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" Registered Geolqgist (4822) State of Arizona
1958, Secrefary, Ariz, Geol. Soc. |
1962, Chairﬁan, Mining Geol, Division,
| " Arizona Section A,I,M.E, -
4, Present‘position with ASARCO: |
Explpration‘geOIOgist,'Tquon Office,
Southweétern Exploration Department.
5. Position in 1957f1959:“
Exploration Geologist, Squthwestern Exploration Di-
vision of the Southwestern Mining Department.
6, What were your duties as exploration geologist during
1957-1959?
During the spring of 1957, I was assigned to review all
exploration in the Mission area, to maintain first-
hand knowledge of new drill data, to clarify rock and
ore distribution, and to interpret and synthesize
pertinent data. Because of my work in this region, I
was familiar with the exploration possibilities of San
Xavier lands. When San Xavier drilling began, my assign-
ment was expanded to include a review of all drill hole
data and geophysical work on’avcurrept basis and to
synthesize,my.interpretations for.use by my superiors,
6-1/2, . Briefly describe the topography in the San Xavier
area, |
It is a broad desert plain covered with sand and gravel

with a few rock exposures.
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7. Briefly describe ASARCO's interest prior to bidding in

the acreage included in tracts 1, 2, and 3,

There were several areas of interest to ASARCO:

1)

)

3)

4) -

Prior to bidding, drilling at Mission had suggested

a pattern of mineralization toward the soufh boundary
of tract 2, The Mission copper ore deposit could be
projected on a northerly or northwesterly course into
tract 2. |

There were two small mineralized outcrops in the
west-central part of tract 1. These outcrops had

been mineralized and subsequéntly leached, creating

a capping characteristic of the low-grade disseminated
copper deposits generally known as the porphyry copper
deposits. The mineralized outcrops suggested the
presence of iron sulphide with minor copper beneath
them. This in turn suggested that an ore deposit

did not exist beneath the outcrops but could exist

to one side or the other,

It was possible that the southern area in tract 2

and the outcrop area in tract 1 were connected and

'might represent a single copper zone, but this could

not be predicted prior to bidding, The gap between
was regarded as potentially ore bearing.

In the southwestern corner of tract 1, an outcrop
of arkose and igneous rock showed much diffused

iron oxide, Some of the characteristics usually




5.

found with copper mineralization were lacking;néﬁd
the worth of this area could be evaluated only by
drilling, Neaﬁby‘this‘outcrop, an abandoned water
- well hadvpenetfated bedrock which, as shown by the
drill cuttings, was slightly mineralized with small
amounts of pyrite (iron sulphide).%l‘he known existence
of the Mission and other substantial ore bodies to
the south and the geological factors relating to
the four areas just described created a general
interest in exploring all of the acreage\in tracts
1 and 2., Hewever; Bur information prior to bids in
1957 was too meager and indefinite to really say'
that tracts 1 and 2 contained any ore deposits.
If there were any ore deposits in these lands, their
location and size could be determined only by drill-
ing. The northerly or northwesterly trend of mineral-
ization from Mission might not continue its course.
The outcrops in tract 1 might lead to nothing.: "
Giving due allowance for deviation in trend and
shape, for cross-trends, and for satellitic deposits,
all of these two tracts were believed to have explora-
tion potenfial.
ASARCO's Interest in exploration of tract 3 was minimal
for the following reasons:
(1) Tract 3 is offset'considefably to the east of the

mineralized trend northerly or northwesterly from

Mission,




: made in 1956
@) An aeromagnetlc geophys1ca1 surveyc together with

6. ‘
\
|
|
one outcrop in tract 3, suggested that post-cra

volcanics (lava) would cover a large part of this
tfact, and thus the host rock which could contain
ore might be at great depth.

(3) As a qualification to these negative features it
must be noted that there was aslighi: prbsbective
value because tract 3 was nearby an aréa of large
ad ‘significant copper mineralization (Missbn and
Pima)., Cross-trends from the established copper
zone, or separate, satellitic deposits were possible.

8. Briefly describe ASARCO's surveying and mapping of these

lands in 1957,

An accurate survey of the lands in the three tracts was

made by ASARCO in 1957, Survey was made using transit
and chain, and tied in to a triangulation network. The

surveying for the basiec grideork was finished prior to .

drilling in September, and served thereafter for the
location of drill holes ahd for geophysical survey loca-
tions. ‘A11 future survey points were referenced to this
basic grid-work. The grid was tied to the Federal
coordinate system for this area, so to facilitate ready
reference to United States survey markers on the ground,
| During the coursevot/surveYing, section corneré énd the
limits of tracts 1, 2, and 3 were located. All of the

acreage in the Indian lands under mineral exploration
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permit were surveyed by this evenly'distributed grid-work,

Mapping was not extensive. The three tracts were walked

over and those outcrops found were mapped geologically.

9, Briefly describe ASARCO's geophysical exploration on these

lands in 1957-1959.

Three basic types of geophysical surveys were used by

ASARCO in conjunction with other exploration on the

San Xavier lands, These were as foliows:

1)

Magnetic. The earth has a natural magnetic field.
Certain rocks or minerals near the outer surface

of the earth cause deviation in the regular lines

of magnetic field which would otherwise be present,
Interpretations relative to rock tybe or mineraliza-
tion can sometimes be made on the basis of magnetic
measurements, In practice; a sensitive instrument
called a magnetometer, is placed at-surveyed stations
on the ground, and the magnetic intensity is read.
Alternately, the magnetometer may be carried in an
airplane and the instrument read at intervals as
traverse’is made across the ground at a fixed ele-
vation, The airborne magnetic surveys on the San
Xavier lands were made prior to placing of bids in
1957, and are not included in the charges against .
these tracts. Magnetometer surveys on the ground
were used to verify the‘aerial magnetic readings,

but ultimately more reliance was placed in the
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2)

3)

aerial survey because of the lack of interference

due to concentrations of magnetite in the sand and
gravel which covers most of the reservation,

Gravity. The gravitational attraction of thebearth

ié subject to variatibns because of the proximity

of formations with differing degrees of gravitational
attraction, or because of the concentration of heavy
silicates associated with mineralization., A sensitive
instrument, the gravity meter, is placed at surveyed
stations and the gravity field recorded.
Electromagnetic-generally called E,M, E,M, methods

of geophysical survey depend upon inducing an electric

current into the ground, and receiving this induced

electricity at a receiving set. if a highly conduc-

tive source occurs between the transmitter and the
receiver, the theoretical and uniform lines of elec-

tricity will be deflected, and these deflections may

be measured at the receiving station, Such concentrated

conductor areas are water saturated faults, veins of
sulphide minerals of significant size and continuity,
or graphite coated faults. The E.,M., work on the San

Xavier lands was found ineffective.

Where were the surveys made?

The ground magnetic surveys were run principally in the

southern portion of tracts 1 and 2 adjacent to the

south reservation boundary, occupying section 30,
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17.

Was the lateral extent of the two ore bodies delineated

by drill holes situated on lands eventually retained?

Yes, the north ore body was delineated on all sides by

drill holes
and 2, The
(1) On the

in lands eventually retained in tracts 1

777 v
north ore body is roughly delineated as follows:
north by X-117, X-118, and X-228, Hole X-114

represents the north edge of the secondary chalcocite

zone,
(2) On the
(3) On the
(4) On the
X-134,

(5) On the

The south ore

east by X-247,

southeast by X-237 and X-243,

south by X-121, X-136, and X-137W, and X-101S,
X-135, and X-240,

west by X-1228 and X-125 and X-127.

body was delineated on three sides on lands

eventually retained in tract 2; the delineation on the

south side being the south line of the San Xavier Reserva-

tion,

The south ore
(1) On the
(2) On the
(3) On the
(4) On the

body is roughly delineated as follows:
north by X-221 and X-233.

east by X-201, X-218, and X-259.
northwest by X-231, and X-264,

west by X-219. |

Were the drilling operations helpful in confirming and

eliminating

areas of interest?

Yes, prior to placing of bids, there were four areas

of interest based on geological evidence, and subse-

quently four geophysical areas of interest were identified.,
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. 0f these combined areas of interest, ail but two were
eliminated by drilling. The two areas of interest which
were shown to be ore bodies, were two of the four pre-bid
areas, namely, that area northerly from Mission in southern
tract 2 and the area near the mineralized outcrops in the
central part of tract 1, Those areas eliminated were
done so on the basis of drilling results indicating lack
of ore, or on the pfobable lack of ore coupled with exces-
sive thickﬁesses of post-mineral cover formations.

. In sinnmary, I should note that for all of the eight areas
of interest, direct penetration by drill hoies was the
only positive method to prove or disprove them., In the
environment of the San Xavier lands, no amount of specula-
tion based on either geological or geophysical grounds
could take the place of a drill penetration into bedrock
to indicate either the presence of ore, or lack of it.

18, What information did ASARCO get from the drilling on

lands relinquished in 19597

The principal information obtained by ASARCO from the

areas which were eventually'relinquished was as follows:

(1) The thickness of sand, gravel, and other post-ore
cover rocks, and their distribution on the lands
relinquished,

(2) The distribution of exceedingly slight mineraliza-
tion on those lands.

(3) The distribution of pre-ore rocks which were not

mineralized on those lands,
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That data, combined with the géophysical surveys, indi-
cated that those lands eventually relinquished did not
warrant further exploration or leasing. ané of the data

" obtained from drilling in the areas eventually relinquished
had any effect on either the discovery or the definition
of extent of those ore deposits on the lands which were
eventually retained.

19. Did any of the exploration work on the lands relinquished
have any effect on or contribute to discovering or defin-
ing the 6re bodies on the lands retained?

No. '

20. Why not?

The general area of both the ore bodies which were even-
tually discovered by drilling was believed by us to have
good potential prior to bidding in 1957. We intended

to and did explore those areas. The éarly drill holes
in September and October 1957 located the ore in what we
now call the north and southi. ore bodies. As I pointed
out earlier, the data from the drill holes placed within
the lands leased defined the lateral extent of these

two ore bodiés.

21. Briefly describe the geological data known by ASARCO
when it made its decision in 1959 on what acreage tb
lease.

Both the northern and southern ore bodies were low grade

disseminated copper deposits, of the general type known
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11,

12,

24,

Open pit copper deposits are mined by drilling, blasting
loading and hauling the waste to waste dumps and the ore
to milling plant or a concentrator., Pits are designed
with benches generally 25 to 50 feet in depth. Eguipment
varies in size depending on the nature and size of the
ore deposit., At present we are using 9 yard shovels,

85 ton trucks and mining with 40 foot benches at Mission

“h.Unit.

it 7

Milling consist of crushing from pit run of blasted
material to about 3/4 inch size in two or three stages
tﬁa grinding to fine mesh making a concentrate of the
sulphide copper minerals that contain 25 to 30% copper

by floating the sulphide minerals. This concentrate

is then shipped to a smelter, to convert the sulphide
concentrate to copper.

About 50 pounds of concentrate is made out of a ton

of copper ore with the grade and character of ore being
mined and milled at copper properties today.

The cost varies depending on the metallurgical charagter-
istics of the ore but is generally over $15,000 per ton
of capacity that is a 20,000 ton plant would cost about
$30, 000, 000,

The results of the exploration on the acreage relinquished
was negative and did not afford data on alteration or
copper values that lead to finding any ore.







Direct Testimony by T. A. Snedden
- Page Two

7.

9.

10.

11,

12,

13.

O0f the areas of interest that are explored, does ASARCO
expect as many as half of those areas cxplarcd to result
in commercial ore deposits worth retaining and developing?

No. Nothing can be approached in exploration that is
anywhere near a fifty-percent figure.

Of the acreage that is explored, does ASARCO expect as
much as half of this acreage to be retained for develop~
ment of ore deposits?

No. Nothing can be approached in exploration that is
anywhere near a fifty-percent figure,

Please describe briefly the way porphyry copper is mined
by the open pit method.

Please describe briefly the milling process for porphyry
copper ore,

Approximately how many pounds of concentrate is obtained
by milling a ton of porphyry copper ore?

What is the cost of constructing a plant for milling
porphyry copper ore?

Did you participate in the decision by ASARCO to submit
bids in 1957 for rights in the Indian lands in tracts 1,
2 and 37

Yes, I did,




Direct Testimony by T. A. Snedden
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M.

15.

16,

17.

18,

Please describe ASARCO's interest in the acreage encom-
passed in tracts 1 and 2 at the time the bids were sub-
mitted in 1957.

A, At that time we had general interest in all the acre-
age based on known ore bodies south of the Reservation
with the possibility that those ore bodies would have
northern or northwestern extensions into tract 2, and
perhaps continuing to and beyond the outcroppings in
tract 1 or that there might be separate ore bodies
in the vicinity of these outcrops in tract 1, Also,
there was an outcrop in southwestern part of tract 1.

B, Information available was not sufficient to make any
significant distinction in one allotment over another
in tract 1.

C. The same is true of tract 2 except it looked more
interesting to us because of the probability of known
ores south of the Reservation projecting into the
Reservation,

Please describe ASARCO's interest in the acreage encompassed
in tract 3 at the time the bids were submitted in 19857,

We had a general interest in this areabut considered it to
be less attractive than tracts 1 and 2,

Are you familiar with the factors that were taken into
consideration in deciding the amount of the bids on tracts
1, 2 and 37 What were the main factors?

Ve were interested in these areas for mineral deposits
and we had to guess how much our competitors would bid.

I hand you J.E. 2 (Prospecting Permit with option) and
direct your attention to paragraph Bl thereof, Did ASARCO
have anything to do with the drafting of that paragraph?

No.

At the time ASARCO prepared and submitted its bid in 1957,
was ASARCO disturbed by the language in paragraph Bl which
speaks in terms of a lease not to exceed 2,560 acres plus
nddi;ionnl acreage necessary for a successful mining opera-
tion

No.
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19, Why not?

20,

A,

C.

That language is broad, and we thought its application
would place no practical restriction on the acreage
that we would want to lease. Our primary concern was
acquiring rights in individual allotments., We signed
up individual owners and paid the bonus so that we
would have the right to lease the lands in his allot-
ment, We wanted to be sure that we could lease the
specific allotments on which we might discover ore.

The overall general limitation of 2,560 acres did not
bother us because the chances were that we would not
discover enough ore to warrant a lease on any one
tract of as much as 2,560 acres.

On the other hand, we felt that if we did discover
a large ore body, the Secretary would exercise his
discretion fairly so as to add all the necessary
acreage to make it a successful mining operation.

¥hat were some of the possibilities that would have
required the Secretary to exercise his discretion under
the additional acreage provision of B17?

A,

I1f we had discovered an ore body covering some 2,000
acres, we would have had the right to lease all of it,
In such a case we probably would have needed additional
surface acreage, perhaps at least as much as 2,000
additional acres for waste disposal and plant construc-
tion., We would have asked the Secretary to approve
inclusion under the lease of such acres over and above
2,560 acres. Under such circumstances, it would have
been unreasonable for the Secretary to refuse to
include the acreage necessary to successfully mine

the ore.

Another example is if we had discovered #n ore body
that covered some 4,000 acres of low-grade ore on

a tract, and the quantity of ore of the entire 4,000
acres was necessary to make a successful mining opera-
tion; the Secretary would have increased the acreage
to be covered by lease to include the entire ore body
plus acreage for disposal of waste and construction

of plant,
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21.

23.

C. If we had discovered two separate ore bodies on a
tract and neither was sufficient without the other
to make a successful mining operation, the Secretary
would have increased the acreage to be covered by
lease to 3,000, 5,000, or whatever was necessary to
successfully mine the ore.

(1) ASARCO's Silver Bell mine is an example of two
separate ore bodies that, with a single plant,
waste disposal area, and camp site, uses about
6,000 acres. Neither of these ore bodies
could have been mined successfully without the
other, At the time we started our Silver Bell
operation, we had a combined reserve of about
32 million tons, about 20 million in one ore
body and 12 million in the other.

D. 1If ASARCO had discovered an ore body with a large
quantity of overburden, it would have required sub-
stantial additional acreage for waste disposal,
the Secretary would have approved inclusion undar
lease of more than 2,560 acres to cover the acreage
necessary to succosstul;y mine the ore,

What factors did ASARCO take into account in deciding
wvhat acreage to relinquish?

We considered the cost of retaining acreage and the
requirement of justifying the acreage that we retained.

What factors did ASARCO take into account in deciding
what acreage to retain?

In retaining acreage we only considered the two ore
bodies that were found with areas- for plant and for
disposing of waste from these respective ore bodies and
a contiguous area so layed out that we could get from
the Mission area through the Reservation to the mineral-
ized ore area drilled on tract 1.

In your opinion, did the results of the exploration
work on the acreage in each tract that was eventually
relinquished assist in the discovery or delineation
of the two ore bodies that were retained?

No.
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24,

25,

26,

27.

29,

Why not?

At the time it submitted its bids in 1957, did ASARCO
consider the words "construction of improvements" in
paragraph Bl of the permit to include or exclude a
mill and related facilities?

We considered those words to include a mill and any

other related facilities that were necessary for a
successful mining operation.

Did ASARCO have a mill at its Mission property in 19577
No.
Vhen was a final decision made to build a mill on the

Mission property?
July, 1959,

When did ASARCO start mining the ore on the Mission property?
Some ore was stockpiled during the preproduction stripping

period, but actual mining of ore was not started until
August, 1961,

Is ASARCO mining any ore on tracts 1 or 2 of the San
Xavier properties?

Yes, Ve started mining ore in May, 1966, in what we call
the North S8an Xavier ore body.

Is the ore from the North San Xavier ore body being run
through the Mission mill?

No,
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31.

33.

34,

36,

Why not?

We are mining oxidized, siliceous ore from the North
San Xavier area and shipping it to our Hayden, Arizona,
plant, Our Mission mill cannot process this type of ore.

In 1957 did it appear likely that ASARCO would construct
a mill on the San Xavier lands?

No, but we had to have the flexibility of having sufficient
acreage to permit the ore to be mined and milled indepen-
dently of Mission.

Why?

A different milling process might be required, or there
might be a conflict for time in mining the two properties,
or we might even want to sell one of the properties,

Hoi much bonus would ASARCO have paid for the right to
prospect on each of the three tracts if the permits
had contained no rights to lease?

Nothing,

Did ABARCO acquire the surface léase on the southern part
of tract 3 by reason of having paid a bonus for the permit
to lease and explore the lands in tract 37

Did ASARCO have sufficient data by the close of 1959 to
work up a design for an open pit operation on either the
north ore body or the south ore body?

Would the preparation of such designs have been your
responsihility?




O

Direct Testimony by T. A. Snedden
Page Eight

38, If ASARCO had started developing the north ore body
on the San Xavier Reservation in 1959, where would the

ore have been milled?

39, VWhat would have been the cost of constructing a suitable
milling plant? '
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7.

| f‘;’f prior to bidding, drilling at Mission had

Registered Geologlst (4822) State of Arizona
' 1958, Secretary, Ariz. Geol. Soc.
1962, Chairman, Mining Geol. Division,
Arlzona Sectlon A. I, M E,
Present position with ASARCO- _
Exploration geologxst Tucson Office

Southwestern~Exploration Department.

 Position in 1057-1959:

Exploration Geologlst Southwestern Exploratlon D1-

v1sion of the Southwestern Mining De rtment

During Jﬁ:dspring of-Yg57,
exploration in the Mission area, to maintain first-
hand knowledge of new drill data, to clarify rock and
ore distribution, and to interpret and synthesize é%%?%b
- pertinent data. Due to proximity of San Xavier lands
to Mission, I became familiar with the exploration
possibilities there, When;San,Xavier drilling began,
my assignment was expanded to include a review of all
drill hole data and geophysical work on a current basis
and to synthesize my 1nterpretat10ns for use by my su-
€ LAPs .

Briefly describe ASARCO's interestﬂin the acreage included

periors.

in tracts 1, 2, and 3.

/

There were several areas of 1nterest to ASARCO: ™

a pattern of mineralization to%the south boundary

.
LSl o

W /9.»7— ?5?’.'
s assigned to review all -










L | ! »j | | (;;«$¢ﬂh ﬁﬁa éiag) :

and s1gn1f1cant copper mineralization,
Cross-trends from thetegiab4eshed co;per
Azone, or separate, satellitic deposits were
possible;i o , .
8. Briefly describe ASARCO's surveying and mapping of these
S lands in 1957. |
Short%y—after_the_acquisition—o#ethe—San—Xavier—explora- '
tion permits, 4n accurate survey of the lands in the
ele taat?717?
three tracts was begun by ASARCO Survey was made'using
transit and chain, and tied in to a. tr1an«u1at1on networkg
. The surveying for the basic grid-work was finished prior
to drilling in September and served thereafter for the
location of drill holes and for geophy51ca1 snrvey loca-.
tions. All future survey points were referenced to this
basic grid-work. The grid was tied to the Federal co-
ordinate system for this area, sorto facilitate ready
reference to United States survey markers on the ground.
During the course of surveying, section corners and the
limits of tracts 1, 2, and 3 were located. All of the
acreage in the Indian lands under m1nera1 exploratlon‘
permit were surveyed by this evenly dlstrzbuted grid- . .
work., . | )
9. Briefly'describe ASARCO's geophyeical exploration on these
‘lands in 1957-1958. |
" Three bas1c types of geophysical surveys were used by .
- ASARCO in conjunction thh other exploration on'the

. San Xavier lands. These weré as follows:




a. Magnetic... The earth has a natural magnetic

field, simjld to/}:he lines of magnetic field

. which ci¥cy arééig,a/ﬁignet Certain rocks

or minerais near the outer surface of the earth
cause deviation in the regular lines of magnetic -
'field'which would otherwise‘be present. inter-;
pretations relatlve to rock type or mxneralzza-’
tion can éﬁg;efefe be made on the basis of mag-
netic measurements, suh;ectf%e—%he-inherentfde-

g fdoubt—whick ist in the—imt _
tation thereof. In practice, a sensitive instru-
ment called a magnetometer, is placed at surveyed
stations on the ground ‘and the magnetic intensity
is read. Alternately, the magnetometer. may be
carried in an airplene and the instrument read

at intervals as'tfaverse is'made across the
ground at a fixed elevation. Thé result of these
magnetic readings may be contog/ed in a Tanner

SN - similar to that of topograpbzb contours, and the

en seeén as a series of lines

resultant map is ¢

denoting equal magne intensity, and thus form-
ing either featur less magnetic plateaus, magnetic
'slopes, or magnetic.hills; valleys, or depressions;
The airborne magnetic surveys on the San Xavier

‘lands were made .prior to placing of bids in 1957,

By

.and are not included in the charges against thes







at the receiving station. Such concentrated
fconductor areas are water saturated faults,

~;;veins of sul?éae mxnerals of significant sizeoka‘Q
vcontinuity, or graphite coated faults. The
}E M. work on the San Xavier lands was found '

ineffective 1n»produc1ng posxtxve leads.

The ground magnetic surveys were run pr1nc1pa11y in the
. southern portion of tracts 1 and 2 adgacent to the
south reservation boundary, occupy1ng section 30
T16S, R13E, and sectionszs and 26, T16S, R12E, Ad-
Jacent to the north of these 3 sections, portions in

: v
the south . part of sections 23 and 24, T16S, R13E were

included. It became apparent that the aerial magnetic.
‘survey would be more useful to explaration than the
ground magnetic survey, and work was accordingly/stopped
after the ground just enumerated had been covered.

' The gravity surveys were distributed uniformly in all of

| tracts 1 and 2, id coor sic
N id for the Indi In tract 3, a nar-

row strip along the west margin was included in:this .
‘detailed survey area. Elsewhere in tract 3, gravity -
traverse lines, rather far apart, were run easterly ’
aled—
-forﬂone and one-half mlles.
”The E. M. surveys were made in tracts 1 and 2, along

traverses extending north from the south line of the

‘reservation for slightly over 2 miles.

i




10.

10. VWere any areas of interest developed by ASARCO's geophysics?

. E Yes, the following four areas of interest, shown on plain-
| ' s R s

tiff's Exh. llattachedhéreto—and

‘ A

were developed by geophysics:
a. G=~2, This gravity high might have been caused by
heavy silicateSassoéiated witﬁ mineralization. e
b. M-3. This magnetic”high could héVe been interpreted
" as due to magnetite associated with mineralizatidh,
or to volcanic rock. o
‘ ' : C. M-35”. This magnetic low feature, in tract 3, was re-
e - garded asa;ossible area in which pre-minerél bed-
rock had been high when the volcanic lava had °
flowed sver the surface, and thus would be an
. area in which théﬂcove;’might be thin.

d. M-6. This southeast trending magnetic high héd(a
shape somewhat like the one'deéignafed M-l?f32£223%
by magnetite associated with mineralization, Aﬂ-
ternately this magnetic feature could have been
caﬁsed by volcanic rock.

e. A magnetic high, and a gravity high, labeled respec=-

| tively M-1 and G-l were thought to represent an *.
area of minera1izati6n with associated magnetite ia-
heavy silicate minerals. Such an occurrence was

__known elsewhere in the district. This area is
directly along the probable extension of known

ore previously drilled at Mission, and is conse-.

quently not listed here as a separate area of




interest. I%=serveé—as—a—coniizmigg_indisatidn - ' g
1'. _ . of—the Torthwesterly extensionof—this—zone.,
' f. Durihg fhe course of gravitj surveys, a numbgf of - §
small anomalous highs were located, in the gen- .
eral area.of the mineralized outcrops in tract 1.
Because these are co-existent with 2 previously
- known area of 1nterest due to the prox1m1ty of
the outcrops, I have not included these as a sep-
arate area or areas.
. 1l. VWere any area;s of intgrest eiiminated by ASARCO's geophysics?
Yes, the following areas of interest were eliminated:
a. Most of tract 3 appeared, on the bifls of the aerial

& A
magnetic survey?“%o be underlain by an appreciable

Fy

thickness of volcanic (lava).

b. }A significant thickness of volcanics was interpreted
for the magnetic high M-2; based on the aerial
magnetic survey.

Cc. A considerable thickness of volcanics was prediﬁted
for the area designated M-4, a magnetic high, on

REAN . . /

the basis of ground and aerial magnetic covefage. -

A gravity low designaﬁed G-3, 1s roughly co-existe..
G =3 and M -q
ent with M-4. This indicated the aregﬂtrend1ng

through this part of tract 2 andipo::éoa of tract 1,
hadd - . .
tezhgéé steep boundaries and that volcanics and

wodul el
post~ore conglomerate %o extend to conszderable

depth.
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The early “scqut" holes generally proceede&'inka uni-
form"mannér} ﬁut as drilling pfogresséd; the loca- |
“tion of hew,drill sites was determined largely.by'
previouslhiil data. The e#act sequential order,
héqevér. often dééended upon the availability of
drill rigs. | | -
é;'physical areas of ihterest, and other outlying
areas, were worked in to the 0vera11'exploration
prog in g manner which best fit the.availability
of djjglgi |
- 13. What were the results of the early drilling 6pérations?
Early drilling near what eventually was determined to
be the southern ore body, #s shown on JE 6, showed
a~di¥ég;:éxtension of the.Mission copper deposit.
Early drilliné near what eventually was determined to

be the north ore body, as shown on JE 6, disclosed

a mineralized zone of significant size, and demon-

strated an enriched secondary chalcocite zone, partly

oxidiZedXﬁwith_gzg:gnade—eepper—vaiues%—éad_streak§“”:”

of ore-grade primary copper sulfide at greatérigepth:

14, VWere the drilling operations helpful;ip'confirming and

eliminating areas of interest? o

Yes, prior to placing of bids, there were four.areas
of interest based on gédlogic evidence, and subse-

i qﬁéntly four geobh&éical §reas of interest were

o

identified., Of these combined areas of interest,
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15. What information did ASARCO get from the drilling on lands
| relinquished in 19597
The principal inrormatibr'x obtained by ASARCO from the
areas which were eventually relinquished was as follows-‘
y, W
Qe Tha thic?ness of ; Aand other post-orehpocks,

. and %he distribution, of-same.

b. The distribution of exceedingly slight mineralization.
¢. The distribuiion of pre-ore rocks which wefe not
mineralized.

‘ Thaf data indicated that those areas did not contain suf-
ficient mineral content to warrant further exploration
or leasing. | Nohe of the data obtained from drilling
in the areas eventually relznqulshed had any effect on
either the }eea%*en—end discovery, or & the defxnztxon
of extent of thoseﬁdeposits on the lands which were
eventually retainéd.

16. Did any of the exploration work on the lands relinquished
héve any effect on or.contribute to locating or defining}

« the ore bodies on the lands retained?

No. |
'17. Why not?
The general area of both the ore- b Q1es which were even-

- tually proved by drilling WasA to ;3e good poten-

;;ia; prior to bidding in 1957. We intended to and did
explore.those areas » fctn, The:fQEEESi drill holes in
September and October 1957 located7%}q~1n what wqﬂpall éhZ»/LwJ
the north and south ore bodzes. 7he dr111 holes placed

within the lands leased def;ned the extent of thQse ore

bodies. | | ’hﬂﬁ?ﬁveﬂl
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17.

Briefly describe ?he geological data known by ASARCO
when it made its decision in 1959 én what acreage to
lease.‘ o _‘

Both the northern aﬁd‘séuthern ore bodies were retatively
low-grade dissem:nate&copper deposits, of the general
type known as the porphyry copper oep051ts. Ind1v1dua11y,
they exhibit different shapes and minéralogic characteristics.
The essential points %ggbgs.foilows:

a., The north‘deposit‘isaiartly oxidized, enriche# secon-
dary chalcoc1te zone. Beneith alluvium, a éapping
leached of copper value overlies the chalcoczte
zone, which is a roughly horizontal €§€u1arega
body. The upper portion of this chalcocite zone
has been changed by'we;thering, largely to copper
oxide minerals, &gééﬁﬂthe lower portion is rela-.
tively-ggg; chalcocite 'unaffected by weatherhgg
‘oxidation. The interface between the oxide. area
ﬁ%ﬁ?ﬁe 5@@; chalcocite below iszg;aqgkionéiffcaus- |
ing the copper oxide and chalcocite to be mixed
within the transition zone. The mlneralogy of the

| copper oxides was not known in 1959, nor w;s the
quantity of chalcocite which remained in the oxide
zone. Beneatﬁ.the chalcocite zone, ore grade pri-
mary copper sul%ides occur, 1rregu1ar1y.

b. The south deposit was d1V151b1e into tg ee parts,

two of whlch are shallow enough for open pit "‘: .

»





















































































April 12, 1968

DIRECT TESTIMONY BY JOHN E. KINNISON

Background Information:

1.

2.

Address:

1263 W. La Osa Drive, Tucson, Arizona.

Education:

Pre-college, Texas and Arizona public schools.
B.S. Mining Engineering, University of Arizona.
Completed, July 1952,
Degree conferred May 1953,
M.8., Geology, University of Arizona.
Credits completed May 1954.
Degree conferred May 1958.
Publications and Professional Associations:
Publications

a. Bryant, D. L. and Kinnison, J. E., 1954, The lLower
Cretaceous age of the Amole Arkose, Tucson Moun-
tains, Ariz.; Abs., Bull.,, Geol. Soc. Am., Vol.

65, p. 1235,

b. Kinnison, John E., 1959, Chaotic Breccias in the
Tucson Mountains, Ariz.; Ariz., Geol. Soc. Digest
No. 2, pp. 49-57.

c. Kinnison, John E, and Courtright, J. H., 1959, Chaotic
Breccias in the Tucson Mountains, Ariz., Guide Book

for Field Trips No. 2, Ariz. Geol. Soc.



d. Kinnison, John E,, 1959, Chaotic Breccias in the
Tucson Mountains, Ariz. Abs., Bull., Geol. Soc.

Am., Vol. 70, p. 1727,

e. Kinnison, John E., 1959, Structure of the Saginaw
Area, Tucson Mountains, Ariz.; Ariz. Geol. Soc.
Digest No. 2, pp. 146-51.

f. Kinnison, John E., 1963, Probable Ofigin of Mission
Copper Deposit, Ariz.; A.I.M.E, pre-print No. 63133,

g. Kinnison, John E., 1966, The Mission Copper Deposit,
Ariz.; in, the Wilson Volume, Geology of the Porphyry
Copper Deposits, Southwestern North America, edited
by S. R. Titley and C. L, Hicks, pp. 281-287.

Technical Papers Presented

1959 Geol. Soc. Am. Cordilleran Section, Annual
meeting:

"Chaotic Breccias in the Tucson Mountains™.

1961 A I.M.E,, Ariz. section, Mining Geol. Division,
Annual meeting: "Geology of the Mission Cop-
per Deposit, Arizomna".

1963 Soc. of Min, Eng. of A.I.M.E., Annual meeting:
"probable origin of the Mission Copper De-
posit"; Member of panel discussion on "altera-
tion features of porphyry copper deposits™.

Professional Associations

Member, Society of Economic Geologists.
Member, Society of Mining Engineers, A.I.M.E.
Member, Arizona Geological Society.
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3.

Registered Geologist (4822) State of Arizona
1958, Secretary, Ariz. Geol. Soc.
1962, Chairman, Mining Geol. Division,
Arizona Section A.I.M.E.
Present position with ASARCO:
Exploration geologist, Tucson Office,
Southwestern Exploration Department,
Position in 1957-1959:
Exploration Geologist, Southwestern Exploration Di-
vision of the Southwestern Mining Department.
During the spring of 1957, I was assigned to review all
exploration in the Mission area, to maintain first-
hand knowledge of new drill data, to clarify rock and
ore distribution, and to interpret and synthesize all
pertinent data., Due to proximity of San Xavier lands
to Mission, I became familiar with the exploration
possibilities there., When San Xavier drilling began,

my assignment was expanded to include a review of all

drill hole data and geophysical work on a current basis

and to synthesize my interpretations for use by my su-

periors.

Briefly describe ASARCO's interest in the acreage included

in tracts 1, 2, and 3.
There were several areas of interest to ASARCO:

a. Prior to bidding, drilling at Mission had developed

a pattern of mineralization up to the south boundary




of tracts 1 and 2. The Mission copper ore deposit
could be projected on a northerly or northwesterly

course into tract 2.

There were two small mineralized outcrops in the west-

central part of tract 1, in allotments 121 and 122,
These outcrops, of arkose and porphyry, had been
mineralized and subsequently leached, creating a
capping characteristic of the low-grade disseminated
copper deposits generally known as the porphyry copper
deposits, The extent of this mineralized area was

not known prior to bidding, but looked quite promising.

Whether areas a and b above were connected, represent-

ing a single copper zone,was a possibility, but could
not be predicted prior to bidding. The gap between
was necessarily regarded as potentially ore bearing
pending drill hole results.

In the southwestern corner of tract 1 in allotment 178,
an outcrop of arkose and igneous rock showed much
diffused iron oxide, Some of the characteristics
usually found with copper mineralization were lack-
ing, and the worth of this area could be evaluated
only by drilling. Nearby this outcrop, in allotment
184, an abandoned water well had penetrated bedrock
which, as shown by the drill cuttings, was slightly
mineralized with small amounts of pyrite (iron sulphide).
The geological factors rélating to those four areas

created a general ihterest in exploring all of the




acreage in tracts 1 and 2, There was reason to

believe, prior to bids in 1957, that there were

potentially large acreages in tracts 1 and 2

that would be worth keeping because of their

mineral content. However, the exact location

and extent of these prospective mineralized

areas was unknown and could be determined only

by drilling. The northwest trend of mineraliza-

tion from Mission might not continue its course

indefinitely, and giving due allowance for devia~-
tion in trend and shape, for cross-trends, and

for satellitic deposits, all of these two tracts

were believed to have exploration potential.

ASARCO's interest in exploration of tract 3 was
minimal for the following reasons:

(1) Tract 3 is offset considerably to the east
of the mineralized trend northerly from
Mission.

(2) An aeromagnetic geophysical survey, together
with one outcrop in tract 3, suggested that
pout~6ro volcanics (lava) would cover a
large part of this tract, and thus pre-ore
rocks might be at great depth.

(3) As a qualification to the negative features
listed in (1) and (2) above, it must be noted
that there was a slight prospective value be-

cause tract 3 was nearby an area of large
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and significant copper mineralization,
Cross-trends from the established copper
zone, or separate, satellitic deposits were
possible,
8. Briefly describe ASARCO's surveying and mapping of these
lands in 1957.

Shortly after the acquisition of the San Xavier explora-
tion permits, an accurate survey of the lands in the
three tracts was begun by ASARCO. Survey was made using
transit and chain, and tied in to a triangulation network,
The surveying for the basic grid-work was finished prior
to drilling in September, gnd served thereafter for the
location of drill holes and for geophysical survey loca-
tions. All future survey points were referenced to this
basic grid-work, The grid was tied to the Federal co-
ordinate system for this area, so to facilitate ready
reference to United States survey markers on the ground,
During the course of surveying, section corners and the
limits of tracts 1, 2, and 3 were located. All of the
acreage in the Indian lands under mineral exploration
permit were surveyed by this evenly distributed grid-
work.

9. Briefly describe ASARCO's geophysical exploration on these
lands in 1957-1958,

Three basic types of geophysical surveys were used by

ASARCO in conjunction with other exploration on the

San Xavier lands. These were as follows:




Magnetic. The earth has a natural magnetic

field, similar to the lines of magnetic field
which circle around a magnet. Certain rocks

or minerals near the outer surface of the earth
cause deviation in the regular lines of magnetic
field which would otherwise be present. Inter-
pretations relative to rock type or mineraliza-
tion can therefore be made on the basis of mag-
netic measurements, subject to the inherent de-
gree of doubt which may exist in the interpre-
tation thereof. In practice, a sensitive instru-
ment called a magnetometer, is placed at surveyed
stations on the ground, and the magnetic intensity
is read. Alternately, the magnetometer may be
carried in an airplane and the instrument read

at intervals as traverse is made across the

ground at a fixed elevation. The result of these
magnetic readings may be contoured, in a manner
similar to that of topographic contours, and the
resultant map is then seen as a series of lines
denoting equal magnetic intensity, and thus form-
ing either featureless magnetic plateaus, magnetic
slopes, or magnetic hills, valleys, or depressions.
The airborne magnetic surveys on the San Xavier
lands were made prior to placing of bids in 1957,
and are not included in the charges against the




project, Magnetometer surveys on the ground
were used to verify the aerial magnetic read-
ings, and ultimately more reliance was placed
in this aerial reading becauée of the lack of
interference due to concentrations of magnetite
in the sand and gravel which covers most of the

reservation,

Gravity. The gravitational attraction of the earth

is subject to variation because of the proximity
of formations with differing degrees of magnetic
attraction, or because of the concentration of
magnetite associated with mineralization. A
sensitive instrument, the gravity meter, is
placed at surveyed stations and the gravity
field recorded, The individual measurements

are then contoured on a similar manner as the

magnetic readings.

Electromagnetic-generally abbreviated E.M. Electro-

magnetic methods of geophysical survey depend upon
inducing an electric current into the ground by an
electric generator coupled to a coil, and by re-
ceiving this induced electricity in the ground
from another coil in the receiving set. If a
highly conductive source occurs between the
transmitter and the receiver, the theoretical

and uniform lines of electricity will be de-

flected, and these deflections may be measured




at the receiving station. Such concentrated
conductor areas are water saturated faults,
veins of sulfide minerals of significant size
continuity, or graphite coated faults. The
E.M., work on the San Xavier lands was found
ineffective in producing positive leads.

The ground magnetic surveys were run principally in the
southern portion of tracts 1 and 2 adjacent to the
south reservation boundary, occupying section 30,
T16S, R13E, and sections25 and 26, T16S, R12E, Ad-
jacent to the north of these 3 sections, portions in
the south: part of sections 23 and 24, T16S, R13E were
included. It became apparent that the aerial magnetic
survey would be more useful to exploration than the
ground magnetic survey, and work was accordingly stopped
after the ground just enumerated had been covered,

The gravity surveys were distributed uniformly in all of
tracts 1 and 2, on a grid coordinated with the basic
survey grid for the Indian lands. In tract 3, a nar-
row strip along the west margin was included in this
detailed survey area. Elsewhere in tract 3, gravity
traverse lines, rather far apart, were run easterly
for one and one-half miles.

The E. M. surveys were made in tracts 1 and 2, along
traverses extending north from the south line of the

reservation for slightly over 2 miles.
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10. Vere any areas of interest developed by ASARCO's geophysics?
Yes, the following four areas of interest, shown on plain-
tiff's Exh, 1 attached hereto and made a part hereof,

were developed by geophysics:

a, G-2, This gravity high might have been caused by
heavy silicate associated with mineralization,

b. M-3, This magnetic high could have been interpreted
as due to magnetite associated with mineralization,
or to volcanic rock.

c. M-3, This magnetic low feature, in tract 3, was re-
garded as possible area in which pre-mineral bed-
rock had been high when the volcanic lava had
flowed over the surface, and thus would be an
area in which the cover might be thin,

d, M-6. This southeast trending magnetic high had a
shape somewhat like the one designated M-1, caused
by magnetite associated with mineralization, al-
ternately this magnetic feature could have been
caused by volcanic rock.

€. A magnetic high, and a gravity high, labeled respec-
tively M-l and G-1 were thought to represent an
area of mineralization with associated magnetite in
heavy silicate minerals., Such an occurrence was
known elsewhere in the district. This area is
directly along the probable extension of known
ore previously drilled at Mission, and is conse-

quently not listed here as a separate area of
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interest. It served as a confirming indication

of the northwesterly extension of this zone.

During the course of gravity surveys, a number of

small anomalous highs were located, in the gen-
eral area of the mineralized outcrops in tract 1.
Because these are co-existent with a previously
known ares of interest due to the proximity of
the outcrops, I have not included these as a sep-

arate area or areas.

11. Were any areas of interest eliminated by ASARCO's geophysics?

Yes, the following areas of interest were eliminated:

Most of tract 3 appeared, on the basis of the aerial

magnetic survey, to be underlain by an appreciable
thickness of volcanic (lava).

significant thickness of volcanics was interpreted
for the magnetic high M-2, based on the aerial
magnetic survey.

considerable thickness of volcanics was predicted
for the area designated M-4, a magnetic high, on
the basis of ground and aerial magnetic coverage.
A gravity low designated G-3, is roughly co-exist-
ent with M-4., This indicated the area trending
through this part of tract 2 and portion of tract 1
to have steep boundaries and that volcanics and
post-ore conglomerate to extend to considerable

depth.
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Interpretation based largely on gravity, and in
part on aerial magnetic coverage, indicated that
the general area extending north from a linear
gravity feature, designated G-4, to be made of
volcanics and conglomerate totaling 600 feet,
and further covered by approximately 200 feet

of alluvium,

The areas described above were eliminated, with qualifi-

cation on the basis of geophysical work. These areas
were tested by deep drilling where the northerly to
northwesterly trending zone of copper from Mission
projected across them, Elsewhere, as in tract 3,
knowledge of the post-ore sequence of conglomerance

and lava flows, combined with magnetic results, essen-
tially eliminated that region from consideration follow-

ing a few wide-spaced drill holes.

Briefly describe ASARCO's drilling program on these lands.
ASARCO began its drilling program on the Indian lands

in September 1957 with two conventional diamond drills
and one small rotary drill. Additional drills were
moved to the property as they became available at a
later date. Samples of rotary cuttings were collected
by ASARCO samplers, and all drill core was received at
the site by ASARCO samplers.

 Barly drilling was designed with two objectives in mind.

Namely, to explore by wide spaced holes all of the

area in the northwesterly projection through tracts
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1 and 2, and concurrently, to explore the southern
part of allotment 130 and the outcrops in allotments
121 and 122, which, for convenience, I shall call
the two prime areas of interest.

These wide-spaced drill holes, termed "scout" holes,
would be sunk with a rotary drill to bedrock where
a length of diamond grill core would be recovered,
varying from a few feet up to perhaps 20 feet in
total length of coring. From its core the general
nature of bedrock could be determined; specifically,
areas could be separable into post-ore rock, mineral-
ized rock, or unmineralized rock. This information was
obtained rapidly over a large area by this method of
"gscout™ hole drilling. When significant mineraliza-
tion was encountered, the hole was cased and a dia-
mond drill, utilizing conventional practices, would
be placed upon the hole to deepen it.

Concurrently with the "scout" drilling, conventional
diamond drills were placed on the two prime areas of
interest. The drill hole spacing and location near
these prime areas of interest was on a triangular grid,
proportional and similar to the basic grid, but with
closer spacing.

Drill holes were labeled by tract, and also sequentially
in order of the day on which the hole was stated; thus,
X~-201 was in tract 2, and was the first drill hole com-

menced in tract 2.
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The early "scout"™ holes generally proceeded in a uni-
form manner, but as drilling progressed, the loca-
tion of new drill sites was determined largely by
previous drill data. The exact sequential order,
however, often depended upon the availability of
drill rigs.

Geophysical areas of interest, and other outlying
areas, were worked in to the overall exploration
program in a manner which best fit the availability

() of drills.
13. What were the results of the early drilling operations?

Early drilling near what eventually was determined to
be the southern ore.body, as shown on JE 6, showed
a direct extension of the Mission copper deposit.

Early drilling near what eventually was determined to
be the north ore body, as shown on JE 6, disclosed
a mineralized zone of significant size, and demon-
strated an enriched secondary chalcocite zone, partly
oxidized, with ore-grade copper values, and streaks
of ore-grade primary copper sulfide at greater depth.

14, Were the drilling operations helpful in confirming and
eliminating areas of interest?

Yes, prior to placing of bids, there were four areas
of interest based on geologic evidence, and subse~
quently four géophyslcal areas of interest were

identified., Of these combined areas of interest,
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all but two were eliminated by drilling. The two

areas of interest which were shown to be ore bodies,
were two of the four pre-bid areas, namely, that

area northerly from Mission in southern tract 2 and

the area near the mineralized outcrops in the east-
central part of tract 1. Those areas eliminated were
done so on the basis of positive drilling results indi-
cating lack of ore, or on the probable lack of ore
coupled with excessive thicknesses of post-mineral

cover formations,

In summary, I should note that for all of the eight areas

of interest, direct penetration by drill holes was the
only positive method to prove or disprove them. The
three geological areas of interest northwest of Mission
from which two ore bodies eventually were shown, were
the strongest and most proiising ore prospects. The
geologic area of interest in the southwest part of
tract 1, and the four geophysical anomalies, were
secondary interest due to the degree of doubt in the
interpretation thereof., In the environmentof the San
Xavier lands, no amount of speculation based on either
geological or geophysical grounds could take the place
of a drill penetration into bedrock to indicate either

the presence of ore, or lack of it.
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16.

17.

16.

What information did ASARCO get from the drilling on lands
relinquished in 19597

The principal information obtained by ASARCO from the
areas which were eventually relinquished was as follows:

a. The thickness of alluvium and other post-ore rocks,

and the distribution of same,

b. The distribution of exceedingly slight mineralization,

¢c. The distribution of pre-ore rocks which were not

mineralized,

That data indicated that those areas did not contain suf-
ficient mineral content to warrant fuyther exploration
or leasing. None of the data obtained from drilling
in the areas eventually relinquished had any effect on
either the location and discovery, or of the definition
of extent of those deposits on the lands which were
eventually retained.

Did any of the exploration work on the lands relinquished
have any effect on or contribute to locating or defining
the ore bodies on the lands retained?

No.

Why not?

The general area of both the ore bodies which were even-
tually proved by drilling was known to have good poten-
tial prior to bidding in 1957. We intended to and did
explore those areas first. The initial drill holes in
September and October 1957 located ore in what we call
the north and south ore bodies, The drill holes placed

within the lands leased defined the extent of those ore

bodies.
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18, Briefly describe the geological data known by ASARCO
when it made its decision in 1959 on what acreage to
lease,
Both the northern and southern ore bodies were relatively
“low grade disseminate copper deposits, of the general

type known as the porphyry copper deposits. Individually,

they exhibit different shapes and mineralogic characteristics.
The essential points are as follows:

a. The north deposit is partly oxidized, enriched secon-
dary chalcocite zone. Beneath alluvium, a capping
leached of copper value overlies the chalcocite
zone, which is a roughly horizontal tubular(?)
body. The upper portion of this chalcocite zone
has been changed by weathering, largely to copper
oxide minerals, which the lower portion is rela-
tively poor chalcocite unaffected by weather or
oxidation, The interface between the oxide area
in the poor chalcocite below is traditiomal, caus-
ing the copper oxide and chalcocite to be mixed
within the transition zone. The mineralogy of the
copper oxides was not known in 1959, nor was the
quantity of chalcocite which remained in the oxide
zone. Beneath the chalcocite zone, ore grade pri-
mary copper sulfides occur irregularly.

b. The south deposit was divisible into three parts,

two of which are shallow enough for open pit
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mining and one of which is sufficiently deep
that it would be mined if at all by underground
methods., The main potential for open pit ore
was disseminated primary copper sulfides, beneath
200 feet of alluvium, A thin zone of mixed copper
oxides and chalcocite constitute a limited tonnage,
to the west of this main zone. The third division
was a deep (+800 feet) copper zone, 50 to 100 feet
deep, which appeared to be generally higher grade.
The tonnage of this last division no doubt exceeded
that of the open pit potential; however, it was cut
only by five widely spaced drill holes, and the con-
tinuity and quality can only be inferred.
c¢. The drill spacing at the end of 1959, in the south
ore body was 288 feet. This spacing was inadequate
for a firm ore reserve calculation considering the
erratic nature of the copper ore which results in
significant variations in grade in depth to ore,
and in internal waste areas,
d. The drill spacing in 1959, for the north ore body,
was 577 feet., Thiswas clearly too wide for a
firm estimate of ore reserves or for mining plans;
drilling was also regarded as incomplete along the
margins of the ore body.
Oxide ore in the north deposit was above the sulfide ore,
and would be the first ore removed from an open pit,

Whereas methods of concentrating the sulfide ore were
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more or less standard, and a probable recovery could
be estimated, copper oxide ore requires special treat-
ment and thus introduced an unknown factor into the
ore reserve, The best method of treatment for oxide
ore, and of the copper recovery which such treatment
would yield was not known in 1959; this problem is
still difficult today.

The small zones of mixed oxides and chalcocite in the
southern ore body shows more irregularity, and more
mixture of minerals. The same genera)! statement made
with respect to the oxides in the north ore bhody apply
also to this zone, A treatment will be more difficult
because of the intimate, and irregular, mixing of
oxide and sulfide. In short, the two copper deposits
which were neither large, nor of exceptionally high
grade, were clearly marginal ore bodies, compounded
with relatively high ratios of stripping waste to mining

ore, and in the case of the north ore body, complicated

by an oxide zone of questionable value due to metallurgi-

cal treatment problems. \




1.
T

DRAFT

DIRECT TESTIMONY BY JOHN E, KINNISON

April 3, 1968

Background information:

Address:
1263 W. La Osa Drive, Tucsﬁn, Arizona
Education; |
Pre¥collége; Texas and Arizona public schools
B. S. Mining Engineering, Univefsity of Arizona
Completed, July 1952
Degree conferred May 1953
M. S. Geology, University of Arizona
Credits completed May 1954
" Degree conferred May 1958
Publicatidns and Professional Associations:

Publications

a. Bryant, D. L. and Kinnison, J. E., 1954, The Lower Cretaceous
age of the Amole Arkose, Tucson Mountains, Ariz.; ABs., Bull.,
Geol. Soc. Am., Vol. 65, p; 1235. |

b. Kinnfson, Johﬁ E., 1959, Chaotic Breccias in tbé Tucson
Mountains, Ariz.; Ariz, Geol. Soc. Digest No. 2, pp. L49-57.

c. Kinnison, John E. and Courtright, J. H., 1959, Chaotic Breccias
in the Tucson Mountains,-Arfz.; Guide Book for Field Tripé

No. 2, Ariz. Geol. Soc.

d.’ Kiﬁnison, John E., 1959, Chaotic Breccias in the Tucson

"Mountains, Ariz. Abs., Bull., Geol. Soc. Am., Vol. 70 p. 1727.
e. Kinnison, John E.;'1959,AStructure of thé Saginaw Area, Tucson

Mountains, Ariz.; Ariz., Geol. Soc, Digest No. 2, pp. 146-51,
f. Klnnlson, John E., 1963, Probable Orlgln of Mission Copper

Deposit, Ariz.; A.I.M,E, pre-print No. 63133,




N 2 . mprins, 1968
g. Kinnison; John E., 1966, The Mfssioh Copper Deposit, Arfz.;
| in, the W§ison Vblume, Geology of the Porphyry Copper -
Depqsits, Southwestern North Aherica, edited by S. R. Tit[ey
and C. L. Hicks, pp. 281-287. I

Techniéal Papers Presented -

- 1959 _ Geol Soc. Am. Cordilleran Section, Annual'ﬁeeting:

"Chaotic Breccias in the Tucson Mouhtains“.

1961 ‘ A.I.M.E;, Ariz. section, Miﬁing Geol. Division,

" Annual meeting:A Y"Geology of the Missfon Copper
| Deposit,.Afizoné”; |

1963 " Soc. of Min. Eng. of A,I1.M.E,, Annual heeting:
“Probable origfn of the Mission Copper Deposit'';
Mehber of panel discussion on ''alteration features
of porphyry copper deposits''.

Professional Associations

Member, Society of Economic Geologists

Member, Society of Mining Engineers, A.l.M,E,

Member, Arizona Geological Society

Registered Geologist (4822) State of Arizona
1958, Secretary, Ariz. Geol, Soé.
1962, Chairman, Mining Geol. Division;

Arizona Section A.l.M.E.

., Present position with Asarco:

'Exbloration geologist, Tucson Office,

Southwestern Exploration Department.
Position in 1957:

Exploration Geologist, Southwestern Exploration division of the

Southwestern Mining Department.
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11-2 There was good reason to bél-ieve, prior to B_ids in 1957, th.-;p there

were poténtiélly large .acreages in tracfs 1 and 2 that would Be

- woftﬁ_éXploringvand keeping. Tﬁe exact locationrand extent of these
prospective mineralizéd areas-ﬁas}uﬁkhown; hﬁWeve},AAn& could be

" determined only by drilling. |

'II43'Areas of intérest: o

1. ~TheV:VMVi'ssioh copper ofe deposit could reasonabiy be préjectea on
‘a.nofthefly or horthwesterly course directly into the southern
part of tract 2. Ore values were almost a certainty. |

2. .There are two small mineralized outérops in the west-central
part of tract 1, in allotments 121 and 122. These outcrops, of
arkose and porphyry, have been mineralized and subsequently
leaéhed, creating a capping charactefiétic of fhe low~-grade
disseminated copper deposits generally known as the porphyry
copper deposits. The extent of this miﬁerélized area was not
known prior to bidding, but it had a good prospective chance of
containing a large copper ore deposit.

3.  Whether areaé 1 and 2 above were connected, rebresenting a
single copper zone, could not be predicted prior to bidding.
fhe gap bétween was necessarily regarded as poteﬁtially ore
bearing pending drill hole results.

L, In the soufhwestern corner of tract 1 in allotment 178, an
outcrop of arkose and igneous rock showed mu;h:diffuséd iron

i'oxide. ;Somé'of.the characteristics usué]ly found wfth éoppér
mine;alization are Iackipg, and the worth of this area could be
eval.uated only by drilling. ‘Nearby this outcrop, in allotment
184, an abandoned water well had penetréted bedrock which, as

shown by the drill cuttings, was slightly mineralized with
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~small amounts of pyrite (iron sulphide).

Li-4 There was general interest in4eXpIoring all of the acreage in

‘tracts | and 2. The northwest trend of mineralization from

Mission might not continue its course indefinately, and giving

due allowance for deviation in trend and shape,‘for cross~-trends,

-5

and for satellitic deposits, all of these two tracts were believed

to have exploration potential,

Interest in exploration of tract 3 was minimal for the following

. reasons:

1. Tract 3 is offset considerably to the east of the mineralized
treﬁd noftherly from Mission.

2. An aeromagnetic geophysical ﬁurvey, together with one odtcrop
in tract 3, suggested that post-ore volcanics (lava) would
cover a large part of this tract, andrthus pre-ore rocks miéht
be at great depth. |

3. As a qualification to the negative features listed in 1, and 2
above, it must Be ndted'that there was a slightiProsPeCtive value
because tract 3 was nearby an area of large and significant
copper mineralizat%on. Cross-trends from the established copper

zone, or'sepérate, satellitic deposits were possible.
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mégnetic readings may be contoured; in @ manner similar to
that of topographi; countours, and the resultant map is then
seen as a series of lines denoting equal magnetic intensity,
and thus forming either featureless magnetic plateaus, magne-
tic slopes, or magnetic hills, valleys, or depressions. The
airborn magnetic surveys on the San Xavier lands were made
prior to placing of bids in 1957, and are not included in the
charges against the project. Magnetometer surveys on the ground
were used to verify the aerial m;gnetic readings, and ultimately
more reliance was placed in this aerial reading because of the
lack of interferance due to concentrations of magnetite in the
sand and gravel which covers most of the reservation., The
ground magnetic survey was tied to the general survey grid.
Gravity. The gravitational attraction of the earth is subject
to variation because of the proximity of formations with differ-
ing degrees of magnetic attraction, or because of the concentra-
tion of magnetite associated with mineralization. A sensitive
instrument, the gravity meter, is placed at surveyed stations

and the gravity field recorded. The individual measurements are

then contoured on a similar manner as the magnetic readings. ~

The gravity survey was tied to the general survey grid.
Electromagnetic-generally abbreviated E.M. Electromagnetic

methods of geophysical survey depend upon inducing an electric

current into the ground by an electric generator coupled to a

coil, and by receiving this induced electricity in the ground
from another coil in the receiving set. If a highly condﬁctive
source occurs between the transmiter and the receiver, the
theoretical and uniform lines of electricity will be deflected,

Fh
and these deflection may be measured at the receiving station.

-
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Such concentrated conductor areas are water saturated faults,

. veins of sulfide minerals of significant size and continuity,
or graphite coated faglts. The E.M, work on the San Xavier
lands was found ineffective in producing positive leads, and
on the other hand, did not lend itself to liming areas of less
favorability for ore deposits. E.M. work was tied to the
rbasic survey grid,

V-2, a. Ground magnetic surveys were run principally in the southern
portion of tracts 1 and 2 adjacent to the south reservation
béundary, occupying section 30, T16S, RI13E, and section 25 and
26, T16S, R12E. Adjacent to the north of these 3 sections,
portions in the south part of sections 23 and 24, T16S, RI3E
were included. It became apparent that the aerial magnetic
survey would be more useful to exploration than the ground
magnetic survey, and work was accordingly stopped after the
ground just enumerated had been covered.

b. Gravity surveys were distributed uniformily in all of tracts:]
and 2, on a grid coordinated with the basic survey grid for the
Indian lands. In tract 3 a narrow strip along the west margin
was included in this detailed survey area. Elsewhere in tract
3, gravity traverse lines, rather far apart, were run easterly

for one and one-half miles.

C. E.M. surveys were made in tracts | and 2, along traverses ex-
te&ding north from the south line of thé reservation for slightly
over 2 miles.

IV-3 The following four areas éf interest were developed by geophysics,

shown on EXH. .

/

a. G-2. This gravity high might have been caused by heavy silicate,
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associated with mineralization.
M-3. This magnetic hfgh could have been interpreted as due
to magnetite associated with mineralization, or to volcanic
rock. -
M-3. This magnetic lgw feature, in tract 3, was regarded as
possible area in which pre-mineral bedrock had been high

when the volcanic lava had flowed over the surface, and thus

. would be an area in which the cover might be thin.

M-6. This southeast trending magnetic high had a shape some-
what like the one designated M-1, caused by magnetite associated
with mineralization, @lternately, this magnetic feature could have
been caused by volcanic rock.

A magnetic high, and a gravity high, labeled respectively M-I

and G-1 were thought to represent an area of mineralization with
associated magnetite in heavy silicate minerals. Such an occur-
rence was known elsewhere in the district. This area is directly
along the probable extention of known ore brevious]y drilled at
Mission, and is consequently not listed here as a separate area
of interest. It served as a confirming indication of the
northwesterly extention of this zone.

During the course of gravity surveys, a number of small anomalous
highs were located, in the general area of the mineralized out-
crops in tract 1. Because these are co-existent with a.pre-
viously known area of interest due to the proximity of the oﬁt-
crops, | have not included these as a separate area or areas.
Most of tract 3 appeared, on the basis of the aerial magnetic

survey, to be underlain by an appreciable thickness of volcanic

(1ava).
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b. A significant thickness of volcanics was interpreted for the
magnetic high M-2, based on the aerial magnetic survey.

C. A considerable thickness of volcanics was predicted for the
area designated M-4, a magnetic high, on the.basis of ground
and aerial magnetic coverage. A gravity low designated G-3,
is roughly co-existent with M-4. This indicated the area
trending through this part of tract 2 and portion of tract 1
to have steep boundaries, and that volcanics and post-ore con-
glomerate to,extend to considerable depth.

d. Interpretation based largely on gravity, and in part on aerial
magnetic coverage, indicated that the general area extending
north from a linear gravity feature, designated G-4, to be made
of volcanics and conglomerate totaling 600 feet, and further
covered by approximately 200 feet of alluvium,

The areas described above were eliminated, with qualification on the

basis of geophysical work. VWhere the northerly to northwesterly trend-

ing zone ofAcopper from Mission projected across these areas beeause,
they were tested by deep drilling., Elsewhere, as in tract 3, know-

ledge of the post-ore sequence of conglomeragze and lava flows, com-
bined with magnetic results, essentially eliminated that region from

consideratioq'following a few wide-spaced drill holes.
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Asarco began its drilling rpogram on the Indian lands in
September, 1957, with two conventional diamond drills and
one small rotary drill. Additional drills were moved to
the property as they became available at a later date..
Samples of rotary cuttings were collected by Asarco samplers,
and all drill core was received at the site by Asarco samplers.
To gain an adequate understanding of the general procedures
used on tHe San Xavier exploration program, it is necessary to
understand the basic concepts ofeexploFation as appled to the
San Xavier lands.
Early drilling was designed with two objectives in mingd.
Namely, to explore by wide spaced holes all of the area as; o
#s was projected thréugh tracts 1 and 2, and concurrently, to —

explore the two prime areas of interest as described in
section LL-3, this testimony, pre-bid areas 1 and 2,
The basic drill grid for San Xavier was i@ an equilateral
triangie, 2,000 feet high, with sides measnding 2309.8 feet. =
It was conceived that the northwesteriy prolongation of the
copper zone at Mission could be initially explored by drill holes
on lines ruﬁning westerly, spaced 2,000 feet apart in a north-
erly direction, and with grills placed uniformily te 2309 o

feet apart on the westerly lines. The initial survey of San

Xavier land furnished the location points for this drill sites.

" These wide spaced drill holes, termed 'scout' holes, would

be sunk with a rotary drill to bedrock where a length of

diamond érill core would be recovered, varying from a few feet

1
up to perhaps 20 feet in total length of coring. From its e
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core the general nature of bedrock could be determlned
specnflcally, areas could be separable into post-ore rock,
mlnerallzed rock or unmineralized rock This information

was obtalned rapldly over a large area by this method of

Vscout! hole drilling. When significant mineralization was
encounfered, the hole was cased and aldiamond drill,otilizing

-conventional practices, would be piaced upon the hole to deepen

.it.“ | | .

e: Concorkently with the "scoot” drilling, conventional diamond

drills were placed on the two prnme areas of interest. The
drlll hole spacing and location near these prime areas of lnterest
was on a triangular grid, proportional and similar to the basic
-grid, but with closer epacing.

f.  Drill holes were labeled by tract, and also sequentiajly in
order of the day on which the hole was started; thus, X-201

was in tfact 2, and was the first hole to begin drilling.

g. The early "'scout'" holes generally proceeded in a uniform-manner,
but as drilling progressed the locetion of new drill sites was
determined Iargeiy by previous dffll data. The exact seqoential_
order, however, often depended upon the availability of drill _
rigs. | | |

h. Geophysical areas of interest, and other outlying éreas, were
worked in to the overall exploration program in a manner which
best fnt the avallabllnty of drills. | e

The two areas eventually determined to contain ore bodies, are des-

cribed under Seccion I1-3 this testimony, pre-bid areas 1 and 2.

Refer to drill logs EXH__., for description of drill holes listed in

the following.




Area 1.

Area 2.
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Early drilling near the southern ore body area showéd a direct

extension of the Mission copper deposit, with open pit mining

depths. |

a.  X-201 and X-202, started September 1L, 1957, established
continqity of the Mission mineralized zone. X-201 drilled
mineraliied arkose with traées of copper, on the east side
of a fault projected from Mission; X-202 cqt a signifi-
cant fntercept of ore-grade primary copper sulfide, on the
west side of the projected fault. Additional early holes
in altered limestone with primary copper sulfide ore sec-
tions: X-211, October 11, 1957; X-215, November 9, 1957j.

b. X-212 and X-213, October, drilled a thin secondary chalco-
cite zone partly oxidized, with ore-grade copper values,
X-213 penetrated streaks of ore-grade primary copper sulfide
intermittenly to the total depth.

c. "Scoutholes X-203, and X-204 established post-ore rock
cover.to the north, and ''scout' hole X-109 established
post-ore rock cover on the west.

Early drilling near the north ore body disclosed a mineralized

zone of significant size, and demonstrated an enriched secondary

chaicocite zone, partly oxidized, with ore-grade copper values,
and streaks of ore-grade primary copper sulfide at greater depth

Represents possible open pit ore.

o A (October) demonstrated continuity of mineralization
in depth and slight secondary chalcocite enrichment.

X-113 (November) penctrated a secondary enrichment zone,
.and showed an increase in copper values, with depth in

the primary sulfide zone. X-114 (November) penetrated an
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course of drilling, four geophysical areas of interest were
identified.

. b. bf_ these comb_ined areas of interest all but two were eliminated
by dr}]iiﬁg} The two areas of interest which were shown to be
ore bodies, were two of the four pre-bid areas, namely, that
area northerly from Mission in southern tract 2 and the area
near the mineralized outcrops in the east-central part of
tract 1,

C, Those areas eliminated were done so on the basis of positive
drilling results indicating lack of ore, or on the probalble

‘ lack of ore coupled with excessive thicknesses of post-mineral

cover formations,
In summary, | should note that for all of the eight areas of interest,
direct penetration by drill holes was the only positive method to
prove or disprove them. The three geological areas of interest
northwest of Mission from which two ore bodies eventually were -
shown, were the strongest and most promising oré prospects. The

geologic area of interest in the southwest part of tract 1, and the

four geophysical anomalies, wereléecondary interest due to the
degree of doubt in the interpretation thereof. In thé environment
of the San Xavier lands, no amount of speculation based on either
geological or geophysical grounds could take the place of a drill
penetration into bedrock to indicate either the presence of ore, or :

‘lack of it.
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The exploration work on the lands relinquished had no effect on,

' and didAcontribute to, locating and defiﬁing the ore bodies on the

lands fetained.

: Thé'followfng'réasdns apply:.'

1. The general area of both‘the ore bodies which Qere even;
vtué]ly proved by dfilliﬁg was known in advancé of Bidding
‘In 1957. |
2, The‘south ore body Qas shown as an extension of the Mission
deposit by holes X-202, X-211, and X-212 (refef drill logs,
EXH__.) in September and October, 1957, and fufther measured
" and defihed>by drill holes placed with respect to those holes.
3. The nortﬁ ore body was indicated by the mineralized dutcrops
in tract 1, was shown by hole X-104 (refer drill logs, EXH__.)
in Octqser 1957, and further demonstrated by X-ll3 which cut
primary ofe-grades, in Nbvember, 1957, and by X-114, in November
1957, which cut an ore-grade enriched zone of secondary sul-
fides. Drill'holés which further measured and defined this ore
body were located with respect to the outcfops and drill holes

X-104, X-113, and X-114,

"k, The early "scout'" holes were located on a uniform spacing in a

manner such as to straddle a northwest projection of minerali-
; zatipn as known at Mission. These holes, (see drill iogs, EHX__,)
.which showed the genefal distribution of post-ore rock, unminer- .
: ajized rock, or mfneralized rock, did not proceed 6né.a%ter the 
other, leading into the ore bodies, but instead furnished'in-

formation applicable to their individual area of influence.
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o Bdth the northern and southern‘ore>bodies are relatively low

grade disseminatedcopper deposits, of the general type known as =

the porphyry copper deposits. Individually, they exhibit differenf

shapes and mineralogic characteristics. The essential points are

és follows:

a. The north deposit is;bartly oxidized, enriched secondary
chalcocite zone. Beneath alluvium, a capping leached of
copper value overlies the chalcocite zone, which is a roughly
horizontal tabular body. The up;er por tion of this- chalco-
cite zone has been changed by weathering, largely to copper
oxide minerals, ﬁﬁﬁfh the lower portion is relatively peorA =
chalcocite unaffected by weather or oxidation. The id?rface
between the oxide area in-the ééor;chalcocite below is fradi;
tienal, causing the copper oxide and chalcocite to be mixed
within the transition zone. The mineralogy of the copper oxides
was not-known in 1959, nor was the quantity of chalcocite which
'remained in the oxide zone. Beneath the chalcocite zone, ore

grade primary copper sulfides occur irregularly.

b.  The south deposit is divisible into three parts, two of which

are shallow enough for open pit mining and one of which is
sufficiently deep that it would be mined if at all by under-
ground methods. The main potential for open pit ore is
disseminated primary copper sulfides, beneath 200 feet of -
alluvium. A thin zone of mixed copper oxides and chalcocite
constitute a limited tonnage, to the west of this main zone.
The third division is a deep (+800 feet) copper zone, 50 to

100 feetléee;: which appears to be generally higher grade. The
tonnage of this last division no doubt exceeds that of the open

pit potential; however, it is cut only by five widely spaced
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drill holes, and the continuity and quality can only be
inferred.
The dri]l.spacing at the end of ]959, in the south ore body
was 288 feef. This spacing is inadequate fof a firm ore
reserve calculation considering the erraéic nature»of the
copper ore/which results in significant variations in gradél 2w
in depth to ore, and in internal waste areas.
The drill spacing in 1959, for the north ore body was 577 feet.
This is clearly too wide for a firm estimate of ore reserves
or for mining plans; drilling is also regarded as incomplete

along the margins of the ore body.

. Oxide ore in the north deposit lies above the sulfide ore, and

will be the first ore removed from an open pit. Whereas

methods of concentrating the sulfide ore are more or less
standard, and a probable recovery may be estimated, copper oxide
ore requires special treatment and thus introduces an unknown
factor into the ore reserve. The best method of treatment for
would yield was not known in 1959; this problem is still
questionable today and some of the oxide is planned for shipment
as a;;+}{c'o%‘flocks to the smelter in Hayden, Arizona as

an experiment in treatment.

The small zones of mixed oxides and chalcocite in the southern .

ore body shows more irregularity, and more mixture of minerals.

The same general statement made with respect to the oxides in
: - €

the north ore body apply also to this zone. ¥, treatment will

be more difficult because of the intimate, and irregular,

mixing of oxide and sulfide.
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3. Prior to placing bids in 1957, expectations based on

4 , s

geologic indications wefe\at least 1, and conceivably 2, ore
bodies of sufficient size and gfade to form individual economic
units, if necessary, would Be found. The prime afeas of interest
were good prospects, with every reason to believe that an equally
good ore body would materialize. The result is then two copper
deposits which are neither large, nor ef exceptionally high grades
“they are c]early”ia%ge gre bodies, compounded with relatively high
ratios of stripping waste to mining ore, and in the case of the

northore body, complicated by an oxide zone of questionable value

due to metallurgical treatment problems.
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( bids were made in 1957, was a per acre basis the

~ best basis for allocating the bonuses paild anong -
y}ﬂ the allotiments in each "tract'"?
NS s ; '
¥ /“
I/ 3. Was it conceivable that more than 2,560 acres might
' "have been required under lease to make an open pit
301 operation "commercial"?

//4. In defining "ore" or "commercial ore", are royalties
Mé .- payable deducted? Y
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12.

13.

14,

15.

Please describe ASARCO's interest in the acreage encompassed in
tract 3 at the time the bids were submitted in 1957.

‘i(Slight general interest but not as attractive as tracts 1 and 2)
Are you familiar with the factors that were taken into consideration =

in deciding to submit bids and in deciding the amounts of those bids
on tracts 1, 2 and 3? ‘ : :

Had ASARCO discuésed with the Indian Bureau people the contents of
paragraph Bl of the permit or have anything to do with the drafting
of that paragraph? _

(No)
At the time ASARCO prepared and submitted its bid in 1957, was

ASARCO disturbed by the language in paragraph Bl of the permit
which speaks in terms of a lease not to exceed 2,560 acres plus

additional acreage necessary for a successful mining operation?

(No)
Why not?

( (1) Chances were that ASARCO would not discover enough ore to
warrant a lease of as much as 2,560 acres on any one of the
tracts.

(2) On the other hand, if more ore were discovered than expected,
it was believed that the Secretary would exercise his discretion
fairly so as to add all the acreage necessary to make a success-
ful mining operation. E

For example, if 4,000 acres of low-grade ore were discovered on

tract 1 and the quantity in the entire 4,000 acres was necessary
to make a successful mining operation, the Secretary would have

permitted a lease on 4,000 acres.

OR, if two separate ore bodies were discovered on a tract and
neither was sufficient without the other to meke a successful
mining operation, the Secretary would have leased acreage in
excess of 2,560 acres.

ASARCO's Silver Bell Mine is an example of two ore bodies using
about 5,000 acres, neither of which could have been successfully
‘mined without the other (tonnages).

Also, ASARCO could have discovered an ore body with substantial
overburden which would have required substantially more than 2,560
acres because of the large waste disposal area that would have been
necessary. In 1957, we did not know whether any deposits found on
the Reservation would be mined as a separate operation, or in con-
Junction with the Mission Mine that we then had under consideration.
The decision had not finally been made in 1957 to put the Mission
Mine into production. The ore now being removed from the North ore




15,

16.
17,

18,

19.

20.

" (eontinued)

body on the Reservation is not being run through the Mission mill

- but 1is being shipped to Hayden for use as fluxing ore. )

What factors did ASARCO take inﬁo account in deciding what acreagé _v
to relinquish? ) o

How were the expenditures for bonuses and for exploration handled
on the accounting records of ASARCO? ,

In your opinion, did the results of the exploration work on the
acreage in each tract that was eventually relinquished assist in
the location of the two ore bodies that were retained?

Was there a mill or other production facilities on the Mission

‘property in 1959?

Did ASARCO finally obtain any surface rights to dump on the acreage
in tract 3 as a result of the rights acquired through payment of the
bonus bid on the acreage in tract 3?




