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Sacaton Mine

History of Discovery

by

Kenyon Richard

The discovery of the Sacaton orebodies has been reported in industry
trade journals (1974-1977) in a manner suggestive (a) that it was only a
simple matter of 2 Asarco exploration geologists tripping over a small
mineralized outcrop (300' diam.--30' high), essentially devoid of copper
staining, in a large, alluvium-covered area,———and (b) that the subsequent
actual ore discovery and drilling of a couple of orebodies was an unre-—
markable consequence of the recognition of the outcrop's significance.

These implications are partially correct. However, the Sacaton dis-
covery was only one episode in a continuing and fairly systematic Asarco
program. A limited commentary on the nature of Asarco's program prior to
the Sacaton discovery will, therefore, be germane. Actually, 2 discoveries
in addition to Sacaton are involved.

That specific por. Cu program consisted of "re-prospecting' large
areas of the SW.-US., (among other regions). This re-prospecting effort
had two aspects: (1) the mechanical procedures which comprised airplanes,
autos and, mostly, boots, in search of outcrops of disseminated alteration/
mineralization; and (2) the geological techniques which narrowed the fields
of mechanical search.

As to item (2) above, the following principal geological techniques

are generalized:



(a) Large portiomns of the alt./min. outcrops over orebodies
carry no Cu-stain. This is a standard condition in most produc—
tive por. Cu districts; however, that fact had been overlooked by
the various generations of prospectors, prospector/engineers and
even most geologists of the first half of the 20th Century. Also,
the pioneering work of Blanchard (1968) and Locke (1926) carried
the implication that the interpretation of leached outcrops was a
guide to ore only in the known por. Cu districts.

(b) Literature Research: This included search for and study
of very old as well as then-modern and -current scientific papers
and maps. A few of the scientific papers (mostly USGS) of the first
half of this century were particularly helpful in defining detailed
geology within and close around the major known por. Cu districts.
Articles in state and local geological publications (both regional
and local subjects) and, surprisingly, articles in old trade
journals too, were often helpful because the author would describe,
say, clay-sericite and/or siiicification all with Fe oxides---
typical por. Cu-type alt./min.---but he would not attach that
appellation because little if any Cu-stain was noted. These clues,
sometimes only a few sentences in obscure, old publications, were
enticing leads, indeed, for field checking.

(c) Asarco Files (1912-~1950): Many clues similar to these
described in the state and local publications noted under paragraph
(b) above were found in files, both modern and ancient. An example:

In 1912 AS&R (Asarco's original acronym) opened an "exploration"



office in Tucson. The search for orebodies then consisted of indi-
vidual mine and prospect examinations, those which "walked through
the door" of the local mine manager, Richard (1978). Many of those
0old files were particularly useful 25-35 yrs. later.

(d) So-called "lineaments", which implies "lines" at the sur-
face or, their real geological connotation, "structural planes”
(particularly their intersections) were early hypothesized mostly,
but not entirely, by academic geologists, as having controlled the
positions of then-known por. Cu districts. Regardless of a paucity
of demonstrable examples of pre-mineral structural control (only 4
districts, Bisbee, Miami, Silver Bell and Bagdad, Bryant and Metz
(1966), Simmons and Fowells (1966), Richard and Courtright (1966),
Anderson (1949), might have been classed as having then-known
structurally controlled positions), the rather old hypothesis was
revived during the mid- to late-'50s, particularly in the SW. where
it became a favorite indoor sport of the exploration/academic geo-
logical fraternity. "Ruled".lines were drawn (by almost everyone)
connecting everything with everything. These exercises were not
regarded as practical and drawing lineament "lines'" as representing
structural planes connecting por. Cu systems was not part of
Asarco's research efforts.

Asarco did, however, use the lineament idea in its por. Cu
program in the distinctive sense that broad "trends" or "belts"
marked either or both by roughly aligned successions (a) of small

stocks of porphyries (not cupolas of single granitoid batholiths,



necessarily, and not by connecting structural planes), and (b) of

large or small zones of alt./min. (sometimes only leached pyrite

in outcrops with indicated very small amounts of original Cu sul-

fides). This is noted farther along.

Partly to provide a record of areas covered by prospecting and partly
to insure more-careful coverage, sketch/recon. geologiqal maps were some-
times made. While doing that kind of mapping in the area SW. from
Superior—---a little more carefully than usual because he was trying to
sort the volcaniclastic sequence in that area---John Kinnison discovered,
in '60, a tiny sliver (about 10' x 200') of por. Cu alt./min. at the base
of a hill of post-mineral basalt surrounded by Qal in all directiouns.

That was the only surface expression of the Poston Butte por. Cu deposit.
Asarco subsequently drilled 22 holes which, it was thought, defined a por.
Cu system 1l mi. by 2.5 mi. in area. Although 3 holes cut "ore-grade"
intercepts, altogether the results seemed too meager (as of then-projectable
economics) to justify further work. (Asarco files; 1960-'63.)

The Poston Butte discovery is described herein (a) because it was a
valid Asarco discovery of a por. Cu system, (later, discovered again by
Conoco-~--Nason, et al. (1980)), (b) because the clue to its existence was
indeed obscure, and (¢) because it was a blaze on the trail to the Sacaton
discovery.

Following (literally and "on trend") on Asarco's Poston Butte dis-
covery, Art Blucher had just begun re-prospecting and sketch mapping in
the wide-spaced ranges around Casa Grande. About the same time John
Kinnison (Asarco files, 2/9/61) came up with a pencilled sketch approxi-

mately like Figure (1). The importance of this sketch is that it displays



continuity of por. Cu systems within lengthy belts without known, long-
trending, interconnecting structural planés. The projected triple
intersection of belts a few miles west of Casa Grande was particularly
intriguing, even though it was about 50 mi. from Ray and 40 mi. from
Silver Bell, the nearest productive Cu mines. Obviously, that area of
intersections should promptly be traversed.

It didn't take Kinnison and Blucher long. On Feb. 10, '61 after
leaving the highway about 5 mi. W. of Casa Grande and circling around
over the flat Qal terrain for an hour or so, they spotted the small hill,
drove up to it and stepped out onto the outcrop of a por. Cu deposit. The
hill (see Fig. 2) was unprepossessing inasmuch as it showed only a faint
trace of Cu-stain in a couple of spots---not enough to have attracted any
digging or sampling by prospectors. It consisted of granite and a thin
dike of por., all altered to quartz—sericite—c}ay with weak but pervasive
jarosite-goethite and a few specks of hematite-after-chalcocite, particu-
larly in the dike. This was an outcrop which one would expect to have
originally contained about 2% sulfides as pyrite/chalcocite/chalcopyrite
assaying, say, .l-.2 Cu. However, what with nearest outcrops being the
Sacaton Mts. 1.5 mi. N. which contain only a couple of very small, wide-
spaced, Cu-stained spots, the hill was certainly an inviting exploration
lead.

The Asarco Geophysical Dept. then appeared on the scene, and signifi-

cant parts of an 11/61 report of their work and conclusions are excerpted:

"Geophysical surveys..... on the Sacaton Prospect include the

usual recon. methods, I.P., resistivity and magnetics.....a total



of 18 square miles was covered.....a new I.P. technique.....called
"travelling depth profile'..... to improve interpretations in the
Sacaton area..... a seismic reflection survey.....to determine bed-
rock depths.;...Four anomalous zones were indicated by I.P......
travelling depth profiles.....Zone A [KR. note: See I.P. anomaly,
Fig. 2].....indicated..... sulfides have rather abrupt lateral
l1imits.....[KR. note: See Fig. (2)].....The geophysical target area
was interpreted as the boundary of significant sulfides. [KR. note:

Refer to the West Orebody outline on Fig. 2.]

Mostly because Asarco's N.Y. office was impressed with the geophysi-
cists' view that the sulfide zone was small (laterally), only $30,000. was
granted for 6 exploration holes. [KR. note: Along with this meager sum, a
firm unwritten message was delivered by a high Asarco official that that
was all we would get.]

The lst 5 holes cut sulfides, but only a few short runs of ore-grade
rock. Positioning the 6th hole (Fig. 2), obviously, was critical. For-
tunately, during an informal meeting of several Asarco geologists, J. H.
Courtright's insistence prevailed. If some of the other opinions (includ-
ing the writer's) had been accepted, the 2 orebodies might not have been
found. The 6th hole (potentiaily the last one) became the lst hole within
the West Orebody. (This, then, is a perfect example of the old explora-
tion quip, "Always drill the last hole first.')

The Sacaton discovery illustrates 2 factors which are operative in
almost every orebody discovery in new territory; (1) finding the mineral

deposit (the simple conclusion of a long but systematic exploration trail),



and (2) finding the orebody within the deposit (the early selection of the
right set of practical geological facts from a large number of misleading

geological impressions which often can be mistaken for facts). The real

significance of either of these 2 factors is seldom evident until many
holes have subsequently been drilled.

Except for some features of unusual pertinence, the general geology
will not be described, herein. Instead the reader is referred to the fine
article by Cummings (1982) for the geological details.

Reference is made to the longitudinal (ENE) sketch section Fig. 3, by
Kinnison. This was compiled rather early in the drilling program and may
be slightly distorted in some details, but it is adequate insofar as it
displays some of the following important geological features, as follows:

(a) The bottom of the entire Sacaton hydroth. alt./min system
is abruptly terminated by the near-flat, post-mineral Basement Fault
at depths of 1800-2200'.

(b) A N-S. section would show the NNW. side of the Basement
Flt. to be a steep (almost vért.), sharply curved up—~turn. The
SSW. side, as indicated particularly by the intercept in the Shaft
(Fig. 2), dips 45° NNW.

(¢) Thus, this "gravity sliding block", Cummings (1982), is
shaped like a lopsided, flat-bottom boat. The approximate outline
of this "boat'" is the Basement Flt. where it defimnes the sub-outcrop
of pre-mineral formations, as shown on Fig. 2.

(d) A number of post-conglomerate flts. having vert. separa-

tions of as much as 1500' have been mapped in the open pit on the



West Orebody or have been deciphered by vert. drillhole analyses.
None of these flts. is known to have displaced the Basement Flt.
It is to be noted that these faults and the Basement Flt. both cut
the chalcocite blanket. The latter condition was of interest in
regard to future exploratiomn.
(e) Cummings (1982) states that the gravity sliding block
moved N40-45E.
[KR note: If so, it may have moved about 6(?) mi. from
the large, rather deeply buried "ore'" body described by J.
David Lowell in his lecture, Dec. 5, '82, AIME Arizona Con-
ference and named the Casa Grande West. It is suggested that
that ore zone at one time was at an appreciably higher
elevation, relatively. The Sacaton gravity block slid down
from the top of that zone.]
(£) As is evident on Fig. 2, the 2 Sacaton orebodies are small:
West Orebody: (Open pit---high w/o ratio--~largely mined out)
33. mil. T. @ .76 Cu A
East Orebody: (Cave mine planned)
13.4 mil. T. @ 1.45 Cu
In '63 Asarco explored extensively for the root of the Sacaton por.
Cu system. Courtright spotted and drilled a number of wide-spaced holes
in an area extending 2 to 7 mi. SW. of Sacaton. Several of these showed
deep, short intercepts of "ore-grade" rock; and two of them closely
straddled what later became Getty/Hanna's Casa Grande West. Only one of
these holes showed cc. of "ore—grade." Most intercepts were of oxidized

Cu.



Asarco then regarded that area as being the root of the Sacaton
system. The relative high proportion, however, of oxidized Cu at depths
of 1000 to 2000' (anomalous, certainly) discouraged further exploration
in that immediate area under then-extant economic conditions.

As noted above, this represented a valid discovery, but in only half
the full sense-——that is, (1) the deposit was found, (2) but not the
orebody.

Although connected with Asarco's exploration programs from '45 to '67,
it has been necessary for the writer, in order to revive and correct
memories as to dates, numbers and sequence of activities, to discuss
Sacaton with Asarco geologists who are acquainted with it currently and
historically. These discussions were beneficial and are appreciated.
Special thanks is expressed for the valuable help of J. H. Courtright.

Some data which have been supplied have been used either to copy or compile
the 3 Figures, or are directly quoted, or specified (Asarco files: approx.
1949-1980) where feasible. Thanks are due Asarco for permission to publish

this paper.

References:

Anderson, C. A., et al, 1949, Geology and Ore Deposits of the Bagdad Area
Yavapai County, Arizona, USGS Prof. Paper 278.

Asarco files (,about 1949-1980,): letters, reports and maps, including a
report by Richard, K., '50, describing procedures of exploration for
yet-unrecognized por. Cu deposits based on ideas generated by detailed
field work of J. H. Courtright and the writer in S. Peru, at Ely, Nev.,
at Silver Bell, etc. in the '40s.

Blanchard, R., 1968, Interpretation of Leached Outcrops, Nev. Bur. of Mines,
Univ. of Nev., (Field work actually done in the SW.~US. in the 20s).



10

Bryant, Donald G., and Metz, Harry E., 1966, Geology and Ore Deposits of
the Warren [Bisbee] Mining District, in Geology of the Porphyry Copper
Deposits Southwestern North America, by Titley, Spencer R., and Hicks,
Carol L., pp. 189-203.

Cummings, Robert B., 1982, "Geology of the Sacaton Porphyry Copper Deposit,
Pinal County, Arizona", iz Advances in Geology of the Porphyry Copper
Deposits, Southwestern North America, pp. 507-521.

Locke, A., 1926, Leached Outcrops as Guides to Copper Ore, orig. public.
The Williams & Wilkins Co., auth. facsimile Xerox Univ. Microfilms,
Ann Arbor, Mich., U.S.A.

Nason, Philip W., Shaw, Allen V. and Aveson, Kent D., 1982, Geology of the
Poston Butte Porphyry Copper deposit: Pinal County, Arizona, in
Advances in Geology of the Porphyry Copper Deposits, Northwestern
North America, Titley, Spencer R., Editor, pp. 375-385.

Richard, K. and Courtright, J. H., 1966, Structure and Mineralization at
Silver Bell, Arizona, in Porphyry Copper Deposits Southwestern North
America, by Titley, Spencer R., and Hicks, Carol L., pp. 157-163.

Richard, K., 1978, Thirty-Year Evolution of Porphyry Copper Exploration in
Southwest USA--Techniques and Philosophies, ¢xn Arizona Geological
Society Digest, XI, pp. 169-174.

Simmons, W. W., and Fowells, J. E., 1966, Geology of the Copper Cities Mine,
in Porphyry Copper Deposits Southwestern North America by Titley,
Spencer R., and Hicks, Carol L., pp. 151-156.

Trade Journals: "Paydirt" (Arizona Mine Operators) 3/1974
"Mining Magazine' 2/1975
"World Mining" 12/1975
"Engineering and Mining Journal 6/1977



MINERAL PARK

oFlogstaff

Phoenix

— ® ¢t ¢ ¢ — b ¢ S—t ¢ E—— 5 emm—— & 8 Gt b 3 Sm——p

< MOR&;/VCI
- / POSTEN BUTTE copper CREEK
< Yuma L asa Grande ¢ ® sarroro
( LAKE SHORE @ Qsan manves
\..
~.. 4J0 @ :
~. SILVER BELL
~ 4
. o Tucson .
\'?/ <0 " .
ME,\I\- 4 g -MISSION l
/CO N, ESPERANZA P THIN BUTTES

-, TURQUOISE .
"~ ° I
.. - 5~ RED MT. .
.. FOUR METALS o g,s86E J

ARIZONA PORPHYRY COPPERS
IV 1967

40 80 120 140 MILES Nocazori

FIGURE |



"’
/

‘i AFT‘

[ ]

o O/SCOVERY
ol /“'“ TCROP ’ s /. [ ]
\D I PANOMALY s

ASARCO SACATON PROJECT
FIGURE 2 Pinal County, Arizona

&) 1000 2000 3000 4000 5000 FEET
i l 4 4 |

3
e

JANUARY, 1973



SACATON PORPHYRY COPPER ZONE

- 2.5 Miles
West East
Orebody Orebody
e —— "

T TR PR T YT T T IR T S T A T A S T F e A

AT AR PAR S Ay o e T e 00, T

coao ......

T T‘% WU SACATON BASEMENT FAULT

EXPLANATION :
M| ANTLERITE POST-ORE COVER ROCKS
iﬂ 8| porpHYRIES
; CHALCOCITE FARE ALLUVIUM (100'-150° THICK)
-~ | PRE-CAMBRIAN GRANITE :
PROTORE | GAS LINE CONGLOMERATE
il N
LEACHED @ 2| SACATON CONGLOMERATE
~ 27| TERTIARY COOLIDGE GRANITE
— % PERCHED-LEACHED CC ZONE

SACATON DIAGRAMMATIC CROSS SECTION
NOT TO SCALE

FIGURE 3

JANUARY, 1964

o



w

602 -287-5733

KENYON RICHARD
Mining Geologist
11 EAST ORANGE GROVE ROAD——APT. 533
TUCSON, ARIZONA 83704

November 17, 1983

Note to Asarco personnel and other editors of this manuscript:
I've used my own style which, to some extent, violates a few rules. :

Certain acronyms and abbreviations are used in order that the fast reader
can read faster. However, some extra punctuation, such as commas, dashes,
and parentheses (and italics) are used to make the fast reader slow down
and pay attention. It is hoped that these features will not be changed
much just to produce conformance.

Otherwise, thanks are extended to those who may have occasion to study and

critically improve this manuscript.

It should be noted that Courtright already has gone over this material

carefully and removed (sensibly) quite a few of my favorite bits of
inappropriate though interesting information.



AMERICAN SMELTING AND REFINING COMPANY

_/\__Q
ASARCO THWESTER EXPLORATION DIVISION
RIS+ SOUTH S N X

P. O. BOX 5747, TUCSON, ARIZONA B5703

1150 NORTH 7TH AVENUE
TELEPHONE 602-792-3010

July 10, 1972

Mr.. Dave Beck
1725 East 4620 South St.
Salt Lake City, Utah 84117

Dear Dave:

I am returning to you, via mailing tube, the copies of the work sheets

of the Sacaton Mountains which you had loaned Mr. John Balla for his use

in the area. Thanks to your good work Dr. Balla is now well on the road

to completing a large-sized map of the Table Top-Mineral Mountain area

which is his Dissertation Figure 2. As soon as it is complete and published,
within the next few + weeks, | will send you one with John's compliments and
hearty thanks.

His praise for your mapping and observations is good for at least two drinks
any time you are in Tucson or Spokane (where John will soon be stationed).

John's product is:

Balla, John C., 1972, The Relationship of Laramide Stocks to Regional
Structure in Central Arizona: Univ. of Arizona, PhD Dissertation, 132 pages.

The ice is about to go out of the Santa Cruz, so better get this in the
mail.

Regards,

oz
J. D. Sell

JDS:1ad
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HISTORY AND GEOLOGY OF THE SACATON MINE J&%\Z

The story of the Sacaton Mine begins in early 1961. At that time, two
members of the ASARCO exploration staff from the Tucson Office were doing
geologic reconnaissance on a mineralized belt trending west-southwest from

the Miami-éuperior area. On February 9, 1961, the two geologists came onto

a small granite outcrop just off the southwest flank of the Sacaton Mountains
about 6 miles nérthwest of Casa Grande. It was an inconspicuous low hill

“about 300' in diameter and surrounded by alluviél cover with the nearest bedrock
exposures a mile and a half to the north. The hill, composed of granite cut by
"~ a monzonite porphyry dike, contained pervasive sericitfc and argillic altera-
tion. Both rock types exhibited limonite derived from the oxidation of pyrite
and traces of '"live'" limonite derived from the oxidation and leaching of
chalcocite (a copper ore mineral). The original sulfide content of this leached
outcrop was about 2% by volume. It was not considered thét this capping was:
directly therlajn by.ore grade copper mineralization; 5ut the outcrop was
regarded as a good exp]orétion lead because of its porphyry copper type
alteration in an area where a major sized ore body might be concealed beneath
shallow alluvial cover.

After investigation of land status, options were obtained on private
property and prospecting permits secured on the State land. A number of
geophysical surveys were conducted, including induced polarization, seismic,
gravity, and magnetics. On September 26, 1961 the first drill hole was put
down on the north side of the discovery outcrop. Only thin intercepts of
ore grade mineralization were encountered. The next four holes encountered
similar results, but the sixth hole northwest of the outcrop cut a significant

intercept of ore grade chalcocite. From this point on, drilling proceeded



on a wide-spaced grid with the intent of finding the lTimits of the alteration

zone. During the course of this drilling, two ore grade zones were encountered.

The first drilling program was terminated on November 1, 1962 with a total of

65 holes, amounting to 73,609 feet. At that time the results of an economic
e —

analysis did not warrant further work.

In February, 1968, coincident with rising copper prices, a second drilling
program was initiated in order to further delineate the two ore zones. The
program was completed in January, 1969, after 38 additional holes had been
completed, amounting to 46,937 feet of drilling. This data, combined with that
of the first program, were used to calculate the ore reserves.

In order to further verify the feasibility of bringing the two deposits
into production, metallurgical tests were run on six=-inch diamond drill cores.
A total of 38.2 tons of samples was collected from 15 holes. To obtain
additional information beneath the planned location of surface structures,
ten drill heles totaling 15,017 feet were drilled ffom November, 1970 to May,
1971. In addition, studies of environment, soil, and geohydrologic conditions
were made in the mine area. The formail announcement of the decision to bring

the mine into production was made on April 6, 1972.

GEOLQGY

Formations outcropping near the mine include the Older Precambrian
Pinal Schist and Oracle Granite and the Younger Precambrian Sacaton Granite.
The Precambrian rocks are intruded by the Laramide Three Peaks Monzonite
which has been dated at 71.3 million years old. The Three Peaks Monzonite
is located north of the mine area and is in the form of a zoned stock
elongated in a northeast direction. In places, the above rocks are covered

by Tertiary conglomerates and Quaternary allUvium,



Predominant pre-mineral rock types at the mine are Precambrian granite
and a monzonite porphyry intrusiQe of Laramide age. Drill hole information
suggests that the monzonite porphyry is in the form of an irreguiar stock
centered near the southwest side of the west deposit. Geologic mapping in
the open pit indicates that in detail a complex intrusive relation;hip
exists between the granite and the monzonite porphyry. Post-minerél andesite
porphyry dikes intrude the above }ocks and post-mineral conglomerate and
alluvium completely cover both deposits and all but a small portion of tﬁe
altered zone. The alluvium varies from 60' to 100' thick and the conglomeraté
ranges from 0' to 600' thick over the west deposit and 700' to 1500' thick

over the east deposit.

STRUCTURE

On a regional scale, the Sacaton deposits are located on a major north-
easterly trending zone which‘contains a number of Laramide stocks and several
producing copper mines. In the area of the mine this zone is evidenced by
a N60°-70°E elongation of the alteration zone which contains the Sacaton
deposits. |If this trend is traced out to the northeast, it passes through
or ;Tose to copper deposits atFSuperior and Miami.

The structure of the deposit itself is quite complex. The rocks are
intensely fractured and faulted with mineralized and unmineralized fractures
of all orientations present. The most common mineralized fractures strike
N50°-70°E and are nearly vertical. The most common unmineralized fractures
strike N5°-20°W and are vertical. Brecciation of both rock types is common
and is often of sufficient intensity to produce a thorough mixing of the rock

types.



A major normal fault (the Sacaton Fault) striking N20°W and dipping 60°
to 70° to the east cuts off the west deposit on its east side. East of the
Sacaton Fault bedrock was downdropped between 1000 and 1800 feet. The East

Deposit is located on the downthrown side of the fault.

MINERALIZATION AND ALTERATION

The economic grade of the mineralization in both deposits is dependent
on the process of supergene enrichment. At some time during the later stages
of intrusion‘of the monzonite porphyry, primary sulfide mineralization qf
marginal grade was introduced into both the monzonite porphyry and the
granite. Later erosion, oxidation, and enrichment formed two somewhat
tabular shaped bodies of chalcocite ore.

Stripping of the west deposit, which contains 33 million tons of 0.76%
copper started in the spring of ]972., The east deposit, with 14.5 million
tons of 1.36% copper, will be mined by underground methods. The west
deposit is about 1200' in diameter and varies in thickness from less than 100'
to more than 700' in the center. The east deposit, lying at a depth of 1500',
is about 600' by 1200' in plan, and around 300' thick.

Primary sulfide mineaiization in both deposits consists mainly of pyrite
and chalcopyrite. 'In the better part of the primary zone these sulfides
occur in a volume proportion of about 1.5 parts pyrite to 1 part chalcopyrite.
The total sulfide content (by volume) averages between 1.5% and 3.0%. The
primary sulfides occur both as thin veinlets and as discrete grains in roughly
equal proportions. Chalcocite and minor covellite occur as supergene replace-
ments of both pyritg and chalcopyrite. Chalcocite predominates in the upper
portion of the ore zones and chaICOpyrite in the lower parts. In addition to
-copper, the ore contains minor amounts of molybdenum and traces of gold and

stlver,
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Leached capéing, varying in tﬁickness from 100' to 500' overlies both
deposits; The capping is characterized by the presence of ''1ive' limonites
derived from the oxidation and leaching of chalcocite. Copper values in the
capping average less than 0.1% copper, except Where appreciable amounts of
perched sulfides or oxidized copper minerals are present. Deep post=~
enrichment oxidation and leaching has destroyed portions of the chalcocite
blanket.: Oxidized copper minerals including antlerite, brochantite, azurite,
malachite, and éhrysoco]]a are found in varying quantities in the capping and
below where second stage oxidation has penetratéd the sulphides.

The ore bodies lie within a zone of hydrofhermal alteration measuring
" 2.5 miles in length by up to one mile in width. Phyl]fc and argillic are the
princibal types with stronger alteration generally coinciding with more
abundant sulphide mineralization. Notable features include a paucity of
quartz veining (generally less than 1% of the rock) and an abundance of
specular hematite (up to 3% or 4% of thg rock). The inteﬁsity of the alter-

ation is observed to decrease outward from the ore bodies.

R
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10/17/72

From: J. H. CourtriGHT

To: J.J. Collins

Re our discussion of 6" coring for
Sacaton metallurgical samples:

Holes drilled 15

Core recovered 2,551
Wt., per ft. 30 1bs.
Total 38.2 tons
Cost per ft. (direct) $23.80

Your copy of report May 28, 1970
transmitted by Saegart June.ll1, 1970

S

J.H. Courtright
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Mining Department

S.A.Anzalone
Chiet Geologist

September 14, 1976

' ‘Mr. C. W. Campbell, General Manager
Western Mining Department
Tucson Office

Dear Mr. Campbell:
Sacaton Unit

East Ore Body
Verification Drllllng

The Sacaton East verification drilling program was completed
on August 20, 1976. Four drill holes totaling 7746.5 feet
of rotary and diamond drilling plus the directional sur-
veying of ten holes were completed under budget.

‘Summary of Results

The following information was provided by the verification
drilling program..

(1) No significant dikelike areas of waste or low grade
- rock were encountered within the ore body that might dlmln—
'ish the ore reserve potential.

(2) Correlation of mineralization between diamond drill
holes in the ore zone.was established, providing continuity
of ore values within the ore body.

(3) It was determined that zones or fingers of oxidétioﬁ
do not penetrate into the main mass of sulfide mineraliza-
tion to any significant extent..

(4) Confidence in geological ore reserve has been improved.
The following is a summary of ore reserves based on surface
drilling. Reserves were calculated by the polygonal method

with boundaries adjusted utlllzlng geological information
obtalned by’ drllllng.

ASARCO Incorporated P. O.Box 5747 Tucson, Az. 85703
1150 Norih 7th Avenue (602) 792-3010
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Summary of Reserves
(See Plate 1)

I. Sulfide Ore

1. Sulfide "core zone" "~ 13,783,000 tons
e : ’ @ 1.45% Cu
2. Total sulfide orxe 21,117,000 tons
' @ 1.26% Cu

II. Oxide'Ore

1. oOxide overlying sul- 2,234,000 tons

‘fide "core zonef @ 1.22% Cu
2. Total oxide overlying 5,388,000 tons

sulfide ore @ 1.15% Cu

(5) The oxide-sulfide mineral interface was found to ex~- .
tend to greater depth over the eastern portion of the ore
body and a blanket of higher grade oxide copper mineraliza-
tion overlies this area. The bulk of this mineralization
is composed of copper carbonates and copper sulphates and
may be amenable to flotation, thereby adding measurably

to the ore reserve. (If a 70 percent recovery can be
achieved on this oxide material, this will add to the
mineable ore reserves. The Sacaton Unit already has a
sulfidization circuit, and metallurglcal tests to deter-
ment the material's reaction in the circuit are currently
underway., Initial results are encouraging.)

(6) In addition to the sulfide ore summarized in (4) I.
above, a substantial. tonnage of Leachable Mineralization
(chalcocite and copper oxides) has been delineated. De-
pending on the mining plan, portions or all of this material
will remain after mining has been completed and will be
available for leaching. :

Summary of Leachable Mineralization
Based on Surface Drilling
Through August 20, 1976

A. If only sulfide "core zone" 22,541,000 tons
- "mined ' @ 1.03% Cu.
B. All possible sulfide ore 17,848,000 tons

;mined . @ 1.02% Cu

§7) Driiling and surveying of holes providéd supplemental
information on the geometry and structural environment of
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the mineralized area. All holes available for surveying
were found to have deviated from the vertical, one by up
to 230 feet at the bottom of the hole. Plotting the cor-
rected positions of geological contacts, mineralization
and structural features provided a more accurate picture
of the size, configuration and grade of the potential ore

(8) Rock strength‘tests and'geotechnical logging of éore
indicates that the caving characteristics of rock within
the ore body will be favorable. Caving characteristics

of the overlying conglomerate have not yet been established.

Recommendations

The modest size of the Sacaton East Ore Body minimizes pro-
duction flexibility and leaves little room for miscalcula-
tion during the planning stage. It is imperative, there-
fore, that care be taken to thoroughly evaluate all poten- -

" tial problem areas before a commitment to final development

is made. Also, every effort should be directed toward
developing realistic, updated cost figures and escalation
rates. ' . :

Preliminary DCFROI calculations based on the ore reserve
developed to date suggest that under present economic con-
ditions and current cost estimates, the Sacaton East ore
body could support a profitable mining venture.

DCFROI Calculations

Mining the sulfide "core zone" only:

1. Ore Reserve (undiluted) 13,783,000 tons
‘ @ 1.45% Cu
2. Ore Reserve, diluted: 15,850,000 tons
15% @ .20% Cu : . @ 1.29% Cu
- 3. Recovery , 90%
4. Life of operation : 10.57 years
5. Production - 5,000 tpd 1,500,000 tons
for 300 days/year ' per year
6. Mining costs . : . $5.00/ton
7. Milling costs o $2.00/ton
8. Taxes . 50%
9. Copper price - 75¢
10.

Estimated investment ' $26,000,000
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DCFROI Calculations
(Continued)

"A., DCFROI If Total Investment Capitalized

Before Taxes 18.40%
After Taxes © 15,00%

B. DCFROI If $20,000,000 of Investment is
Expensed, Remainder Capitalized

Before Taxes 27.71%
After Taxes 20.50%

The information utilized in this preliminary DCFROI evalu-
ation was based upon rough estimates of capital require-
ments, development costs, mining costs and future forecast
values for copper. In addition, a dilution grade of 0.20%
copper has been used in-the above calculations. This is a
conservative estimate. A considerable portion of the dilu~-

tion grade will more than likely be nearer 0.80% copper when

the higher grade sulfide "core zone" is mined. Also, no
credit was given for precious metals or molybdenum (on the
average approximately 0.004 oz. Au, 0.027 oz. Ag and 0.028%

" Mo) or copper obtained from an in-place leach operation.

In order to establish reliable updated figures on costs, a .
firm measurement of the mineable tonnage and grade must be
established along with the final location and conflguratlon
of cave panels, undercut levels, haulage drifts and ven-
tilation system. In addition, realistic tonnage capabil-
ities must be established for both caving and hoisting.

The mining rate will have a SLgnlflcant effect on the rate
of return from an ore body the size of Sacaton East. It

is equally important to establish whether the current de-
sign capacity of the underground unit will be able to sup-
ply sufficient tonnage to the mill in the event the open
pit is exhausted early in the life of the underground oper-

‘ation and what effect increasing the presently anticipated

production rate might have on the DCFROI.- In this connec-
tion, any final economic evaluation should consider the
possible effect of mining the additional tonnage available
in extensions to the ore body - for example, areas B, C,
and D, Plate 1; mineralization below the -320 elevation;
and potential mineralization in unexplored areas near or
adjacent to regions of known mineralization.

-As suggested by Mr. J. H. Courtright in his memorandum dated

April 4, 1969, geological and engineering data required to
accurately establish the above criteria and develop the
final mineable ore reserve can most effectively and econ-

‘omically be obtained by diamond drilling from underground

drilling stations.

p
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This will require completion of the Sacaton shaft plus
approximately 3600 feet of crosscut from the shaft through
the ore zone.  Following the drilling program and evalu-
ation of all data, a mineable ore reserve can be established
and a detailed mining plan and economic evaluation provided
by the Southwestern Mlnlng Department.

Based on preliminary evaluation, under present economic
conditions, the ore reserves outlined at the Sacaton East
ore body are sufficient to support a profitable mining ven-

"ture. The anticipated higher grade underground production
will augment and ultimately replace ore from the open pit,

thereby extending the life of the existing unit and im-
proving its overall economic performance. Preliminary data
suggests the cost per pound of copper will be competitive
with current open pit copper production at Sacaton. Add

to this the further potential of long term copper produc-
tion from in-place leaching of mineralization remaining in
the cave pattern after mining is completed, and the economic
potential of the Sacaton East ore body is.considerably en-.
hanced.

On the basis of geological data obtained during the 1976
verification drilling program plus earlier exploration

work conducted under the direction of J. H. Courtright
(report dated April 4, 1969), further development of the
Sacaton East ore body is justified and final detailed un-
derground evaluation is warranted. In order to expedite
this phase of development, it 1is recommended that the
Sacaton underground program be re-established and that
approximately 20,000 feet of underground definition diamond
drilling be completed. (See Plate 2)

- The estimated cost for 20,000 feet of underground diamond

drilling is $225,000 distributed as follows:

20,000 feet of drilling @ $10.00/ft.  $200,000
Assaying and surveying 5,000
Contingencies ‘ ‘ 20,000

$225,000

The preliminary locations of the proposed crosscut and
diamond drill holes are illustrated on the attached plan
maps and cross sections. Updated shaft sinking and drift-
ing cost estimates, along with the selection of the final
crosscut location will be submitted by the Southwestern

‘Mining Department following review of this report.
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Objectives and Procedures

A detailed_reviéw of available geological data by Mr. C. W.
Campbell in mid-1975 called attention to a number of poten-
tial problems concerning the reliability of the East Sacaton

geological ore reserve. Principal areas of concern were as
follows:

(1) The possible existence of significant dikelike sections
of waste or barren material within the potential ore body-:
as portrayed on geological cross sections.

" (2) The accuracy of the geometry of the mineralization as
illustrated in the geological reserve and its possible
adaptation to block caving.

(3) The necessity to more accurately define the mineable
limits of mineralization.

If sufficient of these negative features did exist, doubt
would be raised as to whether the mineralization at East
'~ Sacaton could be mined at a profit under present economic
conditions. It was apparent that additional geological
information was required prior to proceeding with further
development of the underground operation. :

In order to obtain answers to the questions raised by Mr.
Campbell, a surface drilling program was proposed. R. B.
Ccummings in his memo dated March 17, 1976, outlined a two-
phase, eight-drill hole program designed to provide infor-
mation and possible answers to the guestions of concern.
At the request of R. B. Meen, the Cummings memo was re-
viewed by S. A. Anzalone and a decision was made to pro-
ceed with phase one of the Cummings program. The writer,
in a memo dated April 13, 1976, recommended that phase one
of a verification drilling program be implemented and an
appropriation totaling $120,000 to cover the cost of this
work was recommended. ' ‘

The East Sacaton verification drilling program was com-
pleted on August 20, 1976. Four drill holes totaling
7,746.5 feet of rotary and diamond drilling plus the
directional surveying of ten holes were completed. Over-
burden drilling was conducted by C. & W. Drilling Company
utilizing a truck-mounted Failings 1500 rig. Diamond
drilling was handled by Joy Drilling Company utilizing a
truck-mounted Joy 22 rig. All diamond drilling was com=
pleted with N.C. wire line tools. An average of 94 percent
‘core recovery was achieved. o '

Field operations were supervised by Mr. R. B. Cummings,
who is to be commended for conducting an efficient, safe
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operation and bringing the program to completion under
budget. )

Drill Hole Surveying and Verification
of Mineral Intercept Locatlon .

Following the completion of the first hole drilled during
the 1976 verification program, difficulty was encountered
in correlating the geology displayed in this hole with the
geology developed from earlier drilling in the area. A
decision was made to survey the hole in order to provide
an -accurate location of the mineralization encountered.

Directional drill hole surveying was handled by Mollen-
Hauer Surveying Company utilizing a Humphreys gyroscopic
down-the-hole surveying unit, enabling the surveyor to ob-
tain dips and direction through the steel casing. Hole

No. 145 was found to have deflected a considerable distance
to the northeast. Additional holes were then surveyed,

and it was discovered that virtually all holes had deviated
from the vertical, some up to 230 feet. : '

The modest size of the Sacaton East ore body requires that
very accurate definition of the geometry of the mineralized -
zone be obtained prior to laying out a final mine plan and
calculating a mineable ore reserve. As a result, as many

of the old drill holes as possible were resurveyed utilizing
the newer, more accurate instrument. Gyroscopic survey in-
struments sufficiently small to fit within the drill rod '
utilized in the earlier Sacaton drilling would have been

of considerable assistance in calculating the original ore
reserve. Regrettably, small instruments of this quality

did not come into common use until quite recently.

Having established the correct location of the mineral in-
tercepts, a new series of polygons was drafted and ore re-
serves calculated based on the corrected survey locations.
The procedures and results are described in the Ore Resexrves
section of this report. The shift in mineralization ob-
served in the surveyed holes did not diminish the ore re-
serve. It actually widened the mineral zone and increased

thHe ore reserve. The survey trace of the surveyed holes

within the ore body is shown on Plate 11.

Geology and Ore Continuity

With regard to the possible existence of dikelike sections
of waste or barren material within the ore body, the diamond
drilling revealed that no such arcas of significance were
likely to occur. A number of short runs of lower grade
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quartz monzonite porphyry were encountered, but little or
no barren dike material was encountered. Relogging of
earlier diamond drill core indicates that gquartz monzonite
porphyry dikes are, in fact, mineralized and reasonably
well altered. There appears to be little doubt that the
guartz monzonite porphyry will serve as a suitable host
rock for copper mineralization within the East Sacaton ore
zone. The quartz monzonite porphyry was found to be some-
what harder than the other rock types encountered due to
silicification; however, it does not appear that it will
be significantly more difficult to break or grind.

‘The verification drilling provided additional information
to assist in the correlation of mineralization between
diamond drill holes in the ore zone. As can be seen on
the attached cross sections (Plates 3-10), continuity of
ore values within the ore body is well established,

As a result of experience gained in the open pit operation,
considerable concern was expressed about the possibility
of fingers or zones of oxidation penetrating into the ore
reserve area, thereby diminishing the tonnhage potential
and anticipated grade. A detailed review of the earlier
drilling plus the information provided by the 1976 veri-
fication drilling program indicates that fingers of oxida-
tion do not penetrate into the main mass of sulfide miner-
alization to any significant extent. A careful review of
all drill core in the.ore zone indicates that oxidation
within the ore body will not be a significant problem. )
As a consequence, confidencé in the geological ore reserve
has been improved. :

Ore Reserve

To avoid being influenced by previous ore reserve calcula-
tions, a new ore reserve was calculated by the author in-
corporating the new information provided by the 1976 veri-
fication drilling .and drill hole surveys. The polygonal
method was used, adjusting ore boundaries with geoclogical
information obtained by the verification drilling program.
The ore reserves based on the new calculations are sum-
marized at the top of Page 2.

The ore reserve tonnaées and grades presented herein do
not include dilution. The current figures represent an
estimate of the potential tonnage and grade that should be
amenable to block caving. The final diluted grade will
depend to some extent on the recoveries achieved in metal-
lurgical tests being conducted on copper oxide materlal
that overlles the sulflde ore zone,
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A detailed breakdown of the distribution and grade of the |
various ore types is provided in Appendixes A - C. A plan
map illustrating the location of the various compenents
constituting the total ore reserve is provided on Plate 1.
The ore reserves were calculated by measuring the area in
each polygon, calculating the potential tons per vertical
foot and then multiplying that figure by the length of the
column of ore grade material encountered in the particular
drill hole involved. The ore reserves calculated by this
method compare reasonably well with earlier ore reserve
calculations by S. E. Zelenkov {memo to J. H. Courtright,

February 28, 1969) and Carl Williams (memo to J. H. Courtright,
March 6, 1969).

Tons _ % Cu
Carl Williams 14,558,002 1.37
S. E. Zelenkov - 12,503,040 - 1.39
Current Study 13,783,000  1.45 (higher grade

core zone)

If the north extension and east extension (Areas B and C
on Plate 1) are added to the current reserve calculation,
a total of 17,921,000 tons averaging 1.31% copper is ob-
tained. Portions of these areas were included in the
Williams and Zelenkov studies. Recent drilling has en-
larged and modified the configuration of the mineralized
body since their work, with the result that if Areas A, B
and C are added together, the tonnage is increased by

23.1 percent and the grade decreased by only 4.4 percent,

resulting in an increase in the total pounds of recover-
able copper. :

Oxide Copper - Metallurgical Tests

During examination of diamond drill core by the writer and
R. B, Cummings, it was observed that little or no chryso-
colla occurred in the oxide mineralization capping the sul-
fide zone. The bulk of the mineralization proved to be
composed of copper carbonates and sulfates (azurite, mala-
chite, brochantite and antlerite) and it was thought that
this material might be amenable to flotation, thereby adding
to the ore reserve. Arrangements were made with the Mineral
Beneficiation Department to run flotation tests on this
material at the Sacaton Unit. - Metallurgical tests to date
are encouraging. The final test results on this work w1ll
be provided by the Southwestern Mlnlng Department.
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Possible ILeach Ore

In addition to the potential sulfide ore encoﬁntered,in

the drilling summarized at the top of Page 2, a sizeable

tonnage of leachable copper. . mineralization composed of
chalcocite and copper.oxides was delineated. Depending
on the final mining plan, a considerable amount of this
material will remain within and adjacent to the cave area
after the mining ‘has been completed. This material will
be available for leaching by solutions introduced from
above. Pregnant solution can be collected in the lower

~workings of the mine and pumped via the main shaft to the

surface for utilization in a leach plant. As can be seen
by the following figures, a considerable number of pounds
of recoverable copper will remain in the ground after
mining is completed.

a. Leach Material Remaining if Only Sulfide
"Core Zone" Mined:

17,154,000 @ .99% Cu = 339,649,000 1lbs.
50% recov. = 169,824,000 lbs Cu recovered

b. Leach Material Remaining if All Possible
Ore Mined:

9,306,000 @ .91% Cu = 169,369,000 lbs.
50% recov. = 84,684,000 1lbs. Cu recovered

It is of interest to note that if the entire East Sacaton
ore reserve were considered strictly as an in-place leach-
ing operation utilizing the underground development cross-
cuts as collection basins for pregnant solutions and pump-

"ing them out through the shaft, a potential recovery of

approximately 400 million pounds of copper is theoretically
possible assuming a 50 percent recovery. While current
plans do not call for the East Sacaton ore body to be
operated as an in-situ leach operation, this is nonetheless
an option to be considered should the underground mining
plans be further delayed or be proven uneconomical by
rapidly escalating mining costs.

Geotechnical Data

With the assistance of members of the Sacaton Engineering

Department, all of the drill core obtained during the veri-

fication drilling program was logged in detail to obtain
geotechnical data to be utilized in ascertaining whether
the characteristics of the rock within the ore body were
suitable to block caving. A point load tester was obtained
and rock strength index tests were carried out on suitable
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segments of core throughout each of the drill runs. 1In

addition, all core was photographed for future study. A
preliminary evaluation of the geotechnical data indicates
that the caving characteristics of the rock are favorable.

A number of core runs in the eastern sector of the ore zone
were found to be highly broken and brecciated with sections
containing considerable fault gauge and clay. The pos-
sibility that this material might pack in some of the cave
panels if allowed to stand for any length of time was
pointed out by the Sacaton Mining Department. This prob-
lem can be avoided if a caving schedule can be developed
that will not allow the broken ore to sit in any one panel
for any extended length of time. The total amount of
material susceptible to packing does not appear to be
great. Attempts will be made to obtain additional data
regarding the caving characteristics of the mineralized
rocks and possible problems relating to packing in the
areas of severe brecciation and fault gauge. The geotech-
nical testing to date indicates that the rocks, while com-"
petent, are not very hard and should break quite readily.
Some problems may develop with regard to holding the backs
in isolated gaugy areas, but these can be handled if suf-
ficient care is taken. ' '

In general, the rock should cave well and mining problems
should not be severe. . .

DCFROI Calculations

Preliminary DCFROI calculations were made to ascertain
whether the East Sacaton ore body might be developed to
achieve an acceptable rate of return. As can be observed
by the calculations illustrated on the next page, the East
Sacaton ore body does, under present economic conditions,
and utilizing current cost-price estlmates, show an accept-
able.rate of return.

Two DCFROI cases are presented. Case A illustrates the
standard calculation assuming that the total amount to be
invested will be capitalized. Case B makes the alternative
assumption that $20,000,000 of the investment can be ex- - )
pensed. Case B is presented to show the potentially favor-
able effect on the Sacaton ROI if a significant portion of
the investment can be expensed. It must be re—emphasized
that all of the above calculations are based upon present
economic conditions and utilize current cost estimates.

A final economic evaluation will be presented by the
Southwestern Mining Department utilizing updated figures
following the completion of the underground drilling program.
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DCFROIL CALCULATIONS_

1976

Mining the sulfide:"core zone" only:

vl. Ore Reserve (undiluted)

2., Ore Reserve,
' 15% @ .20% Cu
3. Recovery

4, Life of operation

5. Production — 5,000 tpd

. for 300 days/year
.6, Mining costs '
7. Milling costs
8. Taxes
-9, Copper price

10. Estimated investment

Net smelter value/year .

Mining costs
Milling costs

Net cash before taxes
DCFROI BEFORE TAXES

Depreciation (St. Line)

Depletion (50% Net Cash)
Depletion (15% N.S5.V.)

Taxable income

Tax at 50%

Depreciation
Depletion

Net cash aftcr taxes

DCI'ROI AFTER TAXES

diluted

13,783,000 tons
@ 1.45% Cu
15,850,000 tons
@ 1.29% Cu

90%

10.57 years

1,500,000 tons
per year

- $5.00/ton.

" A. Total

Investment

Capitalized

$18,048,000

7,500,000
3,000,000

7,548,000
18.41%

2,460,000

2,544,000

2,544,000

1,272,000

1,272,000

-~ 2,460,000

2,544,000

6,276,000

15.00%

$2.00/ton
50%

75¢
$26,000,000

- B.
$20,000,000
Expensed,
$6,000,000
Capitalized

$18,048,000

7,500,000
3,000,000

$ 7,548,000
27.71%
$. 568,000

2,707,000

$ 4,273,000

2,136,000

$ 2,136,000
568,000

2,707,000

$ 5,412,000

20,50%
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In. summary, having reviewed the results of the 1976 surface
verification drilling program and re-evaluated previous
drilling, it is the opinion of the writer that phase one

of the verification drilling program has provided suffi-
cient. geological data to recommend that the East Sacaton
underground program be re-established and that approxi-
mately 20,000 feet of underground definition diamond drill-
ing be completed. The detailed information obtained from
the underground drilling program will be utilized by the
Southwestern Mining Department to provide a final updated
economic evaluation of the Sacaton East project,

Additional information regarding the proposed underground
program will be provided by the Southwestern Mining De-
partment. -

Very truly yours,

' ‘/‘d f %2{/4» e

S. A. Anzalone
SAA:ka

Encls. - Plates 1~-11
Appendixes A-D

cc: NVisnes
TEScartaccini
TREdwards _
RBCummings ; -
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Area

APPENDIX A

I. SULFIDE ORE

Above =-320' Eleva
Undercut Level

Sulfide "core zone"

North extension

East extension
Possible west extension
Possible southeast

extension - caved
- for oxide only

TOTAL -SULFIDE ORE

tion

Tons
13,783,000
2,960,000
1,178,800

3,196,000

21,117,000

Grade
% Cu

1.45
0.70°
l- 27

0.95

1.26
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Sacaton Unit .
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Memorandum To: T. R. Edwards 35

-From: R. B. Cummings

Subject: Exploration Possibilities Northeast of the East
Orebody

Summary

Drill hole data from the general area northeast of
the east orebody suggests that an attractive underground
exploration target is present. Geology in the target
area 1ls similar to that from the east orebody. Mineable
thicknesses of sulfide mineralization averaging 0.50%

copper were intersected in 2 drill holes which are
- separated by a distance of 2,000'. This and other data
suggest that the northeastern end of the Sacaton alter-
ation zone might contain mineralization similar in
grade and tonnage to the east orebody. A five hole
drilling program costing $ 140,000. is recommended to
test this target.

Introduction

Recent examination of drill hole data along the

Sacaton alteration trend suggests that a residual ex-—
ploration target is present northeast of the east

" (underground) orebody. Drawing SAC~11-G3 is a drill
hole location map showing the outline of the east ore-
body, the open pit, and three sections drawn parallel
to the alteration zone. Drawing SAC-11-G2 shows the
three sections looking northwesterly through the west
orebody, east orebody, and the area of interest.

The drill hole location map shows that the explor-
ation drill spacing northeast of the east orebody is
about 2,000' in a direction parellel to the trend, and
500' in a direction at right angles to the trend. The
maximum dimension of the east orebody is approximately
1,100' parallel to the alteration trend and 650' at
right angles to the trend. Thus, the exploration drilling
did not totally eliminate the possibility of finding an
underground orebody similar in size to the east orebody.
For the purpose of this study the area of interest is
considered to be the N 1/2 of Sec. 25 and part of the
S 1/2 of Sec. 24 between drill holes S-56 and S-78.
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AMER ICAN SMELTING AND REFIMING COMPANY
Tucson Arizona

September 15, 1961

Mr. C.P.Pollock, Exploration Manager
American Smelting and Refining Company
120 Broadway

New York 5, New York

DRILLING RECOMMENDATIONS
Sacaton Prospect
Pinal County, Arizona

Dear sir:

Reference is made to Mr. Saegart's memorandums of September 1 to
Mr. Lacy, and his covering letter regarding the results of the thorough
geophysical work in the Sacaton area, and including their recommendations.

‘Saegart concludes that the area of indicated significant sulphide
mineralization is limited to Zone A and is rather small in area (18001
by 3500'). Though small, this area still is large enough to contain an
ore body. Mr. Courtright and | recommend six drill holes as a minimum
test. The positions of three are shown on the attached map which is a
copy of Attachment "A'' from Saegart's report.

Proposed drill hole locations A, B, and C are within the area of
highest I.P. response. These three are rather close-spaced, the reason
being that one or two holes could be midleading in terms of average
copper content.

Location D is intended to test Zone A along its apparent strike.

Location E is situated outside of the area of significant sulphides
as described by Saegart. This hole is intended to determine whether the
southerly drop-off in |.P. response is due to diminishing sulphide
content or to some other geological wndition such as deep leaching.

Location F on Zone D falls in the category of "just to be sure'.
In this regard, Mr. Saegart says that, "if a sulphide source exists, the
sulphide content is too small to be of interest.' This statement is
entirely correct for most disseminated deposits, but there are exceptions.
As an example, disseminated bornite alone can constitute ore even though
theoretically the 1.P. response would be low.

We have assumed an average depth of 500! for these six holes.
Actually, this will vary depending on the strength of primary minerali-
zation from hole to hole. :

We estimate the drilling cost per foot at $9.50, including contract
costs, sampling, assaying, supervising, etc. We are planning to purchase



C.P. Pollock ' -2- ’ ‘ 7 September 15, 1961

Drilling recommegamtions.-
Sacaton Prospect '

a used trailer from the Mission Contractor. This will be used for field
core storage so that no persons but our samplers will see the core.

The cost of this program is summarized:

Drilling - (3000' at $9.50/ft) $28,500
Trailer - 400
Contingencies = 1,100

Total - § 30,000

If you agree with this program would you please get authofization
for this amount. We would expect to begin drilling shortly thereafter.
1

It would seem that zone D termed the Casa Grande prospect, should
be in a separate category. Consequently, the above total does not
include money for any work that might be contemplated in that area.

There is an unexpended balance of approximately $9,000 in M.A.880.
This authorization originally was set up principally to acquire options.
One option payment of $7,500 is due December 1, 1961. By that time our
drilling results may not be conclusive, in which case we would need to
make the option payment.

Yours very truly,

KENYON R[CHARD

KRAz
Attach.

cc: DJPope, w/attach.
RJLacy, '*

Route file copy to:
TASnedden
ACHall
JHCourtright
KvdSteinen
WESaegart
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AMER {CAN SMELTING AND REFINING COMPANY
Tucson _ " Arizona

September 15, 1961

Mr. C.P,Pollock, Exploration Manager
American Smelting and Refining Company
120 Broadway :

New York 5, New York

“DRILLING RECOMMENDATIONS
. Sacaton Prospect
~Pinal County, Arizona

Dear sir:

Reference is made to Mr. Saegart's memorandums of September | to
Mr. Lacy, and his covering letter regarding the results of the thorough -
geophysical work in the Sacaton area, and including their recommendations.

‘Saegart concludes that the area of indicated significant sulphide
mineralization is limited to Zone A and is rather small in area (1800!
by 3500'). Though small, this area still is large enough to contain an
ore body. Mr. Courtright and 1 recommend six drill holes as a minimum
test. The positions of three are shown on the attached map which is a
copy of Attachment 'A'' from Saegart's report.

Proposed drill hole locations A, B, and C are within the area of
highest |.P. response. These three are rather close-spaced, the reason
being that one or two holes could be midleading in terms of average
copper content.

Location D is intended to test Zone A along its apparent strike.

Location E is situated outside of the area of significant sulphides
as described by Saegart. This hole is intended to determine whether the
southerly drop~off in |.P. response is due to diminishing sulphide
content or to some other geological @ndition such as deep leaching.

‘Location F on Zone D falls in the category of "just to be sure'’.
In this regard, Mr. Saegart says that, "if a sulphide source exists, the
sulphide content is too small to be of interest.' This statement is
entirely correct for most disseminated deposits, but there are exceptions.
As an example, disseminated bornite alone can constitute ore even though

theoretically the |.P. response would be low,
- ]

We have assumed an average depth of 500' for these six holes.

Actually, this will vary depending on the strength of primary minerali-
zation from hole to hole, : '

We estimate the drilling cost per foot at $9.50, including contract
costs, sampling, assaying, supervising, etc. We are planning to purchase
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a used trailer from the Missioh Contractor, This will be used for field
core storage so that no persons but our samplers will see the core.

The cost'of this program is summarized:

Drilling -~ (3000' at $9.50/ft) $28,500

Trailer - Loo

Contingencies - 1,100
Total - § 30,000

If you agree with this program would you please get authorization
for this amount. We would expect to begin drilling shortiy thereafter.

It would seem that zone D termed the Casa Grande prospect, shouid
‘be In a separate category. Consequently, the above total does not
include money for any work that might be contemplated in that area.

There is an unexpended balance of approximately $9,000 in M.A.880.
This authorization originally was set up principally to acquire options.
One option payment of §7,500 is due December 1, 1961. By that time our
drilling results may not be conclusive, in which case we would need to
make the option payment.

Yours very truly,

KENYON RICHARD

KR/z

Attach.

cc: DJPope, w/attach.
RJLacy, " "

Route file copy to:

‘ TASnedden

ACHall
JHCourtright
KvdSteinen

WESaegart



Exploration Department
Southwestern United States Division November 21, 1983

Mr. R. L. Brown, Vice President
Exploration Department

ASARCO Incorporated

Room 3422, 120 Broadway

New York, NY 10017

Sacaton Mine
History of Discovery

Dear Mr. Brown:

Last summer I wrote Vic Hollister proposing that a paper on Sacaton should
be included in the Porphyry Copper Discovery volume, and that John Kinnison
should write it. Hollister agreed (copies of both letters attached).

Kinnison said he would undertake the task and arrangements were made for
access to the files here. However, on my return from vacation in September
I found that he had not even started the paper. After checking with
Hollister's office and determining that there was still time, Kenyon
Richard took on the job. Enclosed herewith for approval are three (3)
copies of his paper.
Yours very truly,

C:)g H. Courtright

JHC/cg

Enclosures

cc: VFHollister (w/o encl)
KERichard (w/o encl)

ASARCO Incorporated P. O. Box 5747 Tucson, Az 85703
150 North 7th Avenue (602) 792-3010



602 - 297-5733

KENYON RICHARD
Mining Geologist
11 EAST ORANGE GROVE ROAD-—APT. 533
TUCSON, ARIZONA 85704

November 17, 1983

Note to Asarco personnel and other editors of this manuscript:
I've used my own style which, to some extent, violates a few rules. -

Certain acronyms and abbreviations are used in order that the fast reader
can read faster. However, some extra punctuation, such as commas, dashes,
and parentheses (and italics) are used to make the fast reader slow down
and pay attention. It is hoped that these features will not be changed
much just to produce conformance.

Otherwise, thanks are extended to those who may have occasion to study and

critically improve this manuscript.

It should be noted that Courtright already has gone over this material
carefully and removed (sensibly) quite a few of my favorite bits of
inappropriate though interesting information.

g il




Sacaton Mine

History of Discovery
by

Kenyon Richard

The discovery of the Sacaton orebodies has been reported in industry
trade journals (1974-1977) in a manner éuggestive (a) that it was only a
simple matter of 2 Asarco exploration geologists tripping over a small
mineralized outcrop (300' diam.--30' high), essentially devoid of copper
staining, in a large, alluvium-covered area,———-and (b) that the subsequent
actual ore discovery and drilling of a couple of orebodies was an unre-
markable consequence of the recognition of the outcrop's significance.

These implications are partially correct. However, the Sacaton dis-
covery was only one episode in a continuing and fairly systematic Asarco
program. A limited commentary on the nature of Asarco's program prior to
the Sacaton discovery will, therefore, be germane. Actually, 2 discoveries
in addition to Sacaton are involved.

“"re-prospecting' large

That specific por. Cu program consisted of
areas of the SW.~US., (among other regions). This re-prospecting effort
had two aspects: (1) the mechanical procedures which comprised airplanes,
autos and, mostly, boots, in search of outcrops of disseminated alteration/
mineralization; and (2) the geological techniques which narrowed the fields
of mechanical search.

As to item (2) above, the following principal geological techniques

are generalized:



(a) Large portions of the alt./min. outcrops over orebodies
carry ﬁo Cu-stain. This is a standard condition in most produc-
tive por. Cu districts; however, that fact had been overlooked by
the various generations of prospectérs, prospector/engineers and
even most geologists of the first half of the 20th Century. Also,
the pioneering work of Blanchard (1968) and Locke (1926) carried
the implication that the interpretation of leache& outcropsnwas a
guide to ore only in the known por. Cu districts.

(b) Literature Research: This included search for and study
of very old as well as then-modern and —current scientific papers
and maps. A few of the scientific papers (mostly USGS) of the first
half of this century were particularly helpful in defining detailed
geology within and close around the major known por. Cu districts.
Articles in state and local geological publications (both regional
and local subjects) and, surprisingly, articles in old trade
journals too, were often helpful because the author would describe,
say, clay-sericite and/or siiicification all with Fe oxides——-
typical por. Cu-type alt./min.---but he would not attach that
appellation because little if any Cu-stain was noted. These clues,
sometimes only a few sentences in obscure, old publications, were
enticing leads, indeed, for field checking.

(c) Asarco Files (1912-1950): Many clues similar to these
described in the state and local publications noted under paragraph
(b) above were found in files, both modern and ancient. An example:

In 1912 AS&R (Asarco's original acronym) opened an "exploration"




office in Tucson. The search for orebodies then consisted of indi-
vidual mine and prospect examinations, those which "walked through
the door" of the local mine manager, Richard (1978). Many of those
old files were particularly useful 25-35 yrs. later.

(d) So-called "lineaments", which implies "lines" at the sur-
face or, their real geological connotation, "structural planes"
(particularly their intersections) were early hyp&thesized mostly,
but not eﬁtirely, by academic geologists, as having controlled the
positions of then-known por. Cu districts. Regardless of a paucity
of demonstrable examples of pre-mineral structural control (only 4
districts, Bisbee, Miami, Silver Bell and Bagdad, Bryant and Metz
(1966), Simmons and Fowells (1966), Richard and Courtright (1966),
Anderson (1949), might have been classed as having then-known
structurally controlled positions), the rather old hypothesis was
revived during the mid- to late-'50s, particularly in the SW. where
it became a favorite indoor sport of the exploration/academic geo-
logical fraternity. "Ruled"-lines were drawn (by almost everyone)
connecting everything with everything. These exercises were not
regarded as practical and drawing lineament "lines' as representing
structural planes connecting por. Cu systems was not part of
Asarco's research efforts.

Asarco did, however, use the lineament idea in its por. Cu
program in the distinctive sense that broad "trends" or "belts"
marked either or both by roughly aligned successions (a) of small

stocks of porphyries (not cupolas of single granitoid batholiths,



necessarily, and »not by connecting structural planes), and (b) of

large or small zones of alt./min. (sometimes.only leached pyrite

in outcrops with indicated very small amounts of original Cu sul-

fides). This is noted farther along.

Partly to provide a reéord of areas covered by prospecting and partly
to insure more-careful coverage, sketch/recon. geologiqal maps were some-
times made. While doing that kind of mépping in the area SW. from
Superior—-——a little more carefully than usual because he was trying to
sort the volcaniclastic sequence in that area-—--John Kinnison discovered,
in '60, a tiny sliver (about 10' x 200') of por. Cu alt./min. at the base
of a hill of post-mineral basalt surrounded by Qal in all directions.

That was the only surface expression of the Poston Butte por. Cu deposit.
Asarco subsequently drilled 22 holes which, it was thought, defined a por.
Cu system 1 mi. by 2.5 mi. in area. Although 3 holes cut "ore-grade"
intercepts, altogether the results seemed too meager (as of then-projectable
economics) to justify further work. (Asarco files; 1960-'63.)

The Poston Butte discovery is described herein (a) because it was. a
valid Asarco discovery of a por. Cu system, (later, discovered again by
Conoco-~-Nason, et al. (1980)), (b) because the clue to its existence was
indeed obscure, and (c) because it was a blaze on the trail to the Sacaton
discovery.

Following (literally and "on trend") on Asarco's Poston Butte dis-
éovery, Art Blucher had just begun re-prospecting and sketch mapping in
the wide-spaced ranges around Casa Grande. About the same time John
Kinnison (Asarco files, 2/9/61) came up with a pencilled skétch approxi-

mately like Figure (1). The importance of this sketch is that it displays



continuity of por. Cu systems within lengthy belts without known, long-
trending, interconnecting structural planes. The projected triple
intersection of belts a few miles west of Casa Grande was particularly
intriguing, even though it was about 50 mi. from Ray and 40 mi. from
Silver Bell, the nearest productive Cu mines. Obviously, that area of
intersections should promptly be traversed.

It didn't take Kinnison and Blucher long. On Feb. 10, '6l after
leaving the highway about 5 mi. W. of Casa Grande and circling around
over the flat Qal terrain for am hour or so, they spotted . .the small hill,
drove up to it and stepped out onto the outcrop of a por. Cu deposit. The
hill (see Fig. 2) was unprepossessing inasmuch as it showed only a faint
trace of Cu-stain in a couple of spots---not enough to have attracted any
digging or sampling by prospectors. It consisted of granite and a thin
dike of por., all altered to quartz-sericite-clay with weak but pervasive
jarosite-goethite and a few specks of hematite-—-after-chalcocite, particu-
larly in the dike. This was an outcrop which one would expect to have
originally contained about 2% sulfides as pyrite/chalcocite/chalcopyrite
assaying, say, .l1-.2 Cu. Howeﬁer, what with nearest outcrops being the
Sacaton Mts. 1.5 mi. N. which contain only a couple of very small, wide-
spaced, Cu-stained spots, the hill was certainly an inviting exploration
lead.

The Asarco Geophysical Dept. then appeared on the scene, and signifi-

cant parts of an 11/61 report of their work and conclusions are excerpted:

"Geophysical surveys..... on the Sacaton Prospect include the

usual recon. methods, I.P., resistivity and magnetics.....a total



of 18 square miles was covered.....a new I.P., technique.....called

"travelling depth profile'..... to improve interpretations in the
Sacaton area..... a seismic reflection survey..... to determine bed-
rock depths..... Four anomalous zones were indicated by I.P......

travelling depth profiles.....Zone A [KR. note: See I.P. anomaly,
Fig. 2].....indicated.....sulfides have rather abrupt lateral
limits..... [KR. note: See Fig. (2)}..... The geophysical target area
was interpreted as the boundary of significant sulfides. [KR. note:

Refer to the West Orebody outline on Fig. 2.]

Mostly because Asarco's N.Y. office was impressed with the geophysi-
cists' view that the sulfide zone was small (laterally), only $30,000. was
granted for 6 exploration holes. [KR. note: Along with this meager sum, a
firm unwritten message was delivered by a high Asarco official that that
was all we would get.]

The lst 5 holes cut sulfides, but only a few short runs of ore-grade
rock. Positioning the 6th hole -(Fig. 2), obviously, was critical. For-
tunately, during an informal meeting of several Asarco geologists, J. H.
Courtright's insistence prevailed. If some of the other opinions (includ-
ing the writer's) had been accepted, the 2 orebodies might not have been
found. The 6th hole (potentiaily the last one) became the lst hole within
the West Orebody. (This, then, is a perfect example of the old explora-
tion quip, "Always drill the last hole first.")

The Sacaton discovery illustrates 2 factors which are operative in

almost every orebody discovery in new territory; (1) finding the mineral

deposit (the simple conclusion of a long but systematic exploration trail),



and (2) finding the orebody within the deposit (the early selection of the
right set of practical geological facts from a lafge number of misleading
geological impressions which often can be mistaken for facts). The real
significance of either of these 2 factors is seldom evident until many
holes have subsequently been drilled.

Except for some features of unusual pertinence, the generalvgeology
will not be described, herein. Insteadhthe reader is referred to the fine
article by Cummings (1982) for the geological details.

Reference is made to the longitudinal (ENE) sketch section Fig. 3, by
Kinnison. This was compiled rather early in the drilling program and may
be slightly distorted in some details, but it is adequate insofar as it
displays some of the following important geological features, as follows:

(a) The bottom of the entire Sacaton hydroth. alt./min system
is abruptly terminated by the near-flat, post-mineral Basement Fault

at depths of 1800-2200'.

(b) A N-S. section would show the NNW. side of the Basement

Flt. to be a steep (almost vért.), sharply curved up-turn. The

SSW. side, as indicated particularly by the interceﬁt in the Shaft

(Fig. 2), dips 45° NNW.

(¢) Thus, this "gravity sliding block', Cummings (1982), is
shaped like a lopsided, flat-bottom boat. The approximate outline

of this "boat" is the Basement Flt. where it defines the sub-outcrop

of pre-mineral formations, as shown on Fig. 2.

(d) A number of post-conglomerate flts. having vert. separa-

tions of as much as 1500' have been mapped in the open pit on the

Er



West Orebody or have been deciphered by vert. drillhole analyses.
None of these flts. is known to have displaced the Basement Flt.

It is to be noted that these faults and the Basement Flt. both cut
the chalcocite blanket. The latter condition was of interest in
regard to future exploration.

(e) Cummings (1982) states that the gravify sliding block

moved N40-45E.

[KR note: If so, it may have moved about 6(?) mi. from

the large, rather deeply buried "ore'" body described by J.
David Lowell in his lecture, Dec. 5, '82, AIME Arizona Con-
ference and named the Casa Grande West. It is suggested that
that ore zone at one time was at an appreciably higher
elevation, relatively. The Sacaton gravity block slid down
from the top of that =zome.]

(f) As is evident on Fig. 2, the 2 Sacaton orebodies are small:
West Orebody: (Open pit—--high w/o ratio---largely mined out)

33. mil. T. @ .76 Cu
East Orebody: (Cave mine planned)

13.4 mil. T. @ 1.45 Cu
In '63 Asarco explored extensively for the root of the Sacaton por.

Cu system. Courtright spotted and drilled a number of wide-spaced holes

in an area extending 2 to 7 mi. SW. of Sacaton. Several of these showed

deep, short intercepts of "ore-grade" rock; and two of them closely
straddled what later became Getty/Hanna's Casa Grande West. Only one of

1

these holes showed cc. of "ore-grade." Most intercepts were of oxidized

Cu.



Asarco then regarded that area as being the root of the Sacaton
system. The relative high proportion, however, of oxidized Cu at depths
of 1000 to 2000' (anomalous, certainly) discouraged further exploration
in that immediate area under then—extant economic conditions.

As noted above, this represented a valid discovery, but in only half
the full sense-—-that is, (1) the deposit was found, (2) but not the
orebody. v |

Although connected with Asarco's exploration programs from '45 to 67,
it has been necessary for the writer, in order to revive and correct

memories as to dates, numbers and sequence of activities, to discuss
Sacaton with Asarco geologists who are acquainted with it currently and
historically. These discussions were beneficial and are appreciated.
Special thanks is expressed for the valuable help of J. H. Courtright.

Some data which have been supplied have been used either to copy or compile
the 3 Figures, or are directly quoted, or specified (Asarco files: approx.

1949-1980) where feasible. Thanks are due Asarco for permission to publish

this paper.
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