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AMERICAN SMELTING AND REFINING COMPANY
Tucson ' Arizona .

- o Sebté%ber 5, 1967

T0:  T. A. SNEDDEN
FROM: J. E. KINNISON © SAN XAVIER, TRACT Il
DRILL LOGS

The following data are presented in response to Mr. Peel's request
for conclusions for the summary drill hole logs on Tract Il. I did not
provide conclusions originally because | thought that the logs themselves
would be self-explanatory in this regard. : .

The exploration c¢rill holes fall baﬁically into three groups, re-
presenting three general objectives:

a) Those drill holes which lie on a direct projection of
the Mission altered zone.

b) Those drill holes which are nearby the altered outcrops
~ (described in logs X-101S and X-104), and located generally
to the east, northeast, and southeast thereof. -

c) Those holes drilled to explore the gap between objectives
A) and B) above, and other miscelldneous outlying holes.

I trust the following will satisfy Mr. Peel's need for specific
conclusions. -

CONCLUSIONS

"0f those holes drilled to fulfill the objective of group A above,
the following sub~groups apply as indicated:

1) The following drill holes penetrated significant
primary copper minerals of ore grade, in relatively
shallow altered limestone and argillite:

X=254L
X-202
X-211
X=-246
X-2L5
X-215
T
i

X-220
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CONCLUSIONS (cont'd)

2) The following drill holes penetrated a thin, but
significant chalcocite blanket in argillite and
porphyry, partly oxidized: : S

X-2L2
X-212
X-251

X=255
X-220
X-256
X-213
X-253
X-258

3) The following drill holes penetrated deep ore grade
primary copper minerals, principally in altered
limestone. The drill holes are widely spaced, and
the significance of these intercepts in terms of ore

"~ is problematical.

X-213 (also see No. 2 above)
X-217

X-22L  (also see No. 1 above)
X-231 '

X-250

L) The follewing drill holes penetrated altered pre-ore
rocks which contained littie or no ore grade copper
intercepts. They do, however, represent a part of the
Mission altered zone as it extends northerly on to the
Reservation. '

X-259
X~-201
X-218
X-23L
X-227
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~ CONCLUS!ONS (cont'd)

5) Drill hole X-236 penctrated essentially unaltered pre-ore
rock. It lies beyond the limit of the altered zone and
porphyry copper deposit of Mission and its extension into

southern Tract 11.

Those holes drilled to fulfill the objective of'grbup B above, are
readily divisible into the following sub-groups:

1) The following drill holes penctrated leached capping
with significant ore grade secondary copper sulphide
minerals in the form of a chalcocite blanket, partly
oxidized. Some primary sulphide ore grade streaks
also were intercepted.:

X-238
X-2L1
N ols
X-237

2) The following drill holes penetrated altered. rock which
contains principally iron sulphide, and is peripheral
to sub-group 1 above:

X-228
X-208
X-229
X-230
X=-232
X=-2L7
X-2L0
X-243
X-209
X-206

3) The following holes pchetrated unaltered or very weakly
altered pre-ore rock peripheral to sub-group 2 above,
These hoies lie beyond the porphyry copper deposit
delineated by drilling in the central portion of Tracts
I and 1. ‘

- X-205
X-210
X-207

driiled to fulfill the

ectives listed under group
C.ing sub-groups are sertinent

@
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CONCLUSIONS (cont'd)

1)  The following holes penetrated post-ore rocks only,
located geographically betwezn exploration objectives
as enumerated in A and B above. As a group, and
considered with other factors, there is no reason to
expect a porphyry copper ore deposit beneath these
holes.

2) The following two holes penctirated unaltered or very
Jinsignificantly altered pre-ore rocks., These are

beyond the margin of any porphyry copper deposit:

X-225
X-222

3) Drill hole X-21L penetrated only post-ore rock. Considered
with the results from other drili holes, there is no
reason to expect an ore deposit beneath this hole.
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'AMERICAN ‘SMELTING AND REFINING COMPANY
Tucson _ Arizona

August 29, 1967

Personal/Confidential

To: J. H. Courtright
" From: J. E. Kinnison
A Glossary of Technical Terms

San Xavier Indian Reservation
Pima County, Arizona

. The following glossary of technical terms, as applied
especially to mining, of the distribution of rocks and minerals -
in the ground, is necessarily brief. This has been prepared
at the request of Mr. T. A. Snedden and Mr. R. B. Meen,
following a joint conference with four Asarco tax lawyers in
regard to the pending sult against the Internal Revenue Service.-

This glossary will be longer than I originally anticipated,
although for a glossary of technical terms it is, I believe,
short, The following terms represent those which I consider
to be a "must" for a knowledgeable presentation of the legal
case by our company lawyers. This glossary may not agree in
certain details with other glossaries on the same or similar
subjects. It is, however, designed specifically for the use -
stated above, and 1s intended to be applied for that use only.
You will note that my definitlion of terms goes beyond the
short and "easy" definitive style of a dictionary and most
glossaries. This is done purposefully so that the terms may
be clear beyond doubt. Thus, this glossary is somewhat a
primer, or simple textbook of ore deposits and mining exploration.

The glossary follows. The drill hole logs will be bound
together with a glossary for each set.

f’fﬁl‘ﬁ§? /

/John E. Kinnlson
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TECHNICAL GLOSSARY
SAN XAVIER INDIAN RESERVATION
PIMA COUNTY, ARIZONA

" General Ore Terms, Porphyry Copper Deposits

-Disseminated mineral deposits. The word "disseminated"
as applied to mineral deposits means any mineral deposit in
which the potentially or actual ore constituting minerals
are dispersed as individual grains or seams or as blotches or
kernels. The general aspect, over-all, is that the valuable
minerals are dlspersed throughout the deposit; that is, dis-
seminated. .

Porphyry Copper Deposit. The word porphyry copper deposit
has a subjective aspect of different characteristics which varies
slightly among mining people according to their own experience
or their own views formed from reading and observation. As
used here for the San Xavier Indian Reservation, and in general
throughout Company correspondence and reports, it has a rather
broad genetic meaning.

One definition is: "Copper deposit in which
the Copper-bearing minerals occur in disseminated
grains (or in veinlets) throughout a great volume
of rock. The rock need not be a porphyry. Charac-
teristic: 1large tonnage and relatively low grade."

It is, however, a disseminated mineral deposit in which copper

is generally the principal metallic mineral mined and recovered.
By-product minerals may be and usually are present. The porphyry
copper deposits of the southwest and elsewhere are invariably
associated with the intrusion nearby, at a former time in our

‘earth's history, of a molton rock mass which crystallized to

form what is known as a "porphyry." Generally there are several,
or multiple, periods of intrusion of liquid rock into the crust
of the earth, each closely following one another in time and
space. Other features are also found useful in defining a

-copper porphyry deposit. These will not be enumerated here,

but suffice it to say some of them will be defined in following.
The Mission Mine and its surrounding metallized area is a
porphyry copper mineral deposit and the Mission Mine itself is
a porphyry copper ore deposit. At the beginning of exploration
on San Xavier we had reason to believe that a trend northwest
onto the reservation might prevail, and the search was there
for another porphyry copper deposit.

Mineral dep031ts. Any concentration of a néturally oc-
curring aggregate of minerals within the outer mantle or crust
of the earth. These may be segregated for practical purposes

1. Hugh E. McKlnstry, late Professor at Harvard, respected
expert among mining people, gives this capsule definition. 1948,
Prentice Hall, Mining Geology, p650



Technical Glossary
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on the basis of metallic mlneral deposits, iron mineral deposits,
and non-metallic mineral deposits.,

Ore deposits. An ore deposit is a mineral deposit which
may be mined and treated in a mill or other machine or device,
and refined to the final metallic elements, then in their pure
state. When these pay all the costs of beneficiation previously
enumerated, and give a return on the invested capital, the
mineral deposit may be properly classified as an ore deposit.

It takes many more drill holes or other excavations to establish
the continuity and quality of an ore deposit than it does to
define the presence of a mineral deposit. A mineral deposit,
per se, does not requlre a relationship to profitable extraction.
_The technical meaning of the word ore, and ore deposit, derive
from their relationship to profitable extraction.

"Ore grade An "ore grade" intercept in a drill hole or
a value which is "ore grade," however determined or from what-
ever kind of sample taken, would be a grade which, if other .
economic factors were similar to operating mines, would be
classified as "ore." Example: A drill hole penetrates 80!
of rock which assays 0.80% copper. This is a grade of copper --
that is to say, a concentration thereof -- which in most open
pit mines would constitute profitable minerals to be extracted
and would be classified as ore. On the contrary, an intercept
of 0.10% copper in a drill hole would not be ore in any mine
under any foreseeable future circumstances. Most copper mining.
companies in the southwest region of Arizona are operating at
a limiting point of about 0.4% copper. Rock containing less
than that amount is not treated, whereas rock containing
. greater than that amount is put through the beneficiation
circuits such as a mill or precipitation plant. Some companies
may operate with a slightly higher limiting factor and others
with a slightly lower limiting factor. This depends entirely
upon the economics of the individual mine. The deviations
from 0.4% copper are slight. One exception to this is where
molybdenum makes up a significantly large percentage of the
- metallic minerals recovered. There is no molybdenum on the
San Xavier Indian Reservation in any appreciable quantity.
Nor is there any gold or silver in appreciable quantity. These
three metals, Jjust enumerated, constitute the prlnclpal by-
products of many porphyry copper mines. -

Rock And Mineral Terms

Rock. This term, as used professionally, has two specific
connotations. It is not to be confused with a stone which lies
loose on the ground. One use is that of a specific type of the
earth's crust. In this usage the word "rock" may be defined as
an aggregate of minerals which occurs naturally in the crust of
the earth, and which may be differentiated because of a difference
in appearance, chemical composition, mineral composition, origin,
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. Leached, leached capping. The chemical process of oxidation..
removes some copper Iin a water solution, and this percolates ’
downward. The impoverished region caused by this process lies
above those sulphides which have not been oxidized. This region -
thus forms a "cap, from which copper has been removed, Or -
"leached." This zone of leaching is referred to as the "leached

capping.”

Primary mineral deposit. This is. a concentration of metallic
sulphides, and was formed in the pre-ore rocks by hot solutions
containing copper, iron, and sulphur. Minute amounts of other .
metals are present. The minerals formed by this process and
deposited in the pre-ore rock are the primary minerals of the ~
deposit. If the mineral deposit is also an ore deposit, as
defined in the foregoing, these are also the primary ore minerals.

Secondary minerals. The minerals formed through the processes
of oxidation and leachlng are generally referred to as "secondary,"
as opposed to primary.

Chalcocite blanket. This is a term universally used where
chalcocite, a secondary sulphide of copper, forms in a roughly
horizontal or "planket-like" zone. The process of secondary
chalcocite formation involves: (1) the leaching of copper in the
oxidized zone and the formation of a leaching capping, and;

(2) the formation of an enriched copper zone, containing the mineral
chalcocite, by the_copper-bearing waters which percolate downward .
from a_leached zone above. ~ :

Alteration. During the formation of a porphyry copper
deposit, two svents are notable. The sulphides of copper and -
jron are disseminated throughout the rock over a large area;
also, the rock 1is subjected to chemical solutions and the rock
minerals are changed to other minerals. This change known as
"glteration," affects essentially the same space (area of the
ground) as that in which the sulphide minerals are deposited.
Thus, alteration has two related parts: The formation of
sulphide minerals and the, reformation of rock minerals.
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‘Specific Rock Units

Preface

_ The following specific rock units are used
in the logs being prepared at this time, for the
San Xavier Indian Reservation. The definition

I give them are brief, arbitrary, and will apply
only to the San Xavier,

Arkose. (Pre-ore). Arkose on the San Xavier is part
of the well known arkosic strata of southeastern Arizona,
such as at Bisbee. These strata were deposited in a shallow
sea as sandy grains that were compacted into hard rock.

Argillite. (Pre-ore). Argillite on the San Xavier is
a sedImentary rock--that is, an accumulation of material
eroded from a land mass and deposited in a shallow sea at
a prior time in the earth's history. The argillite rock,
when taken as an entire unit, may be considered to be a
layered formation. It is formed from compacted silt grains.,

Limestone. (Pre-ore). Limestones on the San Xavier
are a layered strata, which are part of the well known lime-
stone strata in southern Arizona. They formed at a prior time
in the earth's history, as a chemical precipitant of calcium
carbonate in a shallow sea.

Igneous. (Pre-ore). An igneous rock is one that
solidified from a mass that was once molten. There are two
fundemental types--one which breaks through the earth's crust
to form a lava flow, and another type which intrudes the rocks
of crust and solidifies there without reaching the surface.

(Monzonite) 'Porphyry. (Pre-ore). The rock generally
termed "porphyry"” is an intrusive rock of the type generally

- associated with porphyry copper deposits. The technical

term "monzonite" relates to the mineral composition of the
rock, whereas the technical and miner's use of the word
"porphyry" derives from its characteristic texture of large
erystals engulfed in a matrix of crystals too small to be
seen by the eye. Please note that the word "porphyry"

‘should not be confused with the word "porphyry copper deppsit."

Granite. (Pre-ore). Granite is rock made of minerals
which are large and generally about the same size. Granite
also has a specific mineral composition, and is high in
silica content. :

Basalt. (Post-ore). Basalt is a lava flow which has
solidified to a dark hard rock. It has a specific mineral
composition, and is low in silica content,
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Alluvium, (Post-ore). The San Xavier Reservation largely
is covered with loosely consolidated sand and gravel. The
alluvium has been deposited from erosion of granite of the
Sierrita Mountains. It comprises approximately 90% of the
surface of the San Xavier tracts 1, 2, and 3. .Depth from
surface through alluvium to bedrock varies from O to 220
feet, and averages about 150 feet.

Conglomerate. (Post-ore). As used herein, this term
implies silt, sand, gravel, and boulders--frequently in
crudely stratified layers. It is a fairly hard rock, and
formed at a time in the earth's history prior to deposition
to the overlying alluvium. During the formation of this
conglomerate, lava flows, from time to time, interrupted its
accumulation. Thus, lavas and conglomerates are found to be
layered one with the other. .

General Terms

Outcrop. That part of a stratum or other rock which
appears at the surface.

Bedrock. The solid rock underlying alluvium such as
gravel, sand, clay, soil, etc.

Fault. From time to time during the history of the
earth, the outer crust has been in a state of stress. When
the crust yields under stress, and the rock of the crust
fractures or cleaves, one side of the fracture will move
relatively to the other. The zone between will be made of
crushed rock. These fractured surfaces generally form a

plane surface (relatively uncurved). If a fault is made of
- several strands or surfaces, and has a distinct width, it
is then better called a fault "zone."

Rotary Drill. The rotary drill is a machine equipped
with a column of pipe which rotates to bore a hole in the
ground. A "rolling bit" at the bottom of the pipe column
breaks off small chips as the drill hole is bored into
the ground, and these rock chips are carried to the surface
by circulating drill fluid. The types of rock penetrated,
and other information can be obtained from the rock chips .
as they are collected. In use, this term has been converted
also into a verb--that is, "to rotary drill." In the San
Xavier logs, the verb form is used.










X-101 S

Located 2000 feet south of an altered outcrop which
protruded from the surrounding alluvium as a small hill.
The alteration and leached capping indicated the outcrop
might be part of a porphyry copper deposit. The drill
penetration would test the lateral extent and quality of
mineralization.

Rotary drilled alluvium to a depth of 76 feet. Diamond
drilled post ore conglomerate to bedrock at 129 feet.
Diamond drilled from bedrock in igneous rock with weak
alteration and some iron oxide to total depth of hole
at 134 feet. o,

Conclusion: The alteration is weak. This hole is
near the margin of an altered zone; probably the same
altered zone as that which crops out in the hill noted
above. .










X-104

Located adjacent to a small outcrop 1000 feet

-north of the altered hill described under X-lOlS.

. The leached capping and alteration seen at this small

outcrop indicated it probably to be part of a poiphyry
copper dep051t

Rotary .drilled to depth of 20'. The first 12 feet was
alluvium, and from bedrock to 20 feet was leached,
altered arkose. Diamond drilled from 20 feet to 550
feet in arkose and porphyry. Strongly altered and oxi-
dized to 160 feet, with weak secondary copper to a depth
of 215 feet. Below 215 feet there is an increase in
alteration with occasional 1ntercepﬁs of ore-grade
copper sulfide.

Conclusion: Copper 1s present in the oxidized
zone, and also in streaks of ore-grade copper sulfide
at depth. The strong alteration of rock minerals and
the presence of porphyry rock are factors which would
favor a predlctlon that a porphyry copper deposit of
minable size is nearby.













































X-119S

Rotary drilled to 181 feet. Alluvium exists to a depth

137 feet where bedrock is encountered. Bedrock is an
arkose with no visible mineralization. The hole was alter-
nately rotary and diamond drilled to a total depth of 547
feet. A post-ore basalt is encountered from 406 feet to
525. Below this there is arkose. This hole was re-entered
and diamond drilled to 990 feet. The arkose continues to
the bottom with some leaching evident and very weak copper
mlnerallzatlon.

Conclusion: Pre-oreArock lies at 525 feet below post-

ore rock and alluvium. The pre-ore rock is sparsely mineral-

ized. This hole lies beyond the margin of a, porphyry copper
deposit.




X-120

"Rotary drilled to 53 feet. Alluvium exists to 50 feet
where bedrock is encountered. Diamond drilled to 587 feet.
Bedrock is arkose. There is some porphyry rock mixed with
the arkose from 527 feet to 575 feet. There is some
oxidation and a leached capping over a secondary chalcocite
zone of ore-grade in the upper section. Ore-grade copper
sulphides are present in streaks through out the hole.

Conclusion: This hole is significant. It penetrated
a porphyry copper deposit similar to X-117. '
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X-124

" Rotary drilled alluvium to 76 feet at bedrock. Diamond drilled
to 1638 feet. Bedrock is arkose. Porphyry rock of the :
following depths: 318 to 336 feet, 945 to 998 feet, 1299
to 1425 feet and 1603 to 1638 feet. Arkose is oxidized and
contains copper and iron oxides to 196 feet, with secondary
copper sulfides to 217 feet. There are streaks of primary
copper sulfide of ore grade from 217 to total depth.

Conclusion: This hole is very significant. It first
intercepted a chalcocite zone, partly oxidized, and then
primary copper minerals for a long. vertical extent. Both
arkose and porphyry rock are strongly altered.






















X-131

Rotary drilled to 196, alluvium extends to bedrock at 118
feet. Diamond drllled to 567 feet. Bedrock is arkose
with igneous porphyry rock at 362 to 483 feet and 522 to
567 feet. The arkose is altered with traces of secondary
copper to 209 feet.  There are streaks of ore-grade copper
in arkose from 209 feet to total depth.

Conclusion: Penetrated a chalcocite zone with significant
primary copper values; part of the porphyry copper deposit
in the locality described under X-101S.





















X-138S & 138

Rotary drilled to 175 feet, alluvium extends to bedrock

at 169 feet. Alternately rotary drilled and diamond drilled
to 801 feet. Diamond drilled to 931 feet. Bedrock is .
post-ore conglomerate and basalt which extends to conglomerate
and ‘igneous rock at 615 feet.drilled into pre-ore arkose.

The arkose exhibits "spotty' traces of mineralization,

Conclusion: This hole lies beyond any porphyry
copper deposit. . :






X-140

: There are numerous very small outcrops in section
- 27 - part pre-ore, part post-ore basalt. The abundance
there of oxide of iron suggested a mineral deposit beneath,

but other characteristics of a leached capping over disseminated

sulfides is lacking.

Rotary drilled to 11 feet, bedrock at surface. Bedrock is
igneous rock, altered and iron oxide stained. Below this,
at 25 feet, there is a mixture of arkose and conglomerate
with a strong fault 113 to 131 feet and from 170 to 205
feet. Below the second fault, is unmineralized granite.

Conclusion: The iron oxide in the scattered outcrops
does not overlie sulfides. This vicinity will not contain
an ore deposit.










X-202

Rotary drilled alluvium to 185 feet. Diamond drilled to 120] feet,
total depth. Post-ore conglomerate extends to bedrock at 200 feet.
Bedrock is arkose, oxidized and iron oxide smeared to 229 feet.
Arkose, with ore-grade copper below 282 feet, extends to 379 feet.
Tactite, hornfels, and arkose with ore-grade copper sulphide extends
to 432 feet, where arkose is penetrated. The arkose with copper
mineralization and some ore-grade copper streaks, extends altered
limestone at 731 feet. The altered limestone continues to 869 feet

where it bottoms in altered arkose. Copper mineralizati on ranges
from traces to ore grade.

























X-209S

Rotary drilled alluvium to 76 feet. Diamond drilled to
107 feet total depth. DPost ore conglomerate extends to
bedrock at 85 feet. Bedrock is arkose, which weakly
oxidized and iron oxide stained,






- X-2105

Rotary drilled to 142 feet, diamond drilled to 168 feet
total depth. Post ore conglomerate extends to bedrock
at 155 feet. Bedrock is a slightly altered arkose with
traces of iron and copper sulfides.




X-211

Rotary drilled ‘alluvium to 192 feet. Diamond drilled to
892 feet total depth. Post ore conglomerate extends to
bedrock at 210 feet. Bedrock is altered limestone, oxidized
and iron oxide stained, with ore grade copper streaks. At
323 feet the altered limestone comes in contact with arkose.
This arkose has:copper sulfide but only a few ore grade
streaks. At 784 feet the arkose comes in contact with .
altered limestone, which has some ore grade streaks. The
hole bottoms in limestone. . c



















X-217

Rotary drilled alluvium to 190 feet. Diamond drilled to
1397 feet total depth. Post ore conglomerate extends to
bedrock at 199 feet. Bedrock is igneous porphyry rock
with traces of oxidation and iron oxide stains on the upper
portion and weak copper sulfides throughout. Below the
drill penetrates arkose, moderately mineralized with some
ore grade copper streaks. Below the arkose, igneous
porphyry rock continues to contact altered limestone. The
altered limestone has several ore grade copper streaks.

The drill penetrates a fault and bottoms in granite.
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