. 

It should cut ehe Uncle Sam porphyry at about 300 feet and 

should be drilled to a minimum depth of 500 feet. 

Hole P - 16 

P-1G is located approximately 750 feet e.3st o[ the San 

Pedro shaft on the projection of the aI"teration ZUIlC U~ :-; L('d 

by P-12. P-16 is designed as <:mother test of LLis a]L( ' rillioll 

- ~-------------------'--'----------------------
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zone for tenor of rock both in the Uncle Sam porphyry and 
. 

in the sediments beneath. It should be drilled to a mini-

mum depth of 500 feet and should penetrate the Uncle Sam 

at a depth of approximately 100 feet (Section D-D', Att. 

6). 

Hole P - 17 

P-17 is located 400 feet north of P-5 and approximately 

2000 feet north of the Uncle Sam shaft. It is collared 

on a brecciated and strongly manganese oxide mineralized 

quartzite breccia, and is designed to test this zone in 

depth. It should be drilled to a minimum depth of 300 

feet, or until it penetrates the breccia zone and goes 

into unaltered, unmineralized rock. 

Hole P - 18 

Hole P-18 is located approximately 200 feet west of the 

Free Coinage vein system (Section D-D'). It is designed 

to teSt the grade of the Free Coinage vein system below 

existing workings and hopefully within the Bis~ee Group 

sediments. It should intersect the Free Coinage vein 

bet\veen 120 and 170 feet. The hole should be drilled a 

minimum depth of 500 feet in order thoroughly to test 
t 

the Bisbee Group sediments in this area. 

Hole P - 19 

Hole P-19 is located approximately 150 feet north\\7e s t of 

the quarter corne r morker for ;::ec t jofl s <) and 1(., ,1/ )(: i :-; 

located on the Nerrimac clainl. Lt is des j g lll:d to t c'.st 

the Free Coin (~ g c vein sy s t em and s('dill ll. ilt . ...; J y ill g h l' ll (" ;I L ~ l 



( that area. It should be drilled to a minimum depth of 500 

feet and will probably remain in altere& rock over that 

depth. 

Hole P - 20 

Hole P-20 is located appro~imately 1000 feet north of the 

Uncle Sam shaft, and collars in Uncle Sam porphyry along 

the projection of the State of Maine vein. It is de

signed to test the grade of mineralization of the State 

of Maine 'vein in both the Uncle Sam and the Bisbee Group 

sediments which shallowly underly this location. It 

should be drilled to a minimum depth of 300 feet. 

Hole P - 21 

Hole P-21 is located approximately 380 feet south-southwest 

of the quarter corner marker of section 9 and 16 and lies 

on the Merrimac claim. rt is designed as another test of 

the strong Clipper vein system both in the Uncle Sam por

phyry and underlying sediments. It should be drilled to 

a minimum depth of 500 feet and it is expected to remain 

in altered rock over this entire depth. 

Hole P - 22 

This hole is located approximately 250 feet from the State 
t 

of Maine mine office in the State of 'tvlaine canyon. It is 

collared in alluvium, but is designed to test for the pres

ence of a strongly altered structure projecting along 

State of Haine canyon. It should be dri Ilcd to a lllinl.lllUm 

depth of 500 feet and should peneLrat e thc Uncle S<111l porphyry 

at approximately 100 fc(;L. If dr-i.l led to c-I depth of Ln() ;,) 

c .., 
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feet it w.ould also penetrate the strong Clipper alteration 

zone within Bisbee Group sediments or possibly the Nato 

limestone (See Section I-I', Att. 11). 

Hole P - 23 

P-23 is located approximately 150 feet northwest of the 

Bonanza shaft and lies on the Red Top claim, It is de

signed to test the grade of mineralization along the 

Bonanza-Solstice-Chance vein and should be drilled to a 

minimum depth of 500 feet. It should remain in altered 

rock over this entire distance, and will probably penetrate 

an andesite porphyry dike with associated mineralization 

at about 300 feet (See Section C-C', Att. 5). 

Hole P - 24 

P-24 is located approximately 700 feet northeast of the 

mine gate in Maine Wash and is on the projection of the 

Clipper vein zone. It is designed as another test -of the 

Clipper vein zone and as another penetration of the Uncle 

Sam porphyry. It collars in alluvium, but should penetrate 

the base of the Uncle Sam at approximately 50 feet and 

enter Bisbee Group sediments (Section C-C', Att. 5). 

Hole P - 25 
# 

P-25 is located approximately 350 feet southh"est of the 

Uncle Sam shaft, and is designed to penetrate the State 

of Maine vein in this area below known workings. It should 

cut the State of Naine vein at approximately 2 .~O leel \\'111ch 

is .::.Llso the base of the Uncle Sam por:phycy. r t :,; hou J d I'll' 

drilled to a minimum depth of 500 I-eeL (Sc..:ctiOll 1-1', 

Att. 11). 



( Supervi~ion and . Revision of Objectives 

Because present knowledge of the sub-surface is so scanty, 

new data obtained by drilling might radically change the nature 

and objectives of the ensuing program. Recognition, therefore, 

that objectives might change with continued drilling should 

be made and the drilling work should be very closely super

vised from a geologic standpoint so advantage can be taken of 

new infonnation. It is suggested that the geologist in charge 

have enough assistants so that his time will not be occupied 

with routine sample preparation and handling duties. Rather, 

he should occupy himself in continued surface mapping or of 

plotting drill results and updating sub-surface maps. Continued 

and timely updating of sub-surface information to get an ac

curate and complete three dimensional picture of the area will 

be critical to ore finding. 



( 

PORPHYRY COPPER EXPLORATION 

GENERAL STATEMENT 

As mentioned previously, the discovery of porphyry copper 

breccia pipes in the Robbers Roost area is probably the single 

most important discovery resulting from this study. Recently 

obtained color air photos which cover approximately 234 square 

miles of the Tombstone District and its environs, show that 

Tombstone, Charleston, and the Robbers Roost area are part of 

one continuous alteration zone which is about 11 miles long, 4 

miles wide and covers approximately 42 square miles. Thus the 

Tombstone Mining District, rather than being an epithermal 

precious metal district is part of a large porphyry copper type 

alteration zone. Identification of the district as a porphyry 

copper zone allows the application of knowledge of porphyry 

copper zoning criteria to salient geologic features of the 

district. The features mapped in the Tombstone district fit 

very well in the general porphyry copper picture and are 

easily explained in that context. These features would include! . 

1. Laramide stocks of quartz monzonitic to gr~nodioritic 
composition represented by the Schieffelin granodiorite. 

2. Silver Bell-type volcanic rocks represented by the 
Bronco volcanic units. 

3. Strong northeast grain to fault and mineralized 
structures .1 

4. A zone of intense quartz-sericite alteration ac
companied by breccia pipes and porphyritic dike rocks. 

5. A large, continuous zone of disseminated sulfides 
(approximately 42 square mil os at Tomhstone). 

6. ~)etal zoning. In the Tom bs tone: d~ . ::: tJ:ict Lili : ; 1 : . 

indicated by the OCClll:rCllce 01- coppc·r Il(:n r Lhe; llrccc i~l 
pipe center and load, :dnc, S i]Vl'l: Il lilJI' r ; lli/:ILiol1 

ncar the to\·.'1l of TOl1d) ~;L()r.c and nt el1 ':'I'-) C' '-i LOII. 

C r 
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Although the Tombstone district has all necessary ear 

marks which identify it as a porphyry copper.type alteration 

zone, as yet there is no known economic copper mineralization. 

Such mineralization may be obscured and hidden by both pre- and 

post-mineral cover rocks, partially as a result of numerous 

horizontal features existing in the district including; hori-

zontal to sub-horizontal sedimentary beds, thrust faults, and 

the flat sill of Uncle Sam Quartz latite porphyry. Exploration 

methods must take into account these features if they are to 

be fruitful. 

GEOLOGY BETWEEN THE STATE OF MAINE MINE AND CHARLESTON 

Surface Geology 

The major rock type cropping out between the State of Maine 

and Charleston is Uncle Sam quartz latite porphyry. Over much 

of the area thin soil covers t~e porphyry while in places, it 

is totally obscured by alluvium (Att. 13). Drainage and topog-

raphy follow the northeast trending fracture and vein zones. 

Cutting the Uncle Sam in a northeasterly trend are greenish 

andesite dikes of the same type exposed near the Gold Bug pros-

pect and elsewhere in the district. The dikes are particularly 

abundant in the Robbers Roost area. Alteration shows that they 

are probably late pre-mineral in age and fragments of the dike 
I 

rocks are occasionally seen in the breccia pipes. 

Intense quartz-sericite is seen in the Robbers Roost 

breccia pipe area, while pervasive argillic alteration is seen 

in the surrounding area. Northeast trclldin !~ vein ZC)l1('-::, in 

places up to 100 or more feet wide, a1.so ::; hcl\v sericjtc' .• Jtc:r<.l-

tion. 
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Bronco volcanics are exposed in Charleston Hill. They are 

composed of a lower laharic andesitic breccia unit equivalent of 

the Silver Bell andesite complex. The upper unit where seen 

by the writer consists of a light-colored quartz latite welded 

tuff which displays eutaxitic t .exture and is similar in ap-

pearance to the Cat Mountain rhyolite. The top of Charleston 

Hill is a plug of Uncle Sam quartz latite porphyry as indicated 

by Gilully's map (Att. 18). 
. 

To the east and southeast of the Charleston-Tombstone road 

Bisbee Group sediments are exposed. The writer has only briefly 

visited a few of these outcrops and it is not known . whether the 

upper- or lower-Bisbee is represented in the outcrops. Gilully's 

map shows a nearly conformable contact between the Bisbee and 

Bronco volcanics which are both dipping at shallow angles to 

the west in this area. 

Subsurface Geology 

Plotting of the basal contact of the Uncle. Sam quartz latite 

sill -on carefully constructed cross sections sho\vs the sill to 

be very thin over its total exposure (Section A-A', ·Att. 3). 

The rock lying beneath the Uncle Sam in all exposures seen to 

date is Bisbee Group sediments. Contorted bedding and the pos

sible presence of h~dden thrust faults will probably necessitate 

drilling to obtain data regarding depth to Paleozoic sediments, 

although some idea of their depth might be gained by geologic 

mapping. 

The hasp of the Uncle Sam sill .:.tpp<;: ;-trs to he tilted to'.\;.1r.d 

the San Pedro River. Normal faulting \vhLch can be idc[ltLficd 
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on recent color air photos appears to drop the Uncle Sam dOhTI1 

a16ng ~he river, exaggerating its apparent thickness in that 

direction. 

PROPOSED EXPLORATION PROGRAM 

Photogeologic and Ground Geologic Mapping 

Excellent quality color air photos over an area of 234 

square miles comprising all of the Tombstone district and its 

environs were flown for Sierra by Cooper Aerial Photo. These 

photos which are at a scale of 1":;:;'2000' fee't shO\v excellent color 

contrast and zones of alteration can easily be mapped using a 

stereoscope to observe the photos in 3 dimension. It is there

fore suggested that photogeologic interpretation using the color 

photos be performed over the entire district and compared with 

existing maps. At the same time a photo alteration map should 

be prepared to show the geometxy of alteration patterns within 

the area. During this mapping enough field trips should be 

made into the area so the photo interpreter can identify the 

various rock and alteration units visible on the photography. 

In this manner critical areas will be identified for ground 

follO\\T-up. Ground reconnaissance mapping at a scale 1"=1000" 

should be done to plot the location of alteration zones, 

breccia pipes, windows in the Uncle Sam porphyry and other 

features which may not be visible on the color air photos. 

Another objective of the ground reconnaissance mapping \vould 

be to identify marker horizons in the exposed i3isi>0. e Group 

sediment s so that as the tectolli c picture j. s rL'coll s Lr ll CLcci, -:OliI C 

idea a s to depth to c€cc:ptivc Pc.ll c o /,o ic Iwci Z O!) :~ II!;} '! ill' g il Llll'd. 
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When the broad scale characteristics of the district have 

be~n adequat~ly mapped to define centers of mineralization, de

tailed mapping of the target areas should be done. Base mapping 

scale for the detail map(s) should be in the range of 1"=400 feet. 

The technique of outcrop mapping should be used and alteration 

features as well as structure and geology should be plotted. 

Geochemistry 

During the field mapping, geochemical profile lines should 

be ' run across significant features. If these initial lines 

show the presence of geochemical contrasts or anomalies, a 

gridded survey should probably be run. 

Geophysics 

Preliminary examination of the color air photography shows 

the presence of red coloration probably due to disseminated 

pyrite over an area of approximately 42 square miles. The in-

duced polarization method only gives an indication of the in

tensity of pyritic mineralization, so therefore, IP surveys 

will probably be of little use in defining drilling targets. 

Since it would be expected that mineralization may occur 

within the Paleozoic limestones or lower Bisbee Group sediments, 

possibly accompanied by magnetite, low level aeromagnetic 
# 

surveys may be useful as might 'detailed ground sur.veys. 

Drilling 

The geologic mapping should have the objective of trying 

to determine at what depth r ecc'pt i ve Pa lcozo j c 110 l- i. zon :; sllch 

as the ~1artin lime stone mi ght be l:!xp( lct ecl. r 11 i L i ;, I J d ,- i I I i 11 ,~ 

should probably be by rotary method s to t a kc~ c"1c.!V ; 111Ll\·. l: of 10 1-.' 



( cost and rapid progress. Cuttings from the drill holes should 

be sampled at 5-foot intervals, and the sampfes compiled on 

core boards for logging. The holes should then be logged and 

the data plotted on structural sections so that an accurate 

understanding of the sub-surface geology is obtained. 

~ ,- ~-'-Ja::s :~:~,~~~ 
Consulting Geologist 



ENGINEERS ARCHITECTS PLANNERS 
2301 CAMPUS DRIVE , IRVINE, CALIFORNIA 92664 (714) 833·2450 (P.O. BOX 1890, NEWPORT BEACH,CALIFORNIA 92660) 

January 14, 1974 

Mr. James A. Briscoe 
6418 Santa Aurelia 
Tucson, Arizona 35715 

Dear Jim: 

Reference is made to your letter of November 29, 1973, and our subsequent 
telephone conversation regarding the aerial photography and photogrammetric 
mapping of your Mi1agros Project near Zacatecas, Mexico. 

We have revi e\'/ed your requi rements and the project maps you sent, and it 
would appear that color aerial photography of your overall 800 square 
mile area would require approximately 300 exposures at a scale of 111 = 
2000', considering normal 60% overlap and 30% sidelap between strips. 
I feel that you should budget about 11J2Q9~00 for the aerial photography 
and processing of the color negatives. The cost of making one set of ' 
LogEtronic color contact prints, one set of black & It!hite contact prints, .. ;, ':> "" 
and a photo index map showing the relative location of the individual i

Q
\ or 

contact prints It/ould probably run about $1..JOO.OQ additional. If you 
decide to have this photography mosaicked and reproduced at a scale of 
111 = 500' in the form of Cronaflex film positives or Cronapaque repro
ductions, .J feel that you should budget the sum of about $10,000.00 for 
this phase of the work. To summarize, the color aerial photography and 
mosaic compilation, along with delivery of the related reproductions will 
probably run you in the neighborhood of $15,600.00 

You had also requested a quotation for compilation of top09raphic maps at 
a scale of 1 :2000 with one (1) meter contour interval covering areas 
1 and 2, which were outlined in green. We \'Iould recommend that these areas 
be photographed at a scale of 1 :15,000. Six exposures - a total of 
five stereoscopic models \'Ii11 be required to cover the area. It will 
also be necessary for you to target six control points, one approximately 
at each corner of the area, pl us tVIO across the mi ddl e of the area and 
establish horizontal and vertical control on these points . . The horizontal 
control will have to close about 1:20,000 and the vertical control should 
be accurate \·/ithin one-half foot. l'le v/ould then extend this basic control 
by means of analytical aerial triangulation and establish six horizontal 
and vertical control points e~ each stereoscopic model. The topographic 
maps will be compiled directly at a scale of 1 :2000 with a one meter 
contour interval using OU)' first-order lhld 11.-10 stereoscopic plotters. 
The topographic maps \OJi 11 be scribed and refJroduced on .004 11 Cronaflex 
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January 14, 1974 

Mr. James A. Briscoe 
Tucson, Arizona 

film for final delivery. The cost for mapping areas 1 and 2, based 
on your furnishing the necessary aerial photography and field control 
surveys is $7,970.00. 

You also requested a price for mapping areas 3 through 7 at a scale of 
1 :6000 with a two (2) meter contour interval from photography at a scale 
of 1 :24,000. After checking the size of these areas, it would appear that 
it would be to your advantage to have all five areas flown separately 
at a scale of 1 :25,000. 

Area 3 would require 3 exposures, 2 stereoscopic models, and 6 horizontal 
and vertical control points, one at each corner of the job plus two 
across the middle. The cost for compiling the topographic map of this 
area and delivering finished map sheets would run $2,650.00. 

Area 4 can be covered \~ith 4 exposures, 3 stereoscopic models at a scale 
of 1 :25,000, and it would be necessary to establish six horizontal and 
vertical control points. The cost of topographic maps and delivery of 
finished sheets will be $4,500.00, based on your furnishing the aerial 
photography and field control. 

Area 5 \'/ill require b exposures, ,"stereoscopic models at a scale of 1:25,000 
and it will be necessary to establish 6 horizontal and vertical control 
points on this area similar to the foregoing areas. The cost of the topo
graphic maps based on your furnishing the photography and field control will 
be $6,000.00 . ' . 

Area 6 can be covered in one stereoscopic model, 2 exposures, at a scale 
of 1:25,000. The area requires 4 horizontal and vertical control points 
and the topographic mapping will run $2,000.00. 

I am unable to give you a quotation on area 7 since you were not able 
to furnish a map and I do not know the configuration of the area. 

Jim as you suggested, I am returning your project maps on \'Jhich I have 
indicated on an overlay the approximate layout of the stereoscopic models 
and location of the required control points. 

I hope that this will furnish you \·,ith the information you need. 

-2-
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January 14, 1974 

Mr. James A. Briscoe 
Tucson, Arizona 

I apologize for my delay in getting this information to you, but your 
inquiry was received at a time when we were extremely busy in the office. 

Very truly yours, 

. JJvbLIf-~ ---__ 
Dudley W. Line 
Vice President 
Photogrammetric Division 

DWL/md 

Enclosures. 

-3- vt'1\ 
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DEPARTMENT OF APPLIED EARTH SCIENCES 
Economic G<ology 

Environmcnul Geoscience 

Mine .. 1 Economics 
Mining Engineering 
Min~nl Processing 
Eu .. crive Me"Uurgy 

Ja~es A. Briscoe 
6418 Santa Aurelia 
Tucson, Arizona 85715 

Dear Ji:n, 

STANFORD UNIVERSITY 
STANfORD. CALIfORNIA 94305 

January 8, 1974 

Enclosed are the U-2 internegatives for the Tombstone area, end 
also a reference ma? of the coverage I am inte~ested in fro~ your 
photography. The reference ma;) has some field nu:::l::ers on it , which 
you can ignore. 

I ~o?e the internegatives will be useful to you. It is important 
to te'll the processor thst these were made from copies, and not fron 
originals, so as to avoid having the prints reversed. I would lik~ to 
have the internegatives returned when you are finished with them. 

Good luck. 

Yours very truly, 
,-) 

~r~1(>-r 
'-
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To Mr. ·W. J. CHEYNEr. Genera~ Mauger • . 

bd the Director. ot The 1'olDb.tone 1(111 4: lUning Co., 

~
. :, .. 

,\ ~ 
, .. ·l 

Phlladelphla, Pa. 

Gentlemen, 

.~~. --- :~ .. . The il1lll1nent cloBing of _the Co~'. mines here on account ot our in-

:.;' 

',; 

ability to loager make their operation . lelf-support ing , suggests to me the pro- . 

prlety ot noting dowu aome fact. regarding them whioh _y be of interest and wh1:ch 

are ·the relultaof ob.ervations extending OTer the period of ~ conne~tion. with 

~ design is to point out &s brietly-a. 

. posl1ble the aalient fact. regarding the structUre 'of the ground cOTered by the 

CO~'I mine., the pOli tion and trend ot thech1ef ore depoei ts, and upon these 

tact. baae a few remarks . regarding what appears to me to be the course which de

Telopm8n~ work DIIl8t tollow i-n the tuture to haTe the -best chances ot successful 

hsue. 

-Two mapsaccocpany t~~ : letter to illustrate ~he points discusled. One 
.... ..~ . ,.;~'.: '. " . ~, " .. :'", . ~ : '. _ .~: J. ' : ... ~~ ,:' t . i. 'r ' .. :. ,... '... :: = -' , 

18:. ~ 'general-_p .. ilhowing -:the :- ~'-lati .. e ,. -l~cationl _ of the prlnclpalcaima _in the 
~ ',' '.'~' - ... ., ' _ .. , . ' 

. .. _ - :,.. • • ". ': :.,, " • . , " . , ~.' I ". : • 

. ' --~.-~:I1·1atrlct, WJ:~iCt~rkl~~~' On -t ·htflir;. 8l1d -til~'other a -croes.:-6ectlou throUgh -some .. 
.. :: • \ ,,:' " .1 ' ~ . 

. :. ~t the' working. ," showing :the reiatiTe -Tert'leal poe1tions of the 1eTeli and il,lus-
• ~ • ~."., .:.~ . '..1', - ~. - :: ~ ." '-.' • ~ , f-: ... " ~:, . ~ .' , .. ~ .~ . . :' '.' "-.. . . . '. .:. 

t~ttnt~the : st~oture ot , the ground ·tranaTer:.ely through the Toughnut and. Good-
",~~ :-,,?, .. ~;. ~ ~:':::;;::.: >-' ". ~. ' , ... . , .... .... . . .' '.-, '.' ' ,. ~ ..... ~~ .' . . .. . 

. - enoUgll." c1a:1ma8.n4/-1ongitudi~~17 · througll. the West SIde. 
, . ': ' .' . . . , -

',- . 8~, ot_ ; the . mOlt important tact. relating to the -geology and ore de

_ pOsits 'o-r ToMblton-. · are noted beiow~ 

_BOCKS. - The rockl irnme4iately on the CO~~'s clatms are shales, llce- -
-
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. tentlon row. of m1Dea, are other: ahAlea aDd q-aartaUea with ooC&elonallayere or. 
. : .. '.- :. ~. . ,.... . 

" 1 . . .. . ' 

what. _7 be calledrlne grained Nlld8tonea. Still turther tothe ·'east and south .. ' ... . . . 

. . . . . 

-are h ... ~ 'bed8 or blue 1tmeatone 171Dg upon the Grand . Central rooks " Which, In 

t1U"D, ite upon. tho.e or thb Co~'. mine.. The rOOD ot Tombstone haTe heen 

ao well deaoribed b7 Mr. Church, 1~ hle report to the COmp&nl, ae examining engin

e.r, In 1880, .. ~hat it aeem. needle •• to go turther Into particulars here. 
. • -te. . 

The ground at the aouth end or the CompaZl7' a property, including 

theLuc~ euae .:·.41rr.ra ao mtlch In kind, atruoture, and In the charaoter or the 

depoa~te Wh10h}t cont&lna , ~om ' that at the north end that it baa necessarUy 
;,.. .. . . 

en4 ~m1ile •• 
, -. . . . : .. -~ 

,', • ."CI'. ' .. !' 

'. -
' . . .. . .:, ~TtlBB. 'In the report aboTe rererr.d to, 1Ir. Church haa given 

& clear &oaCnitlt :bf·the geo10g1calatruoture or .0 IIIlOh or the Dbtrlct ae con-
. . ~ . ... :.~:~~. . ' .. 

c.~ the ~'. ~nt_e.r •• t.. ma deacrlptlon clear17 plc.turea the a1~uatlon 
' . ' •. ,-. 

ae'::I_ appeared at that t1iD8, -but the .1lm1t.d extent or the underground openings 

t~ -ex18~IDg ~~.lI&rl17 i.n liichlzl doQl)t which aubsequent uploratioD8 ' haTe , .. , , . : . . . .....•... .., . .. . . . 

. ' . ~ , . .,~~~~~~~_:~~lW·~ b8:~.- :a. n.lt~:;~.-~.~ -~7 or taote upon wh .. lch to 'baae gaD- _ 
. . : . .. ' .11:;::.: . _ ... ' '" . . ' .. ' 

- " " el'&11 . . '. . ~c: .. ' . 
-='-~. . ' .:-~ -:. '~'" "~" ~. : .' .- . : ~ " .~ :J.:. .. ..... . ~ ;,:, "; ";" .. . 

, "'.; ; Dletrlot:{ 'ln.'the :11glit>'Of what we 'now 
: . .. " "~ ""~"' "~:~ ": l::,:t·.'~ <" " :" .. j" " "- " , 

" .": .... 5- ~ .... ~:"~ : ~ " , • 

· .... ~&.~~~i.Jo..I~ .!;-,.lI b. )~!n4entood aB ' mareq il- .. 
''' '' . .. 0: 

I ~.,;tt;: , 
.' . 

"J~~·< ;~"t~<~ .' : .. i"" 
" .. , . .. ...,. " . •.. ~-" .-": - i' ~I~"~. ~: :C;,t" '"~ .. ,:: 
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To the west or the town 11 a he&"7 Da88 ot granite whlchbears ' eTe17 

eTldence ot being eruptlTe In character. ~lng upon 1ta eaatern' .lde and tilted 

to the east 'and louthealt are the . bede .ot ledlmenta17 rocD which ccntain the Tozilb

atone mine.. Whether or not the uphea'f&l ot the granite has been the cause ot the 

eastward tilting 11 unoertaln, but prob&b~ It haa, eapeolall,. aa we find Indlca-

tloDa ot a contral7 dip In the strata to the westward ot it. We haTe at a~ rate 

. t~!t .PEl~ical taot, ~t the tlltins ot the e&ster~ stratal! boweTer caused. ~he __ 

situatIon 11 sO tar limple enough, but bae been tarther 'oomplicated b,. the ·lquee&1ng 

or the strata in anorthealterl1 and . I outhwelterl¥ , dIrection, corrugating theDi into 

ri~s ~ or .: lucce.sion or anticliaal tolcia ' . the' ~relti or ~hlch atill ,dl; ·to·· the 

loutheast :as dId the strata .in their original oonciitlon. 

due to lide , prellur8 trom a Cause at .prelent obscure, but howeTer it 'II&J haTe oc~ 

curred, we haTe the tact ot a luccel.lon ot antIclinal tolde, the axes ot which are 

: nearl7,.~para.1lel, and diP,. gent~ to . the southealt. ,The roldi~ . atrectl · all Itrata 

10 tar penetrated and IDWIt baTe antedated a he&"7 erodon ot the surtace, tor the 

\l~ ' . J luperlDoumbent weight hal been .0 cr-' that the limestonel were .bent a~ tho~ . 

h;.:.~; : ,.; : plas.ti~ : and l~rraDi .,cas~s wi thout ·cruhlng. :· The :apexes ot .8ome:ot . the ',: tol~ 'i~~ . ". f ' ~-;: ~ . ~: .. ~ ~ ' ... i . .: •. -: ~ ":: .. . " , ~... .. ~ - ~.. .' ' .. ' . , '.- ' . .' .' -' . , . ,', t" :, - .t.;· '.! : 

~ >" .\:" :.:. . ·,he .. limestone .. ar~ exoeedlngl7 lharp • and, .. let appar&Dt~ wI tpo:ut tractUre~ ~ ~ 'In: other. .. 
~~ .-' ~ i .~: ':;. ,,'1 - .'!~, .- .,' .. .-~ . . . ' - . - ... . , .~'. t,- . 

~:':~·~:r.t>;, , :;~~·ll~i>~ .. ; l~ mOre ,p..~t1et .. the. cun • . re~ed,~~ mare' the arc. ot :a~ge .clrCle.:.~<,·'·::'\ .. '.::.: 
t .. , .~!-:-E·.~~··: :·': ',' .'~ : :'~,>". :~::: ~ .; . .- :','; .~. : ......... ' . ... :~ .- " : -:" . ': " '" :'-::. " "'. ~ '. . .: ..... ~ .:". . ,." ," ": ' w7-~ ~':~");" _ ' 0 ' • 

%: ~~k;,j:"~ ·:",·~:~~:<t~)~,:· -:. !h8 'fo1r~tance · orth1l · .14~(·pzie •• u:re ': and· tOl.4DB was n~_~ed.:bt. : )Iio. ' :::t· .· ·C;:'~~' 
_t:~~~~" ;f\~':--' ''-~ -: ¥.' ,~..;f"' :' ': . . !~. " _ '; •• ~.~.: :.:;~.. " :.. . . :" • • • "~'. ~ • . ~ • • . ' - '. _ , .:- ~ , ' . " .. '1 ' . ~>. . ~". ; .. ' .-:". ',4 .~ . • 

:r.4~~:~. · ·~·':~: :C~~Oi~::b;··~~:l. ;T~;orl and 1tl ett~tii .1D ~rmttl~ -t~ . liit~~cbiotiou ;o·t t f.ls·lte ~ it' ~~~~{~~ ~:~<:;, i 
;'<!.:~~Y.>:~)L> ~5 ~.'~~:~~.:: ::' ~ .. .• .' : >:: .' . ' .: . .. :~ '~" .... ~ :~., .. ' .... : . . . , < . .':. ~' <2'{' \:.~.':. ' <{~~\:(:,(. i 

~~ >.···>:'·t~. ~ to.P! ·. ot"' the ant1011na1e, a~e~~ .·mor.}or:.:·l .... rep1aoe~ ~.b7 ore,' 1reri:::'ol:~li·;":: · ; ., .. " 
. . ~~:.~:E: .. : .:~: .~~~.- .:~ .~' ... ~ .. ~,:~ .. ~. " ~':: . . ' . , :,,' : . . . " .. ",' ~ -": ... " , ' .~ w.' ~: ' . ,:: ~.~~~ ~':' '-. : '. :,~.~:{ ••• :.:~./. ~ 

~ ,;'~.; fd •• ,crlb~~~ · . . :~ .11ni1 t8d~ ·openlngs .. ·attbat. ~ime ~ 41d: DOt, howeTer," aR~,·; t,r .• ~~~ .. ::;. '<.': +:', -I' , .. .. :~J .. ~':~~~ ~. :'._:.>< ... ~J • • •• • • --. " .. , • "~ ., ', " ' ••• , '- l.- '~ :.'~. ~:... ,i" '.\~' ; ' ; 

""' .: ::' '.'. ' ~the · ta~ 'zeeachlqi:nportance ot the :natter In· · 1t.''. nl.tton ~to the. truec'~.~ :ot:<.:· : ; ':'~. <':~I '.'-r:,,' .. ~, .' . .r.' ' ~= : , .. ; . - - ' '.' .... .. ~ ',- ~ .... 
t .• rl;:"hloh haTe glTen r1ae. to the .ore ~·4epO.ltl~· . one wou14 ._ 1zit':i~hlLi;.: whi:l.~·~:~:~A~::i:·i~· 

: . , . .. . ' . ~" .' , . ... :: .. : :' " -~'~' .. ' ". ';";.,.,.':,:.': - ~i })}:;, ~~x:L;f;~~~~~~~l~~%~,t:t '! 
:~~~~~;~~. . .".to~~ Wal, reoj,gill.e4 u~:;.~:i'ac,t ha~n£;;.D::i~~n~·;b¥?~ ... -.;, .:~ ~~~v.~~r .: ~~:..: 'l 

, : ... :><: f~':( '~ . ' :- ' " .~: ' .'.~ . '::(\ ; ':;';:'/:)i' ,';' .' .~. ~·)-'%;>'~~i.,;L:;,~.ii;j.i':i:.i:· :~~- ,~' ~: . 
. . 9~·,w r or. bodlel, 7-( it . -.· :~~t:~~i:upposed··:t~.~~ , to~~>ii ... :~. '. t>l,-l~~, 

,;. ... ' -- .~ ;~; ~', • ~ • . I - .. '. -: • . ~ ·~~.::.r:,: ~t \ ~':~~' ?,~~: •. .. i ' ~:~s~J ~[-~ .. ~ t-~ ~ ~:~: ,::.~ -~<~;.:~~~~~ .. . ,~ ... ~ -::~~~:~>;1: 
• ~'. • '. _ , , ~,¥}\~, . : ... ..' M " ·~"'-t ~ ..,r'PT - (';'-'''''. -..v. ... ~ ..... ~ · -,,~"tf! /;;"'~ !,It[~t~.· .--:-:r!~; 

_' +~;~ \' ~ } ~ ~.': ~ . . . ' <,~ :~ . : .. "t-- ' . .. ~.:' ~'~~~,::~, '~: :.7~~- ' ·~:r~··tr~~}~):t¥~~;~~: :T 
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perelstent axial17, being more dome-shaped .than otherwise. It appears from fur-

ther upiorationa. hoY/eyer. that they are ot great extent axially, extending through-

out the opened ground and doubtless be.Jond, and that their thorough understanding 

1e of the utmost importance to the proper deTelopment of the mines. It Is 'doubtless 

true that there are ~ subsidiary tolds and dome-11ke de.yel~r:mente of no great 

extent and indeed, it would be surprising were it not 80, co~sideri~ what 18 known 

.of the mode 111 in which .the.~orrugat1oD of tbe rOOQ ne "ccomrl.hb~"'i 1;lut thE' ma In 

folds are pere1stent, practioally in southeast-northwest 11nes, so tar as our . under-

grO~~:,"~rka haYe extended • 

.... , . . . The axis at the largest told pa.aeathrough the . open cut or Quar17 

near thema.in ahi.n on the· !oughnut olalm, runniDg thence, one Way, through tl;le 

aouthe&sterly :oorner ot the Goodenough, acros. the Hawkeye and into the Empire 

Hen to this, towards the West 
':~" . . -

Bide ~ o~s one ~~tend1Dg trom the Horthwe8t mne oentrallJ through .·the Toughnut 

and to 'the farthe8t southeaBterlj point reached In the ,irard. ~ little farther 

towarda.~ W~.t .Side is another one, shown ole&rl.J and unmistakably 1nthe 
-. .,' . . 

To~~t ~l~~ ·~~~.:1D4 leyels, but whioh has neyerbeen tollowedtar :.e1ther way 
~ . .... .. . ,. .' . ' ., 

trom ··the pO~~t··· ~1· · d:1ecoyer'7." · T~ere are pla1n indiCations of its e:d.te~ce t hov:-
•• :. ' I,~ ' ~ :.~ . ~~ " . ' -. . " . ' -. . . 

~Te~ ~-~on :~h~ ~t\i~e1 a~ the old: To~ut main ahatt. . Its POi~t ot crossing the . 

~C?~~.ai ·~.~~~j:~hOught ·,to : be known', : but . sa· ~~ermed1ate ' open1nee are needed 

t~ .~~~. ~.hi. ·-~.~t~~. Froia the niB ~t tb1.·-la~t lD8~t10ll8d amal1er anticllDal 
. ~ ~ • " ' _. L 

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

the ·lIt~ata ..• d!~ &5ep1y dOW, the blue limestone belt pa .. 1Dg below waterleye1 
. . .. ..t~ "t·· 0' , - - - . 

• d "('. . . . .. .. ..... • .: _ , 

and aaatil~~ergilig I'll thin the West SIde " olalDl,; where It -rilel near the 1\0.3 shatt' 
. ; ' ~ .... ~ " ... , " 

to th~,,!~,WDn1~~~~ a.n~ther anticllD8.1, th8 ax18 ot which paB8eatral18Tersly acros. 

t~~ .we~...:Sld~.t~ng ·to o.~ .~a.~~e.~ :,· ~Otl~b~ •. ~·~rlt -~.r~ ~ln . the Su1~hure~and 
... '. . '. -,' -- ,:'''-; .', .-.: :' ~ ."' : "\l: . ""-~",, ,,~:~~;,·~'i.~ '~~" t:,; '\,:.£.2.: .. - . :;-. :." '-;... . ~. :",; .. ~ .. ~ , , :' ~ " ", 

. ; .~;r.'~:~ f~t~~:Il~~~ _;.tr~·~;~f~o~!~':'iJU~.~~~~~~_t.~:?:G.~l~; ., :~!~~~e~.:7~~ .. r~:~~ .i~? r~~ -;: 
::- '.: ~ .; ~~.'~~-~" ~'~ _~;~~ .-.~i~~~):O~::-:\Z::~~f~: ,~~~!~~1.\~1~:'7~t·· ·~d~te~~~:· ~lie~th~; 'or ;'ot . :~ -:: ::. ; . 

. ', ~., ..' ~~., .. ':;~~.~.:. ~\.;., .. _ ,~~;,; ,r ~~~~;l.tr~~~:i::.:~:· :.>:- , .. t· ~:.;;~~~'~~> '>-:'_~~:':-. ~ .. ' __ ' ." '. { . 

.. 

-
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the more 'southerly one 'le a 100&1 uanlfestatloD haTlne oomparatiTe17 11ttle 10D-
. . I 

gi tudlnal ext·ent. It ahow. in the workings ot the Bose mine, but we are as in 

the dark rega~~lng its northwesterly extension. To the louthward trom the West 

C' Side shatt, the desoent le, lese abrupt than to the north, and the strata again 

rise al the ,:?herl;r end line 18 approached, presUDBb~ indicating the fOl'DBtion 

ot another anticlinal; and indeed, the workings ot the Ingersoll mine giTe strong 

I' C·.·· eTidenoe . o~ .the exiatenoe of one.' .The bl~e limestone belt i8 .trong 1n the Inger-

.011 'mtne but' thins out to the south ot that and di.appears. The TrIbute mine 

la entI~el;r in the lhales and quartdte, ita deepe.t working not haTIng ;ret .pen-. . ' ~. . .. . " , , 

etrated to the blue limestone • 'The ground la too !Iiuoh' dlaturbe4 and ' the amount . ... 
ot openings toc small to permit of certainty: ' in descrIbing Its relatione. " 

. ' Returning noW to the Quar17 t and passing to the northeast, the atrata 
... --. .. :..-: ........ , " 

.. 
dIp gently,.· _~lum- ~.e again, bringt.ag · the blue lime. tone to the surtace and torm-

ing a .'iarge .~~~}..!one side ot which almost mergel ,with the Quarr;yfold, the other 
. ' , 

dips gen~~.:i."t,~.t and ,atterwards Terr .teepIT, at the aide line of the Goodenough. 

fhe axi. ot . !~l. fold ran. probably through the Combination and Vlzina mines in 
. . . . .... ~'": . ",:" ~.. .. . . - ... .... . . . 

. . 

ol1e ' directl~~~ _certainIT thrOugh the southealt end lIne ot the Goodenough, across 
, - .' " " .'. ', ;~. 1;' '. : . ,'. ' " . " . " . . . .' . '., .. :, 
t.h~ Hawk8fe. '.~~nto the_ire in the othe~. ' ~'fhe strata, when laat seen .~ippiZlg 

In'to .'t!,-e Gl:~J.~~,' b)-Ui ~C17.1:ttle WoDUc, ".t~·-nz.., etodop; prObab.l7 !"rom "&0 ,-_ . 

to. 60 degreniM.1l111ch the' u.me :' .. ~l,e at ; tha~ . ~~ ,WhiCh the;r enter the ·West Side 

on~t.he :~.ot~e~~~~li:,~l , th" T~~~t. :Wb&~ .• h&pe~~t~: t':bto the northeast, beyond 

', .. ~he .,~~d~~*3\,._tter ot: .• ,omo ~:1U1Oe~aint7.:;tOt:two 'reaSODa,- ti~.t. the ,rock 

~r :" .i .•. ~~ .... ~~~~ ";'~~~~~T7 ~ •• ot. dritt, Im~ · .eo,ond,~ · ~t 18 also ' coTered · ~ the ;'town, 

.' bot~" of , wliich1Crroumatanoes 'h!!Te tended to prevent .~loration · from the surface. 

. _ •. J~h.~t .;"~~~tth' 4J,amond drill hoI. b,or,4"."':,.t_1>e G114ed .J.~. to "hloh .r.r~r
i-~ ; ; :~~.,::~tl !> .. ~~i,, : _thor , ''';'tl100~di ~iO~~ ~~~ ,theoam.a.tti07 w .... bqond 

.~: ,; '~ t J., : ?:L ·~i~~t~~t;~fr~)Ve~.t .S.i~~ i ' .. t .~t~e )~1~ ~lIr~ .. : ~huk~h ,,~~; 'r,e'po~ . ",~. 1.r1 tt;8~; 't~t 

.r{~·': '·::- ·r;,~~~~::+_:.~~ .. :.".,~.~~~~" ~~t,,, ,~?f.~ . "." .>.,~ ,., ~ - ' , " - ,'. ' . • ' ~ '. - : ' ":: " ;' :J~ ~";' , .... , .', ' . ' , .. ,', . 
_ u _ : "'::"2' .. :. " 

-; ,-:: . ---, ... ... - :;,-- . 

,: •. : :..;, :,::",< ,~:~, :;~.~ :-.. .. ; " ~ .... -i:"':!' ~ ,"t; ,-' ••• • . .:.~ . . ~~ • • ~~ ,l. .' <, .. , . :~. ~. 
;"' .... 
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18, the last seen ot the.. strata the;, were dipping steepl;, and had ceased to 

carry or •• 

( FAULTnlG. Ground which has b •• n so remarkably tw18t.d and deformed 

as thia has been could hardl;, haT •• scaped .xt.naiTe taulting, nor do we find it 

10. fracture. and taults Immmerabl. are tound, but tor the moat part they are 

C' unimportant and the throw inconsiderabl., which 18r.aarkable, considering the 

, C_~ 

--magnitud~'- ot the torc.s that haTe b.en at worle aDd their other .tfects. The 

most important tault 18 that paning through the Quarry and 'running thence southeast. 

It lhows plalnl;v where Orolls1.Dg the Borthwe.t worband has been tollowed by drlf1;-

lug on the Toughnut 3rd leTel to the Empire 11ne. lanother tault traverses the 

Toughnut olaim lengthw1eeand oentra1l1 and 11 parallel to . the first. There are 

other minor oneil parall.l to thea. and alao another quite extenalTe s;,stem cross-

lng- them at about right angle •• I do not, howner, In the l1ght of what we now 

mow. regard the taults On the Compa~' s propert;v .. baThe' pla;,ed a~ Ter,- 1m-

portant part In the gene.laot the ore depO~lts. exo.pt in the cae. of the West 
~ . .. 

Side ~eln. which 11 apparentq an ore-bearing tault-tracture ot considerable ex-
. ..... - .' . 

--
tent, aotlng aa a receptacle. aDd tor the most »art quite dltferent trom the rePlAce- -

ment ore . bodIes ot· th8 GoodenoUgh And TOughnut ~~ •• 
- ._--- -- --_ .•. --_ ... ", -- '- . . -: . . -- -- . : , " ; -~ ... .. . -.- . 

-~':' 
, .;" . _ .:, ~w :~;. . : -. • ' . . ... . . 

.u:.. In add1tlOJl ~to thft 4hturb'~ ~lntlu.~e. :- ot .1de pressure 
. • ~ ~ ", .:-; .- ', . . ' .:: i:-\':.;; .···~ .: .t· :· ' . ~ . . .. 

and taultl!2g ret.rred· to abo,,:.; ;tJM ; ~Ob ha ... ·-bliD .iJm.de4 -bta .,..tem ot dikes 
. . . - ~ ~ .. . ~;.~ .' . ~ ~ ~ .". , .... , . ..; . .-~ '~::~.:'; , ~ ". . . ~ ~' . ; . . . 

ot porp!QTltlo at._rial whlch ,haTe oenalD.1nlqe4 a pari -in the foruatlon ot aome 
_ ••• , ~ • ~ '. ~ .' . ' ~. > •• • ' ~! ~_~: .:.' . '. 'f: .' . . , 

ot the or. depoai t. • although -&nob.our. -andpro_bq ~ .eoozi4&17 One. In ' the 
," . . . _ . ' . " ~ s:.. " 

:-~l1er· openings the;v, w.re1cnom1 ~ort.q as Da ..... . ot mOre _ oi ~::le88 kaol1nhed rock, 
. ' . . , . " . ~' ., . ..: ::::';-~' f.' . . .. . 

_ ~ _ ; < <: the largest exposures being :~t - ~' !lorthwe.t ~ sliIln: and ID. ~WOrklngs in the T~vlnit7 

... 

;~.;~ · ·~·< . ? .1r i" j .. ' ~ ... . . ~ .' - _ . ~ > , ~_",' -~ ';" • ', .~ .. - • -\_, t. ~'" ~ " ' ~ t .. "': I~ • 

,-~'riJ;~ '-i-:t}~ti't~'-~~ '-on ~ •. ' ~'~~~\'--~~~ : :,-:~t~~--:~i~-' .~:~~!/p~Te.~ th~ ; t'O : - b~ :' _ ~. i~' _.' ~ 
-~ .::; / I ?" -" :~ . " :- ... .. : ;.~ !t:'· i<r.·~~.-? .. ;.t:~11'$:· ~ ;r'" .. ~. ::. . ~I'~ ;\-~-~~ ·~·~~ .. ~ :. J~,.~\i'tir\~'· a} .• ~'~ ~ ... .. ~ --: . j." ~ 1-\~ ~ .... " 'l; $.. ~ " ~- :r ;:;~ .l: ~ 

:i ! .. : - '~ . '\ ,'k' . ' .... : !':: '-~~ "i . ...!" . ~:~;.. ...... : .. ~. -'. :.; .. . ..: -..... -./:~~-~~~">? .: ". ::-.. ... -. .... ':tt1~:,, : ;.? . .. 'lo .... . 1 "( : >.:··~ t ... .. ~. ~ '. , ~ / 11. 

;"~L, ol~q~- 4.t1n.d dlaa-; C?t.>;.-,.IT. CZ' ... t longltud~J.liit_~.: &J\cl_.'pe~~1etent '.to~· the L 'i:_ ~ 

~;r~:1~~,; [<1~-: : " :,~~}\~, L;,, ;~~~~: f ; ~t~: ~~~". : ~" " . 
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greatelt deptha -attained in our worldnge. So tar as opened, the,. are tound to 

be lII10h deoomposed _ and their muoh greater lottneea than the Qount17 rook has -been 

taken adftntage ot where pou1ble 111 the dr1T11ig ot ,working hTds. Indeed, had 

it been poeelble to mow ot their existenoe 1n the t1ret place t much mone)" could 

haTe been aaTed 1n the aTo1daDoe othard rook and the mines opened in better shape, 

tor it 10 happell8 that the1r Itr1ke carr1es them acro.s the lines ot ore deposition. 

Their aTerage width 11 tour or tiTeteet, although in place. they expand to ten or 

tifteen and again oontraot to ODe or two. A.s atated, they- are tor the most part 

_ greatly- deoomposed, the Jl8.terial ,.'h.... being .ometimel 80rt enough to work with 

th.8 piokand bear!Jlg little aemblanoe to it. original Itate, whioh 11 .een 1n but 

tfIW plaoes and 11 that ot an uoeecl1.ngqhard,oompact"dark greeD1sh; po~1tio 

rook. .The ·-dip 11 llightq to the- west and the atrike a little east ot north. 

The)" are wondertul4r Itraight, oeneidering that the)" cut luch a disturbed count 17 • 

made up ot 10 -DIY bede ot rook ot wide17T&r71ng degrees ot hardneea and dip. 

fhere 18 DO "1denoe ot metamorphism ot the adJaoent count17 rock to indicate 

that .thq were introduced in a molten ltate, and the)" are probab4r the result ot 

." '- - , ~ 
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10. 2 dike pa.aees through the QUa"7. rwming thenoe louth. aorose the eaeterl;y 

oorner ot the West Side. aoross the wester17 oorner ot the Sulphuret and on through 

the Boss m£ne. To the northward ot the Quarr.v it has •••• w been followed by the 

let and ar4 ~e.,.ela. the latter to a d1stanoe ot nearl¥ 800 teet trom the ma1n shatt. 

where ·it ms been thrown b;y a tault and lode The 6th Inel of the Weat SIde mine 

( has also been clri.,.en on It trom ite lnteneot10n wlth the Teln t nortlDrard to the 
'. 

( 

. ( '. -
, \... -

~.'..i· } .. ~ '. 

main Toughnut tault. It wal .quee.ed to a .111&11 thiokne •• 1n the 11Ortherl;y por-

tion ot ·thi. dr1ft and lost b;y a .111&11 fault but found again b;y oros.-outtl~ ,on 

the _In -tault. The No. a dike waa tlr.t d1eoo.,.ere4 1n the northerq end ,ot the 

BawlceJe claim below .the 3rt le.,.el~ 'It has .inoe been cut ·In the south end of the 

Ame cla1m and on the 3rd and 5th l .... e18 ot the Sulp!mret mine, whenoe it contin- " 

ue. It •• outherq course, show1ng agaln In the If&7nower workings. 

Practloall;yparallel to the.e dikes are ~ minor fraotures, cut-

t1Jlg the ore .hoots traneverseq. The other .;yste ot tault., alluded to abOTe 

under "Faults"; has apparentl;y come slnoe both the dikes and ore bodles t tor both 

are out and sUglltl;y throwu b;y tault. beloZJg1ZJg to ·it. The min southeasterly 

)~('b041L"~.Jit:·i~~~l./.Q~.!;::t~en41lea. open- " ,', 

I!<. ~~)~ "',;~~.c:~1~J"I ••• ~eD~~';;~I€'ilJlij~c· ~r7~~f'~ ~~::;· .. 
-
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fact that nearly eTery important ore body 11 at or near the axil of one or · other 

of the antiolinal folda and praotically oonforms to that axle in course and pitch. 

A further Important taot 18, that In follOWing theee ore bodiea. or ahoote, ae 

the1 D1 be .ore appropriateq called, none haTe ghen out when tollowed in the 

direction otaxia1 extension; that 11, louthealt. True they haTe become 8Dll 

and poor at time., too much eo to be protitably mined, but beyond theee p1aoee 

there hM been lmproTement and the1 I1gnif7 on11 that, although In the channel ot 

the mineralIsing wate~, .the oondition. haTe been locally unfavorable todeposi

tion. . Another tact ot lmportanoe 18 the etriklng inoreaee in the proportion ot 

gold to .1ITer· in the shoote al th8J make to the eouthealt. ~pparent Tariatlonl 
. . . . . 

tram thle rule ooour at the point. or intereeotlon ot the Ihoote with the dikes, 

})ut there hal been genera1l7 great local enriohment in both gold and Biber, (but 

( particularly in gold), at· theae point •• 

In' apMldDg ot the toldlllg. it haa been said that all .trata 

are atteoted which we haTe penetrated in our wor1c1nge. It appears, howeTer, that 

in the mines there are, atratigraphioalq, . two prinolpal poa1tlona carl7ing the 

;"; , .bulk ot the orea one the.,·blue limeatone belt and the other ·the oontact between 

'. 

c. 
the white lime.tou and the quart.it. whioh underlieathe blue limestone. In 

the .e.~ Stele ; miDe there ~ • ·large '4nelOpMtnt ot ore In the alumi~Wt lihale. 

andquar~.l~e. iJDD84Iateq· :ooyer tb8.~blue " ltDtaton8 and at the orosa~ . or the Teb 
. . " , -- " ... . _., 

and .tJut..:aaln antiolinal axia ot ,the lIilne.. . 80, .leo ~ in the Trlbut.e · mine, the 
o . .... . . ~ \ , ' • • • • 

.; ( 
'/ , . 

ore ~s in theae upper rOOD, but In the 1'0ughnut and Goodenough 'nothlng or i~ 

portano. haa been tound-aboT. ··~r. ~elow : the poaltlona indicated. The oroas-eeotlon 

mp which aooompan1es th1. letter 1. ~eoeptlTe, .•• the .aotion 11 ta~n along. , . 

... . lIne ot great. d1aturbanoe and thtt. ore hal tormed . lnd18orlmlnately In .- the .hattered 
-,;,' ' • • ~ . ~ ~~~ '. . ~ . • _ _ • " •••.• • : .: : ...... .;. '" ~ ', : . '. I' '. ': -~ ,,,,' 

; -·~.Ui{ .. 2~ : '., ~OOka~ .• :'. 'El·th~r,,?~·,: trom thl~-::11-;W .the ~.ore ·; .bOota ;· are contln~d v817 etrIctl7.~O} :~-:; ~. 4···.~ . 
"F;: 'i~.~' ;:.;. ; ~. t-j __ ~-?_ ~~::. : " ; .... , ::.:. ':: . .;: ~.: ~)::~Bt<.; -< i. >~ .. ~ :: .. ~ ~. -' . . . . .. ;;,: .. :'_ .. ::' ; '~i;.:r~~·:> 
. .' · :;··~. ·}··:: the'· po.ltloJi8 · de.crlbad ·'·': ,,:; , <.! . .. ~ -;':'< :"~!:.- ' . , - -; .' .' -.« -:~. ;~;' :;. ; .... . . .. . . '~. {\,~ .\.!f :':::.:~} .,' " .~ '.' -- . 

: . .. ~ . • :"~ .~ . ' \>' ~. : .~ . 
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It Is aS8umed that the mineralizing waters followed naturally 

the lines of lea at resistance, and a little consideration w1l1 show that while 

these were obvioue1y, In most oases, clos8q coincident with the axes of the antl-

clinal folda, local obstructions might eas1l7 ha~e di~erted the flow slightly to 

one side or the other, gi~ing rise to bodies apparentl;y conforming in dip to that 

of the flank of the to1d~ ~ ot theae exist, but ar~ inTariab17 found to become 

poorer and poorer as followed down, until they final17 tail out into the country 

rook, and It 11 neceaear,y to return to the apex ot the fold to tollow the true 

co~e ot .. ~he.. or~ •. 6' lIa~ ot the earlier workings, some ot oonsiderable n:agni tude, ....... . . 

were planned.~ AXaouted on the theory that theee elde ehoots indioated the true 
• • ·· f . ,' . .... 

dip and oolir~~:'i~~e ore 'bodies. Such worlas were invariab17 unsuccessful in . :., ' . . :.: ,.~C 
tollowing .1;~~~~*d were abandoned atter pushing beyond the ore and 1n Borne 

case., tar'·.'ruto· ~15 oO'Qntl7 rook. 
. ' .- :.. -;~~ 

.• ~ . . '~'. ; . ~~~ .';" ' .. _ The d1epoe1 t Ion ot. the ore along the lines ot the anticlinale 
. -=.-t'. ' ... : ; :.;.. - -

11 not a mer~~17 but a well asoertalned taot, ae tar ae our workings extend • 
. ~ ... ~ 

. ~~ ~ .. ' . . ~ . 
Iro ore of ~ .. '~~quence ba. eTer been found In the synclinale. There are, 

Indee'd, the s.~~cea to nearq Tertleal Telns, -easUy miste.ken for such r.ith 

11mi ted UPl.~~. but appa.rent11 all of them ~Te reoe1Ted their mineral con-
. .. .. ..... '~/; 

. ..- :;- '. 

~-- '- · t&ntll trom ~J:~.~~~ t~ugh the ~ntiol1_l rOld ... ( : : :·jl !rho line or tho 8>:11 ottho tol48 baa bee .. · lpOke .. ot a. that 

( 

"( . 

'- ~ 

of least re.s .. ~ . _~ to the nO. ot the minerailSiDg waten. .That It should' be ao ' 
. ",' . " . . 

.will beopme ~~c. a~ent frOm & oonsideration of the onq mode of formation 
. • •• .• . j ... . .. . . 

ot tu tOl~icihl~ can conceiTa ota. po8l1ble, that 18, aldepreeaure. ETi-.. -.e .. '. . 
• . •• :, . . . r.~ . . 

dent 11 , the etfeot orsuoh preaaure would be to compress the material till there 
. : . .. ·:.:·t.· . '! ~> ~. . 
~s no';.f~~~:lQ~~or 71e.lding lateralq. The preesure continuing, .linea or 

.. eaJmell8!ere deTelopedancl. ~he atrata .buokled uP: alo,ng para,llel . l,lne.~, the.··effect . 
. . '.J''!~ ';"::" ~ ... :.'" '. . ~ ...... '.~ -.'~, ~ ,~ :": ~.; ~ . ~ :' "': " .:" '~" :~:'.~ ' . '~ . ~. ':, .... " ~ .. 
u.turallt. 1?eing ~h&~ ... , : .trat&~ OO~."1ng · the sl_de. :orthe':~~lde, -and the"_n.lle;ya . . 

• . ', ~ <:' ... ", I . . 

'. ' .. 
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c between, were · coEripreesed tight~ together, while the tops or the .. rold& ·were -lert, 
I • 

not open, ror there ns still an euDmOWI pressure upon them, but at least more 

tractured and permeable than either the valleys or the 81des. This would be es-

( pecially 80 in the case or the limestones whlqh carr'I!Yed sheets ot more triable 

telsitic material which would cruah, whereas the more mauiTe layers ot l11nestone 

(' 

( 

' ( ~ _. 

. c. 
. ,-

would ai~ly bend. 

More baa been said on thie aubJect ot antic11nall than perhaps 

it will be thought it deserTes, but it is really one ot great importance.- The 

truth ot the proposition la1d down aboTe as to the disposition and cour8e ot the 

pre shoots has been tested time and again, and indeed, it mar be 8&id that the 

-
very protitable work ot the p&st tflfl rears bas been entirely based upon It. Start-

iog w1th the mines apparently exhausted, they have been DIlde Ter,. product he and 

would · still be so but tor the obstruction ot propertr lines and the present Ter,y 

low price ot silTer. It can hardlr longer be called an b1POthesi& but rather an · 

established tact. 

THE FUTURE. Bltcludlng the Lucq Cuss mine trom the dhcusslon, 

aa belonging to a ditferent system ot ore deposition and to be neces8arllr treated 
.. 

a eparateq ,.'tentlon should be :¥-.nr1ned tOI' th~ present to the northerly group ~.tP.~:_ . 
• . ' . 

of mines comprlling the West Side, Sulphuret, Girard, TOueimut, Goodenough. w.,.- ,,-.,:~ . . 

up, Glld~ Age and the Derenoe, and to the -ground ~dJ&cent to them. . Let us re- ' .:..-:r~ .. 
~ - _ ... '. --: :.. . 

Tiew the tact., .0 tar aa the ore depoe1t. a,nd stncture · ot the gro~d ot these ~ ;::J- ..... ,\.--
:.«. ._" . .....- , . ~ -. ~-

mines 1a known and. concerned. 

• 

·1.- The rOCD dip to the southeast. 
-1 

2.- !.ntiol1nal tolds exlat, the axes ot whioh pitch 80Utheast 

~ 

oontornablr with the count17. . 
3.- ITactloally all known ore has been .located along these antl~ . 

ol1nal axe. ,and pitohing, th~retQre, southean. This 1. , . 
, . ' ,.. -' --,'-:. ' . 

true in spUe ot DlI.lCh work in other sltuatiolUl -which Would 

·h&.Te d1ecloeed ore had it existed. 
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4.- So tar ae known, the ore on th1e group :of mines bas been 

moet~ oonfined to two situations, ~iz: in the blue limestone 

and at the contact of the white limestone and the quartzite 

whioh underlles the blue limestone. Some, however, in the 

lhale. aDd quart.lte. of the West Blde and Tribute mines. 

5.- Great local enriohment and expansion of ore in size at the 

oro.'a1nge of .hoots and dikes. 

fhe oonclueion .eema irreaiatable that the future of the mines 

depend. upon extension alODg the uel of the antlcl1nall and upon ' the discovery of 

other e1m1lar ore-bearing toldl In adJaceut unaplored ground. 

Considering the flr.t of thele poallbllitle., the question 

naturall,. arhea; doe. the nme rolded .truoture of the ground extend far to the 

( .outheast of the Oo~" minea? fhi. qu •• tlon It i. impos.ible to answer satil

factoril,. for the rea.on that I b&~e ne~er had an opportunlt,. of personal inspeotion. 

( 

(' 

1 haTe been led" to belleTe that It doe., tram Terbal de.orlptions and especia~ly 

b,. the faot that the line of greateet ' ore depo.ition In the Flora Karlson, south 

end or Contention and north end of Gr~ Centralmlne. -appear. to correspond with 

the axi. or the main We.t 81de antlo1inal, and t~t we found ,the condition well 

aarked to the ' ta~he.t ll.m1t ot-our .0u~he&lter~ work lu the Sulphuret mine. h 

l~peOtlon ot -th.pD.8~l' -p, i.o~bB, tJii' letter w~ll .how this correspondence • 
...• .. - , 

!ha '~4 Centre an4 ~ulllt7'_D.8'~l 'be luppaled to corre.pond with the Girard 

antlo11ual and -the _Ire, SllTer. ,!hr.d ,and .orth_,J!olntwlth the Goodenough auti-
o . • _ _ . _ 

.. .. :.. 
, -

oliDal. 'It mat be rememb!,re4 tbat the atll mnee were entirely in rocks ~lng 

aboTe our. geologioa~q aDd that OOD8eq~entlt our ore ahoot. would, In all probe.bll-
" ..... 

ttl' pU' ben_th 'q : ci:t., the ~orldDp ' ot the mIM.' Damed, In mo.t case8 e~en below 
.• ' . • _~ '. ',Y" ,~ . "",,: ':J;,~~ .- \. liI' .... 'r ~ : . . ,, ~. . 

, ~4> ', ~~~, i~"~~ ~: '~t;1~~~~.~~.~, "Y1tht~ luse Grand Central and Contention dIke 
... :. ~ .:; .-' . ~.7" -~ ';' ~ "; J ,\ r' .~.~~~ ·-:-7~::' · '~'~~~~~l:',~~:~.::~ ~.~:t~r~.:· ; . :\··~:':. ·· ", - .. ~ . . ?. 

". " , ~d -be -point. o-t>p''''~, l)it.re.~', "' bf all precedent should be accompenlEtd by a 

, "- " " - ' '. ].'~,~V1~3~~~~~tf."/: '<~ ';r,:-::~, 
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large deTelopment ot ore. I 40 not bel1eTe that In alliY ot the Hill mines was 

olole &tte~tion paid to the .tructure ot the ground and It. relation to the ore 

deposit., . and rurther, thoBe mines being located in the more friable .ha.1es and 

quartsites whioh oTerlie our harder rooD, and being traotured, disturbed and de-

composed by the large dike, such detail. would be neoe.sarill more obecure and 1es. 

easy. ~t . deteotion than In our ground. It 1. untortunate that the outlines ot 

( the main ore bod1e. in the Bl1l mine. cannot be ghen on the ap • 

( 

.. : . 

!.io. , 

, 

i . 

'C 

. ''': ~ . 

But wb&t..,.er DB1 be the taots a. to the extenaion ot our ore 

shoots to ·tiJ., .·: .~lRhea.t, the)" haTe reaohed our property 11D1. in that direotion 
. . '. . . ' ~ .. ~ ._ .. ' : .. - ... 

uoept ~iD ,~ ., ot the Glrard shoot, whioh 1e •• 11 and poor at pre.ent. The 
.. ...,. ,t!'.. ;. 1iF,. 

recent agr."~. ~ith the Emplre CompallT wl11 permit ot .om. exteulon in that 
. , ::' > t';~ . 

direotion a6t~DUOh dependa upon ita re.ult •• 

. : .. .. ~~oi~ :··;!·ll ... r4iDC the .eoond poldbllity, that ot the d1eooTe17 ot other 
:.. . -(, ~'; \~1fIC 

ore-beari~ .:~?~. praot loalq the on17 1U1uplored ·ground where luoh d1aooTe17 would 

.. be l1ke17 t~;:.~ot the "~-up aa.cl Gllde4Age olala, Dlither ot which hal been 
• ••.• :t) 

IIIIIch .aplQi."~ffil.~sona. pr'Ti~q .IiTezi. The ._~.t told in the. Goo~e~ough oar-
• . , ,- .... t..l (. .. • 

ri.d the Ti~~'~~ . ~ .. Omblnation and east Goodenough or • . bodie.. The rook. dtp steep
~ ~ . 

·17 Into the:jl· ~.lge aa.cl W.~, preo1ee17 .. a thq 40 bito the West Slde to the 
" . :." ~~ ' ... -... J . - . • . " 

SOU~h o~the\.~DDt. Do thq rbe. agaiD a. ~D" ~he Welt 81.4e, ~0rm1~ another 

.. told' ADd,· f.~. --.i. the ~ told ore-beariDC .a all the othera ha"'!t been' . These-

·:;t:;7~.: :·f~;r:~;~T=t:~1~::-~::::::=: ::-0. 
",.l"ti_l ho'l_._ bored to·. ·4epth ot:'36 .teet OD the .. rear adot Lot lO,Blook 20, 

o .. . ' .' ~ •• :-i., •. ~ : ': . ,,: . : ' - ' . . . ' , . 

corner ~~~: ~4 : .ii'emoDt 8t~~a; ( ••• _p), ·outtiDg the ~baie., blue lime.tone, 

~~l"t&1.~i~.~I~ : lime.ton. pr,oi.l!e17 a. t~ ar~ .to1Ul4in ,the m1~'~" Hen 

. .' the aalai '"boq: :i- t~ blue ··It..tone wuto_(lII1ch :~per than ·.i~ :· 1rqU}..~ ; Jia", • . ~'~D 

'!.f1~ ~! · 1~ '81~}}. '··· · ·:;~ffitttm~11~~i.~·~~t-:t · 
.... :;... '.; ~ 

~ :. , ' , -): -,, '-. :' .- . .. 

I , 

1 

I r , 

[ 
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c- thil, ma~ other indicationa ot a told, the exiatenoe ot which waa tlnal~y oontir.m

ed by orolacutting trom the lbatt lunk through the drift to permit ot Itarting the 

drIll. To the questIon ot mineralIsation, the drIll returned but an unsatiaractory 

( answer. Hear the bottom ot the blue lime,tone, leTen teet ot ore-like material 

( 

( 

( 

was cut, alsaying 3.2 01 •• UTer per ton, and, .peeJd.ng general17. · the appearance 

ot the corel Indloated proxImity to ore, but DOne ftl tound In the hole. 

I do not intend to oonTey the idea that all ot the ground with-

in our lIne. II eIther exhausted ot ore or demonstrated to be barren. The greater 

part ot It 1s 10, beyond doubt, but there are atill unexplored port1ona ot the 

antiolinal tolde whloh ma7 71eld ore eTen in oonelderable quantit7. The exploration 

ot .uch pl&oes wIll, howeTer, InTolTe moh expenae, the reooTe17 ot .-hlob under 

the pr.sent prioe ot .ilTer ia at lealt doubtful. From the lilt ot luoh place. 

Day be oited two whioh are ot the greatellt prom18e.- the raiee in the ToughDut 3rd" 

leTel north dritt in Way-up ground aDd the louthwellt dritt on the ISO toot leTel 

ot the Rorthwe.t mine making towarde the Detenoe. The ra18e ftl put up to learch 

tor the louthealter17 arlene ion ot the eombinatioj lhoot aD4 18 300 teet tram .-here 
.... ., 

that lhoot was ab&ndozied,. It wa. located as -nearlJ.. as poslibl" on ~' line ot 

the told and tOUnd the shoot at about '75 teet aboTe~he ' leTel. Unto'rt~:4.;~17' ~:,. ," 
or. 18 ot .Tery low gra~e at the poInt cut , ~)ut the I~Ot 'le large and JIIIloh wOrk ;. '_ 

will: b_ez:.equ1red to thoroughq explore , l~. , ~t. belcmp to the, olu. of shootl ' 

~~ ~r:t~. quartdte and on th." ~t." '1~.4;~· ,the .di.~eq:~i~~Q'~ ore. 

m It , ~t .~~. PoInt ..,OUld be a taot of great .~giiltl0&D0e~;< !he oth8r ~Pll-o. -men-' 
:. ' ,", ,.- ': . 

, " -..;....,:.-
. tione4, ~thi drift Into the DeteDO.', 18 .de.lgned to '01',0 •• :' the ub ot the li.iP" arit1~-

' : ' . . . -.'- ~~;;. . '-,~ :- .. .. ' . ,' .,::~ -
ellDal whiob pa.... through the Sulphuret, We •• -814e ail! Int'.rTenOI'.(·': I .haT. 10Dg-:-' -

- -$ , -: ':' 

bell"ed~t ore ex i .' ted to the we.twi.rd ot the W •• t . S!k;,~n~aloDl-'tb.i~. : axla 
, . ' . • • t. · . . : .'. . '~-j' •• =-. ; .. :. " .. ~. . ~ ~. ,.' > .. ~ ~ 

;.: -

ht etton. ·to · tfncl it trCla·,tbatmlU ·. b&T8 DOt-' be • .ucoe •• tal~':'- Iarac1d1tioD to 

~.~. 'a~4~~~ 'J·' ; "*r un4~~~~.f~l:~W~fi~:~~~' .... :;(,: 
: :taTOrable: oon41tlO1l o~; the· dlTer .i'i8t,. ~, lt. "oul4::b.~.wi •• ttO: .,~lP~: ... ' : ·, ·~Work- ~'~ .· 
. ' . .~ ~ , {, :-- .~~:, ., .' .. ::: \~ ':,u{ ,:, '~:r~~~;~t~:'.:.~L: :~~~~lr;tfr;r:(~~-.. ' : ;_ ::!,~~~;~~~~:. ' . 

• 

• 
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cannot be reoommended under the present oonditions. 

LUCKY CUSS MINE. Thi8 mine is so essentially different from 

the other., both in oharaoter of its deposits and the rooks In whioh they are en-
cloeed, that it 1. neoessary to cooelde. it separate~. It i8 needles8 to go into 
an extended deloription ot the workings and ground but I wish to oell attention to 

& tn ot the more prom1n,~ent taots whioh haTe been brought out by the worklllg of 
the mine. 

Through the , oentre of the olaim rana a large and remarkably 

well detlned tilsure Teln, dipping about 70 degrees to the east and outting the 
quartzItes and white limestones whioh oompose the oountry rooka and whioh dip 

about 45 degree., a llttle to the north of east. Thill Tein 18 slightly mineral-

Ised throughout, but in tew plaoes sufficiently 10 to be ot value. Its walls, 

In IIIllV plaoe ••• how hea~ striated olay sehages con:mon to suoh Telns. The 

prinolpa1 ore boq ot the mine was not, howeTer. in ·the Tein at all, but in the 

tootwall ot It aDd about 400 teet trom the north end line. It pitohed to the north-
ealt, gradua11)" approaohillg the Tein, whioh it reaohed at a depth ot 340 teet. .At 
thi. point it taultedbaok into the toot wall and again resumed its approaoh to
wards tbeTein, -reaching it this time at & depth o't, :&bout 600 teet, where it wal ", ., 

. 

lo.t. . ~her north, and extending trom the 6th leTe1 to the lurtao .. , but In the 
Tein~ was anot~r ahOot oonneoted to the tirlt one b7 ·a lmal1er ore ohanne1. The 0 " " " .:' • . . ; ~ ':" . ',", 

tint ~4 larpJo' aboot carried no gold at the lurtaoe, the gold inor_dDg almolt 
. . : . . . ,' '' . 
FOpori1.0D&teq to: 4epth to the end ot the lhoot. .In the other Ihoot the gold ' i~ 

or ••• ' - troll the~ ·~taoe to the oonnecting link, below whioh there was no appre-, . ' 

. 4ia~l • . :lDor •• e, "hile thi. link wa. UDUauallJ high in gold. The eTldence 11 

1 

~ 
I 

! 

!, 

, I 
, I 

, I 
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( tollow1ng to greater depthl. One unfamiliar with the h1stO!7 of the develop:nent 

of the mine mie}lt 8&e117 oonolude from an in.epeotion of the workings as they now 

.tand that the bottom has been reached. Twioe before th1s, however. there was 

/ eve!7 appearance of exhaustion and 7et each time the shoot was found. richer In both 

gold and ailTer than befcre, and I belieTe we would haTe been auooessful in our last 

aearoh bad 1t not been tor the low prioe of e1lTer, whioh preoluded a~ attempt 

at aupport~ the expen.ee of enlarged pumping facilitie. and deeper explorations 

by ore 8h1p!D8nta trom other part. of the mine. I cannot advl.e any further work 

at preaentl the expen8e would be too hea-.y to be inourred tor 59 oent e1l:ver • 

• BBSUlUI:. - I haTe endeaTored in the preoeding page. and with 

the a •• lltanoe of the ap. aooo~ing them to descr1be. tir.t, the Indlaputable 

plQ'e1cal tacta regardiDg the structure ot the ground in which the Comp&n,y" mines 

are located, .econd, the allo indi.putable tact. regardIng the position and trend 

( ot the m1n ore bodies, and then. to follow the.e two group. ot tact. to what seem 

to me to be the onq logical oon.olualol18 parmiasable regardiDg the lines along 

whioh the deTelopa8nt mu.t proceed to ltand a realonable ohance of successful issue. 

The po8.Ibl1lt7 ot the repetItion. of the folda or .addles to 

much greater depths than we baTe attained, and ot their being ore-bearing, has been 

purpoaelJ lert out ot the di.~U8alon from the teeling tb&t it Terged too 0108e~ 

upon the Jvpothetlcal. TM 8&cldle. prObabq 40 oontinUe to creater depths but al 

to: the _tataoe ot ore, we are entlr.~ 1ll the dark. .. t ,.T1deDOe we baT •• tb&t 

ot. t~ 6thleTel ot the li ... t S1de min •• which.l , l"im under ·the TOughnut worD, 

18 not eDOOiaragiDC- or ... logl.. 1n other min1ng illetrlot.. I know of but one 

where ''the relemblance 18 at all aarked.- that ' ot the Bend1~ gold d18triot in Aua-

tral1a. 'Ther. the tolda are r.peatecl 1n re~ lucoe •• lon and are ore-beariag to 

" , 1Daeue 4ep~ •• 'but when 'we come' to the eDOlol1DC roo~. the ~10S7 cease. to he:~e 

~i4) . , ~o~~~'!~';.H~ ;'~'"~t;rr, :~*l~~: ot :~l~::~ .lat.~ in ._n-
," '; ';; , lilT, '~~~;i~:W~l. ~~ We: kft;, th8 . thlmier b.e~ ,. ot: ih&1~.:;! q~alte8 B.nd blue 

. ~ : .- '. !- ':tr~''-'f: - . ' _': -, < ,,' ' , ~ , ,i' , 'f;: :,: -' .,' . '~~ , 

7~· ' .. ~". ..~ •• ;: . • .• . . • ~ I. ~. <t . ~ .~: ~ .... : '.-( . ~ . ., ... . 
~ .~. '..,. ~ :~ '" ~ -;- , ~ $: t '; ~ , !;" 0# 'f r. f , ~ I;t -" -l iot -: ~ ~ ~ ~ ) :'I ~ to. .~ ~ , ' ~:;- .' i..t . .~ ':; " .. 
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limestone, resting on a DauiTe bed of white limestone. The following reference 

to the conditions at Bendi~, from the pen of 1Ir. T. A. Ricard,- -1a almost descrip-

tive of our own oonditions. "The most marked oharaoteristio of these sandstones 

and slate beds is the extreme bending, folding and contortion whioh they bave under-

· gone, aooompanied, aa might be expeoted, by a Tarying amount of fissuring and tault-

· Ing. The anticlinal and synolinal undulations are often renarkably sharp and 

exhibit every gradation in extent, from a few teet to mdles. - - - - - - The main 

antiolinal axes strike N.N.W. and S.S.X.
.~ 

Considering the minel at the north end ot the propert7 a. a 

group b7 Ulelt. and allde from the mdnor d1aooverhl which rray result trom further 

e%plorationa along the linel of our prelent shoot I • the . fUture ot the mdnel ID118t 

be sought In the ground to the southeast and under the workings of the other mines 

alrea~ exilting In that ground, and allo in similar loutheaster17 shootl to thole 

alrea~ worked, which rray exist in the Gilded Age and Way-oup olaiJDII. To the south-

ealt we meet the obstacle ot other ownership ot propert7. and were th1a removed. 

there would remain the uncertaint7 and expense ot very deep workings. with the prob-

abilIty ot water to oontend with at an early 4&7. In the Gilded Age and \V8.7-up 

the ohanoe. tor bonanzas at moderate depth, that Is. above water level. are good 

but the expellle of exploration would be heavy and cannot be recomnended unless the 

Compa~ il pre~ed to CheerfUI~ stani the IOI~, should the work prove unproductive. 

· .A.ppe.Z'~tq .the .,It f .. alble and least expensive mode ot conducting this work would 
• J • 

~ ", ..... 

be ~ mean. of a lhatt on the No.2 dike, somewhere near the centre or the Gilded 

.A.ge olaim. . 

(Ilgned) W. 1. Staunton. 
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