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December 19, 1973

Memorandum tof WM. L. Kurtz
From: F. T. Graybeal

Plate Tectonics Meeting

A two-day meeting in Vancouver with John Dewey and Jack Bird served as
an introduction to the general concepts of plate tectonics and their application
to the understanding of the evolution of mountain belts. Most of what they
discussed can be derived from the literature which has been nicely collected
in the book Plate Tectonics, published by the A. G. U., and whlch is in our
library.

The applications of plate tectonic theory to ore finding were considered
by most (all?) ASARCO personnel to be rather vague. It would appear that the
best applications are in possibly delineating new metallogenetic provinces
and perhaps as a guide to se]ecttng areas for regional prospecting in the
Southwest Pacific.

With respect to metallogenetic provinces, Bird feels that most porphyry.

_copper provinces may be the result of subduction and melting of a Red Sea-like

metalliferous sediment, a view expressed by others in the literature. Bird

suggests we assume that such sedimentary deposits may be fragmented during

spreading of the sea floor and that we should search for the other half or

third of these deposits on the opposite side of the mid-ocean ridge. He

suggests that one-third of the British Columbia porphyry copper source

rocks were subducted under the Aleutian lIslands and that we should look there.

With respect to prospecting in the SW Pacific, it is well known that
continent-ocean crust and island arc-ocean crust collisions appear most
favorable for the generation of calc-alkaline magmas and the associated
porphyry copper deposits. Although this subject was not discussed, such
collision zones would be the most favorable for further prospecting.

. The importance of obducted ophiolites as targets for base metal exploration
received little attention. A brief comment on the occurrence of chromite at
specific zones in these rocks was countered by the observation that ASARCO is
not particularly interested in this sort of thing.

0f scientific interest were some samples Bird had of massive metallic
Ni-Fe-Cu-Ca inclusions from some ophiolites in the Klamath Mtns. The
exceptionally reducing conditions required by metallic iron led Bird to
suggest. these are samples of the outer core, about which he plans to publish
in the near future.



G

W. L. Kurtz a -2 December 18, 1973

' It was concluded that, although specific suggestions could not be made
at the present time, the general concepts discussed were.food for thought and
that ideas for generating exploration targets could probably be forthcoming
from the various offices in an unpredictable way. It is my impression that
the global scale of features which relate to plate tectonics are of perhaps
several orcers of magnitude larger than the more district scale of features
with which the modern exploraticnist is concerned, particularly in North
America. This, complicated by the highly ambiguous plate tectonic relation-
ships for pre-Mesozoic and, more particularly, Precambrian times indicate to
my perhaps limited vision that plate tectonic theory, at its present stage

- of development, will have little practical use in_hase metal exploration in

this decade. The potential scientific value of this theory in regard to the
origin of ore deposits is large, although definitive studies of this nature
in the literature are largely lacking. An attempt should be made by the
exploration staff to keep current on this subject, perhaps through periodic

seminars, because | am convinced that the experienced explorationist is better.

qualified to judge the value of such concepts than is the less-practical .

minded member of the academic community. o -
4 .
/-_‘ ‘_l -

F. T. Graybeal

FTG:1b
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ASARCO (AUSTRALIA) PTY. LTD.

190 HAY STREET EAST, PERTH,
WESTERN AUSTRALIA 6000
TELEPHONE: PERTH 25 9533
CABLES: “ASARCO PERTH”

PLEASE ADDRESS MAIL TO:

) ASARCO (AUSTRALIA) PTY, LTD.
E\\]a P.0. BOX 6010

EC HAY STREET EAST. PERTH 6000
tﬂ% WESTERN AUSTRALIA
i\

- ()
(VAN . .
\! ‘““xDHﬂ October 20, 1976

Mr. J.H. Courtright
Chief Geologist
ASARCO Incorporated
Tuscon Office

Ore Genesis

Dear Harold,

In the event you do not receive Mineral Science and
Engineering, herewith is a paper from the April 1976
issue which is a general overview of the spacial relation
of some metallic deposits to tectonic settings. This
article with its extensive bibliography is a good summary
of factors influencing the distribution of some classes
of ore bodies in orogenic belts. o

R

Yours sincerely,

D.M. Fletcher

'Encl.

cc TCOsborne with enclosure.
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sible: The source and character of marine magnetic anomalies. J.
Geophys. Res. 88, No. B4, pp. 3403-3418.

Parker, R. L. and Huestis, S. P. (1974): The inversion of magnetic anoma-
lies in the presence of topography. J. Geophys. Res. 79, pp.
1587-1593. -—'

MAGMAGENESIS AND EMPLACEMENT HISTORY OF THE COASTAL BATHOLITH OF PERU, AND
IMPLICATIONS OF LEAD ISOTOPES AND URANIUM-LEAD GEOCHRONOLOGY FOR THE
- MINERALIZATION AND CRUSTAL EVOLUTION IN A CONVERGENT PLATE BOUNDARY
Mukasa, Samuel B.

The continental margin of Peru has been the site of repeated igneous acti-
vity through much of the Phanerozoic. Products of this activity are mani-
fested in three major batholiths: San Nicolés, Coastal and Cordillera
Blanca, as well as in isolated stocks and various volcanics. The San

" Nicolas Batholith which intrudes Precambrian granulites and gneisses, is
oldest and closest to the boundary between the continental and oceanic
crusts. The Coastal Batholith which intrudes a Lower Jurassic eugeosyncli-
nal sequence and its own volcanic ejecta is intermediate in both position
and age, and the Cordillera Blanca Batholith which intrudes a Lower Juras-
sic miogeosynclinal sequence is youngest and farthest from the lithospheric
boundary. The three batholiths, the sedimentary and metamorphic rocks they
intrude, and the Triassic to Plio-Pleistocene volcanics in the area consti-
tute the Western Cordillera of Peru.

My research is primarily focusing on the Lima and Arequipa Segments of
the Coastal Batholith. The batholith, for which the first modern and major
account was given by Cobbing and Pitcher (1972a), is Cretaceous to Neogene
in age. Plutons within it exhibit an increase in acidity with time. Thus,
the intrusive relationships are such that gabbros and meladiorites are cut.
by tonalites which in turn form the host rocks to granodiorites and mecnzo-
granites. Rocks of intermediate composition predominate over basic and
acidic varieties although it should be noted that basic rocks were probably
once very extensive. Notable petrogenetic studies in the batholith include
those of Regan (1976) and Le Bel (1979) who postulate that magmas were ex-
clusively derived from the mantle, and those of Cobbing, Pitcher and Taylor
(1977) and McCourt (1981) who favor mixing between mantle-derived magmas
and those generated in the lower crust.

The San Nicol4s and Cordillera Blanca Batholiths which are being in-
vestigated on a reconnaissance basis only are much smaller than the Coastal
Batholith, and are a lot less studied. The San Nicolas Batholith consists
of basic to intermediate hornblende-rich plutons of not very well con-
strained, but probably Paleozoic age, while the Cordillera Blanca Batholith
is predominantly leucogranodioritic in character and Neogene in age
(Stewart et al., 1974; Wilson, 1975; and Shackleton et al., 1979).

Efforts already underway involve five principal areas. These are
determination of the emplacement history of the Coastal Batholith using
U-Pb geochronology; evaluation of the super-unit concept which currently
implies the emplacement of a particular group of rocks more or less to-

A



A32

gether within a limited time and space frame; isotopically evaluating the
Timits of mantle-crust interactions during magma generation; pinpointing .
the origin or origins of a number of copper ore deposits associated with
the emplacement of various super-units in the Coastal Batholith; and
integrating reconnaissance zircon U-Pb ages, and lead and oxygen isotopic
data from the San Nicolds and Cordillera Blanca Batholiths with more com-
plete data from the Coastal Batholith to formulate a general statement
about the Phanerozoic crustal evolution of the Peruvian continental margin.

Preliminary lead isotopic results have shown that there appears to be a
spatial association between the occurrence of an old crustal component in
the Phanerozoic intrusives and the present day exposures of Precambrian
basement. Away from Precambrian exposures within the plutons, it may
therefore be possible to characterize the nature of the sub-Andean mantle
in Peru. Finally, on the basis of zircon U-Pb ages, an emplacement history
lasting only 50 million years (between 85 Ma and 35 Ma) is tentatively
suggested for the Lina Segment of the Coastal Batholith.

LATE QUATERNARY SHELL BEDS, WESTERN SHELF, NEW ZEALAND
Norris, Robert M. and Grant-Taylor, T. L. :

Extensive buried shell beds and shelly zones have been sampled by coring
over much of the western shelf between Cape Foulwind on the south and the
mouth of the Waikato River on the north. The maximum thickness of shell

_penetrated is about 2 meters, but the deposits may be 5 or 10 meters thick

at many places, judged by very similar but slightly older deposits exposed
on land near Wanganui. .

Radiocarbon dates show that these shell beds were deposited during the
last major marine transgression which began about 20,000 years ago and
ended about-5-6000 years- ago. During the transgression, but especially
during the past 5-6000 years when sea level stabilized near its present
position, the shell beds were gradually buried by the sandy muds and muddy
sands which blanket much of ‘the present western shelf. '

Radiocarbon dates were obtained on specific molluscan genera in various
states of preservation and at different levels in a single core. This
detailed dating shows that the shell beds have been subjected to intermit-
tent stirring and mixing for periods as long as 3-7000 years, during which
time some shell material was added from other sources, both buried and sur-
ficial. A

- The late Tertiary and early Quaternary (pre-Hawera?) deposits exposed
on shore near Wanganui provide a record of at least seven earlier marine
transgressions and as such are believed to provide an on-shore analog of
the modern shelf stratigraphy. _

These on-shore equivalent shell beds suggest that the shelf shell beds
may prove to be 5 or more meters thick and many kilometers. long and wide.
Moreover, because many of the fossil shell beds at Wanganui rest on

- deformed and eroded older sedimentary rocks, it is believed likely that a

similar relationship will be found beneath the shelf shell beds.
The sea level curve deduced from the dated shelf shell beds demonstra-
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FIGURE 5 Alluvial tin workings adjacent to granite pluton, Jos Plateau, Nigeria, in a poorly defin:
elongate belt of stanniferous plutons possibly related to hot spot activity. Photo: J.A. B

FIGURE 6 Apatite-rich eluvial soil mine in arena.of Sukulu carbonatite, Ugane/
: within intra-continental Fast Africa rift zone. Phato - Dr T Denr



FIGURE 7 Pyrochlore-rich eluvial soils overlying pyrochlore-carbonatite on summit
plateau of Chilwa Island within intra-continental East Africa rift zone. Photo: Dr M.S. Garson.
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FIGURE 8 Sodium carbonate lavas and ashes capping the active Oldoinyo Lengai carbonatite volcano in the East Africa rift zone. Lake Natron in background
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Southwestern Exploration Division

Vs Teutaces

July 22, 1977

Mr. John C. Balla

Manager, NW Exploration Division
Spokane Office

Dear John:

Attached is a somewhat obscure article | dug out of my files which
| believe came from EOS -- probably about 1974. It has some possibly
useful comments and references on aulacogens and may possibly be of use
to you in your search for another Sullivan mine. It looks like good
stuff for mid-winter mega-thinking.

Very fruly %ours,
i /
’// A=
F. T. Graybeal

FTG:1b

Att. /
cc: WLKurtz - w/att.
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Model for the origin of Sierran granites
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Most of our readers will recognize the name, Paul C. Bateman, as that of one of
the foremost authorities on the Sierra Nevada. Dr. Bateman has spent most of his
working life studying the Sierra, concentrating in an area in the central Sierra

Nevada that contains many varieties of granitic rocks of several ages.

In COMG's Bulletin 190, Geolegy of northern. California, he and Professor
Wahrhaftig of the University of California, Berkeley, presented a series of diagrams
that formed a model for the generation of magma—and therefore granitic rocks—in
the Sierra, based on available information. Since then, new ideas concerning earth
history embodied in the concepts of global tectonics have caused all geologists to
reexamine their ideas.

The following drawings present Dr. Bateman’'s latest ideas regarding magma
generation in the Sierra Nevada. Our readers might wish to compare them with his
diagrams of 1966, published in Geology of northern California on page 124.

We are particularly grateful to Genny Schumacher, who has made this set of . ]
diagrams available to us. They were written especially for the forthcoming edition of -
Deepest valley: guide to Owens Valley and the eastern Sierra, of which she is editor.

The first edition of Deepest vailey had many contributors, all experts on the )
Owens Valley part of the Sierra Nevada. Dr. Bateman was one and has prepared this
text as part of his effort in bringing the next edition up to date.

The revised edition will be published in early summer by Wilderness Press of - ~ e
Berkeley. The publisher has graciously consented to allowing us to **scoop” him with L
this article. . . . Editor ) ] &

[ XD

BRI

In recent years, the earth sciences have been going
through the most profound and exciting conceptual
revolution of this century. This revolution has becen
brought about by convincing documentation of an old
idca—that the floors ot the oceans move like conveyor
belts, carrying the continents from place to place. During
this same period, much new information about the granites
has been obtained through study of the Sierra Nevada it-
self.

To take account of these new developments, a new
model for the origin ot the granites is presented here. This
model is in the form of a scries of diagrams 1o illustrate
how the granites might have been formed. They constitute
a scicntifiec “model™ in that they provide an explanation
that fits the available information, but which can’t be
proved. Typically, a successtul model is modified as new
data and concepts appear; unsuccesstul ones that cannot be
modified to accommodate new data are abandoned. Exam-
ples of successful models are the structure of the atom and
the concept of organic _cvolution. Doubtless, the model
shown here will nced to be moditicd again more than onee,
but it fits the facts now known, is in keeping with modern
concepts, and may even approximate the truth!

The outer skin of the earth is called the crust: the
crust of continents is much thicker and of diftferent com-
position than the crust of the ocean basins. Bencath the
crust and extending downward to the carth’s core is the
mantle, composed of darker and” heavier rocks than are
found in either continental or oceanie crust. According to
modern concepts, plastic (viscous) flow within the mantle
is the chief cause of carth movements. Material rises from
great depths at occan ridges, flows taterally, then is retur-
ned to the depths at deep ocean trenches along major shear
% zoncs along which one plate slides down and under (is sub-

By Paul C. Bateman, United States Geological Survey _ ducted beneath) the other.

January 1974 3



OCEANIC CRUST

PACIFIC
RISE

The diagram above shows the broad relations 150
miilion years ago. The Atlantic Ocean was still narrow, but
was widening by plastic flowage both ways from the mid-
Atlantic Ridge, carrying Eur()pc and North America apart.
At the same time spreading was also taking place in the
Pacific Ocean. As a result of these movements, North
America was being carried westward'toward the eastward-

MANTLE

150 MILLION YEARS

TR IR, B S e, Gty e, AT XS

D-ATLANTIC
RIDGE

moving part of the Pacific Ocean. Where the two op-
positcly moving plates met, the castward-moving plate slid
down and under the westward-moving plate along a sub-
duction zone, generating lava that penetrated through the
thin edge of the North American plate and crupted into the
sea, forming a chain of island-arc volcanoes, of which the
Aleutians are a present-day example.

150 MILLION  YEARS

(older than 600 m.y.)

170 m.y.
old granite

BEPOSITION AND VOLCANISM

4 California Geology

Vast quantities of volcanic debris from the volcanoes
flowed as lava and fell.as ash into the sca; between the con-
tinent and the island-arc volcanocs, it mixed with smaller
amounts of material eroded from the continent. The
granites shown in the cast are older than the events to be
described. but probably formed in much the same way as
the younger granites.
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Between 150 and 140 million years ago a cataclysmic \

event occurred. The oppositely moving plates, which

earlier had been slipping quictly one under the other, and 140 MILLION YEARS
for rcasons not yet understood, interacted violently. The NEVADAN OROGENY
rocks in the western edge of the continent and in the

marginal sea werc squeczed strongly, tolded intricately,

tilted westward, and piled up along castward-dipping

faults in overlapping slabs. This cvent is called the

Nevadan orogeny. -

Deformation ended when the eastward-moving Pacific
Ocean floor once again began to slip under the North
American plate. Now, however, lava gencrated along the
subduction zone, rather than erupting into the sea, rose
into the continental plate. It melted part of the continental
rocks and mixed with them to form granite magma, a mix-
ture of hot molien rock and suspended crystals. This hot
magma then rose buovantly into the upper crust pushing
the solid rocks aside and upward, melting some and rcac-
ting chemically with others. Doubtless volcanoes fed by the 115 MILLION YEARS
granite magma erupted at the ground surface. The earliest POST-NEVADAN GRANITES
granitic rocks gencrated after the Nevadan orogeny were . )
in the region of the western foothills, and successively
younger ones were emplaced progressively farther east.

The youngest ones are along the Sierra crest.

Hot lava rises from subduction zone,
i melts and mixes with partly molten
H lower crust to form granite magma.

77 Y9
SARSEON A 4

>

Thickening of the continental crust as a result of com-

pression during the .Nevadan orogeny resulted in the 115 and older 92 89 %0 87 2i4 170
ground surface being lifted above sca level. Now, after 140 Approximate ages of granites in millions of years
million years of erosion, we are looking at a surface that . PRESENT

once was deeply buried, perhaps by § to 10 miles of rock. TITING, FAULTING, AND EROSION

NOTE: Data from island arcs indicate the depth to the
subduction zone directly beneath active
volcanoes is consistently between 100 and 200
km (80 and 120 miiles). Therefore, the depth to
the subduction zone in the sections 150 and 115
million years ago is actually much greater than
shown. AR : -

January 1974 . 5
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LARAMIDE HOTSPOT, COPPER DEPGSITS AND PLATE MOTION IN

ARIZOWA, SCNORA AND REW MRXICO

Donald B. Livingston

Submitted to Natupe
25 April 1973

Depertment of Geosciences
Contribution No. 79
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LARAMIDE HOTSPOT, COPPER DEFCSITS AND PLATE MOTION IN ARIZONA,
- SONORA AND NEW MEXICO

Donald E. Livingston
Laboratory of Isotopa Geochemistry
Department of Geocsciences
University of Arizona
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AMERICAN SMELTING AND REFINING COMPANY | W. L. K.

Tucson Arizona ‘
o : AUG,731972
'1 August 2, 1972 o

T0: ‘W.‘L; Kurtz
FROM: J. D. Sell

1AGOD cichIén

- The International ASSOCIatlon on the Genesis-of Ore Deposuts (IAGOD)
-recently submltted a circular on thelr actlv:tues and plans.

" Dr. Kutina's’ paper on ""Global Tectonlcs and Metallogeny Project'' is of
interest and it was fortunate that a copy of the reference list could
be secured. Certainly, as Fred Graybeal has verbally pointed out, this
type of study is of great benefit in deciding what areas of relatlvely
"unknown. areas such as Alaska, etc., should be entered lnto in the dullgent
search for spectfxc mineral deposits.

The other two papers are bibllographles of recent papers in German and
perhaps, as Al will be able to tell us, gives some thoughts on the
. direction being taken by others in the studies of ore deposits.

James D. Sell.

- JDpS:lad .
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!NTERNATK)VAL ASSOCIATION ON THE GENESG OF ORE DEPOQWS;

PG’SldPnt C. F Pnrk Ie- (Sfor\fdrd)

' Secremry (er:erol M. Vun%ek (Progup)

st Vlce~Pre<1dent V. L Smlrnov (Moscow). e Mpmb°rshrp Secretory P. Zuffardi (Coghorn)

| 2nd Vice—F’resident: T._\Natonobe (Tokyo) |

, Chlef Treasurer: R. W Boyle (Ottowol
- June 10, 1972

To Members -of IAGOD

Re: (1)
@)
= )
| “)
- (5)

IAGOD at the 24th IGC in Montreal'

IVth Symp081um of IAGOD in Varna, 1974

Blbllography of the study of ore gene81s in the GDR ‘

Newsletter of IAGC ‘j

Global tectonics and metallogeny prOJect

—_ T T e C— i B R i A

_— " —— ——

The following prellmlnary t1me~table of the IAGOD

se581ons at the 24th IGC in Montreal is proposed

Aug.22,

Aug.23,

Aug.24

Aug.25,

Aug.28,
Aug.29,

l4lOO
14.00

14.00

14.00

, 14.00

14.00
18.30

14.00

14.00

14.00

IAGOD Ceuncil Meeting, Hotel Champlaln Huronle B

Symp.ll2,IAGOD—COFFI,Hotel_Queen Ellzabeth,Du.Lutn

Symp.112 IAGOD—COFFI ,Hotel Queen Elizabeth,Du Iuth'

Symp 118 TAGOD-WG Manganese Hotel Champlaln
o huronle B

bymp 118, IAGOD-WG Manganese Hotel Champlaln
4 Puronle B

TAGOD-COFFI Hotel Champlain Habitatipn B»

Reception and dlnner of SEG,SGA , TAGQOD,
Sheraton-Mount Royal Hotel Clamplaln Room :

TAGOD-WG Manganese,Hotel Champlaln,Huronle B
IAGOD-WG Prospecting‘Hotel Champlain Hurohie A
IAGOD General<Assembly,Hotel Champlain, Vlger ABC

TAGOD Counc1l meetlng Hotel Champlaln Huronle B

Ay




- 17‘or the IACOD General Assembly se851on the follow1ng p
agenda is proposed: B = o S
"1).Report of the IAGOD Secretary General
wt_é) Reportfof'the‘hembelshlp Secretary
. 3) Report of the Treasurer
4) Statement of the Finance Committee ‘
AS) Reports of the Chalrman of Comm1s31ons and Worklng
- Groups '
. 6) Presentatien of and Votlng on amendments to the
B statutes _ o , ’
7) Presentatlon of By- laws
8) mlectlon of a new IAGOD Counc1l

‘5The prov1slonal chalrman of the WG Gene81s of Mineral
has announced the follow1ng programme for the WG session:
1) The constitution of the Working Group . '
2) "Gene81s of  Ore DepOS1ts as a Basis for Prospectlng" -
 a brief review presented by S. Jankovic .
© 3) Discussion of relevant problems and future act1v1ty o
of. the group

The programmes of the COFFI Symp051um and of the meetlngs
'of WG Manganese w1ll be announced in the 1GC Program '

- Those who wish to take part in the SEG-SGA-TIAGOD dimmer
are requested ‘to send 10.00 Can. doll to:

' uOClety of Economic Geologlsts

. ¢/o Executive Suite Limited ,
-Suite 46, 1390 Sherbruoke Street West
Montreal, 109, Quebec, Canada
'Attention: Mrs. John B.A. Castle

— e e e e e e e mmm e e e e

The IVth bymp051um of IAGOD will - be held in Varna - ‘
: Bulgarla in September, l974 The follow1ng toplcs will be
discussed: | ' ' o '
a) Factors controlllng the vertlcal extent of ore
deposition: . -
b) Base metals (Pb,Zn ,Cu) mlnerallzatlon a38001ated with
Volcanlsm (1nclud1ng mlnor 1ntru81ons)



-3 - _ , _
c) Slgnlflcance of 1sotop1c compooltlon for the genetlc

interpretation of ore deposits. Lo
,The first circular was already dlspatched and can be

 _rece1ved upon request from ‘the Organlzlng Committee of the

1Vth IAGOD‘bymposlum, 36 street, block 2 Sofia 13, Bulgarla

— . e Mem Smwe - — . — A s emn Sy S mppn mm— e S

Accordlng to the de0181on of the IAGOD. Coun011 which met»
in_Kyoto on Aug.31, 1970, the Natlonal Committee of German
Democratic'Republic for IAGOD has prepared a blbllography ,
reviewing the study of ore genesis in the GDR in 1967-1969,
which you will find enclosed. The IAGOD Secretary appreciates.

very much this work of the IAGOD members from the GDR and. is
askinhg - hereby ‘the Natlonal Representatlves of ‘other: countrles_

' te prepare similar reviews.

—--.-—.—_————-—-

. - The Internatlonal A58001at10n of Geochemlstry and
Cosmochemlstry announced to. the ‘TAGOD Secretary its w1111ngness:
" to send copies of- the Newsletter of JAGC to the IAGOD members
who ‘are interested. The Newsletters are distributed by _
Professor Earl Ingerson, Dept. of Geol: Sciences, University
of Texas, Austin, Texas 78712, USA. ' ' |

—— — - - mm e s e A e et

(5) Global tectonics and metallogeny prqject : -

The former IAGOD Secretary,.Professor Jan Kutina asked
to inform the IAGOD members about the Global tectonics and

metallogeny project. His information you will find enclosed.

-Mirko Vanécdek,
IAGOD Secretary

2.Enclt
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Global Tectonlcs and Metalloyen}/ Progect, o
By Jan KUTINA, = :
“Appendix to Circuler of Tune 10,1972,
Internat Assoc.Gene51s of Ore Deposlts /IAGOD/




P T S R W L K 0

.- . . New York, July 31, 1972 -

 MEMORANDUM FOR: Division Supervisors :
' : ' Asarco Exploratlon Department R

Herewith are the "Conclusions and Recommendations”

hundred page report by Dewey'énd Bird on
.Thejcompiete report will be reproduced and distributed later.” Meanwhile -

you may note items of intérésf and possible actioh;:_f

"Ehcl.

cc: RJLacy
. WLKurtz! o
RKKirkpatrick .* °
JVDesvaux -
KWhiting
MPBarnes
SAAnzalone.
.RLBrown
. RBSprague
. - LPEntwistle
:© DMFletcher .. .~
- JHCourtright "= i -




' CONCLUSIONS -

Plate tectonics successfully explains and integrates an enormous

‘i'*amount of geologic data . Admittedly, many of the detailed geologic
g corollaries will be modified in the future but it is-now clear that

g ,' plate. tectonics holds the key to unraveling as yet exceedlngly |

'ff ‘complex geologic problems .

The origin of nearly all categories of ore concentrations can be
: clearly related to processes occurrmg at, or near, plate margins.A
h For the first time much of the guess-work will be removed from .

COncepts of origin of ore. A “ .

'The application of plate generalitles to specific prospects requlres

- the highest order of careful collection and interpretation of field

e 'Ma'gmatic_f ores a'ssociated with basic rocks
a Hi'ghéoxide and' lo'wf—su'lfide magmatic. "ores Co
'i"Podiform chrome ore m serpentine occurs: in the

€ phiolite basement of arc-trench gaps and in sub-
duction melange zones.,, Although they lie oceanward
of the major calc—alkalme volcanic centers they may
.overlap some volcanics despite havxng formed before :
the local volcanism. They occur Withln flysch and '
associated melange sediments. Such ores are original

concentrations in. the upper mantle Wthh were remobilized}

-above subductlon zones and tectonically emplaced

Chrome ores-may occur in obducted or upfaulted:




| Chrome .ores a55001ated w1th maJor differentiated
‘-:‘:'-magmatic sheets occur in stable (Precambrian)
E":areas. The magma was. most likely derived by
-'f{"partial melting of mantle at a depth of over 30 km.
o '-:':}'Below this depth chrome is mostly withm pyroxenev-

' and garnet. o

" High-sulfide (pyrrhotite - pentlandite ~chalcopyrite) and low-

oxide magmatic ores occur apparently within and on the
y_landward side subduction—related volcamc belts. Sulfide
dep031ts of this type are believed to have origmated in a
sulfide-rich layer of the mantle (low ve1001ty zone ?) from
Wthh a largely picritic material results from partial ’
meltmg above subducting oceanic lithosphere. Such melts
rarely reach the surface and hence such occurrences are

found 1n deeply eroded metamorphic terrams.‘ ‘

‘!‘be of interest

in the tensmnal zones assoc1ated w1th in1t1al contmental
»rifting, ‘as simple d1fferentiates of tholeutic types of
rock derived from partial melting of the uppermost mantle ,

..;.(down to about 30 km ) - e. g., Palisades Sill

B in ocean "hot spots " 'of the Hawaiian type (alkali basalts),

,_partial melting of mantle at depths of‘60 km3 ' or more




All of the magmatic materials associated with (2) and
. (3) above seem to contain no magmatic ore concen-
v o trations ., even when differentiated (However, -
e ;.'hydrothermal ore may be associated as at Cornwall

,'Pennsylvania )

5. o Magmatxc ores aasooiated with other igneous rocks

High-omde low sulfide

:"‘f"IImenite - magnetite ores occur in the Palabora
carbonatite and may just pOSSibly be magmaf:ic. _ The
’ carbonatite is part of a kimberlite-carbonatite suite,
Such rocks seem to be limited to cratonic areas. ‘
"‘Carbonatites may originate from. extreme differentiation

of very stabie magma chambers at depths of 60 or more

) 'I'itan’iferous' magnetite (with apatite)‘ occursat'the top

fl._ﬂof the Bushveld complex and is a33001ated with the

" more feldspathic zones at the top of the differentiation
- :j:'f’;j_'series with chromite concentrations at the base. _ This

. Ahas been described before. .

N Ilmenite and: magnetite 'occur'with- ano'rthos'ilt"e , primaril'y"
- '-}'in Precambrian areas-._ It is poss1ble that a chrome-rich
7 Icounterpart may occur at depth below ilmenite-bearing

anorthosite in ultrabasic rock

Ilmenite and rutile with much apatite occur at Roseland ‘

Virginia . Although the host roselandite is not an anorthosite,




Therefore ore format1on is” related to plate evolutlon.f

Most hydrothermal ores have: spat1al constraints Wlth
respect to plate geometry.
Most hydrothermal ores of Cordilleran belts were ultimately

‘derived from the partial melting of down going plates; sea-.

‘water m1ght be the or1g1nal source of the water of hydrothermalj
systems" hydrauhc channels m1ght be formed by the volume
reductlon when 1gneous rocks crystallize ln th1s env1ronment

: Hydrothermal ore fluids may also origmate from degassmg of
l-mantle materlal 1n zones of crustal tensxon partxcularly for

' Precambrian terrams . :

Mlssxssxpp1 Valley type ores are most hkely denved from

dewatering of arg1llaceous materials . The.wa_ter usually passes




2.0 0 RECOMMENDATIONS

‘ -'Introduction
: Follow-up» is suggested along'several ,llnes;‘_these are listed :
: under 2.2 Areas of Interest"and 2.3 Concepts for'-l'-‘urth'er__' }__7".:’
,' Investlgatlon. Much addition'al.work‘is l'e'ither implled' w1th1n
’ the body of the report or w1ll come to m1nd as the report 1s o
:"read by the Asarco personnel Because each recommendat1on

. 1nvolves a d1fferent approach the exact manner of later work

" can best be dec1ded upon in conference when Asarco input
_',vneeds and personnel can be 1ntegrated with th1s report and )
Aiyits suggestlons. The plate tectonics team assembled for this

- i_’study is. strongly in favor of continuation w1thm the mterests i

of Amerlcan Smeltlng and Refining, 'Q;é thls powerful tool fon ore

__._findmg. .

x Areas of Interest .
.Two speciflc prospects are suggested based on areas for which'

plate tectonic analysis is advanced

A '2 2.1 ;fWestern Newfoundland Five separate port1ons of
"'a_ thrust sheet are known each of Wthh makes I
-',ilog1cal search area for chrome copper, and

}'manganese, 1n thelr charactenstlc 5'(and ’separate)

f'port1ons of the ophiohte su1t :

Trout River\
:'A":_iNorth Arm R
' 'f‘ﬁfﬁhBlow me-down Mountam
d.: Lewls HlllS L
' \"T’T{Hare Bay




‘ geologic map of:"Nveoundland'..':" Good-grade but -

" small-size sulfide masses are known in one of

" the k\yl})p.en, but little work has been done utilizing

- ‘present knowledge of ophiolite stratigraphy; instead:

past work has almost always lumped the rocks into -

" one catch-all- '"ultrabasics-.-" Although the targets'
lie in the upper plate of a far-travelled. thrust sheet,
:substantial depths are developed in the central
portions of the outliers. At least some of the 4 ,

: fprospective ground lies w1th1n concessmns but the

4_»_.'_holders often let options on their land For instance, 2

\-i.‘recent- work on the York Harbour Mine in the Biow-,-me;

-.down Mountain. area was carried out by Long Lac: '

':'_:'.'Mineral Exploration 1., under option from Big Nama

--",Creek Mines,. Ltd. , which company held a'mining

'grant and concession..

‘~Spec1ﬁcaliy, the program would be to- o
: estabhsh the ophiolite stratigraphy
| "'.trace structures , c
seek ore concentrations in hinge areas of' folded

horizons such as -

plllOW basalt sediment contact
;_plllOW basalt- sheeted dike contacts,

w1th1n the dunite below the Moho.',"'

: These particular areas are. relatively
5access1b1e and have good outcrop (
?exposure. A program here would give a.
'good test to unravelhng the complexities
of mmeralization in’ ophiolite belts and

would 'in all likelihood"; have world—wide




. K1ng s Po1nt Newfoundland

'g"’Thls area west of Sprmgdale embraces the old

”'T’Randall ]ackman prOSpect Tectonlcally, this ls

""a Cambr1an openmg ocean s1tuat1on, here also, ,1

',_..copper should be sought. in the ocean1c plllow c

;'Y?basalts where sulhdes are concentrated in fold
'hmges. Intrusmns are reported ln the area add1ng
fthe p0551b111ty of 1sland arc mmerahzatmn . Forest

cover is dense, but the areas of folded schlstoslty

are known at least 1n part and reglonal stream

"'sedlment geochem work could check out the chances

of mmerallzatlon. We have here a plate sett1ng of
“the Tilt Cove (or Cyprus) type with. known m1nerahzat1on
’."‘v,'and known lack of modem prospectmg.. The 11m1ts of

the area can be set usmg maps avallable at Memor1al K

. University,-St. John's. o

j-‘deflmtlon of plate fac1es and ore relatlons have brought

"'fmtrlgumg posslb111t1es to llght Much off1ce geology 1s Stlll -
are detailedffat this

tnecessary, and no royalty mterest_areas

2 2 3 ?Campbellton Newfoundland

Rhodochros1te has been reported ln homoclinal tllted
fault blocks. Mmerahzatlon 1s sa1d to be ten feet thlck,‘
'grade unknown. Messrs Dewey and B1rd w1ll v131t thlS

YA

rlng August and wlll report backon thexr fmclings .




2 2 4 Buchans Newfoundland

'-","It is entirely likely that the wealth of geologic detail
gathered over the years at Buchans is amenable-to
p.late analysis'. It is suggested that John Dewey be
f"authorized to VlSlt the mme to pore over the maps
':f,<;with the local staff 'A minimum of two days is
»""':;_i‘-:_?suggested This would be a time-card job with no

{{;'.claim on possible discoveries. '

! 7’.",' Sierra Madre _Qcc‘ide'ntal , Mexico".

jf_,Plate-—margin volcanic action carries considerable

_v‘,_prec1ous metal mineralization that can be concentrated

j"by superposed effects into the epithermal "bonanza noo
" .',iveins_. Investigation should be carried out between

“the known'-districts' where the host volcan1c‘rocks may»"
: -i'__contam low grade silver mineralization that is econom1c

‘with open-pit mining, ‘even though no well marked vein

- 'systems have developed This type of study of metal
values tlmes of volcanic action and migration in ,
B fspace can be extended to 1nclude all Cenozoic volcanism
i f;,._'of the West Coast. AR R

Klamath M-ountains'[ Oregon.and’Cali\fomia o
Late Paleozmc Tr1as51c ophio“lites are cut by island arc
volcan1cs and igneous 1ntru51ons and bounded on the _
,f‘north and south by sharp sw1ngs in tectonic trend that
may reflect transcurrent faultmg, perhaps of the Texas
“:";_.hneament type., At such crossroads should be sought

ophiolite porphyry copper,- and massive sulfide types 1

of mineralization :




:-f‘oothills ‘-Belt , California -

’l___'ThIS is the southern equlvalent Of the Klamaths much

‘more intensely deformed. Particularly should the S

"'.'_greenstones be 1nvest1gated for ophiohte-type
g mmerahzation. Stocks subsxdiary to the Sierra-Nevada

‘may be low-levei mtrusions with aii the earmarks of‘

' Ur"‘l__.'«‘.',porphyry copper bodies .

Cordilleran Lineame.nts -

“‘:Strongly marked hnear zones have long’ been 1dent1f1ed

"*-:;'i.‘.and assoc1ated w1th m1neral1zat10n, most famous of
‘ li',:these is the Texas hneament Study: of the plate. fa01es
" map indicates many more, all worthy of further studY- »
“For 1nstance the trend that Joms the northem 11m1ts of _
R ':the Black HlllS ' B1g Horn, and Beartooth uplifts appears
'to be a left lateral wrench not unhke the Texas L1neament
"This has been called the Lew1s and Clark L1neament the "

f‘_"i-'fact that 1t passes through Butte and pos51bly through

the Coeur d' Alene dlStrlCt and offsets batholiths and

'”outcrops of the Belt Supergroup adds interest to a_study

:’_'of its hlStOI‘Y and 1mportance.

‘Other, roughly east-west lmeaments are known and more’

i‘_'are bemg discovered with increasmg frequency A‘

examples these lmeaments can'-'be cited

**-_j{'Lewrs and Clark

fxiPé.r'r?s'f('C'en-t'r,ai Mexico)

Cayman (M eicicohc_;uat’erna la)




Do Oquirrh'—Uinta' (N 400 40°) .
g Deep Creek - Tmtlc (N 400)
h Wah Wah Tushar (N 38° 40’ )

-

,:»{ Slmllar east west trends are reported in Nevada and
:'offsets of the m1d-cont1nent grav1ty h1gh are said to be .,
| ahgnments of mineral districts, These lineaments may ..
represent deeply buried, long-lived, fundamental e
dlslocatlons that would have had effects addltlonal to
‘ channehng base metal m1neral1zat10n. For mstance,
‘;_:such faults may also have been the plumbing system
‘- for mercury or for abnormal heat flow ‘that would affect

"uthe leachlng of U308 in source rocks and prec1p1tat10n

‘:m basm sed;.ments.A Th1s theory can be tested in the

Powder R1ver Basm or m the B1g Bend Area of Texas A

P

2, 2 9 Cocos R1dge

;'.-'Thls is a spreadlng ax1s that is be1ng overrldden by the :

j'contlnental margln at a trench trench ridge trlple p
junctlon off the west coast of Panama. It should be

supplying copper to the Panamaman volcamc belt

2‘ 2 10 P1nch1 Belt Brltlsh Columbla ‘ _ -
"fossﬂ " ocean1c crust zone here should be studled
and prospected for copper asbestos and chrome, 1n::.
the same manner as for the ophlolites of Western

Newfound la nd

2 2 11 Thermal Prospecting

'f',Thermal power is becommg more and more important.

:"In some- parts of the world the thermal waters are normally :




“rich enough ln varlous salts to be economlcally

.‘:':hmterestm'g. The chemical engmeermg problems °f ,
' recovering these salts are severe, but we understand
that studies are underway to exp101t some of these
) ".'},resources partlcularly for the more common Ca and K ‘
salts in the Salton Sea area.. We think that such '
‘technology bears watching. The economic reco_very’. ‘

- of NaCl, KCl, CaCly and perhaps Mn might all be "

'}poss1ble now Other more exotic metals may be recovered

L :._later, expec1ally lf combined with the pI'OduC'CIOn Of power. '
'Thermal' areas are of the following types:

"~ Residual heat after volcanic activity associated

fwithsubduction. 1f ourii’:oncepts are correct that
.:hydrothermal fluids are mobilized off of subduCtion ‘

;'zones after igneous actlvlty, then the areas where

- salt- r1ch fluids are r1smg along warm but crystalllzed-.
‘mtrus1ves should lie Just trenchward from or perhaps

»among the main volcanoes of a chaln.A-

‘Examples- Cordllleran and island arc chams,

;such-.as‘ Andean Japanese and Medlterranean. :The' 3
fAleutlan-Alaskan Penmsula chaln and Central

America .seem to be partlcularly _mterestmg. N

'_Re51dual heat from volcanoes a55001ated wlth heat

‘plumes along w1th heat from the. plume 1tself The
'heat is not known to carry appre01able mlnerallzatlon

"w1th it, but the posslblhty should not be dlscounted

Oceanic Hawa 1tan Cha in, "contmental

Examples»

:Yellowstone (?)




" ¢c.! Heat associate'd with plate accretion. Thermal

‘waters associated with accreting or trailing edges '
" of plates are apparently alvvays rich in various s

‘salts 1nclud1ng sulfldes and more exotic metals. The'_:

‘most obv1ous metal rich thermal areas seem to be

S of thlS type. o

5"‘_Bxamples- Salton Sea- brmes , Red Sea thermal

deeps and ba51cally, any. zone of plate spreadmg,

"";_4 such as the M1d-Atlant1c r1dge or the East PaC1flc
. / . .

f_»lk,rlse in the Gulf of Cahforma._
'.'f"v’v'-Heat of unknown or1g1n assocmted spatlally w1th ‘:'
':'{fold subductlon zones (possxbly low temperature
fluids tapped by trans form crustal breaks) Such

'thermal waters'may be relatlvely "clean, " but

Vmercury may be deposited from them. S S

Bxamples- Sonoma and’ other thermal areas of thef

' Cahforma Coast range. :

. Concepts for Purther Investigation

“:'The process has Just begun whereby plate fa01es and ore are '.
f_'bemg related. m t1me and space Because these stud1es are in
'T'thelr 1nfancy, more t1me was devoted to the "model" than to .
prospectmg targets. As a result the pm-pointmg of prospects
flagged even as fa1th 1n the eventual use of plate tectonlcs m

- ore search mcreased

ST e It is now possxble to sort out the unlike elements that earher

ff:];'”.were lumped 1nto metallogenlc provmces and epochs and to

define them properly in terms of plate fac1es t1me of facles

development and t1me of ore 1ntroduction i Petrology, forf'

ot merely as an

"':_"f,‘mstance s’ spelled out as all-1mportant



- -."_":academ1c top1c that embraced the host rock but as one of
“the keys to facles deflnltlon.“, "I-‘avorable host rock " 1s changing
L ‘;_from an empirical litany to a useful part of the rock-ore spectrum

i 7 in which all gradatlons and 1nter-relat10ns are understood

‘ 'T’opi“_'c's “Which can profitably be'in_vestigated further ‘are many

Contmental L1neaments _

'A“‘_;.Ultrabasic masses 1ntruded into ophlohte belts -
Time and space relatlonshlps of 1sland arc massxve
sulfides to porphyry copper deposits A ' : :
‘ ."f""uf' DiSpOSitlon of metal bearing fluids that reach the

. surface-

_‘_Topography of Bemoff zones
f 3-“f' Location of fossil rldge zones
.Age determmatlon evaluatlon .
”Smllarltles and dlfferences between pre plate-~ )

;_development ore (ca 2, 000 mllhon years ago) and plate

margin- -related ore R , o v
' , Further deta111ng of the plate hlStOI'Y of mtr1gu1ng ore belts :

‘Continental sed1mentat1on and sedtmentary ore development‘

Development of dlatremes carbonatltes and slmllar

E'phenomena often: related to exotic ore dep051ts :
' ‘vDetermmatlon of the optlmum relatxon of location of poles
: of spreadlng, speed of spreadmg, amount and type of :

‘ magma poured out and amount of hydrothermal fluld

; entrapment

: Recognltlon of tensxonal zones above subduction zones

Aand relatlon to ore development
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How to save 77 years

The boy Galileo sat in the sanctuary of
Pisa’s great cathedral, observing the move-
ment of a lamp which had been set swinging
by a sudden gusty draft. The chain by
which it was suspended from the high ceil-
ing was of such a length that the arcs de-
creased but slowly. Strange thing, though.
No matter how far the pendulum swung, its
movement consumed the same time. Galileo
made a note of that. The year was 1581.

The old man sat at his writing desk, sixty
years and a thousand disputes later, writing
down a new theory. The regularity of a
swinging pendulum might be combined with
a_spring mechanism to improve the unreli-
able clocks of that day. So Galileo scribbled
on, and did nothing more about it. After
his death Huygens took the notes and in-
vented the pendulum clock. Seventy-seven
years had elapsed since the boy made the
observation upon which it was based!

The creative thinker today still need not
have a specific use in mind when, by equa-
tion or formula, he branches off from the
accepted to the hitherto unknown. The clas-
sic invention of this decade, the transistor,
evolved in the Bell Telephone Laboratories
as scientists sought a deeper understanding
of semiconductors. On the other hand,
another great invention, the feedback am-
plifier, came from the creative mind of one
Bell Engineer faced with a specific problem.

Current Bell Laboratories activities—in
such areas as data transmission, radar and
submarine cable development—call for the
coordinated efforts of all types of thinkers
and all types of approaches. One type com-
plements another.

Today, seventy-seven years would not have
elapsed between the swinging lamp and the
swinging clock pendulum—certainly not at
Bell Labs, where ideas, though not rushed,
are carefully advanced toward fruitful appli-
cation in national defense, industry and
communications. An important part of this
harvest is the efficiency of America’s tele-
phone service, unequalled anywhere else in
the world.

LABORATORIES




Legend
~— Mid ocean ridges
A Ocean depths less than 1500 fathoms

A Land

Fie. 2. FrontisPiecE, It seems probable that a continuous ridge a few hundred
miles wide, from 10,000 to 33,000 feet high and perbaps 40,000 miles long, winds its
way across the central ocean floors. The discavery, only two years ago, of the con-
tinuity of this, by far the greatest mountain range on Earth, is an interesting com-
mentary upon the state of our knowledge about some parts of the Earth. (Invertin
order to view the Pacific Ocean clearly).
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AGREEMENT nade'this' 10ﬂ1’dayxoff1 Iune » 1971 between:f

L JAMES R. DUNN.'&' ASSOCIA‘I‘ES'. ‘INCOR'PORATED a New York corporatlon, _
;;w1th an offlce at Aver111 Park, New York (herelnafter referred to
7 as "Dunn") and AMERICAN SMELTING AND RLFINING COMPANY a New Jersey‘

fcorporatlon, w1th an. offlce at 120 Broadway; New York C1ty, New:f

pYork (herelnafter referred to as "Asarco")

© Recitals: o0 T n

Dunn ls a geologrc consultlng f1rm engaged in prospectlng.
'ffg;PTofessors John F. Dewey and John M Blrd are expert 1n the fleldl
5:0f "Plate Tectonlcs" (as that tcrm 1s understood in geology) ano ‘
under exclu51ve contract to Dunn for renderlng such consultlng

*;Serv1ces as ut111ze "plate tectonlcs” concepts 1n prospectlng ror'

?lmetalllc m1nerals and asbestos. Asarco 1s 1n the m1n1ng business

; and de51res to utlllze the servxces ofﬂDunn and sa1d experts as

lfan ald in- locatlng ore dep051ts. P

¥ In conslderationgquthe,premises,Wthe7partie$fagree as follows: - [

jl;?;‘Termfl””

‘Thls agreement shall endure for the term of one year from the
’7;date hereof and at Asarco s optlon, to be exercrsed by written
‘fnotlce to Dunn,hmay be extcnded for an add1t10nal year on the same" )
fﬁ;ﬁterms as here1n prov1ded but w1th the optlon 1n Asarco for Dunn sjﬁi"

E serv1ces on an expanded ba51s greater than tne 11m1ts hereln pro- ‘

t

vided for but subJect to Dunn s capac1ty toiperform on any proposed;f B

ﬂgfexpanded ba51s




"H'isi; Scope of hor
o j The partles des1re to develop plate tectonlcs research 1n'
;ia1d of locatlon of orebodles byian expendlture not exceedlng thef
_;total of flfty thousand dollarsfto be made by Asarco under the :
:fterms hereof ror thdt purpose7the partles shall consult with ;:
':each other and exther party . nay’submlt to the other for its con-o
:f51derat10n such areas for study_as it belleves sultable for the
J'Purposes hereof and Dunn shall.reconmend to Asarco such areas as.
-iflts said expcrts deem partlcularly favorable for appllcatlon of
:ﬁfthe pr1nc1ples and theorles of plate tectonlcs 1n the dlscovery of
:'?jorebodles._ Asarco snall select and determlne the area oT areas:
m?w1th1n or pcrta1n1ng to wh1ch the serv1ces hereunder by Dunn shall
‘}ffbe performed Durlng the tcrm hereof such areas shall~he 11m1ted
to North Amerlca and the mlnerals sought shall be llmlted to

.ﬂimetalllc ores and asbestos, and durlng the ent1re term hereof shall

‘?fﬁxglude (unless walved by Dunn) the follow1ng areas and SUbJeCts"

iayW'”Grenv1lle”’rocks in . Vew York State.ﬂﬂf{:f-#

»fibaleozolc rocks frlnglng the Adlrondacks in Vew

J}York State'f‘(?;h:j ;fai;;-u.
‘Afconceptual study of refolds,-leadlng to analyz1ng
"f?Prospects f'and mines in doubly folded reglons, the:VWh
”supportlng‘members of the refold synd1cate to receive:;

the results of the study and}to have exclu51ve use’ of*

the method 1n prospectxng for~one yearﬁfollow1ng the‘

jsubmlsSLOn of the report.

EQThe New’ England States.dl

.EfNewfoundland




Durlng the term hereof and subJect to the foreg01ng
'fl1m1tat10ns and exclu51ons, Dunn and sa1d Professors B1rd and

%ﬂDewey w1ll devote the1r serV1ces and expert knowledge 1n the;

i.sald £1eld of plate tectonlcs exc1u51vely to Asarco 1nsofar as'
fﬁthey pertazn to the subJect matter of thls agreement prOV1ded
‘ Asarco approves areas for the rend1t1on of sa1d serv1ces here-j*

punder and substantlal expendltures therefor but not exceedlng the

fabove mentloned monetary max1mum.;_' o

%fS.' Reports and Confldentlal Infornat10n.5
At least thlrty days prlor to the explratlon of the year s

*zterm hereof Dunn shall dellver a wrltten study and report 1n-=~

-'fﬁcludlng 1nter alla, the follow1ng sub;ect matter.{ o

A

A clear expos1t10n of the relatlon of ore bodles to_TA"

plate elements"

b,ﬂ;A table or d1agranmat1c presentatlon of ore 1ntroduct10n

'foat varlous stages of development of the several types;?f

?of contlnent and 1sland arcs,

fA map presentatlon of plate elements and ore for at least‘

'lﬂftwo orogenlc belts,

LA statement of the meanlng of the above to the plannlng

vﬁﬁof exploratlon campalgns-i-fﬁ.ﬁi;

'3ﬁRecommendat1ons for prospectlng technlques and targets

N con51stent w1th Asarco 3 1nterest.

;'w‘u' e

In:addltlon to the above, Dunn w1ll render such 1nter1m,

' reports té-Asarco’” as.the“latter mayfrequest.



Dunn and sald Professors B1rd and Dewey shall be’ free to

,w?publlsh papers of a general nature concernlng plate tectonlcs'
" but shall not publlsh any. 1nformat10n or dlscu5510n concerning .
iﬂllocatlon or loca11zat10n of ore dep051ts by relatlon to- plate~:n*
'ftectonlcs for at least one year after the term hereof w1thout

'Q;Asarco s wr1tten consent. All 1nformatlon about location or

yiilocallzatlon of ore dep051ts, whether actual or speculatlve,
?;:iwhlch result from the work hereunder, shall be the property of .
D'Asarco and shall hot be d1sclosed or dlscussed w1thout the wr1tten
}i.consent of Asarco, unless the same pertaln to recommended areas -
"i'reJected by Asarco,ias herelnafter prov1ded ) Dunn and Professors

_'Bird and Dewey severally agree to use the1r best efforts to main- .

'taln such 1nformat10n 1n confldence so long as the same remaln
’.unpubllshed by Asarco and Asarco has not glvenlts wrltten consent

*i;to 1ts dlsclosure.v

°f74('l Compensatlon.to Dunn, Bllllng, Records.'?v
| d Prlor to 1n1tlat10n of each research prOJect hereunder the.”
ﬁf}partles W1ll agree on the approx1mate costs to be ‘incurred by

~'.'».vi'"-}"f}\sarco in connectlon therew1th, but suhjectwto expendltures thereonf
‘b}iexceedlng such approx1mat10n if unforese en’ factors 1ntervene.,ln.f
'bi'the latter case, Dunn shall adV1se Asarco, 1n advance if p0551ble,
dﬁof the excess 1n costs that w1ll oe 1ncurred and be gulded by

”ﬁﬂ”Asarco s 1nstruct10ns 1n l1m1t1ng or termlnatlng the proposed work

DU

"ejfor the purpose of reduclng the costs thereof”"?Dunn shall be'fff




]

compensated for 1ts expendltures durlng each calendar month on -
the follOW1ng b351s.f
All out of pocket costs for travel expenses, computer )

(

f;iserv1ces 1f any, materlals, and all other d1rect

”L%ﬁcosts other than labor shall be relmbursed at Dunn s

ﬁfPayroll costs for summer geologlc employees and all

Vk'other d1rect labor W111 be re1mbursed at Dunn [ cost

;i;plus 309

.D,The serv1ces of senxor geologlsts shall be charged to

TlAsarco by Dunn at up to the rate of $200 per day

The foreg01ng charges shall be deemed to 1nc1ude all the
Hﬁcompensatlon of Dunn hereunder, except for the p0551b1e addltlonal
compensatlon to Dunn by way of - royalty,'under the terms of Artlcle
_jS below. Dunn shall render monthly 1nv01ces to Asarco promptly

_after- the: end of each calendar month for all of the above charges
-,ﬁlncurred durlng such month and Asarco shall promptly pay the samer.
:?Asarco shall have the rlght at all reasonable t1mes to 1nspect alli
t:lrecords and data of Dunn in . ver1f1cat10n of all charges made, and
11*Tto make cop1es and extracts‘thereof and Dunn agrees to make and
%?;keep written records of all such costs and all pertlnentZT'

‘5f“ev1dent1ary data 1n support thereof and ma1nta1n the same for

'eAsarco s 1nspect10n and audlt for at leas_, ne year after the'

’*}termlnatlon of thls agreement.jlv




:fiS. f Addltlonal Cq;pensatlon to Dunn by Way’ of Royalty.

In the course of 1ts work hereunder Dunn sha11 make

-5; recommendat1ons to Asarco for m1nera1 prospect1ng of areas not”
wf'exceedlng approx1mate1y 100 square m11es..Such recommendat1ons'ff
fﬂfbsha.l be accompan1ed by ‘a detailed geologlc descr1pt1on ofpthe
area, the outer boundarles of the area recommended and suchimaps;

~ plans or sketches as w111 be helpful 1n explanatlon and support:of

i; the text of the recommendat1on. Asarco sha11 be free to rejectvin_

'“f;whole or 1n part any recommendatlon made by Dunn and upon reduest
fé_of Asarco, Dunn w111 confer w1th Asarco and dlscuss 1n any further
ﬁx;detall that may be de51red the reasons for its recommendatlon.
LﬁAIf Asarco does reJect a prospectlng area recommended by Dunn and
f{falf Asarco should w1th1n two years after the presentatlon to Asarco
;yof such recommendatlon engage in” prospectlng for m1nerals thereln,
’ﬁ,such prospectlng by Asarco shall be deemed to be done pursuant |
f?ito ‘the recommendatlon of Dunn and the terms hereof shall apply as‘
:iiln the case- of a recommendatlon made by Dunn and accepted and V
?performed by Asarco unless Dunn has already entered 1nto al
;remuneratzve relatlonshlp w1th another person or flrm recardlng
:the recommended area. Asarco shall owe no duty to Dunn to perform
;any work in a recommended area, or to contlnue w1th any work
'tprogram which may have been 1n1t1ated and 1f Asarco reJects any
%recommendatlon by Dunn, or accepts a recommendatlon by Dunn but
'*”igdoesn t begln exploratlon work w1th1n the recommended area w1th1n
ﬁﬁf'a year after sa1d presentatlon to Asarco or dlscontlnues work theref

v'?1n for more than a year after hav1ng begun the same and such delay:%i'

'Aﬁfpln beglnnlng oricontlnu1ng the work is. not'excused by causes beyond"




>Tfi;thcvreasonahle control of Asarco; then Dunn Shall bC free to
“Hrccommend any 'such areca’ to others than Asarco and free of any
.;5fob11gat10n hcreunder to Nsarco w1th respect to such area.l 1f
JxAsarco rcgects a recomnendcd area, or 1f 1t_accepts any- reconnen-«?
wl;}datlon but falls to obtaln any property 1ntcrest thercln w1th1nl .
tf;one ycar after such reconmendat1on is’ accepted by Asarco or 1f
f}Asarco abandons all property 1nterests 1t may have ohtalncd in. suc
tfjlrecommcnded area pursuant to 1ts sald acceptancc, then upon thc‘ ‘
?ﬁpexplratlon of two ycars after any such cvent and w1thout Asarco
’ﬁx?obtalnlng any property 1nterest in such arca 1n sa1d two- year
‘fperlod Asarco shall be free of any obllgatlon hereunder to Dunn é
‘.f:wlth respect to any such area, prov1ded that Salu two year perlod
'rﬁshall commence upon Asarco s, g1v1ng Dunn notlce of such?event.
lVotw1thstand1n5 the foreg01ng,‘1f an area rccommcnded by Dunn en-‘
:;compasses a substant1a1 portlon of a known mxnera11zed dlstrlct |
;f:ﬁln which commerclal n1n1ng operatlons arc thcn be1ng conducted
;con51sts 1n substant1a1 part of an arca w1th1n such a mlnerallzed
i;dlstrlct the foregomn two year 11m1tat10n shall not apply to .f
“.Asarco in case of Asarco s reJectlon of a Dunn rec0mmcndat10n )
4”fcover1ng sucn area or: Asarco s fallure to obtaln or its- abandonment-
'lof any property 1nterests thereln follow1ng 1tsAacceptance of such
"hurecommendatlon w1th1n the peTIOdS aforesald 'ano Asarco shall be "

,rfree of any obllgatlon hereunder to Dunn w1th respect to any

xproperty 1nterests acqu1red by Asarco}uw1th1n sa1d two year perlod

'after the occurrence of any of the aforesald events,'ln such

ﬁ:reconmended area 1f the domlnant, prlmary cause of Asarco s




acqu1;1t10n of any property 1nterest 1n such recomnended area'

'f w1th1n sald two year perlod was - other than Dunn 's recommcndatlon
f:or any work done by Asarco therein pursuant thereto. Asarco s
;2determ1natlon, if made in good falth shall control and be
fvblndlng on the partles hereto ‘w1th respect to the factual
7;questlons whether a recommended arca enconvasses a substant1a1
?hportlon of sa1d known m1nerallzed dlStTlCt or con51sts ‘in substane
 tla1 part of an area w1th1n such a dlStTlCt and whether Asarco s
-ﬁre -entry and acqulsltlon of any property 1nterests w1th1n such

“'recommended area w1th1n sa1d two years was domlnantly and prlmarlly_

fdcaused by the recommendatlon made by Dunn.h

Areas recommended by Dunn shall not 1nc1ude propertles in
M'whlch Asarco now has or may hereafter acqulrc any 1nterest (other
"‘tithan any acqulsltlon made by Asarco and covered hereunder), nor 1n
f:;any areas w1th1n a rad1us of ten mlles of any such propertles. If
tAsarco de51res to employ Dunn w1th1n any such excluded areas it wlll

- do- so by separate agreement w1th Dunn on a mutually acceptable

If Asarco recovers m1nerals from.anlarea recommended by Dunn;
hland unless such area 15 excluded by the aforesald terms from im:
*d] posing any obllgatlon on Asarco to pay Dunn a royalty for any-l
”;mlnerals recovered therefrom, Asarco shall pay Dunn a royalty

;rbased on net proflts as hereln deflned - as follows.

._;_a;*flf the m1nera1 1nterest in - the lands from whlch the -
:mlnerals are recovered are prlvately owned at ‘the tlme'dl

ﬁ}fof the Dunn recommendatlon’ Asarco w1ll pay Dunn a .




.'froyalty of flVe per cent ofvnet‘proflts,'w1tn f'
the optlon 11 Asarco to purchase sucn royalty
1nterest from Dunn, at any tlme, for the sum o
;'of $2 000 000 U S ‘currency,. sald royalty to‘

’be pald quartcrly,'or as otherW1se mutually

agreed
If the m1nera1 1ntcrest 1n the lands from wh1ch
the mlnerals are recovered are owned by the

'igovernmental authorlty haV1ng Jurlsdlctlon thereof

at the t1me of the Dunn recommendatlon ‘dnd such'
lands are open for staklng or clalmlng‘w1thout thefﬁa“fﬁ
3sneed of Asarco s purcha51ng from th1rd partles any
‘?prlor m1nera1 rlghts thereln of such thlrd partles;;.t7
ﬁrAsarco w111 pay Dunn a royalty of ten per cent of

;net prof1ts,'thn the optlon 1n Asarco at any tlnev

5to purchase half of such 10‘ royalty for $2 ooo ooo

'U S _currency, and at any tlmeito purchase the re-'

| malnlng half or?59‘royalty for‘the sum of $3 000 000

U S currency

The deflnltlon of nct proflts and the otner'obllgatlons off'

'the partles w1th respectﬂthereto are set forth, nESchedule A -

hereto attached and’"w




- Dunn agrees not to.recommend closely adJacent areas

;exceedlng 100 square mlles in total and recommendatlon of
fsuch areas by Dunn w111 not serve to g1ve Dunn any royalty
:rlghts hereunder in: the event Asarco recovers any m1nerals

.?therefrom and 1n the case of such areas 1n total exceedlng

-sa1d 11m1t 1n 51ze, Dunn s compensatlon shall be conflned to"

i

the sums set forth 1n Art1cle 4 above.jf'

Notw1thstand1ng that the 1ntent of the partles to thls
‘1;agreement 15 that the spec1f1c areas recommended by Dunn to ﬁ.fﬁ
:aAsarco for m1neral prospectlng shall each not exceed 100

asquare mlles, it 1s understood that there may arlse occaslonsbf“\_
when Dunn w111 deem areas larger than sa1d 100 square miles L
yworthy of recommendatlon hereunder, and 1n such case, Asarco,?f_g
| if 1n 1ts sole dlscretlon 1t so dec1des; may from t1me to SRRt
r.tlme wa1ve 1n wr1t1ng such 11m1tat10n 1n regard to certa1n

fiareas proposed by Dunn and all the prov151onsfof th1s agreement

fshall then apply to such areas.”:

Any sale or transfer by Asarco of any property charged w1th
‘_the payment of royalty to Dunn under the terms hereof shall not

,{laffect such royalty and the same shall contlnue to be a royalty

'5l1nterest 1n such property and cont1nue to be payable,by such

transferee'” r his’ successors ‘and a551gns




~t~.~5'_-v.;6.> Status of Dunn.:iﬁ”

- vDunn has the status of an 1ndependent contractor hereunder
Qand shall not be deemed an agent or employee :of Asarco nor
fshall any of 1ts employees or agents,ilncludlng Professors B1rd
;and Dewey, be deemed to be employees or agents of Asarco. _}tdu
shall comply w1th a11 laws.1n performlng 1ts serV1ces hereunder,;
'includlng such 1tems as workmen s compensatlon 1nsurance coverage{
f;unemployment 1nsurance expendxtures, etc. and a11 such costslf’"”‘

«tylncurred hereunder shall be relmbursable by Asarco to Dunn.

'7.tl.Not1ces;tel . o | |
B Any notlce hereunder sha11 be 1n wr1t1ng and may be served b
Dtby reglstered mall The t1me and : adt of postlng such notice

}ishall be deemed the t1me and g1v1ng thereof Such notice shall

‘ 'asifollows{"

Dunn a Assoc1ates, Inc;~

iﬁames R."

?f12018

American Smeltlng and Refln1ng Company
120. Broadway =
.~=7 New York City, New York 10005
‘ryﬂAttentlon "Exploration .and M1n1ng

ST ' Departments. E :

Elther party may glve notlcefto the other of dlfferent

~addresses or add1t10na1 addresses to;wh1ch any such notlce shall

3Qbe sent by regxstered mall.f




8. Arbltratlon Clause.-

In case of any d1spute hereunder between the part1es, the

*_same shall be submltted to, and be determlned by, arb1tratlon

5fh1n accordance w1th the rules of the Amerlcan Arb1tratlon Assoc1-

;hatlon.‘ The arb1tratlon shall be conducted 1n New York Clty

'"ifg.jf General. :
The artlcle headlngs are 1ntended for convenlence only and
'1¥sha11 not affect the 1nterpretatlon of thlS agreement.

L Thisﬁagreenent shaii befgoverned'bthheflaWSfof NveXork;"

X

IN WITNESS WHEREOF"

the partles have executed thlS

agreement as of the date flrst above wrltten

_JAMES R. DUNN § ASSOCIATES, INC.

. X

x $1denv'£'

N

/\/1

'

//i/"

A ~/¥,'\’,~V"‘

LEGAL AV"“"QA

3/1 71
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~ In consideration of American Smelting and Refining =

ffCompény'entering

‘into the above agreement, wc John F. Dewey

i],and John M. Bird,769 sgVera1iy agfeéftd'éomply’with and pérfofmi :
:ffthe obligation$ ihpo§ediﬁponQéabh5inuSbeﬂtheiterms'of’the 1 o :

above. agreement,
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