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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 en 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 of the hole 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-1

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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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
District 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 a 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 outcropping-ledges and-fissures of high.grade _ .
ore in the areas - This "glory hole'" mining.yielded considerable gquantities.:
of ore.  Large-tonnages of 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 structures 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 was 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. s




Next a series of steeply dipping north-northeast trending fissures devel-
oped probably as 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 Mining District is min-
eralized at some point. Some structures are mineralized throughout

their 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
associated -with north-south dike fissures,-faults, anticlines. and northeast.-
fissures only. Much 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, "10-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 "10-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
Crand Central and the Contention Mines was reached and the water was being
successfully controlled before trouble clesed the deep levels.




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 Contention, 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 by 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 Mining 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 unmmentioned in 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 their profits, and the practice of 'high-grading' or stealing

of high grade ore, free gold and native silver by the miners themselves. )
Taking these factors into consideration, it is easily 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 calculate 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 Melgren Mines 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 Mining District may be classified as high grade.
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 its Mines, a Report Upon the Past and Present Condition of the
Mines 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 continue limited production for another 34 yearsl
Blake's "competent judges' also give an average value of $45 per ton of ore
based on samples and smelter returms.




Butler, Wilson and Rasor in their 1938 "Arizona Bureau of Mines 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 published
figures in the Mineral 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 MINES

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 operations. _ _Other factors must be blamed for bring-
ing an end to mining.

Most of the known easy to reach high grade ore 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. Milling 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 any one thing, it would probably

be poor coordination-of efforts-on-the part of the.warious.management.. -
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 tomns 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
profit.

Thousands of feet have been drilled in an effort to prove ore reserves
and the continuation of ore 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 cutting 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. ’ :

s




The most recent work has been done by 1971 Minerals Ltd. This work has
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 the Goodenough Stope which is one of the large

manto deposits on the crest of an anticline. 1971 Minerals 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 Mining 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. Many of these
Structures have been mined to some extent, but many have not been touched
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 unmmined 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 sampling the developmental drifts and raises and sampling with-
in the blocks of ore between levels and raises where stoping provides
access into the blocks.: . ‘




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 any one 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
cavities.

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
ore 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.

Drilling'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 grade' 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,




n
"/

U
| /b(’\

The manto deposits are not confined to any one particular stratigraphic
unit. In several instances, the mining began in one horizon and shifted
upward or downward to another higher grade rock unit. Study of these
ore occurrences has shown that there are a number of rock units in

each anticline that are potential ore producers. In some instances,
these units are completely untested. Also there are possible exten-
sions to the manto deposits that have not been tested as yet, as well

as two rolls that are virtually untouched. Checking these taxrgets

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
Mining District that have not been previously mentioned. They are
the Tombstone Exténsion and the Western Area. ‘

Mining in both areas has been conducted on veim or- fissure type deposits -
and along dike filled.fissures....Generally it can be said-that except

for the -absence-of-known manto 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-lies about 7,000 -feet southeast .of the town
of Tombstone is wholly in the upper Bisbee Formation. It has had only

a small total production of lead ore from three mines, the Tombstone
Extension,.Carper and the San Diego Mines. Most of the .lead type ore
contained about .071 ounces gold- per-ton.--The.Tombstone_Extension Mine
was the largest-producer-of-lead.in Arizorna.in 1932-1933.

Total production from the Tombstone Extension-District:is reported.ta _.
be 15,195.65 tons of ore carrying 1,082.64 ounces gold, 180,490.66 ounces
silver and-6,335,743.64 pounds-of leads--The -Total: gross -value.of all_ore.
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 quartz 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 Mining District, many tons of ore
were developed and left ummined 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.Joseph-#l assayed at 5,005 ounces
silver and 5.01 ounces gold per ton. The biggest producer was the State
of Maine 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 Mining District is $25.00 per ton according to C.J. Sarle
in his 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 in the Tombstone
Mining 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-many qualified mining personnel who
are familiar with porphyry copper deposits and this writer enthusiastically
concurs,
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STRATIGRAPHIC UNITS ASSOCIATED

WITH TOMBSTONE'S ORE DEPOSITS
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Mixed shales, sandstones, limestones, & congl.

"6 foot limestone' blue-gray
Green to gray or hrown shale § light gray chert
"10 foot limestone" blue-gray fossiliferous

Gray to brown shale

"Blue limestone' blue-gray fossiliferous

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

Unconformity

Mixed pink fossiliferous limestonc, shale,
§ dolomite

Pale gray limestone
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TABLE SHOWS THE RELATIONSHIP OF STRUCTURES
TO ROCK UNITS IN REGARDS TO MINERALIZATION
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COMPILED PRODUCTION RECORDS

MAIN TOMBSTONE MINING DISTRICT

OF

THE

TONS 0z. GOLD  $/0z. VALUE 0z. SILVER  $/0Z. VALUE
B ;
 .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.
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 w | 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 v 11,132,967.50
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 .87 401,503.4J
| 93 14,126.68 3,638.72 " 75,357.81 480,310.50 278 | 374,642.19
} ‘ 9% 11,213.11 2,888.23 " 59,815.15 381,245.79 .63 | 240,184.85
i‘"( 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 v 12,021,419.30
07 48,443,60 5,504.95 " 114,007.60 726,654.00 " 435,992.40
08 51,266.00 4,097.83 " 84,866.00 357,414.00 " 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
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
ﬁ 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
“J 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
j 1920 28,946.00 1,787.76 " 36,953.00 456,855.00 " 127,919.40
|




COMPILED PRODUCTION RECORDS

OF THE

MAIN TOMBSTONE MINING DISTRICT

TONS 0Z. GOLD $/0z. VALUE VE 3 VALUE
I N

1921 18,594.00 1,506.54 .67 31,141.00 423,688.00 } .28 |118,632.64
22 44,347.00 2,322.45 48,005.00 613,700.00 ;1.12 687,344.00
23 32,770.00 3,092.60, v 63,924.00 495,943.00 : " 555,456.16
24 15,448.00 2,458.64] 50,820.00 247,642.00 f " 277,359.04

25 | 27,760.00 2,676.73] v | 55,328.00 241,381.00 E " 270,346.72 |

26 | 47,708.00 2,989.65 % 61,796.00 226,579.00 , .90 [198,521.10 4
27 31,196.00 3,132.90f n 2 64,757.00 159,944.00 ; " 143,949, 60
28 24,172.00 2,296.61f v é 47,471.00 164,161.00 }" 147,744.90
29 ; 15,601.00 1,670.54f v g 34,530.00 99,423.00 %" 89,480.70
1930 : 8,734.00 1,874.50| § 38,746.00 74,937.00 .3876 29,045.58
" 31 é 15,623.00 2,203.92} » { 45,555.00 101,504.00 .3075 31,212.48
32 i 5,067.00 501.50 [20.00 10,030.00 48,021.00 §.2739f 13,152.95
33 § 7,016.00 1,846.42 {19.95 36,836.00 100,323.00 {.2591 | 25,993.69
34 § 3,701.00 3,685.04 135.15 }129,529.00 296,737.00 |.6383 }189,407.22
( 35 ; 12,907.00 3,287.38 |36.68 {120,581.00 243,087.00 ).7458 }181,294,28
36 ‘' 9,305.00 2,921.81 [34.99 3102,234.00 147,218.00 17687 {113,166.47

z i
ITAL %1,655,638.70 217,118.52 §21.371 ‘$4,639,966.00 33,803,559.00{$.904{ $30,559,196.0Q
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TOMBSTONE DRILLING SUMMARY PHU-NLA;&JE;“”
) Drilling Group Date Drill) Hole No. Depth Location
Bunker Hill 1936 DD-1 23" T.D.C. Claims
Bunker Hill 1936 DD-2 75" T.D.C. Claims
Bunker Hill 1936 DD-3 123" T.D.C. Claims
Bunker Hill 1936 DD-4 151" T.D.C. Claims
Bunker Hill 1936 DD-5 78" T.D.C. Claims
Bunker Hill 1936 DD-6 20" T.D.C. Claims
Bunker Hill 1936 DD-7 6' T.D.C. Claims
Bunker Hill 1936 DD-8 40" T.D.C. Claims
Bunker Hill 1936 DD-9 56' T.D.C. Claims
Bunker Hill 1936 DD-10 180" T.D.C. Claims
Bunker Hill 1936 DD-11 211" T.D.C. Claims
Bunker Hill 1936 DD-11 75" T.D.C. Claims
Bunker Hill 1937 CDH-1 380" T.D.C. Claims
Bunker Hill 1937 CDH-2 75" T.D.C. Claims
Bunker Hill 1937 CDH-3 460" T.D.C. Claims
Bunker Hill 1937 CDH-4 430" T.D.C. Claims
Bunker Hill 1937 - CDH-5 . 385" T.D.C. Claims
Bunker Hill 1937 CDH-6 295" T.D.C. Claims
Bunker Hill 1937 CDH-7 506"’ T.D.C. Claims
Bunker Hill 1937 CDH-8 298" T.D.C. Claims
Bunker Hill 1937 CDH-9 295" T.D.C. Claims
Bunker Hill 1937 CDH-10 385" T.D.C. Claims
Bunker Hill 1937 CDH-11 400" T.D.C. Claims
Bunker Hill 1937 CDH-12 215" T.D.C. Claims
Bunker Hill 1937 CDH-13 T.D.C. Claims
Newmont 1954 DD-7 1650 Silver Thread
Newmont 1955 DD-9 667" West Side



Drilling Group Date Drill Hole No. Depth Location
Duval 1967 RDH-1 247" T.D.C. Claims
Duval 1967 RDH-2 250" T.D.C. Claims
Duval 1967 RDH-3A 250' T.D.C. Claims
Duval 1967 RDH-3 108’ T.D.C. Claims
Duval 1967 RDH-4 80" T.D.C. Claims
Duval 1967 RDH-5 50" T.D.C. Claims
Duval 1967 RDH-6 250" T.D.C. Claims -
Duval 1967 RDH-7 219 T.D.C. Claims
Duval 1967 RDH-8 148" T.D.C. Claims
Duval 1967 RDH-8A 148" T.D.C. Claims
Frankovitch 1959 DDH-1 230" T.D.C. Claims
Frankovitch 1959 DDH-2 95" T.D.C. Claims
Frankovitch 1959 DDH-3 S1' T.D.C. Claims
Frankovitch 1959 DDH-4 40" T.D.C. Claims
Frankovitch 1959 DDH-5 270' T.D.C. Claims
Frankovitch 1959 DDH-6 188' T.D.C. Claims
Frankovitch 1959 DDH-7 90" T.D.C. Claims
Frankovitch 1959 DDH-8 192 T.D.C. Claims
Frankovitch 1959 DDH-9 125 T.D.C. Claims
Frankovitch 1959 DDH-10 S11° T.D.C. Claims
Frankovitch 1959 DDH-11 287" T.D.C. Claims
Frankovitch 1959 DDH-12 180" T.D.C. Claims
Frankovitch 1959 DDH-13 146" T.D.C. Claims
Frankovitch 1959 DDH-14 329" T.D.C. Claims
Frankovitch 1959 DDH-15 350" T.D.C. Claims
Frankovitch 1959 DDH-16 160" T.D.C. Claims
Frankovitch 1959 DDH-17 205" T.D.C. Claims
Frankovitch - 1959 DDH-18 77" T.D.C. Claims
71 Minerals 1976 RDH-1A Skip Shaft Area
71 Minerals 1976 RDH-101 Skip Shaft Area
71 Minerals 1976 RDH-106 Skip Shaft Area
71 Minerals 1976 RDH-107 Skip Shaft Area
71 -Minerals 1976 RDH-108 Skip Shaft Area
71 Minerals 1976 RDH-109 Skip Shaft Area
71 Minerals 1976 RDH-110 Skip Shaft Area
71 Minerals 1976 RDH-111 Skip Shaft Area
71 Minerals 1976 RDH-112 Skip Shaft Area
71 Minerals 1976 RDH-113 Skip Shaft Area
71 Minerals 1976 - RDH-114 Skip Shaft Area
71 Minerals 1976 RDH-115§ Skip Shaft Area
71 Minerals 1976 RDH-116. Skip Shaft Area
71 Minerals 1976 RDH-117.. Skip Shaft Area
71 Minerals 1976 - RDH-118 Skip Shaft Area
71 Minerals S ' : -~ Skip Shaft Area
~ Skip Shaft Area

71 Minerals
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Drilling Group Date Drill Hole No. - Depth Location
Austral Oil 1968 DD-1 252° West-Fox
Austral 0il 1968 DD-2 876" West-Fox
Austral 0il 1968 DD-3 550" West-Fox
Austral 0Oil 1968 DD-4 98" West-Fox
Austral 0Oil 1968 DD-5 216" West-Fox
Austral 0il 1968 DD-6 257! West-Fox
Austral 0il 1968 H-1 300" West-Fox
Austral 0il 1968 H-2 215" West-Fox
Austral 0Oil 1968 H-3 500" West-Fox
Austral 0Oil 1968 H-4 300' West-Fox
Austral Oil 1968 H-5 250" West-Fox
Austral Oil 1968 H-6 250" West-Fox
Austral 0il 1968 H-7 250" West-Fox
Austral0il 1968 H-8 100' West-Fox
Austral Oil 1968 H-9 140' West-Fox
Austral 0Oil 1968 H-10 426" West-Fox
Austral 0il 1968 H-11 250° West-Fox
Austral 0Oil 1968 H-12 270 West-Fox
Austral 0il 1968 H-13 250" West-Fox
Austral 0il 1968 H-14 250" West-Fox
Austral Oil 1968 H-15 250" West-Fox
Austral 0Oil 1968 H-16 170" West-Fox
-Austral 0Oil 1968 H-17 285" West-Fox
Austral Oil 1968 H-18 313" West-Fox
Austral 0Oil 1968 H-19 490" West-Fox
Austral 0il 1968 H-20 300" West-Fox
Austral 0il - 1968 H-21 270" West-Fox
Austral 0il - 1968 H-22 . 290" West-Fox
Austral 0il 1968 H-23 207' West-Fox
Austral 0il 1968 H-24 270" West-Fox
-Austral 0il 1968 H-25 290" West-Fox
Austral 0Oil- 1968 H-26 500" West-Fox
Austral 0il . 1968 H-27 200°' West-Fox
Austral 0il ©1968 H-28 230" West-Fox
Austral 0il 1968 H-29 235" West-Fox
Austral Oil 1968 H-30". 280' West-Fox
71 Minerals 1973 HRD-1 265" Seth Horn
Claims
71 Minerals 1973 HRD-2 120° Robbers Roost
71 ‘Minerals 1973 HRD-3 120° Robbers Roost
71 Minerals 1973 HRD-4° 10" Robbers Roost .
71 Minerals 1973 HRD-5 10' Robbers Roost-
71 Minerals 1973 HRD-6 10’ Robbers Roost
71 Minerals - 1973 HRD-7 35¢ ‘Robbers

Roost
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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 - 1976 RDH-124 80" Skip Shaft Area
:\ 71 Minerals 1976 RDH-125 130" - Skip Shaft Area
- 71 Minerals 1976 RDH-126 60" Skip Shaft Area
‘ 71 Minerals 1976 RDH-127 80' Skip Shaft Area
7 71 Minerals 1976 RDH-128 80' Tranquility
4 : * Shaft Area
71 Minerals 1976 RDH-129 70 Tranquility
. Shaft Area
71 Minerals 1976 RDH-130 70" Tranquility
: = Shaft Area
71 Minerals 1976 RDH-131 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
D) Shaft Area
w4 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
a Shaft Area
N 71 Minerals 1976 RDH-141 50°' Tranquility
o . . Shaft Area
a 71 Minerals 1973 AT-1 55 Unpatented
N T.D.C. Claims
4 71 Minerals 1973 AT-2 S0’ 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
) R S ) T.D.C. Claims
71 Minerals 1973 =~ - AT-6 80' Unpatented

T.D.C. Claims

G
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Y Drilling Group

71

B 71
71

71

71
n
71
71
71
N 71
71
71
71

71

71

( 71
71
71

71

71

Minerals
Minerals
Minerals
Minerals

Minerals

Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Minerals
Minerals

Minerals

71 Minerals

Minerals
Minerals
Minerals
Minerals
Minerals
Minerals

71 Minerals
'l Minerals

Date Drill Hole No.
1973 AT-7
1973 AT-8
1973 AT-9
1973 AT-10
1973 AT-11
1973 TDC-1
1973 TDC-2
1973 TDC-3
1973 TDC-4
1973 TDC-5
1973 TDC-6
1973 TDC-7
1973 TDC-8
1973 TDC-9
1973 TDC-10
1973 TDC-11
1073 RD-1

RD-5
RD-6

Depth Location
100" Unpatented
T.D.C. Claims
104' Unpatented
T.D.C. Claims
100' Unpatented
T.D.C. Claims
100" Unpatented
T.D.C. Claims
100" Unpatented
T.D.C. Claims
S0 Unpatented
T.D.C. Claims
45" Unpatented
T.D.C. Claims
48' Unpatented
T.D.C. Claims
10°' Unpatented
T.D.C. Claims
10 Unpatented
T.D.C. Claims
10' Unpatented
T.D.C. Claims
48" Unpatented
T.D.C. Claims
48' Unpatented
T.D.C. Claims
48" Unpatented
T.D.C. Claims
48" Unpatented
T.D.C. Claims
48" Unpatented
T.D.C. Claims
210 Unpatented:
T.D.C. Claims
608" TMR Claims
l10° TMR Claims
185°' TMR Claims
32 TMR Claims
500 TMR Claims
415" TMR Claims
270" -State Of Maine
175°

Fox
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Drilling Group

Date

71 Minerals
71 Minerals

71 Minerals

71 Minerals

. 71 Minerals

71 Minerals

71 Minerals'

71 Minerals

. 71 Minerals

71 Minerals
71 Minerals
71 Minerals

71 Minerals

1973
1973

1973

1973
1973
1973
1973
1973
1973
1973
1973

1973

1973

Drill Hole No. Depth Location

E-1 50 So. Charleston
' Lead Mine

E-2 S0 So. Charleston
Lead Mine

E-3 50' So. Charleston
Lead Mine

F-1 35" So. Charleston
Lead Mine

F-2 50! So. Charleston
Lead Mine

F-3 50 So. Charleston
Lead Mine

F-4 50" So. Charleston
Lead Mine

F-5 50" So. Charleston
Lead Mine

F-6 50°'. So. Charleston
: Lead Mine

F-7 50! So. Charleston
Lead Mine

F-8 50" So. Charleston
Lead Mine

F-10 55" So. Charleston
Lead Mine

E-4 85" So. Charleston

Lead Mine
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Diamond

" Drill Hole No.

1

10

11

12

1930 DRILLING SUMMARY

Location

West Side - 300 Level

West Side - 300 Level

West Side - 300 Level

Sulphuret - 500 Level

Sulphuret - 500 Level
West Side - 300 Level
Empire - 300 Level

Empire - 300 Level

Sulphuret 500 Levgl

Sulphuret - 500 Level

500 Level

Sulphuret

Sulphuret - 500 Level

Remarks

Gold ore in very
brecciated dark
shale - last hole.

Slight mineralization

Slight mineralization

' Good - Au, Ag, & Pb

in blue 1s.

Very Good - Au, Ag,
Pb, & Zn in blue ls.

Slight mineralization
in shale

Good - Au, Ag in
Kaolin fault breccia

. Slight - Ag in blue

1s.
Fair - Ag in blue 1ls.

Some Au, Ag, Pb, &
Zn in blue 1ls.

Very Good - Au & Ag
in ls.

Some Ag in blue 1ls.



Ve
® ' 1930 DRILLING SUMMARY
s Churn Drill
- Hole Number Location Remarks
CDH - 1 Blue Monday Claim Very weak mineralization
- CDH - 2 So. Ext. Toughnut T
»
) CDH - 3 Toughnut Claim Weak mineralization
CDH - 4 e Some weak silver
CDH - § " Weak Au & Ag
CDH - 6 " Weak Ag
CDH - 7 Mesquite Claim Qual.
CDH - 8 Manzanita Claim Qual. & Bisbee
~
o 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
*
°,
-

ﬁi)i»g
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Diamond Drill

Hole Number

DDH- 7

DDH- 9

NEWMONT DRILLING SUMMARY

Location Remarks

Silver Thread Intervals of very high-
grade Ag, Pb, Cu, & 2Zn.

West Side Same as above.
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Rotary
Drill Hole No.

DUVAL DRILLING SUMMARY

1

3A

Location

Contention Area
So. Tranquility
Contention Area
Contention Area

Contention Area

Silver Thregd Area

So. Tranquility

No. Empire
-E. Empire
E. Empire

Remarks

weak mineralization,
ore below Novaculite

weak mineralization,
ore in Novaculite.

weak mineralization,
low-grade ore in silty
quartz sandstone

Los Hole in Novaculite

weak mineralization

weak mineralization,
last hole in stope

weak mineralization,
ore in siltstone,
shale, meta siltstone
member

weak mineralization
weak mineralization

very weak mineraliz-
ation



/ ‘

Diamond

Drill Hole No.

FRANKOVITCH DRILLING SUMMARY

5 e

1
2

© 0o N ?m o ow W

(No Assays Shown)

Location" -

Silver Reef Property

Silver Reef

Claim

Silver Reef
Silver Reef
Silver Reef
Silver Reef
Silver Reef
Silver Reef
Silver Reef
Silver Reef

Silver Reef

Property

- Governor Henderson

Property

Property
Property
groperty
Property
Property
Property

Property

Property - #2 Claim

Poor X Claim

g
?
Roll 614
?

Ingersol Anticline

-Vigina - Tribute Drift
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TOMBSTONE DEVELOPMENT CO. - UNPATENTED CLAIMS

Drill Hole No.

AT-1
AT-2

AT-3

AT-4

AT-5
AT-6
AT-7
AT-8
AT-9
AT-10

AT-11

Rotary
Drill Hole No.

TDC-1
TDC—Z
TDC-3
TDC-4
TDC-S
TDC-6
TDC-7
TDC-8
TDC-9
TDC-10
TDC-11

RD-1

rks

Rema

55"
50"
75"
65"
50'
80"
100"
104'
100'
100"

100

deep,
deep,
deep,
deep,
deep,
deép,
deep,
deep,
deep,
deep,

deep,

rks

Rema

(18 Unpatented Claims)

no mineralization

good silver mineralization
very weak silver

no mineralization

no mineralization

some Ag

some Ag

good Ag

some good Ag

some very good Ag

weak Ag

very weak mineralization

weak
weak
weak
very
very
some
some
fair
weak

weak

210’

mineralization

Ag, Cu, Pb, Zn

Ag & Cu

weak mineralization
weak mineralization
weak Cu, Pb, & Zn
weak Cu, Pb, & Zn

Pb & Zn

Au, Ag, Cu, Pb, & Zn

Aul Ag' Cu, pb. & Zn

feét



Rotary
Drill Hole No.

1A
101
106
107
19§A
109
110
111
112
113

114
115
116

117
118
119

120

71 MINERALS DRILLING

Location

Skip Shaft Area
Skip Shaft Area
Skip Shaft Area
Skip Shaft Area
Skip Shaft Area
Skip Shaft Area
Skip Shaft Area
Skip Shaft Area
Skip Shaft Area
Skip Shaft Area

Skip Shaft Area
Skip Shaft Area

Near Skip Shaft
Skip Shaft Area
Skip Shaft Area
Skip Shaft Area

Skip Shaft Area

Fissure

Remarks

Qual. - no
samples

Qual. - no
samples

Fair -
minéralization

Fair -
mineralization

Weak -
mineralization

Weak -
mineralization

Weak -
mineralization

Weak -
mineralization

Weak -
mineralization

Weak -
mineralization

Fair - pit stope
Fair

High-Grade
Intervals

Qual. - no
samples

Qual. - no
samples

Qual. no
samples

samples .

< R



Rotary
Drill Hole No.

120A
121
122
123
124
124 -
125
126
127
128
129
130
131
132
133
134
135

136

Location

Skip Shaft Area

Skip Shaft Area

Skip Shaft Area

Skip Shaft Area

Skip Shaft Area

Skip Shaft Area

Skip Shaft Fissure

Skip Shaft Area
Skip Shaft Area
Skip Shaft -
Tranquility Area
Tranquility Shaft
Tranquility Shaft
Tranquility Shaft
Tranquility Shaft

Tranquility Shaft

Tranquility Shaft

‘Tranquility Shaft

Skip Shaft Area . -

Area

Area

Area

Area

Area

Area

Area

Remarks

Qual. - no
samples

Qual. - no
samples

Qual. - no
samples

Qual. - no
samples

Weak -
mineralization

Weak -
mineralization

Some High-Grade
Intervals

Weak -
mineralization

Fair -
mineralization

Good -
mineralization

Weak -
mineralization

Weak -
mineralization

Weak -

mineralization.

Good -
mineralization

Good -
mineralization

Weak -
mineralization

Fair -
mineralization

Weak -
mineralization
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} B Rotary .

- Drill Hole No. Location Remarks

@ . 137 . Skip Shaft Area Weak -

% mineralization

|

N 138 N. Skip Shaft Good -

| mineralization

b 139 Empire Shaft Area Weak -

| mineralization

|

| .

| 140 Empire Shaft Area Weak -

| mineralization

iu 141 Empire Shaft Area Weak -

| mineralization
~N\




TOMBSTONE  MITETAL RVSRVES

Escapule, J.
Scraper = 6C hrse. € £35.00 ner hr. ® .00 '

Dozer - G0 hrs. @$45.C0 per hr. 22700,00
Work comploted August 31, 1973. < 6<

Hillman, C.

Roa:i work done i Sec. 27, 28, 33, 3.

TOMBSTONE TEVELOPEZIT CO.

Labor = %4535.0C

Rig Reatal = 5475.00
Driller - Waterson - Helper - icNeely

Fuel & 0il - £89.76
TRACT. RIG ' ™ bit

Bits - $146.10 _
Total hoke depth 7203

Assaying - $1260.00
Toric donc on 1€ claius Fast of Tanbstone = Sece. BEHE GeTpiEes pEieE 50 & My SORB R

HORN PROPERIY

Labor - 9756.00

Fuel - $160.00 Driller - Kcaxz.cle::rraon, T. - Helper -
Muc Gel - $40.00 ROTARY RIG 4 3/4" vit Henderso
Sampling & $700.00: Total hole depth _5¢0*

Repair parts for Rig - £330.00

Rits - £425.00 7YY/

T 50 ,
';,-f;r?,f’?mfﬁaé% 50, Work completed mugust 31, 1973. <4/

Labor - $222.00 ORY PROPERTY
ALY |

“ﬂz;ling -'3273.00 T Iriller - Henderson, T. - ggigg:sgn’ »
Rig Rental = $122.25 Total hole depth _/ 757/ 4 3/3% wit

7ol cost 4.5 188" = 705 /gl

Work done in Sec. 3G. Vork completed August 31, 1973. <5
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TRACY. RIG

. - T - T T
Rig Reatal - 438000 Iriller - Waterson - Helper - loNeely

Total hole depth _T33! 3" bit
Sampling - 21029.00 :

. . 4 :
'h.ts - .'irloso \ / 4
1 72»‘).,'2/5/-5’.'70 o732t = 2.75 41

woric done in Sec. 36. Work completed August 31, 1973. <52,

: - 4
¢ 238 1 4y = Tau
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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 11 areas, 52 seismic refraction profiles, aggregating a length of 115,550 feet of
in-line seismic profiling, were conducted. Velocities derived from reversed seismic profiles
and profiles conducted over outcrops averaged 2,200 f.p.s. for channel fill, 5,000 f.p.s.
for unconsolidated alluvial deposits, 8,800 f.p.s. for conglomerates, and, depending on
the particular unit, 12,300 to 15,600 f.p.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 t 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.
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SEISMIC REFRACTION STUDIES OF THE
SUBSURFACE GEOLOGY OF WALNUT GULCH
EXPERIMENTAL WATERSHED, ARIZONA'

F. Libby, D. E. Wallace, and D. P. Spangler?

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. 1), 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 subchannel
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:

1. Identify and map subsurface hardrock 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

1Soil and Water Conservation Research Division, Agricultural
Research Service, U.S. Department of Agriculture, in coopera-
tion with the Arizona Agricultural Experiment Station.

2Research 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 11 areas (fig. 1).

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 (2)* referred to the
general geology and some local ore occurrences. Church
(4) applied local stratigraphic names and enlarged on the
general geology after further mine developments.

Jones and Ransome (10) published the first compre-
hensive 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 (3) 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 of
the stratigraphy and bedrock geology of the Tombstone
Hills, Dragoon Mountains, and the northern half of the
Mule Mountains.

Hollyday (9) 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 (1) has been released to
the U.S. Geological Survey open file. Spangler and
Libby (16) 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 1.—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-

rhyolite flows and tuffs and are in an overthrust
position. Minor amounts of later Tertiary and early
Quaternary rhyolite and 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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SEISMIC SURVEY

A network of 360 gravity stations established 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 (16).
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 1). Most of the profiles were completed
in the stream channel of the mainstem of Walnut Gulch,
where large transmission losses occur during flow events
(11). 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
arefraction system designed by the Electrical Engineering
Department of the University of Arizona in cooperation
with the Agricultural Research Service.

TABLE 1.—Number and length of seismic profiles in the
watershed area

Area Number of | Total length
Name of profile (fig. 1) | shot-profiles | of profiles
Jeet
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
City Dump H 1 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

The first system was portable and provided 12 data
traces, plus a shot-instant trace and 100<c.p.s. (cycles per
second) timing marks on 4- by S-inch Polaroid film.
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 SO feet or an
1,800-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-.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.ps. 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
information 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 2,200-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 inline shotpoint
offset 50 feet from each end. Many of the offsets in the
deep alluvival deposits were determined by a combined




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 angles, and
spaced along the continuous profiles, permitted closer
control of welocity, 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,
1-pound sticks, and”the charges were detonated with
Atlas no-delay electric blasting caps. This combination
propagated a satisfactory seismic wave. Charges ranged
from 1 pound to 28 pounds per shot, with 3 pounds
being most common on a 2,200-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 (7). Velocity determinations were conducted
on surface exposures (fig. 1) of geologic units to
interpret the seismic profiles and extrapolate useful
relationships to density. Locations 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|  Velocity
symbol range

Velocity| Density

Geologic unit average | average

ft.[sec. ft./sec. | g.fem?
Recent channel

deposits Qal 1,150-4,900 2,200 --
Quaternay-Tertiary
alluvial deposits QT -- - -
Unconsolidated 3,350-6,000 5,000 | 2.02
Conglomerates 6,000-12,350( 8,800 | 2.34
Quaternary-Tertiary
basalt QTb -- 115,600 | 2.80
S. 0. volcanics Tsi - 112,300 | 2.33
Pre-S. O. volcanic
sedimentary
rocks Ts 7,550-10,925( 9,700 | 2.48
Schieffelin
granodiorite Tsc [12,300-17,700| 15,450 ( 2.68

Uncle Sam porphyry| Tup [10,100-16,400| 13,350 | 2.61
Bisbee group Kb  [12,100-16,400| 13,650 | 2.70
Naco limestone Cn |11,850-16,000| 13,350 | 2.69

!Values based on a single unreversed velocity profile.

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.ps. (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.ps.

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 (7).
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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 (12) classified interpretative




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 all 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 groundwater alone was * 10 percent, and
that for basement alone was * 4 percent.

The 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

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 spread
contained 2-pound “charges, whereas shotholes 20 feet
deep and 1,300 feet in-line from a 2,200-foot spread
contained 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) (S5). Inter-
pretations were most commonly based on 2-and 3-layer
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horizontal and dipping interfaces. In a few instances,
4-layer and fault solutions were applicable.

San Pedro River to Flume 1 (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 1
presents these data and several profiles across the chan-
nel, and contains (1)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 1-a prerated, critical-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 1).

The dominant geologic structure in area A, an
alluvium-filled 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 flume 1. 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. Profile 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 Guich 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 A1A-A7’, a 2,300-foot reversed spread
with shotpoints offset 850 feet was attempted in profile
A10. Although refracted arrivals cannot be positively
identified from the basement on this profile, 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 13,350 f.p.s. for the
Uncle Sam porphyry, show that 12,000 f:p.s. is reason-

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 profile A1A-A7A" indicate a greater
depth than that calculated from gravity results. The
intercept 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 A10; 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 (ie.,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 A1 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 A10 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 A12 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 A5, 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 flood plain 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 maximum thickness of 200 feet
on the northwest end of profile A9. The interface
between these deposits and the older alluvial deposits in
profiles 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 profiles 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
explanations. '

Mapping the water table by seismic methods in area A
was hindered by (1) insufficient water-level data to
correlate with slope intercepts on the time-distance
plots, and (2) near coincidence with other 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 Uncle
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 profiles A6 and A7, 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 profiles 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 1 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

meanders place on the longer seismic spreads (plate 2,
area B). Because the spread had to cross one of the
meander loops in profile B1, older alluvium is noted in
the profile midsection.

The four spreads in the channel in area B are shown
as a composite cross section in profile B1A-B4A’.
Profiles 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
profiles of B3 and B4 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 B4 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 fresh 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 profile BS
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 Bl 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



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 B1, 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 below 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 fip.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
fps. to 6,000 fps., with an average of 5,230 fp.s.
Overlying the 250 feet of alluvium is a thin veneer of
Recent channel fill 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 Uncle Sam porphyry—occur in the
subsurface interpretation of profile C1A-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 profile 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
profiles 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 profile 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 profile C5
and deflects the channel from a southwest to northwest
course. Profile CS shows that the ridge plunges sharply
beneath the channel to the north.

From west to east in profile C1A-C4A’, 375 feet of
Tertiary and Quaternary alluvial deposits thin to approx-

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 profiles C5, C6, and C7 indicate a range of
consolidation from loose to partially cemented. The
profile 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
southwest portions of area B. The western time-distance
curve of profile Cl1 would be expected to show a
9,000-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
profiles 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 profile C4 to between 35 and 40 feet in profiles 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 D .in plate 2. A
1.5-mile channel length between areas C and D 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 D, had already been studied intensively
(14).

Time-distance graphs from profile D1A-D4A’ reveal
an interface of granodiorite sloping east toward the
deeper alluvium. The 4° 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 45° 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 fill in the area of U.S. Highway 80 do not



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 groundwater divide created by the Schieffelin
granodidrite between these two areas, the seismic data
indicate its presence immediately west of profile D1.

Inspection of the time-distance graphs in profiles D1
and D2 reveals similar downdip velocities of 13,500
f.p.s. and 12,300 f.p.s., respectively. On the other hand,
an updip velocity of 19,200 f.p.s. in profile D1 is almost
twice that of 10,180 f.p.s. in D2. These data indicate
that the slope of the granodiorite determined in profile
D1 does not extend at the same rate beneath all of
profile D2. The slope was extended as far as the seismic
data would justify and was terminated 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 downthrown
side of the fault.

Time-distance graphs east of the fault (plate 2, area
D) 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 profile 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 D4.
Conglomerates are not exposed in the channel bed in
profile D2, 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 D, 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 o 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 faulting; 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 profile with a bearing of
N. 55° E. located 1 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 “noseliks” extension in a preliminary water table map.

Geologic interpretations of profile F1A-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 first arrival times from profile F1. 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 slope 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
profile 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. Profile F2 was
too short to provide sufficient penetration to the lower
horizon. Also, the final three traces in profile F3 imply a
slower velocity above the basement and beneath profile
F2. The 11,750-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 southwest over the



basement. The velocities shown in table 2 suggest this
horizon is also well-cemented conglomerate. The 4,875-
f.p.s. velocity in the upper horizon of profile 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 (1 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 profile,
indicating a thick alluvial cover there. The most easterly
profile 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 profiles 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 profile 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.

Overlying 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 interface, 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
conglomierates 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 1,000-foot depth explored by the seismic
profiles (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 profiles 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 between 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



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.0. 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
with 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 water.

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 groundwater and surface water
divides were coincident (plate 3). Figure 2 indicates that
Naco limestone crops out one-half mile to the southwest
and the S.0. volcanics one-fourth mile to the northeast.
Table 2 indicates an average velocity of 9,700 f.p.s. for
the pre-S.0. volcanic sedimentary rocks and an average

velocity of 8,800 f.p.s. for the Tertiary and Quaternarybgl)
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 f.p.s. This depth increases to 95
feet to the southeast in profile L2 and decreases to 41
feet to the north in profile L3. The attitude of the
interface between the loose Tertia and Quaternary
alluvial deposits and the underlying pre-S.0. 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
steplike faults have been interpreted from the displace-
ments in the time-distance graphs of profiles L1 and L3.
The attitude of the interface derived from profile L3
suggests that the pre-S.0. volcanic sedimentary rocks dip
‘beneath the S.O. volcanics, which crop out immediately
to the northeast. This supports field observations by
Gilluly (6) 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 determined directly on known outcrops. Prob-
lems of interpretation may still arise if the ranges or
averages of velocities of several different formations
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 determinations 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 7,000-f.p.s. range to the 7,000- to 9,000-f.p.s.
range to a change in stratigraphy or to the effects of the
water table.

One 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 blind 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 intermediate velocity
overlies a high-velocity bedrock. Seismic profile 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.



As Dobrin (5) 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 downthrown sides of
the fault, and the throw is determined by the difference
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 southeast, an
apparent updip velocity would have been much higher
than the noted 10,180 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 11 areas in and around the watershed, aggregating a
length of 115,550 feet of in-line seismic profiling (fig. 1
and table 1). In general, the seismic refraction profiles
provided sufficient data to construct geologic sections
for each of the 11 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
water 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-drive van for transport.

We presented seismic profiles at scales of 1:6,000 and
1:12,000 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 method 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.
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( Mr. Richard F. Hewlett
~ Sierra Mineral Management
4741 East Sunrise Drive
8kyline Bel Aire Plaza
Tueson, Arigona 85718
Tombstone District
Arigzgona

Dear 8ir:

Two days were spent in the Tombstone Distriect, July S with
Jim Briscoe and July 11 with you and Briscoe.

Beforehand I had revieﬁed Butler and Wilson's U, of A,
--Arizona Bureau of Mines Bulletin on Tombstone, Jan. 1938.

The authors of this bulletin must have had many old mine maps
Q( in order to portray the geologic structure, the stratigraphy
| and the mine. workinga in auch romnrkablo detail, - They show
no aa;aya probably because the map (and proporty?) owners
would not permit publication of such data.

I get tho improuion x‘roxn reading the’ hiatory thn.t :,,;. oo e
dospite the tairly aubatantial groas produotion of 337 million,
profit was postly non-existant., Cost-price ratios were not

< much different than they are today, even vith th6 current
high sil#er price. The reason I believe that relative costs
were 80 high during the district's hey-day was that too many

\ feet of underground workings had to be driven for eadﬁ ton of
ore discovered and extracted. They dld not have diamond

drills, modern pumps or bulldozers.



*) a,acmrd F. x.n.cs August 9, 1973.

"

Page 2.

( oro bodiol.

In ordor to nccomplish this, old maps ahowing aaaays muat
be found, You have said that:you axpcct to get maps of this
(' kind from proparﬁy owners with whom you are doa],ingf
The western part of the distriot where iou are setting
up your pr;sgnt.operations received but little old-time minihg
activityias ‘eomparad tc' the main, eastern pdrtiod, “This doabts '
less - was due to the presence of stronger surface exproibibno
of mineralisation in the east than in the west. This is meant
in the overall mineraliszation sense, not just more small pockets
~}< of horn silver at the surface which was the principal ore guide
ARG ﬂnomehi‘«"uiﬁﬁaﬁm&p'owsﬁ”‘ '“'Tho rtners: und‘*e‘hgf’!é&ﬁéﬁ%o“ﬁ?%% KR f
quickly appearod in tho distriot were, for the most part, good

N 3. 'nining goologlata' by oxperionoo, though the nano, ;slauch, =t
Fo e i&aﬁﬁ»’i ’a‘*c*lpo"b“t'% iiqr‘:wu«rtic%.p&" pabLT1 o‘%i'ﬁ“i’dmtétcaﬁﬁ =3 x’e

by orudo tor-a like, ."He has a nose’ ‘for ore."

¥
‘x
4

Thcao oarly miners hnd good reoognition of stratigraphy,

structure, mineralogy, vein intoraoctions, and the economic ' ;
dirrorohgos and significance between hypogene and aupefgeno f
minerals, _ ' | 1

The -point is, you cannot beat these old operators at thelr

own game, except (1) by consolidation of properties, (2) by
"(\ reconstruction of the geometry of all mineral occurrences (in
( '

‘ ﬁhil connection Briscoe's dotailpd ourrent field mapping is



®(

or bulldozorl and diamond drilll.

You will be lucky if’ you can keep your mill. running very
long. But the abovo four points will improve your luck quite
a bit,

without old assey maps in hend for analysis, it seems
likely that, at best, actﬁal undisoovered ore bodles are very

small exploration: targsts 1nxoither‘tho,inatorhqoxidapfbrbahﬁg.4

portions of the old district. When all information has been
put togetheﬁ, I would expect that a fow relatively shallow
drillholes will be recommended.

The large area of alteration with several small breccia

*"“"'m"ﬁ"“‘”ﬁpﬂ sariddikes'situated by tween% the nﬁonba tmm&«chamnlﬁoma mﬁwgm W

[

-It hnl aovoral eharactoristlca of porphyry coppor dcposita.

Diatricta proper 1is quito lnteresting. It is by far the

(A romindor: There are a numbor of long, cxpensivo stepa bo- %
tween "depoait' and "ore" body----and lonsor financinl utepo ,ﬂ.fl 4
between "ore body" and’ "production at continuing profit.?) ,éﬁfii'

' The -ocourrende , ,of nmnll, rolativoly highor grade. baae _iaéjf ;. i
and precious motal ore bodies is common around the fringes of '
aomo porphyry’ copper districts. Tombatone and charleston may

be in this category.



J ‘- ol ‘
G 1 R

>

-

'~>"f’° i3 M Ty e ',quw**‘érmw R TR M" AT

Mr. Richard F, Hewlott, Apgunt 9, 1973. Pago L.

thoro ‘are praetioally no surtace oocurronéos of oxidized

ooppor or ailver minerala 1n this 1arge elteration sono. This"

may have been due to a larger proportion of-pyrito ovqr copper,

silver and other sulphides, with acid leaching having removed

the latter from the surface and near-surface. Aleo, & good

deal of the altered area is covered by elluvium,

There 18 a little limonito-after-chalqocite 1n local

fracture zones and breccia pipes in the alteération zone, but

not enough to iddicatefthat”bubitanﬁinl~am0unta'af ore-grade ’

material existed in the leached outcrops. Quartz-sericite

elteration is fairly strong in most plaoedj

The altereticn mostly is in Uncle Sam porphyry, although

some altered outcropa eppeared to have clastic textures. 1In
% gy %fa*erase&v’fﬁﬁh*at%iwmcﬁoﬁ “&'ﬁb*ﬁﬁ:ﬁm‘ tEUEXa Y o o il
nearby, Much of the ore in the Tombltono (eand maybe the

Chlrle-ton) Diatrictl oocurrod»aa hypogeno rcplnoqments 4n

nnary Beds' 1nthe’ aom-‘hori ’éﬂa”%r éha ‘Bisbes’ na“ﬁx ﬁ&m@%@ ;

Paleozoic carbonate beda.

In the western part of the Tombstone area the Uholo Sam

porphyry seems to be a thick 81l1l. I would oxpect though,

that in the altered area under coneidoration it 1a a atock.

I would expect the altered stock and lurrounding alterod

clastic sediments to contain disseminated pyrite with some

chalcocite and chalcopyrite. These might constitute relativeiy

shallow ore bodies, and that possibility iq'interesting enough.

to warrant drilling.

First, though, the mapping should be

-

iy o,



Mr. Richard F, Hewlett, August 9, 1973. Page S.

finished, ﬁarticularly the rbconnaisance mapp ing inecluding
the Gharleston area, which was discussed when we all were in

the field..
Since you mehtioned that several drillholes have been put

down in the Charleston Distriet, a couple of which had deep but
long intercepts of 0.7(7?)% Cu, I have been thinking that those
intercepts might be minerelization in favorable carbonate beds
in the lower Bisbee or the Paleozoic formations, This thought
certainly enhances expleration possibilities whare‘the same
horizons probably extend into the alteretion zone described
abovq; Reconnaisance 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

wupactdwtovpcrmit{roaudn:bls*bstinatléns*of’depth;’thtaﬁiﬁﬁlBﬁi~

tion poséibility is sufficlently good right now, even with my
presently rather limited knowledge of the region, for me to

recommend two':drillholes: (1):1000' desp, inside the alteratios

zone in the Uncle Sam porphyry--preferably within one of the
breccia pipes and (2) 2000! deep, outside of the porphyry but
near it and hopefully, inside the alteration zone 1in carbonate
rocks. The alteration zone should spread out in the carbonate
horizons.

This drilling would not be conclusive, unless only dis-
seminated pyrite is encountered.

.Yours very truly,

2

Kenyo ichard
Coples: one extra to Hewlett

e /44“4
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' TOMBSTONE AIRPORT PROSPECT

| Geologic Keport Drill Hole No. T71-l Cochise Co. Arizona

- This hole weas drilled to te:sf o moderate,
d ragnetic ano~aly soutneast of Tombstone
v is located in an arez wvhere the only
loozcic limestone. Scme T°r“’:r;; vhvo
i?] in tha vicinit'x.- Asscoclated v
it rite n*neﬂa;¢z
8 anomaly~were verforned oy 4,
ome nagnetic profiles ware carried over typ
T lite; the rhyolits was foundé to be es
1:Sic wiiereas the enomely inclcated the p¢es n
strongly iagnetic body under r\latlveWV nhin covar ”&e nearesc
outeron: (&1l linGSEOﬂe) were 200 tc 300 feet avay from the
anomaly,
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ite was located on the northern portion of the
Teet below the surface, the drill enterec a
Tine-greined guartz latite. The hole was con-
anc suopnea' nc signs of mineralization were

=
Q’é is mocevauc7v magnetic end clearly the source
- magnetic anomzly,
| Cuo..clusions: The airborne survey has been proven capable of
| fincing moderate anomalies with snmall lateral exteq The
. reogs, found in d%*lling represents & heretofore unk”JWu in-
| trusion in the district. Probable age of the rock is Tertilary
. gnd it is tnought to be related to the rhyolite dikes in this

arce. No significant mineralization was observed; no further
workx is recommended.
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. . DRILL HOLE REPORT , |
_Project Tombstone Airovort onsnect' Coﬁnty of __ Cochise | State ofAriz,
1.6'3111 Hole No. _ 1 T._20S  R.23E Sec._30
>'Date Started Jupe.h‘ 1971 ' " Coord. 750! E.'ana 850} S. of N Cor.
‘Date Finished Juns 6, 1971 Elevation _ 755! Saee. o
{ -otal Tours 2 Total Denth - 175!
Footage drilled Rotary: Alluv, Rock . 12t Dia. g1
o Percussion: 121t 17651
(rootage cored from___172! to - 175! size NXC
Average dofe recovery
Casing used lét Sizé & type 6-5/8 Black Iron Pipe
" Type Rig c-D 2000 Drilling'Contractdr(l)vbapjﬁx Drilling Co,
o | (2) |
héuriller- ! Helper
Total Cost: Footage | $ 9L46.00
Rig rental | 160,00
/ Roads & drill site prep.
‘<; Mob. & Demob. ' h30°OO
Materials 27 .28

Bits & type

( Misec.

Supervision

Total Cost & 1.563.28

gy, 5

~ Remarks:

Cost/Foot $8,93
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TOMBSTONE PROJECT %
Ly
Possibilities -for mine production by early 1974 ane: E
1. Waste dumps §
2. Small high-grade underground production 3
3. Potential medimn-u.zed open pit. o
A.;._?,; i o)
Cash requirements and patenual cash {Low are: . L
D Project ‘ Capital Requirement Amount 5
o T (Vaste dumps Plant (Zease) -~ $750,000 t
Small underground Mine equipment (Lease) 50,000 P
Open pit - . Explonation _ 50,000 :
3$350,000 &
Profect Potential Profit - Yean ,
waziziaumpa 3650,000 7974 : ;
Small underground 150,000 per yean .
Open pit ~ 0-500,000 " pen year S
“Schedule of Activities follows: : ‘ ‘
7. Placern will analyze metallungy-and feas {bility of moving .
- Whitehatl ptant (on !;eaAe from MECL) 2o Tombstone. &
P ' 2. Placer will aew.ew ﬂwwacty of mining "State 06 Maute" 1“
' and we will then move down from Cordero (on Lease fnrom B

MECL) -all nequinred mining equipment (hoists, A!.wshw,
dozerns, Loadens, ete.) -

3. " 71 ML" 4is attempting to foum a corporafion and merge
- Tombstone Mineral Reserves to obtain thein plant (500

g

1
t.p.d.) and thein 358 mining o&w(ma wd:h gozd-adueﬂ-and _. i
copper mineralization. , - ,-}
)

4. A Lease has been proposed to Tombstone Development Corporation
to explone and mine thein patented claims that constitutes
the Langest holdings in the district.

5. A Lease has been proposed to the Escapules for exploring,
developing and mining the "State of Maine" and Santa Ana mines.




L ; P e 2 '
( roussroue mzo:ecr |
- CAetdvity ‘Amount
. : . Move 3156,600
’ Move Cordero Eqwcpment 10,000
( ) " Tombstone Reserves $ 25,000 Lo $100,000
. Tombstone Development $ 25,000
Escapules 50,000

wﬁ 000 to $285,000

. TECHNTCAL EXPLANATION

"71 Minerals" strategy 48 to tie up the entire Tombstone district
to allow us enough time to select claims or mines that are desine-
able and drop claims that don't have much potemle_ be6one the assess-
ment deadline of Septembe}c 1, 1973.

The mining propernty in the Tombstone duﬂu.ot u owned by
(in decreasing order of impontance):

.. Tombsione Development

Escapules

Tombstone Mineral Reserves
Grace-Bonanza

Wayne Winters

Numerous small trusts, chwu:hu ete.

O U B G N
e o o o e

On the map (on .the 60L€.ow4.ng page) are shown the. foLLowing :

Ownesship Group Location of CLaims
P 1. Tombstone Development ALL onange dois east
g . it " g of "State of Maine"
TER e 2. Ebcapulu ‘ Mau.n:d aﬂd in e h'ng ._ )
' "State of Maine"
3. T. Mineral Reserves Unpatented claims south
and east of 419 N.
(Militarny HiLL)
4. Grace-Bonanza . Bonanza mine due east of
: ‘ "State of Maine"
A\ 5. Wagne Winters Nowth of Militany Hill

and South of Emerald

Tombstone Deue&opmem‘.

ALL onange dots south of Tombstone (excluding "State of Maine"
Q and Bonanza) are waste dumps owned by T.D. The detailed report on -
waste dump and open-pit potential 4s in exhibit A.
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TOMBSTONE PROJECT .

This plwpe/u‘.g/ ("State. 0§ Maine") should be optioned and put
into. small -scale underground production. This can be done fon

. $30,000 excluding a plant. The potential forn this property are:

1. Waste dumps (4.5 oz. Ag)

2. Small underground operation

3. Potential of a Large underground operation
4. Potential fon open pit ore.

Exhibit B shows the extent of the underground workings. 1 have
examined these workings by Ladder and nope and have taken some
samples nunning from 147 to 225 ounces per ton. The average grade
26 gobb (ofd Low-grade §iLL) 48 about 20 ounces which can be mined
st

The advantage of the ofd "State of Mcuhe" worlings is that we -
can put the mine back Anto production for nelatively Low start-up

- co8ts.

In addition to the "small" potential, thene is the distinet

possibility that there will be the same Large high-grade bonanza one

at depth as over in the Tombstone basin (due south of the town s4ite).
This 48 LLustrated in exhibift C, where the orne 48 shown Ln cross-
section as mined out stopes on fevels. Notice that the one is at
and especially above the Naco Pimestone (& Level-bottom) up into

the "Novaculite", blue Limestone and Bisbee atwap Limestones. The
bottom of the nState of Maine" shaft is just going into Bisbee

aroup Limestones from a porphyny nock that is mineralized (that 4is

whene the past production came 4nom). Therefore, there is a good

chance that Largern one bodies exist at depth. (We can at Least make
money on the existing "Lower grades".) _ _ .

As T mentioned before, T have a tax Lcen on the San Juan mine.

Tombstone Mineral Reserves

This company 48 in bankruptey and is an excellent possibility
forn us to control 358 unpatented mining claims with gold-silvern -
mineralization and copper poiential. Their 500 L.p. d. ptant could
be utilized in part by us with our White Hall pRaint. The T. Mineral
Reserves plant 4is about two (2) mifes fnrom the "State of Maine" mine.
Our electrolytic-oxidation process 4is superion to any in the district
and we would have the only operating plant and could foint-venture
on treat one on a "custom basis".

Grace-Ronanza

"This property 48 near Escapules and Mr. Grace contacted me necenLCy

and wants to make a deal with "71 ML".

R ST e ] ity
ok - ke
1




- discusded <n Exhibit D.

Page 4
TOMBSTONE PROJECT

Wayne wintw

"71 ML" has 15 mining claims unden option in and around the
Tombstone distrnict. He has given us much §ree time for $100
per month. He 48 very helpful to us in conAaL(daanq property
and anranging meetings for "71 ML". The value 0f his claims are

ASehen s AR T AR S

T
3
.
)
@
. 5
s K]
S
w
'



[ 53

SR SR i R

EXHIBIT A

Tombstone Development




INTRODUCTION
| TOMBSTONE DISTRICT- |
The Tombstone mining wmcx 48 in the Tombstone HiLLs, about
21 miles .ndldthwut of Bisbee, and about 24 miles southeast of Benson,
Muizona. The maximum efevation for this area 44 about 5300 feet above
sea Level.
PROPERTIES EXAMINED
Twenty-three (23) patented mining claims were selected, mainly
those with mine dumps Auﬂﬁidwq Larnge in tonnage Lo warant re-
handling and milling them on those in an area of geologicaZ intenest.
The patented mining claims evaluated are tabulated in TABLE I.
| 11
- SAMPLING PROCEDURE
Bulk samples were taken from each of the mine dumps and reduced
in u:;e for assay. Weight of bulk samples ranged 6}Lom §i4ty (50) to-
one hundred (190) tons each. The séze and Location of the bulk samples
was dependent on the s4ize of the mine dumps and .theanea .06 axpeotéd_
influence. Butk samples were coned and quantered using the backhoe- -
Loaden equipment until they were reduced in 84ize to about tm (2) tons,
then they were trucked to a crwshen-conveyorn site, crushed, coned and
quartered and §inally split with a Jones splitter to a inal weight of
about ten (10) pounds. Tt is believed that the final samples represent
very closely the content of the dumps sampled, 'wt Least to within the afw.a‘
0§ influence. The tonnage caleulated for the dumps take this into con-
s4dernation.
The method used to obtain and prepare samples for assay was decided
upon in collabonation with Dn. Witlard C. Lacy, Professon and Head of




 Univensity of Mizona, Tucson, Andzona.

Sl

““the Mining and Geological Engineening Department, Coltege of Mines,

S
ASSAY RESULTS
Samples for assay were Aéwt to Hawley and Hawley, Assayers and
Chemists, Tucson, Anizona, Zo be assayed {olc gol;d,; silven, LM, coppen
and {in many cases for zine, molybdenum and a few for manganese. The
assay values are tabulated in TABLE II. _
Copies 06 the on,égi.na(_ assay nesults from Hawley ane {ncluded 4in
APPENDIX 1. of this nreponrt. _ .
Aithmetical averages for grades of all the mine dumps-sampled
are as folLLows: gold, 0.018 'oz./ton; sllven, 1.86 oz./ton; Zead,
0.55%; copper, 0.07%, for 28 samples; zinc, 0.76% fon 11 samples;

moLybdenum, 0.004%, for 20 samples; and manganese, 4.56%, for 5 samples.

These averages are interesting as they somewhat indicate the grade
0§ the mineralized material considered waste during centain active
penbedi of miming du thls distriot. Howewer, Lt shoutd be wesbboned
that many of the mine dumps have been selectively neworked and the
concentrate shipped to smeltens. Actually, these averages should be
conai,de/te.d as mindmums . | '
_ In contrast Lo these minimum values, peruwsal of the "Ore Shipping
Reconds, from Aprnil 3, 1920 to Februany 28, 1923", gratefully fuwmished
by Mr. Pete Giacomi of Tombstone, a copy of which is included in
APPENDIX 1L of this nepont, indicate what was cohaide)ced onre grade
durning this period and the arnithmetical averages of grade and tonnage
gorn selected mines are tabulated 4in TABLE TII.
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TONNAGE AND METAL CONTENT OF MINE DUMPS
:The Aueoted muw_ dumps were Awweyzd and thein /Le.zspeotwe tonnages

ca&cwlmted The_ tota& tonnage cateulated gon the nven«ty-thaee mine dumpb
‘Sampled was 524,900 tons, and are considered accurate to +10%. This

tonnage excludes dump matenial which was considened waste and dump
material outside of the area of sampling influence. Access to centain
areas of Larger dumps, that were not sampled, and to isolated smallen
mi,ne_.»dumpé would considerably increase the Lotal Ztonnage, however, for
this feasibility study, the additional expense did not seem justified.
A value of 17.5 cubic feet per ton was used in caleulating the tonnages
of the mine dumps. This value was determined after weighing known
volumes of average size daboébutéon. dump material.
The fonnages c.a!;cu{ated' and the metal content of the mine dumps
sampled are tabulated 4in TABLE TV.
v
ECONOMIC CONSTDERATTONS
An attempt to place dollan value to the mine dump material
genenated the 6ouowwg data: '
1. Weighted averages ‘oa grade of all the mine dump.s Aampled
were: gold, 0.021 oz./ton; silver, 1.36 o0z./ton; and Lmd,
1 o.é £b. /ton. Weighted averages for grade of copper, zinc,
moLybdenum and manganese, based on available assays were:
copper, 1.19 £b./ton, fon 338,300 tons; zinc, 2.41 Lb./ton,
fon 108,600 tons; molybdenum, 0.099 £b./ton, for 326,700 tons;
and manganese, 48.9 Lb./ton, fon 14,500 tons.
2. Metal content of mine dumps sampled: gold, 10,975 0z.; s4{lven,
715,500 oz.; Lead, 5,707,320 £b.; copper 461,780 £b., based




(,
\

_ 3.
4.

(
5.

. :

E bg available assays. Because gold and silver were the metals

on 388,300 tons; zine, 261,134 Lb., based on 108,600 tons; -
molybdenum, 31,346 £b., based on 326,700: tons; and manganese,
708,340 £b., based on 14,500 tons. Metal content of copper,

zéne, moLybdenum and manganese was based on tonnages covered

of prime impontance 4in the feasibility study, the othen metals
were assayed to assist in determining thein distribution and
thein MpaMce fon inclusion in metallurgical testing to
develop an economically feasible §Lowsheet for thein extraction.
Assuming 90% extraction fonr the gold and §5% extraction 6&& zthe

silven content of the dumps, at the following market price.
of $90.00/0z. for gotd and $2.41/0z. fon silver, gives the
necoverable dollar value of $888,975 fon gokd, and $1,464,678
for silver, on a gross of $2,354,677; this gnoss excludes

Lead, zinc, copper, molLybdenum and manganese. The exclusion
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0f these elements in this economic evaluation is jwsztégi.o_'d‘ until
Labonatony testing indicates the feasibility.of extracting .-
them. However, thein presence 4is ‘ce/uta.én&y.“ﬁgm'.(icawt An the
overall e_.ualuwtj.bn’ as they have potential dou;a)r. value.

An estimate for handling and treatment costs would be aboist
$2.75 per ton, 4in a 200 TPD pilot production type plant on
approximately $1,444,000, Leaving a net gross of $910,677.
Assuming the pilot production plant would cost appfwu'ma/tdy
$250,000 for a 200 TPD op.e/m,téon, one WO‘u,Cd nealize a nice g i
profit from an operation of this type, and the advantages
derived would be meaningful. Advantages would be the 6amu;mfwty
with one trheatment characteristics, nesulting in nefinement of i
the 6&0w¢he¢t, which of cowwse would have to be developed bQ 3




shoutld be based on the gollowing crniterias

pit type mining sites were under consideration. One 06 the areas whx_ch
' appeafced 10 warrant further consideration is -that area 06 TombAtone_ Baun

e .'}*:-'i{"'f;:‘;':i.%:*'i’.,i”;;' S et béj?
labonwtony tuung, whcch wout’.d uzc!.ude aee the. lc.ecove/uzb!_e
vazuu Ain the mine dump mwte/ow.z - The aecovuabze douaa
va.zue 06 tead coutd be approximately $720 000 bued on a Lead

 price of $0. 14/2b., and the coppex, zdne, mol_ybdenum and manganese
would also mce the necovenrable dauan value that could be
expected grom -aeaztatg the mine dump material.

The decision to comsi.de/i construction of a puqt production plant

1. An active exploration p@gm, to determine if potential open
pit type mining sites exist in this area, and the one neserves
zthat wuﬁd be expected.

2. The development of an effective fLowsheet, by Laboratony
Lesting, Lo economically extract all on most of the valuable
metals in the mim;_ dumps and/on developed one.

VI
OPEN PIT MINING POTENTIAL
Duning the §ield wonk of this feasibibity du‘dy, potentiat open

wh,cch contains the Silver Thread, Thanquility, Head Centen, COn.tmt,wn
Empine, Toughnut, and West Side mines, and another area would be the
Lucky Cuss-Hens chel Zone.

In the finst area, it is neponted by B.S. Butlen, E.D. WMOn; and

C.A. Rason, in the "GeofLogy and Oxe Deposits of the Tombstone District,
Arizona," that the ore occuns (1) in the faulted segments of the dike,
(2) 4n brecciated footwall zones of these segments, and (3) in Luneétone
beds of the shale sequence.

From the same nreference, the second area 06 uutvtut the Lucky

Cuss-Henschel Zone has the following statement: that the one deposits

-
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~veins in the Lucky Cuss 6am&t veins in the na/d:hwt 6u4ww,6, and

in and auouwted uu,th the Lucky Cuss failt zone are 06 three typu --  .

Limestone lcepl.acement depo&uté auouated with the nalotheabt fissunes.
Mining 4n _both areas 0§ intenest was devdoped 2o the sunface.
These areas should offen excellent targets, Kon a detailed evaluation
by geological, geophysical, dnilling and computer techniques.
VI |
METALLURGICAL CONSTDERATIONS

The prime metals considered in this neport are gold and sifver *
which could be beneficiated by using the cyanidation method. Concern &4 |

expressed by some as to the e'.xp_e.c/ted necovery of silven from mangandferous

ones. This could present a problLem in dump material of high manganese

utilizes a subphur dioxide treatment which dissolves the manganese

*_a_compnrehensive Laboratony testing progham is recommended. The testing

content. However, most of the dumps sampled appear to be not too high
An manganese content.
Two processes which ha\ge been dgvdoped to treat silvern ores high
in manganese are the Caron Process and the McCLusky Process. The : ,

Canon Process utilizes a noast in a neducing ai:nuphm, zthe highen

manganese oxides are neduced Lo manganouA oxides which nenden them

amenable 1o cyamda,t(nn. Laboratony tuu §oLLowed by plant-bcate
testing gave the folLlowing nesults: Dx'J_w,c/t cyanidation of ore containing

2-10% MnO2 gave 50% extraction of the silver, the Caron Process ex-
tracted 92% of the gold and 90% of the silven. The McClusky Process

B4 n?"”.m 4 At i poggkiad ont il
ey e

minenals which are then precipitated by a Lime emulsion and oxidized Zo

gy
R0

ok

't L

;

the manganic state by aecration. 1In this state the manganese no Longer
affects the extraction of silvern by cyanidation.
To fully exploit the potential dollar value of the Tombstone ones,
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. p,'wg/wm should include 6£ata,twn teAa, pn.uéww_ Leac}wig tuu to

~and Liquid Lon exchange 50!:. upg/(admg and Aepawwwn. Naw chemical

Aal.ubdx.ze the base me,taa pment and possibly effect thw extraction,

extraction techniques AhouLd deginitely be explored.
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o TABLE 1. PATENTED MINING CLAIMS EXAMINED
! - NAME_OF MINE o ~ “ LOCATION

Bob Tngensoll ‘ Sec."', T 20 S, R‘22 E
- Boss See .i1, T2S, R22E
‘Bunker HiLL Sec 14, T20S, R22E
| Comet Sec 23, T 208, R 22 E ,
( Contention Sec 11, 12 6 14, T 20S, R 22 E
Little Joe Shaft | :
Pump Shaft :
Main Workings Shafz ' b
Defence Sec 11, T20S, R22 E
Emerald Sec 14 623, T20S, R 22 E :
Empine Sec 11 £12, T20S, R 22 E |
Free Coinage Sec 9, T20S, R2ZE b
- Grand Central Sec 14, T20S, R 22 E
( Hons chet Sec 11, T 20 S, R 22 E
tLu.cky Cuss Sec 11 6§ 14, T 20S, R2ZE 1
02d Guard See 11, T20S, R 22 E 2
4‘ Onegon Sec 14, T 20'S, R 22 E 1
Prompten Sec 14, T 208, R 22 E
| Rattlesnake See 14, T20S, R 22 E
v& San Pedno Sec 8, T20S, R22 E
Silver Plume Seec 14 6 23, T20S, R 22 E
Sikver Thread Sec 11 612, T20S, R22E
‘”i\ Toughnut Sec 11, T 20S, R22 E
Tranquility Sec 11 612, T20S, R 22 E
See 11, T 20S, R22 E

West Side
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E'I1. VMINE vu’“\ ASSAY' PESULT*

! T
SAMPLE NO. AND ™ T Gotd  Silven - ea% - Coppv't e MBZ g o “Hanganu
NAME OF MINE 0z /T 0z./T  RbJ/T  Rb./T Rb. /T Rb. /T Rb./T é?g

L S
B.1. #1 (Bob Ingersoll) 0.005 1.08 6.4 0.8 28.8 0.02 bk L
BS #1 (Boss) 0.037 2.39 9.2 1.8 9.0 --- --- | BRI
B.H. #1 (Bunken HilZ) 0.030 3.59 - 26. 3.8 48.0 0.10 --- | .o
B.H. #2 (Bunker HilL) 0.007 3.0 240 e 36.6 --- --- ; "o
CMT #1 (Comet) 0.015 0.91 3.8 0.6 --- 0.02 ---
L.J. #1 (Contention) 0.017 1.07 10.0 0.2 8.0 0.02 ---
CONT #1 “{Contention) 0.022 1.06 6.0 0.6 --- 0.02 ---
CONT #2 (Contention) 0.010 0.77 4.2 --- --- --- ---
CONT #3 '(Contention) 0.027 1.33 6.4 --- --- --- --- ) I
DF #1 (Defence) 0.010 1.25 7.8 0.6 24.2 --- --- T
EMER #1 (Emenrald) 0.020 1.59 21.8 3.0 --- 0.02 - A
EMER #2 (Emerald) 0.020 2.10 22,4 5.6 --- 0.02 ---
EMER #3 (Emerald) 0.010  0.90 7.6 1.2 e 0.02 ---
EMP #1 (Empine) 0.080 1.90 15.6 1.4 e 0.30 ---
F.C. #1 (Free Coinage) 0.005 0.95 0.5 0.2 0.2 0.02 8.6
G.C. #1W (Grand Central)  0.010 0.22 2.6 --- --- --- ---
G.C. #2 [Grand Centrat) 0.010 0.97 23.8 0.2 3.2 0.02 ---
HER #1 (Herschel) 0.015 3.47 6.0 1.4 --- --- ---
L.C. #1 (Lucky Cuss) 0.040 2.98 20.8 1.4 15.2 0. oz --- R
0.G. #1 (02d Guanrd) 0.015 1.34 6.0 0.8 10.8 -- 11.6 .
‘ORE #1 (Onegon) 0.005 5,52 14.2 2.8 -- --- 159.0
ORE #2 (Onegon) 0.002 3.27 12.8 2.8 --- --- 139.0
PRMT #1 (Prompten) 0.005 3.63 16.0 --- --- --- 138.0
RTLS #1 (Rattlesnake) 0.005 2.33 11.6 1.4 --- --- --- 4
S.P. #1 (San Pednro) 0.005 4.48 5.4 2.2 --- 0.06 ---
SLP #1 (S{lver Plume) 0.002 0.45 4.2 0.6 --- --- --- ”
S.T. #1 (Silver Thread) 0.025 1.33 13.0 0.6 --- 0.12 ---
SET #1 (Sulphunet) 0.022 0.66 6.2 0.6 3.6 0.10 --- £
TN #1 (Toughnut) 0.015  0.87 10.0 1.0 --- 0.18 --- ‘ TE
TN #2 (Toughnut) 0.005 0.36 3.8 0.2 e 0.04 - i
TR #1 (TnanquLLLty) 0.060 3.22 19.8 1.8 --- 0.16 e iy
TR #2 (Tranquility) 0.022 0.85 4.8 0.4 --- 0.04 --- A
w.S. #1 (West Side) 0.012 1.36 11.8 1.0 - 0.12 - 4]
ARTTHMETTCAL AVERAGE 0.018 1.8 11.1 1.4 17.1 0.07 91.2 B
l 2
| =
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C, TABLE T11. ARITHMETICAL AVERAGES OF ORE SHTPMENTS
C e A | APRIL 1920 THROUGH MARCH 1921 - B
NAME OF ‘MINE " TONNAGE Gold; 02./T Sitver, 0z./T
s Bunker HiLL . 99.5 0.035 15.45
. Emenald 118.5 0.010 8.00 . E
Grand Central 1,437.5 0.140 13.75 g .
. ;_,. ."f,-
| ( Lucky Cuss | 5,559.5 0.056 16.92 £-. 4
Onegon 3,865.5 0.013 23.00 ‘ j
Prompten 9,688.0 | 0.017 | 16.50 : A4
San Pedro 431.5 0.170 27.15 i
APRIL 1920 THROUGH FEBRUARY 1923
Contention 3,639.0 0.198 13.57
® ( Empine 158.5 0.240 13.48
< . - ?
Head Center 1,738.0 0.200 . < 14.50 ¥
(VeLtow Jacket) : -
Sitver Thread 4,738.0 0.270 25.47 { |
Toughnut 5,203.0 0.170 . 27.45 i
Thanquility 1,977.5 0.320 C 2246 i
West Side 1,237.5 0.560 38.58 ; |
¥
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SAMPLE NO.

B.I. #1
BS #1
B.H. #1
B.H. #2
CMT #1
L.J. #1
CONT #1
CONT #2
CONT #3
DF #1
EMER #1
EMER #2
EMER #3
EMP #1
F.C. #1
G.C. ¥lw
G.C. #2
HER #1
L.C. #1
0.G. #1
ORE #1
ORE #2

PRMT #1
RTLS #1
S.P. #1
SLP #1
1S.T. #1

SET #1

TN #1
TN #2
TR #1

TR #2

W.S. #1

TONNAGE
t 10%

10,500
3,400
15,300
10,500
13,000
2,000
11,800
97,700
16,300
24,200
40,000
1,600
7,000
41,100
200
10,000
10,000
6,800
18,200

- 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

TABIC IU

O s
3 e “'&-N'&un PO TR R

ST P

"MIME T S "'T/\L CO\’TCNT\« LS

Gold Sikven Lead Coppen Zine Moy Manganese
Total 0z. ‘Totdl oz. Total £b. Totdal £b. Total £b. Total £b. Toztal £b.
52.5 11,340 67,200 8,400 426,800 210
125.8 . 4,624 31,280 6,120 30,600
459.0 54,927 403,920 58,140 734,400 1,530
75.5 32,550 252,000 384,300
195.0 11,830 49,400 780 260
34.0 2,140 20,000 400 16,000 40
259.6 12,508 70,800 7,080 236
977.0 75,229 410,340
440.1 21,679 94,320
242.0 30,250 188,760 14,520 585,640
800.0 63,600 872,000 120,000 800
32.0 3,360 35,840 8,960 32
70.0 6,300 53,200 8,400 140
3,288.0 78,090 641,160 57,540 12,330
1.0 190 100 40 40 4 1,720
100.0 2,200 26,000
100.0 9,700 238,000 2,000 32,000 200
102.0 23,596 40,800 9,520
728.0 54,236 378,560 25,480 276,640 364
153.0 13,668 61,200 8,160 110,160 118,320
5.0 5,520 14,200 2,800 ' 159,000
3.0 - 4,905 19,200 4,200 208,500
8.0 5,808 . 27,200 220,800
15.0 6,990 252,000 4,200
7.5 6,720 §,100 3,300 90
24,0 5,400 50,400 7,200
425.0 22,610 221,000 10,200 ‘ 2,040 .
90.2 2,706 25,420 2,460 14,760 410
270.0 . 15,660 . 180,000 18,000 3,240
160.0 11,520 121,600 640 1,280
552.0 29,624 182,160 16,560 1,472
642.4 24 820 . 140,160 11,680 1,168
540.0 61 200 531,100 45,000 5,500
10,974.6 715,500 5,707,320 461,780 261,134 31,346 708,340

(388 300T) (108 600T) (326 700T) (14 SOOT)

TOTALS BASED ON ABOVE TONNAGES

C amaney
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Approzimate Elevation 4325

Plate XXVI.—Cross section through State of Maine Mine, looking southwest.
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» INDUCED POLARIZATION AND RESISTIVITY SURVEY
SUFACE PROJECTION COMPOSITE OF CAB AND AUSTRAL SURVEYS

OF ANOM ALOUS ZONES
DEFINITE e

PROBABLE @D -
POSSIBLE

L _SCALE 1:24000

STATE LEASE

TOMBSTONE AREA, COCHISE COUNTY, ARIZONA |
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REGISTERED ASSAYERS -

" FELIX K. DURAZO Gl =t
WIL WRIGHT . B TG + . TUCSON, .ARIZONA 85713 .~ PHONE 602-294-5311
\ ARIZONA RCG, NO, 5078 ; s g : . . . -

- Austral 0il Company ~ . @ . . Jose__*_ 002703
e -~ 2700 Humble Building L S T —— 6-27-68
- Houston, Texas- T : © T hesonTen 6-27-63

AU SAMPLE GoLD " SILVER | LEAD COPPER ZINC | ’ MOLY3DENUM

NUMBER oz.* 0z.* % % ) % ) % t

f# T fE I R
Stataifaing Nil 4.54

| ~ |Stateofdine .
~ (course: Nil. | 4.94 ,

3 8 ° 00 ) :
P CHARGE : - )

I ASSAYERS '« COEHISTS, foo. . Aqé;

P.O. BOX 7517 . 5 710 E.'EVANS BLVD.%:

3




-

-

.- —— e

Y SRS .

.34

| e
TR
16

e g

i

N

quan‘t1 ity discount of 43.10.
D v " ,. i . -:., \.: n-] ’

Y

.O'.I?.' ]

L~

ey

{- 1w

RNy S oy R

EXR

;:ﬂ12;7'i.

3.i§973€,fj
|
Rk

i b e
g s

- INVOI

(1%

¢
d: %
s
¢
i
5 -

CE "

'}
.
.
v ! :
L \ A



- WiIL WRIGHT

FELIX K. DURAZO

ARIZONA REG. NO, 8878

- Austral 0il Com.pa.hy
2700 Humsle Luilding
lfouston, Texas '

- SOUTHRIESTERN ASSAY

" REGISTERED ASSAYERS

o
il

P.O. BOX,7517

. TUCSON, ARIZONA 85713

§ & U

sts, fne. Aﬂg

" REPORTED 1=1-63

b
15
s

sl 4

710 E. Evans Buvo. | e
PHONE 602-294-5311 . '

soon___002740

RECEIVED ___ T=2=6o

e b e YR

8 A AN

SAMPLE GOLD -+ SILVER ' LEAD ' COPPER - ZINC . © ¢+ | moLYBOEKUM I;
NUMBER oz.* 0z.% % % C * - . % ‘
..9sz,=,/
190 ND. : | .06
30 s,// Nl | 3.00 4
50 V- S P T
1433 L: A fee
105w 7 | wl | 2.34
" 60 S/ Nil © .| 5.24 )
1sweon ¥ | wi1 .| - i62 '-.
195L: /- N
76 S . Nil | T.26
15 ¥./ | w1 | 8.66
1356013630,/ Nil 9.28 ;
" 13561100 ND. Y Wil. . .| 1.52.: ] ‘ _
13001, g % . 1
TP 4194 Kil | 8.12 :
|1411-305 ] .003 | 21.06. i
1161L 35 melY il - | 6.32
[Tvé4s 11| Wil Trace. ;
’ ! " f #ll / .
. N
Bredina S
el




id '@mig eigﬁ

| '/,/-_- >0 N/ "c.wc( ./ftll” /-'/-%

oL

___#_/_7 = i (L. P/:r :,, - /"c,r’oc_“_
F oo = 76.5 ~ m
#lol = 8F T uiged |
Hloz s 70 s
#fod = /3.0 * solnfwivae -
f #'/0;2 i 4“0 v 1a'n A5 el _-___~ i
F o T 4.5 v on e L -
b e ' : | S A i
EZZE 3.3 phet m/\g_;;_’;_;_
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SKYLINE LABS, INC. CERTIFICATE OF
Hawley & Hawley, Assayers and Chemists Division
P.O. Box 50106, 1700 W. Grant Rd., Tucson, Arizona 85703 H ANALYSIS
;i GOLD . SILVER LEAD ZINC COPPER MO
SAMPLE IDENTIFICATION bz /ton 1 oz/tan Mn %
= #1 < 0.005/224.95 0.011
|
* # 2 < 0.005| 146.80 0.009
ei/':';!.
i/
T:Sierra Minerals REMARKS: CERTIFIED B /
L741 East Sunrise Drive . . L hei
Tucson, Arizona 85718 Single determination \\ 4 CHARGES;'
XN ed i /
e BREFARANG
~LTTANALYSIS
ACCT.: DATE REC'D: [ DATE COMPL.:
' SIERRA MINERALS 2/28/73 3/5/73 [ tuc 346954
|
|
.\.
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EXHIBIT D

Wayne Wintens Properties




TOMBSTONE DISTRICT--Solely owned by Winters.
( “atented:
‘\“Side Wheel=--Developed to the poinﬁ where production could be started ffom
underground on a small scale within five shifts. 5
¢ attling Boy--Ore developed for surface mining where production could begié
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 inclined 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.
;é Sultana patented claim--Owns 10 pereent of the mineral rights. A
possible prospect, Did produce a little lead carbonates in the early da3
Blue Top Group--Five unpatented claims in Section 15. Associates on these.
© Black Beauty Claim--Small fraction that ad joins the Wauban on the east.
Associates on this,
~ HARTFORD DISTRICT--Solely owned by Winters., , |
inetree, New Strike, #2, White Fawh, Mountain Lion, Mammoth, Lost Chance.3
(Mineral survey #1811). 101.895 acres in Secs. 3k & 35-=23 20. Forest Servicc
owns surface., Winters owns patented minerals. (Lutz tunnel, etec.)
0RO BLANCO DISTRICT--Sdlely owned Ey Wintersi,
LAURA Patented lode claim (gold)l, 20 acres.
Doran's Folly--Unpatented gold placer, 20 acres, Currently contested in Unitec.

©OStates District Court bty the Forest Service.

L
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!Q) INTERUM GEOLOGIC REPORT ON THE TOMBSTONE MINING DISTRICT

COCHISE COUNTY

‘ ( with particular emphasis on

| THE STATE OF MAINE MINE AREA

O

Submitted to: Richard F. Hewlett, President

Sierra Mineral Management Company
4741 East Sunrise Drive
Tucson, Arizona
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, Submitted by: James A. Briscoe
o ‘ Consulting Geologist
i 6418 Santa Aurelia
Tucson, Arizona

O

October 1o, 1973
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INTERUM GEOLOGIC REPORT ON THE TOMBSTONE MINING DISTRICT,
COCHISE COUNTY

with particular émphasis 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 additionai 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 Lewis 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 geologﬁc mapping. Therefore the first order of
business was to obtain a detailed, accurate topographic map.

A first order ground triangulation survey tied to the State
survey was put in. All pertinent claim corners and other im-
portant geographic features were tgrgeted, and aerial photography
flown. A topographic map was prepéred photograMmemi:ally by

Cooper Aerial 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. iDe-

tailed geologic outcrop mapping and alteration mapping was then
performed using the topographic base and air photos enlarged to
the same scale. Detaiied 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 discovered 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 probabl§ 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 exééedingly 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 agea of approximately 42 square miles and im-
placed léad, 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 séudy. Presence

of this type of alteration in the Tombstone district makes it



possible to apply modern concepts of porphyry copper zoning

which appear to explain salient aspects of the district. It is

" now apparent that the Robbers Roost breccia pipe area is the

central part of a wvery large altération zone. Tombstone and
Charleston, which are approximately equidistént 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 is 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 iﬁ the main body of the sill is probably the
second most important discovery resulting from this 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 Maine area.

Detailed mapping has shown that vein zones in the area

have a greater continuity than had been previously realized.

%\%



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 structura% traps in sedimentary horizons in the Bisbee
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 mapped

vein zones, holes should be drilled with an air track percussion

drill. 1If encouraging results are 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-
néss of the Uncle Sam sill and structure of underlying sediments.
Considering an average depth of 500 feet, this pragram 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 monthsfér'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 alS§ 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
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 probably be the most productive explora-
tion method in the Tombstoné district, -- for both precious and

base metals. Careful geologic mapping and drill hole logging

..
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should therefor be of the first priority in future work in the

district.
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HISTORY

In 1877, Ed Schieffelin, Army scout at GampiHuachuca,

" took leave from his duties to go prospecting in the nearby hills.

At that time, Apaches were running rampant over the area and his
compénions 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 tﬁe

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 100 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'Qistrict has mainly been affected by economic
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.



‘Water was encountered in the mines in 1882 and the 1,000-
foot deep Pump shaft was sunk to dewater the district in the
1897 era. 1In 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, pumpiﬁg would have been resumed and production
continued. An examination of mineral prices duriﬁg 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.
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Period Price of silver Production Remarks
1877-80 $1.15 -$1.20 $ 2,318,567 Discovery and 2arly development. Mills kuilt on San Pedro River.
1881-86 * 099 - 1.14 16,877,175 Active developmnent and large production. Water encountered in mines
in 1882, and mills built at Toimbstone.
1887-96 ' 0.63 - 1.05 - 4,564,650 Decreased production due to depletion of many of the large ore bodies
above water level.
1897-1911 0.52 - 0.08 5,575,900 Consolidation of principal properties and attempted unwatering of
: district by a 1,000-foot pump shaft.
1
| 3
1912-14 - 0.553- 0.G15 379,917 Lessee operations.
| o ot S S - e
] ]
1915-17 i 0.507- 0.824 ! 1,117,687 War period. Corsiderable production of manganiferous silver ore and
. l | concentrates.
! — N S S e s S e e e
1918-32 i 0.282- 1.12 5,150,789 Mainly lessee operations. Production of silver during 1918-22 stimu-
E lated by Pittman Act.
1935-36 0.35 - 0.77 1,118,325 Production stimulated by increased price of gold and silver.

FIGURE 2
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GENERAL GEOLOGY OF THE DISTRICT

The Tombstone Mining ﬁistrict 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 somé 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, thfust-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
pérvasively 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 conglomeratés of the Gila type and normal alluvial
material occurring .in the stream drainages and the valley of the

San Pedro River.



The tectonic history has been complex. At least two

episodes of folding and thrust faulting have taken place (Gilluiy,

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
featurés. 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 suffaces 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, wh%ch was intruded along a pre-existing thrust
piane. 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 only surmise at the rock
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type lying beneath. Because of its thrust-fault relationship,
prediction as to the type of ﬁnderlying 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 dndesite 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 eprsed. 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 depoéited 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 mnext
iﬁtrusive 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 spructural feature.
Subsequent to 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
wereiresponsible for porphyry copper typenmineralization, 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 épproximately 4 miles, giving a total
of some 42 square miles of 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 feétures with the center point being in
the Robbers Roost breccia pipe area. The radii of the hypo-
thetical zones are; ;he 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
Maine area, and the Charleston mine. It is interesting to note
that by using these radii, the Charleston circle fal;s 6n the

point where copper staining was noticed west of the T.M.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
known 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 tﬁe 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
(Att. 14 ) corresponding to the above observation. It has also
been noted in the Arizona porphyry copper province that in a
predominant number of the productive disﬁricts, there is more
thén 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 théqe may be other centers of porphyry copper
tfpe mineralization located along the aiteration trend in ad-
dition to the exposures at Robbers Roost. The circular Tomb-
stone basin area in fact could possibly'represent a porphyry
copper center with the copper zone being at great depth below
the present horizon of erosion. Certainly circular features

are also typical of porphyry copper deposits as exemplified by
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Copper Creek and Copper basin near Prescott, Red Mountain at
Patagonia, and 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 horizontai 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 ascending hydrothermal solutions, and un-
certainties as to the presence or absence of these features in
any one 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
hénd, 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 poorly altered Uncle Sam porphyry, which
would seem to have essentiélly no potential for mineralization,

were underlain by a thick sequence of reactive lime, presence
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of the lime--which tends to reac;_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 pofphyry
copper drilling program can be laid out. The extensive émount

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 pyriﬁic 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 potential for the
occurrence of significant replacement ore bodies within these
limy units. Since magnetite ggnerally accompanies this type of
mineralization, magnetic surveying might be a useful guide. It
should be remembered, howeyef, that magnetic response falls off
as the inverse square of the distance from the magnetic source
and thus, small bodies with low magnetic susceptability if even
moderately buried, show little or no magnetic response, even
though they may carry significant ore grade mineralization.

The most reliable gu}de to ore within the district will be an
intimate knowledge of the geologic and alteration features of

the district, both on the surface and related to the subsurface.



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 géologic 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, usihg 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 exteﬁding outward 10 feet in length. 1In
addition to claim monuments, fence corners, other property
boundaries of intere;t, 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 flown by Cooper Aerial
‘Survey and photographed with black and white film using a Wild

RC-10 mapping camera. The map was compiled using Kelsh plotters.



Each of the targeted claim monumenﬁs 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 scribcoat and a screened mylar, right-reading
base map sheet was then photographically reproducéd 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 outcrops are
shown in darker color (Att. 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
through areas of det;ital 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 coﬁpleted as of this writing

because of unanticipated breakdowns in the bulldozer equipment.

As more dozer cuts and roads are made, it is probable that more

6\“7



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 linear 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

anﬁernagy 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 to a few tens of feet thick. tIn 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 small outcrops within the stream drainage areas
marked Quaternary alluvium on the map. In the Fox Wash area in
particular, there are numerous windows of bedrock sticking
through alluvium, 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 the stream drainages are
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obviously 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
generaily be characterized as red bed units consisting of sand-
stones, quartzites, and arkosic sandétones, shaley mudstones,
and shales (Figs.3&5). Over most of their exposures within the
map area, these sediments are soil covered; rock typevindicated
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_reinfofced by the
presence of limestones cropping out north-northwest of the Frece

Coinage claim (about 1,600 feet north of the Uncle Sam shaft)
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£ AVURE D
7S CENED AL ¢ BOLOGY OF CENTRAL COCIIISE COUNTY, ARIZONA
The lowest wnd thickest is as moesg as 40 feet thiek 1o ) ; - Feet
1 The Se Yaisel (1l i silty Bimse 1. Shale, green and gray, siliceonus . .- oo __ .. ___ 42
nees se sty beds of Bloae e © linme- | p g
pinees. ""\'( { W o . A e ”'l: - S 20, Litesteoe, “Ten-loot Led” of miners. .o ______ 10
stone contain abundant marine fo-ais. The Tormallon oy Shede, with arkose b Dase . oo 21
contains at Teast two other Ledde of Hpestone 2 miles 920 Limestone, “Blue Iun..st-m-: of miners_ oo _... 34
to the southwest: these contain fee<howater fannules, 250 “Nowvaenlite,” silicified shale, local intercalations of
About 2 miles east of Drazoon Camp (Black Diamond), limestone conglomerate. oo ool 6o
% o N o da e v v %, g oner
several thin beds of biue-gray <iaiy limestone oceur TOtale - o oo 3, 007 =

in the Bisbee formation at a horizon that s many
hundreds of feet steatigraphically hiziier (with respect
to the local base of the fornarion: than these southern
beds. The limestones near 1y cwp Caing 2lso contain
e 1arine fauna, but so peorlv preserved as o be of
litde service in corvelation.  The fruna s principally of
interest because it shows the persistence, at least at
times, of marine conditions durineg the deposition of
the Bisbee formation as far north as Dragoon Camp.

Everywhere in the area the top of the Bisbee forma-
tion is en crosion surfzee, either ancient or reecent.
Accordingly, even if exposures were much better and
steuctural complexities mueli less, it would be impossible
to determine the original thickness of the formation.
Under these conditions it is possible only to cstimate
the minimiun thickness of the rocks. A careful study
of the much-faultad and inetamorphosed strata exposed
in the nining district at Tombstone has been made by
Messrs. J. P. Lyden, R. M. Hernon, Neil O'Donnell,
and C. E. Higdon, who kindly supplicd the following
composite geueralized section, synthesized from many
paitial zecltions mcasured i the Tombstone district.

Generalized composile section, Bisbee formation, Tombstone Iills,

Lrozion surface. Fect
1. Sandstone and shale, alternucing; i few 10-foot
limestone conglomerate beds; shale members
chiefly red or maroon; sandstone beds buff to
brown, a few gray or white; sundstone members
range from 20 to 170 feet in thickness, predom-

Inate ORELEhe SHale. . v cincisis nn s s mm s 1,040
2. Sandstoue, butf, gray, and white, some interbedded

gray-green Lard sbale; thick bedded .o oo . 220
3. Shale, gray to green, hard and siliceous, a few thin

bull sandstone beds e e 540

4. Sandstone, butl, white. and brown, a few green shale

beds, at least one thin bed of limestone. ... 4224
5. Shale. green and blaish, some conglomerate .o 58
6. Limestone, massive, tlue, cherty ooz .. .__. 25

7. Shale, green, mottled red and green, hrOj\-n, and

vellow . e 345
8. LImeslange. oo sossssssac snsininsst s RssRs s 10
9. Shale, some sandy beds . o .. 29
10. Sliale and limestone, alternating in thin beds. o . __ 15
11. Shale, greenish, some limy beds_ o oo o . ____ 30
12, LeAtioNe . o e ee o e ccccccccccccce s e 5
13. Shiade, poorl-exposed . ea.. 53
o & R LT G U 4
15, Shade, sray, yreen, aned blek oL 43
16, Sandstone, vl 9
Voo hiales rod ol ORI . e oo e e e e cmcm o 05
lS. Shll!c, B MR . ¢ oo e nins cx s e e e - e 14

The above scetion cannot be considered accurate
beeause it represents the synthesis of at least four partial
sceitor 3, the correlations between which are all dubious.
Never-heless, as it was based on very detailed and care-
ful work, there can be little doubt that it is as fair a
representation of the stratigraphy of the formation at
Tombstone as it is possible to give with the present
exposures. It is shown graphically in figure 5. The
formation c'sewhere in the area is lithologically much
the saree.

No ¢ ffort was made to measure & section of the Bisbee
formation in the Dragoon Mountains; but from the
dips and width of autcrop, it can be scen that there is
about 13,000 feet of Bisbee rocis in the section north-
east ol Waluut Springs, where neither base nor top is
exposed. This thickness, though lavge, is not surprisiug,
as the aggregate thickness of the Bisbee group in the
Mule Jountains was measured by Ransonwe (1904, p.
56) as 4,750 feet, with the top eroded. In the Little
Hatchet Mountains, N. Mex.. 80 miles to the esst,
Lasky (1938, p. 524-5490) has found a section of Co-
mauchk® rocks over 17,000 feet th.cl\, of which fuily
15,000 fect are of late Tri ivity (Glen Rose) age. The
thinnirg of the Mural limestone northward from the
Bisbee area does not, of course, imply the northward
thinnir g of the clastic rocks above and beneath it. .\t
any race, whatever the a priori probabilities, the con-
sistent attitudes and gradual changes in strike and dip
of the scetion exposed northeast of Walnut Springs
strongly oppose the idea that. this section has been
greatly repeated by faulting, despite the structural
complexities of the mountains to the west.

CONDITIONS CF DEPOSITION

The Bishee formation contains & few beds of definitely
marine origin, at least as far north as the foothills cast
of Black Diamond Peak. On the other hand, fresh-
water fossils have been found iu the formation beiween
Charleston and the Tombstone IHills.  The fossils are
confined to o fow thin bads, and the great bullk of the
rocks are unfossiliferous.

The sandstone beds are commonly current-bedded.

vipple matks, and consider-
e, and this give evi-
ol their i'l‘p(\.‘-l“(\.,,

with seour oo their hases,

able grit or even Stae congioners

denee of <hallos water ac the time

The pund=toies are generaily ral, brown, maroon, or



and also exposed in the window in the Fox Ranch area (Att. 1).
These limestone units are probably corelative of either the

Ten Foot or the Blue limestone (Fig. 5)s 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 disﬁrict do show
the Glance to be present, at least locally. 1In 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 Novaculite. 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 shown

in Sections B through I (Atts. 4-11).
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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 quartz 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 crép out in
the central part of the mapped area and can be traced from the
area of the Gold Bug prospect to the nmorth end of the Clipper
claim. The dikes generally have a steep noithwesterly dip,
although in the Brother Jonathan area one dip of 42° 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 pfrite 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
vein suggests some subtle relationship to mineralization. What
this is, however, is not clear and numerous assays of dike

material show only background amounts of base and precious

metals.




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 endliné 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 pﬁenocrysts.

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 porphyry 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 where it
is in contact with the underlying Cretaceous Bisbee Group, the
xenolith content increases and the rock appears to almost grade
into the sediments. The tops of the higher hills appear to.be
composed of a more resistant unit of the Uncle Sam. It is un-

clear whether this is a primary rock feature or a seccondary
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alteration feature. Preliminary examination of color air
photos covering the area shows 1ight coloration, possibly 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 (Atts. 4-11). 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 sill-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 sﬁrface

would include veins, vein zones, .dikes, post mineral faults
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and photo-linears. Horizontal and sub-horizontal features would
inélude thrust fault ﬁlanes, 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 1is
invariably seen in the Arizona porphyry copper deposits. The
sheafing 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 aistrict. 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 Maine 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 tb 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.

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
Géld Bug area where a composite rhyolite-andesite diké 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 Topographié Alignments

Surface evidence of significant post-mineral faulting has
only been seen in a few areas. A possible fault was noted in
the southwest corner of the May claim, apparently being respon-
sible for a bold ridge of Uncle Sam porphyry a few hundred feet
long. One small probable left lateral fault was noted a few
feet southwest of the Triple X shaft. This fault apparently
offsets a rhyolite dike. A few small strike-slip faults were

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 identified in the field; yet is indicated by its left
lateral offset of the composite ahdesite-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 éir 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 épecifically
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 trend. 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 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, vegetat%on or small drainage alignments, and cannot
generally be seen from the ground. They appear to be post mineral
and one of the most prominent, a north-trending feature traceable
for in excess of a mile north of Fox Wash, appears to make a
right lateral offset in the Fox Wash vein zone. The photo-
linear which Lrends east-west and cuts through the top of the

State of Maine hill (Att. 1) projects through the State of Maine



shaft and essentially parallels the State of Maine wash which
iis'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 méy
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 correct 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, possibly 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 feldspars. Where alteration and vein
intensity is greatest, sericite is dominant, while in poorly

altered vein areas, argillization is the primary effect. Pyrite



is represented at the surface by jarosite and red and yellow
limonites. In the most strongly alaered veins, maroon, red
"relief" or '"live limonite" is present on fractures. In the
moét 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 aléng 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 (AgCl) and can only be differen-
tiated by chemical énalysis. The probable source of the silver
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 tied 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 aléo'appears to
be a greater manganese content than in the Uncle Sam porphyrj.
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, altgring the rock present, and depositing base
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

‘Maine area is their width. The State of Maine vein itself
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appears to be only abou; lS 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-
pfoximately 100' wide and sub-parallel fracture zones associated
with the Fox Wash vein zone appear to be up to 306' 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 wiéth of approx-
imately 20 to 30 feet. A parallel structure which is intensély
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 (tﬁe vicinity of hole P-10)
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 aytered over an area approximately 400 to 700
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



weak- to strong-hydrothermal alteration over a width of from 20
feet to abouﬁ 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 ﬁotential 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 structurally reactive host rocks

-- the tightly folded lower Bisbee and upper Paleozoic sediments.




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 remmnent of a sill which has érobably 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 photograéhy 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 oﬁlthe northwest edge of May's Hill (on the
up-side of the fault) indicates the relative thinness 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 élong_the western margin of the
Uncle Sam porphyry to the west~of;Uncle Sam Hill. Examination

of cross section A-A' which is drawn at 1'"=1000" (Att. 3) shows



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 complicaté 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, Paieozoic sediments. All of the planar
formations which predate the Uncle Sam porphyry (including the
Bronco volcanics, the Bisbee Group and Paleozoic éediments)
have been involved in thrust faulting. How many iayers 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--Sectiors B through I (Atts. 4-11) were
constructed from tﬁe 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
each 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 contacts, angles
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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 éccurate. Curving features
such as bedding, folds, etc. were drawn in using general back-
ground knowledge of the district. They must be considered onl?
typical of what could be found in the sub-surface but it should
be understood that sub-surface dataare at this point too scanty
to allow the accurate projection of such complex features as
folded sediments and true contacts of curving feaéUres. 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 southeasé of the Fox Ranch windmill (reported to
have cut sediments at approximately 90 feet), exposures of
sediments in windows in therUncle 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 Eq 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 Uncie Sam is an intrusife rock, it could very
easily have an undulating contact with the underlying sedi-

ments. Thus, the geologic projections from surface outcrops
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can only generalize its true angle of contact and it may thicken
, 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 block
may have been relatively upthrown, thus giving a éhin 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 SEDIMENTARY ROCKS BENEATH THE UNCLE SAM SILL

The Bisbee Group sediments are rather massive nondescript
sandstones, siltstones, and mudstones over most of their ex-
posure 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. Mépping 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 preliminarily concluded

that they were due to the same tectonic forces. ' In the Fox

Ranch window there are exposed two limestone beds and one bed of



conglomerate. It is assumed the conglomerate is the Glance
coﬁglomerate, and thus the limestones appear ‘to be overturned;
Section G-G' shows this bedding séquence to represent a re-
cumbent fold. Several other fold structures might be proposed
to ekplain the geometry of‘the exposedbfeatures. 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 that 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 northwest-southeast-
trending folds. Thus, the projections of the veins, dikes,
and Uncle Sam qontéct is probably accurate as it exists. How-
ever, the 1ocu§ of intersection of veins with potentially re-

active sediments is only generalized, and is not presented as

N
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Figs. 16a and 16b.—Superposed cylindroidal folding with oblique axes, as drawn

by Weiss, showing stereograpaic projections of the bedding and fold axes (from

Weiss, 1939, Fig. 5). 1ig8c and 16d.—Superposed deformation of carly line.ted
folds (from Ramsay, 1950, Figs. 1 and 2). Axes and directrices are oblique.

B, C, the scetions parallel to the respeetive fold systems are shown in his Plate
IVA and traces on oblique surfaces are shown in his Plate V. Oblique inter-
seetion of superposed folds is shown i his Plate IC. ITB. C and TITA.C and
Text-figs. 1, 4, 5 and 6, which show that the resulting domes and Lasins have
sigmoid fold axes which have rvight or left cchelan acearding to the relative
angles of shear of the two interfering fold limbs. Tt is coutnonly assumed
that such echelon sigmoid anticlines indieate wrenching transeurrent move-
ments. ITowever O'Driscoll emphasizes that vothing but vertical transport is
invelved in producing these sizmoid cchelon patterns. Ot ocenrs when-
ever the interfering sold axes are parvallel or have @ connpon component of
movement (i.e. they are not orthogonal). These oilsels cause Uie sigiucid

FIGURE 6
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FIGURE 7

patterns (offsct in opposite senses on cither side of the composite erest) and
may causc migration of crests or culminations below an unconformity (sce
0O’Driscoll, Text-fig. 9).
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STRATIGRARHIC
SEQUENCE

Fig. 17.—-Superposition of similar folds with orth-
ogonal strikes and divergent directrices (from
Reynolds and Holmes, 1931, Text-az, 12). EF is
the axial ‘direction of the first foiding and CD
(or AB) that of ihe second. () Surface out-
crops after slicing. (b) Surface ouicrops on the
right-hand side only, as scen at a aivher lovel
than that of (a). (¢) Section of tiwe modcl, hefove
slicing off its tep. cut along CD of () and AD
of (b). AI3 and CD represent the ievels at which
(b) and (a) ware rospoctively cliced,  wdy Section
of the madel, hefore slicing off lis top, cut Qion
EF of ta), XY and EE represeit the levels at

which “(by and (a) weare respactivedy sticed.

Weiss (1959) has studied
the same kind of cases as
O’'Driscoll by statistical an-
alysis of S-planes (sce Fig.
16).

Reynolds and  Hclmes
(1954) have investigatel by
ficld mapping and petr)fab-
ric analysis, confirmed with
plasticerte modals, a cawe of
overprinted ~folding vchere
the strikes are orthogonal but
the directrices are ob.ique.
They have shown that unaer
these conditions the traces
on = horizoutal surface (cor-
responding to Figs. 1¢ and
20 of O 'Drisccll) deveiop tni-
dent-, bkeart-, stirrup- and
anchor-shaped outerops (Fig.
17).

When the -orthogonai axes
of Reynolds and lolmns arc
made oblique, with the fold
directrices also divergert, the
same patterns are produced
in a skewed form, as shown
in Fig. 18. The obliquity
also results in  siginoidal
axial traces for the same rea-
sons as in O’Driscoll’s com-
mon directrix case.

In the left hand colurn of
Fig. 18 the fold axcs are al
right angles to each other.
In the right hand column
they interseet at 30°. In
Ficz. 18a both folds are sym-
metrical but one has twice
the wave iength of the other.
Tn Fig. 1SL the first is over-
turned. I 13c¢ the sirst folds
are overturned but erestlines
avre at aiilerent heights, ai-
though the axial lines tor il
falds are horizontal and wave
lengths are cqual. Tig. 18l
Jiows conditions identical to
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direction of domal migration from f to f/ depends on the attitude of the in-
clined surface DISL' with respeet to the horizontal surface ABC. Where the

( # 3 ; < -
‘ strike of surface DEF is parallel to BC, EI' becomes horizontal and the dome
®) 7 moves in the direetion of B.\; where the strike of DEF is parallel to BA, DE
beconies hotizontal and 17 moves in the direction of BC.
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Fig. 8 shows a specimen of the type of card used in the models to be
deseribed. s used, the cards arc unmarked except for the succession of
similar fold profiles printed upon them. Xor the purpese of this deseription,
notations have been added ot the specimen card in Itig. 8. The similar fold
profiles represent the ‘‘first’’ fold system, with vertical axial plances parallel
to A-A and S-S, which mark the anticlines and syneclines of the accentuated
stratum on the card. The lines P-P mark the loei of maximum shear on the
limbs of the folds. In the fizure they have equidistant spacing. The line M-M
represents the slopes of a larger structure on which the smalier fold profiles
have been imposed. It may be regarded as a ““regional’’ gradient or difteren-
tial. For reasons alrcady described the axes A-A and S-S are therefore. not
equidistantly spaced. Although terminology in these matiers is not confirmed,
the writer has rather loosely employed the prefixes ““micro-"’ and ‘‘mega-"’
to denote scales relative to the basic elements. In this way the line M-M has
been regarded as the slope of a ‘‘mega-structure’’ on which the basic profile
is imposed. The profiles in Fig. 8 have been deseribed as anticlines on a
“Ineganticline’” (or domes on a ‘‘mega-dome’’) and the line M-M has accord-
ingly been described zs defining the *‘mega-slope.”

Plate IV () shows a printed card model in which the continuous interfer-
ence surface of domes and basins is seen intact in the upper foreground. On
th: vertical plane X of the cards may be scen the printed profile of the first
foid system. On the vertical plane Y is the profile representing the sccond
fo:d system. Where the cut edge of a card intersects a printed fold trace,
a dark spot shows on the edge, and when a stack of cards is guillotined or

[ e T ——

B YOOt PR JOPORY - ADLE PRI o O |

A

Plate IV (A).—Printed card model showing interference surface
intact in foreground, and truncated in background to expose traces
of successive 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 1 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) the development of a cheap method 65 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 be found at the water table interface along
vein struct res such as the State of Maine, Gold Bug, San Pedro,
Fox We.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 Bisbee 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 Staté of Maine area is very much like the East
Tintic district of Utah wherein a previously broductive 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 any one of these formations, first being in one
formation to the exclusion of the others and then another. It
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 ore deposition.

Since these structures are present within the State of Maine
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area and. beneath the Uncle Sam porphyry, as indicated by the
ouﬁcrops 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_pfospects (Section C-C', Att. 5).
Less obvious, but possibly even more significant, would be the
intersection of the Free Coiﬁage 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 Freé,Coinage 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) fall on the crest of an anticline (or at the
bottom of a syncline) within favorable (or unfavorable rocks)
which would tend to enhance (or decrease) the ore making poten-

tial of the structure. It appears then, that the best exploration
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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 géometry and testing
by exploration drilling. Careful logging of exploration drill
holes will yield additional data regarding the geometry of
faulted Mesozoic and Paleozoic sédiments, 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.

K
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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 exceeéingly difficult until the information
points 1 and 2 are known, i.e. thickness of the Uncle Sam and
location of receptive beds within the sedimentary units, it
is more important to determine those two points at Lhce cxpense
of detailed sampling than it is to have carceful samplc assays

of each foot of exploratory drillhole. Therctore, because of



the rapidity of drilling and the low cost, the writer suggests
that air rotary drilling abové the water table and water cir-
culation or mud circulation rotary drilling below 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.

ATR 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 is by drillin%. The air track has the capability of
drilling either vertical or inclined 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 aﬁd circulation in the hole. Progress is quite rapid
and should amount to 200 to 300 fcet per shift. Cost should

be in the §1 to $2 pecr foot range. Drill cuttings can bce



sampled every 5 feet and compiled on core boards for geologic
logging.

Since ore may occur in shoots within the vein structures
relatively close sampling of the veins will probably be neces-
sary to delineate all the ore present. On Attachment 1, sug-
gested hole locations have been indicated by black dots. These
locations are spaced at approximate 100-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 ﬁo 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 vein structures within and
below the Uncle Sam porphyry and to determine the type and

structure of sediments lying below the Uncle Sam.
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Sample Handling and Logging

 The total sample from each hole should 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 construction of core boards.
Atomic absorption determinations for silver, gold, lead, zinc,
and copper should be made routinely on each S-fooé'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.
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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
g - ' 500-1000 ' 4 .50/ foot

25 holes 500' deep = 12,500' @ $3.50
12,500 + 5' sample intervals = 2,500 Assay samples
Geochem Assays for Au, Ag, Pb, Zn, Cu

Hawley & Hawley Discount Price _
Cu, Pb, Zn,~ $2.10; Au, Ag - $3.32 = $5.42

Il

$43,750

Assay & Sample Preparation ($1.00) = $6.42 x 2,500= 16,050

$60,675

AIR TRACK - PERCUSSION DRILL PROGRAM

200 holes x 100' deep each = 20,000 feet
at $2.00/foot = FA0,000
Sampling at 5' intervals = 4,000 samples ;
Assay cost (with Hawley & Hawley Discount)
$5.42 for Au, Ag, Pb, Zn, Cu + $1.00 Sample Preparation

= $6.42 x 4,000 25,680

$65,680

Total cost 8126,355
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Objectives of Each Hole

The positions ef proposed rotary drili holes are shown on

the geologic map of the State of Maine area (Att. 1), and cross

sections at a scale of 1"=200' (Atts. &-11).

Hole P - 1

Hole

P-1 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-1 should cut ﬁhe State

of Maine 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.

P - 2

Hole P-2 is located with respect to the intensely silici-
fied zone at the Gold Bug prospect north of the lLowell
claim. Tts pur; ¢ is to test the altcration at the Gold

Bug prospect an- netrate throush the Uncle Saw porphyry
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to determine if replacement type ore bodies are located
within the underlying sediments. It should 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
7k ' is to test grade of mineralization within this structure
in the Uncle Sam porphyry and for possible replacement
mineralization i{n sediments beneath the Uncle Sam. The
hole will probably cut the bottom of the Uncle Sam at about
240 to 300 feet, and should be drilled to a minimum depth

of 500 feet to gain information about thc underlying

O

sediments.
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P - 4

Hole

Hole

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. l1). 1Its purpose is to cut the
zone of intersection between the Triple X vein struéture
and the Clipper vein structure at the interface between
the sediments and the Uncle Sam porphyry. This should
occur at approximately 120 feet, and drilling 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).

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 to 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-18 in order to determine their con~
tinuity. Further, a better -location might be chosen ‘so

that a deep hole could penetrate the j-way interscction

| it | = e B o N
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Hole

9
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.

P - 6

Hole

Hole P-6 is located in the Fox Ranch area on the extension
of what appeafs 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.

P -7

Hole

Hole P-7 is located in the northeast corner of the Lowell
claim, and collars in altered 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 dépth to the
Uncle Sam sediment interface, and to determine whether
there is mineralization in the sediments beneath the Uncle
Sam. It shoulé penetrate the Uncle Sam at approximately

200 feet (Section G-G', Att. 9). And should be drilled

to a minimum depth of 500 feet.

P - S

P-8 is located approximately 300 fcet west of the Escapule

Mill at the Fox Ranch. It is designed to test the alteration




Hole

5’

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', Att. 4).

P~ 9

Hole P-9 is located approximately 350 feet north of the
Fox Ranch windmill 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).

P - 10

Hole
[ (
Hole

Hole P-10 is located approximately 250 feet southeast of
the Three Brothers shaft on the Fox vein system. P-10 is
designed to test the tenor of the Fox vein alterétion 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 length of the hole.

P - 11

Hole P-11 is located approximately %4:0 feet north of the
Fox Ranch windmill, and approximately 100 feet northwest

of hole P-9. It is located so as to interscect the planc




- of intersection of Fox vein and San Pedro vein within
Bisbee Group sediments (Section C-C', Att. 5). P-11
should penetrate the Uncle Sém 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 ﬁhe 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 driiled to a minimum.dep&h 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
ff: should penetrage 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 of
the vein system between 10 and 40 feet. When the exactl

location of this hole is spotted in the [icld it may bc
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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.

P - 14

Hole

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.

P~ 15

Hole

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 projection 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 the Uncle Sam porphyry at about 300 feet and

should be drilled to a minimum depth of 500 fect.

P - 16

P-16 is located approximately 750 feet east ol the San
Pedro shaft on the projection of the alteration zone tested

by P-12. P-16 is designed as anothcer test of Lhis alteration
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Hole

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).

P - 17

Hole

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 miﬁeralized
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.

P - 18

Hole

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 Bisbee Group
sediments. It should intersect the Free Coinage vein

between 120 and 170 feet. The hole should be drilled a
minimum depth'qf 500 feet in order thoroughly to test

the Bisbee Group sediments in this area.

P - 19

Hole P-19 is located approximately 150 feet northwest of
the quarter corner marker for sections 9 and 16, and is
located on the Merrimac claim. 1t is designed to test

the Free Coinage vein systcm and sediments Iying bencath

¥
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that area. It should be drilled to a minimum depth of 500

feet and will probably remain in altered rock over that

depth.

Hole P - 20

Hole P-20 is located approximately 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. It 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
of Maine mine ;ffice in the State of Maine canyon. It is
collared in alluvium, but is designed to test for the pres-
ence of a strongly altered structure projecting along

State of Maine canyon. It should be drilled to a minimum

depth of 500 feet and should penctrate the Uncle Sam porphyry

at approximately 100 fcet. If drilled to a depth of 1009
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( Hole

feet it would also penetrate the strong Clipper alteration
zone within Bisbee Group sediments or possibly the Naco

limestone (See Section I-I', Att. 11).

P - 23

Hole

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 penetfate
an andesite porphyry dike with associated mineralization

at about 300 feet (See Section C-C', Att. 5).

P - 24

Hole

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).

P - 25

P-25 is locateé approximately 350 feet southwest of the
Uncle Sam shéft, and is designed to penetrate the State
of Maine vein in this area below known workings. It should
cut the State of Maine vein at approximately 280 feet which
is also the base of the Uncle Sam porphyry. It should be

drilled to a minimum depth of 500 feet (Scction 1-1",

Att. 11).
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Supervision and Revision of Objectives

Because present knowleage of the sub-surface is
new data obtained by drilling might radically change
and objectives of the ensuing program. Recognition,
that objectives might change with continued drilling
be made and the drilling work should be very closely
vised from a geologic standpoint so advantage can be

new information. It is suggested that the geologist

g}o\
so scanty,
the nature
therefore,
should
super-

taken of

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.
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PORPHYRY COPPER EXPLORATION

GENERAL STATEMENT

As mentioned previously, thevdiscovery 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.

2'

6.

Laramide stocks of quartz monzonitic to granodioritic

composition represented by the Schieffelin granodiorite.

Silver Bell-type volcanic rocks represented by the
Bronco volcanic units.

Strong northeast grain to fault and mineralized
structures.

A zone of intense quartz-sericite alteration ac-
companied by breccia pipes and porphyritic dike rocks.

A large, continuous zone of disseminated sulfides
(approximately 42 square miles at Towbstone).

Metal zoning. In the Tombstone diztrict this is
indicated by the occurrcnce of copper ncar the breccia
pipe center and lead, zinc, silver mineralization

ncar the town of Towbstone and at Charlceston.




Although the Tombstone district has all necessary ear
marks which identify it as a porphyry copper.type alteration
zone, aé 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 ﬁhey 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 the 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
rocks are occasionaily 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‘afea. Northeast trending vein zones, in
places up to 100 or more feet wide, also show scricite altera-

tion.
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Bronco volcanics are exposed in Charleston Hill. They are
compbsed 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 texture 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~fombstone 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 shows 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 Hdeen 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 base of the Uncle Sam sill appears to be tilted toward

the San Pedro River. Normal faulting which can be identificd

8«)
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on recent color air photos appears to drop the Uncle Sam down

along the 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 feet show excellent color
contrast and zones of alteration can easily be mapped using é
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 geometry 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
follow-up. Ground reconnaissance mapping at a scale 1'"=1000"
should be done to plot the location of alteration zones,

breccia pipes, windqws 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 would

be to identify marker horizons in the exposed Bisbee Group
sediments so that as the tectonic pictur& is reconstructed, <oue

idea as to depth to receptive Palcozoic horizons mav be gained.
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When the broad scale characteristics of the district have
been adequately 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 usef&l as might detailed ground surveys.
Drilling

The geologic mapping should have the objective of trying
to determine at what depth receptive Palcozoic horizons éuch
as the Martin limestone might be expected. Initial drilling

should probably be by rotary mecthods to take advantasve ol low



cost and rapid progress. Cuttings from the drill holes should
be.sampled at 5-foot intervals, and the samples compiled dn
core boards for logging. The holés should then be logged and
the data plotted on structural sections so that an accurate

understanding of the sub-surface geology is obtained.

| - |

James A. Briscoe
Consulting Geologist
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January 14, 1974

Mr. James A. Briscoe
6418 Santa Aurelia
Tucson, Arizona 85715

Dear Jim:

Reference is made to your letter of Movembar 29, 1973, and our subsequent’
telephone conversation regarding the aerial photography and photogrammetric
mapping of your Milagros Project near Zacatecas, Mexico.

We have reviewed your requirements and the project mans you sent, and it

would appear that color aerial photograpny of your overall 800 square

mile area would require approximately 300 exposures at a scale of 1" =

2000', considering normal 60% overlapn and 30% sidelap between strips.

[ feel that you should budget about $3,500.00 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 & white contact prints, . %
and a photo index map showing the relative location of the individual o ®
contact prints would probably run about $2,100.00 additional. If you

decide to have this photography mosaicked and reproduced at a scale of

1" = 500' in the form of Cronaflex film positives or Cronapaque repro-
ductions, .I 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 topographic maps at
a scale of 1:2000 with one (1) meter contour interval covering areas

1 and 2, which were outlined in green. We would recommend that these areas
be photographed at a scale of 1:15,000. Six exposures - a total of

five stereoscopic models will 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, plus two across the middle 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 within one-half foot. Ule would then extend this basic control
by means of analytical aerial triangulation and establish six horizontal
and vertical control points oW each stereoscopic model. The tonographic
maps will be compiled directly at a scale of 1:2009 with a one meter
contour interval using our first-order Wild A-10 stereoscopic plotters.
The topographic maps will be scribed and renroduced on .004" Cronaflex
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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 stereosconic 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 with 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 will require & exposures, Sstereoscopic 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 wnich 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 with the information you need.
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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,

N,

Dudley W. Line
Vice President
Photogrammetric Division

DWL/md

Enclosures.

vin
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STANFORD UNIVERSITY

STANFORD. CALIFORNIA 94305

DEPARTMENT OF APPLIED EARTH SCIENCES
Economic Geology
Environmental Geoscience
Mineral Economics
Mining Engincering
Mineral Processing

Excractive Metallurgy January 8, 197&

James A. Briscoe
6418 3anta Aurelia
Tucson, Arizona 5715

Dear Jim,

Enclosed are the U-2 internegatives for the Tombstone area, end
also a reference map of the coverege I am interested in from your
photogrephy. The reference map hes some field nuzters on it , which
you cean ignore. '

I nose the internegatives will be useful to you. It is important
to tell the processor that these were made from copies, and not from
originals, so as to avoid having the prints reversed. I would like to
have the internegatives returned when you are finished with them.

Good luck.
Yours very truly,

Roger A. Newsll
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ﬂ TOMBSTONE, ARIZONA, Xar:—30th—189%
LaPY '

!‘o llr. W. J. CHEYNEY, General Manager,

And the Directors of The Tombstone Mill & Mining Co.,

C : : Philadelphia, Pa.
Gentlemen;

3 g L. The lm.lnent closing of the Company's mlnoe here on account of our in-
2 s '

T, & .

abnity to lomr meke their operation solf-supporting, suggests to me the pro-

priety of noting down some facts regarding them which mey be of interest and which

are the results of obaerntidns extending over the period of my conneétion. with
the Company, now nearly eleven years. My design is to point out as briefly as
_possible the la.lfent facts regarding the structure ‘o.f the ground covered by the
Compeny's mines, the position am.trend of the chief ore deposits, and upon these
( facts base a few remarks regarding what appears to me to be the course which de-
.- : : velopmen{: work must follow in the future to have thdbest chances of succes.erul

issue. .

L Ju ‘ . Iwo maps accompany thia letter to illustrate the points discussed. One

: ia a general mep . nhowing the rehtivo 1ocationa of the principal claima An the

"""‘matrlct—w.uu camrklngs on them," and. “tnu ‘other a- cross—sectmu through some -

of the workinga. -howing the z:ohtive vertlca.l poutions of 'che levels and 111ue-
trating the struoture of the g-round tra.n"eruly through the Toughnut and Good- -
" enough chim and longitudimuy through the West Side.

: ~ Some. of the most important faots relating to the geology and ore de-
posits of Tombstoue are noted below.

ROCI:.'S = The rocks imodiately on the Company's claims are shales, lime-

1} v_,-stonoa, quartziteo, and an’ 1ntrnsivo porphyritic roclr occurring in steeply dip—

o ddztion;._to thou_{fre the roluuo la.yera vithin the limestone

-q
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‘tention row. of mines, ere other shales and quartzites with occasional layers of.

what may be called fine gfglnod u.ndst.onol_. St111 further to the east and south
LI 4

are huyy bod-. of blue lo'me-tono‘lying upon the Grand Central rocks, vihich. in

: ( tm. 1ie upon those of this Company's mines. The rocks of Tombstone have heen
80 well described by Mr. Church, in his report to the Company, as examining engin-
eer, in 1880, that 1t seems needless to go further into particulars here.

(‘ , . The ground at the south end of the Corpany's property, including

9 » the Luolw Cuss, differs ld mach in kind, ltructnro. end in the character of the

dopouta which . !.t oontaiu from that at the north end that it has nacesaarily

e

= been oouidered upa.ratoly. and what 1mediatoly follows refora only to the morth
' . . —.}- .

‘end minu. L E

( FEEA

.,

- sg:xucmm ‘In the report above referred to, Mr. Church has given
N & clear acoount: ‘6% the goologioa.l structure of so much of the District as con-
C ‘ com tho C;m;;;:l lnterutl. His description clearly pictures the situation
u it appurod at thnt timo. bnt tho lim:ltod extent of the underground openings

then uilting muurny lert moh in dcubt vhioh lnbleqnont explorations have




[ tho fa.r mching 111portance of the mtter in its relation to the true couru of

To the west or the town is & heavy mass of granite which bears every
evidence of being eruptivo in character. lying upon its oautorn side and tilted
to the east and southeast are the bodl of sedimentary rocks which contain the Tomb—
stone mines. Whether or not the upheaval of the granite has been the cause of the
eastward tilting is uncertain, but probably it has, especially as we find indica-
tions of a contrary dip in the strata to the westward of it. We have a.t. any rate
the physical fact of the tilting of the easterly strata, however caused. The__
situation. is 80 far simple enough, but has been further complicated by the squeezing
of the strata in a northeasterly and. louthweuterly direction, corrugating them into
ridges, or a succession of anticlinal folds, the crests of which still di’ ‘to the
lontheast ‘as did the strata in their original condition. This ‘result 1is probably
due to side- pressure from & cause at present obacuro. but however it may have oc-
curred, we have the fact of a aucoeseion of anticlinal folds, the axes of which are
nearly .parallel and dip gently to the uouthoa.at. The folding affects all strata
80 far ponotratod and must have antedated a hoa.vy erosion of the surrnoe, for the

luperinoumbent weight has been so cntt that the limoatonoa were bent as though

;- plutio and in nmw cases without cmhing. The ‘apexes of aome of the’ folds ln i

= “the. limeatone are oxoeedingly sharp and:yet appar‘ntly without fra.oturo. In othera
‘,-'the l10po 10 more gontlo, the curve roaembling more ' the aro of [ largo circlo. '

*Gr

: fduoribed.. : Tho umi.tod openingn at. that ti.mo did. not, howovor. appoar to auggeat

the tops of tho a.ntionnah, artomrds more. or lou rephoed by oro. wero elearly.:.: b




3 lhowing_ plain 7 mear the Defenee eha

es neai- the w o sme Ko.:

i |

persistent axially, being more dome-shaped than otherwise. It appears from fur-
ther expioratlone. however, that they are of great extent axially, extending through-
out the opened ground and douboleu beyond, and that their thorough understanding
is of the utmost importance to the proper development of the mines. It ies doubtless

true that there are many subsidiary folds and dome-like develorments of no great

extent and indeed, it would be surprising were it not so, considering what is kmown

of the mcde mf in which.the ocorrugation of the rocks was eccomplished; but the main

folds are persistent, practically in southeast-narthwest lines, so far as our under-

g:ogng:-yprka have extended.

R ‘ The axis of the largest fold passes through the Open cut or Quarry
near the min lhart on the Toughnut claim, running thence. one way, through the
lontheuterly:corner of the Goodenough, across the Hawkeye and into the Empire

mine, end"'téhe‘bfie*i-' way to the Northwest mine. Next to this, towards the West

Bide, comee one extending from the Northwest mine centrally through the Toughnut
and to the farthest southeasterly point reached in the @irard. A little farther
towarde tha Weet .Side is another one, shown olearly and unmistakably in the

I -_

Toughnnt lqt an& 2nd levels, but which he.a never been followed far. either way

trom the point o‘f &iecovery. . There are plain indications of its existence hovi-

ever, on the ;nd:..gvel at the old Toughnut main shaft. Its point of crossing the "

_ Rorthweefr vo:h ii-‘thought to be lmown. bnt hn intemednte openings ure needed

f
to mke thie eeu:aln. From the a.zia of thiu hat mentioned smeller anticlinal

< . - -

the 'strebe.‘;diﬁ_ eheply down. the blue nmeetone belt puoing below vater 1eve1
- .vt ‘o PR 3
and. aga!n '%!'nerging within the West. Side ohim. where it rises near the Ko.3 shaft

B *

£

~ to the, eumit of another anticli.nal, the uie of which passes transversly across

o .'—_—

L the Vve& Side, nmning to our fartheet_ southee.oterly work 1n the Snlphuret and

e
o .'«-:'4.-7--"1: s

‘to

"'the uorthweet. There are res.lly two ndg- :




~ evidence of the existence of one. The blue limestone belt is strong in the Inger-

‘t'he more ‘aouthérlx one 'is a local manifestation having oompara;:lvely 1ittle lon-
gitudinal extent. It shows in the workings of the Boss mine, but we are mak in

the dark regarding its northwesterly extension. To the southward from the West

Side shaft, thé descent is less abrupt than to the north, and the strata again

rise as the sopkherly end line is approached, presumably indicating the formation

of another enticlinal; and indeed, the workings of the Ingersoll mine giveﬁtrong

8011 mine but thins out to the south of that and disappears. The Tribute mine :
is entirely 1n tho shales and quartsite, its doepest working not having yet pen-
etrated to t'h.a.bl\.zg limestone. The groux;d is too muoh disturbed and the amount

of oponings too small to permit of éertainty in deecriﬁing its relations.

pa L)
et

dip gently tm rése again, bringing the blue limestone to the surface and form-

.' Returning now to the Quarry, and passing to the northeast, the atrata

ing a large ‘,r’é'uf'-"one side of which almost mergeé with the Quarry fold, the other
dips gent]y uﬁ fg-t and lftemrds very steeply at the aide line of the Goodenough.
Tho uil or 'thii fold runs probably through the Combina.tion and Vizina mines in

one direction‘aa;w. certainly thraugh the southeast end line of the Goodenough, acrosa
the Hawkeyo lnnﬁ'nto the mpire in the other. ' The strata. when last seen dipping

into tne Gllu;ge—ny-up an‘a‘trttle Wondéi, otml vex, etoedp, probably rrom Bg .
to 60 dogron .&.& 2 much the same: l.nglo at that at which they enter the West Side

on the other~ or the Tonghxmt. ‘What shape’ they take to the northeast, beyond

the Goodonougfo# } mttor of .some- nnoertunty for two reasons,~ first, the rock

.u oovered wiﬁ-. !ﬁavy mass of dritt, and - ueond. it is also covered- by the. town,

both of wlﬂch‘cl'rcumstances ‘heve tended to prevent oxploration from the aurface.

In t‘act. exc.Qgts‘!a the diamond d.rill hole bored on the Gnded Ago. to which refer-.

gk Aonco qu be %de ~ﬁ:.ﬂ;lmr on. the conditiom are mnoh the same as they were beyond

tho

,Toughnut . }},th‘ Wost Side. at the timo ilr. Chnrch'l report was written- that




is, the .laat‘ seen of these ltntq. they were dipping steeply and had ceased to

carry ore.

FAULTING, Ground which has been 80 remarkably twisted and deformed
as this has been could hardly have escaped extensive faulting, nor do we find it
80, [Fractures and faults innumerable are found, but for the most part they are
unimportant and the throw inconsideiablo, which is remerkable, considering the
‘magnitude of the forces that have been at work and their other effects. The
most important fault is that passing through the Quarry and running thence southeast.
It shows plainly where orossing the Northwest works and has been followed by drigt—
ing on the Toughmut 3rd level to the Empire line. Another fault traverses the
Toughnut claim lengthwise and centrally and is parallel to the first. There are
other minor ones parallel to these and also another quite extensive system cross-
ing them at about right angles. I do not, however, in the light of what we now
Xnow, regard the faults on the Company's property as haviAg played any very im-
portant part in the genesis of the ore dopon,iti. ;xoopt in the case of the West
Side vein, whioﬁ is apparently an ore-bearing f_s?éit-fracturo of considerable ex-
tent, acting as a receptacle, alnd for the most p;rt qﬁi‘te different from the replace-
ment ore bodies of the Goodonough and Tonghnnt ninu.

—————— e . - - . 2
—— ce— e - - o — e -_— -

9l 527

. DIXES. In addition to tho diatnrbing 1nfluencol of side pressure
and faulting referred to s'bovo. tho rooh hl.vo b@ imudod by a lyatem of dikes
of porphyritic materisl whioh han certainlni&;& s part 1n the formation of some
of the ore deposits, althongh an ob-curo and jfo‘oibly uoondary one. In the

-«earuer openings they were mown- only as muu of more Or leu kmolinized rock,

; . the hrgut expoaurea being o.t tho Korthweot l&ﬁ and in workings in the vivinity

Wy
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greatest depths attained in our workings. So far as vopor'md. they are found to
be much dooomgooed and their much greater softness than the country rock has been
taken advantage of where pouibip in the driving of working levels. Indeed, had
it been possible to know of their existence in the first place, much money <.:ou1d
have been saved in the avoidance of hard rock and the mines opened in better shape,
for it so happens that their strike carries them across the lines of ore deposition.
Their average width is four or five feet-, although in phéec they érpand to ten or
fifteen and again contract to one or two. As stated, fhey are for the most part
groat-ly decomposed, the material hkkkky beiné somstimes soft enough to work with
the pick and bearing nttle semblance to its original state, which is seen in but
few phcesv and is that of an exceedingly hard, compact, dark greenish, porphyritic
rook. The dip is slightly to the west and the strike a little east of north.
They are wonderfully straight, considering that they cut such a disturbed country,
made up of 0 many beds of rook of widely varying degrees of hardness and dip.
There is no evidence of metamorphism of the adjacent country rock to indicate
that they were introduced in a molten state, and they are probably the result of

- plaoti.c flaw ‘under onormoua proum 'l'hoy hn.ve apparently come aince the fold-

- 1ng und. aftor tho min uneo ot ore do;position wero established, for they cnt %

-tlting from thoir dooompoutlon nndor tho influohce of the porcolation of mrfaco

wnt;r- nnd. of a.tmocpherio léenbur e l'hroo dnoe ‘are reooguiaed on the Companw'l _

-'p

"‘«"'_ _.A ._

Nt _,' s S S~

' h'grtlmoot mine at the obstt. oxtending northwa.rd through the Vizina claim, (whero




No. 2 dike passes through the Quarry, running thence south, across the easterly
corner of the West Side, across the westerly corner of the Sulphuret and on through
the Boss mine. To the northward of the Quarry it has mmxmx been followed by the
lst and 3rd levels, the latter to a distance of nearly 800 feet from the main shaft,
where it has been thrown by a faﬁlt and lost. The 6th level of the Weat Side mine
has also been driven on it from its intersection with the vein, northward to the
main Toughnut fault. It was squeesed to & small thickness in the north‘erIy‘ por-
tion of this drift and lost by a lnﬁll fault but found ugain by cross-cutting on
the main fault. The No. 3 dike was first discovered in the northerly end of the
Hawkeye claim below the 3rd level. It has since been cut in the south end of the
same claim and on the 3rd and 51:5 levels of the Sulphuret mine, whence it contin-
ues its southerly course, showing again in the Mayflower workings.

Practically parp.llol to these dikes are many minor fractures, cut-
ting the ore shoots transversely. The other system of faults, alluded to above
under "Faults", has apparently come since both tha dikes and ore bodies, for both
are ocut and slightly thrown by faults bo:l_:onging to it. The main southeasterly
ffault pauing through the Qun.n-y 18’ an u.lutratioa. the throw of the dike where

out on  the 3rd level betng.a abont 16. feotﬁ& TR ;

1ongth and the ract pointed ont thst-.} oldl wort"of grect extent o.xiauy and :

b _-"-;7{». i Y

ror praotica.l pnrpouc oould ’be conaiderod prangl and mning southeast, al-

ol

'-q:.".’_. i

--‘
-

csu"d to m-. Ohnroh' s- description

thovgh not strictly so. Attonuoi was . 1.""

or _thic phanomenon md to h:l scomt the \uom purpol 1t had urved in pre-




,.,',rooka. Etther vay from thi ino the oro -hootl ere confined very atriotlrto-' ey

tho positlonn doocribod. radia i
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fact that nearly every important ore body is et or near the axis of one or other

of the anticlinal folds and practically conforms to that axis in course and'pitch.

A further important fact is, that in following these ore bodies, or shoots, as
they may be more appropriately called, none have given out when followed in the
direction of axial extension: that is, southeast. True they have become small
and poor at times, too much g0 to be profitably mined, but beyond theese places
there has been lmprovbmexit and they signify only that, although in the channel of
the mineralisiné waters, the oconditions have been locally unfavorable tovde;.)osi-
tion. Lnother fact of importance is the striking inorease in the proportion of
go_ld‘to silver lﬁ_tho shoote as they make to the southeast. Apparent veriations
from this rule ocour at the points of intersection of the shoots with the dikes,
but there has been generally great local enrichment in both gold and silver, (but
particularly in gold), at these points.

In'speaking of the folding, it has been said that all strata
are affected which we have penetrated in our workings. It appears, however, that

in the mines there are, stratigraphically, two principal positions carrying the

‘bulk of the ore; one the blue limestone belt and the other the contact between

the white limestone and the quartsite whidh underlies the blue limestone. 1In

the Weat-smo ‘mine there was & large “’d'ovolopmont of ore in the aluminous shales

and qmtntu 1medutely ovor the blue limoatono and at the oroning of the vein
tnd tho nin antiouml a.xil of tha mino. Bo. aho. in the Tribute mine, tho

ore was in thou upper rookl but in the l'ouehxmt and Goodenough nothing of im-
portanco has been found above " ‘or bolwitha positions indicated. The cross-section

map which accompanies this lotter ie deceptivo. &8s the section is taken along a

line of groa.t disturba.nce a.nd tho oro hu formed indisoriminately in- the ohattered "
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It is assumed that the mineralizing waters followed naturally
the lines of least resistance, and a 1ittle consideration will show that while
these were ob;iously. in most ceses, closely coincident with the axes of the anti-
clinal folds, local obstructions might easily have diverted the flow slightly to

one side or the other, giving rise to bodies apparently conforming in dip to that

of the flank of the fold. Many of these exist, but are invariably found to become

poorer and poorer as followed down, until they finally tail out into fhe country
ok, Bl B4 In masesksyy %o yeiurn 40 he syec of Wi Bald . Selliew Hhe Sras
course of_.,gbai;oi'_o.?, Many of the earlier workings, some of considerable magnitude,
wofe phnn;d o.nd,.xoontod on the theory that these side shoots indicated the true
dip and coursa (;f:zho ore bodies. Such works were invariably unsuccessful in
following thg pr_g 4nd were abandoned after pushing beyond the ore and in some
casés, far- rnto %8 country rock.

& oJ
'?.The disposition of the ore along the lines of the anticlinals

.-,."

-

is not a moro.‘ﬁpory but a well ascertained fact, as far as our workings extend.

No ore of any. po*quence ha.l ever been found in tho synclinals. There are,

aces to nearly vertical veinu. ‘sasily misteken for such with

-
-

indeed, the ae it

limlted expldr& s but apparently all of them have received their mineral con-

PEREL%

-~tenta ﬁ'o:n c':oéé ow through the anticlinal folds.

€ The 1ine of the axis of the folds has been spoken of as that
,4

ce to the flow of the minerauzing waters. That it should be so

will 'booome &@co apparent fro:n & consideration of the only mode of formation

of tbﬁ fold;«:ﬁ&c;\;ge can conceive of as possible, that is, side pressure. Evi-
dently, the o;fec;t of such prenuro would bde to cou:preu the material till there
wu no I@?ge'r:.;f’c;m:for yielding htenlly. The prouuro eontinuing, 1ines of
woaknea; ;ere ?:veiopod a.nd tho Itl‘ltl buokled up. along para.nel unes, the effect

-,

u«turallt boing tlut ‘B -tuta oompocing the sides of the folda, and the vaneya
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between, were compressed tightly tOgeth?r, while the tops of the folds were left,
not open, for there was still an enormous pressure upon them, but at least more
fractured and permeable than either the valleys or the sides. This would be es—
pecially so in the case of the limestonee which carruied sheets of more friable
felsitio material which would crush, whereas the more massive layers of limestone
would simply bend.

More has been said on this subjeoct of anticlinals than perhaps:
it will be thought it deserves, but it is really one of great importance. The
truth of the proposition laid down above as to the disposition and course of the
pre shoots haa. been teetéd time and again, and indeed, it ﬁny be said that the
very profitable work of the past few years has been entirely based upon it. Start-
ing with the mines apparently exhausted, they have been made very productive and
would still be so imt for the obstruction of property lines and the present very
low price of silver. It can hardly longer be called an hypothesis but rather au -
established fact. |

THE FUTURE, Excluding the Lucky Cuss mine from the- discussion,

as belonging to a different lystom of ore deposition and to be necessarily treated

neparately. attention should be confined for the present to the northerly group “"_&

of mines °°mPr1'1n8 the West Side, Sulphuret, Girard, Toughnut, Goodenough, WOJ" ;..

np. Gndod Age and the Dofonoe. and to the ground adjacent to them. Let us re-" 1: ‘2

.
-

viow the factl. 80 tar as the ore deposits a,n§ structure of the grou_nd.or these ::"‘

i

-

mines is lmmrn and concernmed. : e . T

-

y 1.~ The rocks dip to the southeast.

3
2.- Anticlinal folds exist, the axes of which pitch southeast

conformably with the country. 4

3.- Practically &1l known ore has been located along these anti-
clinal axes and pitchi'ng, therefore, southeast. This is .

true in spite of much work in other situations which would
‘have disclosed ore had it existed.

%
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4.~ So far as known, the ore on this group v‘of mines has been
mostly confined to two situations, viz: in the blue limestone
and at the contact of the white limestone and the quartzite
whioh underlies the blue limestone. Some, however, in the
shales and quartzites of the West Bide and Tribute mines.

6.~ Great local enrichment and expansion of ore in size at the

ocrossings of shoots and dikes.

. The conclusion seems irresistable that the future of the mines
depends upon extension along the axes of the anticlinals and upon - the discovery of
other similar ore-bearing folds in adjacent unexplored ground.

Considering the first of these possibilities, the question
naturally arises; does the same folded structure of the ground extend far to the
southeast of the Company's mines? This question it is impossible to answer satis—
factorily for the reason that I have never had an opportunity of personal inspection.
I bave been led to believe that it does, from verbal descriptions and especially
by the fact that the line of greatest ore deposition in the Flora Morison, south
end of Contention and north end of Grand Central mines “appears to correspond with
the axis of the main West Side anticlinal, and thit we found the condition well
marked to tho‘ farthut limit of our southeasterly work in the Sulphuret mine. An
mspeotion of tho ‘general mp ucoompnwing thu letter will show this correspondence.
m ‘Head contro and h'tnquillty mines may 'bo -nppoud to correspoad with the Girard
lntiouml and tlu Empire, Silver Tbretd and North Eoint with the Goodenough anti-
clinal. It must be romemborod that the Hill minu were entirely in rocks lying

above ours gooloy.cany and that oouaquontly our ore shoots would, in all probabil-

ity puu b.nesth uv of"thc workingo of the mines named, in most ceses even below
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large development of ore. I do not believe that in any of the Hill mines was

oloq.e aﬁtox_:_tion paid to the structure of the ground and its relation to the ore
dopoaitl._a_nq further, those mines being located in the more friable shales and
quartzites which overlie our harder rocks, and being fractured, disturbed and de-
composed by the large dikxe, such details would be necessarily more obscure and less
easy qf,do.toétli.on than in our ground. It is unfortunate that the outlines of

the main ore bodies &én the Hill mines cannot be given on the map.

o But whatever may be the facts as to the extension of our ore
shoots to the sputheast, they have resched our property lines in that direction
ex6épt in thicb" of the Girard shoot, which is small and poor at present. The
recent agroqment with the Empire Compeny will pormit of some extension in that

'.:I:-:’-'tig
dirootion aad nuoh depends upon its results.

'&{:

- . ‘*o .,-
ore—buring to}% practically the only wnexplored-ground where such discovery would

Regarding the second possibility, that of the discovery of other

be likely Ic .ﬁh't'of the Way-up and Gilded Age claims, neither of which has been
ev‘é ‘b

moh nplareq, f‘guaonl provioully given. The last fold in the Goodenough car-

riod the 71 o, ’;_Ombiution snd out Goodonough ore bodies. The rocks dcp steep-

' Age and Way-up, prociuly as they do into the West Si.do to the

sonth of the' qughmt. Do thcy riu again as in»*thaonat Side, forming another

- '!'old? "‘d'u?:.t P ""‘u the ln fola orc—buring u an the otharo ha.ve been? These

-.um_'_tho_ quest {Phs $; 'n_wmon tho mturo of t.n. nlnu in that- direction depends.

0. IOIYO'WIO quutiou by the use of tho dumond darill. A

voruoal hoh n- borod to u d.opth of 436 toet on the rear end of Lot 10, Block 20,

~ corner Q&&th ond zrmont Btmta. (see map), ocutting the aha.los. dlue limestone,

quartnl@ unB- mtl ‘1imestone preoiuly as thay are found in the mines. Here
the mla‘bodq ‘! the blue nmutono was fonnd 4mch higher thsn :.t wonld have ‘been

=
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this, many other indications of a fold, the existence of which vas finally confirm—
ed by orosscutting from the shaft sunk tﬁrough the drift to permit of starting the
drill. To the question of mineralisation, the drill returned but an unsatisfactory
answer. Near the bottom of the blue limestons, seven feet of ore-like material

was cut, assaying 3.2 0s. silver per ton, and, speaking generally, the appearance

of the cores indicated proximity to ore, but none was found in the hole.

I do not intend to convey the idea that all of the ground with—
in our lines is either exhausted of ore or demonstrated to be barren. The greater
part of it is so, beyond doudbt, but there are 8till unexplored portions of the
anticlinal folds which may yield ore even in considerable quantity. The exploration
of such places will, however, involve much expense, the recovery of whioh‘_nnder
the present price of silver ia at least doudbtful. From the list of such places
may be cited two which are of the greatest promise,- the raise in the Toughnut 3rd°
level north drift in Way-up ground and the southwest drift on the 150 foot level
of the Northwest mine making towards the Defencs. | The ra.iu was put up to search
for the southeasterly extension of the Gombinatiog shoot and is 300 toet from where
that shoot was abandoned. It was located as nea.rl;:’u possible on thc line of
the fold and found the shoot at abont 75 feet ‘bovogho level. Unfortnm.toly. -
ore is of very low grade at the point cut, but the shoot 'is large and much work .

will bo roqnirod to thoroughly oxploro tt. 1t bolongn to the class of shoots R

lylng und.er the qurtsito énd on the white: lm-tmi fnd the diloovofrﬂr'gooﬁ ore

i

in it at thi- point wonld ba a fact of grut ligniﬂca.nco. The other phoo mon- b

- -

-tioned. tho dritt into the Defence, is deugnod to mu ‘the axis of the hrge antfs

clinal which passes through the Sulphuret, West-8ide m& Intervonor. - 1 bave long» -
believed that ore existed to the westward of the West. Sl“ nln& alonz-'thu axis

lmt oftorh to f!nd 11: rran thnt nino ln.ve not beon noooum. 22
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: nmityh'on n l.nd tron the firlt bas been sccomplished:- in fect, that it has
; ntlo tho dno a.nd. tln.t the future of the mine depends upon its rodiacovery and -

=16~

cannot be recommended under the present conditions.

LUCKY CUss MINE. This mine 1.3 80 essentially different from
the others, both in character of its deposits and the rocks in which they are en-
closed, that 1t is necessary to consides it separately. It is needless to go into
an extended desoription of the workings and ground but I wish to cell attention to

& few of the more promingient facts which have been brought out by the working of

- the mine.

Through the centre of the claim runs a large and remarkably
well defined fissure vein, dipping about 70 degrees to the east and cutting the
quartzites and white limestones which compose the country rocks and which dip
about 45 degrees, a little to the morth of east. This vein is slightly mineral-
ized throughout, but in few pdaces sufficiently so to be of value. Its walls,
in many places, show heavy striated clay selvages common to such veins. The
principal ore body of the mine was not, however, in the vein at all, but in the
footwall of it and about 400 feet from the north end line. It pitched to the north-
east, gradually approaching the vein, which it reached at a depth of 340 feet. At
this point it faulted back into the foot wall and again resumed its approach to-
wards the ;,foix-a,'roaching it this time at a depth of adout 600 feet, where it was |

lost. ‘_ vhrthor north, and extending from the 6th level to the surface, but in the

vein, wu anothor lhoot oonnoctod to the first one by a smller ore channel. The

ﬂrst and hrger shoot carried no gold at the lurrace. the gold 1noreuing almost
proportioutoly to, depth to the end of the shoot. _In the other shoot the gold in-

- . oreased n-om the surface to the connecting link, below which there was no appre-

chble inorease, while this link was nmmnlLy high in gold. The evidence is

vory oonvlnclng that the first mentioned shoot is the main one, through which the




: 1monn dopth-

following to greater depths. One unfamiliar with the history of the development

of the mine might oaﬁily conclude from an inspection of the workings as they now

stand that the bottom has been reached. Twice before this, however, there was

every appearance of exhaustion and yet each time the shoot was found, richer in both

gold and silver than before, and I believe we would have been successful in our last

search had it not been for the low price of silver, which precluded any attempt

at supporting the expense of enlarged pumping facilities and deeper explorations

by ore shipments from other parts of the mine. I cannot advise any further work

at present: the expense would be too heavy to be incurred for 59 cent silver.
BESWME, - I have endeavored in the preceding pages and with

the assistance of the maps accompanying them to desaribe, first, the indisputable

physical facts regarding the structure of the ground in which the Company's mines

are located: second, the also indisputable facts regarding the position and trend

of the main ore bodies, and then to follow these two groups of facts to what seem

to me to be the only logical conclusions permissable regarding the lines along

which the development mast proceed to stand a reaspnsble chance of successful issue.
The possibility of the repetition of the fol_da or saddles to

mch greater depths than we have attainoh. and of their being ore-bearing, has been

purposely left out of the discussion from the feeling that it verged too closely

upon the hypothetical. The saddles probadly do oontlnu’q to greater depths but as

to the existence of ore, we are entirely in the dark. What evidence we have, that

- of th& 6th level of the Vest 8ide mine, which was run under the Toughnut works,

is not oMiu. Of analogies in other mining districts, I know of but one
where the resemblance is at all marked,- that of the Bendigo gold district in Aus-
tralia, 'Tharo the folds are ropéatod in regular succession and are ore-bearing to

’ but when: wo como to tho oncloung rock, the mlog ceases to heve

i) T
".;-i p'

Re ,-for«. for & nonugo th- oountry rook. oomhto of una.tonoe and shtee in succes-
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limestone, resting on a massive bed of white limestone. The following reference

to the conditibna at Bendigo, from fhe pen of Mr. T, A, Ricard, is almost descrip-
tive of our own conditions. "The most marked characteristic of these ;andatonea
and slate beds is the extreme bending, folding and contortion which they have under-
gone, acoompanied, as might be expected, by # varying amount of fissuring and fault-
'ing. The anticlinsl and synclinal undulations are often remarkably sharp and
exhibit every gradation in extent, from a few feet to miles. - - - - - - The main
anticlinal axes strike N N,W, and S,S.E,"

Con;}derlng the mines at the north end of the property as a
group by itself, and aside from the minor discoveries which may result from further
explorations along the lines of our present shoots, the future of the mines must
be sought in the ground to the southeast and under the workings of the other mines
already existing in that ground, and also in similar southeasterly shoots to those
already worked, which may exist in the Gilded Age and Way-up claims. To the south-
east we meet the obstacle of other ownership of property, and were this removed,
there would remein the uncertainty and expense of very deep workings, with the prob-
ability of water to contend with at an early day. In the Gilded Age and Way-up
the chances for bonanzas at moderate depth, that is, above water level, are good
but the expense of exploration would be heavy and cannot be recommended unless the
Company is prepared to cheerfully stand the loss, should the work prove unproductive.
Lpparontly the most feasible and least expensive mode of conduocting this work would
be 'by means of & shaft on the No. 2 dike, somewhere near the centre of the Gilded
Age claim, -

(signed) W, F, Staunton.

SR
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