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ExmomﬁonDﬂmnmém May 20, 1987

R.L.Brown
Vice President

Mr. David N. Skillings, Jr.
Skillings Mining Review
First Bank Place, Suite 728
Duluth, Minnesota 55802

Dear Sir:

I am informing you herewith of the death of Mr. J. Harold
Courtright, retired chief geologist of ASARCO Incorporated.
His obituary is attached.

Yours very truly,

R. L. Brown

RLB:mxy
Att.

ASARCO Incorporated
MAY 2 6 1967

SW Exploration

ASARCO Incorporated 180 Maiden Lane New York, N.Y. 10038 (212) 510-2000
Telex:ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25991

3



OBITUARY

J. Harold Coﬁrtright

J. Harold Courtright, 78, died peacefully in his sleep on
December 7, 1986, at home in Tucson, Arizona. Harold is
survived by his wife Vi and their sons, James and Timothy.

Born in Yakima, Washington, Harold studied at Sacramento
(CA) City College and MacKay School of Mines, Reno, Nevada.

In 1941, he joined Consolidated Copper Mines Corporationm as
a geologist in the Ely, Nevada district.

Harold joined ASARCO Incorporated in 1945, and remained
through to his retirement at age 70. At that time Harold
was chief exploration geologist, and remained as consulting
geologist in the Asarco Tucson Office.

Courtright participated in the discovery of economic mimeral
deposits in many areas, including Leadville, Colorado; Silver
Bell and Mission, Arizona; Toquepala, Cuajone and Michiquillay,
Peru and Bethleham, British Columbia. His travels and work
with Asarco took him to most of the continents.

Harold was a member of AIME, Arizona Geological Society
(Charter Member and President), Society of Economic Geologists,
Geological Society of America, and a charter member of the
Mining Club of the Southwest. ' '

Contributions to Harold's memory may be made to the J. Harold
Courtright Memorial Fund, c/o Arizona Geological Society,
P.0. Box 40952, University Station, Tucson, Arizona 85717.
The fund is established to suppot research and field work as
exemplified by Harold's life and work.



FroMm: J.D.SEeLL 5/11/87

To: Byron Hardie-

Attached are the obituary

notices on J. Harold Courtright.

Jim
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P.O. Box 625002
Littleton, CO 80162-5002
303-973-9550

FAX 303-973-3845
Telex 881988

June 5, 1987

Mr. R. L. Brown
Asarco, Inc.

180 Maiden Lane
New York, NY 10038

Dear Mr. Brown:

Thank you for sending us the appreciation of J. Harold Courtright. We
plan to use it in a forthcoming issue of MINING ENGINEERING and will

send you a tearsheet after it has been published.

T don't anticipate any problem in giving credit to the Exploration
Department and Kenyon Richard for writing the piece.

Sincerely,

Beth Drobniewski

g4 - WA —
Assistant Editorx

/bd

ASARCO Incorporated
JUN 1 1 1987
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Society of Mining Engineers, Inc.
A Member Society of the American Institute of Mining, Metallurgicai and Petroleum Engineers
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SOCIETY OF ECONOMIC GEOLOGISTS
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Walden P. Pratt, Editor for SEG Activlties
U.S. Geological Survey—Mail Stop 905
Box 25046, Federal Center

Denver, Colorado 80225

Telephone (303) 236-5598

J

Notes and News

Notes and news of personal interest about SEG
members, as well as announcements of upcoming meet-
ings, are not only invited but eagerly solicited for the SEG
pages. However, please bear in mind that there is a built-in
minimum lag of about two months from date of submittal
to date of publication.—WPP

Robert J. Wright, SEG 1951, has retired as Senior
Technical Advisor, Division of Waste Management, U. S.
Nuclear Regulatory Commission, Washington, D. C., and
has moved to Princeton, New Jersey. He is active as a
consultant in management of high-level radioactive waste.

Jack E. Harrison, SEG 1958, retired in Denver in
December 1986 after a 35-year career with the U. S.
Geological Survey. Harrison initiated the U. S. G. S. pro-
gram of geologic mapping of 1° X 2° quadrangles, and in
recent years, concentrated on the stratigraphy and geo-
chemistry of the Belt basin, resource appraisals of the
strata-bound copper-silver sulfide deposits, and regional
tectonics of the Belt basin, an effort which he is continuing
in semiretirement. He received the Department of Interior
Distinguished Service Award in 1979.

As reported in these pages in the August issue, Wil-
liam H. Gross, SEG 1962, died suddenly in Toronto on
August 6, 1987. Gross combined an active consulting
career with teaching at the University of Toronto from
1950 to 1968, and then turned his full attention to mineral
exploration. Among other ventures, his work resulted in
the discovery of a major silver deposit in the Guanajuato
area of Mexico, and this in turn led to the creation of the
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Lacana Mining Corporation, from which he retired as Pres-

ident in 1986. ‘

The Society regrets to report the death of J. Harold
Courtright, SEG 1952, on December 7, 1986. He had
retired in 1977 as Chief Geologist of Asarco, Inc., but
served actively as a consultant to Asarco until his death.
As reported by his colleagues, Harold Courtright will be
chiefly remembered in connection with his work with por-
phyry copper systems. His
first formal professional ap-
pointment, which followed
perhaps 15 years of on-and-off
work as a miner, was with the
Consolidated Copper Corpo-
ration at Kimberly, Nevada,
where he first teamed up with
Kenyon Richard. The two men
moved over to Asarco in
1945, and their work with
Asarco went far toward put-
ting that company into the
copper mining business in a substantial way. Harold's ap-
proach to geology and to exploration revolved simply
around careful mapping. In the case of the porphyries, this
mapping emphasized evaluation of alteration suites and
leached outcrops; his knowledge of gossans was remark-
able. Harold and Kenyon did most of the geologic work
associated with the discovery and development of Silver

J. Harold Courtright
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Bell, Mission, Toquepala, Bethlehem, Cuajone. and other
.deposits. Later, enlisting the services of a group qf
* "younger men willing and able to map and to reason up to
his standards, Courtright directed the search for porphyry

SOCIETY OF ECONOMIC GEOLOGISTS

copper in most of the countries where these ores may be
found. A list of discoveries resulting from this work in-
cludes Michiquilay, Sacaton, Casa Grande-Santa Cruz, La
Caridad, and other deposits.
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J. HAROLD COURTRIGHT 1908-1986

FRIENDS:

YOU WILL AGREE -- TO HAVE KNOWN HAROLD WAS AN EXPERIENCE
IN A VAST NUMBER OF ASPECTS. HAROLD THE GENTLEMAN -- THE
OBSERVER -- THE HELPER -- THE TUTOR --AND THE FRIEND: TO NAME
ONLY A FEW OF HIS MULTIPLE CHARACTERISTICS.

[ FIRST MET HAROLD, AND A NUMBER OF OTHER GEOLOGISTS
GATHERED HERE TODAY, AT THE ARIZONA GEOLOGICAL SOCIETY MEETING
BEING HELD AT BUFFINS CAFETERIA AT BROADWAY AND TUCSON BLVD,
WHERE THE SECONDARY ATTRACTION WAS THE CAFETERIA MOTTO OF
“ALL YOU CAN EAT.” IT SO HAPPENED THAT THE CAFETERIA SOON
WENT OUT OF BUSINESS AND I SUSPECT IT WAS BECAUSE OF THE LIKES
OF US UNDERGROUMD MINE GEOLOGISTS FROM SUPERIOR WHO REALLY
PILED UP THEIR PLATES, RATHER THAN THE MORE EXPERIEMCED AND
REASONABLE GROUP OF WHICH HAROLD WAS A PART,

A TRAIT THAT SINGLED OUT HAROLD, WHETHER AT THE AGS
MEETING, OR OM A FIELD TRIP, OR WHEREVER, WAS HIS QUIET WAY
OF ASKING THE PERTINENT QUESTION IN JUST THE RIGHT MAMNER TO
SECURE A LONG DISCOURSE ON THE SUBJECT BY THE PERSON INVOLVED,
ANSWERS THAT MINE MANAGERS WOULD PROBABLY SHUTTER AT SHOULD
THEY HAVE BEEN WITHIN HEARING RANGE.

IN THOSE EARLY YEARS DON HAMMER AND I ROUNDED UP THE
CENTRAL ARIZONA GEOLOGY DISCUSSION GROUP BY COLLECTING THOSE
INTERESTED FROM THE SUPERIOR-MIAMI-GLOBE-CHRISTMAS-RAY AREAS.
THE SPEAKERS WERE MOSTLY FROM THESE LOCAL OPERATIONS, BUT WE
WERE EAGER TO EXPAND OUR KNOWLEDGE. OF COURSE, THE AGS
MEETINGS HELPED THAT ASPECT, BUT WITH A TWO HUNDRED MILE
ROUND TRIP FACING US IT WAS NOT ALWAYS A MONTHLY EVENT FOR
US OUT-OF-TOWNERS.



THUS IT WAS THAT WE CONMED HAROLD AND KENYON, WHO HAD
JUST RETURNED FROM THEIR MAPPING OF THE BRECCIA PIPES AT
TOQUEPALA, PERU, TO HONOR THE GROUP WITH A DISCUSSION AT
SUPERIOR., TO HELP ENTICE THEM, A TOUR OF A PART OF THE MAGMA
MINE WAS INCLUDED. THEN, AS NOW, FEW GEOLOGISTS CAN RESIST
THE OPPORTUNITY OF VISITING AN OPERATION, EVEN IF THEY ARE
ON TAP TO TALK, SO THE TWO ACCEPTED., SOME SCRIBBLED NOTES
SUGGEST SOME 37.PEOPLE SHOWED UP TO HEAR THEIR DISCUSSION AND
TO SEE THE VARIOUS SLABS OF BRECCIA THEY BROUGHT ALONG TO
ILLUSTRATE THE FEATURES.

MATURALLY, I WAS EAGER TO EXPOUND ON THE EAST COUNTY
LIMESTONE REPLACEMENT DEPOSITS AT SUPERIOR, SO I TOOK HAROLD
AND KENYON THROUGH MANY DRIFTS, SUBDRIFTS, INCLINED RAISES,

AND STOPES TO EXAMINE MANY FACES OF PLUS 5% COPPER ORE FOR

THE TEXTURES AMD MINERAL RELATIONS AS WELL AS THE MINERAL-
LIMESTONE CONTACTS. AS MANY OF YOU KNOW -- MAGMA USED LOTS

OF TIMBER TO SUPPORT THE GROUND, AND UNDERGROUND WAS A

[.LITERAL FOREST OF TIMBER ON FIVE-FOOT CENTERS. AS I RECALL,

WE DIDN’T CATCH THE SHAFT CAGE UP TO THE SURFACE BEFORE LUNCH
-- PROBABLY BECAUSE OF MY DISMISSING THE TIME AND THE EAGERNESS
TO SHOW THEM “ONE MORE THING,” AND THEIR INTEREST TO ADD
OBSERVATIONS TO THEIR BANK OF KNOWLEDGE. BUT WE DID GET UP
BEFORE SHIFT CHANGE. THE HUMOR OF HAROLD WAS STILL IN EVIDENCE
AFTER THE LONG CLIMB AND THE HEAT AND SAUNA OF THE MAGMA MINE,
WHEN THE MINE SUPERINTENDENT ASKED THEM, “HOW DID YOU LIKE THE
MINE?”, HAROLD REPLIED, “WELL, I WAS WONDERING IF MAGMA WAS
GOING TO RUN OUT OF ORE BEFORE OREGOMN RAN OUT OF TIMBER!”

AS PART OF HIS BEING, HAROLD GREW MANY KINDS OF FLOWERS
AS WELL AS STRANGE THINGS LIKE KUMQUATS AND MEXICAN LIMONS.
THESE HE ALWAYS BROUGHT IN TO SHARE WITH THE SECRETARIES.
THE QUIET, CONSIDERATE, AMD SHARING SIDE OF HAROLD.



THE FINANCIAL STABILITY OF AGS AT THE PRESENT TIME BELIES
THE FACT THAT IT WAS NOT ALWAYS SO. HAROLD WAS PRESIDENT OF
THE SOCIETY IN 1968-1969, BUT IT WAS SEVERAL YEARS EARLIER THAT
DUE TO THE FINANCIAL UMDERWRITING BY HAROLD AND DAVE LOWELL,
THAT THE AZ HIGHWAY GEOLOGICAL MAP COULD BE PUBLISHED IN FULL
COLOR BY THE SOCIETY. THIS POPULAR MAP WAS ONE OF THE FIRST
OF ITS KIND IN THE WESTERN STATES, AND HAS NOW BEEN REPRINTED, .
A FITTING TRIBUTE TO. HAROLD AND HIS BELIEFS IN OTHERS.

HAROLD, HIS LONG SHOES, HIS GAIT, AND HIS ACUTE OBSER-
VATIONS HAVE LEFT THEIR IMPRINT ALONG THE CORDILLERA FROM
SOUTH AMERICA THRU PANAMA TO MEXICO, ALL ALONG THE WESTERN U.S.,
AND INTO CANADA AND ALASKA. IT HAS BEEN MY PLEASURE TO HAVE
INTERMINGLED WITH THE PRINTS HERE AND THERE.

RATHER THAN GOODBYE, HAROLD -- IT'S UNTIL WE MEET AGAIN
-- THANKS FOR ALL YOUR GIFTS TO US.

JAMES D, SELL
Dec., 11, 1986
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Southwestern Exploration Division MIDS

May 8, 1987

R.L. Brown
New York Office

Obituary Notices
J.H. Courtright

K. Richard and | have gone over the three attached notices and hope you
recognize draft "three' of your Economic Geology article

Kenyon would like to use his initials KR as he has done on the E.G. redraft.
On the Mining Engineering article, | felt his name should be in full as it
also refers to the bibliographic references.

Kenyon and | feel the contributions notice for the AGS Memorial could be
added to both the Mining Engineering and Skillings articles, but not to the
Economic Geology article. Perhaps, later a note to E.G. could be submitted
by AGS-Asarco on the Memorial Fund.

The Skillings notices generally are treated as news items and thus no
authorship is noted.

Thanks for sending the articles along to the respective organizations for
publication. Naturally, you and the editors may have some changes you

feel need to be made.

I'm still working on a career/bibliography list and a longer paper for the
Geological Society of America memorial series, but it is slow going through

the necessary files.

Kenyon and | thank you again for the input and for getting this moving.

%/@ ap Ve
JDS:mek = James D. Sell

Atts.

cc: K.E. Richard
W.L. Kurtz



0B ITUARY To be submitted to Economic Geology

James Harold Courtright

An Appreciation by the Asarco Exploration Staff with Kenyon Richard.

James Harold Courtright, a member of the Society since 1952 died in
Tucson on December 7, 1986, at the age of 78. Harold's career in mining and
exploration geology occupied most of those years. He began it as a teenager
by helping his father drive an exploration adit into a prospect located near
his hometown, in Yakima, Washington. His career ended on the day of his

death, as he served Asarco as a consultant until that date.

He was educated in the public schools of Yakima and at Sacramento
(California) Junior College. He then entered the MacKay School of Mines
in Reno, his semesters there were preceded and alternated with long periods
spent working underground at various mining camps in order to raise tuition

and living expenses.

In 1941 Harold joined E. N. Pennebaker and Kenyon Richard at
Consolidated Copper Mines Corporation, in Kimberly, Nevada. There he began
his studies and observations of hydrothermal alteration suites and leached
cappings which lasted a lifetime and in which he soon became a recognized

expert.

In 1945 Harold and KR left Consolidated and joined Asarco's Explor-
ation Department in Salt Lake City. Harold remained with Asarco until his

retirement as Chief Geologist of the Corporation in December 1977.



Following his retirement Harold kept an office in Asarco's Tucson Office and

consulted for Asarco until his death.

Harold's record of accomplishment at Asarco is legendary. It began in
the Leadville District where he drilled out a deposit in the Sunday-libex area.
The target was relatively deep, and he was plagued with wandering drill holes.
Nevertheless, his interpretations were so sound and his sections so good that
the resident mining geologist later reported that he rarely had to make a
change on any of them from the inception of mining until the deposit was mined

out.

Harold then moved to Silver Bell, Arizona, where he superintended
Asarco's first porphyry copper exploration effort. When he went to Silver
Bell, he was given a drill map drawn up by a famous consultant and told to
drill the holes in the location shown on the map. After some mapping, Harold
became convinced that the plan given him was a poor one and would have involved
drilling mainly pyritic rock. When the New York Office was slow to respond to
his recommendations that the drills be moved from areas shown by the outcrops to
be pyritic to those shown by the presence of ''live limonite' after ''chalcocite,
Harold moved the drills anyhow, and was rewarded by ore grade intercepts. The
file shows that New York was not particularly amused or impressed by the courage
shown by the brash youngster, but was impressed by the intercepts he obtained.
Thereafter Harold spotted the holes in the 'Oxide'' area. Meanwhile, KR had
mapped and spotted drill holes in the "El Tiro' area. Those two Silver Bell

ore bodies then were partially drilled off.



In 1949 Harold's work at Silver Bell was interrupted by instructions
to go to Toquepala, Peru, with KR to outline a drilling program there. This
time the instructions were less precise: they were simply to chase out a
nucleus of 65 million tons of 2 percent copper known to exist. At Toquepala
the mapping turned out to be far more difficult. There had been two stages
of enrichment, and outcrops over the known high grade contained sparse
goethite and jarosite rather than abundant ''chalcocite' limonite. Obviously,
the outcrops at Toquepala were not read easily. New York on this occasion had
required that outcrop mapping be done with plain table and alidade, and provided
a young engineer to run the alidade. On the day the engineer showed up, Harold
and KR marched to the first outcrop which displayed all the confusing features
resulting from the leaching history at the deposit. The engineer reported to
his supervisor that evening that he had shown up at the job at 7:30; that he
had responded to Harold's signal and accurately plotted the location of the
outcrop by 7:45, but that KR and Courtright did not move from the outcrop for
the rest of the day; that the only activity he could observe from his station
was a fierce argument interrupted only by violent arm waving and by furious
periods of hammering on the outcrop. His suggestion to his supervisor was
that he not return to the field the following day, but, perhaps, two or three
days hence, when he thought there was a possibility that KR and Courtright
might have moved from the first outcrop to the second. Obviously, KR and
Courtright did reconcile their differences and having worked out the geology,
they did lay out a drill program which resulted in the deliniation of 421

million tons of 1.04% copper.



In 1950 United Geophysical Company discovered, having followed up some
magnetometer results, high grade skarn type copper ore in the Pima District a
few miles south of Tucson. In May 1952 that company sank a shaft in the
mineralization but became discouraged about the economics of their find.

They invited various companies to examine the properties and to submit bids

and in September 1953 made a deal with Cyprus, but without having given any

of the companies which had made examinations an opportunity to bid. During

the course of the examination, Courtright noted that pervasive alteration

in various rock types was exhibited in mine workings extending away from the
main orebody. He had previously mapped alteration in a red-colored hill

east of Pima and, subsequently, in a similar small hill to the northwest.

He concluded that it was possible to hypothesize a large porphyry copper

system extending under alluvium to the north and the northeast of the Pima

Mine. He recommended to Asarco that mining claims be staked in that area.

The New York Office was concerned with the ethics of such a move prompted

as it was by the underground visit, and at first refused to allow the staking

to be done. In addition, the New York Office would not approve an option of
some claims staked by local prospectors which tied on to the northeast of

the Pima Mine. Courtright insisted that the ground be acquired, it was arranged
with the Pima Mine manager that Asarco would stake and acquire ground. Asarco -
acquired the ground now occupied by the Mission Mine. Finding the present
Mission Mine was not easy. The very large Asarco property was covered by over
200 feet of desert sand and colluvium. |t was underlain by altered bedrock,

but copper distribution even within the current Mission Pit is very irregular.



A number of wide-spaced, shallow holes in very low grade or nil copper were
drilted. Harold strongly recommended that a drilling program designed to scout
the entire zone of strongly altered rocks be conducted, but the New York Office
was concerned by the almost continuous string of low grade values cut. Finally,
an ore grade hole, drilled on a spurious electromagnetic anomaly was drilled,
and an orebody grading 76 million tons at 0.9% copper was drilled off. Mission
Mihe opened in 1961, and the total ore reserve in that mine is now far larger

than the originally estimated reserve.

In 1955 Harold did some work at the Bethlehem Deposit in British Columbia
which Asarco then had under option. Harold was one of the first to recognize
that the disseminated mineralization at that prospect was in fact part of a

porphyry copper system, and the drilling program was accordingly adjusted.

At that time Asarco became interested in mounting a scout reconnaissance
program designed to discover other porphyry deposits in outcrop. Harold trained
a large crew of geologists to map alteration and to read leached outcrops. As
this program progressed over the years many geologists participated in a
systematic and orderly mapping program which ultimately covered a very large
area. The Sacaton deposit now mined out, was one result of that program. Later.
Harold became Chief Geologist of the Corporation, and before the time of his
retirement had traveled to most of the countries of the world where porphyry
coppers are found. His last major examination was at Sar Chesma in lran, where

he had trouble with the immigration authorities. His hawk-like nose and his




skin, tanned and burned as it was by years of mapping in many desert areas,
convinced immigration authorities in the Near East that Harold was not an

American, but a local type disguised as one.

| believe that any of the managers of Asarco's Exploration Department
would agree that it was molded on Harold's image. His insistence on detailed
mapping of outcrop, and of understanding the basic geologic processes at work
in them is still a keystone component of Asarco's exploration philosophy.
Every Asarco geologist has been prouder of his association with Asarco's
Exploration Department and, in fact, of his profession becausé Harold was a

member of it.

No one ever heard Harold Courtright complain about his tough early
yeafs--he simply thought they came with the territory, and regarded them
as part of his geological education. When Harold mucked drift or set timber
underground, he was not merely mining; he was observing rocks as well as
forming opinions about them. Harold loved to play poker and he loved to
play golf and he would suggest bets of any size, provided that the size of
them did not embarrass his opponents. He loved a contest as he did the
exploration business. When he won, he won graciously. When he lost, he lost
with great good cheer and figured that the competition was worth the losses.
Probably few geologists now entering the mining and exploration business
will have the opportunity to work in as many locations as did Harold.
Certainly, very few will achieve as much as he did. All who knew Harold wish
he had lived longer as they miss him; however, they also feel privileged and

happy to have shared a career with him.



0B I TUARY To be submitted to Mining Engineering

J. Harold Courtright

An Appreciation by the Asarco Exploration Staff
with Kenyon Richard.

J. Harold Courtright, born in Yakima, Washington, quietly passed away
in his sleep on December 7, 1986, in Tucson, Arizona, at the age of 78.
Harold was an AIME member since 1941 and was a mentor to many in the
‘Tocal Section.

His early experiences as a miner, mucker, crusher operator, and placer
miner, sparked his enthusiasm for the rocks and minerals he was working
with and prompted his formal education at Sacramento City College,
California, and at the MacKay School of Mines, Reno, Nevada.

In 1941, as geologist, Harold joined E.N. Pennebaker and Kenyon Richard
at the Consolidated Coppermines Corp., Kimberly, Nevada. In the Ely
District, Harold found a 20 million ton, +4% copper, orebody between
Kennecott's Ruth pit and Coppermines' Emma Nevada underground mine, by
careful and thoughtful remapping and restudy of old data going back to
1915. This discovery was the first notch in his ore discovery rock
hammer.

Harold's past forty-one years were spent with ASARCO Incorporated where
he retired as Chief Exploration Geologist in 1978 and continued as
Consulting Geologist for the company.

His work and drilling at Kokomo and Leadville, Colorado; Silver Bell,
Mission, Sacaton, and Poston Butte, Arizona, all added new notches, as
well as the work at Concepcion del Oro, Mexico, the Bethlehem District,
British Columbia, and at Toquepala, Peru, among many others.

Papers were published, with K.E. Richard, in the AIME Transaction
volumes: "'Structure and Mineralization at Silver Bell, AZ''{(Vol. 199),
and, "Geology of Toquepala, Peru' (Vol. 211).

It was a privilege to have Harold for a tutor and mentor through many
phases of exploration. His wise counsel was appreciated and his
humorous insight will be missed by many, including his wife Vi and
their sons James and Timothy.

Contributions to Harold's memory may be made to the J. Harold Courtright
Memorial Fund, c/o Arizona Geological Society, P.0. Box 40952, University
Station, Tucson, AZ 85717. The fund is established to support research
and field work as exemplified by Harold's life and work.



OBITUARY To be submitted to Skillings

J. Harold Courtright

J. Harold Courtright, 78, died peacefully in his sleep on December 7,
1986, at home in Tucson, Arizona. Harold is survived by his wife VI
and their sons, James and Timothy.

Born in Yakima, Washington, Harold studied at Sacramento (CA) City
College, and MacKay School of Mines, Reno, Nevada.

In 1941, he joined Consolidated Coppermines'Corporation as geologist
in the Ely, Nevada, district.

Harold joined ASARCQO incorporated in 1945, and remained through to
his retirement at age 70. At that time Harold was Chief Exploration
Geologist, and remained as Consulting Geologist in the Asarco Tucson
Office.

The careful and thoughtful work of Harold is legendary and his foot-
prints and hammer marks are left throughout the Cordillera and on
many distant outcrops on the Planet Earth.

Harold was a member of AIME, Arizona Geological Society (Charter
Member and President), Society of Economic Geologists, Geological
Society of America, and a charter member of the Mining Club of the
Southwest.

Contributions to Harold's memory may be made to the J. Harold Courtright
Memorial Fund, c/o Arizona Geological Society, P.0. Box 40952, University
Station, Tucson, AZ 85717. The fund is established to support research
and field work as exemplified by Harold's life and work.
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Vi says no flowers please, although Harold enjoyed them
very much. He also contributed to numerous charities
and Vi hopes you may do the same for your favorite
charity as a memorial to Harold.

J. D. Sell



KENYON E. RICHARD
233 E Waltann Lane
Phoenix, Arizona 895022
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April 9, 1987
ASARCO Incorporated

APR 1 6 19687

SW Expioration

Fred Graybeal,

Chief Geologisat,
Exploratiaon Dept.
ASARCO, Inc.

180 Maiden Lane

New York, NM.Y. 10038

Dear Fred:

Since 1 began tapering from active consulting some 2 or 3
vrs agos [’ve had several surprises. A few of these follow:

I was going to keep in good physical & mental shape, & do
constructive work indefinitely. Those ideas were wraong.

1 got tired trying to continue proving--—-1"ve forgotten
what, exactly—-——it’s whatever I’ve been trying to prove for 60
yrs.

Because 1 began saying, "I1’m retired”, a couple of yrs. or
sos agos [’ve assumed that work (of all kinds for me) would stop.
That’s been wrongs too.

Work (by my definition: any unpleasant mental effort) lands
in front of me. uninvited, at about the same rate as the past 10
vrs. The recent part of the aging experience has taught me at
least 2 things: (1) my ideas of "unpleasant mental effart” are
much more inclusive than they used to bes and (2) my
procrastination capabilities have improved appreciably. recently.

Friends & relatives explain that it is fartunate that I have
work to do because it will keep me alert & interested. They are
wrong. Work (broad definition) just makes me irritable.

Over the past 40 yrs., with thoughts toward the miss-named
"golden vears". 1°ve bought a couple of theousand bnoks (some are
even educational), & I°d like nothing better than to just sit
down & read them. A1l 1 seem to find time for is about 1 book a
month.

At my age, pushing 72 work is not fun anvymore; and talk
about cross-purposess it’s hard work to have fun.

I shouldn’t sound qQquite so cynical, I suppose. At least,
I'm healthier physically & financially (that is, luckier) than
many of the people 1 know.

The foregoing short list of complaints about the rigors of
the aging process is indulged in to set the stage for my alibi:
The eulogy for Harold was read as typed--partly--considerable was
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extemporaneous. But the typing was in note-form., unpunctuated.
rough, incomplete. Believing, as you & Dick Brown probably did
when you asked me for copies; that it was typed & ready to copys
a number of others also asked for copies.

In that circumstance [ was rather forced to do a proper job
of writing the partial eulogy.

Any piece I°'ve written in the past bhas usually turned ocut
to be 0¥, eventually, after considerable achings slow re-writing.
Well, I’ve wanted to do a good job about Harold. This has meant
hard work/procrastination (together with working hard trying to
have a little fun), & the partial-gulogy, in its <comewhat revised
form, is late.

It’s also incomplete. In recent yrs. Harold & 1 talked
about exploration often, but we had to be careful, steering clear
of any of our then-current activities. Obviously. with me being
a call-girl-type of consultant (always available. etc., etc.),
Harold & 1 could have been (& were, in at least a couple of
instances) on opposite side of a row of claim stakes,. even though
my work was essentially foreign. This means [ don’t have a
record or knowledge of the important details of much of the last
19 yrs. of his work. Jim Sell would know the most about Harold’s
career since the early ’60s, and so should vyou.

Although it’s presumptuous. I've the feeling that people are
waiting for me to write obhituaries for various appropriate
scientific publications & trade journal. Perhaps I 'm wrong about
that, and some items have already been written. If not. 1t
should be obvious that, without (a) having described episodes
within the last third of Harold’s career (I was mest concerned
with the 1zt two thirds because modern generations don t know
about that part), or (b) without including commentary about his
familys, what I have written (copy attached) as his eulecgy is too
longs tho many important early episodes are not mentioned.

Briefly, I simple carmmot write about Harold in condensed
verslons of each episode appropriate for each publication, or
whatever.

It is suggested that. if you haven’t already done so, get
tvped copiles (a) of Byron Hardie’s part of the eulogy. (h) af Jim
Sell’s part of the eulogy plus a typed copy of a band written set
of notes (Harold’s jobs, titles, dates, affiliations., etc.)
handed to me by Jim Sell a couple of davs before the services.

(1 revised some of the dates. & 1 have just looked at a copy
showing my revisions, I now note that Dick Brown’s name &
initials head the lgt of 2 pages: so. mavbe the notes are Dick’'ss,
& not Jim's as I bhad presumed.)

Anyway. (1) with my eulogy, rather carefully re-written but
inappropriate for any particular means of publication, in total.
(2) with Hardie’s & Sell’s eulogies, and (3) with Jim’ s or Dick’s
(7)Y chronological notes -~ all in front of you, vou can then lift
bits & pieces from each of thece sources and. with your own
thoughts. put together proper "notices"”, obhituaries. or whatever
is reguired for various publications. Again. I don’t see all of
these publications now$ so much of this may have already been
done.



Best Fegards.

Ay

Kenyon E. Richard

attach. - cc JHC Eulogy by KR

cc. w/attach. R. L. Brown

William Kurtz

Viola Courtright (4 extra)

James Courtright

Tim Courtright

JHC Memorial Fund Committee:
James A. Briscoe
Byron S. Hardie
Kenyon E. Richard
J. D. Sell
Jan C. Wilt

Gerry Irwin

Frank Hoagland

John Kinnison

John Guilbert

Spencer Titley

Annan Cook

Ken Cornelius

R. E. Cribbs

Paul Eimon

Mike Greeley

Art Hall

Herb Hawkes

Dan Lewis

James Loghry

Wesley Pierce

Hilliam Peters

Mary Lou Saegart

Gordon Wieduwilt

Charles Gewell

MOTE: Just after the services for Harnld., & at times since, a
number of friends asked me for copies of my part of the eulogy.
I don’t remember just who asked. The above list, then, is only
my guess as to a few of Harold’ s friends who would like to have
record of a few of the more important aspects of his earlier

career —- etther because thev don’t know about zome of these
activities and characteristics -—- or. because they do. This is
nat a select list -— 1 have extra copies for those interested.
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PARTIAL-EULOGBY - JAMES HAROLD COURTRIGHT
1908 - 1986
BY KENYON E. RICHARD
SERVICE: December 11, 1986

Harold Courtright worked at his profession of Exploration
Mining Geclogy for 43 years. I was indeed fortunate to have been
able to work with him much of that time.

We may capsulize his work—-attitude toward his profession
during those 43 years with a few simple adjectives: He was
steady, consistent, careful, thorough, curious, guestioning,
thoughtful, critical, persistent, honest, and so on.

To that list four activities and accomplishments are added
for emphasis: 1. He was constantly working to improve the
professions’s knowledge of many aspects of geclogy in general --
but, of courses metallic ore bodies in particular. 2. He
continually functioned as a teacher of the younger ASARCDO staff.
3. His thinking and working at his profession always had a solid
basis of practicality and accuracy. And, 4. he contributed
several scientific papers to his profession.

The point now is: —— despite this impressive and precisely
applicable list of true-blue attributes~-{(it might be an
improvement on the Boy Scout Oath)-—and despite his slight (to

the rest of us) handicap of only limited formal education, Harold
was indirectly and directly responsible for putting more
discovery and more follow—up drill holes into more major
Cu/Mo/Au/Ag ore bodies than anyone had accomplished since the
potential commercial significance of low gradeslarge tonnage Cu
deposits was first recognized in the late 1890’s and confirmed
with substantial cash flows (Ely, Bingham Canyon) about 10 years
later.

To the hard-working, brilliant PhD’s who might hear or read
these words and be nervously comparing their commercial records
with the phenomenal one of this Washington farm boy, the most
important difference, ] believe, was Harold’s strong sense of
practicality. It was inheriteds; but you all can get by as ore
body discoverers with just knowledge (abundant, diverse and
advanced), if you wear out enough pairs of field boots, too.

Harold began, more—-or-less officially, his professional
career when I had a momentary flash of good sense and good luck,
and hired him in 41 as a mine geologist on the Geology Staff of
Con. Coppermines Corp.s Ely District, Nev.

That Geology Dept. -- founded, 3 to & personnel, and headed
by Pennebaker in the ’20°’s and late ’30’s, and strongly supported
by local and N.Y. management -— was rare in the industry, as well
as being of high guality, for a medium-size company in those
years. Pennebaker taught us a great deal —-- but, due to his
freguent long absences, we learned to teach ourselves. That is,
we really had to observe and think for ourselves.

Harold found —-- by careful and thoughtful detailed re-
mapping and re-studying old data —-- back to 1913 -- a 20-mil. T.
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ore body extension -- a large tonnage, then -— between
Kennicott’s Ruth Pit and Coppermines’s Emma Nevada Cave-Mine.
This was his first entry in the ore discovery column.

The word "exploration” was not yet really in the mining
lexicon. That, however; was what we were doing for "Caon. Copper”
~-— traversing intermittently over a fair amount of Nevada and a
bit of California inspecting prospects and small mines for ore
possibilities. This was in addition to a nice variety of tasks
within the £1y (Robinson) District.

Coppermines owned half of this district -—- checkerboard
fashion. We were: 1. mapping progress in 2 cave-mines and 3
small outlying operating hi-grade Cu and Cu/Wo= miness 2.
designing drill exploration programs for small as well as larger
ore bodies, 3. mapping outlying (fringe) Au-Ag-Pb-Z2n-Mn small
mines (mostly dormant but periodically active), 4. correcting
cld erroneous ore reserve estimates (the new ones were made with
reference to, and controlled by, available and impinging
geological data -- a new concept to local engineers), 5. making
estimates of newly discovered ore, and &. extending mapping 10s
of sq. mi. of wild structure surrounding the 10-mi. E-W Ely por.
Cu zone itself. A great place to start a career!

It is notable that while in his early teens Harold helped
run the family’s dairy farm low on the west edge of the Cascades.
During summers he and his father back-packed into the Cascades
where they had a log cabin beside a Pb/Z2n/Ag prospect. With
advice from prospector cronies visiting from the surrounding
mountains, they drove adits and drifts with hand steel -- very
hard work with slow progress. An cccasional few specks of Galena
kept them momentarily expecting the bonanza. Harold told me that
no one in their group really knew what they all were doing or
talking about. But he recalled the fascination he personally had
for drilling just one more round -— risking being fatally trapped
in the mountains by the threatening clouds of the ist snowfall,
It can be said, this was his introduction to what might be termed
the successful explorationist’s principal motivation: The hard
work and real risk are worth the excitement of the anticipation
of successs; let alone exploration success itself.

At the other end -- before the 47-yr. "professional” span —-
while in his 20°’s he worked several years during the big-
depression times on road gangs, and as mucker/miner in numerous
small mines in Calif. and Nev. Wages were $%$2.50 to $4.00/day.

Though never clearly specified, I’m sure his occasional
story about poker games at various mining camps had a bearing on
his being able to accumulate money to attend a college, and later
a university. He described a special concoction vaguely
resembling a Tom Collins with overtanes equivalent to
"supercritical” -- i.e.s hot, high—-pressure water about to flash
into steam. In those days a stronger drink was a better drink.
This appreciably increased his popularity as a host of poker
games. Mostly the players returned to his poker parties for free
strong drinks. 1 suspects much of the money usually ended in
front of Harold at the games’ end.
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Interspacing the episodes of working as an underground
miner, Harold picked up jobs setting up and running small placer
mining systems, and he even worked with a small, early
geophysical group. That news will shock some of ASARCO’S early
geophysicists.

So, the 47-yr. interval is only the professional part. His
connection with mining really spanned an additional dozen years.

The headline-writer of the first notice (12/9) in a local
newspaper was certainly uninformed when he included the word "ex-
geologist". Harold never stopped his geological works. He was
doing some work on a consulting job for ASARCO in their office
1 1/2 days before his demise. Although formally retired in ’78
(at his own request, incidentally)s, he continued on a consulting
basis working about 1/2 time for ASARCO and other companies
during his remaining years.

He never stopped ands as Bill Kurtz mentioned a couple of
days ago, in recent years Harold’s answers to guestions usually
were startling. Somehow he always was "up” on the pertinent
aspects of the mining business in general, as well as on
exploration pretty much world wide.

We were fortunate in that he and Vi joined a table of mutual
good friends at the MCSW Hall of Fame Party and Bangquet on
Saturday evening past. The atmosphere was noisy but Harold ang 1
did have a nice chat about a few exploration projects,
particularly regarding a project that a close friend is running.
The friend happened byj; we cornered himj; and Harold asked the
specific, obscure gquestion which got us the information we
wanted. After all those years it was a great pleasure to me to
right answers. That last talk has assumed considerable
importance to me because he was in good form until his peaceful
demise a few hours later.

Another commentary expressed more-or-—-less similarly by
several the past couple of days has been that, among his peers,
none seem toc have had negative opinions about him. This solid
respect for Harold is indeed rare and complimentary.

Harold disliked sloth, careless work, falsehood, and erratic
thinking. He was good at recognizing mistakes, particularly

mine, but he didn’t derive these notions hurriedly —-— and would
comment only if things seemed serious. His criticisms,
therefore, were valuable to all of us working with him. I often

didn’t agree, particularly in the field, but I won only a
minority of the arguments. I have clear mental imprints of
occasions such as him walking into my Tucson Office -- or a2 mud
hut in the Andes, (same situation) -- carrying a letter or a map
and saying, "What the hell are you trying to do now,; Richard?"
Most often I was the boss, but that was not of concern to Harolds;
so, if he thought I was doing something wrong -- and saigd so -— I
payed attention.

Although his geological exploration work at Leadville
contributed importantly to that long on—-going project, his work
at Silver Bell, beginning late in 1947, was particularly
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significant. Persans from the New York and Salt Lake Offices had
designed a plan for a few interspaced, angled (very wrong)
drillholes to compare with a large number of old churn drillhole
assays in the Oxide area of the 7-mi. long por. Cu. system of
Silver Bell. Although everyone knew the program would carry thru
summer, tents were specified as economical for geologists several
churn drillers, engineers; cooks, etc. The rest of the plan
contained similar mistakes for an exploration camp in the hot
desert.

While the local manager was not paying attention (the access
roads from Tucson were a maze), Courtright: 1. developed a
substantial water supply from a minor seepage; 2: wrote workable
agreements with a couple of contractors who had successfully
3. built a camp comprising 4 Quonsut huts with evaporative
coolers. All of this was adequate for 15 or more men to obtain
accurate drillhole samples and reduce them to pulps, to permit
careful re-surveying and re-mapping of the Oxide and El Tiro ore
zones and large portions parts of the remaining mineralized zone
and to planm a continuing drill program. This work was the basis
for the Oxide mine preparation and 7300-T. mill construction.
Production began in 1954 at a capital cost of %21 Mil. -- at that
time, surprisingly, it was the largest single authorization ever
made by ASARCO. New York was gquite worrieds, but they were
anxious to get into the Cu business. The market was favorable,
ana the cash flow returned the $21. Mil. in about a vyear!
(Thereupons New York ASARCO personnel collectively became experts
in por. Cu. enterprise financing.)

If the basic sampling job had been done with all personnel
working and sleeping in tents in summer at Silver Bell, and the
comparison testing had been done by angled diamond drillholes, I
doubt if Silver Bell would ever have evolved successfully.
Harold’s guiet setting up of decent (about %$40,000 above planned
cost) exploration facilities insured accurate samples (the basic
data); and to a degree, he made the mine go, probably at the risk
of his job.

In mid 1948 I had mapped the Silver Bell El Tiro area
leached capping, outlined the possible area of chalcocite ore and
spotted a number of drillhole locations. During that time the
assay results of the first couple of Quellaveco drillholes were
at hand and were poor. I was warried. Later that year I made my
second trip to Ruellaveco in the high mountainous desert of S.
Peru. By then the drillheole results there were better and so was
my nervous system. (The prior year 1 had recommended and
specified a substantial and -- in that enviraonment -- expensive
drilling program.)

What with a continuing improvement in Quellaveco drilling
results, and the favorable outcome of the Toguepala lawsuit,
instead of being fired or otherwise down-graded because the first
15 or 20 Ruellaveco drillholes were much lower in value than I°d
predicted, I was told in early 49 to do a mapping job and
recommend drilling, or whatever, at Toquepala. And -—- yes -- I
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he was supervising at Silver Bell was now moved to the El Tiro
area and was not completed. 1 had already made (in 1947) a
forbidden, fast one-day traverse of Toguepala, and I knew the
geoclogy would be difficult to decipher. So -- I was much
relieved that Harold’s participation would tend to prevent any
near—-disaster such as my over—enthusiasm almost caused at
RQuellaveco.

Aside from plain hard work for 7 months and the difficulties
of mapping geological features, many of which we had never seen
or heard of before, and only gradually had begun to understand
and agree upon, there were so many unusual aspects of the job
that I can really describe very little here. The details,; not
the ocoutlines make the story —-- there isn’t time --.

For one things; I could never have properly done the job by
myself or by working with anyone except Harold. His insistence
on both of us returning time after time to certain small areas of
coutcrops of uncertain interpretations, resulted,; eventually, in
several significant conclusions. Without these concordances, the
on-going and subsequent Toguepala drilling program could have
lost a wheel.

The final report and maps were good, due largely to Harold’s
patience ang persistance that we agree and be as nearly correct
as we could manage.

Though there were many, gne episode is memorable: We had
been working day and night for 3 months; we had footprints all
over about S0 sqguare kilometers; and we had not really put much
of anything together with certainty. New York didn’t know this.
({lLack of communication with headguarters sometimes can be a many
splendered thing.) So, they had decided, somehows; that we would
be finished in three months; and drills and drillers began to
arrive then. Because we were uncertain where, or if, a lot of
holes should be drilled, we had built only one short drill road.
(Using trails 9 years earlier, Cerro had drilled over 30 diamond

drill holes in a cluster -- almost all were hi-grade -- all
averaged more than 1.3% Cu -- the Chalcocite was 400’ thick and
avg. 2.0% Cu -- with the best hole averaging something like 490’

® 5.0% Cu.) We had to start drilling. Despite having all of
Cerro’s drillhole information, we spotted the first 2 holes in
waste -- right in the middle of 400 mil. T. of ore! It was
practically impossible to do such a thing —- but we managed.

Before any of the chiefs learned what we had done, and
before anyone could get there from New York, we had gotten our
act fairly well together and had several holes in ore. The two
waste holes were mostly unnoticed.

Begimning somewhere along in there we were moved,
unnmoticeably, onto the "up" escalator by ASARCO Chiefs.

{Those organization escalators are wobbly. I nearly toppled
a few times in the ’50s and early ’60s in situations when Harold
didn’t happen to be involved and would have asked,; "What in the
hell -- etc. -- Richard”, and get me off my tangent.)

The Mission project was so complex that about all 1 can
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remember is trouble. Someone said he heard Harold answer a
question by a geologist of the competition: Something as to what
parameters had we set which resulted in the Mission ore body
discovery. Harolds reply was, "1. it had to be close to Tucsonj
2. but not too close to be complicated by real estate
developments; 3. not too far out so as to be a bothersome drive
from the Tucson Exploration Office; 4. within 4 mi. of a major
power line and highway;i; and S. an assured water supply had to be
within 3 mi. Then we start to drill."

It certainly wasn’t as simple as that, but the foregoing
before, the fact. That is, the ore body was gradually discovered
and, during that procedure the actual existence of Harold’s
parameters were noticed, casually. To a certain extent that is a
good technique. {Just put up the single ideas; "ore body —-- any
kind" as a parameter [unlimitedl, and begin an exploration
program). Many good "ore" bodies doubtless remain undiscovered
because they are just outside of the sets of parameters
mistakenly, but commonly, put together by many as the proper
"step one" for any exploration program.

To continue with Mission: after Harold’s original
recognition, described below, we started drilling thru a sand
pile 200’ thick. Fifteen shallow holes spaced at 2000’ were
drilled into bedrock a few feet. All bedrock core was found to
be altered and mineralized -- mostly leached, but some shallow
sulphides, and a few assays of mixed ox./sul. about .1 to .2% Cu
were obtained. The 1&6th hole had a column of ore—grade cpy. —-—
about 100’ avg. 1.5 Cu. Although we now had a known large por.
Cu-type alt. zone which probably contained an ore body somewhere,
we still didn’t know just where it was. We continued to stumble
around, and after about hole 50, results began to geem like we
were into an ore body —- very tantalizing; so —- we just kept
moving drill rigs around in the sand pile -— and the Missicn ore
body emerged from the mist of numbers and ideas.

Harcld started all the foregoing which evolved into the
Missiony, S. and N. San Xavier etc. ore bodies:

United Geophysical, then owned by Herbert Hoover, Jr. and
Henry Mudd (grandson of the famous "Seeley” M., who drillea all
those 150-odd churn drillholes the length of the Silver Bell
Dist. in the early "teens" of this century —-- a real
"explorationists” of his time), with Robert Thurmond and Walter
Heinricks, proteges of Art Brant of Newmont, supplying the
techrical theories and field techniques, had made a legitimate
magnetic geophysical discovery under the 200’ sandpile at its
western edge: a few drillholes cut a bed of
magnetite/chalcopyrite 10 to 20’ thick dipping S. about 50% and
assaying 4.% Cu. The vertical Pima Shaft was sunk 630’ in the
footwall of the ore bed —-- levels about 220°, 400’, and 600’, and
drifts along the ore bed for about 600° - 800°.

Harold got into these workings, accompanying several ASARCO
and Pime supervisory persannel (faormerly United) in early ’33.

On the 400 level (below any oxidation or enrichment effects) he
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noticed a crosscut due S. into the hangingwall of the E-W. ore
bed. With the customary stealth we all use in such situations he
quietly disappeared into that crosscut for some 200°. Beginning
at the ore bed hangingwall he was in garnetized limestone
carrying dicsseminated chalcopyrites, and within a few fest he was
it rock (later identified as arkoes and ether clastic sedimentsl,
311 =trongly altered to fTine-grainea quartz/sericite ("phillic
it yat invented) and mineralized with disseminated py. and cpy.
As he walked and chipped the wall the length of that crosscut,
several chips happened to fall into the pocket of his field coat
and from there, unnoticed, eventually into ARASCO’s assay lab.
These chip assays ranged .5 to 1.0% Cu. -- and that’s when things
began happening.

We knews as a result of work in Ely, Silver Bell Toquepala
and other por. cu, districts that much so-called por. Cu are
occurred in sediments and many rocks other than porphyry, a
simple fact overlooked, then, by most others in the exploration
business. Even before the chip assays were in hand, Harold knew
that crosscut was in lo-grade "por. Cu” ore-grade rock. Pima’s
technicians hadn’t sampled the crosscut, not had they assayed any
samples from the many nearby vertical "rotary” drillholes as they
cut through altered rock on the way to the "ore"” bed which they
core-sampled. Pima’s technicians flat-out missed the
disseminated chalcopyrite in the altered sedimentsi they had no
idea they were drilling through a por. Cu-type ore bpdy! They
had only a half dozen claims covering the sub-outcrop of their
ore bed. For many square miles E., SE., & N. the region was
alluvium=-covered,y and mastly unclaimed.

An exception: a half mi. E. of their Pima shaft a low hill
about 400 in oval length comprised the leached,
altered/mineralized quartz-sericite clastics rocks like the S.
cross—-cut of Harold’s original sample fragments. Sparse specks
of limonites—after-Cu-~sulfides indicated that lo-ore or sub-ore-
grade rock of por. Cu type persisted as least that far from the
Pima shaft. An old 50” adit had been driven into that hill where
a small patch having a faint glaze of green Cu silicate, the
prospectors’ and many others’ mistaken guide to Cu ore, could be
seen. At least, the early prospector’s adit represented some
recognition of ore possibilities., Pima people {(originally
"United”, then Pima, later ”Cypr#sﬁ“ and now, fTinally ASARCO)
ignored the mineralized outcrops by eventually covering the east
end of the hill with the head-end of their mill.

{1 recall the dump from that prospector’s
adit, particularly, because as Harold walked
off the shallow edge he stepped on a rattle
snake. Poor snake! Those famous custom
made, thick—-soled size 14 1/2 Washington
loggers boots.)

With the permission of Pima’s local manager we promptly
staked about 3 square miles of claims and bought a few illegally
staked prospectors’ claims. For this, as we learned later, the
Pima mgr. quietly spread the false idea, after we had drilled the
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Mission ore bodys that we were grossly unethical for staking all
those claims. He never admitted to any of his local staff or to
his hhad office in L.A. that he had given us permission to locate
those claims, (Actually, if left to our own devices, Harold anag
I would not have bothered talking to the Pima mgr., but ASARCO
N.Y. insisted.)

He (and his company) deserved to lose several 100 Mil, T. of
orey which is just what happened toc them.

The story goes on and on, and it became even more
frustrating at times -—- but 1’11 stop here, and remind you that
it was Harold’s sneaky way of sampling that crosscut that caused
the discovery and development of all those huge, "eyesore” mines
and dumps 8. of Tucson —- near a main highway —-— power —— a
railroad -- etc.s 8tc. —— and which, to date. have enviched the
world’s supply by several ¢ Billion worth of Cu/Mo/Au/Ag.

While carrying on the Mission program of drilling through
the 200’ sandpile, guided by frequent visits from various
soothsayers and prophets for inspiration (their receipts did look
funny on our expense accounts) and with the drillhole assays
looking more and more like we had an ore bodys we incautiously
leapfrogged a long jump with a drillrig northward to a willy-
nilly location within a few feet of the south, E-W-trending
border of the San Xavier Indian Reservation. Naturally, that
drillhole cut a nice long coclumn of good ocre. (Full credit for
that one goes to the gypsy with the marked deck of Tarot Cards.)

Somewhat prior to then Harold and I had seen a small hill in
the middle of several 100 sdquare miles alluvium on the
Reservation on various flights. (We were aggressively looking
(by small plane, by jeep and by foot) for alteration zones of
disseminated leached sulfide type) by traversing the SW. from ’53
on ——.) The small hill seen on the Reservation didn’t appear
altered (the flights were too high)j; so, we put it in the "we’ll
look at in on the ground -- sometime” category. After drilling
that ore hole just 5. off the Reservation, Harold found the hill
by much criss-cross hiking —-- the somewhat thick desert brush and
flat terrain hid the hill until he practically tripped over it.
The hill comprised clastic rocks altered/mineralized to guartz-
sericite~-clays (just like the important-clue, ore—guide hill E.
of the Pima sh. —— except this newly—-found hill additionally was
cut by a dike of "typical" porphyry -- all formations contained
sparse dissem. specks and veinlets of limonite-after-chalcocitel!l)
Because the hill showed no trace of green Cu-stain,; it had no
evidence of ever having been chipped or sampled, even tho it was
only a couple 100 yards from an Indian cattle "tank"” reached by
an obscure road. The outcrop limonites indicated only sub-ore-
grade pre-leach rock, the hill was certainly a very hot por. Cu
prospect about 2 1/2 miles N.N.W. from the good border drillhole
at Mission. Also, Harold found a small outcrop of a postmineral
conglomerate containing boulders of leached, alt./min. porphyry
covered by an expanse of sand and gravel some 200’ thick, and the
exploration odds were very favorable ("sugar plums dancing ...")
for the occurrence of one or more buried ore bodies on the
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Reservation.

Of course we quickly began investigating the matter of
cbtaining some kind of exploration mineral rights on the
Reservation. It was soon evident that npo one, including ASARCO’s
mining lawyers and the U.S. Bur. Indian Affairs, local (Sells)
and national, knew how to go about obtaining (or granting) these
rights.

What with as many as a half dozen diamond drill rigs
clustered so close to Tucson and just N. of the Pima mine (by
then a relatively small open pit mine and mill were being
designed there), the exploration competition (mostly newcomers --

but both old and new companies) were buzzing around our drilling

operations in small planes daily. It would have been no problem,
just with an occasional batch of snapshots, to guess what we were
finding with the drillholes.

As were trying to get commitment from the Bureau of Ind.
Affairs, et al., many of our explor. competitor companies were
beginning to follow our tortucus traverse through the same
bureaucratic tangle. Finally, it was decided by someone in the
Iind. Bureau with more authority than knowledge, that, because so
much interest had evolved (the Bur. told us they had had several
dozen separate inguiries) from the mining industry, the 30 square
miles we had first indicated several months earlier to be of
interest to ASARCO for exploration would be put up for auction
soon, with a leases 10% royalty, etc., etc., for the high bid.

Instead of "soon” the deadline date for receiving bids
eventually was set for several more months ahead. Our Mission
drilling was continuing, with obvious success to any exploration
group paying any attention. So, as the time before decision on
the "amount"” to bid hecame protracted, the greater became our
(local) anxiety about the competition; and, concomitantly, the
"amount®” we thought would be needed to win grew exponentially.

We got wind that the N.Y. ASARCO Chiefs (Mining Dept.) were
thinking in terms ranging within 20,000 and $250,000. They had
never before been confronted with an auction situation, and they
really didn’t appreciate our opinion that the alt./min. small
hill represented excellent odds that an ore body was buried
nearby. This was serious. We had learned that the real
excitement in the exploration business was in assuming
responsibility for big exploration risks (not in the sense of
poor odds, but in big payoffs). Sos without being invited, we
volunteered that a bid of $3/4 Mil. should be made. ASARCO’s
Chairman decided that, because Harold and I were closest to the
problem, he would back us by making it an even 1. Mil. -- and
insofar as the low-bid N.Y. crowd was concerned, that ridiculous
bid was our fault!

The day of the bid-opening at the Sells Agency there was
guite a bunch of exploration companies amply represented. We
were indeed dismayed, however, to note that when the dust had
settled -- only =-- 3 -- bids -- including ASARCO’s -- were on the
table! Gov’t officials fooled around awhile, obviously expecting
more action. (I was about to throw up.) They finally opened one
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bid -~ it was for $10,000! Harold and I almost died. The second
bid was from a small company with no money -- but they’d found an
angel. Their bid was $34&5,000. -- and we began to breath again
though I’ve since wondered if oxygen shortage may have damaged
some brain cells. That poker bet by the small company was large
enough to make ASARCO’s $1 Mil. gamble legitimate.

After that nerve-rending episodes many legal hurdles still
had to be jumped. But once we were able to drill, we didn’t
stumble arcund very long before the drills were penetrating 2 ore
bodiess one just inside the S. boundary of the Reserv. and the

other near the small hill. Although, of courses I’m not privy to
exact numbers, I think something around 200 Mil. T. of ore
{partly mined) has been found on the Reservation -- to date. Not

bad for a small {(immenses at that time in the mining industry)
bet of $1. Mil. Again success was due to Harold’s persistence in
finding the alt./min. hill & the conglomerate.

There is so much that I would like to say about Harold’s
professional pride and accomplishments —— but there isn’t time
here. So much must be left out. In that circumstance, 1’11 tend
to omit the mistakes and touch the modest failures lightly.

Posten Butte, found by John Kinnison near Florence, is one
project 1’11 describe only briefly. It was technically beautiful
-- only a few square feet of typical (but weak) por. Cu alt./min.
outcrop remained uncovered at an alluvium/post-mineral volcanic
contact. 1’11 never forget standing on that spot with Harold and
some N.Y. Office mining engineer-type mgrs. and a V.P. and
pointing out across the flat alluvium plain (it extends for miles
in all directions) to a drilling rig, 3/4 miles distant in the
middle of an 8B0-acre cotton patch, pulling out core running 1.3%
Cu as chalcopyrite in alt. por. That was fun!

However,; although 25 drillholes indicated an alt./min., Cu-
bearing zone some 2 1/R square miles in areas the values were
inconsistent from hole to hole. 1t is very difficult to decide
to stop a project -—- they develop a certain momentum. We
decided, howevers; to walk away from it.

(Some years later under better economic
conditions, Harold sent men up to see about
re—acquiring the properties and claims we had
earlier dropped. The action was a week too
late. Another explor. company had acquired
the best half. ASARCO took the remainder and
drilled a few more holess; with inconclusive
results as I’ve heard, and eventually dropped
it again. It could be guessed that including
both episodes, ASARCO was out, say %1/2 Mil.
The other company, though, really couldn’t
stop. Many deep drillholes, a shaft and
underground comparison sampling, a pilot mill

(mocdest?) —-— an unfounded but reasonable
rumor of a total cost of some $15 to %R0
Mil.! This should have given them some

practice in learning when to stop.)
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Sacaton was ancther discovery of an alt./min. granite and
por. hill, about 200° by 300’ oblong, surrounded by hundreds of
square miles of sand and gravels ranging within depths of a few
feet to hundreds. It was about & mi. NW. of Casa Grande. Again,
lacking green copper-stain the small hill showed no evidence of
any chipping or digging by prospectors or geoclogists —-- but it
carried sparse amounts of limonites-after-Cu-sulfides. This hill
was different, however, because Kinnison predicted its position
before he found it.

During the latter ’50s a mostly erroneous theory that por.
Cu ore districts occurred at major fault intersections gained
such false credence as to become a fad. Large numbers of
devotees,; many of whom should have known better, were criss-
crossing Arizona, N. Mexico and N. Sonora with (mostly) straight
lines, and talking about drilling the intersections all over the
place. The basically weak part of the theory was that major
faults were the key: but, for heavens sake, most of the faults
used for these lines, or ”"lineaments", were post—-mineral.

Before accepting work with us Kinnison had made a
"lineament” map of a portion of Arizona as an exercise for one of
his graduate seminars at the UA. After working with us for
awhile, he showed us the revised sketch with emphasis (supplied
partially, I think, by casual opinion by Harold and me) more on
"aligned" (a) known alt. zones, (b) porphyries and other
similar intrusives (all small), and (c) known por. Cu districts.
As I recall his lineaments were bands rather than the mistaken
structural "planes"” used by most hobbyists of this fad; thus, his
analysis had validity. He favored an area of intersecting bands
NW. of Casa Grande. He left the next morning, expecting to
"geput” the area for several days. Within a few hours the next
day he called describing another alt./min. hill he found -- right
in the center of the intersecting bands of his sketch.

Nearly 30 years later, after one small open pit ore body has
been mined out and 3 deeper ore bodies have been drilled, it is
recognized which could have had any structural control on the
lateral position onof this major, buried por. Cu system.

Harold’s next contribution (besides comments which aided
Kinnison) to that project was crucial: ASARCo’s Chairman decided
the company was suddenly too poor to gamble. A good many lines
of several geophysical systems had been run over a large area,
but the only anomaly was a small IP. kick around the alt./min.
hill. We had recommended diamond drillholes to test this anomaly
"as a beginning"”. The chairman told me emphatically that unless
we found something good, &6 holes was all we should get to drill.

After S5 drillholes in the anomaly around the hill, each
showing only a few feet of sub ore-grade chalcocite-bearing rock,
and nothing offering immediate encouragement, the location of the
last hole was indeed critical. We knew at least another dozen
wildcat holes was warranted; but the chairman didn’t, and no one
else in N.Y. was helping our cause. Harold and I agreed we
should move outside the anomaly with this last drillhole. I
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wanted it several hundred feed ENE. along the projection of the
oval trend of the anomaly: Harold, N. of the anomaly. As so
often the case,; Harold’s logic prevailed; and cur last-allowed
wildcat drillhole cut a nice column of chalcocite/chalcopyrite
ore in por.s, the first drillhole in the 50. Mil. T. Sacaton open
pit ore boedy. At least 3 other underground "are"” bodies, now
sub—-commercial but eventually to be mined, are known. So.s its a
ma jor district -—- that small hill was the tip of a huge ice berg.
And, if Harold’s location for the final drillhole had not
prevailed, it all would still be unknown.

During a good portion of the times we worked together 1 was
the boss. In terms of the decision-making process that situation
didn’t concern Harold very muchj nor, for that matter, neither
did I pay any particular attention as to who geﬁcredit for which

mistakes, or what. Others within the company to whom it was of
some importance, for whatever reasons, knew pretty well, it
seemed to mes who had done what. All in-the-field recognition of

certain important geolegical conditions which lead to
discoveries, or near misses, Or whatever were made by Harold,; or
by other geologists who were using observational or other
technigues taught them by Harold and/or me. My contribution was
quickly to look eover these discoveries, usually with Harold, and
if we both approved, to telephones to write letters and reports
giving proper credit to who recognized what —-- all of which was
done to get as much exploration money authorized as we thought we
could get by with. Briefly, as the boss my contribution was my
neck {and I particularly enjoyed that part actually -- it made
the whole game more fun). What with these reports and suchs my
name usually became so closely identified with the early phases
of a project that, if it became a real discoverys; I was often
mistakenly credited as "the" discoverer. At the time of any
particular instances I usually was unaware this was happenings
and did not realize that such was the case until maybe years
later.

Beginning about ’S0 when real systematic exploration by
groups of explorationists evolved, and continued to the present,
hardly anything was discovered (in the true sense of quick
recognition of key geological features) during the past 4 decades
by any individuals all by themselves. (Lowell’s Kalamazoo was an
exception.)

1 was aware, and tried to correct things when I could, that
outside of ASARCO, but locally, I was getting undue "discovery"
credits. It wasn’t until I resigned from ASARCO and undertook
foreign consulting out of Tucsen that I gradually realized (both
friends and casual acguaintances talked more freelys what with
the ASARCO severance) that the mistaken idea that I had done most
of the "discovering" was rather pervasive through the industry.
Though fine and dandy for my consultant reputation, this
situation generated some personal guilt because (a) Harald and/or
our field geoclogist had made most of the critical basic, original
field interpretationss and (b) Harold had argued sufficiently to
prevent me from making a good many serious exploration mistakes.
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I had been given an undue amount of credit for discoveries. Yet,
there was little I could do to put things right except, when the
sub ject might by happenstance come up in stray conversations, I
would try to explain who actually had done what. These efforts
didn’t accomplish much because I could usually discern that the
audience, whaoever, was wondering why I was undertaking such an
uncharacteristic display of modesty.

Anyways in my opinion Harold’s persistent exertion of
pressure on me to keep things more practical and sensible made me

somewhat famous as an ore body finder. It seems pretty well
understood that we were jointly involved in a number of
exploration projects which turned out well. Though we both get

credit, a goodly portion of the credit given me should have
devolved upon Harold.
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J.H. Courtright Desk File - Item 1 on list

Retainer
- Consulting Services lInvoices JHC 1977 thru 1986
- Ltr to JHC from TCO 12/1/77 “'Retainer' and renewal letters from TCO 5/11/79
& 5/2/80, and from RLB 5/14/81, 5/12/82, L/22/83 & 5/21/84.
- Ltrs re L.P. Entwistle '‘Retainer'" 1975
- Ltr to FTG from TCO 12/8/77 ‘Harold Courtright"
- Ltr to TCO from JHC 4/22/77 re Post-retirement
- Ltr to TCO from JHC 11/15/77 on his background
- Asarco News release on JHC retirement
Beeder, John
- Failure of Mining Operations Causes and Costs by John Beeder, date stamped
by JHC 9/2/80

R.L. Brown
- Asarco News release - election to VP 4/26/82
- Article, Note
- Ltr to RB Sprague from RLB 3/17/76 re Saudi Arabia
- Report "Copper Supplies Into the Next Century' by Richard L. Brown and
James H. Courtright 12/22/80
CADWELL, D.P.
- Notes
Collins, J.J.
- Ltrs re JJ Collins retirement 1975
Eimon, P.1I.
- Paper by Pl Eimon, May 1981 "Exploration for Epithermal Gold and Silver
Deposits: The Epithermal Model"
- Ltr to WLK from Pl Eimon 9/18/81 re field visit
- Notice from Commonwealth International - Pl Eimon, Pres.
Dickerson, Ben - Management
- Report by Ben F. Dickerson ''"Random Observations on the Facts of Mining Life''8/2/8
- Management Lessons - '"And we learned about Exploration Management from That"
by Ben F. Dickerson !lI
Gilmour, Paul
- Memos re visit to Silver Bell 1983
Graybeal
- Article of FTG
- Memo from FTG 1/30/81 "Paper on Disseminated Silver Deposits"
Robt. D. Hoffman
- "Diary of Robert D. Hoffman, the Rouyn Rush, Dec. 8, 1922 - to Jan. 11, 1923,
The Spring of 1923, How | tied up with Quinny Shaw'!
Jenny, C. Phillip
- Speach - date stamped by JHC 3/30/77
W.R. Landwehr
- Notes, Articles
- Booklet - '"Belts of Major Mineralization in Western United States' reprint 1967
- Booklet '""The Genesis and Distribution of Major Mineralization in Western
United States" reprint Dec. 1968
- Mining Journal article Jan. 1942 by W.R. Landwehr "Geological Factors in
Recent Ore Discoveries'
- Ltr to Dr. Edwin B. Eckel, Sec, GSA, ''Re Memorial to W.R. Landwehr" 2/11/72 w/att
T.C. Osborne
- Asarco News Release on TCO - VP Expl. 5/12/78
- Ltr to WLK from TCO 7/1/76 '"File Information"



J.H. Courtright Desk File - ltem 1 on List 2.

Pennebaker, E.N.
- Reprint August 1973 by EN Pennebaker ''Geologic Factos in Metal Mining
Mergers and Unitizations'
Richard, K.R.
- Various articles by K. Richard
- Reprint July 1956 '"Geologist-Metallurgist Cooperation in Porphyry
Copper Exploration'' by KR
Smi th, Doug M.
- Ltr to JHC from DMS 5/17/78
Sprague, R.B.
-"Proposal for a prospecting program in Europe, concentrating on Spain &
Portugal. Resume of experience attached' by R.B. Sprague, date stamped JHC 12/3/8
Strauss, Simon
-"'"Metals 1980" lecture AIME Tucson

AMAX-ANAMAX
- Articles & notes
Anaconda
- Articles, Shareholder's letter 9/15/76
ASARCO #1
- Articles, Asarco News releases
- Memo to JJ Colling from JHC ''Estimated Life ASARCO Properties'' 2/14/75
- Ltr to WS Paley from CF Barber ''CBS Reports documentary: ''The American
Way of Cancer' 11/14/75
- ASARCO Policy Statement from TCO 9/27/76 on Political contributions
- YReport of 1976 Activities' Asarco PAC
ASARCO #2
- File - Stockholder info, Stock Broker Rpts. and talk by Charles F. Barber
at NY Society of Security Analysts 6/16/72
ASARCO Properties Estimated Life
{Empty folder)
Callahan Mining Corp
- Copy of Airline ticket & hotel statement
Chevron, Exxon, Union, Crane
- Memo by JHC 12/17/76 '"Chevron'
- Memo to RLB from JHC 4/20/77 '‘Crane, Exxon, Chevron, Union 0il"
- Memo to JHC from FTG 4/19/77 Re C.F.& |.
- Memo to JHC from G.W. Pickard 4/18/77 '"Review of Annual Reports Crane, Exxon
(N.J.Std & Humble 0il)
Cont. Materials
- Article
- Continental Materials Corp. 1974 Annual Report
Earth Resources Co.
- E.F. Hutton Update of Earth Resources
Freeport
- Article
Homestake (Napa Co., Calif.)
- Article
Kennecott
- Articles
Newmont
- Articles
Phelps Dodge
- Articles, Prospectus, Bond issue
Placer Development
- Article



J.H. Courtright Desk File - ltem 1 on List 3.

AIME
- Forms, etc.
AIME Ariz. Meeting - Dec. 76
- Memo to JHC from RLB 3/L4/77
- Memo by JHC 12/27/76 - AIME Arizona Mtg. Dec. 6, 1976 w/atts.
Arizona Geological Society
- Notes
- File 1958 to 1976
AGS Field Trip - November 1977
- YA Field Guide to Certain Massive Sulphide Occurrences in the Precambrian
of Central Arizona'' AGS Field Trip 11/19/77
AGS Symposium - 1376 - Mar.
- Notes
- Y"Thirty-Year Evolution of Porphyry Copper Exploration in Southwest USA - Part |-
Techniques and Philosophies' by Kenyon Richard, AGS Seminar, April 1976
- "Case Histories of Discoveries'" by J.David Lowell, date stamped JHC 3/22/76
Accounting - Expl.
- Accounting lInstructions Circular Letter 10-76 'Mines'' from Robert Richter 12/1/76
Administration
- Organizational memos 1969-1977
Age Dating
- Articles
- lsochron/West - No. 17 Dec. 1976
- Ltr to Paul E. Damon from JHC 2/7/64 "lsotopic Dating of Arizona Ore Deposition
by Richard L. Mauger and Paul E Damon.
Air Schedules
- Air ltineraries
Analytical Labs
- Brochures & Price Lists
Arizona Cu Mines - Reserves & Prod.
- Tables 1981 & 1982
Arizona State Board Tech. Registration
- Forms, memos, certificate, etc.
Arsenic
- Article
Arizona Active Mines & Exploration Companies w/offices in Sou. Arizona
- Directories & Corresp. 1956-1977
Awards
- Memo to Guy McBride from JHC 2/13/75 ''Spencer R. Titley"
- Ltr to JJ Collins from James S. Hastings 5/21/74 re Distinguished Achievement
Metal from Colorado School of Mines.

Asbestos
- Articles & Memos
Assaying - in hole

- Memo from JJ Collins 3/6/75 '"In-hole Assaying'
- Memo from CK Moss 4/25/75 re in-hole assaying

Barite
- Article
Bauxite
- YBauxitization in the Pocos de Caldas District, Brizil' by Benjamin N. Webber
Aug 1959

- "Beryllium'' by Burton J. Devere 9/1/78 'Beryllium"
"Black Smokers' NW Pacific
- Memo to JDS from FRK 1/9/85 “'AGS Task, Sulfide Deposits on Oceanic
Spreading Centers."
Block-Cave Outcome
- Ltr to JJ Collins from WLK 6/9/72 'Block-Cave Qutcome'



J.H. Courtright Desk File - Item 1 on List L,

Breccia Pipes
- Mineralized Volcanic Explosion Pipes by R.T. Walker 1928
- Notes on '"Diatremes and Certain Ore-bearing Pipes'' by W.H. Emmons, May 1938
- Memo to JDS from FRK 2/22/83 '"Cornflake Breccias-Exploration Potential,
Treasure Hill (SE/4 Sec. 6, T11S,R2W) Tintic (South) District, Juab Co., Utah'
- Y"Process of Formation of Mineralized Breccia Pipes'' by Kenyon Richard
- Report '"The Original and Significance of Breccia Pipes' Henry T. Eyrich, 1/5/71
- YShock Brecciation, An Unrecognized Mechanism for Breccia Formation in the
Porphyry Environment?'' by Colin |. Godwin, 1972
- "Intrusive Breccias, Fluidization and Ore Magmas'' by Donald G. Bryant from
1974 Mining Yearbook
Case Histories - Ore Discoveries
- Ltr to Victor F. Hollister from RLB 5/6/83 re draft Norman Kesten's paper on
Galena Mine
- Ltr to RLB from V.F.Hollister 5/3/83 re AIME volume
- gy oo " 6/9/83 Re Sacaton Arizona
- Memo to FTG from DMS 4/6/83 ''SME Ore Deposit Discovery Book"
Catalytic Converters
- Article
Caulderas - Collapse Breccia
- YCaldera-collapse breccias in the western San Juan Mountains, Colorado'' by
Peter W. Lipman 1976
Ceramics
- Article
Chromite .
- "Chromite' by JHC 4/5/72 (Listing)
Columbuim
- Note on St. Laurence Columbium & Metals Co.
Company Policy
- "Policy Statement Conflicts of Interest' 8/26/75 from JJ Colling
- '"Obligation of a Corporation and lts Directors, Officers and other Employees
with respect to Confidential Information concerning the Corporation' May 27, 1965
Competitive Activity
- AIME - Atlanta - 1977 by FTG
Consultants
- Business Cards, Resume's, Price Lists, Memos on Consultants
Copper ~ C.F. Barber
- "More About Copper - Reflections on Fundamentals in the Interdependent World
of the 1980's"
Copper Data - Am. Bureau Metal Statistics
- Statistics on World Copper
Copper
-~ File Memo JHC 11/1/8L4 '“Copper"
~ Remarks by TCO 7/26/84 'Asarco's Cost of Mining Copper"
- Articles, Notes, Calculations
- Remark by Charles F. Barber 12/8/83 '"Economics of Copper in the Mid-80's,
A Role for the Multilateral Financial Institutions."
Copper Metallurgy
- Articles
- Annual Research Meeting, October 4, 1973, Agenda
Copper Outlook - North America
- Memo for JJ Collins 8/25/72 from JHC''Copper Outlook-North America'
- ""Copper Production of Large Arizona Copper Mines' Years 1970 and 1971
-"Recent New Canadian Open Pits'' date stamp JHC 11/21/73
-"Capital Costs per Ton & Per Lb Recoverable Cu'' date stamp JHC 11/21/73
-"Capital Investment-$ Per Annual Ton of Copper Production-Open Pit' date
stamp JHC 1/9/73
- "Hypothetical Estimation of Deep Block Caving Income'
- "Hypothetical Deep Block Cave Cash Flow After Tax"



J.H. Courtright Desk File - ftem 1 on List 5.

Costs of Production - Metals
- Notes, calculations
- Ltr. to JJ Collins from LP Entwistle 9/5/75 ""Open Pit Gold Mines, Getchell Mine"
- Memo from CF Barber 8/5/75 '"Re: Cost to Market Copper"
- File Memo from RL Henneback 3/4/74 re Construction Cost & British Columbia Rovalt
- Memo to CF Barber from JJ Colling 7/10/75 re Ore Targets
Construction Costs - Capital
- From WT Sweat 12/28/82 “Engineering News-Record, Construction/Building Index
- Engineering News Record, Construction Index, Building Index - received stamp
by AJ Kroah 5/26/76
- Scehdule Feb. 79 - Companies & Capital
Copper Prod. Forecasts
- Articles, Notes
- File Memo from JHC 2/16/79 '"World demand for Raw Materials in 1985 and 2000
by Wilfred Malenbaum"
- Possible Lead-Zinc Producers, Ranked in Decreasing Order of Credibility
- Draft 1/23/78 by JHC '"Copper Deposits with Production Potential of 75,000 TPY
or more'
- C.F. Barber's talk to Copper Club 2/7/78 ''On the Economics of New Supplies
of Copper"
- Tables on '"Proven Copper Reserves in Arizona'
Correspondence Misc.
- 2 Letters from Gill Montgomery May 1982 re consulting work
Costs - Smelting
- Treatment Cost 1-17-79 AJK
Cyanide :
- Memo from TD Henderson 2/14/74 '"Destruction of Cyanide in Plant Effluents
Desert Varnish
- News Notes - California Geology - March 1978
Desert Survival
- Article
Diamonds
- Article
- Note April 1978 by JHC "Diamonds"
Discovery Rates - U.S.A.
- Article - Jan. 1977
Drill Core Sizes
- Notes
Drill Equip.
- Articles
- Memo to JHC from JR Wojcik 4/2/65 ''Summary-Waterloo Hammerdrilling"
- Memo to FTG from SR Davis 7/14/78 ''Cost Summary 1977-78 Assessment Drilling-
Hardshell Project'
- Ltr. to N. Whaley from Venture Drilling Co. 3/3/78
- Memo to JHC from SE Zelenkov 3/13/68 ''Drilling Problem in Australia"
- Ltr to FTG from WLK 2/1/77 - ''Dyna-Drill*
- Memo for Steve Von Fay from JHC 2/3/75 "Summitville, Colorado, Drilling
and Sampling'!
Drill Contracts
- Request for Bid Form - Mission Unit Diamond Core Drilling
- Contract between ASARCO-MEX & Boyles Bros {unsigned)
- Supplemental Agreement 3/20/64 between Boyles Bros & Asarco
- Memo to AF Goldsworthy from AK Guard (JHC date stamp 6/5/69) re: Silver Bell
Job No. 6-225 and Michiquillay Job No. 61-1
- Ltr to RF Durfee, Boyles Bros, from CP Pollock 2/21/63 re Michiquillay drill prog
- Whatley Drilling Co. PO T-6565, 6/1/67
- Memo to JHC from Charles W. Haynes (no date) ''The Use of Drilling Mud and
Additives at Silver Bell"



J.H. Courtright Desk File - Item 1 on List 6.

Drill Logs
-~ Memo to WLK from FTG 1/3/73 "Use of a Form for Quantitative Geologic Logging'
- Forms - Drill Log.
Drilling Methods - (red folder) Attachment B
- Ingersoll-Rand brochure
- Photos
- Report to AE Ring from JHC 2/3/49 ''Churn Drilling and Sampling, Silver
Bell, Arizona'
- Memo to RLB from JHC 11/11/77 "'Santa Maria Tin, Sapain'
Memo FTG to NP Whaley 8/23/77 ''"Hardshell Project, Santa Cruz Co., AZ,
Assessment Drilling 1976-77
Ltr. to JF Lord from JR Wojcik 8/25/69 'Con Core Drill Test"
Ltr. to JHC from O.Manchak 11/9/77 of Drilling Services lnc. re: circulation
rotary drilling
- Design sketches of Churn Drill & of Dump box & Trough
Electronic Metals
- Articles
Energy
- Articles
Environmental - General
- Articles
- Ltr to BLM from FTG 5/25/76 '"Proposal for Management, Middle Gila and
Silver Bell Planning Units. '
- Ltr to JHC from L. Clark Arnold of Pillar, Lowell & Assoc. re: replacing
Mining Law of 1872.
Evaporite Basins - Arizona
- Arizona '"Fieldnotes'’ Dec. 1961, June 1973, March 1980
Exotic Copper
- Memo by JHC 7/30/76 ''Exotic Copper Deposits (Literature Search)
Exploration General
- Maps, Articles
- Abstract by Leo J. Miller ""Corporations, Ore Discovery and the Geologist'' 1975
- Ltr to Bd. of Editors, American Scientist from FTG 9/27/76 re article
by Brian J. Skinner ''A Second lron Age Ahead?"
Exploration Records - File 2
- Various memos & tabulations 1983 to 1986
Exploration Record Sheets
- Various memos & tabulations 1978 - 1982
Exploration Meeting Notes - Summary
- Listing of Meetings 1965 - 1980
- Program - Meeting March 11-13, 1971
- December (1971) Meeting Papers 1/24/72 by JHC
- 1973 Program - Asarco Exploration - Knoxville
Exploration Mtg Feb. '30
- Letters & Papers re meeting
Exploration - 1975 Conf.
- Letters & papers re meeting
Exploration Meeting March 1978
- Denver Mtg. Program Sept. 28-29, 1978
Exploration Conference Papers 1975
~ Various Papers & Reports
Exploration Conf. Notes 1970-71
- Papers & Notes
Exploration Conf. 1973
~ Memos 1972-73 re meeting
Exploration Papers - Dec. 1971 Meeting
- Papers & Memos
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Exploration Conference Dec. '71
- Notes
Exploration Conference - Dec. 1968
- Note
- Memo to JJ Colling from JHC 9/26/68
Exploration Office - AZ
- Directory of Exploration Offices in Arizona, Nov. 1984 by MN Greeley, AZ Dept.
of Mines & Min. Res.
Field Trip Notes
- Memo from FTG 9/23/77 "“Silver City, New Mexico, Field Trip, Oct. 3-6, 1977"
- Notes - 1970 to 1977
Fluidization
- Article "A Fluidization Mechanism for Subsidence of Bedded Tuffs in
Diatremes and Related Volcanic Vents'
Geologically Permissive Environments
- Ltr. from FTG 1/11/78 "Permissive Environments"
Geochem
- Memo to JJ Collins from JHC 1/11/71 "Stream Sediment Sampling, Copper-Moly"
Geologic Notes
- Notes
Geologic Papers
- Reprint of Kenyon Richard & JHC paper ''Som Cretaceous Tertiary Relationships
in Southeastern Arizona and New Mexico'' from AZ Geol. Soc. Digest Vol Iil1,
March 1960
- Reprint from Mining Engineering Feb. 1958 ''Geology of Toquepala, Peru'' by
Kenyon Richard & JHC.
~ Reprint from Porphyry Copper Deposits Southwestern North America - "Structure
and Mineralization at Silver Bell, Arizona' by Kenyon Richard & JHC 13966
Geologic Time Table
- Table - Major Stratigraphic & Time Division
Geostatistics
- Articles & Note
Gold - Analyses - Ag
- "Sample Size and Meaningful Gold Analysis'' USGS Prof. Paper 625-C
- Ltr to WLK from JC Balla 1/31/83 "'Sampling of Gold Deposits'
- Article
- Memo from FTG 1/10/78 "Analytical error during metal exploration'
Gold Leach (Heap) Outcomes
- Notes
- Ltr to WLK from D. Skidmore 2/27/81 'Florida Canyon Nevada Evaluation'
- Memo from JD Sell 6/8/83 'Heap Leaching Gold' w/att itr by RLB 5/31/83 &
memorandum by FTG 5/25/83 ''"Review of Gold and Silver Heap Leach Operations'
- Metal Price tabulations - 2 - April 6, 1981 and April 20, 1981
Gold File 2
- Articles on Gold
- Memo by JHC 9/11/86 '"'"Gold-Silver, Production-Consumption Trends"
- List of Nevada & other states deposits - dated 9/20/85
Gold
- Articles
- Ltr to WLK from DMS 2/19/81 '""The Geology of Stockwork Gold Deposits as
Exemplified by the Cinola Orebody'
- Memo for JHG Fuchter from JHC 8/5/76 'Archean Gold-Southern Africa (Literature
Search)
- Ltr to S.Von Fay from RLB 8/19/77 ''South Dakota Estes Conglomerate:
-~ Memo to SF Von Fay from JHC 5/22/74 '"Pre-Cambrian Gold*!
- Tabulation - Gold & Silver Quoted Prices 1939-1956
- Memo to JHC from DE Crowell 10/14/75 ""Economic Evaluation of Gold Ore Processes-
Article by Bhappu & Lewis"
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Gold (Continued from pg. 7)

Memo by JHC 5/16/69 Analyses of gold in igneous, sedimentary & metamorphic rocks
Memo to WLK from GJ Stathis 5/2/74 ""Comments on Arthur Radtke's talk concerning

Genesis & Proposed Model of Disseminated Gold Mineralization of the Carlin Type'
Memo for J.J. Collins from WLK 9/30/75 ''Gold Cyanide Plants

Memo to WLK from FTG 10/25/73 "'Syngenetic gold deposits"

Table - '"Operating Costs of Gold Plants, Free Milling Ores' date stamped 11/4/75

Gold Placers - Lode Prospects

File Memo from JHC 11/21/86 ''Gold Placers Imperial Co., CA'

Memo to RLB 8/7/85 from JHC "*Fossil Placer Gold, Wyoming - Utah-Arizona.
Ltr to John Balla from JHC 7/7/86 '"Montana Gold Placers, Selected areas of
Possible Lode Potential.'

Memo to RLB from JHC 11/7/85 'Kern Co., Gold Placers"

Memo to RLB from JHC 7/19/85 '"New Mexico Gold Placers

File Memo from JHC 8/22/86 'Lost Gold Mine, Monterey Co., CA"

File Memo from JHC 12/13/84 ''Supergene Gold - A Possible Exploration Lead"
Memo to RLB from JHC 8/26/85 "Picuris District, Lode Gold Prospect, New Mexico'
Memo to JHC from RLB 6/5/85 ''Nevada Gold Placers'

Article by Harry V. Warren' Supergene gold crystals at Stirrup Lake, BC"
Memo to RLB from JHC 5/22/85 ''"Nevada Gold Placers'"

Memo to WLK from JHC 6/16/86 ''So. Nevada Mineral lInventory"

Gold-Precambrian Research

Memosre Cargo Muchacho Mts. Gold Prospects FTG 9/1/82 & GJS 7/30/82

Hydrothermalist, The

Article

Index Maps

Notes & List of Maps April 1976

In Situ Leach - Copper

Article

Preprint 70AS-319 ''Dissolution of Copper Sulfide Minerals from Fractured
Ore Bodies''

File Memo from JHC 6/7/77 'Copper Leaching, In Situ"

Leaching - In Situ

Articles

File Memo by JDS 4/5/77 "in-Place Leaching, Oxymin Oxide, Gila County,
Miami, Arizona"

Ltr to JJ Collins from DE Crowell 2/4/74 “'Heap/In Situ Leaching with Sodium
Cyanide"

Ltr to WLK From DE Crowell 8/5/76 '"In Situ Leaching"

File Memo from JHC ''Copper Leaching In-Situ, E.l. Dupont de Nemours'
Article - In Situ Copper Leaching Research at the Emerald Isle Mine

Memo to FTG from JDS 5/20/77 ''In-Place Leaching, Oxy-Min Project - Miami,
Gila Co., AZ :

Poston Butte, Dowell-Asarco, Proposed In-Situ Leachlng Project, Preliminary
Financial Study, Jan. 1973, R.B. Crist

Note to JDS from GJ Stathis 1976(?) '‘Zonia Mine, Yavapai Co., AZ"

Investment Guidelines Oct. 74 L.P.E.

Ltr to MP Barnes from JJ Collins 10/2/74% '"Investments'
W v JJ Colling from LP Entwistle 11/18/74 "Investments'

Jackling Lectures

- Articles
Laterites - Tropical Weathering

- Article "Economic Geology and Tropical Weathering'' 1978
Land Status Maps

- ARCO Land Status Maps

Ao il
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Landsat
- Ltr to Harold James, USGS, from JJ Collins 2/17/66 re Orbital Sensors
- Ltr to JHC from RLB 7/30/76 '‘Landsat-Geosat"
- Ltr to RLB from JHC 7/19/76 'Landsat"
- Article on "ERTS = 1 Imagery' Nov.'73
Lat. Longitude Locator
- Template
Lead lsotopes
- Memo to JJ Collins from LD James 10/30/74 'Lead lsotopes in Exploration"
Lithium
- Article on Silver Peak, NV Feb 1978
- Search is on for New Sources of Lithium'' March 1977
- Memo from JHC 8/2/76 "Lithium (Literature Search)"

(Files continue in third drawer of file cabinet)
(See '"J.H. Courtright File Cabinet - Item 2 on List' page 16.)
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Top Drawer

Ajo Mine - CU Ariz.
- JHC memo 5/18/79 cc: WLK, FTG

Alligator Ridge
- Abstract - Talk at AIME 12/9/85
- Report - 12/3/82 (no name)
Argus Prospect, Calif.
- Maps
- Notes
- Letter to Fred M. Beck 4/24/78 w/Report by JHC 4/24/78
Tertiary Gold Channels - Calif.
- Map
Bagdad AZ
- Notes, Maps
- Summary of Operations 1951 thru Nov.1955
- Letter - 5/3/78 «cc: WLK, JDS, FTG
- Report prepared for AIME Dec. 77 Mtg. by R.J. Bonnis, J.E. Nelson
- Report - Bagdad Mine 12/29/56 by Kenyon Richard & J.H. Courtright
Battle Mt + gold-silver prospecting
- Copies of magazine articles
- Letter 1/23/76 - Gold-Silver Prosp. by JHC cc: WLK, etc.
Bisoni Nev. '
- Letter Jan 7, 1977 to WLK from DE Crowell
Bluebird - AZ
- Letter 5/16/69 by JHC
- Magazine Article 4/69
Candelaria - Nev.
- Magazine Article 6/81
Carlin NV
- Magazine Article 2/86 - "The Dee Gold Mine!
- JHC Notes
Chino, NM
- Field Notes - Continental NM 10/4/77 JHC
- " H - Chino NM 10/4/77 JHC
Chocolate Mts. Calif.
- Letter from Barry Watson 10/22/86 w/his reports of 6/14/68 & 9/7/68
- JHC letter 9/17/68 and report 3/24/47, and J.Gibson Report 3/24/47
- Newspaper article Nov. 12, 1982 w/map & comments
SWED
- Letter FTG to WLK 9/29/80 '‘Microfiche of files"
Christmas Mine AZ - (empty folder)
Cienega Gap
- Geol. Map 1956-57
Commonweal th Mine
- Memorandum 6/2/75 by JHC cc: WLK
Copper Basin, Calif.
- Memo to WLK from JHC 4/15/81
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Top Drawer {Continued}

Control - AZ
- Notes
Copper Creek - AZ
- Write-up on Newmont Deposit - stamp dated 1/14/72 - w/photo
Dee Gold Mine NV
- Magazine Article 2/86
Hall Moly (Liberty Mine - Anaconda)
- Note
Escalente Ag
- Magazine Article 9/82
Getchell
- Copy of letter 9/5/75 to John Collins, Asarco, from Lawson P. Entwistle
Hardshell AZ ’
- Hardshell Metallurgy - Test Work 11/20/79
- Speech -{no name or date)
- Memorandum to D.E. Crowell from A.R. Raihl 7/11/79
~ Letter to D.E. Crowell from M.E1. Tawil 2/12/80
Maps & Notes
(Duval) Sierrita - {empty folder)
Emerald lsle - AZ
- 3 Magazine articles
- Note
Helvetia AZ (empty folder)
Hillsboro, NM
- Magazine Articles
- Hillsboro Financial Analysis 4-28-75
- Letter from SAA 2/22/77 cc: WLK, etc.
Jamestown area. gold, Calif.
- Report by P.H. Dohms, R.D. Hoagland cc: W.L. Kurtz Nov. 1984

Jerome
- Magazine articles
- Field Trip info 11/18/77
Lakeshore Arizona
- Report by SAA to JEA MacDonald 8/16/78
- Various articles & maps
- Note dated 1-2-69
McLaughlin - Homestake
- Memo 12/29/83 by JHC
- Report 11/1/81 by MLK
- Magazine article
- Note
Mesquite Con. Goldfield
Memo 10/27/86 by JHC cc: WLK, JDS, etc.
- Assay TAJ k467
- Magazine article 11/8/85
Miami East _
- Letter from J.D. Sell 1/22/80 to FTG
- Sketch section
Mineral Butte (Blackwater)
- Article from USGS Bulletin 1278
- Notes
Mount Shasta
- Abstract 3/1/73
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Top Drawer {(Continued)

Mission Paper
- Mission Mine History - JHC
Mission & San X ore reserve
- Memos
- Maps
- Report - ''Some Geologic Features of the Mission Copper Deposit"
by Kenyon Richard & J.H. Courtright
- Comparatlve Report - Life of Property 1961-1975
- H it 8 ]96] 1976
- e n It 1t H ]96] ‘982
Mission Area
-~ Maps Geologic/Drilling
Articles/Photos
Letters between JHC-K.Richard ¢ lra B, Joralemon re his book

Morenci
- AIME Conference - PD - 1980
- Field Notes

Oldberg Project
- Notes 2-6-75

- Blackwater Mining District Map
Ortiz Grant Au
- Memo 11/7/80 JHC cc: WLK, RLB
Paradise Peak - Au Ag Hg, Nye Co., Nevada
- F.R. Koutz memo {not date - 1986) to J.D. Sell
Picacho Basin Drill Hole
- Field Notes - from the AZ Bureau of Mines June 1973, v.3 no.2
Pima
- Pima Pit Factsheet (article from publication)
Pinos Altos NM
- Pay Dlrik’May 79 article, & notes by JHC
Pine Grove - Utah
- "Pine Grove-Moly''memo 12/19/79 by JHC
- "Pine Grove Assoc.'' memo 9/18/79 by J.D. Sell
- Notes JHC
Pinson Gold Nev.
- Magazine Article July 1981
Pinto Valley Copper AZ
- Mine Statistics & Meeting info 5/19/78
Poston Butte
- Meeting with Continental 0il - 6/23/75 letter from TES .
- Cut-0ff Comparison 6/18/75
Ray, AZ
- “"Structural Geology of the Ray Mine Recent Developments'' by S.A. Hoelscher
April 16, 1977
- "Geology & Mineralization of the Ray Silicate Orebody'' by Neil A. Gambell
April 16, 1977
- "Review of the Ray Orebody'' by Neil A. Gambell 4/16/77
- '*Igneous Rocks and Copper Mineralization in the Ray Porphyry Copper
District, Arizona' by Henry R. Cornwall & Norman G. Banks USGS OFR 77-255
1977
- "Mine Planning at the Ray Mine' by W.J. Belobraidich 4/21/79
- YLarge Mining Equipment at the Ray Mine'' by S.F.Johnson 4/21/79
- "Water Pollution Control at the Ray Mine' by Neil A. Gambell 4/21/79
- Kennecott Copper Corp. brochure
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Top Drawer {Continued)

Rochester Nev.
- Magazine article
- Notes by JHC
Red Mountain - Patagonia AZ
- Notes by JHC
Rosemont, AZ
-~ Letter by JDS 3/25/83 '‘Rosemont Deposit!!
Round Mt. - Nev.
- Report by Kenyon Richard 9/30/44 with map
Safford - Ariz.
- Phelps Dodge brochure
- AIME Meeting Dec. 4-5, 1977 info
- Memo by J.D. Sell "Sol Property' 10/7/76
San Manuel - Kalamazoo
- Letter to L.A. Heind!, Nat'l Acad. of Sciences, April 4, 1967, from JHC
- Paper by Maurice Chaffee (1975) '"The Zonal Distribution of Selected
Elements Above the Kalamazoo Porphyry Copper Deposit, San Manuel Dist.,
Pinal Co., AZ
- Abstract
Sacaton {2 folders)
- "History and Geology of the Sacaton Mine'' by RBC (?) date stamped 1/28/74
- Sacaton Unit, East Ore Body Report 9/14/76 by SAA
- Maps
‘- "Sacaton Basement Fault'' memo 1/27/64 J.E. Kinnison
- "“Sacaton Ore Reserve'' memo 1/18/69 by JHC & W.E. Saegart
- "'Sacaton Ore Reserve and Outcome Estimate Cap. Cost Summary!' by
J.R. Wojcik 5/28/64
- Memo 9/27/68 by R.J. Wojcik
- '"Drilling Recommendations'' 9/ 15/61 by Kenyon Richard
- Y"Sacaton Mine, History of Discovery' Report by Kenyon Richard 1983
- "Sacaton West Orebody'' 5/28/70 report by T. DallaVista
- 5/30/74 memo by JHC
- Magazine articles
- Report ''Sacaton Estimate! by C.E. Williams 2/10/72

- "Santa Cruz History' by HG Kreis
- Parks-Salyer Area - memos by HGKreis 12/16/81, 1/12/83 & 7/20/83
- Maps & notes
- Letter to FTG 4/18/79 from JHC
- Sacaton - Santa Cruz Prospects'' from John Kinnison 5/14/64
Salton Sea .
- '“"Hot Brines of the Salton Sea Basin'' by JHC Dec. 1971
- "Hydrothermal Brines'' by JHC March 3, 1967
- Article "The Salton-Mexicali Geothermal Province'" July 1967 by
James B. Koenig
Shasta Project
- " Shasta Project' memo 7/21/72 by JHC
- Map
Silverbell - Mill Site Claims
-"Asarco Millsite Claims' 10/2/81 to BLM from JHC
- Logs/Maps
- Report by Kenyon Richard 10/5/81 "'S.B. Mill Claims"
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Top Drawer (Continued)

Silver Bell (2 folders)
- "Exploration Possibilities Around the Oxide & El Tiro Mineralized Centers,
Silver Bell District' to B.K. Malone from David Sawyer 5/18/84

- "History of Exploration at Silver Bell, Arizona' by Fred Graybeal telex 7/1/8

- Article "Sacaton - Asarco's new copper mine in Arizona' from Mining
Magazine - Feb. 1975
-""Regional Structural Control of Mineralization at Silver Bell'"from
FTG to JDS 7/27/83
- “"Comparison of Silver Bell, AZ' memo by JDS 7/13/83
- Maps and Notes
Road Log 1969 AGS Trip
- Reprints from Geology of the Porphyry Copper Deposits 1966
- " Structure and Mineralization at Silver Bell, Arizona'' by Kenyon
Richard and James H. Courtright
- '"The Mission Copper Deposit, Arizona' by John E. Kinnison
- Maps
-"'Silver Bell, Arizona - Porphyry Copper Mineralization '' Report by
JHC to F.V. Richard April 7, 1949
- YArizona Pima Co. Silver Bell Oxide Exploration'' to A.E.Ring from
JHC 7/17/48
S]umf&gering Hills - Gold Nevada
- Article from Precious Metals 2/18/85
Superior East
- Map
- Letter to FTG From J.D. Sell 8/27/76
Trench Area
- ""Review & Comparison to Trench'' memo FRK to JDS 9/18/82
- UTCH-2" memo- to FTG from JHC 10/9/81
- Various memos & reports by FRK 1981
=~ Maps
- Geologic Log
- Notes
-Report by FTG 7/7/80 "Summary of TM-13"
Twin Buttes

- article
Tyrone NM

- Notes JHC
Van Dyke

- Articles

- Occidental Miami East Memo by WLK 9/21/73
- "In-Place Leaching'' memo by JDS 5/20/77
Vekol! Hills Proj 5/78
Waterloo Calif.
- Report on ''Waterloo Ore Reserve'' 12/1/66 by R. Kirkpatrick
- "Waterloo Project Reevaluation'' memo to TES from Robert J. Previdi 2/17/78
- Article '"Geologic Guidebook to the Southwest Mojave Desert Region,
Calif. (1976)
- Petrographic Examination of Waterloo Silver Ore by Newmont 10/21/68
Yellow Aster
- Memo from FTG 11/6/79
- Memo from B.J. Devere 2/21/80
- Map
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Second Drawer

Canada - Publications
- Various publications on Canada
- Report '"Univ. of Arizona, Economic Geology Field Trip to Quebec-
Ontario, May 14-23, 1973' from F.T. Graybeal 5/31/73
- Memo to W.L.Kurtz from F.T. Graybeal 3/5/7h4 ''Syngenetic Gold Deposits
- Gibraltar Mines - 1st Qtr including June 30, 1972 - Production info
- File memo 8/20/65 from Kenyon Richard "Grand Duke Ore Reserve'
- YA Carlin Type Gold Deposit, Queen Charlotte Islands, British Columbia"
by G.G. Richards {(no date)
Canadian - Metal Deposits
- Magazine article
Canada - Eastern
- Kidd Creek Mine'' by Geological Staff Ecstall Mining Ltd., date stamp 4/2/7h
- Various memos re Petrochemistry 1975-1976
- Report to RLB from R.S. Gray 10/15/75 'Quebec, Clericy Twp., Viau Property"
- Notes, Articles, Maps
Canada - Western
- Letter to R.E. Gale from F.T. Graybeal 12/17/81 "Sample Data Forms."
- Article "Lornex Mining Corporation Ltd' 8/72
- Letter from SAA To JHC 'Copper Qutlook for North America't 9/5/72
- Various memos, notes, maps and articles
Afton Mines '
- Report date stamped 5/5/78
Anvil Mine Yukon 4
- Letter from SAA to JHC 8/26/74 ''"Yukon Territory Anvil Mining Corp.,
Faro Deposit 105 K/6'' (Report R.S. Gray att.)
- Letter from JHC to J.J. Collings 8/12/74 “Anvil Mine Faro, Yukon' 8/12/74
Black Lake Asbestos
- Letter from JHC to J.J. Collins 9/15/71 ''Lake Asbestos, Ltd., Quebec, Canada'
- Note
Equity - Sam Goosly
- Schematic
- Notes
Hemlo Gold - Ontario
- Letter to Staff from JDS "Hemlo Gold' with Field Trip Guidebook to Hemlo
Area attached.
- Various articles on Hemlo
Buchans, Newfoundland
- Letter to RLB from JHC 'Buchans, N.F. " 7/11/83 w/draft ''History of
Exploration at Buchans, Newfoundland"
-~ Maps
- Buchans Mine Report Feb. 1375
- Article ''Geology of the Buchans Orebodies' by E.A. Swanson & R.L. Brown,
April 1962
- Memo Oct. 11, 1972 to J.J. Colling from JHC ''Buchans Newfoundland"
- Letter to L.D. James from RLB 11/23/72 ‘Newfoundland Buchans Unit
Geochemistry'' w/memo from L.D.James 11/14/72 attached.
- Maps
Minto - Yukon
- Memo to J.J. Collins from JHC (no date) '"Minto Project' w/ltr from SAA to
JHC 8/8/72 attached
- Notes
- Memo to N.Visnes 6/19/74 "Minto Pit design and Lifetime Mining Schedule'
from C.E. Williams
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Second Drawer

Sullivan BC
- Sullivan Mine - Map & Text
Sulphurets Creek, BC
- Memo to TCO from JHC 6/7/76 ''Sulphurets Creek Prospect!
- Memo to TCO from RE Gale 5/7/76 "British Columbia, Unuk River Area 104/B
Sulphurets Creek Cu-Au Prospect'
Stikine Copper
- Memo to JJ Colling from JHC "Stikine Copper and Scud Venture Galore
CR. B.C.'" dated 8/4/74
- Note and Article

- Timmins Area ~ Canada

~ Magazine article ''On the Relationship between Gold Mineralization and
Ultramafic Volcanic Rocks {n the Timmins Area, Northeastern Ontario'
Sept. 1976, CIM Bulletin
Wisconsin - Massive Sulphides
- Ltr. from JC Balla to WLK 'Volcanogenic Sulfide Exploration, Northern
Wisconsin -~ Northern Michigan!' dated 11/24/76 w/memo of T.A.Henricksen
attached dated 11/16/76.
Central Kentucky
- Ltr. to Deane F. Kent 3/20/67 '"Central Kentucky Mineral District Report
and Recommendations'' from DD Harper
East Tennessee
- Report: Mineral Resources of the American Zinc Company, Appraisal by
Expl. Dept. of Asarco, Dec. 14, 1970 w/atts.
- Maps
Eastern Div. USA
- Various Memos, Notes, Maps
- Article UMR Journal No. 1 {April 1968) ''Tectonic History of Midcontinental
United States'' by Frank G. Snyder
SE Missouri
- Article and maps
Rocky Mountain Div.
- Memo to JJ Collins from JHC 8/12/69 "'Hahn's Peak, Routt Co., Colorade"
- Memo from RLB 11/16/77 info from Kennecott Prospectus
- Memo to JJ Collins from JHC 9/22/70 ''"Parkview Mt. Project, Grand-Jackson
Cos., Colo."
Buffalo Boy - Silverton Colo.
- Letter to WLK from Stephen Von Fay 9/15/76
- Report to S.Von Fay from C.E. Beverly ''Stone Silver Corp Properties,
Buffalo Boy Mine ..." 9/13/76 w/map -
Climax Colo.
- Notes and Articles
Creede - Colo.
- Memo to TCO from JHC 7/31/80 '"Chevron Creede Proj."
- Maps, Articles, Notes '
Henderson Colo.
- Memo '"Tour-Henderson Molybdenite Mine'' date 1/12/72 by John R. King
Homestake
- Articles
- Letter to JJ Collins from Stephen Von Fay 12/3/74 "Gold in the Black
Hills USGS Circular 699"
- Letter to S.Von Fay from C.K. Moss ''Gold, Black Hills, South Dakota' 1/9/75
- Operating Cost Summary July 1972 of Homestake Mining - Lead Div.
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Keystone Moly - Colo.
, - Maps, Notes, Articles, Rpt. to Shareholders Crest Butte Silver Mining
Kirwin Wy
- Letter to WLK from D.J. Krasowski 1/31/79 "Kirwin, Wyoming, Amax
Copper Deposit'' w/Stephen Von Fay memo of 9/12/75 att.
Article =~ 1971 Guidebook
- Note
Leadville, Colo.
- Memo to RLB from D.M. Smith "The Black Cloud Story'' w/atts. 7/15/83
- Letter "Black Cloud Mine, Leadville Col." 4/12/83 to D.M.Smith from JHC
Letter "'RES-Asarco Joint Venture'' - To T.A. Snedden from R.J. Kupsch 4/28/67
- Letter ''Re Exploration leading to ore discoveries Black Cloud Area Leadville"
from Hal Norman to D.M. Smith 3/21/83
- Various company letters 1978

Report:'Resurrection Asarco Joint Venture, Leadville District, Colorado”
June 2, 1964 by JHC & R.K. Kirkpatrick
- Appendix A to above Report {separate binder)
Middle Mountain Moly
-Y'Middle Mountain Moly Prospect'' memo from JHC to FTG 9/3/80
- Letter from D.M. Smith to W.L. Kurtz 10/15/80 ''"Middle Mountain,Eagle Co., CO"
Parkview Mt. Colo. .
- Memo to J.J. Collins from JHC 9/22/70 '"Parkview Mt. Project Grand-Jackson
Cos., Colo.
- Memo to TCO from JHC 5/2/79 "Parkview Mt. Project Grand-Jackson Cos., Colo.
- Memo to JHC from TCO 5/9/79 '‘Colorado Parkview Mountain''
Red Mt. - Genesse ''Tunnel!!
- Letter to WLK from JHC ''Red Mt. District, Colorado' 11/6/77
- Letter to Charles Alpers, Univ. of Calif. 11/15/83 from JHC w/att.
Summitville Colo.
- Articles, Notes
- Letter to TCO from JHC and WLK 1/9/76 "Summitville Project Colorado'
- Various letters in 1976 to/from S.Von Fay (Asarco RMED)
Eureka Dist. Nev.
- Letter to WLK from FTG ''Greater Eureka District'' 5/10/79
- Letter to JDS from FTG '"Eureka District' 4/18/79
Jerrett Canyon FMC
- Handwritten notes
Escalante Ranches Utah
- Operating costs

Alaska
- Letter ""Qtz Hill Molybdenum, Alaska'' 3/29/79 to WLK from JCB
- Article on Alaska
- Memo to J.J. Collins from JHC ''Boundry Project Alaska' 9/13/71
- Tok Prospect, Southeast Alaska' memo to J.J. Collins from JHC
ARGO Gold

- Articles, 1979 Annual Rpt., Photos 1980
Butte, Montana '
- Article
Coeur d'Alene - ldaho
- Articles, Maps
- Copies of Geological Rpts. 1983, 1984 & 1985 from SAA
- Notes
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Gold in Algal Reefs - SW Mont.
- Letter '"Gold in Algal Reefs! to J.C. Balla from JHC 2/25/86
DeLamar - Florida Mountain - ldaho
- Letter to WLK from J.R.King 6/7/76 'DeLamar - Florida Mt."
- Notes and articles
Heddleston - Montana
- Letter to TCO from JHC 5/14/80 ‘'Heddleston District, Montana'!
- Letter to J.J. Collins from JHC 2/18/72 "'Anaconda's Heddleston Property
Lewis & Clark Cos. Montana' ’
Little Boulder Cr.
- Notes
Lost River - Alaska
- MFeasibility Report for Lost River Mining Corp. Ltd. on the Lost River
Fluorite-Tin-Tungsten Project' Volume 1 - Summary 8/31/73
Montana
- Various letters on 'Big Ben Molybdenum Area Montana''1957-1958
- Letter ''Climax Molybdenum,Climax, Colorado’ 1957
NW Div.
- Notes, Articles
- Memo to J.J. Collins from JHC '"‘Thorn Springs Creek Property, Washington
County, idaho'' 7/12/71
- Memo to J.J. Collins from JHC 7/9/74 'Washington, Okanogan County,
Mazama {Leslie Den)"
Quartz Hill - Alaska
- Memo JHC dated 1/28/81
Stillwater Complex - Mont.
- Article on Platinum
Thompson G. Moly
- Article - Notes
- Letter to TCO 'Cyprus Exploration Co.' 10/7/75 from WLK
San Poil - Wash.
- Articles - Notes
- Letter to JCB from TCO 'Washington San Poil Prospect' 1/31/78
Spar Lake
- Letter to JHC from JCB 4/18/73 "Spar Lake Deposit, Montana'' w/att. 2/16/73 ltr.
- Letter to Keith Whiting from JCB 12/8/72 "'Spar Lake Deposit"
Tobacco Root Mts. - Montana
- Maps
Troy Montana
- Articles, Maps, Asarco News Release
Almaden Mercury Mine
- Letter to C.M. Shegley 11/3/66 from G.G.Snow, Dow Chemical ''Wisit to
Almaden, Spain Mercury Mine"
British Isles Ore Controls
- Article ""Basement controls on mineralization in the British Isles' 1976
Recsk, Hungary
- Article
lreland
- Memos from JHC to J.J. Coltlins 11/2/71 '"Base Metal Projects lreland"
- Memo from JHC to TCO 5/21/76 ''Longford Area island'
North Wales - Por. Copper
- Article "Copper Mineralization in the forest of Coed-y-Brenin, North Wales
Poland
- Articles on Copper
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Spain
- Ltr. to J.J. Collins from JHC 11/19/71 “lberian Pyrite Belt, Spain & Portugal"
- Memo JHC 2/16/77 "Raya Tin Project, Spain"
- Articles
- Ltr. to J.J.Collins from JHC 11/18/71 '"Mazzaron Project, Murcia Prov., Spain'
- Ltr to R.B.Sprague re Proposed drilling (Mazzarron) 12/15/72 from Joy Merz
w/ltr attached from R.B.Sprague to TCO 12/28/72
Santa Maria, Spain Drilling, etc.
- Report on Santa Maria Tin Caceres Spain'' to R.B. Sprague from JHC 3/5/79
- Articles, Drilling Info - Maps
- Ltr. to RB Sprague from JHC 12/11/78 "Spain Santa Maria Tin'
- Memo to TCO from M.P. Barnes, M.Barnes & Assoc. 11/20/78 re Santa Maria Tin
- Ltr to R.B. Sprague 11/14/78 from TCO
- Various memos and assay info
- Ltr. to RLB from JHC 6/9/78 "Santa Maria Tin Spain"
- Articles & Notes
Check Assays - S.M,
- Assay Info
Argentina
- Nevados Del Famatina {(La Mexicana) ERA w/att.
- Ltr from FTG 2/22/82, TCO 8/13/79, & Rept from Luis Montoya 7/18/79
- Magazine Articles
Mexico .
- 1985 Paper by Jesus Gutierrez ”Rea]@e Angeles®!
- Rpt - Geology of the El Arco Porphyry Copper Deposit (no name)
- Sulfide Zoning in the Breccia Pipes at Cananea, Mexico by Steven Ensign Bushne
- File Memo from JHC 5/8/81 'Cananea, Sonora, Mexico'
- American Institute of Mining Engineers Arizona Conference. Cananea - 198a
- Magazine Articles, Maps, Notes
Field Notes - Mexico
- Trip Notes to Sr. L.C. Woodul 9/2/68
La Caridad - Mexico
- Magazine Articles ~ Notes
Boleo Copper - Mexico
- Sedimentary Copper Deposits of the Western States by J.W.Finch
- Magazine Article
Chile
- Magazine Articles, Maps, Notes
- Ltr to WLK from FRK 1/25/83 - Mantos Blancos Copper Deposit, Chile(C.N.Alpers)
- Ltr to RLB from FTG 3/6/81 - Current Exploration Activity in Chile
- Report by Fred W. Warnaars 11/25/80 ''Copper and Tourmaline Breccias in
Los Bronces, Chile"
- Memo to J.J. Collins from JHC 8/26/75 "E1 Arco, Baja, California’ w/att
memo of J.R.Kin g6/11/75.
El Indio
- Report '"The El Indio Gold, Silver, Copper Deposit Region of Coquimbo Chile"
by Thomas N. Walthier, Ernesto Sirvas, & Ramon Araneda G. (date stamp 1/22/85)
Por.Cop.Leached Cap - Atacama Desert
A - Memo from JHC 5/3/84 '‘Porphyry Copper Leached Cappings in Atacama Desert,Chile
Escondida
- "History and Discovery of the Escondida Copper Orebody, Chile' by Robert O.
Wheaton, et al
Magazine articles
Ltr. to JDS from FRK "C.N.Alpers - Note #2, Escondida, Chile' 10/20/82
Ltr to JDS from FRK **C.N. Alpers, Escondida, Chile''9/21/82
Leached Capping Data & Notes.
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Escondida Report
- Summary Rpt. 2/13/80 to J.David Lowell from JHC ''Escondida Prospect, Chile"
- Notes on Leached Capping & Data
Escondida Maps
Quebrada Blanca
- File Memo from JHC 2/8/82 '‘Leached Capping Quebrada Blanca, Chile' with
paper authored by John P. Hund and James A. Bratt presented at AIME Mtg.
2/22-26/81
Los Bronces - Chile
- Article from March 1986 ‘'‘Mining Engineering'' Exploration and geologic
evaluation of the Los Bronces copper-molybdenum deposit, Chile by L.R. Stoiser
Rio Blanco Mine - Chile
- Ltr to TCO from D.P. Cadwell 6/15/76 "Rio Blanco Mine, Cia. Minera Andina,
Los Andes, Chile"
Bolivia Tin
- Map
Brazil
-~ Artilce Oct 1985 "Mining Magazine' ''Gold in Brazil'' by E.A. Schiller
Central America
- Notes & Magazine Articles
- Report - '"Central America Mining Scene'' by Enrique Levy, March 1977
- Letter to WLK from G.W.Pickard 7/7/77 'Update -- Cerro Colorado Project...
June 29, 1977"
Cerro Colorado - Panama
- Geology of Panama's Cerro Colorado Porphyry Copper Deposit. Part 1: History
and Setting by K.0. Linn, et al 1981
- Part 2: Structure, Mineralization, and Mineral Inventory by K.O.Linn,et al 198
Columbia SA
- Ltr to WLK from JHC '‘La Esmeralda Gold Placer, CMCT, Columbia, S.A." 11/11/80
w/att letter from G.W.Pickard 11/4/80.
Costa Rica
- Note
- Ltr to File from JHC 10/24/80 ""SAMCOSA Copper Prospects, Costa Rica, S.A."
- Ltr to WLK from JHC 10/31/80 '"'SAMCOSA Project, Costa Rica, S.A."
Neptune - Nic.
- ""Nepture Mining Co., Bonanza, Nicaragug
-""An Appraisal of the Future' Aug. 1975
Peru Publications
- "Quellaveco - Porphyry Copper Deposit'' Moquequa Peru 1977
- "Michiquellay - " " '"" Cajamorca Peru 1977
- Articles & publications
- File Note from FTG ''Cuajone, Peru' 6/28/79
- it bl 1 1 ”Que”eveco, Peru“ 6/28/79
- 0 " " JHC "'Cuajone, Peru' 7/10/78
Toquepala
- Magazine Articles - Map
- File Memo from FTG '‘Toquepala, Peru'' 6/28/79
South America
- Note by JHC on MiVida Prospect, NW. Argentina
Japan
- Note on Kuroko Deposits, Japan by JHC 7/30/75
Philippines Correspondence
- Magazine Articles, Notes
- Memo to JJ Collins from JHC 3/7/74 "Copper Exploration Republic of the Philipg
- Letter to Burton J. Devere from FTG 1/6/75
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BC! - Hale - DilLong
- Memo to TCO from JHC 5/9/79 ''Dilong Prospect (BCI-Hale) Philippines'

- Ltr to JHC from TCO 4/5/79 '"Philippines, Dilong (Formerly BCl Hale) Property"

- Memo to JJ Collins from JHC "BCi-Hale Prospect, Abra, Luzon'' 2/12/74
La Luz Prospect - Negros Occid.

- Ltr to Cal Moss from JHC "La Luz Prospect Philippines' 12/13/78
Mankayan, Luzon, Philippines

- Note, Map

- Memo to WLK & JHC 8/14/78 from BJ Devere ''"Mankayan Project Drilling,

Benquet, Philippines"
~ Ltr to JJ Merz from TCO 7/28/78 ‘''Mankayan Project"

- Ltr to TCO from JJ Merz 7/19/78 ''Mankayan Project' w/att Longyearisdrill contra

- Memo to BJ Devere from JHC 9/26/74 ''Mankayan Prospect, Benquet, Luzon'
- Assay Summary
- Ltr to BJ Devere from JHC 7/16/76 'Mankayan, Luzon, Check Samples'
Philippines Data - Production
- Notes, Maps, Magazine Articles
-~ Memo to JJ Collins from JHC 3/13/74 “TAWI-TAW! Copper, Deposit, Benquet
Province, R.P.
- Notes on LEA - Exploration Conference - Dec. 19, 1973
- Ltr to TCO from BJ Devere 12/14/76 'Philippine Copper, Gold, Silver,
Production and Exploration Activities by Other Companies‘1976”
- Reports on Tonnage and Reserves
- Ltr to JJ Collins from BJ Devere 12/9/74 '"1973 Philippine Copper Production
and 1974 Mineral Exploration Activity."
- Ltr to JHC from BJ Devere 12/17/73 "Philippine Copper Production 1972"
- Ltr to BJ Devere from JHC 11/30/73 re Philippine copper deposits
- “"Philippine Porphyry Copper Model'' by TCO 9/28/73
- Ltr to TCO from BJ Devere 12/12/75 "Philipping Copper, Gold and Silver
Production 1974-75 and Exploration Activity by Other Companies - 1975"
- “Philippine Costs' compiled by B.J. Devere Oct 1974
Philippine Notes
- Notes
Sipalay
- Report by Joel D. Muyco (19727} ''Geology of Sipalay Miner Porphyry Copper
Deposit, Negros Island, Philippines'’
- Notes
Santo Thomas Philippines
- Ltr to JJ Collins from JHC 10/9/75 ''Santo Tomas |1, Philex, Luzon, R.P.
- Article - Mines Magazine Sept 1975 - ''Low Cost Bulk Mining"
- Rpt. ''Copper Prospects in the Philippines' from LP Entwistle 1/11/73
Philippines
- Magazine Articles, Notes, Maps
- Memo to JJ Collins from JHC 3/14/74 "Atlas Mine, Cebu, R.P. i
- Memo to JJ Collins from JHC 10/9/75 ''Santo Tomas !1, Philex, Luzon, R.P.
- Several memos to JJ Collins from JHC in 1974 on various properties
- Report by Archibald G. Loudon 1972'' Marcopper Disseminated Copper Deposit
Philippines"
- Ltr from BJ Devere to JHC 1/23/76 re Bill Saegart & Dan Lewis' paper
"Porphyry Copper Deposits of the Philippines"
Africa General
- "The lron Industry of the Natives of Cameroon'' Extract from Koloniale
Rundschau. Vol. 1, 1910
- Magazine Article '"Black Mountain - annual revenue about $150,000,000" 1981
March '"World Mining*
- Notes from ''Copper Resources of Central & SW Africa' by LH Hart 4/19/56
-~ Memo to RF Goodwin from JHC 11/21/52 "Akoujt(Copper), French West Africa"
- Articles on Republic of Congo April 1963
- Articles on Republic of Tanganyika April 1963
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Palabora Mining Company Limited, Transvaal Rep. of South Africa
- Magazine Article on Palabora
South Africa
- Magazine Articles, Notes
- ERA 9/21/7h on Komaggas Claims
- Memo to TCO from JHC - 5/28/76 "Exploration Program South and Southwest Africa
- Memo to TCO from JHC 6/1/76 ''"Prieska Mine, South Africa® .
- Memo to TCO from JHC 6/1/76 "Oamitis Mine Southwest Africa'f
- Memo to TCO from JHC ''Gamsburg-Newmont NW Cape, South Africa'' 5/27/76
- Memo to JJ Collins from iCO 5/12/75 "Africa"
- Memo for Record from J.J. Collins 4/30/75 "Africa:
Rossing Uranium, SW Africa
- Magazine Articles
Australtia - New Guinea - Notes
- Memo to JJ Collins from JHC 11/25/70 ''South Pacific Exploration Division'!
- Memo to JJ Collins from JHC 12/4/70 "Anabama Netley Project, South Australia"
“Australia
- Ltr to FTG from JHC $/15/86 '""Queensland Gold'
- Ltr to FTG from HC. Williamson 9/3/86 ''Queensland Gold"
- Ltr to HCW from FTG 8/21/86 ‘'Queensland Gold"
- Magazine Articles
- Memo to JJ Collins from JHC 12/2/70 "'Andamooka Project, South Australia'l
- Memo to JJ Collins from JHC 12/2/70 "'Truro Prospect, South Australia'
- Memo to JJ Collins from JHC 1/11/71 ‘MacArthur River Prospect, N.T.Australia"
- Memo to TCO & JHC from W.C. Williamson 9/28/79 "'CSR's Molybdenum Prospect,
Mudgee, Dubbo Sheet, N.S.W. Australia"
- YAgnew's feasibility Study' to JHC from JJ Collins date stamped 1/23/75
Frieda River - Aust.
- Memo by JHC 9/11/80 'Frieda River, New Guinea'
- Memo to JJ Collins from JHC 12/1/70 ‘'frieda Project, C.E.C., New Guinea'
- Ltr to C.F. Barber from J.W. Foots 3/15/74 "Frieda River Project"
- Note g/att. from FTG to JHC date stamped 10/13/77 re notes on Frieda
- "Frieda River Project - a Preliminary Study' Nov 1973 by Exploration &
Development Div. of MIM Holdings Lts.
MacArthur River
- Note & Magazine article
Mount lIsa
- MIM Holdings Ltd. - Investment Recommendation March 1986
- Notes
Nickel - Aust.
- Memo to JJ Collins from JHC 12/23/70 '"West Australian Nickel"
- Memo to JJ Collins from JHC 12/11/71 "MacArthur River Prospect,NT, Australia.
New Guinea
- Notes, magazine articles
- Ltr to TCO from BJ Devere 5/6/77 'Ok Tedi-Porphyry Copper Deposit - Papua
New Guinea
Roxby Downs
- Olympic Dam - Articles
- Ltr to WLK from JHC 1/3/85 "Olympic Dan - Type Deposits'
- Reasearch Proposal on Roxby Downs - Olympic Dam Deposit Type 11/28/84
- Ltr to JHC from AE Giesecke 9/11/84 "0Olympic Dam {(Cu,Au,U) S. Australia"
Olympic Dam
-~ Magazine article
- Ltr to HCWilliamson from JHC 1/21/82 "Roxby Downs-Mount Painter, So.Australia"
- "The Olympic Dan Cu-U Deposit-Roxby Downs'' lecture by D.Roberts 1981
- Ltr to RLB from JC Balla 8/16/77 w/atts: 1. Ltr to DM Fletcher from TCO
3/30/77 "South Australia, Copper-Uranium Mineralization'" 2. Ltr to TCO from
DM Fletcher 3/25/77 ''Copper-uranium mineralization, WMC-Rxoby Downs, S.Aust.
3. Rpt by HC Williamson 3/77 ‘‘Geology of Olympic Downs Copper-Uranium
Occurrence on Roxby Downs - Andamooka Sheet (w/maps)
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Roxby Downs

Ltr to HC Williamson from M. Kriewaldt 10/19/77 “Andamocka SH53-14 So. Australia
Maps

Ltr to JHC from HC Williamson 11/10/77 ''Literature Search Roxby Downs -
Andamooka Sheet, South Australia'

Memo to: Mgr Copper Refineries Pty. Ltd; From: District Geologist, Adel 10/2/80
“Olympic Dam Deposit."

Ltr to FTG from DM Fletcher 11/17/81 ""Roxby Down South Australia'

Ltr to JHC from HC Williamson 4/15/81 'Cu-U~Au-Co Roxby Downs, Cu-U Mt. Painter,
South Australia' w/atts reports by El-Raghy, Kriewaldt & Nicholls.

Roxby Downs = S.Australia

Ltr to HCW from JHC 6/5/80 '"‘Roxby Downs Australia'

LU U N of4] : "t 11/14/79 ""Roxby Downs Deposit So. Aust.'

t " JHC from HC Williamson 11/10/77 'Literature Search Roxby, etc.!

" 1" CK Moss from HC Williamson 11/11/77 'Cu-U-Rare Earths, Stuart Shelf
Evaluation, South Australis:

Ltr to TCO from HC Williamson 10/26/77 "W.M.C. Roxby Downs Andamocoka Sheet,
Mt Eba Preliminary Proposal - Kingoonya Sheet, South Australia'
Memo to DM Fletcher from HC Williamson 3/3/77 "Preliminary Report on Roxby
Downs Prospect held by Western Mining Corporation.

Ltr to JHC from RLB 3/2/77 ''Australia, South Australia, Western Mining Corp.
Roxby Downs Deposit'

Ltr to JHC from DM Fletcher 2/2/77 '"W.MC. Copper Deposit, South Australia"
w/att news release & Map.
Dam - Roxby Downs
Magazine Articles
Ltr to HC Williamson from JHC 1/21/82

I 1 JHC from HC Williamson 7/18/80

Rpt on Mt. Painter Geology and Mineralization South Australia by S. El-Ragby 3/78
Ltr to HC Williamson from JHC 6/5/80 Roxby Downs Aust.
Ltr to TCO from JHC 11/14/79 ''"Roxby Downs Deposit South Australia'

Ltr to HC Williamson from TCO 10/19/79 "South Australia Roxby Downs Deposit'
Ltr to HCW from M. Kriewaldt 9/26/79 '‘Roxby Downs Andamooka S$H53-12, South
Australia"
Photos of Core -- Notes on same
Ltr to TCO from HCWilliamson 3/20/80 ''South Australia Roxby Downs Deposit'
Memo to DM Fletcher from HC Williamson 3/3/77 'Preliminary Report on Roxby
Downs Prospect Held by Western Mining Corporation'
Cross Section - Roxby Downs - Olympic Dam

Roxby Downs

Yandera

Nuggety

Ore Res. Calculations, Maps, Reports
Ltr to JHC from A.Giesecke 12/5/79 "Roxby Downs (Cu,U)
The Olympic Dam Cu-U Deposit - Roxby Downs'' Lecture by D. Roberts 1981
Ltr to RLB from HCW 8/18/81 "Roxby Downs (Cu-U-Au-Co)
ot gHC M A.Giesecke 2/25/80 ''"Roxby Downs (Cu U)
now o HEW  11/3/81 'Y"Roxby Downs'!
- New Guinea
File Memo by JHC 12/30/76 ''Yandera Porphyry Copper, Papua, New Guinea"
Notes & Article
Gully - W.Aust.
Memo to RLB from JHC 5/25/79 '*Porphyry Copper - Moly Prospecting, Eastern

Pilbara Block Region, Western Australia.

Memo to HCW from JHC 5/16/79 ''Nuggetty Gully, West Australia®

File Memo from T.D. Henderson 5/16/79 ''"Proposed lLaboratory Test Program
for Samples from Nuggetty Gully Prospect"

Note to Brown from ? date stamped 5/25/79 by RLB Re Nuggetty Gully
Notes, telexes, Map
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Nuggety Gully - W.Aust. (Continued)
- Memo to RLB from JHC 4/26/79 "Nuggety Gully, Cu-Mo, West Australia'
- Ltr to JHC from RLB 4/5/79 'Western Australia Neggetty Gully"
- Ltr to JHC frm S. El-Raghy 4/6/79 w/att copy of his reports and ltr to
TCO from HCW 3/9/79 'Western Australia, Yarrie Sheet SF51-1-2956-111,
Esso's Nuggetty Gulley, Mo-Cu-Wo, Prospect.
Panguna 3
- Article 1968 by PM MacNamara '"'Rock Types & Mineralization at Panguna
Porphyry Copper Prospect, Upper Kanerong Valley, Bougainville lsland.
South Pacific Division- Travel Data
- Article on Australia
- Travel Schedules
China
- File Memo by JHC 12/29/82 ''China Mines Tour, April 1982"
- Article by George 0. Argall Jr. "Huge Chinese Porphyry'' Dexing operations
and plans.'!
Sar Chesmeh, lran
- File Memo by JHC 2/20/79 ''SAR Chesmeh, lran"
- Notes '
Pakistan
- Article from Nov. 78 Mining Magazine ''Saindak Porphyry Copper -
Pakistan's Integrated Mineral Project"
- File Memo 7/23/76 from JHC ‘''Saindak Copper Prospect, West Pakistan'
Poland
- Article March 81 Mining Magazine ''‘Polish Copper - Increased Reliance on
Domestick Equipment and Technology'
- Report on Visit to the Rudna Copper Mine, Poland by S. El-Raghy - Oct. 1979
Red Sea
- Notes
Russia
- Article July 1976 World Mining ''Designing Udokan open pit mine"
Udokan - Russia
- Note & Report on Udokan copper mine, Siberia
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Malaria - 'Malaria' date stamped June 25, 1973
Manganese Modules - Magazine articles on Manganese Notdules
Material Characteristics - Approximate Material Characteristics
Metallurgy - Note
Meteor Crater - Meteor Crater
Metal s - Imports - Scrap, etc.
Metal Companies - Magazine article - Jan. 19, 1978
Metals - Crustal abundance - Magazine articles
Mines Data - Magazine articles
Mine Development - UG - Costs
- Marginal Ore at Depth - Shaft Development Proposal Dec. 4, 1972
Minerals - USA Imports - Article Jan 6, 1978
Mineral Resources - World - Articles
Mine Geology - FTG
- Memo to WLK from FTG 9/5/75 '""Mine Geology''
Mining Co. Data
-~ Magazine Articles
- Directory, British Columbia & Yukon Chamber of Mines 1977
Mining Economics - Magazine Articles
Mining Law
- Ltr to WLK from FTG 12/6/77 ''Future U.S. Mineral Policy"
- noowmon " 12/16/77 ""Testomony to House Subcommittee on Mines
and Mining, Phoenix, AZ 12/12/77"
- Memo to All Geologists from R.B. Crist 7/19/78 "'SB 1237 - Amendment to:
Arizona Mining Law, Location of Mining Claims, Effective Sept. 4, 1978"
Miscellaneous Notes
- Notes, Article & Asarco News Release 2/2/79
Miscellaneous
- Article
- Ltr to JHC drom RLB 3/22/72
~ Copy of the Geological Report upon the Acton Silver Mine by W.F. Stewart,
Dec. 1, 1879
- Note to J.J. Collins from JMC 12/21/73 w/charts & article
- Memo to JJ Merz from BE Kilpatrick 10/13/72 "24th International Geological
Congress'’
- Kennecott Copper Corp. - Exploration Dept. Position Description: Senior Geologist
1/1964
=~ Duval Corp. - Guide to Employee Performance Appraisal
= Ltr. to JHC from Rev. A.K. Little 1/29/54 re position to help in his ""Temperance''wor
Mine Taxes - Claims
- Certificate of Location NYC #1 Claim
- Articles

Articles & Notes

- Ltr to JHC from TCO 10/16/79 '"Molybdenum"

- Memo to TCO from JHC 10/4/79 ''Moly"

- (R} I 1 it it 6/1/79 1t

- [N} [§] R 1y it 2/3/78 IIMObedenumll

- Ltr from TCO to JHC 2/13/78 'Molybdenum'

- Ltr to WLK from FTG 5/3/79 "Lead-Zinc Mineralization as a Guide to Porphyry
Molybdenum Targets.'

- "Summary Findings on Moly Pricing and By-Product Capacity' Nov. 1978 P.C.Lucke Assoc

- Memo to JW Cameron from TD Henderson 2/3/71 '""Occurrence of Jordisite (Amorphos MOSZ)

in Porphyry Copper Deposits'
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- Ltr. to Mr. S.Von Fay 2/13/78 '"Molybdenum'
- Memo from TCO 3/28/78 'Molybdenum'* w/att. memo from BL Davis 3/21/78
""Molybdenum, 1978 A Position Paper'!
- Memo to TD Henderson from JW Cameron 2/23/71 Re: Your Memorandum ''‘Occurance
of Jordisite (Amorphous M0S.) in Porphyry Copper Deposits Feb 3, 1971"
- Ltr to JHC from Stephen Von“Fay 1/8/71 on Jordisite
- U.S. Dept of Interior Bureau of Mines booklet on 'Molybdenum'' May 1979.
Net Smelter - Cons & Crude Ore
- Memo to JJ Collins from GW Anderson 2/11/75 "Net Smelter Value of Metals
in ""Normal'' Concentrates
- Ltr to JJ Collins from LP Entwistle 9/19/73 '"Walue of Crude Ore'' w/att.
"Estimate of the Value of Crude Ore'' 9/73.
-~ Memo to JJ Collins from G.W. Anderson 11/13/73 'Net Smelter Value of
Metals in Normal Concentrates''
News Clips - Magazine Article
Nickel
- Articles
- Article by Benj. N. Webber Sept. 72 ''Supergene Nickel Deposits"
Overthrust Belt Western U.S.
- Articles
Open-Pit Mines - Free World
- E/MJ Mining Activity Digest Article Nov. &4, 1977
Ore Grade vs Energy
- Memo to Div. Supervisors from JHC 4/11/75 '"Ore Grade, Metal Production and
Energy'' (article by Norman J. Page & S.C. Creasey)
Platinum
- Ltr to R.K. Kirkpatrick from JHC 2/15/68 re PP 575-A
Plate Tectonics
- Articles
- Ltr to WLK from FTG 12/19/73 ''"Plate Tectonics Meeting"
- Ltr from D.M. Fletcher to JHC 10/20/76 '‘Ore Genesis"
Placers
- Articles
- Memo to L.P. Entwistle 11/12/73 “Examination of Placer Deposits'' from John F. Lord.
Personnel
- Ltr to JHC from Alvars Souviron, Anaconda 3/29/78 re references for David P.Cadwell
J.H. Courtright - Personal Records
- Ltr from David P. Caldwell to JHC 7/11/78 re Caldwell's resignation
- Ltr to Dr. Spencer Titley from Burton Devere 8/2/78 re sponsor as Fellow in GSA
- JHC's "Application for Registration to Practice' State of Arizona, draft undated
J.H. Courtright - Personal File
- Ltr to JHC from Michael Kvervaldt (Perth Office) 7/2/83
- Ltr to JHC from G.C. Amstutz 4/20/83
- Ltr to JHC from Wallace E. Pratt 2/9/78 re interview in ''Citizen' 1/30/78
- Memo to TCO '‘Personnel Changes'' 12/9/77
- Ltr to TCO from S. Von Fay re new position
- " " 5 Vyon Fay from TCO re new position
- oo " " C.E. Peverly '"Charles E. Beverly - Resignation'' 11/1/77
- Ltr to JHC from Laurence P. James 9/24/71 re JHC report
- Confidential Memo for C.H.Waldmann from CP Pollock re Kenyon Richard resignation
- Ltr to JHC from Remo Di Censo, M.D. 5/1/67 re John Kinnison
- Memo to JJ Collins from JHC 7/7/66 "A Metamorphosed Zone of Precambrian
Secondary Copper Enrichment'
- Ltr to Spencer R. Titley, Prof. UofA, 6/15/66 re his letter 5/25/66 to K.Richard
on proposed publication on porphyry copper (att.)
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J.H. Courtright - Personal File (Continued)
- Ltr. to W.R. Landwehr from JHC 5/18/66 re his paper on '"Mineral Belts, Mineral
Districts and Regional Exploration in the Western U.S."
- Ltr to JHC L4/8/66 from Walt {Menlo Park) re mineralization
- Ltr to Richard L. Mauger, UofA, from JHC 1/25/66 re 'Annual Progress Rpt to AEC"
- Ltr to JHC from LA Heindl, USGS, 11/26/65 re his paper on 'Mesozoic formations
in the Comobabi and Roskruge Mountains'
- Notes on AGS Meeting 12/14/65
- Ltr to JHC 4/20/64 from Herman L. Bauer, Jr., Kennecott Copper Co., re his
porphyry paper presented at Dallas 1963 AIME Mtg.
- Ltr to Wm. M. Merrill, Univ. of Kansas, from Kenyon Richard 11/8/63 re
Dr. Elliot Gi]lerman’s work on Peloncillo Mts.
- Ltr to P.I. Conley from CP Pollock 4/18/61 "Qtrly Report on Exploration Activities'
- Ltr to KE Richard 1/19/61 from CP Pollock "'Southwestern Exploration Organization!
- Ltr to JHC from W.R. Landwehr re position of assist. geologist 8/17/45.
- Authroization for Salary Adjustments 1/20/76 Exploration Dept.
PGE (Platinum Group Elements)
- File Memo by JHC 10/19/83 "PGE in Magnetite"
Porphyry Copper Deposits - Arizona & New Mexico
- Articles, Maps
- File of Memos 1953 to 1972 - including File Memos of 2/18/63 & 3/11/68 update,
and Memorandum to JJ Collins 11/28/72 on ''"Porphyry Copper Deposits = Arizona
and New Mexico"
Porphyry Copper Capping
- Draft of Report by JHC 12/1/81 '"Porphyry Copper Capping'
- Ltr to FTG from JHC March 82 "Porphyry Copper Capping'
- Ltr to JHC from FTG 1/18/82 ""Porphyry Copper Capping"
Porphyry Copper History
Ltr to JHC from RLB 4/29/82
- 'Case Histories of Discoveries' by J.David Lowell (date stamped JHC 3/22/76)
- “"Thirty Year Evolution of Porphyry Copper Exploration in Southwest USA--Part |--
Techniques and Philosophies'' by Kenyon Richard, April 1976.
- Memorandum for All Exploration Managers from RLB 2/4/83 w/att. memo to Geologists

2/3/83
- Ltr from RLB to JHC 2/3/83 re maps for PC History
- Ltr " 0w 1/18/83 ''Some Porphyry Copper History
- 1o meoowwe1/27/83 0 0 "

- uwoom e " 7/8/82 re PC History
- "“Exploration Lessons from Near-Misses and Failures'' by JHC 3/1975
- “Some Porphyry Copper Hlstory - Part |'* JHC 12/8/82 - 1 copy
- Part I1'' JHC 7/12/83 1 copy
- " e " " Part 11" JHC 7/19/84 3 copies
Porphyry Copper Symposium Jan. 77, K.R. Guilbert, etc.
- Ltr to JHC from BJ Deverr '"Porphyry Copper Symposium'* 4/11/77 w/attached memo
of OR Radislao's 3/14/77 on same subject.
Porphyry Coppers
- Articles, Maps, Open File Report 77-127
- Fifty Years - Worldwide Porphyry Copper Discoveries by Paul Eimon, Nov. 13, 1970
- Rough draft - "Geologic Characteristics of 26 Major Porphyry Copper and
Molybdenum Deposits: by J.David Lowell & John M. Guilbert (JHC, date stamp 1/29/69,
Precious Metals - Articles
Publications - Mining - Exploration
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THIRD DRAWER (Continued)

Research
- "Wind River FM- Gold, Wyoming Research'' Memo to DMS from JHC 11/24/80
- File Memo from JHC 12/1/80 "Porphyry Copper Research"
- Memo to S.Von Fay from FTG 'Wrigglete'' a swirley layered structure. 4/28/78
- "Rare Earth Elements in Volcanogenic Environments'' Memo from FTG 3/15/82
- Memo from FTG 3/15/82 ''Seafloor Hydrothermal Systems'
- File Memo from JHC 10/30/81 'Deep Fluid Penetration and QOre Deposition'
- Memo from S. Von Fay 4/24/78 'Wrigglite (Ribbon Rock)"
Resource Terminology
- News release, definitions
Ribbon Rock
- ""Metamorphis' (Excerpt) by Alfred Harker
ROl - Present Value Method
- Capital Expenditures Policy, Rate of Return on Investment, Present VYalue Method
5/13/58
- Bibliography
Roster - Exploration Divisions
Salaries - Article on graduate salaries.
Salt Domes
- To WLK from GWP “Sulfide mineralization associated with Salt Dome structures 1/15/7
Sampling
- To Exploration Supervisors from JHC 9/19/77 'Literature Search"
- File Memorandum from JHC 12/7/62 ‘''Large Diameter Cores for Metallurgical Samples''
- Design of Churn Drill Sludge Splitter - designed by JHC & RE Mieritz April 1950
- Automatic Sample Splitter (Ray type) - July 1976
- Memo to JHC from J. Kinnison 9/28/66 '* General Exploration, Sampling Gold and
Silver®
- Article "Theory of Sampling'' by Thomas T. Read
Silver
- Articles
- File Memo from JHC "'Silver by T.P. Mohide - 1985 - Jan.'" Sept. 27, 1985
- Memo to FTG from JHC 2/20/81
Silver - Dissem. Deposits
- Ltr to WLK from FTG 5/18/81 '"Disseminated Silver Deposits"
- Paper by FTG ''Characteristics of Disseminated Silver Deposits in the Western
United States'' date stamped RLB April 20, 1981
Society of Economic Geologists
-~ Membership Applications & Memos
Solar Distillation - Water - Article
South Africa - General
- Memo to TCO from JHC "South Aftican Tour'' 5/17/76
- Ltr to CK Moss from JHG Fuchter 9/14/73 Cape Prov. South Africa
- Ltr to TCO from JHG Fuchter 8/17/73 re Northern Cape
- Memo to JJ Collins from TCO 2/28/73
- Ltr to JHG Fuchter from TCO 10/13/76 ''South Africa"
- " % JHC from JHG Fuchter 6/21/76
- 1t 13 1" Tt 1 i 6/7/76
- e " " " H 2/19/76 Re Tour of South Africa
- K} 1t H it 11 (33 4/7/76 1R " (R} i ti
- ltinerary JHC visit to Southern Africa - May 1 to 15, 1976
Ltr to JHC from TCO 2/13/76 ''South Africa"
Personnel South Africa
- Ltrs. on Personnel - 1976
Solar Energy
- Articles
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THIRD DRAWER (Continued)

Stratiform Deposits
- Ltr to JHC from RLB - 2/18/72 re Kuroko deposits
Student Prospects - Tours, etc.
- Ltr to Ken C. Bennett, Phelps Dodge, from FTG 12/14/77
- Ltr to TCO from FTG 11/4/77 “"Talent Search Vi{, 1977 Stanford Job Fair."
- Ltr to TCO from JHC "Talent Search VI, ?0ct.'76
Suction Dredging
- Article from Mining & Industrial News - August 1950
Symposium - Silver City - 5/21/75 - Base Metal & Prec. Metal Dist. of New Mex. & Arizon
- Articles, Notes, Brochure
Taxes - Arizona
- Note
Tectonic Dictionary
- International Geologic Congress Memoir 7 "international Tectonic Dictionary!
Tin
- Articles
- Report by JE Denyer 10/3/77 ''Santa Maria, Meeting at Adelaide House, London
27 Sept. 1977"
- File Memo by JHC 3/10/77 ''Drilling-Percussion, Foaming and De-Foaming Agents'
- Memo to RB Sprague from JHC 11/18/76 '"Rosal Project, Spain'
-~ File Memo by JHC 2/16/77 '"Raya Tin Prospect, Spain'
- Memo to RB Sprague from JHC 12/22/76 '"Raya Project, Rosal Basin, Spain'
- "Notes on Bolivian Tin' by JHC 8/12/77
- Santa Maria Tin - Spain'' JE DEnyer 6/15/77
Thorium
- Dept. of Interior - news release
Trade Journals
- E/MJ articles
Travel Insurance
~ Company letters on Travel insurance 13975 & 1977
Trucks
- Article
Tungsten
- Tungsten Survey October '77 by JHC
- Articles, Notes
- Memo to TCO from JHC 11/16/77 '"Tungsten Survey'
- Mineral Investigations Resource Map MR-25
Uranium
- Articles, notes, news release, maps
- File Memo by JHC 6/17/77 '"New Developments in Uranium Exploration in Metamorphic
& Intrusive Environments"
- Memo to S. Von Fay "A Review of the Uranium Industry and Recommendations' -
Oct. 21, 1976
- Memo to Regional Supervisors in US - from L.D. James 11/29/75 "U.S. Uranium,
Hydrogeochemical Survey"
- Ltr to WLK from WG Hoskins 12/15/75 re radiometric survey
- Memo to S.Anzalone from WG Hoskins 5/13/68 '"Uraniferous Basins of Wyoming
compared to the Tertiary Basin in Mohave, Yuma & Yavapai Counties, Arizona
- Ltr to JV Desvaux from WG Hoskins 6/7/76 on Rio Hondo Property
- Ltr to TCO from Stephen Von Fay 10/21/76 "Energy, Uranium review & recommendations'
- Ltr to WG Hoskins from RLB 9/28/76 ''Grand Junction Meeting"
Vail Meeting
- Ltr to S. Anzalone from Stephen Von Fay 9/1/76 'Vail Meeting Memorandum, Day
Mines Memorandum!
- Memo to Steve Von Fay from Greg Arehart ''Day Mines' Leadville Operation' 8/26/76
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THIRD DRAWER (Continued)

Visitors - Tours

- Ltrs. & itineraries on various tours 1971-1975
Water Jet Cuts Rock
Weights - Measures
Welded Tuffs

- Report 'Welded Tuffs'

- Notes & Articles
Zinc -
- Wall St. Journal Article L4/13/77

FOURTH DRAWER (Bottom Drawer)

Three-ring Binder "New U.S.A. Metal Production Forecast - 1985 - From Undeveloped
Deposits'' JHC 2-9-79 WLK

Folder "Exploration Note File - Reconnaissance'' note on folder "Already copies in
files these are JHC copies'

Maps 2 - on Cuajone 1977

Various letters, memos and maps on 'Nuggetty Gully' Australia 1979



New York, N.Y., January 21, 1987

MEMORANDUM FOR Mr. T. C. Osborne

Attached hereto is a letter from Jim Sell, in which Jim,
acting in his capacity as a member of the Advisory Council
of the Arizona Geology Society, solicits a contribution from
Asarco to the "J. H. Courtright Memorial Fund". The AGS
proposes to use income from the fund to support the cost of
research, presumably student research, in field work connected
with the study of mineral deposits.

The society also proposes to memorialize Harcld with
a new volume, now planned to be produced on the same scale
and in the same quality as the Porphyry Copper Volume, which
would concentrate its subject matter on areas in districts
where Harold did most of his field work. Some of our people
might respond to the call for papers for this volume when it
is issued, but I now know of no one who is planning to contribute
to it.

Of course, my recommendation is that Asarco contribute
to the fund at the scale recommended by Jim Sell. That is
to say, I recommend that Asarco contribute $5,000 outright *
and agree to match any other contributions made to the fund
up to a total of $5,000.

The Arizona Geological Society is a pretty solid organization,
it is well managed, and has been in existence nearly 30
years. I believe it is financially responsible, and this
responsibility is evidenced by the quality of their field
trip manuals and their various publications. Perhaps Asarco
might wish to convey its contribution to the fund with some
sort of deed or trust, which would stipulate that if the
society should go out of existence or if it should fail to
use the funds for the purpose designated, the funds would be
returned to Asarco. Of course, I am prepared to assemble
any presentation necessary for the proper Asarco committee
in order to support this recommendation.

L1

R. L. Brown

RLB:mr
Att.

cc: J. D. Sell

. £LB 2./2-1//8'7‘ %@m &W%ﬂ-ﬁymh /ﬁ' /Q‘Z/L’éa—/zmx M/-zy«—é/%a
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PERSONAL /CONFIDENT AL DEC 1 - 1877

Exploration Department

T. C.Osborne
Director of Exploration

November 28, 1977

Mr. S. Von Fay
ASARCO Incorporated
Denver Office

Dear Steve:

, Harold Courtright will be retiring as Chief Geologist at the end
of December, and as you probably know we do not intend to appoint anyone
in his place. Since 1970, the post of Chief Geologist has essentially
been a staff job without any line responsibility; this left Harold free
to undertake geological research (e.g. literature search, geological
commodity studies, statistical studies, etc.) in addition to acting as
senior geological advisor to management. BAfter retirement, Harold will
be kept on a modest consulting retainer but will confine his activities
to continuing to provide all of us with geological advice.

To make up for the gap in our general geological research capability
caused by Harold's departure, we are going to create a new position,
Senior Research Geologist, and we want you to take it on, effective
January 1l.-

As Senior Research Geologist, your principal duty would be to under-
take wide ranging office geological research cutting across regional
boundaries. Some travel would of course be required to visit mineral
districts, etc., but you would be more concerned with generating new ideas
than with existing projects. We would hope that you could generate many
cf your own assignments, and you would also carxry cut assignments suggostad
from time to time by Mr. Brown and myself. You would report directly to
me with copies of all correspondence going to the appropriate regional
supervisor (and to Mr. Kurtz for western U.3.). As a start I suggest

ou:
Y . £ x pl Reor et b F
1. Assume responsibility for keeping the note files previously
kept by Harold Courtright, and screen information re literature items of
interest which will now go to you via the record sheets previously sent
to Harold. Items of interest (not everything) can be disseminated to

other offices where they might be used.

2. Follow-up the tungsten study started by Harold Courtright, with
particular emphasis on B.C., the Yukon, and the northwestern U.S.

ASARCO Incorporated 120 Broadway New York,N.Y. 10005 (212) 732-9500
Telex ITT 420535 RCA 232378 WUI 62522 Cables MINEDEPART Telegrams- WU 1-25991
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AMERICAN SMELTING AND REFINING COMPANY

MINING DEPARTMENT

SALT LAKE CITY 1, UTAH

fvugast 17, 1945

Mr. J. He Courtright
Cousolidated Coppermines Corporation
Kimberly, Nevgda

Dear Sir:

In rerly to vour letter of August 14 relative to the
position of assistant geologist in our exploration dsopartment.

Azcording to your experience record and the rocommen=
datinon of Ken Richerd, you seem quslified for the position but
at tha present tima I conld not pav more then %225.00 a monthe
If you wculd consider that salary, please so sdvise me.

Your employment would be contingent vpon PennebaVer's
willineness to relesse yvou as I must give ccnsidoration to that.

Yours vary truly

b 2 Kesin

WRL:ES N. R. LANDWEFR



JH.C
AUG 23 1967

Mew York, August 21, 1967
G MFInENMTIAL

SAT ML RANDUM FCR: #Mr. C. H, Woldmann

Mr, Kenyon Rlchard hos resigned os Chief Geologist of Asoron. His resignation will
bt coma effective Decawber 31, 1967, Needlos to say, we ore exiremoly serry o lose
#e, Rizhord. Me s on exceptionally tolented mining geologist end highly qualified
condemicolly ond from 30 yeers experience In the ronforrous buse metals fleld for gulding
ool adoinfstering the exploration progroms we conglder essentlal for mointeining eur mining
bustnsss.

I order thet we might consult with Me. Richard from thme 10 time In connoction with
porphyry copper projects, o spacislized fisld In which he 1s recognized os on cuthority,
we have arrangad to keep him on the peyroll of full poy for the balance of this yeer. He will
be eligitle for the yeor end bonus, If en extro compenzation payment Is distributed. Both
he end Mrs. Rlchard will ke covered by the Asoreo Health Plan to the end of the yesr ond
Mr, Richord's Group Life Insurance polley will be kept In forco to December 31, 1967.
Both the Health Plon ond Life Insurance are to be canczeled es of that dato.

Boginning Junuary 1, 1968, we will pay Me, Rlchard ot the rote of §13,500 per year,
ana~hell his evrreat selory for bwo successive years, 1980 and 1969; ol salory poyments fo
be terminated December 31, 1969,

! have explalned to A, Richard that he may withdrow his contributions of opproximately
$13,270.00 from the Assren Pansion Plan ond toke o noncontributory vested beneflt of sbout
$445.00 per yoar beginnlng Cetober 31, 1980, his normol retlrement date. It Is undersiood these
flguras ore subject fo verification by the Metropollten Life Insurance Company .

Will you please meke the necessory changes covering Ms. Richerd's employment in
zccordance with the cbove ervangements.

C. P, Pollock
CC~EMalTittmann
AW Vaughen
DiSoutar
HiCesdenough ‘
KRichard ;

4

BlindCC-JHCourtright Y Personal
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Exploration Department
Southwestern United States Division

James D. Sell
Manager

January 8, 1987

Mr. R. L. Brown
Vice President
ASARCO Incorporated
New York Office

J. H. Courtright
Memorial Fund

Dear Mr. Brown:

A "J. H. Courtright Memorial Fund" Committee has been established to honor
James Harold Courtright, retired Chief Geologist of Asarco Exploration, who
passed away on December 7, 1986. The fund will be administered by the
Arizona Geological Society Advisory Council.

The proceeds of the interest from the fund will be disbursed for aiding
in the resolvement of geologic problems by any member of the profession.
Applications for this grant will be processed and awarded by the Advisory
Council. It is probable that field study results, of which this funding
grant may be a part, would be reported verbally at the meetings of the
Arizona Geological Society, or submitted for publication in the ongoing
AGS Digest series.

Harold was a Charter Member (1948) of the Arizona Geological Society and
has contributed to the stability and expansion of the Society through his
participation as a member of various committees, his publication of papers
in the Digest volumes, his organization of field trips, and in financial
backing at various times in the Society's growth. Harold was President of
AGS in 1968-1969.

An announcement of the establishment of the JHC Memorial Fund (attachment)
has been distributed to the AGS membership, and $700 of contributions have
been received as of this date. The AGS Advisory Council has also gloted a
$1000 matching fund for these contributions to the Memorial Fund. This
support exemplifies the high esteem for Harold and for his achievements.

ASARCO !noorporated P. O. Box 5747 Tuoson Az 85703
HMEA Aatl Ty Voo, 3 Oq‘ 792 o O
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Mr. R. L. Brown January 8, 1987
Page 2

Support for the J. H. Courtright Memorial Fund will also be invited from
the general geologic profession of individuals and company groups.

I recommend that Asarco contribute a substantial amount to the J. H.
Courtright Memorial Fund, say a $5,000 contribution, with an additional
$5,000 matching fund incentive on individual contributions. A larger
contribution would provide an increased base on which to expand this
Memorial to a field-oriented geologist and friend, J. H. Courtright.

This timely donation would be publicized in future solicitation from
other individuals and companies. Contributions should be submitted
payable to the "Ariz. Geol. Soc. - JHC Memorial Fund," c/o Arizona
Geological Society, P.0O. Box 40952, Tucson, AZ 85717.

The AGS Publication Committee has also authorized a future volume in
their Digest series to honor James Harold Courtright. At present, the
format will include deposits, outcrops, and ideas from South America to
Casino, Yukon, where Harold also left his footprints, hammer marks and
thoughts.

Sincerely,

R — Kel
N AT SR e
Q A 7SR L KV 50 &
" James D. Sell
JDS:mek £--
Attachment

cc: J. Harold Courtright Memorial Fund Committee:
James A. Briscoe, Byron S. Hardie, Kenyon E. Richard, James D. Sell,
Jan C. Wilt, Will Wilkinson (President, AGS)



ARIZONA GEOLOGICAL SOCIETY

P.O. BOX 40952, UNIVERSITY STATION
TUCSON, ARIZONA 85719

J. Harold Courtright Memorial Fund
To Friends of Harold Courtright:

Our longtime friend and colleague, J. Harold Courtright died
Sunday, December7&, 1986, in Tucson. Throughout his 45-year
career he investigated innumerable mineral deposits and
geological problems and was responsible for putting a large
number of ore deposits into production. Because of his influence
on the geology of the western cordillera and his founding and
longtime support of the Arizona Geological Society, a memorial
fund is being established through the Arizona Geological Society.
The purpose of this fund will be to support studies similar to
those done by Harold Courtright.

Building this memorial fund will begin immediately in order to
accomodate those who wish to contribute before the end of 1986.
Indivual and matching corporate funds will build an endowment so
that the yearly interest can be used to fund grants for
educational or geological problem solving.

A J. Harold Courtright Memorial Volume is being planned for
publication in the Arizona Geological Society Digest series, the
proceeds of which will also contribute to the memorial fund.
Initial plans for this volume are to include reminiscences and
anecdotal contributions concerning Harold's career and short
technical papers on mineral deposits or geological problems with
which he was involved.

‘Checks can be made payable to Ariz. Geol. Soc. - JHC Memorial
Fund. Please send your contribution to the Arizona Geological
Society, P. O. Box 40952, Tucson, AZ 85717.

Sincerely yours,
Will Wilkinson .
President, AGS

J. Harold Courtright Memorial Fund Committee
James A. Briscoe, Byron Hardie, Kenyon E. Richard, James D. Sell,
Jan C. Wilt
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JAMES HAROLD COURTRIGHT

o

m. Viola Louis

son James David
son Timothy W.

Education

April 26, 1908, Yakima, WA
d. Dec. 7, 1986, Tucson, AZ

Sacramento City College, Sacramento, CA

Feb. 1933 - June 1936, BA
Feb. 1937 - June 1937

Univ. of Nevada {Mackay School of Mines), Reno, NV

Sept. 1940 - June 1941

Societies & Memberships

Amer. Inst. Min. Eng. 1941

AZ Geol. Soc. 1948 (Charter Member)

VP 1967-1968
Pres. 1968-1969

AZ State Bd. of Tech Reg. Dec. 3, 1964 #5927

Geol. Soc. Amer. 1954

Mining Club of SW 1971 {Charter Member)

Soc. Econ. Geol. 1952
Employment

Consol idated Coppermines

Corp.

Dec. 1941 - Oct. 1945. Geologist; Asst. Ch. Geol., last year
Kimberly, NV. Open-pit and UG mine geological work, mine
examination, prospect examination, and supervision of
exploration. E.N. Pennebaker and K.E. Richard.

ASARCO Incorporated (American Smelting and Refining Company)

Summary:
Oct. 1945 - July 1960.
July 1960 - July 1963.
July 1963 - Jan. 1970

Jan. 1970 - Jan. 1978.
Jan. 1978 - Dec. 1986.

Geologist
Asst. Chief Geol., SW Expl.Div.

Chief Geol., W. USA, Mex., and C. Amer.

Chief Geol., Asarco Expl.
Consult. Geol., Asarco Expl.

T



DRAFT

Detail

Oct. 1945 - Dec. 1947. Resid. Geol., Kokomo & Leadville Dists., CO,
in charge of exploration. W.R. Landwehr.

Dec. 1947 - April 1949. Resid. Geol., Silver Bell Dist., AZ, in
charge of exploration. W.R. Landwehr & K.E. Richard.

April 1949 - Jan. 1950. Geol., Toquepala, Peru, geol. mapping and
supervision of exploration. H. Kursell & K.E. Richard.

Jan.-1950 - June 1951. Geol., SW Mining Dept., Tucson, AZ, mine and
prospect evaluation. W.R. Landwehr and K.E. Richard., o

June 1951 - Feb. 1952. Resid. Geol., Nigeria, Africa, in charge of
exploration. C.E. Prior.

Feb. 1952 - Sept. 1952. Resid. Geol., Concepcion del Oro, Mexico,
in charge of exploration. T.P. Clendenin.

Sept. 1952 - Jan. 1955. Geol., SW Mining Dept., Tucson, AZ, general
exploration in western USA. W.R:. Landwehr.

Jan. 1955 - Sept. 1955. Geol., Toquepala, Peru, supervision of
drilling and sampling. A.C. Hall and K.E. Richard.

Sept. 1955 - June 1957. Geol., SW Mining Dept., Tucson, AZ, general
exploration, western USA. K.E. Richard.

June 1957 - Dec. 1957. Geol., SW Mining Dept., Tucson, AZ, evaluation
of prospects and mines, supervision of exploration NW USA and
British Columbia, Canada. P.l. Conley and K.E. Richard.

Dec. 1957 - July 1960. Geol., SW Mining Dept., Tucson, AZ., general
exploration, SW USA. T.A. Snedden & K.E. Richard.

July 1960 - July 1963. Asst. Chief Geol., SW Expl. Div. K.E. Richard.

July 1963 - Jan. 1970. Chief Geol., Western USA, Mexico, and Central
America. C.P. Pollock, K.E. Richard, J.J. Collins.

Jan. 1970 - Jan. 1978. Chief Geol., Asarco Exploration, C.P. Pollock (?),
J. J. Collins, T.C. Osborne.

Jan. 1978 - Dec. 1986. Consulting Geologist, ASARCO Incorporated.

T. C. Osborne, R.L. Brown.



,%mzéa@ Y et %Mc/,qzﬁﬁ% cotlr

s e BRS. HA Bislse T e
epleptolirs , LPle MW&?%&«' e Liicies,
M‘%&{ Vs W 6’/4/’(.‘1’7, .,

: %%@ &/44 /W %'4 Yo B .a%«z(% =
.V%/’MM e Py _f%éxua»?'w/u%/ 2!

| Saoty Mo Lolact P A5 abivie cvod Aone

| Yo Lo &‘Z"””/ et LT Lo Lo i K
dgdﬁw/u@ﬁ, Loy RO Gt creet wF i, & BY
Ftin. A e, oF ,;M&;{{;ggijﬂw@/
T oo AftaTiin Foie weliy T Forescre grod
opot e s 4o, '%/!é, By fentss, o
%%#%%%M '--—-—/é ey roton
Ao fopd) wive; —— ol ee Ao tpurnd FE Lo,

/]

e i ey




% Sod actn ctucl podiv —coiiie £
(St b iBe oy — oongiods fory — o AndLvece

3 W 12451 05%
e — L

- .
i
il
i
i
L
i
W
:
Vi
4t )
it
S




L;LJ'LZC

1

W@%«M ﬁﬁz—ég/éw/@é/
/ J@:W/“ %M/,wmw

ﬂ/ ﬁ%ﬂéwma &—M.ya—@nw MCMM/% ,
1 M/ %éu/ Fvo eer pfiaip ez e
* M{m y A A y/ /&aﬂ«& Z o Bt

/ﬂ,&,ﬂa e %”7 AALRAA A WJZ&G é/ ﬁ/ %545
WM/ W W 5’&446;&444{/‘4, / T & Lt

,‘@%«/, W@”W W/W Rt S
(Z/A;z%;g WM/ /{'A’Z/zc‘/é ,4’&7 e 4)

Wd’»’ / ,%ﬂég =rd z%f/&@/% B Y
%ﬂf __.5/_4_?7//%/4 B - égﬂ,@/j/;‘;/ 7 o
/@Jx/é Pre bwsess Z B aPtn, 2P0

= /MML>/MW % Wff-—t—ca _,ég/zgaa.&u.e .

/ e ppct il gpptee io Sttt

W 12070/



7 Y s e FhaF Sliols)f —cveo oo <X~ GQM«?ZF
fﬂm Mja//%é/élﬂdm P Wa/&»é‘/ca«,
% é’u&&cﬁc(]&) Wd —2f P A /w @ﬂ,@aj’ %:‘W
dptamees cn Hepy Stoclieea e e bt Locesee.
‘/be,e,&m /DZWM WMMJ dﬂW(/,é&o/‘
,L,,,/ MW e Tl “eo, 5 /WW

‘M /;/ Ae LLERD EBE o2y, ‘ggamg_é, Pt e e
W ot e L [ P,
| epliind) et b vcinsossfod i | P Lo,
WJ WM/ ol e /é/m/.&a s cecto
M . cooie CLLFL, / Cowesmooctionlossy Lewces /9«%“&7
%M floerlel cevss Synllis, Mo 2wcolleld) | Ko 2regosyecd
a@fémx—bm Boict Lre %ma//%vw&//ﬁéw f{ég/@a&

/)-z—U?. ety .
%@5 . rzdire




AN
ASARCO
NS

AMERICAN SMELTING AND REFINING COMPANY

EXPLORATION DEPARTMENT

120 BROADWAY, NEW YORK, N.Y. 10005

C.P. POLLOCK
VICE PRESIDENT

>

AIR MAIL

Mr. J. H, Courtright

December 31,

American Smelting and Refining Company

P. O. Box 5795

Tucson, Arizona

Dear Mr. Courtright:

Since your duties as Chief Geologist will require that much more time be devoted

Chief Geologist

1969

to Company-wide affairs than in the past, it is advisable to outline, in a general way,

your activities for the future,

As Chief Geologist, your principal concern will be to initiate new projects at all
Exploration Divisions in the search for new reserves for Asarco., You will advise me as to
any opportunities for improvement in the quality of geological work being done at any of
the Exploration offices and on the competency of the geological personnel,

You will advise and consult with the Supervisors on the qualifications of prospective,

new geologists. This is a matter of experience in judging the ability of these men.

In order that we may have the benefit of your wide experience, you will visit the
projects at the various Exploration Divisions at appropriate intervals to advise and consult

with the Supervisors on exploration problems.

You are expected to supervise the activities of the Research Geolog|si', Mr. Stephen
VonFay, who is presently engaged in the search for new projects.

Although Tucson will continue to be your home base,; you will report to me in New
York. You will remain on the Southwest Department salary roll and they will furnish other

necessary facilities,

[ want to take this opportunity to compliment you on your promotion. It is obvious
I have every confidence that you will continue your excellent work,

CC-LPEntwistle -~ > JFlLord
> RJLacy -KWhiting
> DMFletcher >WESaegart
> JVDesvaux = RBSprague
* SAAnzalone TCOsborne

= RKKirkpatrick - RLBrown ... .

Sincerely,

/é’ollock

TASnedden
RBMeen

] KvondenStemen

SVonFay
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Exploration Department

\Nc{é;nber 6, 1975 )

TO: DIVISION SUPERVISORS

Je.J. COLLINS

| presume you have all been advised that John Collins is leaving the
Company at the end of this year; however, Mr. Osborne wil]l take over

December Ist, as John will depart from New York on that date.

| am sure those of you who know John personally would like to participate
in the purchase of a gift as an expression of appreciation. A range of
$5.00 to $10.00 per person is suggested. Please understand that this is
not a blanket request, but a suggestion, You should pass on this memo,
or advise, only those staff members that you are certain would definitely
wish to be included in the list of donors.

Since time is short, please send me, by telex or night letter cable, your
list of donors and only the total amount pledged. This applies to foreign
offices only. Mail within the U.S.A. should reach here in time. Funds
can be collected later and sent to this office as we will finance the
purchase,

A 4%4:—’

J.H. Courtright

JHC:vh

cc: T.C. Osborne - Personal & Confidential, R.,L. Brown, J.V. Desvaux
L.P. Entwistle
J.F. Lord D.P. Cadwell
J.J. Merz L. Montoya

Division Supervisors:

S.A, Anzalone

J.C. Balla, E. Whiting

M.P, Barnes, C.K. Moss, L.D. James
B.J. Devere, Jr.

D.M, Fletcher

J.H.G. Fuchter

R.S. Gray

D.D. Harper

W.L. Kurtz

R.B. Sprague

S. Von Fay, R.K. Kirkpatrick
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JANS /5

New York, December 31, 1975

EXPLORATION DLy,
MEMORANDUM FOR: Messrs. R. L. Brown J. C. Balla J.P4,QJM
J. V. Desvaux S. A. Anzalone
» J. H. Courtright R, 5. Gray JAN 5 19?6

M. P. Barnes R. B. Sprague -
C. K. Moss J. J. Merz

L. D. James L. Montoya

J. R. Wojcik J. H. G. Fuchter

W. L. Kurtz D. P. Cadwell '

F. T. Graybeal D. M. Fletcher

S. Von Fay B. J. Devere, Jr.

D, D. Harper

Exploration Department Organization

I believe you are probably all aware of changes which will occur within the
Exploration Department upon Mr. Collins' retirement today, and this memorandum
is intended simply to place this information on record.

Effective January 1, I will be Director of Exploration and Mr. R. L. Brown

will succeed me as Assistant Director of Exploration. BAlso effective January 1,
Mr. W. L. Kurtz is appointed Manager, Western USA, remaining at Tucson. Mr.

R. S. Gray will succeed Mr. Brown as manager of the Toronto Office and Mr.

F. T. Graybeal will succeed Mr. Kurtz as manager at Tucson.

I will have general responsibility for all programs of the department, and in
my absence or unavailability Mr. Brown has authority to act for me.

Detailed reporting by our offices and sub-offices will be divided for convenience
between myself, Mr. Brown and Mr. Kurtz. The Vancouver, Perth, Manila, South
Africa, and Chile Offices should direct all correspondence to me; the Toronto,
Knoxville, and London (Madrid and Ireland) Offices should direct correspondence
to Mr. Brown, and the Tucson, Salt Lake Exploration, Denver, and Spokane Offices
should direct their correspondence to Mr. Kurtz, with copy to me in New York.
(Please note there is no need to send copies to me of correspondence addressed
to Mr. Brown, or vice versa, as all material coming to New York will cross ’
both our desks). Messrs. Courtright, Moss, James, Barnes (when acting as Chief
Computer Geologist), and Wojcik (when acting as Placer Engineer) will report
directly to me on general matters and will continue to address correspondence

on specific matters to the individuals concerned, with copy to me. Please note
these reporting arrangcments are for convenience and I intend to keep in close
touch with all of you. iy

My home telephone is 201-232-7285 and Mr. Brown's is 201-377-0246. It should
always be possible for you to reach one of us on matters of urgency, but in

the unlikely event that this is not feasible you are free to call Mr. Hennebach
directly.
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If there are any questions about the above arrangements, please don't hesitate
to ask. I trust the transition will take place smoothly and I look forward to
continuing our association. With best wishes to all of you for the New Year,

Ny

\ B .
.
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THIRTY-YEAR EVOLUTION OF PORPHYRY COPPER EXPLORATION IN SOUTHWEST usal

PART 1.

by

TECHNIQUES AND PHILOSOPHIES

Kenyon Richard 2

More or less 30 years ago there was a grad-
ual but profound change in mineral exploration
—particularly in porphyry copper exploration.

Functioning for the first time in organized,
systematized groups outside of their home dis~
tricts, mining geologists themselves became
regional prospectors.

In order to explain that last statement, I
feel that I must go back, not just 30 years,
but into the last century, even earlier, for a
number of comparisons, because the contrast
in exploration procedures is distinct; and by
no means are the distinctions all due to new
technological capabilities.

Through very early Biblical times, and the
Cypriots, Romans, and Conquistadores, to
name a few, the prospector-miners were slaves.
That's low-cost operation at its lowest, par-
ticularly because the families of the slaves
had to feed them.

The Queen of Sheba is a good example of
ingenuity. She operated a lode gold mine.
The slaves who rotated her hand ore grinders
were blinded. Even if they did find nuggets,
they couldn't escape. She certainly needed
no time-motion analyst to explain the meaning
of operational efficiency. Her biggest head-
ache probably was maintaining a monopoly on
the slave market because her labor turn-over
must have been high due to early insanity
among the workers.

The first "free" prospectors in history were
the California '49ers. They were free, that is,
to blister in summer, freeze in winter and
starve year-round. On average they barely
made wages. But they came from all over the
world and they didn't return home when the
placer gold deposits were soon worked out.
Some became ranchers, store owners, black-
smiths, and the like, and most prospered;
but some took their California gold pans,
spread out over the West, learned to detect
other heavy minerals and metals, and taught

lga nquet Address

2 11 E. Orange Grove Rd., Tucson,
Arizoha 85704

themselves and their successors a few charac-
teristics of ore deposits. These men became
the prospectors, and a very few of them be-
came the discoverers of bonanzas, the real
founders of the burgeoning mining business of
the West.

However, most of them ruined themselves
with hard, useless work because they lacked
education—even the rudiments of business,
engineering, or geology—partly because it
was not available, but mostly because they
were too rough-hewn to have bothered with it
anyway. Consequently, they tended to regard
almost any mineral showing as a probable ore-
body; they simply did not recognize the tre-
mendous odds against success; they were im-
bued with the Western tradition of toughness:;
and they were sustained by that marvelous in-
centive for human endeavor: the dream of in-
stant wealth. Altogether, the thousands of
miles of hand-driven workings on worthless
mineral showings is staggering to contemplate.

They found many thousands of mineral de-
posits. But with the exception of those few
bonanzas, the instant wealth didn't material-
ize.

Most of the prospectors realized rather
early they could not convert the discoveries of
seemingly fairly good mineral showings into
instant wealth either by themselves or in hard-
working small groups. To some of the discov-
erers it became evident that the making of
mines required talents and resources they
lacked: First, an understanding of geology
such that a discovery could be evaluated with-
out blindly undertaking a terrible amount of
fruitless hard work; second, an appreciation
of mining engineering, management, marketing,
etc; and most important, a supply of money
and knowledge of its use.

The bonanza discoveries, of course, early
attracted money along with engineering and
management talent. When the ore was rich,
however, the mine operators could and did
make many expensive exploration blunders—
unnoticed. So, recognition by anyone of a
need for knowledge of the geology of mineral
deposits evolved very slowly.

The earliest individuals doing "mining"



170 KENYON RICHARD

geological work of a special kind—for example,
men like Becker and Hague of the Survey who
published classics respectively on the Eureka
and Comstock Lode districts of Nevada in 1882
and '83—were only scientific observers and
describers, educated in Europe—and they
worked only on the known bonanza deposits.

The same can be said for the next genera-
tion of geniuses, such as Ransome and Lind-
gren., They were marvelous scientific obser-
vers; they were not discoverers; but they were
teachers, inasmuch as their publications and
their fame improved and speeded the movement
of the knowledge of mineral ore occurrences
from European universities to eastern United
States and on to the West.

Rather tardily, mining geology became
available in the West., The more progressive
mining companies began to hire men with edu-
cation in the science of mineralization. Their
exploration judgment gradually began to re-
place the whims of the mine shifters, the su-
perintendents, the surveyors, the astrologers,
and the like.

Anaconda formed the first and justly famous
geological department. Other companies,
large and medium sized, imitated Anaconda be-
cause of its reputed great success in ore find-
ing. These new departments in other companies
also found ore. The very important point here
is that these departments of mining geology
and their increasing knowledge of ore occur-
rence primarily functioned to find ore in com-
pany-owned mines, properties and districts.
With the exception of checking out some pros-
pects brought to their attention, no mining
geologists really were prospecting for new
districts in a regional sense—at least, they
were not getting far from home base.

The rapidly improving knowledge about min-
eralization was still not directly available to
to the prospectors. As time went on they still
did not understand, themselves, really how to
evaluate a newly discovered mineral showing,
or for that matter, how to check out an old
prospect in light of new economic conditions.

So—a technique evolved which had innumer-
able variations and ramifications and which I
can only crudely describe here.

I term it the "walking through the door”
technique. After digging around a bit on a
new discovery—or possibly opening up the
workings of an old prospect acquired with his
second cousin's life savings—the prospector
collected a few samples and specimens and
went in search of the right office door to walk
through. This might be the office of a nearby
small mine manager, or the friend of a friend

who knew a fellow who ..., etc., ora law-
ver, or a promoter who knew a mining vice
president. Briefly, he had to get through a
door behind which was the right combination
of money and exploration-mining talent. This
usually meant a medium-to-large company.

If he walked through that right door, it on-
ly meant that his mineral showing would get a
proper evaluation, hopefully favorable and
with a follow-up. If not, there were other
mining company doors. QCtherwise, there were
doors such as stockbrokers'. In those days
money from stock sales seldom involved much
in the way of preliminary evaluation of a pros-
pect; blatant misrepresentation was common;
but money from valid stock sales did find and
develop many orebodies.

The implication is not intended that the men
with exploration and mining talent and the mon-
ey managers were hiding behind their doors
doing nothing but wait for bonanzas to walk in.
They were quite busy with their own mines.
Rather, and this is the whole point, the pros-
pectors and promoters were keeping the mining
companies sufficiently supplied with "outside™
prospects worth the gambles of exploration
and development. As a result the supply of
base metals was being augmented enough to
keep up with the demands of the growing in-
dustrial revolution. The mining geologists not
only lacked the time, it wasn't even necessary
for them to become real regional prospectors
outside of their home mines and districts.

This system worked even though it grew ac-
cidentally; it was unorganized and haphazard,
and it was unfair to the prospectors. It worked
because the successive generations of pros-
pectors had those recurring visions of the rain-
bow's end. Even if the rudiments of knowledge.
about mineral occurrences—and their vagaries
—had been available to the prospectors of,
say, 70 and 100 years ago, they wouldn't have
listened because, if I may repeat myself for
emphasis, all of those men were motivated by
the delusive incentive of instant wealth.

The walking~-through-the-door system was
still functioning—willy-nilly, but effectively
—when I got out of college. And in one form
or another it will always be part of the busi-
ness.

The first organized exploration program in
history was undertaken, I believe, when
World War II was looming and the U.S. mili-
tary was shocked (and probably indignant) to
learn that God had not provided instant domes-
tic orebodies of quite all the minerals and
metals the generals wanted for a new war. No
brilliant exploration ideas seem to be immedi-
ately at hand, so the government reacted by



legislating instructions to the U.S. Bureau of
Mines to find orebodies of seven strategic
metals and minerals. For at least two reasons
this was a dirty trick on the Bureau: First,
they didn't really have good reasons to know
where and how to explore for new supplies of
these strategic items; and second, being very
conscientious mining engineers, they thought
they were supposed to know.

The Survey was fitted into some advisory
capacity to the side and provided considerable
help, so I understand, particularly when an-
other law enhanced the problems by adding six
more short-supply items.

A massive bureaucratic effort was made in
which there was a great rejuvenation of inter-
est in prospects and properties, practically
all of which had already been turned down as
too risky by private companies, usually by
several, but, mind you, always on the basis
of non-wartime economics ... A new "through
the door" procedure developed. It became a
mad dash, not a walk, because the exploration
money was not only free, it was wrapped in
patriotism. Despite this frenetic atmosphere,
the basics of the old system still prevailed.
The prospector, or mineral property owner, or
small-mine owner still had to get the attention
of the experts behind the door. This time the
door was government. The experts were more
concerned with the collection and accuracy of
details, but somewhat less concerned with
exploration risks.

Despite the Bureau's mandate, which could
have invited some pretty wild exploration,
prospects and properties were checked thorough-
ly. Many drilling risks were taken, but only
with care and thought. A few tons of ore were
found here and there, but only one real discov-
ery—San Manuel—resulted from the entire pro-
gram, and that was too late to benefit the war
effort. B. S. Butler of the University of Ari-
zona and earlier USGS fame, and Nels Peter-
son, USGS, were the instigators of that dis-
covery.

Considering their sincere efforts, the men
conducting that major wartime exploration pro-
ject deserved more luck. If viewed strictly
from a commercial standpoint the program
failed. The profit from ore found was small as
compared with the program's cost. But, of
course, it was not really supposed to be a
commercial success. From philosophic and
scientific aspects, however, I believe it was
successful, It had only a few new geologic
concepts for original impetous, but the pub-
lished results eventually were of great value
to future workers.

The big changes in exploration, particular-
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ly porphyry copper exploration in the South-
west, took place after World War II. The re-
sults of the Bureau and Survey programs had

an effect; but the changes were not directly
related to the war's end or to dramatic econom-
ic changes, or, since Ralph Nader hadn't ar-
rived yet, to any great public outcry that some-
thing had to be done about something,

Rather, the realization gradually evolved in
the minds of a few that, at least in the case of
porphyry copper, it was possible that neither
the prospectors nor the earlier geologists had
really known how to find any but the rather ob-
vious ore districts. The San Manuel discovery
probably had some effect on this line of thought.
This meant that (1) some other porphyry copper
orebodies could be around somewhere and (2)
the mining geologists had to re-do the copper
prospecting job themselves.

There were other factors related to the
changing copper exploration philosophy, and
I'll get to those momentarily. First, though,
let me indulge in a bit of narrative because I
was involved somewhat myself. If you haven't
already, you will note some difficulty in my
being objective about a philosophy which is
mostly subjective anyway.

E. N. Pennebaker, as consulting geologist
for Consolidated Coppermines Corp., origi-
nated and conducted the first systematic pro-
gram of regional prospecting for porphyry cop-
per orebodies in the Southwest. It was begun
in '48 and continued until '52 when the com-
pany was beginning to fold.

Penny had a staff of four to six young but
excellent geologists. Ray Ludden, now man-
ager of western exploration for Phelps Dodge,
was one of the group. Their specific objective
was to find new porphyry copper alteration
zones. They used the state map to spot Lara~
mide intrusives and they combed the Mines
Handbook for leads like FeO-cemented gravels
and for fringe manganese deposits like Bisbee
and Ely. They jeeped and walked all over the
place. They found about a dozen porphyry cop-
per deposits not known as such theretofore,
although a couple were near known porphyry
districts. After finding an alteration zone,
they would map in detail with particular atten-
tion to leached capping interpretation.

They drilled several holes in each of four,
which 1'll identify as Safford, Kelvin, Pata-
gonia, and Yerington. I believe they pene-
trated ore-grade material in all four and they
had one drill hole in the middle of what is
now Kennecott's big Safford orebody. That's
a pretty good record considering that they
were constrained with the need for a +1.0%
Cu orebody at a 0.6% cutoff. The copperprice
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didn't jump quite soon enough for them, that's
all, They were mining geologists who became
the first organized group that didn't wait for a
porphyry copper prospect to walk through the
office door.

While working at Silver Bell and then in
southern Peru in the late '40s on some of those
copper deposits, particularly Toquepala,
Harold Courtright and I began to realize that
green copper-stained outcrops could be seri-
ously misleading in terms of copper sulfide
ore occurrence, (By cutting myself in on this,
I'm stretching things a bit because, as I sup-
pose some of you know, I'm color blind—green
copper stain comes through as a nice clean
gray—so, I wasn't mapping the stuff anyway.)
I did, however, contribute in various ways. I
can assure you there was no great flash of in-
sight involved. In fact, there were many com~
plicated aspects of Toquepala geology: We
were busy disagreeing about a lot of these oth~
er things, and I don't believe we began to
think much about the copper-stain business
until later when I had had a chance conversa-
tion with Juan Oviedo, the original owner of
Toquepala. It then became evident that Cerro
de Pasco had almost walked away from Toque-
pala without testing the sulfide zone. Appar-
ently they thought the copper-stained outcrops
were the guide to ore. What I want to empha-
size is that, if Cerro had walked away, South-
ern Peru might today still be a rugged, dis-
couraging desert with 2 or 3 billion tons of un-
tested copper ore.

A steep-walled canyon cut the middle of
the Toquepala deposit. A few small patches
of weak copper-staining occurred high on the
canyon walls in the fringe zones of alteration.
Cerro had driven about eight adits, 250 m each,
beneath these surface copper showings. They
cut no sulfides and their adit assays were
sometimes as high as 0.1% Cu. They were pre-
pared to move out their camp. So, in despera-
tion rather than with knowledge, Oviedo sank
a shaft in the bottom of the canyon. Within
15 m his shaft encountered disseminated chal-
cocite averaging 4.0% Cu. Cerro stopped
packing and started drilling.

Actually, Harold and I were rather slow to
catch on. But we began to discuss the possi-
bility that porphyry copper sulfide ore easily
could occur in many other places without the
need for directly overlying copper-stained out-
crops.

The idea was simple, but a lot of other ge-
ologists had not caught on either. I worked
with Blanchard for several weeks in '47 and
I've talked with Locke and Tunell. I believe
they all thought of the technique of leached
outcrop interpretation, which they originated,

as pbeing useful in finding more ore in already
discovered districts. It seems rather incred-
ible, but I don't believe they considered it as
being a means of discovering entirely new,
separate deposits or districts by re-prospect-
ing large regions. None of their publications
state this as a possibility.

Anyway, Courtright and I thought the idea
was important enough to warrant re~prospect-
ing the Southwest United States and many
other regions.

American Smelting didn't exactly respond
with alacrity to my report describing how this
prospecting should be done. While working
on the Flux mine in the Patagonia Mountains,
however, Courtright recognized porphyry cop-
per alteration without copper stain, and I was
sent to check it out early in '51.

That's where we ran headlong into our old
friend Pennebaker and his crew. We had
worked for Penny in the 30s and 40s at Ely,
and we knew Ray Ludden and others of his
crew. Also, Phil Jenney, representing Cop-
permines' partner, American Metals, used to
show up frequently. We all stayed at the
same motel and, as you can imagine, altogeth-
er there was quite a bit of socializing while
we were stealing secrets from each other.

Cf course, it was immediately evident that,
although arrived at independently, our basic
exploration ideas and Pennebaker's were about
the same, only he was three years ahead of us.

Anyway, between Patagonia and the border
there were plenty of porphyry copper altera-
tion zones and breccia pipes for everyone. A
number of holes were drilled, but there was
no significant chalcocite enrichment. We all
pulled out. Too bad none of us had the in-
stincts of real estate operators. In terms of
one kind of exploration philosophy and how it
changed, everyone then was using about 18¢
copper when making projections into the dim,
distant future of, say 1960 or '65.

I've dealt with the leached-capping~-with~-
out-copper-stain idea rather at length be-
cause, although a simple geological idea, it
had been overlooked. It got some drilling pro-
grams started. In turn, that activity got other
groups interested. And so on.

Also, though, at about that time important
new geophysical, geochemical, and other
techniques were appearing and adding signifi-
cantly to the changes in exploration. A change
more important than the advent of new tech-
niques, however, was taking place.

The evolution of exploration philosophies



has been primarily a matter of changes in the
methods of managing exploration. For a very
long time the average mining community was
isolated, and even the large operations all
began in isolation. In those circumstances
the local mining engineer-mine manager was
king, He had to know how to do almost any-
thing and he did. All problems arrived in front
of him immediately, and his solutions were
fast and usually good.

As the isolation problem became uncommon
and as the whole mining business became
large, complex and, for the individual, speci-
alized, the concept that the mine engineer-
operator still should be the real decision mak~
er prevailed for a remarkably long time.

At this point I'll bring up Kennecott—not
because I know more about that company than
the rumor mill normally provides—but because
for such a long time they completely ignored
exploration. It wasn't a technique, a philo-
phy or a problem. Once in awhile a manager
would point to an area on a map, some holes
would be drilled, 10,648,321.4 tons of ore
would be added to reserves and—so what is
unusual?

In the late 30s the manager of one of their
operations, and a nice guy nonetheless, gave
me some friendly advice. I was working for a
neighboring company; he knew me only slight-
ly:; but he could tell I was taking my job too
seriously. He said "A geologist might be all
right, but I prefer a churn drill, "

In those days Kennecott could afford mana-
gers like that, but the breed flourished in
many companies where it was ill-afforded.

As I remember it, sometime in the late 40s
a well-known geologist named Anthony Gray
(African experience mostly, I think) persuaded
the Kennecott board to undertake a massive
exploration program. That in itself was a full
180-degree turn, but the hard-to-believe part
was the corporate managerial arrangement.

Bear Creek was set up as an exploration
entity having no connection with the system
of operating mine management.

Gray had retired, and I have no knowledge
of his effect on policy beyond my understand-
ing that he accomplished the establishment of
Bear Creek. Jim Boyd, a mining administrator
of established talent, but a far cry from the
old-time mine operator boss, ran the show:
and the size of his money supply was hard to
believe.

I have never learned of any especial geo-
logical idea or combination of exploration tech-

niques that motivated the formation of Bear
Creek., So, my own thought is that Kennecott
decided first to collect a big bunch of talented
geologists, and the exploration ideas then
were bound to evolve. They did.

Bear Creek people soon were all over the
place. In many ways they influenced nearly
all facets of porphyry copper exploration. For
example, besides many geophysicists, geo~-
chemists, and photogeologists, they had field
geologists specializing in regional reconnais-
sance, and others in detailed mapping, and
scientists combining specialized field and
sophisticated laboratory studies; they had
mining engineers, mineralogists, geological
researchers, statisticians, economists, com-
puter programmers, drilling specialists, and
so on.

I'm not necessarily expressing approval of
all of the Bear Creek setup and procedures:
but I do emphasize that their influence on the
administration and methods adopted by other
exploration organizations was pronounced.

Many exploration groups moved into the
Southwest in the 50s and 60s. Some just in-
tended to determine, briefly, what was going
on. Most stayed to do a lot of reconnaissance
work; and, because an array of technical im-
provements and new developments were just
coming out in geophysics, geochemistry, and
photogeology, they continued with projects.
The detailed list is long under each of these
headings of techniques; so a new group could
quickly become involved in various combina-
tions of these techniques—and many did just
that.

Most groups concluded, too, that because
they were covering new ground they should
properly do their own geological mapping to
back up whatever geophysical or other survey
they might be conducting.

Thus, field work of many types was con-
ducted over large tracts.

Despite the title of my talk I've no inten-
tion of commenting upon or even listing all of
the activities and variations that could be
considered as new or specialized exploration
techniques used around here. There isn't time
really to deal with the popular ones, let alone
all of those which, in my opinion, either did
not apply, or were overused. But I must men-
tion a few factors that spurred and maintained
exploration in the Southwest.

First, the real price of copper stayed ahead
of all predictions, even if we average in a
couple of episodes like the past year and a
half.
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Second, both the quality and quantity of
publications on ore deposits and related geol-
ogy in general and porphyry copper-molybde-
num in particular increased remarkably in the
past 20 years. Certain universities (the Uni-
versity of Arizona up with the top) and the
USGS contributed most; some trade journals
came out with surprisingly useful papers, and
even private industry cut loose with some re-
markable material on rare occasions.

Third, as the mining geologists became
prospectors they learned that, despite the
great amount of geological work of all kinds
in the Southwest over the past 100 years, and
particularly the last 30, there are still more
uncertainties and complexities, though of dif-
ferent kinds, than 30 years ago. What appeals
to me is that so many of these "new complexi-
ties” have relationships to exploration possi-
bilities.

Of course, the high percentage of postmin-
eral cover rocks in the Basin and Range prov-
ince is always attractive to explorationists
for many reasons.

Fourth, my friend who will be talking about
case histories here tonight is certain not to
deal properly with an episode which I believe
had a most important effect on the exploration
business.,

Discovery always involves many people.
Dave Lowell's Kalamazoo affair, however,
was as Close to being a one-man show as any-
thing I know of. He demonstrated that the
best of geological work may be subject to new
or improved interpretations. This, however,
requires logical thought, thoroughness, and
time. Nowadays we have to hurry most of the
time. I believe Dave showed us, however,
that one of the keys to discovery is to know
when to slow down and be thoughtful and
thorough.

I'm constrained to add a precaution which
you may find surprising. Certain lines of geo-
logical thought attain prominence as having
possible value to exploration for one reason
or another. Really, though, they are intellec~
tual games, mostly. Please understand, I en-
joy playing some of these games myself, but
when exploration is involved a sharp distinc-
tion should be drawn between practical and
impractical.

A couple of examples:

1. I am personally convinced that "linea-
ments, " alignments, structural zones, or what-
ever the name, were important localizers of
some porphyry copper deposits. But these
structural conditions are very obscure in most

cases and should be postulated only with care,
A few years ago lines were being drawn all
over the Southwest—the matter had become an
intellectual game, and, as such, its real ex-
ploration value became obscured—almost
valueless.

2. Plate tectonics is a wonderful subject
of new scientific thought. But a tremendous
amount of world-wide field work must be re-
done to improve its authenticity. Pictures of
hydrothermal systems appear on sections of
subduction zones. That alone is all right.
But if there is a statement or an implication
that up-to~-date knowledge of plate tectonics
will give me the longitude and latitude of a
brand-new porphyry copper deposit in a year
or two, I know we are playing intellectual
games again.

All of us must use care in distinguishing
the intellectual games from the practical as-
pects of geologic thought and conversation.

As an example of practicality, I would like
to present my concept that the first real pros-
pecting event occurred during pre-history. In
case some of you are not up to date, pre-his-
tory is that gray area in time between recorded
history and what I usually term "PB," or Post-
Baboon. That terminology is easily confused
with the newly accepted scientific initials
"BP," or Before Present. I understand there
is a group which maintains there is no time
gap between Before Present and Post-Baboon.

Anyway—upon being pushed out of a tree
an angry post-baboon—pre-person hurriedly
picked up a chunk of yellow rock and threw it
at her husband. It was heavy and knocked
him cold. This so fascinated the pre-person
(post-baboon, that is) that she took the sum-
mer off and went prospecting for another, big-
ger chunk of gold so she could really finish
him off. I believe she was committed because
a tribe of environmentalists discovered her
prospecting license had expired.
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PART 2. CASE HISTORIES OF DISCOVERIES !

J. David Lowell 2

The period following World War II has seen
a wave of porphyry copper discoveries in the
Southwest with the bulk of these deposits hav-
ing been found in southern Arizona. The at-
tached tabulation of several selected features
of each discovery has been prepared in an at-
tempt to point up changes in techniques over
this 33-year period, together with changes in
the typical settings of deposits found.

A discussion of discoveries is always a
subjective matter from the standpoint of who
was responsible and which technique was re-
sponsible for the discovery. There are invari-
ably rival claimants, however, the discovery
typically results from a team effort of several
different geologists, supported at different
levels of management, sometimes aided by
geophysists and geochemists, and often bas-
ing their work on regional geologic mapping,
or stratigraphic or tectonic relationships
worked out by geologists in government agen-
cies. Peter Joralemon has pointed out in a re-
cent paper that the contribution of prospectors
or engineers or metallurgists is also the sig-
nificant factor in many discoveries.

During the 33-year period covered by the
tabulation (Table 1) fundamental changes have
occurred in the parameters for porphyry cop-
per exploration in the Southwest which are re~
flected to some extent in the tabulation. The
most obvious change is the fact that, for prac-
tical purposes, all of the deposits have now
been found in which the orebody, or the
leached capping after ore, crops out. The de-
posits remaining to be found are those either
completely covered by postmineral formations,
or overlain by non-~ore, premineral rocks,
either in fault contact with ore or related to
ore through vertical or lateral zoning relation-
ships. Future discoveries will require greater
use of indirect techniques—geologic projec-
tion, and geochemical and geophysical work,
and perhaps most important, more exploration
drilling per discovery, both in number of holes
and average depth of holes. In a paper at the
1976 Annual AIME Meeting Schultz and Spat
pointed out that the drilling cost per discovery
has risen rapidly for the past several years.

1Ba nquet Address

2Pillar, Lowell & Associates, Tucson,
Arizona 85704

Another factor which may loom larger than any
other in the future is the question of the basic
economics of porphyry copper mining in the
Southwest. The price of copper in constant
dollars diminished progressively during the
period of 4000 B.C. to 1933, and then began
to progressively increase. At the same time
the minimum grade of ore which it was possible
to mine progressively decreased from ancient
times until the date of the most recent reces-
sion and the Middle East oil boycott and world
energy crisis. Since that time the minimum
minable ore grade has increased in both bulk
underground, and open-pit copper mines. This
trend could, of course, be reversed by a sub-
stantial increase in the price of copper, but
this magnitude of increase is far from certain
during the next few years. Most previous por-
phyry copper discoveries in the Southwest
have been deposits which could be exploited
as open pits. Most future discoveries will be
potential underground mines, or in situ leach-
ing situations. The ore habit in the Southwest
favors deposits whose overall grade is less
than 0.8% Cu. The San Manuel mine whose
grade is about 0.72% Cu and 0.015% Mo could
be taken as an example of the best type of
deep, undiscovered deposit, which we are
likely to find in the future. However, using
current mining costs and present copper price
a newly discovered, undeveloped San Manuel
would not be a viable orebody. A copper grade
of 0.9%-1.0% Cu, or a copper price of over
$1.00 per pound would be required to make
this hypothetical example a viable deposit.
The increase in copper price is much more
likely than finding the 1% plus copper deposit.
1f the price increase does not occur there will
be few, if any, future discoveries of viable
orebodies in the Southwest. Another effect of
this factor is that there may be no longer be a
tendency for known deposits to evolve into
orebodies.

Exploration techniques which have been
most successful in the Southwest have, as in-
dicated by the tabulation, been geologic map-
ping and geologic interpretation, and leached
capping interpretation. Geochemical and geo-
physical surveys have been of assistance in
some discovery—the Pima orebody. Neither
geochemical nor IP geophysical techniques are
as effective in the Southwest as in western
Canada and most other porphyry districts, be-
cause basin-range faulting has resulted in
deep, postmineral valley fill; transported rath-
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Table 1.

/. DAVID LOVELL

United States tabulation of Southwest porphyry copper discoveries

1

Published or Distance from  Percent Qutcrop Geochemical Geophysical
Estimated Tonnage Known Porphyry  of Ore Body  Percent Post Ore Anomaly Anomaly
Date(s) And Grade Prior To Copper When or of Ore Cover Over Useful In Useful in
Porphyry Copper Deposit Discovered Production? Discovered  Leached Capping Ore Body  Outlining Ore Body Outlining Ore Body
(1) San Manuel, Arizona 1917/1943 457,000,000 T 0.75 Cu 40 miles + 5 + 85 Yes Not used
(2) Satford-KCC, Arizona 1947/1955 500,000,000 T(+) 0.5(+) Cu 20 miles 30(?7) 70(?) Yes Probably (IP)
(3) Tyrone, New Mexico 1920's/1850 +400,000,000 T 0.7 Cu 60 miles =100 = 0 Yes Probably not
(4) Pima, Arizona 1951 3,000,000 T(?) 0.5 Cu(?) +60 miles 0 100 No Yes (Magnetic)
(5) King Peak-Metcaif, Ariz.  1865/1952  =400,000,000 T(?) =0.75 Cu(?) 1 mile =100 + 0 Yes Not used
(6) Imperial-Silver Bell, Ariz.  1909/1954 30,000,000 T(?) 0.75 Cu(?) 2 mile = 10(?) + 5 No No
(7) Mission, Arizona 1954 200,000,000 T(+) £0.75 Cu 1 mile 0 100 No Uncertain
(8) San Xavier North, Ariz. 1965/1957 100,000,000 T(+) 0.5(+) Cu 2 miles 1?) 99 No Probably not
(9) Esperanza, Arizona 1955 150,000,000 T 0.68 Cu equiv. 8 miles 100 0 Yes Uncertain (IP)
(10) Christmas, Arizona 1870/+ 1955 100,000,000 T(+) 0.4(+) Cu 15 miles + 40 + 60 Yes Uncertain (IP)
(11) Twin Buttes, Arizona 1957/1963 530,000,000 T(?) =0.70 Cu 5 miles 0 100 No Mag. trend hipfi.
(12) Dos Pobres (P.D.),

Safford, Arizona 1957 400,000,000 T(+)(?)0.72Cu(?) =3 miles + 25 + 75 Yes Yes (IP)
(13) Ithica Peak, Arizona 1959 175,000,000 0.53 Cu 90 miles =100 = 0 Yes Posalbly {IP)
(14) Sierrita, Arizona 196011963  =450,000,000 0.45 Cu equiv. 1V2 miles + 90 + 10 Yes Probably (iP)
(15) East Helvetia

(Rosemont), Arizona 1961 200,000,000 T(+) 0.7 Cu (?) 15 miles = 1(7?) += 3(7) Yes Possibly {IP)
(16) Sacaton, Anzona 1961 +50,000,000 T 0.8(+) Cu 15 miles 0 100 No No
(17) Battle Mtn., Nevada 1869/1961 50,000,000 T(+) 0.5(+) Cu 145 miles +=100 + 0 Probably Uncertain
(18) Kalamazoo, Arizona 1965 500,000,000 T(+) 0.73 Cu Y% mile 0 + 50 Yes Not used
{19) Vekol, Arizona 1965 76,000,000 T(?) 0.5(+) Cu(? =30 miles (] 920 No Uncertain (IP)
(20) Copper Creek, Arizona 1966 50,000,000 T(+) (?)0.7(+) Cu(?) 15 miles 0 0 No Probably not (IP)
(21) Caridad, Mexico 1967 600,000,000 T 0.8 Cu 70 miles 100 0 Uncertain Uncertain(iP)
(22) Copper Basin, Arizona 1920/1968 100,000,000 T(+) +0.6 Cu eq. 35 miles + 70 + 30 Yes Prcbably (IP)
(23) Lakeshors, Arizona 1955/1968 472,000,000 T 0.76 Cu(?) 10 miles + 10 + 90 Probably Uncertain (IP)
(24) Poston Butte-Florence, Az.  1961/1970 400,000,000 T(?) 0.45 Cu(?) =25 miles 0 100 No Probably not (IP)
(25) Red Mountain, Ariz. 1970 ND 30 miles 0 0 Yes No
(26) Hillsborough, N.M. 1930/1975 70,000,000 T(?) 0.7 Cu(?) +40 miles 60 40 Yes Uncertain (IP)

1. Includes Caridad (No. 21) in Mexico. 2. (?) Indicates uncertain data with only orger-of-magnitude accuracy.

1Reprint from World Mining, 1976, v. 29, no. 11, by permission of the author.
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United States tabulation of Southwest porphyry copper discoveries—continued

Apparent Discovery Method

Porphyry Copper Deposit

Geologic mapping and structural interpretation indicated that a smaili outcrop could expand
downward into a large orebody

Geologic mapping and interpretation of peripheral hydrothermal effects encouraged testing
through postore voicanics

Sampling and leached capping study. An old, higher grade underground mine evolved into a bulk
low grade open pit

Geophysical survey on geologic projection tocated high magnetite skarn under postmineral gravel

San Manuel, Arizona
Safford-KCC, Arizona
Tyrone, New Mexico

Pima, Arizona

m
(2
@
@)

Leached capping interpretation and sampling indicated chaicocite orebody King Peak-Metcaif, Arizona (5)
Geologic interpretation and research of ofd mine records indicated possibie hidden orebody impenal-Silver Bell, Arizona (6)
Geologic interpretation and research ot nearby mine openings and outcrop indicated possible Mission, Arizona (k4]
extension of zone of alteration-mineralization at Pima
Aerial raconnaissance located smail outcrop of leached capping, and orebody found San Xavier North, Arizona (8)
with oftset drilling
Geologic mapping and feached capping study Esperanza, Arizona 9)
Sampling and geologic interpretation of old mineral prospect Christmas, Arizona (10)
Geologic interpretation based partly on magnetics, followed by wide-spaced oftset driliing Twin Buttes, Arizona ()
Geologic and teached capping interpretation of unusual outcrop and geochemical survey Dos Pobres (P.D.), Safford, Arizona (12)
Geologic and leached capping interpretation of old mineral prospect ithica Peak, Arizona (13)
Geologic mapping and test drilling-—-old proapect evolved into orebody in part due to Siernta, Arizona (14)
shifting economics
Geologic and leached capping interpretation of old mineral prospect East Helvetia (Rosemont), Arizona (15)
Geologic reconnaissance program located smali outcrop interpreted to be Sacaton, Arizona (16)
pynitic capping penpheral to orebody
Old deposit which evoived into an orebody with geologic mapping, dritling and Battle Mtn., Nevada (17)
improvement in economics
Geologic mapping and interpretation of structure and concentric zoning Kalamazoo. Arnizona (18)
Geologic mapping and IP survey Vekol, Arizona (19)
Geologic interpretation of surface geology and re-interpretation of previous driiling Copper Creek, Arizona (20)
Leached capping and geologic interpretation Caridad, Mexico (21)
Geologic mapping and test drilling. Old prospect evolved into orebody Copper Basin, Arizona (22)
Geologic mapping and drilling done near fault segment orebody. Also IP survey Lakeshore, Arizona (23)
Geologic interpretation of peripheral outcrops followed by wide-space oftset drilling Poston Butte-Florence, Arizona (24)
Geologic interpretation of vertical zoning followed by deep drilling Red Mountain, Arizona (25)
Geologic interpretation of previous driil data Hillsborough, New Mexico (26)
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er than residual soils; and typically thick
leached and oxidized zones which do not give
an IP response. Both the IP and geochemical
methods are best suited to a British Columbia
environment of near-surface sulfides and shal-
low cover. As Southwest exploration pro-
gresses into deeper and deeper postmineral
cover these methods will also tend to become
less effective unless new and more reliable
techniques can be developed.

The tabulation of discoveries indicates that
seven of the last eleven deposits were essen-
tially completely covered (one, Lakeshore,
had 10 percent outcrop), and that since 1960,
seven of the ten discoveries in Arizona have
been completely covered. The percentage of
covered discoveries is certain to increase in
the future.

Reviewing some of the other factors on the
tabulation we see that there were ten deposits
discovered in the period 1943-1955, nine de-
posits discovered from 1955-1965, and seven
deposits discovered after 1965. This suggests
a progressive decrease in the success rate.

It should be noted that many of the deposits
have multiple discovery dates which reflect

an earlier intersection of the mineralized body,
and a later decision that it may represent a
minable deposit—oiften by a different company.
There seems to be no consistent variation in
size of the deposits through the 33-year period,
nor is there a noticeable change in the dis-
tance from a known porphyry. As mentioned,
the amount of postmineral cover over discov-
eries has progressively increased through the
period. Geochemical surveys appear to have
been somewhat more useful than geophysical
surveys, aithough geochemistry has never
neen the principal factor in a discovery as

was the case for the Pima magnetometer sur-
vey. Geophysical surveys also have had some
useful depth-of-cover and groundwater appli-
cations.

It's interesting to note that one orebody
was found in an old company file cabinet, and
one deposit was found by a re-interpretation
of old drill data. Zoning interpretations and
offset drilling are mentioned more frequently
toward the bottom of the table as no more ore
outcrops remain to be tested. Also almost
every deposit was specifically discovered by
a drill hole—whether drilled for the right rea~
son or the wrong reason, There would have
been very few discoveries without the drill
rig, and the programs which never progressed
from the "think stage" to the "drilling stage"
were invariably doomed to failure.

It would perhaps be useful to select three
deposits representative of the three decades
covered by the tabulation and describe each

to illustrate changes in settings and in suc-
cessful exploration techniques over this
period.

The first example is King Peak—Metcalf,
immediately east of the Morenci—Clay orebody.
This exploration target was identified in a
careful and accurately interpreted leached cap-
ping study completed in 1852, and the first
exploration hole intersected ore. The pre-dis-
covery drilling cost of the project was very
low. Tyrone would be a similar example, but
no targets of this type now remain untested in
the United States, although there may still be
a few in Latin America and Iran and Pakistan.

The second example is the Sacaton deposit
found near Casa Grande, Arizona in 1961.
This discovery was one of several Asarco finds
which resulted from a comprehensive district-
wide program of geologic mapping in southern
Arizona of features related to porphyry copper
mineralization. This regional work tended to
pridge the gap between theoretical and applied
geology, particularly in the areas of strati-
graphic and structural interpretation. Several
holes at Sacaton were initially drilled as off-
sets around a small outcrop identified as be-
ing pyritic, but probably porphyry-copper-re-
lated, leached capping, before ore was inter-
sected. Many additional drill holes were re-
quired before a viable orebody was confirmed,
and the overall ratio of development drill foot-
age to tons of ore developed was also high.

The third example is the Red Mountain de-
posit near Patagonia, Arizona, discovered in
1970, and described in a recent Economic
Geology paper by Russ Corn. This is the
deepest porphyry which has so far been found.
It is in an area of premineral outcrop where
shallow, sub-commercial mineral deposits
have been known for many years. Discovery
of the deep deposit resulted from persistent
and thoughtful exploration to progressively
deeper depths over a period of 12 years. The
key to the discovery was vertical hydrothermal
zoning theory. The pre-discovery driling ex-
pense was very large, and post-discovery
drilling and development expense will be very
large.

The conclusion from this review must be
that deposits are becoming harder and more
expensive to find. Most of our exploration
tools become less effective with increase in
thickness of postmineral cover. Recent shifts
in copper economics have been a further ob-
stacle; however, copper exploration, like the
copper market, has always been a cyclic field,
and many additional deposits remain under the
Tertiary gravel and volcanics which will prob-
ably be discovered in the next 30-year period.
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KENYON RICHARDS, GEOLOGIST, DIES AT AGE 78

Kenyon E. Richard, former chief geologist for American Smelting and Refining
Company (ASARCO), Inc., died on Saturday, October 30. He was 78.

Richard was known worldwide for his exploration and discovery of ore prospects,
especially porphyry copper.

Richard, along with J. Harold Courtwright, now deceased, is credited with the
geological work leading to the discovery and development of the major Arizona copper deposits
of Silver Bell Oxide, Silver Bell El Tiro, Mission, North San Xavier and Sacaton.

In South America he was instrumental in the discovery of the Peruvian copper deposits
of Quellaveco, Toquepala, Michiquillay, and Toro Mocha. In addition, he is credited with
discovery of the Tayson copper deposit in the Philippines.

Richard was born in San Francisco, California to Mr. and Mrs. Leroy L. Richard of
Visalia, California, on October 17, 1915. Richard graduated from Visalia High School where

he was a track star, winning four gold medals in a single day of competition in the California
Class "C" State Championship.

He graduated Magma Cum Laude and Phi Kappa Phi with a B.S. in geological
engineering from the Mackay School of Mines at the University of Nevada in Reno in 1937.
While there he was president of Blue Key, Sigma Nu and excelled in track, setting a record for

the long jump that stood for more than 25 years. He was inducted in to Nevada Athletic Hall
of Fame in 1977.

He joined Consolidated Coppermines Corp., in Ely, Nevada in 1937 as geologist.

Eight years later, he joined ASARCO in San Francisco. He moved to Tucson in 1953
where he was appointed chief geologist of ASARCO's Southwest Division. He was promoted
as ASARCO's chief geologist to worldwide exploration exploration in 1963 and was transfered
to New York City. He retired from ASARCO in 1967 and spent 11 years consulting throughout

the world for Royal Dutch Shell, Exxon, United Nations and a variety of global mining
companies.

Richard was a charter member of the Mining Club of the Southwest and was active in
numerous other professional organizations, including the American Institute of Mining,
Metallurgical and Petroleum Engineers, the Geological Society of America and the Arizona
Geological Society. Over the years, he held leadership positions in all these organizations.

Richard was published in MINING GEOLOGY by H.F. McKinstry with a section on
drilling and in numerous journals including MINING ENGINEERING.

He is survived by his wife Doris Richard of Phoenix, Arizona; son Kenyon E. Richard,
Jr. and his wife Shirley of Phoenix, Arizona; daughter Sue R. Gould of Denver, Colorado;
stepdaughter Nancy Bollard and her husband David of Phoenix, Arizona; stepson Anthony
Buehl and his wife Becky of Scottsdale, Arizona; sister Constance Whitmore of Santa Barbara,
California; 2 grandchildren; 2 step-grandchildren; and one step-great grandson.

A memorial service was held at Adair's Avalon Chapel in Tucson, Arizona.
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REVIEW OF MEMORIAL FOR XENYON RICHARD OM- NOVEMBER 5, 1993
CONRUCTED BY KENYON RICHARD. JR. AND HIS WIFE SHIRLEY AT ADAIR’S
AVALON CHAPEL IN TUCSON. AZ.

KENYON RICHARD. JR. AND HIS WIFE SHIRLEY BROUGHT TOGETHER FRIENDS
AND ASSOCIATES FROM COLLEGE DAYS AND A HALF-CEMTURY OF AN
OUTSTANDING PROFESSIONAL LIFE: THOSE WHO COULD NOT ATTEND WERE
REMEMBERED AND RECOGNIZED FOR THEIR CONTRIBUTIONS TO HIS MEMORY.

THE SERVICE AT THE ADAIR AVALON CHAPEL IN NORTH TUCSON WAS A
CELEBRATION BY ALL WITH VERBAL REMEMBERANCE BY FAMILY AND SOME
WHO WERE EITHER FRIENDS FROM SCHOOL DAYS AND/OR FRIENDS AND
PROFESSIONAL ASSOCIATES. MANY ADDITIONAL MUTUAL EXPERIENCES AND
OTHER REMEMBERANCES WERE HEARD DURING THE FOLLOWING LUNCHEON.

KENYON” S EARLY DAYS IN VISALIA, CALIFORNIA EXPOSED HIM TO THE
SIERRA MTS. NEAR THE SOUTHERN END OF THE MOTHER LODE GOLD BELT.
THIS LED TO HIS JOINING THE MACKAY SCHOOL OF MINES AT THE
UNIVERSITY OF NEVADA, RENO WHERE HE GRADUATED IN 1937.

KENYON*S FIRST JOB FOLLOWING GRADUATION WAS WITH CONSOLIDATED
COPPER MINES CO. ELY, NEVADA. THIS CONTINUED HIS ASSOCIATION
DURING SUMMER EMPLOYMENT. HIS REPUTATION THERE AS A DEDICATED
PROFESSIONAL ORE-FINDER WAS FOLLOWED BY 34 YEARS WITH ASARCO
WHICH AT THAT TIME WAS KMNOWN AS THE AMERICAN SMELTING AND
REFINING CO. OR AS&R.

KENYON AND HIS ASSOCIATE, HAROLD COURTRIGHT WERE LARGELY
INFLUENTIAL IN THE EXPANDING OF THE SMELTING COMPANY TO &
DISCOVERER AND MINER OF COPPER, LEAD, GOLD. SILVER AND OTHER ORES
FROM ITS OWN MINES FOR ITS SMELTING AND REFINING OPERATIONS FOR
CUSTOM ORE. THIS CREATION OF AN INTEGRATED PRODUCER OF METAL
PRODUCTS FRCM ITS OWN MINES OFTEN IN FINISHED PRODUCTS TO
INDUSTRY BEGAN WITH THE SILVERBELL COPPER MINE NEAR TUCSON,
ARIZONA.

EARLIER OPERATIONS OF SMALLER PRECIOUS AND BASE METAL MINES IN
MEXICO AND THE WESTERN U.S.A. WERE AS IMPORTANT AS FLUX FOR THE
SMELTING OF CUSTOM ORES AS FOR THE METAL CONTENT. THESE
OPERATIONS WERE SOON OVERWHELMED BY THE PORPHYRY COPPER DEPOSITS
ACQUIRED AND/OR DISCOVERED IN PERU AND ARIZONA. ASARCO WAS
RESPONDING TO INCREASING CCPPER PRICES AND GOVERNMENT
ENCOURAGEMENT TO REPLACE RESERVES DIMINISHED BY THE DEMANDS OF
THE RECENT 1941-1946 WORLD WAR.

DURING THE WAR MINES WERE REQUIRED TO PRODUCE KNOWN ORE IN AN
ALLOUT EFFORT NOT TO BE DIMINISHED BY SEARCH FOR NEW ORE.
FOLLOWING THE WAR, THE "PREMIUM PRICE PLAN" AMONG OTHER EFFORTS
WAS CREATED BY CONGRESS TO SPEED METAL DISCOVERIES TO REPLENTISH
RESERVES.

THE PERSPICACITY OF GEOLDGIST WALTER LANDWEHR IN ASARCO’S
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SALTLAKE CITY. UTAH OFFICE POSITIONED KENYON RICHARD TO ASSIST
THE DEWELOPMENT OF NEW RESERVES. TARGET: PORPHYRY COPPER.

AFTER A UNIQUE STUDY BY KENYON RICHARD OF COPPER AND PRECIQUS
METAL POTENTIAL IN CALIFORMIA’S MOTHER LODE GOLD-COPPER
DEPOSITS, ASARCO DECIDED TO DEVELOP THE WELL-KNOWN SILVERBELL
COPPER PROSPECT NEAR TUCSON, 4Z., A RECOGNIZED PORPHYRY COPPER
DEPOSIT.

SILVERBELL HAD BEEN EARLIER STUDIED AND DRILLED FOR ITS COPPER
CONTENT. KENYON’S AND HAROLD COURTRIGHT’S INTEREST AND SUCCESS IN
THE STUDY OF MINERALIZATION AND STRUCTURE AT THE NEVADA COPPER
DEPOSIT AT ELY WAS FOLLOWED BY KENYON’S STUDY OF LEACHED ORE
QUTCROPS WITH ROLAND BLANCHARD. ASARCO SENT KENYON ON AN
EXTENSIVE EXAMIMATION OF COUTCROPS IN NORTH AND SOUTH AMERICA WITH
BLANCHARD WHO WAS AN EARLY STUDENT OF THE SUBJECT.

KENYON JOINED HAROLD COURTRIGHT AT SILVERBELL, FOLLOWING THE
MOTHER LODE SURVEY. TO MAKE AN ADDITIONAL STUDY OF THE EARLIER
DRILLING AND MAPPIMG. THE RESULT QUALIFIED SILVERBELL AS ASARCO’S
INITIAL EFFORT IN DISCOVERY AND PRODUCTION OF METAL RESERVES FOR
ITS SMELTERS AND REFINERIES TO SUPPLEMENT ITS CUSTOM OPERATIONMS.

TIMING WAS IMPORTANT FOR ASARCO’S FUTURE AS WELL AS FOR THESE TWO
RELATIVELY NEW ORE-FINDERS OR "EDUCATED PROSPECTORS".

SUCCESS AT SILVERBELL WAS FOLLOWED IN RELATIVELY RAPID SUCCESSION
BY SUCCESS IN DEVELOPMENT OF LARGE PORPHYRY COPPER DEPQOSITS

FROM KNOWN AND NEWLY-DISCOVERED OUTCROPS INTO PROFITABLE COPPER
ORE DEPOSITS IN PERU.

DURING INTENSIVE AND SUCCESSFUL STUDIES IN PERU AND DEVELOPMENT
OF SILVERBELL, THE DISCOVERY OF AN UNUSUAL PORPHYRY COPPER SYSTEM
A FEW MILES SOUTH OF TUCSON, AZ. WAS MADE BY THE COMPETITION.
THIS DISCOVERY WAS BY A TEAM OF MINING ENGINEERS AND GEOPHYCISTS
ASSEMBLED BY ALAN HOOVER, SON OF MINING EMGINEER HERBERT HOOVER
WHO PROGRESSED FROM FOOTBALL COACH AT STANFORD TO PRESIDEMT OF
THE U.S.A. AM ANOMALOUS MAGNETIC RESPONSE BENEATH 200 FT. OF
GRAVEL ADJACENT TO A KNOWN SMALL COPPER OPERATION LEAD TO THE
DISCOVERY OF COPPER MINERALIZATION IN SEDIMENTS WITH & DRILL
HOLE: THIS BECAME THE PIMA MINE, A DISCOVERY BY UNITED GEOPHYSICS
CO. LARGELY GUIDED BY WALTER HEINRICHS AND BOB THURMOND. TUCSON.

ASARCO’S ATTENTION OF THIS UNDRAMATIC DISCOVERY IN A DISTRICT
KNOWN FOR ITS SMALL COPPER OCCURRENCES WAS NOTED BY GEOLOGIST-ORE
BUYER FOR ASARCO, REED WELCH, AS SHIPMENTS OF PIMA’S COPPER ORE
REACHED ASARCO’S EL PASO, TEXAS SMELTER. ASARCO WAS AMONG A VERY
SMALL NUMBER OF INTERESTED MINING COMPANIES. AS A RESULT. ASARCO
RECOGNIZED THE POTENTIAL FOR A LARGE PORPHYRY-TYPE COPPER SYSTEM,
PRINCIPALLY IN SEDIMENTS WITH LITTLE OR NO KNOWN INTRUSIVE
PORPHYRY EXPOSURES. THIS RESULTED IN ASARCO’S LEAD IN DISCOVERY
OF LARGE COPPER RESERVES AS A DIRECT RESULT OF THE RICHARD-
COURTRIGHT PCRPHYRY COPPER SPECIALILST’S. THE MISSION MINE IN THE



PAGE 3

DISCOVERY AREA IS STILL OPERATED BY ASARCO ON AN UNUSUAL PORPHYRY
COPPER DEPOSIT IN SEDIMENTS WITH NO PORPHYRY’ AND SPARCE OUTCROPS
NEARLY COMPLETELY BURIED BY HUNDREDS OF FEET OF POST-ORE GRAVEL.
THIS DISCOVERY IS WITHIN VIEW OF ASARCO’S (ASRR AT THAT DATE IN
THE MID 1930’S) TUCSON OFFICE AND NEARLY INTERSECTING HIGHWAY 17
TO NOGALES FROM TUCSON. ASARCO’S EARLY RECOGNITION OF THE
IMPORTANCE OF THIS DISCOVERY AS A PORPHYRY COPPER DEPOSIT
RESULTED IN THEIR MAJOR SHARE OF THE DISTRICT’S COPPER RESERVES
WITH MINIMAL INTERFERENCE FROM THE COMPETITION. PIMA MINE’S
OPERATORS HAD NO OBJECTION TO ASARCGO’*S CLAIM LOCATIONS ADJACENT
TO ITS CLAIMS. THIS ACTION FOLLOWED ASARCQO’S STUDY OF THE PIMA
MINES UNDERGROUND WORKINGS. ASARCO’S AND ARIZONA®S PREDOMINANCE
IN THE NATION’S COPPER INDUSTRY WAS FURTHER ASSURED.

REMEMBERED BY LOCAL GEOLOGISTS IS THE NEAR DISCOVERY OF THIS
MAJOR DISTRICT WAS NARROWLY MISSED YEARS EARLIER BY QUALIFIED
EXPLORERS, THE EAGLE PITCHER MINING CO. THIS GROUP HAD THE RIGHT
IDEA, AND NEARLY HIT THE TARGET. ASARCO COULD HAVE MISSED THIS
MAJOR OPPORTUNITY WITHOUT THE INFLUENCE OF THE EL PASO SMELTER
AND THE ALERT GEOLOGY-TRAINED ORE BUYER, REED WELCH. ORE-FIMNDERS
ENJOY SUCCESS WITH QUALIFIED BACKUP SUPPLIED BY AN ALERT COMPANY.

THE PACE OF ASARCO’S EXPLORATION WAS EXPANDED TO TEN OR MORE
COUNTRIES ADJACENT TO THE PACIFIC RIM AND AN EQUAL NUMBER OF
SUCCESSFUL MINING DEVELOPMENTS.

ADDITIONAL DETAILS OF THE INFLUENCE OF ASARCO’S AND OTHERS WHO
HAVE BEEN PROMIMENT IM ORE-FINDING WILL BE SOON AVAILABLE. THIS
INFORMATION UWILL BE PRESENTED AT A SYMPOSIUM DEDICATED TQ THE
KENYON RICHARD-HAROLD COURTRIGHT TEAM.

INFORMATION USED FOR THIS REVIEW HAS BEEN LARGELY SUPPLIED BY
ASARCO AND OTHERS WHO HAVE PUBLISHED OVER THE PAST HALF-CENTURY.

BYRON S. HARD%E AND JAMES D. SELL, TUCSON, AZ.

COPIES TO: JAMES D. SELL, ASARCO, TUCSON.

CLARE ROSCOE, MINING FOUNDATION QF THE SOUTHWEST,
TUCSON.

MR/MRS KENYON RICHARD. JR., PHOENIX.

MRS. HAROLD COURTRIGHT, TUCSON.

MRS. JAN WILT, TUCSON.

#2, BYRON HARDIE
&7 2245 E PRINCE RD
@/ TUCSON. AZ 85719-2001
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KENYON E. RICHARD
1915-1993

Kenyon started on the road of porphyry copper exploration in 1937 under E.N.
Pennebaker, consulting geologist of Consolidated Coppermines Corporation at
Ely, Nevada.

J.H. Courtright joined the Consolidated Coppermines group in 1841, and both
he and Kenyon worked in the Ely, Nevada, and Safford, Arizona areas as well
as investigating numerous other occurrences throughout western America.

In 1945, Kenyon joined the Western Mining Department of Asarco as Senior
Geologist under W.R. Landwehr, as did Harold Courtright.

Their Bootprints have been left all along the Cordillera from Canada to
South America and beyond, over the past 50 years.

Kenyon became Chief Geologist of the Tucson Office in 1953, staying in
Tucson for ten years, before moving to New York as Chief Geologist, Asarco
Exploration. He retired from Asarco in 1967 to open a consulting office.

During those 22 years of Asarco leadership, numerous studies were made in
the major porphyry copper districts and papers published on the findings.
Silver Bell, Arizona, 1948, was the first open-pit put into production by
Asarco and the successful leached capping studies were a factor in drilling
out the reserves. The following year, the Toquepala, Peru area with its
breccia pipes and two cycle enrichment sequence was untangled and a large
reserve drilled out. Several publications and presentations resulted in
this work. At the Atlantic City meeting of SEG in 1969, Kenyon presented
a paper on the "Process of formation of mineralized breccia pipes,” and
chaired the following day’s session.

The study of the Toquepala breccias was slow and many words, relooking, more
words, more locking, took place before an understanding emerged.

The outcrops at Toquepala were plotted by plain table & alidade. A story,
as is told by the young engineer who was in charge of running the alidade,
that on the first day he accurately plotted the outcrop position of Kenyon
and Courtright early in the morning, but for the rest of the day they had
not moved from the outcrop! Seems they hammered away, then peered through
their hand lens, then verbiage followed, arms waved, obvious discussion, and
the cycle repeated all day. He was too far away to hear what was going on,
but suggested to his supervisor that perhaps he wasn’t needed until they
decided to move to the second outcrop, which they ultimately did.

The Mission Project in the early 1950’s with sparse outcrop and lots of
surrounding sand probably increased the price of Mallox, while Mission,
South San Xavier, and North Xavier were found and delineated.



However, Mission was well exposed compared to Sacaton, NW of Casa Grande,
where a small hill with encouraging capping was found in 1961.
The nearest other unmineralized outcrops being nearly 2 mile$ away.

The last hole of the initial 6 hole drill program intercepted sufficient ore
grade copper to keep the exploration going. Naturally the old quip about
"Why didn’t you drill the last hole first,” was well passed around.

Chalcocite ore was cut off at depth by a flat fault at Sacaton and this
pushed exploration outward into the desert and farmlands. The first hole
was 1% miles to the SW, the fourth hole was 6 miles away in the same
direction and finding bedrock at 1400-2800 feet under the surface sands; but
holes 5 & 6 were "over a cliff" and didn’t find bedrock until 3600-4200 feet
of drilling. The Asarco drilling engineer modestly stated that these holes
were probably a record depth for diamond bit coring in uncased rotary holes
in overburden. Kenyon’s comment was: “Records such as these, we don’t
need!"”

Kenyon’s humor and observation on the "Explorationist-The Modern
Prospector,” and kindred subjects were expressed in a series of articles
entitled "Wry on the Rocks,” published in the mid-1970’s after leaving
Asarco.

Kenyon and his staff were the front-runners of Asarco’s present Copper
Operations -— Silver Bell, Sacaton, Mission Complex, with Silver Bell,
Helvetia, Casa Grande West in the future, along with their share of Southern
Peru Copper Corporation’s Toquepala, Cuajone, Quellaveco and other deposits,
and Mexico’s MEDIMSA’s Conception del Oro, Inguaran, La Caridad, E1 Arco and
others. All have benefitted from the teachings of Kenyon on outcrop
observation, interpretation, commitment, and purpose.

Kenyon -- we all thank you. Rest in Peace.

Jemea P ALl

James D. Sell
11/4/93
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THIRTY-YEAR EVOLUTION OF PORPHYRY COPPER EXPLORATION IN SCUTHWEST usal

PART 1, TECHNIQUES AND PHILOSOPHIES

Kenyon Richard 2

More or less 30 years ago there was a grad-
ual but profound change in mineral exploration
—particularly in porphyry copper exploration.

Functioning for the first time in organized,
systematized groups outside of their home dis-
tricts, mining geologists themselves became
regional prospectors.

In order to explain that last statement, I
feel that I must go back, not just 30 years,
but into the last century, even earlier, for a
number of comparisons, because the contrast
in exploration procedures is distinct; and by
no means are the distinctions all due to new
technological capabilities.

Through very early Biblical times, and the
Cypriots, Romans, and Conquistadores, to
name a few, the prospector-miners were slaves.
That's low-cost operation at its lowest, par=-
ticularly because the families of the slaves
had to feed them.

The Queen of Sheba is a good example of
ingenuity. She operated a lode gold mine.
The slaves who rotated her hand ore grinders
were blinded. Even if they did find nuggets,
they couldn't escape. She certainly needed
no time-motion analyst to explain the meaning
of operational efficiency. Her biggest head-
ache probably was maintaining a monopoly on
the slave market because her labor turn-over
must have been high due to early insanity
among the workers.

The first "free" prospectors in history were
the California '49ers. They were free, that is,
to blister in summer, freeze in winter and
starve year-round. On average they barely
made wages. But they came from all over the
world and they didn’t return home when the
placer gold deposits were soon worked out.
Some became ranchers, store owners, black-
smiths, and the like, and most prospered;
but some took their California gold pans,
spread out over the West, learned to detect
other heavy minerals and metals, and taught

1 Banquet Address

211 E. Crange Grove Rd., Tucson,
Arizoha 85704

themselves and their successors a few charac~
teristics of ore deposits. These men became
the prospectors, and a very few of them be-
came the discoverers of bonanzas, the real
founders of the burgeoning mining business of
the West.

However, most of them ruined themselves
with hard, useless work because they lacked
education—even the rudiments of business,
engineering, or geoclogy—partly because it
was not available, but mostly because they
were too rough~hewn to have bothered with it
anyway. Consequently, they tended to regard
almost any mineral showing as a probable ore-
body; they simply did not recognize the tre-
mendous odds against success; they were im-
bued with the Western tradition of toughness;
and they were sustained by that marvelous in-
centive for human endeavor: the dream of in-
stant wealth. Altogether, the thousands of
miles of hand-driven workings on worthless
mineral showings is staggering to contemplate.

They found many thousands of mineral de-
posits. But with the exception of those few
bonanzas, the instant wealth didn't material-
ize.

Most of the prospectors realized rather
early they could not convert the discoveries of
seemingly fairly good mineral showings into
instant wealth either by themselves or in hard-
working small groups. To some of the discov-
erers it became evident that the making of
mines required talents and resources they
lacked: First, an understanding of geology
such that a discovery could be evaluated with-
out blindly undertaking a terrible amount of
fruitless hard work; second, an appreciation
of mining engineering, management, marketing,
etc; and most important, a supply of money
and knowledge of its use.

The bonanza discoveries, of course, early
attracted money along with engineering and
management talent. When the ore was rich,
however, the mine operators could and did
make many expensive exploration blunders—
unnoticed. So, recognition by anyone of a
need for knowledge of the geology of mineral
deposits evolved very slowly.

The earliest individuals doing “mining"
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geological work of a special kind—for example,
men like Becker and Hague of the Survey who
published classics respectively on the Eureka
and Comstock Lode districts of Nevada in 1882
and '83—were only scientific observers and
describers, educated in Europe—and they
worked only on the known bonanza deposits.

The same can be said for the next genera-
tion of geniuses, such as Ransome and Lind-
gren. They were marvelous scientific obser-
vers; they were not discoverers; but they were
teachers, inasmuch as their publications and
their fame improved and speeded the movement
of the knowledge of mineral ore occurrences
from European universities to eastern United
States and on to the West,

Rather tardily, mining geology became
avallable in the West. The more progressive
mining companies began to hire men with edu-
cation in the science of mineralization, Their
exploration judgment gradually began to re-
place the whims of the mine shifters, the su-
perintendents, the surveyors, the astrologers,
and the like.

Anaconda formed the first and justly famous
geological department. Other companies,
large and medium sized, imitated Anaconda be-
cause of its reputed great success in ore find-
ing. These new departments in other companies
also found ore. The very important point here
is that these departments of mining geology
and their increasing knowledge of ore occur-
rence primarily functioned to find ore in com-
pany-owned mines, properties and districts.
With the exception of checking out some pros-
pects brought to their attention, no mining
geologists really were prospecting for new
districts in a reglonal sense—at least, they
were not getting far from home base.

The rapidly improving knowledge about min-
eralization was still not directly available to
to the prospectors. As time went on they still
did not understand, themselves, really how to
evaluate a newly discovered mineral showing,
or for that matter, how to check out an old
prospect in light of new economic conditions.

So—a technique evolved which had innumer~
able variations and ramifications and which I
can only crudely describe here.

I term it the "walking through the door"
technique. After digging around a bit on a
new discovery—or possibly opening up the
workings of an old prospect acquired with his
second cousin's life savings—the prospector
collected a few samples and specimens and
went in search of the right office door to walk
through. This might be the office of a nearby
small mine manager, or the friend of a friend

who knew a fellow who ..., etc., ora law-
yer, or a promoter who knew a mining vice
president. Briefly, he had to get through a
door behind which was the right combination
of money and exploration-mining talent. This
usually meant a medium-to-large company.

If he walked through that right door, it on-
ly meant that his mineral showing would get a
proper evaluation, hopefully favorable and
with a follow-up. If not, there were other:-
mining company doors. Otherwise, there were
doors such as stockbrokers'. In those days
money from stock sales seldom involved much
in the way of preliminary evaluation of a pros-
pect; blatant misrepresentation was common;
but money from valid stock sales did find and
develop many orebodies.

The implication is not intended that the men
with exploration and mining talent and the mon-
ey managers were hiding behind their doors
doing nothing but wait for bonanzas to walk in.
They were quite busy with their own mines.
Rather, and this is the whole point, the pros-
pectors and promoters were keeping the mining
companies sufficiently supplied with "outside"
prospects worth the gambles of exploration
and development. As a result the supply of
base metals was being augmented enough to
keep up with the demands of the growing in-
dustrial revolution. The mining geologists not
only lacked the time, it wasn't even necessary
for them to become real regional prospectors
outside of their home mines and districts.

This system worked even though it grew ac-
cidentally; it was unorganized and haphazard,
and it was unfair to the prospectors. It worked
because the successive generations of pros-
pectors had those recurring visions of the rain-
bow's end. Even if the rudiments of knowledge
about mineral occurrences—and their vagaries
—had been available to the prospectors of,
say., 70 and 100 years ago, they wouldn't have
listened because, if I may repeat myself for
emphasis, all of those men were motivated by
the delusive incentive of instant wealth.

The walking~through-the-door system was
still functioning—willy-nilly, but effectively
—when I got ocut of college. And in one form
or another it will always be part of the busi-
ness.

The first organized exploration program in
history was undertaken, I believe, when
World War II was looming and the U.S. mili-
tary was shocked {and probably indignant) to
learn that God had not provided instant domes-
tic orebodies of quite all the minerals and
metals the generals wanted for a new war. No
brilliant exploration ideas seem to be immedi-
ately at hand, so the government reacted by



legislating instructions to the U.S. Bureau of
Mines to find orebodies of seven strategic
metals and minerals. For at least two reasons
this was a dirty trick on the Bureau: First,
they didn't really have good reasons to know
where and how to explore for new supplies of
these strategic items; and second, being very
conscientious mining engineers, they thought
they were supposed to know.

The Survey was fitted into some advisory
capacity to the side and provided considerable
help, so I understand, particularly when an-
other law enhanced the problems by adding six
more short-supply items.

A massive bureaucratic effort was made in
which there was a great rejuvenation of inter-
est in prospects and properties, practically
all of which had already been turned down as
too risky by private companies, usually by
several, but, mind you, always on the basis
of non-wartime economics . .. A new "through
the door" procedure developed. It became a
mad dash, not a walk, because the exploration
money was not only free, it was wrapped in
patriotism. Despite this frenetic atmosphere,
the basics of the old system still prevailed.
The prospector, or mineral property owner, or
small-mine owner still had to get the attention
of the experts behind the door. This time the
door was government. The experts were more
concerned with the collection and accuracy of
details, but somewhat less concerned with
exploration risks.

Despite the Bureau's mandate, which could
have invited some pretty wild exploration,

prospects and properties were checked thorough-

ly. Many drilling risks were taken, but only
with care and thought. A few tons of ore were
found here and there, but only one real discov-
ery—San Manuel—resulted from the entire pro-
gram, and that was too late to benefit the war
effort. B. S. Butler of the University of Ari-
zona and earlier USGS fame, and Nels Peter-
son, USGS, were the instigators of that dis-
covery.

Considering their sincere efforts, the men
conducting that major wartime exploration pro-
ject deserved more luck. If viewed strictly
from a commercial standpoint the program
failed. The profit from ore found was small as
compared with the program's cost. But, of
course, it was not really supposed to be a
commercial success. From philosophic and
scientific aspects, however, I believe it was
successful. It had only a few new geologic
concepts for original impetous, but the pub-
lished results eventually were of great value
to future workers.

The big changes in exploration, particular-

KENYON RICHARD m

ly porphyry copper exploration in the South-
west, took place after World War II. The re-:
sults of the Bureau and Survey programs had

an effect: but the changes were not directly
related to the war's end or to dramatic econom-
ic changes, or, since Ralph Nader hadn't ar-
rived yet, to any great public outcry that some-
thing had to be done about something.

Rather, the realization gradually evolved in
the minds of a few that, at least in the case of
porphyry copper, it was possible that neither
the prospectors nor the earlier geologists had
really known how to find any but the rather ob~
vious ore districts. The San Manuel discovery
probably had some effect on this line of thought.
This meant that (1) some other porphyry copper
orebodies could be around somewhere and (2)
the mining geologists had to re-do the copper
prospecting job themselves.

There were other factors related to the
changing copper exploration philosophy, and
I'1l get to those momentarily. First, though,
let me indulge in a bit of narrative because I
was involved somewhat myself. If you haven't
already, you will note some difficulty in my
being objective about a philosophy which is
mostly subjective anyway.

E. N. Pennebaker, as consulting geologist
for Consolidated Coppermines Corp., origi-
nated and conducted the first systematic pro-
gram of regional prospecting for porphyry cop-
per orebodies in the Southwest. It was begun
in '48 and continued until 'S2 when the com-
pany was beginning to fold.

Penny had a staff of four to six young but
excellent geologists. Ray Ludden, now man-
ager of western exploration for Phelps Dodge,
was one of the group. Their specific objective
was to find new porphyry copper alteration
zones. They used the state map to spot Lara-
mide intrusives and they combed the Mines
Handbook for leads like FeO-cemented gravels
and for fringe manganese deposits like Bisbee
and Ely. They jeeped and walked all over the
place. They found about a dozen porphyry cop-
per deposits not known as such theretofore,
although a couple were near known porphyry
districts. After finding an alteration zone,
they would map in detail with particular atten-
tion to leached capping interpretation.

They drilled several holes in each of four,
which I'll identify as Safford, Kelvin, Pata-
gonia, and Yerington. I believe they pene-
trated ore—grade material in all four and they
had one drill hole in the middle of what is
now Kennecott's big Safford orebody. That's
a pretty good record considering that they
were constrained with the need for a +1.0%
Cu orebody at a 0.6% cutoff, The copperprice
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didn't jump quite soon enough fcr them, that's
all. They were mining geologists who became
the first organized group that didn't wait for a
porphyry copper prospect to walk through the
office door.

While working at Silver Bell and then in
southern Peru in the late '40s on some of those
copper deposits, particularly Toquepala,
Harold Courtright and I began to realize that
green copper-stained outcrops could be seri-
ously misleading in terms of copper sulfide
ore occurrence. (By cutting myself in on this,
I'm stretching things a bit because, as I sup-
pose some of you know, I'm color blind—green
copper stain comes through as a nice clean
gray—so, I wasn't mapping the stuff anyway.)
I did, however, contribute in various ways, I
can assure you there was no great flash of in-
sight involved. In fact, there were many com-
plicated aspects of Toquepala geology: We
were busy disagreeing about a lot of these oth-
er things, and I don't believe we began to
think much about the copper~-stain business
until later when I had had a chance conversa-
tion with Juan Oviedo, the original owner of
Toquepala. It then became evident that Cerro
de Pasco had almost walked away from Toque-
pala without testing the sulfide zone. Appar-
ently they thought the copper-stained outcrops
were the guide to ore. What I want to empha-
size is that, if Cerro had walked away, South-
ern Peru might today still be a rugged, dis-
couraging desert with 2 or 3 billion tons of un-
tested copper ore.

A steep-walled canyon cut the middle of
the Toquepala deposit. A few small patches
of weak copper-staining occurred high on the
canyon walls in the fringe zones of alteration.
Cerro had driven about eight adits, 250 m each,
beneath these surface copper showings. They
cut no sulfides and their adit assays were
sometimes as high as 0.1% Cu. They were pre~
pared to move out their camp. So, in despera-
tion rather than with knowledge, Oviedo sank
a shaft in the bottom of the canyon. Within
15 m his shaft encountered disseminated chal-
cocite averaging 4.0% Cu. Cerro stopped
packing and started drilling.

Actually, Harold and I were rather slow to
catch on. But we began to discuss the possi-
bility that porphyry copper sulfide ore easily
could occur in many other places without the
need for directly overlying copper-stained out-
crops.

The idea was simple, but a lot of other ge-
ologists had not caught on either. I worked
with Blanchard for several weeks in '47 and
I've talked with Locke and Tunell. I believe
they all thought of the technique of leached
outcrop interpretation, which they originated,

as being useful in finding more ore in already
discovered districts. It seems rather incred-
ible, but I don't believe they considered it as
being a means of discovering entirely new,
separate deposits or districts by re-prospect~-
ing large regions. None of their publications
state this as a possibility.

Anyway, Courtright and I thought the idea
was important enough to warrant re-prospect-
ing the Southwest United States and many
other regions.

American Smelting didn't exactly respond
with alacrity to my report describing how this
prospecting should be done. While working
on the Flux mine in the Patagonia Mountains,
however, Courtright recognized porphyry cop-
per alteration without copper stain, and I was
sent to check it out early in '51,

That's where we ran headlong into our old
friend Pennebaker and his crew. We had
worked for Penny in the 30s and 40s at Ely,
and we knew Ray Ludden and others of his
crew. Also, Phil Jenney, representing Cop-
permines' partner, American Metals, used to
show up frequently. We all stayed at the
same motel and, as you can imagine, altogeth-
er there was quite a bit of socializing while
we were stealing secrets from each other.

Of course, it was immediately evident that,
although arrived at independently, our basic
exploration ideas and Pennebaker's were about
the same, only he was three years ahead of us.

Anyway, between Patagonia and the border
there were plenty of porphyry copper altera-
tion zones and breccia pipes for everyone. A
number of holes were drilled, but there was
no significant chalcocite enrichment. We all
pulled out. Too bad none of us had the in-
stincts of real estate operators. In terms of
one kind of exploration philosophy and how it
changed, everyone then was using about 18¢
copper when making projections into the dim,
distant future of, say 1960 or '65.

I've dealt with the leached-capping~with-
out-copper-stain idea rather at length be-
cause, although a simple geological idea, it
had been overlooked. It got some drilling pro-
grams started. In turn, that activity got other
groups interested. And so on.

Also, though, at about that time important
new geophysical, geochemical, and other
techniques were appearing and adding signifi-
cantly to the changes in exploration. A change
more important than the advent of new tech-
niques, however, was taking place.

The evolution of exploration philosophies



has been primarily a matter of changes in the
methods of managing exploration. For a very
long time the average mining community was
isolated, and even the large operations all
began in isolation. In those circumstances
the local mining engineer-mine manager was
king. He had to know how to do almost any-
thing and he did. All problems arrived in front
of him immediately, and his solutions were
fast and usually good.

As the isolation problem became uncommon
and as the whole mining business became
large, complex and, for the individual, speci-
alized, the concept that the mine engineer-
operator still should be the real decision mak-
er prevailed for a remarkably long time.

At this point I'll bring up Kennecott—not
because I know more about that company than
the rumor mill normally provides-—but because
for such a long time they completely ignored
exploration. It wasn't a technique, a philo-
phy or a problem. Once in awhile a manager
would point to an area on a map, some holes
would be drilled, 10,648,321.4 tons of ore
would be added to reserves and—so what is
unusual?

In the late 30s the manager of one of their
operations, and a nice guy nonetheless, gave
me some friendly advice. I was working for a
neighboring company; he knew me only slight-
ly; but he could tell I was taking my job too
seriously. He said "A geologist might be all
right, but I prefer a churn drill."

In those days Kennecott could afford mana-
gers like that, but the breed flourished in
many companies where it was ill-afforded.

As I remember it, sometime in the late 40s
a well-known geologist named Anthony Gray
(African experience mostly, I think) persuaded
the Kennecott board to undertake a massive
exploration program. That in itself was a full
180-degree turn, but the hard-to-believe part
was the corporate managerial arrangement.

Bear Creek was set up as an exploration
entity having no connection with the system
of operating mine management.

Gray had retired, and I have no knowledge
of his effect on policy beyond my understand-
ing that he accomplished the establishment of
Bear Creek. Jim Boyd, a mining administrator
of established talent, but a far cry from the
old-time mine operator boss, ran the show;
and the size of his money supply was hard to
believe.

I have never learned of any especial geo-

logical idea or combination of exploration tech-
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niques that motivated the formation of Bear
Creek. So, my own thought is that Kennecott
decided first to collect a big bunch of talented
geologists, and the exploration ideas then
were bound to evolve. They did.

Bear Creek people soon were all over the
place. In many ways they influenced nearly
all facets of porphyry copper exploration. For
example, besides many geophysicists, geo~
chemists, and photogeologists, they had field
geologists specializing in regional reconnais-
sance, and others in detailed mapping, and
scientists combining specialized field and
sophisticated laboratory studies; they had
mining engineers, mineralogists, geological
researchers, statisticians, economists, com-
puter programmers, drilling specialists, and
SO on.

I'm not necessarily expressing approval of
all of the Bear Creek setup and procedures;
but I do emphasize that their influence on the
administration and methods adopted by other
exploration organizations was pronounced.

Many exploration groups moved into the
Southwest in the 50s and 60s. Some just in-
tended to determine, briefly, what was going
on. Most stayed to do a lot of reconnaissance
work; and, because an array of technical im-
provements and new developments were just
coming out in geophysics, geochemistry, and
photogeology, they continued with projects.
The detailed list is long under each of these
headings of techniques; so a new group could
quickly become involved in various combina=-
tions of these techniques—and many did just
that.

Most groups concluded, too, that because
they were covering new ground they should
properly do their own geological mapping to
back up whatever geophysical or other survey
they might be conducting.

Thus, field work of many types was con-
ducted over large tracts.

Despite the title of my talk I've no inten-
tion of commenting upon or even listing all of
the activities and variations that could be
considered as new or specialized exploration
techniques used around here, There isn't time
really to deal with the popular ones, let alone
all of those which, in my opinion, either did
not apply, or were overused., But I must men-
tion a few factors that spurred and maintained
exploration in the Southwest.

First, the real price of copper stayed ahead
of all predictions, even if we average in a
couple of episodes like the past year and a
half.
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Second, both the quality and quantity of
publications on ore deposits and related geol-~
ogy in general and porphyry copper-molybde-
num in particular increased remarkably in the
past 20 years. Certain universities (the Uni~
versity of Arizona up with the top) and the
USGS contributed most; some trade journals
came out with surprisingly useful papers, and
even private industry cut loose with some re-
markable material on rare occasions.

Third, as the mining geologists became
prospectors they learned that, despite the
great amount of geclogical work of all kinds
in the Southwest over the past 100 years, and
particularly the last 30, there are still more
uncertainties and complexities, though of dif-
ferent kinds, than 30 years ago. What appeals
to me is that so many of these "new complexi-
ties" have relationships to exploration possi-
bilities.

Cf course, the high percentage of postmin-
eral cover rocks in the Basin and Range prov-
ince is always attractive to explorationists
for many reasons.

Fourth, my friend who will be talking about
case histories here tonight is certain not to
deal properly with an episode which I believe
had a most important effect on the exploration
business.

Discovery always involves many people.
Dave Lowell's Kalamazoo affair, however,
was as close to being a one-man show as any-
thing I know of. He demonstrated that the
best of geological work may be subject to new
or improved interpretations. This, however,
requires logical thought, thoroughness, and
time. Nowadays we have to hurry most of the
time. I believe Dave showed us, however,
that one of the keys to discovery is to know
when to slow down and be thoughtful and
thorough.

I'm constrained to add a precaution which
you may find surprising. Certain lines of geo-
logical thought attain prominence as having
possible value to exploration for one reason
or another. Really, though, they are intellec-
tual games, mostly. Please understand, I en-
joy playing some of these games myself, but
when exploration is involved a sharp distinc-
tion should be drawn between practical and
impractical.

A couple of examples:

1. I am personally convinced that "linea-
ments, " alignments, structural zones, or what-
ever the name, were important localizers of
some porphyry copper deposits. But these
structural conditions are very obscure in most

cases and should be postulated only with care.
A few years ago lines were being drawn all
over the Southwest—the matter had become an .
intellectual game, and, as such, its real ex-
ploration value became obscured—almost
valueless.

2. Plate tectonics is a wonderful subject
of new scientific thought. But a tremendous
amount of world-wide field work must be.re~
done to improve its authenticity. Pictures of
hydrothermal systems appear on sections of
subduction zones. That alone is all right.
But if there is a statement or an implication
that up-to~date knowledge of plate tectonics
will give me the longitude and latitude of a
brand-new porphyry copper deposit in a year
or two, I know we are playing intellectual
games again.

All of us must use care in distinguishing
the intellectual games from the practical as~
pects of geologic thought and conversation.

As an example of practicality, I would like
to present my concept that the first real pros-
pecting event occurred during pre~history. In
case some of you are not up to date, pre~his-
tory is that gray area in time between recorded
history and what I usually term "PB," or Post-
Baboon. That terminology is easily confused
with the newly accepted scientific initials
"BP," or Before Present. I understand there
is a group which maintains there is no time
gap between Before Present and Post-Baboon.

Anyway—upon being pushed out of a tree
an angry post-baboon—pre~person hurriedly
picked up a chunk of yellow rock and threw it
at her husband. It was heavy and knocked
him cold. This so fascinated the pre-person
(post-baboon, that is) that she took the sum-
mer off and went prospecting for another, big-
ger chunk of gold so she could really finish
him off. I believe she was committed because
a tribe of environmentalists discovered her
prospecting license had expired.
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PART 2.

CASE HISTORIES OF DISCOVERIES !

by

7. David Lowel] 2

The period following World War II has seen
a wave of porphyry copper discoveries in the
Southwest with the bulk of these deposits hav-
ing been found in southern Arizona. The at-~
tached tabulation of several selected features
of each discovery has been prepared in an at-
tempt to point up changes in techniques over
this 33-year period, together with changes in
the typical settings of deposits found.

A discussion of discoveries is always a
subjective matter from the standpoint of who
was responsible and which technique was re~
sponsible for the discovery. There are invari-
ably rival claimants, however, the discovery
typically results from a team effort of several
different geologists, supported at different
levels of management, sometimes aided by
geophysists and geochemists, and often bas-
ing their work on regional geologic mapping,
or stratigraphic or tectonic relationships
worked out by geologists in government agen-
cies. Peter Joralemon has pointed out in a re~
cent paper that the contribution of prospectors
or engineers or metallurgists is also the sig-
nificant factor in many discoveries.

During the 33-year period covered by the
tabulation (Table 1) fundamental changes have
occurred in the parameters for porphyry cop~
per exploration in the Southwest which are re~-
flected to some extent in the tabulation. The
most obvious change is the fact that, for prac-
tical purposes, all of the deposits have now
been found in which the orebody, or the
leached capping after ore, crops out. The de-
posits remaining to be found are those either
completely covered by postmineral formations,
or-overlain by non-ore, premineral rocks,
either in fault contact with ore or related to
ore through vertical or lateral zoning relation-
ships. Future discoveries will require greater
use of indirect techniques~—geologic projec-
tion, and geochemical and geophysical work,
and perhaps most important, more exploration
drilling per discovery, both in number of holes
and average depth of holes. In a paper at the
1976 Annual ATME Meeting Schultz and Spat
pointed out that the drilling cost per discovery
has risen rapidly for the past several years.

1ga nquet Address

2 Ppillar, Lowell & Associates, Tucson,
Arizona 85704

Another factor which may loom larger than any—
other in the future is the question of the basic<
economics of porphyry copper mining in the -
Southwest. The price of copper in constant =
dollars diminished progressively during the- - -
period of 4000 B.C, to 1933, and then began -
to progressively increase. At the same time~
the minimum grade of ore which it was possible
to mine progressively decreased from ancient=
times until the date of the most recent reces--
sion and the Middle East oil boycott and world =
energy crisis. Since that time the minimum
minable ore grade has increased in both bulk
underground, and open-pit copper mines. This
trend could, of course, be reversed by a sub-
stantial increase in the price of copper, but
this magnitude of increase is far from certain
during the next few years. Most previous por-
phyry copper discoveries in the Southwest
have been deposits which could be exploited
as open pits. Most future discoveries will be
potential underground mines, or in situ leach--
ing situations. The ore habit in the Southwest
favors deposits whose overall grade is less
than 0.8% Cu. The San Manuel mine whose
grade is about 0.72% Cu and 0.015% Mo could
be taken as an example of the best type of
deep, undiscovered deposit, which we are
likely to find in the future. However, using
current mining costs and present copper price

a newly discovered, undeveloped San Manuel
would not be a viable orebody. A copper grade
of 0.9%-~1.0% Cu, or a copper price of over
$1.00 per pound would be required to make
this hypothetical example a viable deposit.
The increase in copper price is much more
likely than finding the 1% plus copper deposit.
1f the price increase does not occur there will
be few, if any, future discoveries of viable
orebodies in the Southwest. Another effect of
this factor is that there may be no longer be a
tendency for known deposits to evolve into
orebodies.

Exploration techniques which have been
most successful in the Southwest have, as in-
dicated by the tabulation, been geologic map-
ping and geologic interpretation, and leached
capping interpretation. Geochemical and geo-~
physical surveys have been of assistance in
some discovery—the Pima orebody. Neither
geochemical nor IP geophysical techniques are
as effective in the Southwest as in western
Canada and most other porphyry districts, be-
cause basin-range faulting has resulted in
deep, postmineral valley fill; transported rath-
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Table 1. United States tabulation of Southwest porphyry copper discoveries 1

Published or Distance from  Percent Quicrop Geochemical Geophysical :
Estimared Tonnage Known Porphyry  of Ore Body ~ Percemt Posi Ore  Anomaly Anomaly !
oy o o g ST G OO I i e |
|
(1) San Manuet, Arizona 1917/1943 457,000,000 T 0.75 Cu 40 mites = § =+ 95 Yes Not used - I
{2) Safford-KCC, Arizona 1947/1856 500,000,000 T(+) 0.5(+) Cu 20 miles 30(7 THD Yes Probabily (P} |
(3) Tyrone, New Mexico 1920°s/1950 =400,000.,000 T 0.7 Cu 60 miies *100 = 0 Yes Probabily not '
(4) Pima, Arizona 1951 3,000,000 T(?) 0.5 Cu(?) +60 miles 0 100 No Yes (Magnetic)
(5) King Peak-Metcall. Ariz.  18685/1952  =400,000,000 T(?) =0.75 Cu(?) 1 mile =100 = 0 Yes Not used - ‘
(6) Imperial-Siiver Bell, Ariz.  1909/1954 30,000,000 T(?) 0.75 Cu(?) V2 mile = 10(?) + § No No '
{(7) Mission, Arizona 1954 200,000,000 T(+) =0.75 Cu 1 mile 0 100 No Uncertain ;
(8) San Xavier North, Ariz. 1955/1957 100,000,000 T(+) 0.5(+) Cu 2 miles ) 99 No Probably not '
(9) Esperanza, Arizona 1955 150,000,000 T 0.68 Cu equiv. 8 miles 100 0 Yes Uncertain (iP) }
(10} Christmas, Anzona 1870/=1955 100,000,000 T(+) 0.4(+) Cu 15 miles + 40 * 80 Yes Uncertain (iP) i
(11) Twin Buttes, Arizona 1957/1963  530,000.000 T(?) =0.70 Cu 5 miles 0 100 No Mag. trend hipfl. f
(12) Dos Pobres (P.D.), :
Safford, Arizona 1957 400,000,000 T(+){?)0.72Cu(?) =3 miles = 25 = 75 Yes Yes (IP) :
(13) ithica Peak, Arizona 1959 175,000,000 0.53 Cu 90 miles *=100 = 0 Yes Possibty (iP)
(14) Sierrita, Arizona 1960/1963  =450,000,000 0.45 Cu equiv. 1% miles = 90 + 10 Yes Probably (IP)
(15) East Helvetia
(Rosemont), Arizona 1961 200,000,000 T(+) 0.7 Cu (?) 15 miles = 1(D = 30(7) Yes Possibiy {IP)
(16) Sacaton, Arizona 1961 =50,000,000 T 0.8(+) Cu 15 mites 0 100 No No
(17) Battle Mtn., Nevada 1869/1961 50,000,000 T(+) 0.5(+) Cu 145 miles +100 =0 Probably Uncertain
(18) Kalamazoo, Arizona 1965 500,000,000 T(+) 0.73 Cu Y2 mile 0 = 50 Yes Not used
(19) Vekol, Arizona 1965 75,000,000 T(?) 0.5(+) Cu(?) =30 miles 0 90 No Uncertain (IP)
{20} Copper Creek, Arizona 1966 50,000,000 T(+) (?)0.7(+) Cu(?) 15 miles 0 0 No Probabiy not (IP)
{21) Caridad, Mexico 1967 600,000,000 T 0.8 Cu 70 miles 100 0 Uncertain  Uncertain{IP)
{22) Copper Basin, Arizona 1920/1968 100,000,000 T(+) =0.6 Cueq. 35 miles =70 + 30 Yes Probably (IP)
(23) Lakeshore, Arizona 1955/1968 472,000,000 T 0.76 Cu(?) 10 miles += 10 *= 90 Probabiy Uncertain (IP)
(24) Poston Butte-Florence, Az.  1961/1970 400,000,000 T(?) 0.45 Cu(?7) =25 miles 0 100 No Probabiy not (iP)
(25) Red Mountain, Ariz. 1870 ND 30 miles 0 0 Yes No
(26) Hilisborough, N.M. 1930/1975 70,000,000 T(?) 0.7 Cu(?) =40 miles 60 40 Yes Uncertsin (iP)

1. Includes Caridad (No. 21) in Mexico. 2. (?) Indicates uncertain data with only ord f-

1Reprint from World Mining, 1976, v. 29, no. 11, by permission of the author.
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Table 1. United States tabulation of Southwest porphyry copper discoveries—continued
Apparent Discovery Method Porphyry Copper Deposit
Geologic mapping and structural interpretation indicated that a smali outcrop could expand San Manuel, Arizona 1
downward into a large orebody
Geologic mapping and interpretation of peripherai hydrothermai effects encouraged testing Sattord-KCC, Arizona @
through postore voicanics
Sampling and ieached capping study. An old, higher grade underground mine evoived into a bulk Tyrone, New Mexico 3
low grade open pit
Geophysical survey on geologic projection located high magnetite skarn under postmineral gravet Pima, Arizona 4)
Leached capping interpretation and sampling indicated chalcocite orebody King Peak-Metcait, Arizona 5)
Geologic interpretation and research ot old mine records indicated possible hidden orebody imperiai-Silver Bell, Arizona (8)
Geologic interpretation and research of nearby mine opanings and outcrop indicated possibie Mission, Arizona ()
extension of zone of aiteration-mineralization at Pima
Aerial reconnaissance located smait outcrop of leached capping, and orebody found San Xavier North, Arizona (8)
with oftset drilling
Geologic mapping and teached capping study Esperanza, Arizona (9)
Sampling and geoiogic interpretation of old mineral prospect Christmas, Arizona (10)
Geologic interpretation based partly on magnetics, {ollowed by wide-spaced offset anlling Twin Buttes, Arizona ()]
Geologic and ieached capping interpretation of unusuai outcrop and geochemicai survey Dos Pobres (P.D.), Safford, Arizona (12)
Geologic and leached capping interpretation ot oid mineral prospect ithica Peak, Arizona (13)
Geologic mapping and test drilling—old prospect evoived into orebody in part due to Sierrita, Arizona (14)
shifting economics
Geologic and ieached capping interpretation of old mineral prospect East Helvetia (Rosemont), Arizona (15)
Geologic reconnaissance program located smail outcrop interpreted to be Sacaton, Arizona (18)
pyritic capping peripherai to orebody
Old deposit which evoived into an orebody with geologic mapping, drilling and Battle Mtn., Nevada (M
improvement in economics
Geologic mapping and interpretation of structure and concentric zoning Kalamazoo, Arizona (18)
Geologic mapping and IP survey Vekol, Arizona (19)
Geologic interpretation of surface geology and re-interpretation of previous drilling Copper Creek, Arizona (20)
Leached capping and geologic interpretation Caridad, Mexico (21
Geologic mapping and test driliing. Old prospect evolved into orebody Copper Basin, Arizona (22
Geologic mapping and drilling done near fault sagment orebody. Also IP survey Lakeshore, Arizona (23)
Geologic interpretation ot peripheral outcrops followed by wide-space offset drilling Poston Butte-Florence, Arizona (24)
Geologic interpretation of vertical zoning followed by deep drilling Red Mountain, Arizona (25)
Geologic interpretation of previous drill data Hilisborough, New Mexico (26)
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er than residual soils; and typically thick
leached and oxidized zones which do not give
an IP response. Both the IP and geochemical
methods are best suited to a British Columbia
environment of near-surface sulfides and shal-
low cover. As Southwest exploration pro-
gresses into deeper and deeper postmineral
cover these methods will also tend to become
less effective unless new and more reliable
techniques can be developed.

The tabulation of discoveries indicates that
seven of the last eleven deposits were essen-
tially completely covered (one, Lakeshore,
had 10 percent outcrop), and that since 1960,
seven of the ten discoveries in Arizona have
been completely covered. The percentage of
covered discoveries is certain to increase in
the future.

Reviewing some of the other factors on the
tabulaticn we see that there were ten deposits
discovereqa in the period 1943-1955, nine de-
posits discovered from 1955-1965, and seven
deposits discovered after 1965. This suggests
3 progressive decrease in the success rate.

It should be noted that many of the deposits
have muitiple discovery dates which reflect

an earlier intersection of the mineralized body,
and a later decision that it may represent a
minable deposit—often by a different company.
There seems to be no consistent variation in
size of the deposits through the 33-year period,
nor is there a noticeable change in the dis-
tance from a known porphyry. As mentioned,
the amount of postmineral cover over discov-
eries has orogressively increased through the
period. Ceochemical surveys appear to have
Deen somewhnat more useful than geophysical
surveys, zithough geochemistry has never
neen the principal factor in a discovery as

was the case for the Pima magnetometer sur-
vey. Ceopnysical surveys also have had some
useful depth-of~-cover and groundwater appli-
cations.

It's interesting to note that one orebody
was found in an old company file cabinet, and
one deposit was found by a re-interpretation
of old drill data. Zoning interpretations and
offset drilling are mentioned more freguently
toward the bottom of the table as no more ore
outcrops remain to be tested. Also almost
every deposit was specifically discovered by
a drill hole—whether drilled for the right rea-
son or the wrong reason. There would have
been very few discoveries without the drill
rig, and the programs which never progressed
from the "think stage" to the "drilling stage"
were invariably doomed to failure.

It would perhaps be useful to select three
deposits representative of the three decades
covered by the tabulation and describe each

to illustrate changes in settings and in suc-
cessful exploration technigques over this
period.

The first example is King Peak—Metcalf,
immediately east of the Morenci—Clay orebody.
This exploration target was identified in a
careful and accurately interpreted leached cap-
ping study completed in 1952, and the first
exploration hole intersected ore. The pre-dis-
covery drilling cost of the project was very
low. Tyrone would be a similar example, but
no targets of this type now remain untested in
the United States, although there may still be
a few in Latin America and Iran and Pakistan.

The second example is the Sacaton deposit
found near Casa Grande, Arizona in 1961.
This discovervy was one of several Asarco finds
which resulted from a comprehensive district-
wide program of geologic mapping in southern
Arizona of features related to porphyry copper
mineralization. This regional work tended to
bridge the gap between theoretical and applied
geology, particularly in the areas of strati-
graphic and structural interpretation. Several
holes at Sacaton were initially drilled as off-
sets around a small outcrop identified as be-
ing pyritic, but probably porphyry~copper-re-
lated, leached capping, before ore was inter-
sected. Many additional drill holes were re-
guired before a viable orebody was confirmed,
and the overall ratio of development drill foot-~
age to tons of ore developed was also high.

The third example is the Red Mountain de-
posit near Patagonia, Arizona, discovered in
1970, and described in a recent Economic
Geoloay paper by Russ Corn. This is the
deepest porphyry which has so far been found.
It is in an area of premineral outcrop where
shallow, sub-commercial mineral deposits
have been known for many years. Discovery
of the deep deposit resulted from persistent
and thoughtful exploration to progressively
deeper depths over a period of 12 years. The
key to the discovery was vertical hydrothermal
zoning theory. The pre~discovery driling ex-
pense was very large, and post~discovery
drilling and development expense will be very
large.

The conclusion from this review must be
that deposits are becoming harder and more
expensive to find, Most of our exploration
tools become less effective with increase in
thickness of postmineral cover. Recent shifts
in copper economics have been a further ob-
stacle; however, copper exploration, like the
copper market, has always been a cyclic field,
and many additional deposits remain under the
Tertiary gravel and volcanics which will prob-
ably be discovered in the next 30-year period.



ARIZONA GEOLOGICAL SOCIETY DIGEST
VOLUME XI

Proceedings of e
PORPENRY COPPER SYMPOSTURM

TUCSON, ARIZONA / MARCH 18-20, 1976

A SYMPOSIUM SPONSORED BY THE ARIZONA GEOLOGICAL SOCIETY
AND THE UNIVERSITY OF ARIZONA

TUCSON, ARIZONA / OCTOBER, 1978



.o Missien - Eavily Hiskarg
Frle * RECEIVED
IRA B. JORALEMON -t MAY 20197/
168 SOUTHAMPTON AVENUE ’ EXPLORATION
BERKELEY, CALIFORNIA 94707 May 15,1974 DePT,
American Smelting and Refining Co. J.H C,
Exploration Department o A B
Box 5747, Tucson,Ariz, ,85703. MAY 20 972
Gentlemen:

I am sorry that there has been a misunder-
standing as to the propriety of the location of claims that
later became your Mission Mine. There was no question as to
the legality.

I made several examinations of the Pima Mine,
first for United Geophysical and then for Pima Mining Co.
Most of my association was with Drex Spaulding and Mr. Piele-
mier.On one of my earliest trips I told Spaulding that there
was a chance of finding a large low grade deposit in addition
to the righer ore that was being developed underground. I
recommended the location of additional claims and development,
mmostly drilling, to prove this theory.The memorandum of
November 30th,1953, copy of which you sent me, shows that
Pima was acting on this recommendation on that date; that
Asarco geologists were told of the results of the work;
and that Mr,Spielmeier asked you to get in touch with Spaul-
ding before locating adiitional claims.

Both Asarco and Anaconda geologists were at the
Pime during one or more of my visits. Neither they nor Drex

Spaulding told methat there had been any agreement about locatsm

ing ground. After Asarco had found ore in ground near that
located by Pima I remember that Spaulding was much upset.

In my book "Coprer! as quoted by you,I stated
that when a company gives another results of expboraticn,
there is a chance that the information will result in injury
to the first company.In spite of this I was, and am, sure that
free interchange is the best policy.

Formal agreements in such cases are séldom prac-
ticable, and might not be legal.Everyone must rely on good
will, and misunderstandings are likely. This was apparently
true in the Mission-Pima case. I am sorry that Drex is not
alive to clear up the affair.

Yours very truly
dw

Ira B.Joralemon
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L\S@Q EXPLORATION DEPARTMENT
P.O..BOX 5747, TUCSON, ARIZONA 85703

J. H. COURTRIGHT ' ’
CHIEF GEOLOGIST May 6, 1974 1150 NORTH 7TH AVENUE

TELEPHONE 802-792-1010

Mr. Ira B. Joralemon
315 Montgomery
San Francisco, California 94104

Dear Sir:

Reference is made to your recently published book entitled '"Copper'
wherein you comment on acquisition of the Mission property. Excerpts
follow (Pages 326, 327):

“A far more serious loss came from the generosity of Pima
in letting engineers of other companies visit their property
and even see the drill cores. As the value of the low-grade
disseminated deposit east of the richer ore became evident,
Pima started to locate a large group of claims out in the
desert., But American Smelting and Refining Company engineers
had seen the Pima drill cores, and with this knowledge they
located for Asarco a great area farther northeast. Much of
the low-grade ore extended into the Asarco claims, which
were called the Mission Mine."

"This loss to Pima of one of the great copper mines makes
one wonder whether generosity in welcoming visitors is worth-
while. Sixty years ago, due partly to apex lawsuits, all
information was carefully guarded. Dr. James Douglas and
Dr. Louis D. Ricketts were largely responsible for a more
liberal policy, although they realized that now and then
someone would take an unfair advantage of the free infor-
mation. But they were sure that in the long run an inter-
change of knowledge would benefit everyone, and in most cases
they were right., Pima suffered by the policy, but if Pima
had not known of the success in mining very low-grade ores
at Morenci, it might not have acquired any part of the
Twin Buttes District. As in nearly all our endeavors, we
must weigh a gain against a possible loss.!

Very briefly the facts are:
Following underground development of the Pima deposit, various

companies (Anaconda, ASARCO, Eagle Picher, Cerro, Phelps Dodge, Newmont)
were invited and most did examine the workings and drill cores with the
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understanding that offers to purchase or option would be entertained. Thus,
no ''generosity'' was involved in “allowing'" other companies to examine the

prospect.

Subsequently, our management advised United Geophysical that ASARCO
planned to acquire ground in the vicinity, but would exclude any areas that
United Geophysical wished to designate. As evident in the first paragraph
of a file memorandum dated 11-30-53 (copy attached) the only area designated
was that southeast of Helmet Peak. Shortly thereafter (early December, 1953},

~we (Richard and Courtright) arranged a meeting with Drex Spaulding, then

Pima manager, in his office and informed him personaily of our intention to
stake claims, but not over any ground that he might select for staking on
behalf of his company. He selected an area southeast of Red Hill, and we
proceeded to stake elsewhere,

We became aware much later that the fact of our conversation with
Spaulding giving him first choice on any of the open ground was never reported
by him to his superiors in Los Angeles. Nor, did he ever admit it to any of
his local staff.

Furthermore, it was not until after ASARCO had pretty well drilled out
the low-grade, large tonnage Mission deposit that Pima began to realize they had
a similar very large potential in their own ground. In other words, at the time
they did not need any more ground than they already had for what they thought
was a .small ore body. ’

Nevertheless, contrary to your statements (quoted above), they (United
Geophysical, or Pima Mining Company) were given far more than fair treatment.

Yours very truly,

I Lyl

J. H. Courtright

Then, Assistant Chief Geologist,
Southwestern Department,

ASARCO '

Now, Chief Geologist,

ASARCO

AL N obcer P

Kenyon Richard
Then, Chief Geologist,
Southwestern Department,
ASARCO
Now, Consultant--
Mining Geology
JHC :KR:vmh
Enc, 1
cc: All W/Enc.
J.J. Collins: Exploration Manager, ASARCO
T.A. Snedden: Then, Manager
Southwestern Mining Dept., ASARCO
Now, Vice President,
Mining Dept., ASARCO

-
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Ken and Harold: .

Inclosed are copies of various letters dealing witk ilissions

In my letter to Zd Tittmann, transmitting a copy of my letter to
Darwin, 1 stated that I shouldn't be messing into the thing now
that I had retired, but that I had rotten so damned mad at the
manner in which the geophysicists had filched credit from you
two that I finally decided to get something in the files. I told
him that I didn't expect to accownplish any more than that.

Anyway, we have somethin. on the New York file, and you can
put the ones I am sending you in the Tucson file.

as quite surprised to learn that Xen Wilson had resigned
and has started a consulting office in San Francisco, and I
really wish him luck. e told me of the deposit somevwiiere uyp
north tnat you are drilling or preparing to drill and which,
according to ken, fadls"right in one of my northeast zones". ish
you would give me the exact location so that I ca: svot it on
my base map. Can then advise you whether or not it is worth

fooling with.

Sincerely

o~ : W g

s seamenT 3T AR LN




January 14, 1961

~

AIR MAIL

AR S—

Er. D. J. PoOne

American Smelting & Refining Co.
120 droadway

New York, . Y.

Dear Darwin:

I appreciated your letter, and the manuer in which you ac-
cepled mine. I debsted quite a long time before I decided 1o
write you ror fo me there seems nothing more out of line, =nd in
poorer taste, then for soxeone who has been completely severed
from the organization's activities to atitempt to criticise cur—
rent events. Lutl this case struck me as being somewhat diffcrent.

But now that I have gotien the matier off my chest, and By
opinions in the file, I'm gquite willing to drop the whole sube
ject.

In py letter I diesregarded ti:e substantial coniributions
made by others in tie lilseiloen project, and there were guite a
.nunber, as you state. Hy particular, and limited, objective was
to get into the file ihe history of the start of the project in
order to refute the claims that ils discovery resulied largely
fror the scientific appliication of geophysics,

Lg for uy part in the watter, 81l I can lay claim to is
that 1 sernt Ken and ilarcld to Tucson and thereafter merely irons—
mitted their recormendations to New York, and in the case of
klssion without mueh optimisn.

I am gending copies of umy letter of January 4, your reply,
Ld's letter of Jamwary 12, and of tiis letter, to ien znd iar-
old,.

v Prari Yrost and Ken Vilson called on us yesterday. 1 was
quite surprised to learn that hen resigned and has opened & con=—
sulting oiffice 1In lan Francisco, '

Our best regards to both you and Nary,

Jincerely
cct E. McL, Tittmann
Kenyon Lichard, with encla,
Herold Courtrigzht » H W. R. Landwehr




Copy of Ed Tittmann's letter of January 12, 1961 to W.R.L.

Dear Walt:

Thanks for sendings me a copy of your letter to Darwin re-
garding the initiatiorn of the ilission project. I also saw Darwin's
reply and must say that, in view of what happened since the matter
of credit was iirst publicised, I do not thin: 1k is necessary to
do anything further. As you know, Hart has left and I do not vhink
there is anyone in the company that does not hole Ken Iichard and
Harold Courtright in the highest regard not only for tlie work they
did at iission, but at Toquepala and meny other prospects which,
while tiey did not prove to be commercizl ore, high-lightec the pro-
fessional competence of these two men.

I will put your letier in the ofiice files here.

FRAFAEXNX

Sincerely

nd TiAT m
e 2iClie .[ .




Copy of D. J.Pope's letter of January 10. i9t; to V.R.L.
Dear walt: ‘ H

It was very nice to hear from you and I appreciate the ef-

fort which you have taken in writing to me so completely about
~the history of the discovery of the liission Unit ore body. I hiope

that it mines out sufficiently well anc that the copper price
holds up well enoughf so that all of the argunent gbout the credit

for the discovery will prove to be worth~while. To go back a biy
in the history of this, I think the argument started when you
wrote and congratulated ilessers. Richard :nd Courtright on their

efforts, which I felt at the time was entirely in line andé waich ,
was not intended to detract from the efforts of anyone else. 2

To have a successful organization, we must consider tie suc—
cesses or failures of our ventures to be tie result of = joint
team effort. I have discussed this fully in the vast with both
Kenyon Richard and llarold Courtrizht and I am sure thet they xrow
and fully realize that in the ninds of the rest of us in the con-
pany tneir part of t.e effort was fully appreciated and -hat all
of us realized that a great deal of credit is due to their init-
iating this particular vroject. Aside from that, as far as I an
concerned, walt, If thini that you deserve a great deal of credit
in the success of the copper exp.oration in the Southwest be-
cause you originally recommended sending Kern Richard in iiere in
the first place, and persisted over considsrable orposition in
having that recommendation accepted. Along with this, Bud iich-
ard should always be mentioned because he was always an optimist
and pushed so:e of these exploration ventures, plus +the support,
of course, of the other Company ofiicials clear to tie top.

So think it would do more harm than good to the Company
and to their future exploration efforts to try to correct, pub-
licly, any possible wrong impression in certain quarters out-
side the Company because of something published in some maga—
zines which are often not very accurate anyway.

Regardless of all the above, your complete story anc anal-
ysis is of great interest within the Company. I have discussed it
with Mr. Tittmann and I will also show it to Xessers. brown and .
Tollock. Besides this, I will sound out xen Kichard the next
time I see him and make sure that tiaere is no feeling on his part
that any one of us now with the Company doe~ not recognize the
worth of his work, both with regard to [ission and otier veniurcs.
In my own mind I am sure that he understands the situation as I
have repeatedly complimented both him and Harold on the evcel-
lent work.that they have done, including the very good report
that larold wrote on the Trench mine, which enabled us to op-
erate there for several years at a profit, when without .iis di-
rection we would have given up on trying to find more of the
small scattered ore bodies.

, If you feel that you wish to write to xen passing any of
this along to him, please feel entirely free to do 80, but I
do not think we should enter into any future public arguient
about this matter. I will ap,reciate your letting me know wheth-
er or not you agree and ure willing now to let it droy.

Sincerely
cc: kd Tittmann-lersonal D. J. F.



¥Fenlo iark, valif,.
January &, 196l

Ere Ds Jo Fope

American Smelting & Refining Co.
120 Broadway

New York, N. Y.

Jeay Darwing

The Zission ore body 1s the msjor now copper discovery made
in the United Utates in late yeurs, o nsaturally has sroused 2
great deel of interest in the mining profession. Hot only is it
of iInterest beczuse of its commercial imporitance but, as it is
located in & ygravel-covered plain in which there are no outcrors,
and within gsight of Tueson whieh bne besn the hudb of wminins proge-
pecting and zclentificalily directe: exploraiion gince the arrivazl
of tie wilie man In the srea, the manner of its discovery nas
stirred up & great doel of geunsral curiesity, and particularly
rrofesslional interest on the part ol geolozlots end seopiysicists.

Az you well know, the question of credit for the initation
of the project and toe subsequent digeov.ry of the ore body, s
been tie sublject of considersble coxuent and discunsion witnin
the company for sowe ftime, the provien mainly resolvin: itgel?
inte the guestion of the smount of credit due the geological do-
partuent of the Louthwesnt, zné the geophyelccsl deumrinent, You
umentioned the patier when you onlled upon ue here in enlo .ark
more ioun a yesr ago,and I had previoualy discussed it witn Sas
wien 1 last osw hinm, in 5alt Laze shortly before I retlirud. To
both of you i expressed ithe opinien that the seoynysicisto were
elaiming, and had gotien, far more credit ihan was due theu.

This, porhaprs, would noi be ton serious were it conlined
within the company where most of thoce cencorned have at least
faly ides otf the facts. but since couing to tag Zay ares and =l
gling wlith more of tiw general profession, I have besn surprised
to learn thut some, &t least, hove goiten the imiression that the
dlzcovery was due alwost solely to the successful sppiicsation of
geophiysical metiods, and tnat the geologlate pleyed only a miuor
role in the zatter. I don't Enow how videspread this misconcepw
tion is, but believe it to Le somewhil general.

&
s

This misunderstandin- undeoubtedly i larpely duy 10 pul
lighed st tuneats, sand in pert to oral ststements about which 1
have heard from reliable sourceg. All have been misleadin; bow
¢ause they did not clearl: state the facta. In some cases the
pisstatenents seem 10 have been deliberste, in cthers inudvere
tenntea

1 knew of this tendency {0 ¢laim undeserved credit from its
inception but did nothin: wbout it. ut asiter coning here and bee
coualng aware of the crroneous improasion gotten by sore in tue
profession, and lcarning for (he $the first time of the publirhed
stutorents, I deciied to review periinent lettors, reports, und
maze and write 8 pusnary to you in order to got socetlhin: in the
fileo, and wyoelf on record, 4n »d Tittunnn is as vitally intire
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ented in Eiseion 05 anyoney and hence ~ould Az interested in the
manner of itis disoovery, 1 am sending him & copye

I =ant to enphasize that thin s my 1d.ae I know that the
geologlsta of the Jouthwent heve veen sumewiat amused, to put it
nildly, over the amatier of credlt For sone time but nons Lave naud
anythdng to do with wy deelision to w»xrite this letiter, nor its coo
pooition other than to furaish e, at ny reguest, nome inf¢rmatiun,
%zgt 6f the information that I have was drousst with me from Salt

Sy

The first published article that caze to my attention ap-
peared in the January 1928 issue ol #ining Vorld. It ssatcs:

"Geological liscovery of the Year, was the East . ima,
Ardzeonpa yroject of American Jamelting and Hefining .ome
PENFesnss 1@ Ore body does not outcrops Its discovery fole
lowed geologic projeotion of inown ore bodies in itihe near-
by Tizs idnlsng Vouopany and Zexner Lindn cuipany wines.”

_ in the Zay 1956 issuze of that publication there s cars o
iegtter written by iro Hart cementing on the ioresoins article.
The caiticn of the articlie in whicw ix, fartts letier | youecars isg
*Iima is Georhysical®, Then foilows ZYy. :art's leiter, fro. which
i will guote.

Dear Sir:

T™his refers to your coments repardinz the awt :isa,
dvizona project of the .ocericen Jzeltin and refinins Cobe
panye. You credit $ido 3o bet Yhe Ueolozic Liseovers ol tle
Yeart but in the laepl sontence o Ltoe arn, rapbs viow

“Ito dilccovery followed reologle projection o nuwm ore
bodies in the nearby rica iining vompsny snd Banner | Anisng
Sompany nines.®
Ubviously, if this simtement is correct, the zast rl.a deve
lopzment would net b: a dipeovery st all, But i inztead,

only norzul developuent 2lonyg unova ore extencicise.
the Ingt ls that fusty fica is o new dlscovery, wihich is
the result of & w8ll coordineted exploration .royram, to
whrien valiuable contributions have veen xade by our veolo, =
ical and Geophyeical dersrizents. The princiral soslogivsl
vontribuiion was 1o sslecet nnd veeconnend ihe area Lo CHIGw
ful invegtigation by our Gsophyeicsl separiment. laforuation
obtrined in geownyocioal purveys pinpointed ithe iwportant
new diacoverysees
Jince our geoloplsis and peophyslsts hove ¢one &6 Colie
sendable Job on Lmot sina, 1t seens unfair to them to cliope
eify thelyr accooplisivients as routine “geoiogle projsction
¢f hnown ore bodies.
Iﬁn ﬁl l:?-rt
Chief veoliogist
Then follows this etatement by the edlitors "(fongatulations to
?5ARGG’E gtafl for nalking this "CGeoghysical Uiscovery of the
ear.”™ :

It ins obvicun why the profession has potten the impression
thaet the discovery of .Liscion was largely the result of applisd
feophyuicn,

Qe e
v R
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. ¥re Zart was ripht in etxtin; that the [roject was :nt based
ujpon ex.loration in sezreh of extensions of known ore bodles, 10w
ever, his statement that "the principal geological contribution
was to select and recommend the ares for careful investi:atiou by
our Geophysical lepartmeant® was a £ross ndsrdpresentation of the
fects. It iipliea that the decision on whetheyr the ;round would

be Jjudged sufficiently sromising for sxploration rested u.on the
results of the georhysical survey. And, secondly,it states that
guccesafully applied zeophysical methods pinpointed the ore body,
which is a8 similar misrepresentation of the fact, as I shall show
in paragraphs which followe.

In the first place ir, Hart had nothing to do with tho ine-
itation of the project so could rave no firsthund knewledie of
the reasoninz upon wihich the selection of the ground for acqui—
8ition and exrloration was besed. Certainly the geologists had no
thought of selecting an area prisarily for examinalipn snd Jjude
geuent by the pecpiysieal department. It was acquired ‘Peco.nen—
dations made for drillin- witnout consid.ration vein; riven to nny
results tuat & georhysienl survey 2ight disclose. In fuct, after
recommendations to acauire and drill thie ground were wave, -—ichard
and Courtrigit in a leiier esiked for ir. Lacy's Gownints 04 ;90
physical wethods that night Le applicadle in explorsitien., in re.ly
ne stated that seovhysical surveys were infeasible for he ascused
that the United Geopnysical Coupany had already eurveved t o area
andé had found nothing of interest as far as replacenent cepouits
giriler to the iima Geposit were concerned, and he hsd no Letied
that weuld detect disseninated denogite. Jut inspite of this tue
geologists proceeded with property aceulicition cud explorcition,

30 there is no factual basis for

Ure Hari's stodesent that the
prineipal contribution of the geologista wee 1o select tno ground
for geopnyesical investization,

in later pavagrayhs I will show precisely how the ssop.y-
gicicts, after they finally cospleted a purvey, "ginvointed the
important new discoveryY. '

£ third srticle, sppesrin; in the Aucsust 1960 issue of Jin-
ing worlé, also iopiies tlhat geoplysics played 1 e calor role
in the selectlon of tie ground. It is entitlediiact Start at
Hission: Auerican Smeliing Mow Stripping 2,500,000 Toms & Lonti¥,
In it is stateds

"Iihe most inportsnt new cepper ninvin the United Ltutes
is rapidly vedng developed 20 ziles gouth of Tucson, . rie
gonde o Alluviun everywhere overlies all bedrock foruntiong.
Hlowever, earlicr geophysical exploration hod detectud a
higzh enowmaly in ths area,” .

fo the knowledge of the geoleoglests no geophysicsl survey
that bad detected & prosigin. alch ancnaly had besn sade prior
10 our acquisition of t.e pround. 7o confiri tact this was: also
the cape with the geophysicists I vrote =r. Lacy last Gctover 17,
gquoted f.oo. the artlele in wilning Vorld, and asiked wuetier ne
imew of such a survey. Lo date I lhave not received as snswer so
I agcume that he does not.

80 again the rining profession wag nisinformed, in a taeche
nical article, and credit given to the pgeophysiciots fur Risosion,
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Georso ﬁrgall, Jr. editor of Mining Yorld, i« formed me that the o tit

wap & proved In Tueson by kre dall, wnd in Lew York by you.

The remalnder of this letter contains more of the Zetails
of the acquiasltion and digcovery of Fission, and the relative
‘rolos played by the geologista and geophiysieists in the meatter,

It should be kept in mind that two types of deposits con
normally be expected in the district. Une is the bedded ropluce-
nent type in sedinentary rocis. The Fima depooit i3 a replacee
went of a limestone bed in the arkose meries. secause of its
high content of magnetite it was particularly susceptible of
detecticn by the nzgnstic methods. The other type the digsenine-
ated aineraiization of iission. b

The ides thant a deposit of disseminated nmineralization
might be present under the sravel covering sast ans north of the
ima ore body oriimated wlth Courtrishit who, after a preline-
dnary reconnaisschice ol the digirict, wrote & ceoorandun 1o Lr.
oneddon on January He 1953 iu wnleh he called atteaition to whe
alteraticon and mineraiization in iled 1idll, wiich is locct.d mboub
hali a mlle southeast of ilza., In this zemorandum he stuicds

"thile the hill itsell does not appear t¢ hold
tinliiies, i1he asuwrrounding gravel ay concesl aliex
trusive rocks and assocliiied mineralization of poss
commareial pruds.”

Theresficy he ITurther studied the ares, prejyored o ool
alized geologic map, and sumuariged his fisdinges «d conclusiocus
N8 neporandum IO L. uuneldon of Iebyuary 27, 19270. o8 sloteds

“heposites comparcble to ths Lan Zavier and Fima ar
gufficiently lurge to Justify any particulariy bip x
exploration, however, these, in cozbination with a
objective —== gucl 88 & LOTLAYTY OOy el deposit ~—-w
mnore Iavorable odds for an ex:lorstion gamble,”

i a Lirst step hs sussested stalking a ceniral block of 30 claiza.
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Lzain, in a geological repoxrt by Courtright and Hardie
dated Letober 12, 19535 it is siated:

"If these s;eculative festures are combined withi the
the two facis, (1) ihat the Fima ore body is the best and
bigoest of its tyye in the distriet, and (2} tie "iled 4iil*
iz the grrougest alteralion pone, the infereace iz nmade
that there is a {ely chance for the ocourunce oI & Jravei-
covored poryplyry copper ore body. e Lave recornised no

ptructure or ot.er jgeological evidence suggesting tue po=-
sltion of such a deposit, obther than that it would osi

likely be eeanterly or nortierly fronm lisd Hille® (it aciuanle
1y is nortiherly sud norihessterly.)
sen Richard in trangeitting Sourtrught's roport, in a let=-
ter dated Jetober 12 agrecd, stating:

"Taking all factors inte sucount, the exploration gam~
ble ia an attraciive one, and ithe property should Le G-
ﬁf%é“g vith t.e ocxpectation of feiluwwing 11 wp with drile
. Te
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) The progervy $0 which ne referryed was taat of the lma : in-
ing Cempany, but he also recouzmended the acquisiiion of the Chil-
gon and MNauman groups, and the location of claims in the open
area north end east of Fima's ground, which we did immediately
therealter. . '

The first nention or the use of geophysice in cennection
with the uroject was in e letter by Richard snd Courtrigsht doted
Fovember 19, 1953 in which ¥r. Lacy was apsied for commenis con-
eerning geophysical methods that might be appiicable, ilir. Lacy
answered the request in his couprehemnsive letter to e of Hove
exber 25, statingt : '

814 iz felt that the Unlied Geophysical Coapeny covered
the area of interest on cren land tihoroughly with tne sul-
fide renlacecent iype deposit especislly in mind. Tihey tien
steked 8l of the area on wiich &vomaslics osaibvly indic-
gtive of this types of deposit were found, e may then ag-
sune that it would be infeasidble Vo duplicate this work."

BEe then corcented &t considerable lensith orn whether ob not
United Ceophysieal had im nind a digseminated typne o Geposit
vhen interyreting the results of iis survers and councluded inhst
1%t did., e thern stated trat if United Geoplhiysical did not object
to our ctaking sround (which it dién't):

*we srrive &t a conclusion sicilsy to thess for sulfide r

placenent derosits in thnt it would be infeasidls ITor n
duplicate United Geophyalcal Coupany's geophysicel sury

>
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iod under "Conclusions® in the same letter e atateos:

"Phe conclusiona to be drawn from the above discussion
ie that there is no need for us to conduct seoglysical Ul
veys in the area covered by tioe United Geophysical surveys.”

fhe foreroing, then, elearly refutes the implicatioan in
Br. Harttls lstier 30 the Yinin. world that the geologicis were
merely looking for soexething for the geophysielstis to survey and
Judre. Had that been tie case we would not have acaulred ths around
but would have dropped tue nroject upon receipt of Ur. Lacy's
letier.

It is equally as intereating and revealing to investi ate
the nmanner in which, as ctated by Lr. idart, the geophysicisis
“pinpolinted the importsnt new disceovery”.

A brief description of the physical structure of the Liszion
ore body, &g determined by drilling, wil) assist in evalucting
the resulis of tihe electromagnetic survey thal were ugsed In "pine-
pointing®™ the ore Body.
' The kission beody of ainvralizstion conasists of three parts,
an upper blanket of oxidation and leaching, beneath whicr is a
thin bdlanikct of enricihed sulfides, and below tlat tihe body of jprie
mary minerslization; all of which is charagierisiic of disgemin-
ated co.rer depoultn. Yhe contactes wetween the thiuce unito are
rou, hly horizosntnl. ‘he top of ti.e¢ blantet of vccondsry enricihe-
pent is rewarkabdly waiforn in elevation, varyin: not wore tian
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50 feot throu;hout the mrea of the final pit. The depth below the
surfsce of thls blanket is aloo rather uniform wlthin that ares.
Accordin: to Courtyirat, probably 35w of the copper occurs a8 dise—
cerete greins and ecall ircrogular uasses. nowever, there wre bodies
of massive pulfides of appreciavle size such as tuose slong the
wast rault,

During 1934 twelve ascout holes were drilled, wldely and
randozly mpaced. These were drilled to shallow deytas in a search
for for indicotions of a disseminated tyze of deposit. o miner-
gllzed porphyry was cnreountered, nor any substential sulfide min-
ereligation, but t2e results indicated tie existence of & large
srea of slteration and weaxr winerslization in the arkosic sed-
izmentis, ihese holes were osst 0l tie ore vody.

Yerhnape the dlscovery of tie alteration and zmineralication
chanped the eopinion of tihe seopnyeicists as to the efficacy of
geoprysical nmeihods in tue ;vobleuw, for electronagnelic and mag-
netlec surveys were completed in the latter part of that year and
reconzendstions for drilling mede by LY. Saegart 1o &r. Ly on
December 30, In turn iir. Lacy, on Februery 9, 1955, reco:mended
to me & rether conurenersive drilling .Togram to test ilue variocus
anomalies deteruined by tie surveys. LY sheuld be repestcd thal
the methods used were, seccording to lr. lacy's prior stulemenis,
only ccpable of detecting replacement sulflde podies of ine liza
710 .

The electiromsrpetic survey resulted in about 30 anomulies
within the clain srea, with the prentest concentration in wiat
ig roushly the western third of wiat is now tue plt sres. Lng o=
omelics were all linear, the wmajerity irending norincasterly and
saaterly. Hr. Laoy considered them to be cauged by possiule gl
fide replacenent deposits, hence recomwendsd ratuer clusely-
spuced profile erilling along north=soiatia lines. .e beliagved
thet the ancmalies corres;onued roughly with tue spexes of the
replacenent bodles, ancmalies I and II were itue lanitisl tarsets.

Anomaly I1I was tested firs%, with four holes rpancing in
depth froz 350 to 550 feet. o redpdacexzent deposii was found and,
as the anomaly is considerably ezst of the ore body as we now
know it, no sncoursging minerelization.

inomaly I, which wae the sironger of the Iwo, wac =t
drilled. “he objective ngain was @ replacement deposit to while:
the anomaely was thoushy to conform. ithe objective ol tae inite
4¢l series of holes of profile drilling, along profile 45 %,
was, cocording to sr. Lacy, "to dslermineg the relation 0l poOne-
sivle wminserslisstion to the positions of the conductor axss to
eheck dipm, and to obitain crossesectional geolopic aatal. if
the presence of & replacenent dspoait were deternined tien otluer
holes were to be driiled for "a rapid evaluation of sirike ex-
toengions”,

Ae he stated, »r. Lacy's interpretetion of the anomalles
was that they were caussd by possible licear replacemsnt de=—
pooite siniler to ldna, and his driiling reconuendations all
conforsed to that Intornrotation, In the same letter e siuted,
relative to dissexinated copper suliide depositsn

LR ALY
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"8incc the magnetic method was provea inapplieable to
this problem in the Last :ins area, we Lave at present no
geophysical metkod tual can ald the geclogist.”

The firet hole, HNo. 16, encountered the first sulfi.es of
comuzerclsl grade, se did the other three holes drilled along
this profile., However, the positions of the intercepts, ard the
results of all subsequsnt drilling in the ere body, proved that
the mincraligeiion was not that of a linear replacement deposit
with pteey dip such as :inma, dut was the sacondarily enrlcocd
blenket-iize top of the disseninated deposit, This iz clowa by
the ract that the {top of the mineralization in the four holes
of the icitlal series, covering a 300-foot segment of the profile,
wvas at the same elevation ir =sll four holes.

After determining t:at the holes had encountered a 0re-
or-legs Lorizortal nlaniiet of dissexinated mineralization [ pur-
posely esked [r. Lacy whether or not he had & uethod thot could
detect ouch an ors body. ile stated that he did not.

There is additlonal evidence to take inic account in evole
uating the sigsnificance of the anowmslies, whici were the bamis
of the geopiysicistn' claiu to & dlscovery, as indicators of th
Hission ore body.

¥irst, in ihe profile of the discovery inomaly I, %
seven holes covering a section lemgth of 1250 feet, %the =
ef minerulization was encountered 2% elsvetions tazd nac o
21l variation of not more tnen 25 feet. The e were 7o mnowslies
in ithe vicinity of tvo of these holes, yet the saamc type of mi
eralization was sncountered,

Second, 19 the erratic distribution ef the 30 anc_aliles.
The wajority are located in rouglly the western third of tie pit
erca even ihough tie nineraligatiosn is more-or-less coatliiuous
throushout tnet ared and cexrtainly is &s sbundant in Lthe vasie-
ern two-ilirde. Some of the anomalies are outsice t.e liziis of
the ore Lodye

Third, there asre ro unc.uslies correaronding o the sbtunde
ent sulfidee thatd ocour along the wasct fwult, shle ie & versical
fault breccia tnat terninates the ore body on the eust., . Clke
ings irom the laet ilaxa shait, according to seu :deuavd, cncouni-
ered larsive suifides lyins eslon. the fault thet i ploves are
15 to 50 feet in hsrigzonicl thicknesws. The depth of t:e cullicdes
is slipntly less than tuze sulfidea in the dimgcovery Liwwle. 1t 1s
rrecigely the lineer sullide type of deposlt that .. &acy ane
visioned as cuusing the anoimalics, yel there is 2o courresgonding
gnomaly even ihou,n the emtire arenm of the massive sulflicus vas
covered by the curveys.

g linear sulflcde replascement bodies correletin: wit: the
gnonalies wers not sncountered aes expected, otlier explansiions
¢f the anonalice, which atiemdt to associate tuedwith the {;:se
of nineraligation that was discovered, have been advanced. Thepe
to me veon involved, vague, elusive, and =28 bein; advenced in the
hope of salvaging whatever remsins jposaible of the baslis lor the
¢ladn of discovery. They striie we as beins the product of sub-
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Jective thinkins rather than objective reasoning,

. The geophysiciests descrve the full smount of credit tust

" 1s Que thom for the depth to wihich the discovery hole was drile
led, Lad we not followed tueir recommendations in drilling for
the anoualy we might not bave drilled to the depth of t.e ore .
body, but it is not likely that this would have been tre cuse
for we knew of the long intercepts of disserineated nineralisate
lon in aricose ihat United Uecpayeics had rotten in the lhanginge
wall of the Idma ore body, and we had encountered leached capw
ying in arkose in several of the shallow holes drilled vrior to
the discevery ieole, Bul tuis really besids the point, for ihe
quesiion taxt I am discussging is tae amount of ceredit due the
gecphysicista in the diccovery o3 8 result of {he scientific
aprlication of geoghysical methocds.

Lvaluating, objleciively, the resulte of the scopbysical
surveyr, and the resultec of all subeoecuent drilling, tihe only
logical conclusion tipt ean be reached is thait the emcountering
of mineraelizatlion in the discovery hole was not due 1o tae suc-
cessful scientific aiplication of goophysical wmetheds, but rath-
er was purely accidental, Iiad tie hole been drillcd anyvhere
within toe limite of tie rroposed pit, wiithout regarde ito the
resitions of the anomelles, a gimilar discovery would hevo been
nede, Yot this is tne sole basis for all the credit of discove
ery olsimed by the geophysical dapartment, and revesls the manner
in which "the geoyhicel surveys pinpointed the important uew dic-
covery" as claimed by Zr. dart in his publiehed letter.

Because of the igportunce of Hission tze minin- profession
should be given a true perspective of the nanner of its discove~

ery, and the body ol geophyeical solsntists should be gset stralint.

But above all the full recoznition of the credit due tha f20loi-
icts ¢f the Souithwest should be given unot only within the come
pary but slso within the general profesgion.

Ls the profession has been niginformed throush published
statenente, the only proper way in wiiech to correct the sltust-
ion 1s by msans of a pubvlished eonprehensive fuctusl article pre=
rered by o compoetent a&nd disinterxonted person who nus access O
all pertinent data,

Yours very iruly,

E‘-‘i& s HBe La:idwe-h-r
cel B, Heols Tittuann

e

R L



A ¢ J. H, COURTRIGHST

- WESTERN MINING DEPARTMENT
Salt Lake City, Uteh

Janusry 11, 1954

AIR MATL

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

New York 5, N, Y.

ARIZONA, PIMA CQUNTY
Pima District
PORPHYRY COPPER EYPLORATION

Dear Sir: .
As you know, we have acquired a considerable amount of ground easterly
from the Pima mine, by lease and option and by claim location. The enclosed map
shows the Chilson ground, upon which we have an acceptable lease and optiori; the
. Nauman ground, upon which we have a lease and option the terms of which may not
be acceptable; and the claims which we located, The map also shows the ground
owned by the Pima Mining Company and the Uniled Geophysical Company.

The acquisition of this ground is based upon the possibility that it
may contain a copper deposit of the disseminated type. As the drilling campaign
that will be necessary before we can determine whether or not such a deposit exists
will cost a considerable amount, I think it is well to summarize the factual basis
upon which the project rests,

The possibility that a commercial deposit of disseminated mineralization
could exist in the gravel-covered area was first called to our attention by Mr,
Courtright in his memorandum to Mr. Snedden of February 27, 1953, His belief
that disseminated deposits might exist was based upon the presence of mineraliza-
tion of that type in arkose outcropping on Pime ground easterly and southeasterly
from the Pima ore body, Referring to the existence of deposits, both of the re-
placement and disseminated types, in the area, he states, "The chances of finding
elther type of deposit are, however, quite long, being based on geologic permissi-
bility rather than probability." This statement was made before we had access to
the records of the Pima Mining Company.

Later, when the Pima Records were made available to us, it was learned
that disseminated mineralization in arkose was encountered in several of their
surface diamond drill holes in the hanging wall of the Pira ore body and to the
east of it, Based upon this added information, Mr, Courtright stated in his re-
port of October 12, 1953 on the Pima mine, "The inference is made that there is
a fair chance for the occurrence of a gravel-covered porphyry copper ore body,"
but pointed out that "we have recognized no structure or other geoclogical evidence -
suggesting the position of such a deposit other than it would most likely be
easlterly or northeasterly from Red Hill."

Mr. Kenyon Richard, in his letter of October 12 transmitting Mr. Courtright's
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Mr, C. P, Pollock

e

report, in commenting on the possibilities for disseminated deposits, states,
"Taking all factors into account, the exploration gamble is an attractive one,
and the property should be acquired with the expectation of following up with
drilling." The property referred to is that of Pima Mining Company, but he

. 8180 recommended acquisition of the Chilson and Nauman ground, and the location

of the claims that have since been located by Asarco.

From the foregoing, it can be seen that this proposal is based upon
rather definite factual evidence that indicates a possible porphyry copper en-
viromment; in other words, there can be a commercial deposit of that type in
the gravel-covered area, However, as stated by Courtright, there is no direct
evidence of its probable position if it actually exists, We all realize that
it is a long-shot gamble, but as such it is worthwhile. However, if we should
decide to do some exploratory drilling it is my opinion that we should attenpt
to acquire more ground to the east, ‘

This project is separate from that of the Pima mine, and our decision
should not be influenced by the results of our negotiations for that property.,
However, no drilling should be started prior to the conclusion of negotiations.

Very truly yours,

WRL:si '_ /s/ W. R. Landwehr

enc, Map #1185
K. E. Richard!s memo Jan. 4, 1954 to T. 4. Snedden

ce: D.J. Pope w/ma
K.E.Richard w/out map

Copied at Tucson January 23, 1954, for Mr. Courtright.




November 25, 1953

MEMORANDUM TO: Mr. W. R. Landwehr

ARTZONA, PIMA (D UNTY
PIMA DISTRICT
GEOPHYSICS

INTRODUCTION

Messrs. K. E. Richard and J. H. Courtright, in their letter of November
19 re the Pima mine, requested my comments concerning geophysical methods that
might be gpplicable. This is a two-phase geophysical problem with respect to
two types of deposits, sulphide replacement and porphyry copper. These have
been discussed in numerous letters and memoranda in the past, mainly in the
following:

Copies
Date Fron To To Subject
Januvary 13, 1953 R. J. ILacy D. J. Pope C.P.P. United Geophysical
L.E.H. Company's exploration
E.McL.T. methods in Fima
W.R.L. district
FIV.R.
T.A.S.
R.F.W.
L.K.W.
June 17, 1953 R. J. Iacy C.P.Pollock L.H.H. Example completion of
D.J.P. Reconnaissance Summary
F.V.R. form
Ww.R.L.
K.W.
T.A.S.
M.W.C.
X.E.R.
L.K.W.
JoHoCo
June 26, 1953 . C.K. Moss W.R.Landwehr K.E.R. Magnetometer test sur-
L.K.W. vey for porphyry copper

deposits in Pima dis-
trict.

It is felt that the United Geophysical Company covered the areas of in-
terest on open land thoroughly with the sulphide replacement type of deposit
especially in mind. They then staked all of the area on which anomalies possibly
indicative of this type of deposit were found. We may then assume that it would
be infeasible to duplicate this work.

The United Geophysical Company initially may not have been aware of the
porphyry copper possibilities, and so interpreted any broad "basin" of magnetic
contours as indicating a topographic low in the basement complex of granite-
sedimentary contact. This aspect presents interesting possbilities which are
discussed below;
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Porphyry Copper Deposits

Mr. C. K. Moss' magnetometer test surveys were conducted mainly south of
the presently recommended area of interest. Although the tests were not con-

. 8ldered favorable, they were not conclusive for the following reasons:

1. The granite in the granite-sedimentary outcrop area tested in the
western part of the district may not be representative of the possible monzonite
intrusion postulated in the eastern part of the district.

2. The few rrofiles run in the southeast area are not considered an ade-
quate test, especially since we do not know whether porphyry copper alteration
exists there. There is a magnetic low at the north end of profile 3, where an
outerop of arkose with disseminated sulphides was observed on Red Hill. This
may be interpreted either as the fringe of a hydrothermal alteration zone in
which accessory magnetite was converted to non-magnetic minerals, or merely
the lack of alluvium containing concentrations of magnetite.

3. The erratic readings obtained in the alluvium covered areas undoubted-

ly result from erratic concentrations of magnetite in the alluvium within a few
tens of feet depth. This can be a confusing factor in the interpretation.

The considerations, in relation to the United Geophysical Comnanj and
their surveys, are as follows:

1. Thelr magnetic contour maps may hwe indicated a troad basin-like
anomaly, but

a. they were not aware of porphyry copper possibilities and in-
terpreted a "topographic low" of the basement complex (granite-
sedimentary contact),

b. they were aware of such possibilities and gravimetric and/or
seismic data possibly confirmed the postulation of a "topo-

graphic depression” of the granite-sedimentary contact.

c. or they simply were not prepared as a matter of policy.to con-
duct ‘exploration and development work for porphyry copper de-
posits.

2. There is no broad basin-like anomaly indicated on their magnetic
contour maps, because

a. the granite-sedimentary contact dips steeply to the east,

b. the accessory magnetite content of the fresh granite mny e
unusually low so that there would be no appreciable magnetic
susceptibility contrast with hydrothermally altered zones.

C. or a porphyry copper deposit does not exist in the area sur-
veyed.

If we were able to obtain and study United Geophysical Company's geo-
physical data and maps, this would be the ideal situation in order to determine
which of the above listed conditions, 1 or 2, obtains. This may be possible,
if our negotiations for the Pima mine are successfully concluded. However, I
would assume that, even though they may not have been aware of porphyry copper
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possibilities initially, they are now cognizant of such possibilities. 1In this
case, it is more than likely that separate negotiations would be necessary with
regard to the Pima mine property on the one hend and both the United Geophysi cal
property in the recommended area of interest and corresponding geophysical data
on the other hand. This may apply if either condition la initially obtained or
lc obtains. In the latter case, they would be interested in the sale value of
any geophysical data favoring existence of a porphyry copper deposit. Their
reaction to our proposal to stake ground in the district, and their activities
in staking more property, will be revealing. If they stake more ground, we might
assume that their geophysical data are favorable to the postulation of the
existence of a porphyry copper deposit in the new areas staked.

If either of the conditions 1b or 2 obtains, they would not object to
our staking ground, they would not conduct such activities themselves, and tey
would not speculate on the sale value of their geophysical data. In that case,
we arrive at conclusions similar to those for sulphide replacement deposits in
that it would be infeasible for us to duplicate United Geophysical Company's zeo-
physical surveys. One possibility still exists, however. That is the postula-
tion 2b that there may not be a sufficiently high concentration of accessory
magnetite in the granite to afford = magnetic susceptibility contrast with hydro-
thermally altered zones. This places the burden entirely on the sparse geolozical
indications, and favors staking the recommended ares and drilling the reconnais-
sance holes for porphyry copper exploration.

Conclusions

The conclusion to be drawn from the above discussions is thai there is
no need for us to conduct geophysical surveys in the area covered by the United
Geophysical Company surveys. Their staklnawﬁct1v1t1es will reveal whether or
not their re-interpretation of the geophysical data favors the postulation of
a porphyry copper type of deposit. If they do accuire more property now, we may
Judge from the size and locations of such land acquisitions whether or not they
are interested in porphyry copper exploration or the sale value of such geo-
physical data and newly acquired propertles. We then have no alternative but
to negotiate separately for such data and property if we are interested in deal-~
ing on this basis. This is so because the inference that the geophysical data
confirms a reasonably shallow granite-sedimentary contact and sufficient accessory
magnetite in fresh granite to allow for interpretable variations would be
strengthened.

If the United Geophysical Cowmpany does not object to our staking the
recommended area and dces not acqulre new property themselves, we may reasonably
assume the geophysical data are not favorable. We may then postulate the o
chance if geophysical data are not favorable. That is that an unusuaelly low
accessory magnetite content in the fresh granite does not afford sufficient con-
trast of magnetic susceptibility with hydrothermally altered zones. The recom-
mended claim staking and reconnaissance drilling on the basis of the geclogical
indjications then may be considered.

/s/ R. J. IACY
RJL:si
cc: CPPollock
FVRichard
TASnedden

KERichard
JHCourtright

P
[ S




Bovenber 6, 1953

HEMORARDR T0: Mr. 7. V. Richard

. 1?23* .)IQA-)IL&
P4 HIES

Ay

. I have studied the geological report of October 12, 1953 on the Pima
mine by Cowrtright snd Eardie, and have the following ccoments:

Tha report is well prepared and it is evident that 1t is the result
" of eareful assembling and enalyzing all pertineat data.

The estimate of measured and indicated ore is buised upon pood geo=
logleal and engineering practices. The results of ocur spotecheck of a nurber
of ore tlocks was very clese to the tormages used in the report. The method
used in dolimiting the various blocks introduces a factor of safety, but it
13 nct dzslidberately wnressonabic.

We sinilarly checked the average grads of a nusber of ore blecks, and
in all cases owr resuli vwaes higher than that of the renort, tiw difference
belng due no doubt to less knowledge of dstails on cur part.

The estimate of inferred ore doun to the BO0 level also sesms reasone
able in viev of the diminution in tha grade of the mineralizaticy Letween the
500 and 600 levele between coordinates 4500 B. and 4500 E.

As brousht out in the report, the possibilities for additionul ore of
the replacement type are in downedip extensicns of the ore gone as presently
developed, and in the easterly cxtonsicn of the gonec. There is 1850 wn indicae
ticn that ancther mineralized zoms may exist & short distance in the footwall
of the Pisa zotee.

erratic

¥inerulization of the Pima type, although often/in the distribution of

the wvaluakle content, should persist Lo a considerable depthe The Pima

mineralizuticn prebably extands for o considerable depth below the elevation
of the 800 level wnlcss an unfuvorable structure exists such as the grunite
in the Ban Xavier mine.

) Thoe eastward extent of ths mineralized zone has not been determined.
Undovbtedly the eastern linit of Pima's surface drilling maris the linit of
" the goophysical anomaly that resulted in the discovery of the cre body, but,
for resscns given on page 15 of the report, this pay not necessarily maxk
the linlts of mineralizaticn. Fras the evidence on band, I am of ths opinion
that ch&mes for additicnsl approcisble amounts of ore to the cast are good.

There 18 a posaibility of snother mineralized bed & short distance
in the footvall of the Plma bed.

LAy L
PEVE SN



. Mre ¥ V. Richard - 2 | Plma Mine
: ' : Bovenber 6, 1953

As emphasized in the report, and also by Mr. Richard in his covering
letter, the Pima body may be peripherel to cammercial porphyry=-typs copper
mineralizatioa in monzonite. The positive indications are sufficient to muke
this un attractiwe exploration possibility and one that should be taksn into
consideration in evaluating the Pima mins. It should be comsidered scparately
even though wa do not acguire that proparty.

¥e chould make every reascnable effort to acquire the Pima property.

SRIGINAL SIGNED gy
W R. LANDWERR

We Ra LAMNIWEHR

WRL:si
cc K. EuRichard




EXERPT---~-- from Geological Report dated October 12, 1953, entitled:

PIMA MINE -

Pima Mining District

Pima County, Arizona------«-- by J. H. Courtright and
B. S, Hardie

Under section EXPLORATION POSSIBILITTIES, pages 15 and 16

"pAside from possible extensions of the Fima ore zone discussed
above, the widespread alteration and disseminated sulphide mineraliza-
tion in the arkosic sandstone to the east and southeast are regarded
as probable associates of a nearby igneous intrusive mass and/or breccia
Pipes. Relatively small patches of the same type alteration occur iwo
miles southwest near the New Olivette and Helmet Pesk mines (in arkose
and volcanics) and are localized near small breccia pipes containing
pyritic mineralization. Since no appreciable alteration is found within
or along the fringes of the main granite mass on the west, it is consid-
ered likely that the alteration in the Pima area is related to a later
Laramide intrusive such as the monzonite {or diorite) which occurs about
9 miles south of the Pima mine in the Esperanza area. Here, an altered
zone contains a small porphyry copper prospect.”

"If these speculative features are combined with the two facts,
(1) that the Pima ore body is the best and biggest of its type in the
district, and (2) the "Red Hill" is the strongest alteration zone, the
inference is made that there is a fair chance for the occurrence of a
gravel-covered porphyry copper ore body. We have recognized no siruct-
ure or other geological evidence suggesting the position of such a de-
posit, other than that it would most likely be easterly or northerly
from Red Hill."



EXERPT FROM: Memorandum to Mr. W. R. Landwehr dated June 26, 1953,
from
Mr. C. K. Moss

Under Conclusions

"From the results of the brief magnetometer work, it seems
that any information which would be gained by mare detailed work would
be too weakly diagnostic in itself to justify the cost of obtaining
the information. It does not seem that magnetic information could
give conclusive enough results to initiate a drilling prograum at Pima;
however, magnetic work might be helpful in tracing alteration, if drilli-
ing were begun on the basis of more positive Indications of a different
nature and alteration were found in granite."
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 February 27, 1953

PINA SOTNG DISTAICT o
CPLLATCOUITY, O i
. {Area East cof San Xavier) B

Yamorsrdum to ir. Ty A. Snedden

TITRCDTATION o . | ' ]

‘In a recent .memo (Jan. 5t¥) conoernins the Pima Mining Company's coprer
danoalt rantion was mada of ryritic alteration observed in a srall hill or
arresic ~andat o outerorping in the ~ravels one<hnlf mile southeaet of trs
Alrha Chaft, :

horma further etudy of tha arna ras been made and a cenerallzed seclocie !

nap »ramired, shnwire the rrincival elements of structure.and minerali-cticr. j
Tra £olleowing eontring a brief review of features to be conciderad in ate ;
200ting avaluation of exnloration posaiifli ties beneath the graval cover, 1
. ’ . . i

|
|
i
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Tha cfetrint 1< ~'tuated about 20 miles scuth of Tuescn in an area of
law reltiaf brokan by a few «wall knohs of more resistant - {chlefly limestones)

cadlrmentary roers risinn ebruptly from the alluvial sloves on tis west side
of tha Jarta Cruz Velley, s et

The vrineipsl rock units are:
Gravels o
V2leenlos (Chiefly flows)
Skules, Arxosle sandstones
Limestone ard quartzite

Recant (Post-mineral)
Tortiary (?V{ reerinernl)
Cretucecus (ditto).
.Fuleozolc (dltto)

sranite ~ intrusive ) ~ lararide (ditto)

A commlex strustural history !s evidenced bv-the randcm arrangement of i
Cartain rac.onizadle rocr unlts, The predominating trend of the major faults |
=== nere. hill, Gan Xavier snd 8South fi2imet Yeake-=is easterly. The rrine
ci=al ora dancsita, leade-zine ard coprer, cocur as revlasement bodies in
Ji-antene in or near these raults {(excertine cnuth Heluat reak) nlene 4ia

" e2at frinre of the intrusive sranite mass, Granite oontects at depth are re-=
r6rted in the ilneral {111l and San Xavier mines.

Prritic al*sration with minor amounts of corner is contined for the :
rost rart to two araas: (1) in the southarn porticn of tre district where o
1t is-asecclated with the lend-silver veins, and (2) in the. low 2111l en:- -
half nile ~outheaat of tte Al~ra Shaft. Thie hill, comprosed of vale roiaish- :
brovn oclored, cast-dlmvineg arxcse.and coneclomerate baeds, 13 erm'ete’v rure s

rcunded by valley {11l. iinor amcunts of liropite after chaleccite are Trae- {
gent in the leached cuterone, Cccasional cokalcoolte, coating disseminatea :
pyrite grains in zericitized arkcse ia visible cn two ama’l rrosvect dumna |,
laocataldl on tha southenst edre of the hi1l whare mineraliraticn i1a rolativoe 1
ly stronze A samrla of the vyritic raterisl (no visible chalcnoite) ersaved f

of Ore Am urd GO My, Ao Mentingy extremaly 1o values in rrimery cornt T



frideiion 492 sha'llow,

extandirg twentv or thirtv feet bensath the outorors,

mila couthwast 'af tha arknees hill-(on thé lcwer northeast slopa =%
ey Pealt) A~ ne o vetenrrnnaced chala outerndre along the edee nf the
yvalley 2117, Camrerp m%noraliﬁﬂt*rn ir the form of silicatea und oxidas i~
scattered threushout, Thic ond t7e minsralized limastome got=an on thHg oot
s~q cf b“ﬂ Yaviar N1l are vWﬂreh’y reieted t9 ar eastward eontinuation of
the Eanlavier atructnre a< noted nn tie agcoMtalying el
The narrcy leusdesilver veins and asscclated alteration a»rear to die
out couthwract of Bsimet Peal, rowsvepr, rezs3ible emntinvity of the strusivrs
ia {rdiceated b the -asterly *fsnispgament of Jimeatone beds at the aruth

1in of Helmet Paglte

Srall outerens of unqltnrad aandstene and corelomsrats are chown
the ~outheast corre.r of the accrmtanyving mabe IThese quite llikely ronre
moera re-~. -t LT i vony bwned wenngair nadiment, Hithin this pe:

thres miles wide--wthns aversra thicimess o»r wravel zsover

ment arege--cver L
=rnanl]ld rot te reat, -:ﬂsiblv Ta2g8 than 590 featl,

g--'vq f\'ﬁ M'm 1’\‘?("-(

‘u
o~
\.-)
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' - . ——— ot -

A hriaf o ommy ~f 173 {ntorratior non the more lm-ortart o»f ths known

vy o .
nre NN es oL LIwWel
N
LAY | . i h T g
& _kn'),?,‘al A;L} el
P o bl g

the Hanner

Toarntedq op he 2outh edes
PR
r,ama n{ neidioae

Salets Sl

Hindre Cromanvy, tra wics h
e eornsre cpa oovd 10 opradlns GGG t'qq of
2.55 cornar, wirer velines | oe tated vith
tha aornory wpin® coonrs: in g limastone.
Tagala~rmant, Wit 4L 048 hut thsre is
roe rurrent produstliciue
e i ne
e

This danes{t, ecntouiad or o ayar 200 feoat of eraval cover, bears a 2 loce
reccvhiance ctpusturs v ord sirersicoeisg’ly 4o nne Mlineral 111 derocit, site
vatad one oLl Srat oL oo ceer, Uon sreae of e conter ore in the Iima
Mine 15 consiisrably wipror, hovevar,

™o drill exploration, »hicr ade the dissovery, was rerortedly baseld
ans g meenatic n“fwxl; Pobained {n o curvevs sonacisted withip the nuot thres
yoa"ﬂ py the Urited us-ravelect Cluwrunv,e wavelonrent to a denia OO 60 Tuot
huL ndiented a regerve o5 U2,0700 tons of S cluner vul Lide Orée Laplor=

10 rossibilities appear nrozisine aleng stri‘@ and dowmn dive

- . .
Ben Tuviesp Lire

Tha derosit 19 & lendezing=commer replacement of }imestone, which’ has
bren davelcped Lo o depth of 402 2ot by Rewle Picher. 2act DrJGHGF{?H
gueuntsd ty tomatnine aver 300,000 tons of c¢ruie ore. “he uine 1o ldle at

“reeelite
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‘locations, ard has sezured the rumbars and locations of several grazing

. - ;- R P s
-
“

»

h=1d ander Lonat'or, fadan from A rrevargy rman geemniled by Mr, L. K. Wiloon,

‘d

are - Svm on tha sttecked man, “Mr. w'Wﬂrn bne alro wdvised that ne mininkg
1atr. have been recorded (as of Feb. 20, 1953) or the State and Fadeural
rend eontinuling ecasterly for cver .tires *193 from the prerent minine

retents in the area. Lx8ept for mossible unrecorded losations which mirht
exict, 81l grourd east eof the drasent kncwn nroperty limits apnears to oe
oren for locatien,

grrsrvsrers
Exnloration possibilities bensath the gfévél cover depand essentially

cr nrojection of ths known. cra-bearina structures into a lurge area willoh

may contain an axtensive zone of alteration; at least, the limits of ai-

‘taraticn are not visible in the qgryxexilting outerov (Arkxose hill). Thars

arpears tO be iittlie chwmlee ol cammarclal grades cof corrner ore in tha R4y
it=2elf, bhut 1t cculd bde nart or-an,extensive alteration zcne within which
°**onzer correr mineralizeticn of the dissemlnated type might occur, pariic-

P e

larly if prenitio intrusives are presente

‘D2nosite corrarable to the SanXavier and Pima. are not sufficiently
larse to Ju*ti'y any particularly bl risk in exrloraticn, however, tiega,
in ccrbiration with a larzer objective—--such as a vornhyry coppsr deroslt
--=0ffer more ravorable cdés for an exnloretion gumble., iie chances ol firde-
in~ e2itier tyne or deposit are, howev: quite lcng, beine based cn geolcgio
rarmisaibility r“ther than prubabi;loyf

United Gecphysical has tested ut 1nast part if not all, of the rravel
covered rediment, using various mmthods 1nulud'nﬁ ceismic 10* deptheto-bed=-
roag dnfurminatlnns. Arparently, they found nothjng of interest cust of
thelr oresent cluim tundaries. dowover, as pointed out in the atove muntiine
et =amorandwn (Jene 5th), sinse a positive magnatic anciuly repcrtedly lod
%o dlccovary cf tne n;*net1te hearing Plma deposit, no stonificance iy iivae
hoen attecilad to nepative anomalies whioh may indicate dissemineted sulniiive
minsralization whero the megnetite content is lewer than ncormal due Lo ai-

teration siracts,

In ccnsidering action that might be taken, it is not likely that ths
ZTamnany cculd couduet gespavsical surveys inm the area without astractines

anttention wiich mwisht reault in sarfous competition in ororerty acqulsiticne
S'ree the area of noesidle interest involves rfeversl sections of land, cuov-

“erine 1t comrlately with mining cleim locations would be s sizeable PRUTS N

trine., A3 8 tirat at .ep, wa might consider staking a ceuntral bleck CbuS;Dt-
ing of $®c. 7 und tie open portlious of Sactions 1, 6 ard 12, plus the scuta
half of 31, Trhis coverage would reguire ab?ut 90 claims. 6C0' x 1500' cuche

A factor to be taken into account is the eflfect that cowpetitivu actiosh
ha Comnany mignt heve on relations with the Pima lMiring Ccmrany in cone -
ion with roeotiations for their property. A desision on tals aspeot of

case is needed at this time.
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LMTRICIY CMPLTING ND REPINING craPmIT
Tucson Arizona

Jenuary 5, 1953

MEMORANDUM TO:
Mr.7.A.Snedden

PJ_‘aA MINING COMPANY
E.L'T‘S C '-L.Huy, ia.;,\*.l'lla

The follcwinz notes sre based on nbservations durirg our
visit to th2 Pima Mining Company's pronertvy nn Decempap 23N 177D
The hilstory 0f tnls recent uisco-»ry and data available cn; erning
the deposlt have Leen recoxded in file memos by M=13rs3. Uel,n,
Richard and Wileson at various meg durling the vast vear. e ware
able to exanirne a2 zmall amount 01 new gdevelorment, but otharwice
were not provided with much informastion in addition to that pre-
viously obtalned.

g..a

Present development extends 300 feet eazat and L(D feet west
of tha ghaft -- sbout 200 feet {rom the Banner wroneritv on the w2k,
& short stub drif+v has hesn cub on tre 500, and sinking to the ol
is in progress (See attached gection).

. An oboerved on the 00 and 400 levelsn, connar veluss ocour

as chalcomyrita in 2 scomewnat -ivrresulor 2cne o0 garnel, chlorite and
clay, a2 hirwer grade portions (mlna % Cu) mhinw ccnslosracle
magsive chalcovnyrite; the copper In tn2 lower grade {(ircm 1 to 52}
I3 present msinly 92 small sra‘ns and sirinrers of chaleonyrite.
Mincr amounts of magnetite and very niler &ud uﬁts of pyrite . wers

visible,

Fresh or slichtly altered limestone was observed in both the
foot and harnzing wall on the <00 level; wuch chloritized limsatons

P 1
P A )

ocours wWwithin the ora zone as waell as ¢n the frirces, AlThnaTh ' {
menbers of tha leoczl Univergity stalt have renortealy examined all thaf
driil cores, and deterained the ore to cceur in an zrkose (crarss . 5
feldspathie qan;:tsnﬁ) Cormarion, 1314 not recoznize any of tnhis !
type of rocy in raita??j sprcas on eitrer lovel, ZE i3 untirely {
poagible that soms ol 1he stirongly mirerallized nortions wers formed
in sandstens, tut identity of such would necesgarily reaouire
microzcopic stury Wlchout nsv*v; nad an cueartunlity to sxamine }
-y

}

the drill corss, v imoreaaion is that the Alpna depesit ia minerale
0?1@%11? and QuClﬂgiC‘llf cc*wqrabie to the Lanner lyind o the

of Mingral H1ll. SOUH Usrnsits annsar Lo gccur wilthin an £ass £
trending, south dippling, z2one of faulting. The grada in the Banneyp
is lower. (520,000 tons at 2.u% Cu), -

o T R O v

.
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File Memorandum - ' Page 2. T January 5, 1953
Pima Mining Company
R T S R ': M
Tae stronzest fault structures rouwshly parallel the zZone of

N H
T

ora mineralization both in atrlka and ciip.

Total shipmente of direct ﬂmpltinﬁ ore from developrent throush

+

the perlcd iy to December of 1952 aversged as follows: (fAeported
by Mr. Welch)

Dry .
Tons - ig Cu Ins Fe Ca0  Zn 3 “laﬁa

12,243 JEBS6 6.70 3n.8 18,3 21,2 .8 B.6 9.7

Thig analysis sauwa veory litele v»rite to Te oressnt. Part
of the exzeassd ircon {aoove that 1n the cnalcunvr1tﬂ) lg pra2send in
the IQT”P"°‘ﬁu31ul rinerals waleh hava revliaced ths gedimanta, iha
balance oI Lnae iren.is $rosaoly oxiad, inalcating sbout Jé 48 the
mecnetite Cor t N oF the ors., =511 sacunts of mo;y“* ite and

scneelite BCcomMPany the COPPEr Vaiues.

Indicated ore reserves, according to Mr, Drex Spauldlng,

Manag=r, are:

From a depth of 270' to 3870°
& bizcik 500" long, 1507 deep, 70! wic@ s LJQ,OQQ tons & 3.0077a.
tlo C’J.e iit‘w p'&:r ’b’u’ﬁ}s

103 daep, 25‘,wida ® 125,000 tons @ 5.00% Cu.

& plack 500" lerz, 1

{10 cu. ft. per ton).

Zroma underground drlllinzg has e ouﬁt%reﬁ ATE *5:%&*& thea
5C0 ard ol levess, in visa o8 :hia aLJ The PATONY OF o elh0e
strated on tne LU0 lsvel, cinvinulty Lo the ol may reas.nostly e

o
axpucted. i :
3 13
Claszed a3 infervsd ores -

Prom 450! to £0O°

A block 500' long, 150' deep, 25' wide = 187,500 tons @ 5.00% fu,

Total {Indicated and inferred) . @ ?6?,53@ tens © 2.08 Cu,
. . ) ) . ‘ N
Assusning selectlve aining of e higher grade 1n ihe blooid adove P

the 350 level, 03,000 tons & 5,08 ¢ u z:pg;r& Lo L & resgonapse 4
expectansy &t tne present staze of doveloprent. The chences aposald 5
' ¥

:

3
X
s
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File Meroranun - Page 3. ~ January 5, 1953

*¥inirs Cemran
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fairly good for contlnuity of ﬁtructure) and ore, down dip below
the €00 level. Surface drilling reportedly did not extend below
the. 400, : .

The operators expect to. continue development laterially teyond

- the present limits, indicating that. aurrace drilling hés found at

least 3acme ora2 irn thaegee areaa...

Althouzn feor the mos3t vart the‘development drifts have reguired
no timber sungort, thre ground 1s not particulerly firm due to ths
presence of nurercus fractures and slips at all angles. Sxcept in
2roas of mogsatve sarnet, ¢lay alteration has produced a rather soft
friable conditicon in the ore., This effect 18 provaviy supergels,
concequently 1%t should rot persist very far below the preuent
development.

Currently the mine 1% making about 350 g.p.m. of water,

STRFPACE RECCNNAISSANCE:

* beneath the gravel cover Lo the south and east. The nearest outcrops

_ CLier than the "mnnfonv, cuartzite and granite on Hineral
Hill, the oniy cutcrer 1n the vicg nityvis on a low niil about one-
half mile S. <P E. of the Alpra Shaft. This nill, zbout one-nhlrd
of 2 nile in lencth, 1s composed entirely of east-dipping arx<ose sandatons.’
The most intereating f»at¢¢e ¢bserved was the presencts ol altﬁration gt | '
the evlidence of pr9v13¢3¢y existing dissemiriated sulpnide minzralizaticn,
throusnsut, Yinor anounts of llmonite after chalcocite were nated.
0n the scutheget edge ol the hill where mineralization is somswnat
arrenger, tn2 Jusons of twd old prospect eBhafts show that diaeeminated
Dyrite was rezcnel at about 25 feet below the leached outcrops. Minor
amounts of cnalcocite were viasible 1n some speeinmens,

It i3 posaible that minerallzatlon and alteration in this hill \
are relatea to the Alpha zone wnich prolects through about one-fourtn \
mile ro the north, hcwever, 4 {ew 3cattered outcrops of ssndstone
extending (o wiinin a Jew nundrsd feet of an easterly protection ol i X
the Axpna, showed no particulay increase in the intensity of minersall-
zation. There 13 also tre possibllity that the disseminated minerall-
zation In this isclated outcrop is part of a larger zone extending

in these two directions are avout four milea distant. Ag yet 1 have }
not examined thece, _ ' :

wWhile the hill itself does not appear to hold potentiallties, tho
surrounding gravel nay conceal altered intrusive rocks and aasociated
mineralization of poasible commercial grade.

United Qeophysical has conducted purveys over this covered area
and apparently tound notning of interest between Twin Buttes and thle
Alpha, This may be of little aignificance however, since their success
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File Fsnoranlum -
8 Mininz Ccrvoany .

Pa.gg 4. January 5, 1953

anomaly produced by masnetite easoclated with conraci-tyna

mineraiization, wnile anomilies over EOrphyry-types covoer deposits
are mors ant to ba rneaatlve due to the losa of acceasory and othep
magnelile tarough coaversicon to pyrite during hydrothermal
alteration, ‘ -

. - o o f
in finding the Alpha presumably was due to a posltive mamnetic %

Pima Mininz Company claims eover tha arkose hill b
¢o not extend ess8t of 2 line running dus south.

- o g

ut apparently

A further investigaticn of the surface and of property status
in the srea 12 nlanned in the resr forurae, '

+

J. H., COUATRIGHT

or e
L







January 8, 1987

James D. Sell
Asarco - Tucson

Dear Jim,
Good to hear from ycu.

Per your request, attached is some really good work by
Harold Courtright at Ely. He lent me the original years ago
and said it was "somewhat intended to be a thesis." He
wanted to write one though he never had the opportunity.

Cheers{gnd“ﬁest wishes (prospero ano nuevo)

Laurence . Jamgs
Box 226, Golden, Co. 80402

ASARCO Incorporated

JAN 1 6 1987

SW Exploration
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//.’ l:kmso,’_,[,,\-ren COPPERMINES CORPORATION ME.MO\ﬁANIDIUh/f.
" FROM de Ho Courtright, Asst. Chief Geologist o cary Kimberlybfmévéaéf,
7™ T0 - Kenyon Richard, Chief Geologist _ . DATE October 2, 1945
' I . )

SUBJECT GENFRAL GEOLOGICAL REPCRT --- RICHARD MINE

The Richard oxide copper deposit occurs within a series of overturned
limestone beds (EL,) about 10CC feet south of the disseminsted sulphide cres
in monzonite porphyry. The major portion of the deposit lies between 600 and
800 feet below the surface; lateral dimensions are roughly 200 by 40C fest,
The Alpha, another oxide deposit in the flanking sedimentaries, is located

- 2000 feet northwest,

ROCK_TYPES

-

Limeston2,  Approximately 500 feet of the Ely limestone formation (Pennsylvanian)
is exposed by mine openings in and around the ore deposit. The rock is generally
medium gray with numerous sand and chert horizons., The sandy beds contain a maximim
of '10% detritel quartz grains in a matrix of caleium carbonate; detrital zircon
crystals are usually abundant, GChert oceurs as nodules and bands two to three
inches in thickness and represents from 10% %o 307 of the rock material in certain
beds. '

Three prominent black merker beds varying from 20 to AD feet in thickness
I have been mepped within the ore zone, The upper (stratigraphicaliy) two have the
- darkest appearance and contain numerous fossils, chiefly coral, The form of these
—=faunal remains is well preserved within the cley which has replaced the encasing
limestone, A4ll three beds are slightly saendy and cdontain moderate amounts of chert,.
The dark coloretion, due perhaps to carbohacsous material, appears to be accentuated
somewhat by mineralization and alteration characteristic of the ore zone, the cen-
trast with adjoining grey beds is less sharp within the fresh limestones of the .
wallrocks, ' ' . '

- lionzonite Porvhvry. The porphyry occurs as.narrow dikes one to three feet in
~7 width intruded along the west~-dipping fault planes., = The general appearance "is: -
 similar to that of the ore-type porphyry of the district -- a soft, light grey =

m2ss with no granitic texture discernihle, Nearly all ferromagnesien minerals =
~  appear to have been altered, Cccasionally less sltered portions show remnants

., of the large orthoclase phenocrysts, Disseminated pyrite is present thruout, . -
except where oxidized to limonite, T L

" A thin sechic ¢ . of the less altered rock shows a few euhedral ortho-
clase crystals with numerous partially altered ferromagnesian minerals. - The ground-
mass appears as a confused aggregate of rather low birefringent material with: indices
slightly below the balsam. This meterial is mairly feldspar plus some clay (3).
‘Zircon is present as an accessory. : o Lol

‘ : . | . . IR ,
Ahalyses of altered porphyry --- Richard: SiO2 - 49.40, A1203 --21,09,
Fe--7.14.0,, Cao hatbd .70, 3’@‘0--.80, : . T

Anaiyses of porphyry ore -- Copper Flat iine (Spencer): SiOz -— 64,73,
.A1203 - 14.41, MgO--.?é, Cal~-.44, Fe=-2,59, D
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CONSOLIDATED COPPERMINES CQRPORATION

- MEMORANDUM -
- FROM o : cITY
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Page 2.

A comparison of the two samples above indicates thet the Rlchard porpnyrv
has undergone alteration similar to thait of the ore type porphyry in respect %o
~ the lose of Ca and iigs The higher alumina content 2ad lower silica may be due-
to some "kaclinization! process similar to that which formed the clay of the ore
materlal :

_ zolite. This rock later than the porphyry, ocours as lerge irregular messes
- around the eastern margin of the deposit and occasionally as narrow dikes within
the ore., The rhyolite intruding the eastern part of the deposit represents the
western end of the large intrusive mass which penetrates the southern margin of

- the Emma porphyry ore body. i

_ rnhe narrow dlbes are often difficult to recognlze as they centain falr a=
‘mounts of delafossite and have the same general appearance as the ore, The
presence of a few clear quartz phenocrysts, however, usually serves as e means
of identification, A sample taken from a narrow dike contained: Si0 -=45,20,
-A1,0, =~=31,17, Fe-=3.40, CaC--,80, MgO--.58, Cu--2,48. DNo analyses of the fresh,
unal%ered rayolite are available, but rhyolites in general usually contain not
over 15% 2lumine and around 607 silica, Thus, as in the case of the rorphyr},
a process of Pkaolinization" appears to have taken place,

CRE

- General descriotion. lhe average ore, comuosed stenulallz of clay carrying
- L==5% Cu, has a grey, mottled eppearance, an effect which on close inspection
is seen to be produced by the variations in distribution and size of the small
black oxide globules in a rather soft, light grey metrix. Some areas resemble -
black pepper on cottage cheese., Iiinor amounts of limonite are present as light -
brown stains end streaks. Irregular masses of white opaque or light blue trans--~
Llucént clay are not uncommon. The latter usually contains relatlvelv few o; the :
black OYlde partlcles. :

- Lhe cley minerals occur as netcsomatlc reolacements of both fresh and
11ghtly metasomatized limestones, the latter characterized by a light sprlnkllng
~of pyrite and lime-silicates. Sedimentary features such as beddlng lam1natlons,
chert bands and fossils are quite often well preserved,
: Followlng is. a typical smelter analysis: Au == 002, Aa--.OlO Cu--4.5§,»-
510, --46.7, A120-‘-a17.8, Fe~-8,6, Cal--1.1, S--,20, H,0 --14,57, Approximate '
mineral percentagés indicated: Clay-~-50% (1nclud1nﬂ Hpﬁ), silica (as chert) 15%,
as detrital sand - 5%, Delafossite--117, Limonite and Slderlue--7%, Tremollte( ).

4%, HyO = 5%

o~ '.v>.A SQlected sample of ore containing no visible chert or siderite and onlv
' a trace of limonite, gave the following: SiOy =-33.80, Al,0, - 40,86, Ca0 --1, 70,
MgO~=1,87, Fe==6.20, Cu-~5,85, Assumlna the clay to be esséntially halloy51te

(si0, --43 5, A1203-37 8), this test shows an excess of alumina. Some alumine-
“silica hydrogel may be present and provlde the additional alumina,

ik 4 Kt L o T 02 VA= P b g S e L s L e ey g A P 1o 3ot A e i) Ko v e e W ER L vhard s B SR et et L R S 4 S D o ot ket S
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Compared to the smelter enalysis the above test shows a much hlaher ratio -
of alumina to silica, To account for this difference something like 15% siliza

as chert must be present in the average ore, ¥ith the exception of a very few
~narrow veins of chalcedony, no quartz mineral has been recognized in the ore
-other than the chert, and a few detrital quartz sand grains. The latter mey be
~ respon51b1e for p0551bly 4% or 5% of the silica,

ORE I\I[NERAIS )
"Delafossite. Thws mine“al & black oxide of copper and iron, (Cu.0, Fe 03)

is by far the most abundant of the ore minerals, It ocours as small glgbules

averaging about one mm, in diameter in a matrix of light grey to white clay.

Size range includes diameters from 1 mm to 10 mm, Occaslonally the miner al is
present as small irregular masses or veinlets,

Wicro...Polished surfaces (Fig,l) show the spherules to be compoqed of

‘alternating soft and hard concentric layers; the herd material is crystalline

with radial arrengement clearly evident, The softer layers do not polish well

but a decrease in crystal size is noticeable along the edges 'of the hard materwal
they are considered to be zones of finely crystalline delafossite. Spherules oPten.
contain partially replaced grains of native copper or pyrite, or composite grains
of covelllte and . pyrlte, or guartz grains,

Ghem--J"hlle the delafossite globules appear' to be’ relatlvelj pure, 1t’

' was found that a -considerable residue of ‘clay was present after sclution in HG1.

. The following is an analysis of black glohules from which ell, visible clay hed
_been removed: Cu~-25,9%, Fe--21,60%, Si0p--1€,90%, £1,0,--18,35%, This test

"indicates a mlxture oonta:nlnc app“cx1ma+°ly 6C% delafotsite and A0% clay (in~-.
‘cludlng Water) R e T

Tenorlte.“ Thile +hls mlneral (black oxide of copper) may be a mlnor

=const1 tuent of the ores, no tests were found which would produce positive -
};4dent1f1catlon. The above analysis of delafossite globules shows 25.,9% Cu,,
21.,60% Fe,  Comparing this ratio to that of the copper and iron in the ormula

for pure delafossite, it is apparent, thet the former centains about 6% more
copper.‘ This additional 6% may well be present as tenorite (CuO) e

. Cii
hatlve Conber. This mineral occurs in all sizes from microscopic grains.

“to irregular masses weighing several pounds. Hair-like growths and dendﬂltlc-*
“erystalline forms are fairly cowmon; spear-shaped forns are somewhat rare, In’

certain bleck beds of Mkaolinized® 11ﬂ85uone native and cuprite are the only
