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MOLYBDENUM 17

Table 7.—Time-price relationship for molybdenum in
concentrate,' 1954-77

Average annual! price, dollars per pound

Based on
Actual constant

Year price 1977 dollars
1954 1.05 2.49
1955 1.10 2.55
1956 1.18 2.66
1957 .1.18 2.57
1958 1.25 2.68

~— 1959 1.25 2.62
1960 1.25 2.58 *
1961 1.40 7 2.86
1962 1.40 2.81
1963 1.40 277
1964 1.55 3.02
1865 1.55 2.95
1966 1.55 2.86
1967 1.62 2.90
1968 1.62 278
1969 1.72 2.81
1970 1.72 -~ 2,67
1971 1.72 259
1972 1.72 2.44
1973 1.72 2.30
1974 2.02 2.47
1975 2.48 2.76
1976 2.94 311
1977 3.68 3.68
1978P 4.52 4.21
.a— Py -~ -~

J Ve ("3 =g
" Prellmmary .

' Prices are weighted averages for each year. Price changes in 1977 and 1978:
Aug. 1, 1977, $4.01; March 7, 1978, $4.41; Sept. 1, 1978, $4.95; Dec. 29, 1978,
$5.19 (calculaled based on 4.75-percent increase from previous price).

istration (GSA). However, since 1963, these ma-
terials have been sold from the stockpile because
domestic reserves and production capacity were
considered adequate to supply national emer-
gency needs. By yearend 1977, no molybdenum
remained in the stockpile. Revised stockpile
goals announced in October 1976 and reaf-
firmed in 1977 by the Federal Preparedness
Agency (FPA) of GSA did not include molyb-
denum materials.

Although adequate to supply potential in-
creased needs in wartime, capacity is concen-
trated in relatively few mines and conversion
plants. Interruption of normal operations at the
major mines and plants due to accidents or labor
problems would significantly reduce availability.

ECONOMIC FACTORS AND PROBLEMS

Pricing

Table 7 shows the time-price relationship
since 1954 for molybdenum contained in con-
centrate in actual dollars and based on constant
1977 dollars. Actual prices are based on the pub-
lished price of the major producer, Climax Mo-
lybdenum Co. Historically, prices quoted by the
other large producers have not varied appreci-
ably from the Climax price, although byproduct
producers generally have listed their concen-
trate at prices slightly lower than that ot Chimax.
The lower price was due to either lower mol-
ybdenite grade or higher impurity content than

that of Climax concentrate. However, in re-
sponse to strong worldwide demand during
1978, other producers began to list prices for
concentrate and other products higher than the
Climax price quotes. In addition, U.S. producers
initiated a two-tiered price system in which
prices for exported materials were set higher
than for domestic sales.

The prices of other molybdenum products are
also quoted on a contained-molybdenum basis
and reflect, at least partially, the cost of conver-
sion. Technical-grade oxide, the major form of
molybdenum sold commercially, varies in price
among the major producers depending on pu-
rity, type of packaging, and whether it is bri-
quetted. Over the last 5 years, producer oxide
prices have ranged from 7 to 12 percent over
the concentrate price.

As of January 1979, Climax Molybdenum Co.
listed oxide, in cans, at $5.55 and ferromolyb-
denum at $6.38 (both per pound of contained
molybdenum) for domestic sales. A domestic
price for concentrate was no longer listed, but
an approximate price of $5.19 was calculated
based on the percent increase in domestic prices
on other materials for the last price change in
December 1978. Climax’s export prices were as
follows: Concentrate, $5.86; oxide, $6.56: and
ferromolybdenum, $7.71. Other major U.S.
producers listed prices for oxide and fterromo-
lybdenum above the Climax price quotes.

Although the bulk of producer sales are made
at listed prices, it has been reported that during
periods of oversupply in past years some dis-
counting prevailed, particularly for byproduct
concentrate and oxide. In contrast is the current
situation of somewhat restricted supphes and
byproduct oxide prices that exceed the Climax
list price. The strength of the 1978 market was
also attested to by dealer prices for oxide, which
have been listed as considerable premiums over
producer prices since 1976. Matenials supplied
by dealers represent, however, a relatively small
fraction of total domestic consumption.

Prior to 1974, producer prices for molybden-
ite concentrate and other products were char-
acterized by marked stability. Particularly
noteworthy was the 5-year interval from 1969
to 1973 during which listed prices remained
unchanged. The 1973 average price tor molyb-
denum in concentrate, when adjusted tor infla-
tion, was lower than it had been for the previous
20 years. During this period, the applications
and demand for molybdenum were consider-
ably expanded.

The presently prevailing market of generally
tight supply-demand balance and rising prices
began in 1974. Since early 1974, the price per
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October 16, 1979

Mr. J. H. Courtright
Tucson Office

Molybdenum

Dear Mr. Courtright:

Thanks for your memorandum of October 4.

I have no trouble with the concept that the Amax current molybdenum
market price has a good chance of keeping up with inflation over the
long-term. As pointed out in "Moly Study", molybdenum could be sub~
ject to periodic disruptions in the general pattern because a single
new major molybdenum mine can readily produce 10%-25% of present
world demand. (Compare this with copper, wherein a major new copper
producer of first rank might produce 2% of current world demand).
"Lumpiness™ of the molybdenum supply stream has been a factor in
prices in the past and will likely affect prices in the future from
time to time over relatively short-term periods.

For practical purposes in evaluating possible new molybdenum invest-
ments at any particular time, I think we should use the current Amax
molybdenum price at that time and current capital and operating costs.
As far as I know, this has been our consistent policy in the past.

I think we also all agree we should not use spot molybdenum prices
(although these may be very substantially higher than the Amax price
as they have for the past several years) because to do so for invest-
ment decisions would be frankly speculative. Speculation in commodi-
ties is a perfectly good way to make money but it is not a business
Asarco knows much about. PFurther, one rule in commodity speculation
is to stay liquid, and a mine is of course about the least liquid way
of tying up money there is. I realize your memorandum in no way
suggests that we should use spot prices for long~term investment
decisions, and am just throwing this discussion in because it is hard
for everyone including myself not to be impressed with the current
molybdenum profits we are making on what normally is a relatively
minor by-product.

Very tﬁg&g YOurs,

cws)
T. é/(l)sborne TN
cc: WIKurtz DMSmith
JCBalla FTGraybeal (all w/copy of Mr. Courtright's Memo)

REGale
ASARCO Incorporated 120 Broadway New York,N.Y 10005 (212) 732-9500
Telex:ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25991
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/' October 4, 1979

-~MEMO FOR:—T.-€. Osborne~

~EROMt——-—d-H: Gourtright
MOLY

Re;haps~you~haveﬂseenﬁthe recent USBM publication ----- "Molybdenum" by -
John T. Kummer, May 1979, _In.any-case, Some of the more important aspects o -
~>are summarized belowiz/// 4

In contrast to "Moly Study" (my memo of 6/1/79), '"Molybdenum" contains

the results of research on demand which is broken down into six end-use
categories for consumption in the USA:

Lbs Mo x 1,000

1977 Forecast year 2000
Transportation 13,000 46,000%
Machinery 21,9000 42,000%
0il § Gas Industries 9,100 34,000%
Chemicals 7,100 24,000%
Electrical » 5,200 , 12,000%*
Other 6,000 12,000%

As may be noted, the most rapid growth rates forecast is in transportation,
chemicals, and the o0il and gas industries. In respect to the latter, the
author states: "Increased activity in oil and gas production, refining,
(and pipeline transportation), and the possibility of molybdenum use in
coal gasification and liquification plants could combine to produce the
high of the forecast range, 41 million pounds, (in contrast to the "prob-
able" figure of 34 million pounds).

Production figures and demand forecast given are:

Lbs Mo x 1,000 _
1977 1980 (capacity) 2000

World production 206,000 284,000 '
World demand 205,000 630,000
USA demand 61,400 170,000
(1977-2000 compounded annually) 4.5%
Rest of world
(n " " " ) 4.8%
* 'probable" - which is a conservative figure between '"high' and "low"

figures in Table 10, page 20 of text.
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Memo—£for.T...C. Osborne— -2- October 4, 1979 S

According to the above projections, world consumption in the year 2000

will require tripling of 1977 production. However, other than a tabulation
of world reserves and possible resources in pounds of moly (total 42,500
million ----- 65% recoverable), the author makes essentially no attempt

to analyse production potential, particularly of undeveloped deposits and
prospects, but concludes: ''The currently prevailing world supply and de-
mand patterns are expected to continue at least into the mid-1980's, and
probably for the remainder of this century."

According to "Moly Study,'" western world production forecasts (based on
data for 30 deposits ----- operating mines, plus prospects with established
potential) show that an over-supply could occur by 1987-1990. However,
this assumes optimum production rates and a decline in demand to 3.4% per
annum by 1983 ----- and does not take into account the possibility that
development of some of the large-potential prospects listed, such as Quartz
Hill and Mt.Emmons, may be stymied by the environmentalists.

Thus, in view of projected demand, it appears reasonably possible, if not
probable, that the moly market price will keep up with inflation over the
long term.

J. H. Courtright

/

JHC:j1h- V%
no encls )
c.c. WLKur}z?FTGraybeal
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June 1, 1979
MEMO FOR: T. C. Osborne )

FROM: . J. H. Courtright
MOLY

Thanks for the loan of '"Moly Study', which I found to contain the results
of a fairly thorough investigation of current and potential production in
the Western World. Data on present producers appear fairly accurate, but
some erroneous grade figures are shown for potential future producers; for
instance, Mt. Tolman, Washington State, is listed as .16% Mo, rather than
.08% Mo (published grade), and Thompson Creek .09% Mo instead of .15% Mo
(published? grade). Nevertheless, in general their projections of possible
future supply appear reasonable. ) :

Assessment of supply, however, is only half the picture. The other half,
demand, is of equal or greater importance, but it is stated (page 23),

"We have not attempted to detail the future moly consumption market by
end-use markets..... ". Yet this type of research is precisely what is re-
quired, I believe, to properly evaluate the future of moly, particularly .
“from the standpoint of exploration.

In the matter of price forecasting, they state (page 5) '""Moly concentrate
pricing could reach §6.50 per pound by 1983, with the spot market at times
in the $9.00 to $11.00 range.'" All are aware, of course, that the Climax
quote has been around $6.80 for the past month, with dealer prices as high
as $27.00.

As stated in my memo of 2-3-78, '"One of the principal uses of moly is in
large diamter steel pipe for oil and gas transmission.'" The "Moly Study"
forecasts moly consumption growth as declining from 7.5% (yearly increase)
in 1978 to 3.4% in 1983. Not being based on research, this should be rated

~as nothing better than a ‘'guesstimate." In my opinion, the current high
demand growth could last as long as the "energy crunch'" persists ---- the
end of which is certainly not now in sight.

The Moly Study will be returned under separate cover.

J. H. Courtright.

JHC:j1h
c.c. W.L.Kurtz/F.T.Graybeal
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February 3, 1978

MEMO FOR: T. C. Osborne

FROM: J. H. Courtright

MOLYBDENUM

Qur somewhat negative attitude in respect to moly exploration in the
past few years has hinged largely on the "Henderson threat®, a large,
relatively high-grade deposit with a projected production of 50 million
lbs/yr. However, after a sharp drop in 1971, consumption increased
dramatically and is expected to grow at 7% per year (Amax annual report,
1976). World consumption in 1976 was estimated at 182 million 1bs -—-
—— 14 million 1bs greater than production.

Henderson is expected to reach full capacity by 1980. Although this
would approximately equal the 7% per year increase in consumption (in

4 yrs), the long term outlook is still very favorable according to an
article in the January 13, 1978 issue of Mining Journal {excerpt attach-
ed).

Of particular note is the statement that one of the principle uses of
moly is in large diameter steel pipe for oil and gas transmission. "Demand
in this area appears 1ikely to remain strong for some time to come'".
Among other items of significance in this article: (1) '"The Communist
World is expected to become even more dependent on imports', (2) "Another
increase in prices of 8% to 10% early in the current year has been

forecast....".

I believe the foregoing justifies a more aggressive stance in moly ex-
ploration and also points up the need for more literature search, partic-
ularly statistics, in an attempt to anticipate medium to long term
markets in non-ferrous metals as well as other commodities.

-t W

J. H. Courtright.

JHC:jlh
attmt
c.c. S.VonFay
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Exploration Department

T. C.Osborne
Director of Exploration

February 13, 1978

Mr. J. H. Courtright %?”Q}
Tucson Office p///

Molybdenum

Dear Mr. Courtright:

Thanks for your short memorandum of February 3. I agree we should up-
date our information and this procedure has already started.

As I recall it, our "somewhat negative attitude” in the early '70s was
essentially toward the question of deep wildcat drilling for "stacked"
deposits. This was the result not only of potential oversupply, but
alsc the problems associated with trying to maintain low mining costs
at depths of 3000 and 4000'. In fairness, I think if a reasonable open
pit exploration proposition had come along we would have taken it.

The question of how far we should go in drilling deep wildcat holes for
molybdenum is still a trcublesome one. At the moment this may be largely
academic since we don't have the drilling money, but this could be the
time we should be accumulating prospects. I have in mind sending out

a general memorandum on this subject but wish to wait until my thoughts
crystallize a little more. From past experience, one must be very care-
ful about sending out any kind of general instruction which too often

is treated as divine revelation by the staff with consequent over-
reaction one way or the other.

Very truly yours,

(Y 2

T. C. Osborne

cc: SVonFay
WLKurtz

ASARCO Incorporated 120 Broadway New York,N.Y 10005 (212) 732-9500
Telex:ITT 420585 RCA 232378 WUI 62522 Cables: MINEDEPART Telegrams: WU 1-25891
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PROPOSALS FOR DEVELOPMENT OF U.S. MOLYBDENUM DEPOSITS IN COLORADO AND ALASKA; GOLD-COPPER
DEPOSIT AT Ok TED! IN PNG GAINS DEVELOPMENT APPROVAL; NiCKEL PLANT AT RUSTENBURG, SOUTH AFRICA;
MINERAL OUTPUT OF RWANDA.

Molybdenum developments in Colorado and Alaska

WHAT is described as a ‘very
challenging’ undertaking is being
pursued by Amax Inc. in order to
bring to production its Mount
Emmons molybdenum prospect
in Colorado, U.S.A. Such is the
planning and thought which has
gone into the proposed develop-
ment of this prospect to a pro-
ducing mine by 1989 that it is
confidently expected that Mount
Emmons will serve as a model
for development of future mines,
according to a recent issue of
Climax Molybdenum Co.’s
Molybdenum Mosaic.

Increases in molybdenum sup-
ply to meet the ever-growing de-
mand for the metal must be met
by increased production at ex-
1STINE MINES, OF OULPUL [TOIN [EW
ones. One such potential pro-
ducer of major importance is Mt.
Emmons, located in Gunnison
County, southwest Colorado. It
is one of the world’s larger Mo
deposits, grading 0.44% MoS,
before dilytion by mining. Its
reserves (including those of
Amax’s operating mines and
other prospects) are given in
Table 1. The Climax and
Henderson mines are also in Col-
orado, Kitisault is in British Col-
umbia, Canada and Mt. Tolman
in Washington state, U.S.A.

The Mount Emmons deposit
lies roughly 365m (1,200ft) below
the surface on the south flank of
the mountain, beneath a depres-

_sites are shown in Fig.

sion known as Red Lady Basin.
Like the Henderson and Climax
deposits, it is approximately cir-
cular in plan view and looks
much like an inverted tea cup.
The orebody is about 760m
(2,500ft) in diameter and roughly
90m (300ft) in average thickness.
Exploratory drilling programmes
thus far, both from the top of
Mount Emmons and from the
old Keystone Mine tunnels, have
identified molybdenite reserves
of 155 million tons at an average
grade of 0.44% MoS,. At an an-
nual production rate of from 10
to 14 million kg (23 to 30 million
ib) of molybdenum, the mine
would have a useful life of about
25 years.

Fia“b ;Ul (iIC l“;“c d.lll.i l“ii;
1. The
location and configuration of the
deposit are such that
underground rather than open
pit mining methods are most ap-
propriate. A panel cave method
of mining, similar to that used at
Climax and Henderson, will be
used. The ore will be transported
by gravity down to a gathering
level, and moved to the primary
crusher at the mine site. Crushed
ore then will be sent by either rail
or conveyor belt to the mill site
approximately 19 km (12 miles)
away where MoS; will be ex-
tracted by conventional grinding
and flotation methods. The ore
haulage corridor will include an 8

Mount

Kebler Pasé

Last River,

g
=(&

Red G
Mountain <
[+

)

Fig. 1 The Alkali Creek plan showing proposed development of
the Mount Emmons molybdenum deposit in Colorado, U.S.A.

km (5 mile} tunnel beneath
3,700-m (12,000-ft) high Mount
Axtell, and an 11 km (7 mile) sur-
Tave ULt liatiage sysicii.
tire facility is being planned so
that it will minimize any negative
impacts, environmental and
otherwise, on Gunnison County.
The Alkali Creek area was ten-
tatively chosen for the tailing
disposal system because it is an
off-stream unforested region
with little visibility from Col-
orado State Highway 135, the
principal road between Gunnison
and Crested Butte (Fig. 1). The-
Ohio Creek Road will be improv-
ed to provide access to the miil
and mine sites from Gunnison
where it is anticipated most of
the project’s work force would
live. The mill water system will
be a closed-ioop system to avoid

)
1L e

Mine
Climax — Open Pit
— Underground

Henderson — Underground
— Underground

Kitsault — Open Pit

Mount Tolman — Open Pit

*as of November 30, 1979
**estimated

Mount Emmons — Underground

Table 1 — AMAX's Molybdenum Mines and Prospects

Estimated Reserves*
Start Up miliion tons - average grade
60

1973 0.299%MoS, 17-20
1918 292 0.313%MoS, 36-44
1976 254 0.419%MoS, 50
- 154 {possible} 0.362%MoS, -
19814+ 105 0.192%MoS,  9-10°*
1984+ 900 0.10%MoS, 20
M
196082 155 0.44%MoS, 23.30°*

W\

Projected
Annual Production
{mittion ib Vio)

Mining Magazine — April 1980

- Corp.,

any discharge of process water
into the East and Gunnison
vaers A tailing slorave capacity

AnAn
Ul U0 v oo sanoe Lo nBod

been designed in such a way that
probable floods will be controll-
ed and the integrity of the tailing
dam assured.

It will require more than 700

million dollars in investment and
more than ten years of planning
and development before the
Mount Emmons Mine can be

brought into production, pro-
bably around 1989.

Amax Environmental Ser-
vices, Inc., is carrying out an ex-

1ensive, comprehensive baseline
study of areas which might be
affected by mine or mill facilities.

Another molybdenum deposit
known to be among the world’s
largest is that called Quartz Hill
in Alaska. Discovered in 1974 by
the U.S. Borax and Chemical
and lying some 45 miles
cast of the town of Ketchikan in
the southeast of the state (map
p.312), drilling to date has shown
the deposit 10 contain at least 700
million tonnes grading 0.15%
MoS, with the ultimate size and
depth of the deposit as yet
undetermined. A drilling pro-
gramme initiaied last year had
the objective of providing a more
complete picture of geology,
structure and grade.

This project, too, is nearing
the end of the exploration phase

3N
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Fig. 2. U.S. Borax
& Chemical Co.’s
Quartz Hill Mo
deposit is situated
in the Tongass
National Forast in
southeast Alaska,

and is now in the initial stages of
development planning; it s,
however, at least three years away
from being sufficiently well
delineated to make a final deci-
sion on economic feasibility. One
of the key Tactors relating to this
is the need for bulk sampling to
provide sufficient ore for pilot
plant metallurgical tests. Should

a go-ahead decision be a made,
mine/plant construction would
require a further 3 years and the
mine’s productive life is cur-
rently put at 40 years.

A key factor in this develop-
ment {as also with Mount Em-
mons) is the environmental im-
pact assessment. This is par-
ticularly pertinent in this part of

Alaska as the mine lics in a Na-
tional Park. A baseline en-
vironmental study is already
underway. The mine itself would
be opencast, but as the ore is
near-surface a minimum of over-
burden would be removed. Two
alternative  tailings  disposal

methods are being considered:
on land, or by pipelining into the
deep waters of Boca de Quadra
fjord,

For the proposed 40-60,000
tonne/day ore mining-milling
capacity, a capital investment of
some $400 million is nceded.

Government aporoval for

PRIG's
deposit.

THE Papua New Guinea
government has formally
announced its conditional

approval for the development of
the gold-copper deposits at Ok
Tedi, in the remote Star
Mountains in the centre of New
Guinca close to the border with
Irian Jaya.

The deposit was initially
discovered and investigated by
Kennecott, which however
withdrew in 1975 when it
considered itself unable to agree
development terms with the PNG
Government. The latter then set
up the Ok Tedi Development
Company so as to continue
investigation and a programme
of exploratory drilling involving
18 holes totalling 4,037m was

Ok Tedi Aw-Cu

completed in 1976, indicating
reserves of 200-250 million
tonnes grading 0.8% Cu (Mining
Magazine, July 1976, p. 6).
Preliminary investigations of
gold content and metallurgical
testwork were also carried out,
and following these the PNG
Government entered into
discussions with Dampier Mining
Co., a subsidiary of The Broken
Hill Proprietary ~ Company
(BHP) of Australia with a view
to the latter carrying out further
investigations.

Late in 1976 BHP: succeeded in
establishing " a consortium to
develop the property, which has
been carrying out more detailed
studies since that time. BHP has
a 37.5% holding in the
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Moly dealer quotes in four-month slide;
static market likely to persist

The speculative boom in molybdenum came to an end in the
first quarter. Spot moly oside prices, which held at between
$20 and $30 per 1b throughout most of 1979, have plummeted
in the last few months, dropping to $9.60 this week. The 6377
decline from the record high ol $32 per Ib last June has not
come as a surprise, but it does seem to foreshadow some major
changes in the moly market.

Analysts predict that for the first time in seven years moly
supplies may exceed demand in 1980. Last year's shortage was
aggravated by a nine-month strike at the fourth-largest moly
mine in the world, Placer Development’s Endako project, and
by a one-month strike at Brenda Mines. In addition, produc-
tion at Kennecott’s Magna, Utah, mine was less than ex-
pected, and Molycorp’s Questa, NM, operation was plagued
by production problems.

The gradual reduction of the force majeure at Enduko—
from 50% in November, to 30% in December, to 10% in
March, to zero in April—and the planned development and
expansion of several moly deposits have eased worries about
shortages and depressed free market prices. According to a
source at the US Bureau of Mines, “Consumption seems to
have reached a plateau, and we don’t see much indication of
change.”

Meanwhile, several companies have committed themselves
to increasing production. In 1979, Duval and Cyprus Mines
reopened their Esperanza and Pima copper mines in Arizona
for moly production. Codelco began a project to increase its
moly recovery from 52% to 70%, and Amax started evaluation
of a 900-million-ton deposit in Mount Tolman, Wash., and a
165-million-ton deposit at Mount Emmons, Colo. Amax also
hopes to have its Kitsault, BC, project contributing 9- to 10-
mitiion ppy by i¥s1. 1N addition, U3 Bordx ias been studying
Alaska's Quartz Hill moly mine, estimated to contain at ieast
2-billion b of recoverable moly. Teck Corp’s copper-moly
mine in British Columbia should add another 35-miilion Ib to
world output between 1981 and 1984. And, if developed by Cy-
prus mines, the Thompson Creek deposit in 1daho will supply
15- to 20-million ppy by mid-1983.

Undercutting the spot market

The plans to increase capacity cannot be blamed for the
precipitous drop in moly prices last quarter, however. Ana-
lysts and merchants say that judicious buying by the Japanese,
agressive selling and discounting by the Chileans, and the
forced unloading of low-grade material have all pushed moly
prices downward. In addition, the strike at British Steel Corp.
allowed producers who usually supply the company to ship
early to other customers, thereby undercutting a large portion
of spot market activity. The retrenchment of European steel
production has further depressed the market.

The outlook for moly, according to most traders, is bleak.
They insist that prices have bottomed out but expect a static
market well into the second half. While they are hoping free
market prices will not fall below current producer prices of $9-
9.50 per tb. they point out that only 4 long copper strike this
summer can revitalize the market.

Elsewhere in ferroalloys. ..

Buyers waiting for cobalt prices to slump along with those of
other metals are being advised by both traders and
producers not to hold their breath. While the cobalt
market has heen quiet during the Last two months, there
are na reports of producers discounting from their $25-
per-1b list price. Similarcly, spot prices of around $23-
23,30 per 1b have remained irm sinee the start of the
year. A few producers have noted @ slight downturn in
demand. but they point out that it began to show up only
in April. Meanwhile, there is speculation among traders

that the recent increase in inquiries from cobalt buvers
has been caused by praducers sitting on supplies rather
than discounting. Few dealers however, have much co-
balt on hand tor prompt dehivery, however, and granules
are in particuliarly short supply.

GSA awarded regular-grade tungsten [rom its Apr. 22 auction
to Kennametal and Ly International. Kennametal
bought 3.945.796 stu of Category A synthetie scheelite
at $130.167 per stu, and Lt Internationad purchased
5.916.06 stu of synthetic scheelite for export at $130.18.
Meanwhile, the US spot ore market was virtually life-
less, with no sales reported. The LMB quote continued
to slip, dropping $1 on the fow to $138-144 per mtu.

Climax’s molybdenum concentrate roaster in Rotterdam shut
down on Apr. 22 as a result of mechanical difficulties,
and a company spokesman said repairs will take
two to three weeks. In the meantime, Climax’s US
conversion facilities will increase their production to
cover lost output. The Rotterdam roaster reportedly
produces 14-million ppy.

In brief: Seltrust Holding plans to raise production capacity at
its Agnew nickel project in western Australia by 60%,
from the present 10,000-mtpy level to 15.000-mtpy over
the next five years. Production at the mine, owned 60%
by Seltrust and 40% by MIM Holdings, began last
July.... The MW dealer moly oxide price, which
seemed to be firming during the third week of April,
resumed its downslide last week, dropping to $9.60-
10.35 per 1b from $10-10.65, based on transactions of
165 tons. Ferromoly mimicked the downward trend,
causing the quote to widen to $11-12 per lb from
$11.50-12.

AMMIMMAD RMAETAL @

Cadmium producers move to $3 list price

US cadmium producers last week followed New Jersey
Zinc’s Apr. 21 price cut to $3 per tb from $3.25. Asarco,
Bunker Hill, and National Zinc lowered their cadmium metal
prices on Apr. 28, while Amax moved the next day. Asarco
also announced 25¢-per-lb decreases for cadmium oxide, cad-
mium powder, and cadmium sulfide, lowering them to $3,
$3.75, and $3.40, respectively.

Meanwhile, the free market cadmium price dropped to
$2.35-2.50. Analysts generally attribute the 20% decrease in
spot prices during the past month to stale-bull liquidation—in
other words, the drying-up of sales and the failure of higher
metal prices to materialize has caused speculators to liquidate
stocks. Some observers, however, point out that private specu-
lators. who had never before invested in cadmium, bought up
substantial posijtions late last year and have recently been
foreed to liguidate holdings because margin calls on their other
investments, notably silver, are coming due.

Bismuth prices, which usually drop in sympathy with cad-
mium, held last week at $2.70-2.85, but traders are not opti-
mistic about the future. Antimony showed signs of weuakening,
especially because of a fulloff in demand from Eastern Europe.
The quote fell 3¢ to $1.55-1.62 from $1.58-1.65. The MW
mercury price was unchanged at $405-415 per {1
Elsewhere in minor metals....

African Metals ruised its germarium dioxide and germanium
metal prices Apr. 28 because of further weakening of the
dollar against the Belgian frane. Germanium dioxide

rose to $371.50 per kg from 3339, and germanivm mewad
increased to $652 per kg from $630.25.

Minera Mexico Internacienal riised the price of its Sun Luis
arsente trioxide by 3¢ per th, to 35¢, effecuve May 1.

May 5, 1980 » METALS WEEK
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TO: W. L. Kurtz
FROM: F. T. Graybeal

Lead~Zinc Hineralization as a Guide
to Porphyry Molybdenum Targets

The relationship of Pb-Zn mineralizatlon, either in veins or massive
sulfide replacements of limestone, to the Mt. Emmons (Colo.), Mt. Hope
{Nev.), and Pine Grove (Utah) molybdenum deposits is well known. In these
areas the Pb-Zn occurs primarily above the porphyry-asscciated molybdenum
mineralization and the occurrence of other Pb-~Zn deposits in known molybdenum
provinces must be regarded as a potentially useful vertical zoning guide to
underlying molybdenum targets. Small Pb-Zn deposits are exceedingly common
tn the western United States and often come to Asarco as submittals. ‘these
have been generally assessed on their merit as potential Pb-Zn mines. in
the future, the potential for deeper mineralization should be considered.

| suspect that certain geochemical criteria exist which may indicate
whether or not the prospect is related to a concealed molybdenum-bearing
porphyry such as anomalous Mo, F, Sn, and W. Unfortunately Mo and W are
common in skarns, but are they common in massive sulfide replacements of
limestone where lime silicate alteration is ebsent? This may be an important
distinction. ‘

l was interested iast Summer in the emission spectrographic anralyses
reported by Jim Sell during his reconnaissance for replacement mineralization
in the Leadville Dolomite in Colorado. Frequently,. anomalous Mo values were
noted. At the time | assumed that this was simply part of the overall
anomalous metal suite, but now | wonder whether these anomalous vaiues might
be related to a deep-lying porphyry molybdenum target. To my knowledge we
did not get F in the emission spectrographic analyses, although it is known
to be somewhat widespread around porphyry molybdenum deposits. As | recall

. there were only limited or no anomalous W and Sn values reported, but the
emission spec. detection limit of 50 ppm for W may be too high., In addition,
the dispersal of Mo~W-Sn around porphyry molybdenum targets is reportedly
very restricted. [t is pessible that some of the Pb-Zn limestone replacement
districts in the Colorado Mineral Belt may be the vertical expression of
deeper porphyry molybdenum mineralization. Such zones would be concealed
by the widespread nature of the Pb-Zn mineralization and the relative
absence of quartz porphyry stocks even though quartz porphyry sills may be
abundant.

The tendency for molybdenum deposits in the Colorado Mineral Belt to
cluster in the 25-30 million year age range puis constraints on which limestone
replacement districts might be favorable for porphyry molybdenum exploration,
regardliess of the geochemical expression. The attractiveness of these
targets would only be diminished to the extent the geologist believed that
all molybdenum deposits werce conflined to a specific age range.

If there is a porphyry molybdenum target under the Lcadville District
It Is probably quite large. The fact that Climax Is only 10 miles distant
is Intriguing. 1 would be most interested in a geochemical grid sampling



W. L. Kurtz -2 - May 3, 1979

program in the Leadville District and other selected limestone replacement
districts which emphasized detection of elements in addition to Pb and In
that commonly occur as anomalous halos around and above molybdenum deposits.
The difficulty of applying this concept to the Leadville District involves
our relationship with Newmont to whom we would not want to reveal an intent
to look for anything other than Black Cloud mineralization.

| have recently discussed this subject with several people in greater
or lesser detail and put my thoughts on paper to perhaps generate additional

thought and discussion. Although we are talking about relatively deep,
vertically-zoned targets the exploration risk is reduced by the relatively

high grade of porphyry molybdenum targets.
‘ /«"ﬁ ','r H
(ﬁ%‘ l./ﬁaﬁﬁdngaﬂxﬁj
e Y *uc.f:f\'..

F. T. Graybea1
FTG:1b

cc: JDSell '
GJStathisl//
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Mining Journal —

November 9, 1979

Ro Ciear Direction

With the year well into its final quarter,
conjecture on base metal prices in 1980 is
now of more immediate interest to both
consumers and producers. The latest
forecast from Metals and Minerals Research
Services Ltd., predicts lower prices in real
terms in 1980 compared with 1979 with the
possible exception of zinc. Despite the
dramatic increase in oil prices however, a
return to the deeply depressed price levels
experienced in the wake of the 1973-74 oil
crisis is not envisaged.

Speaking at a conference on commodity
investment in London this week, the
dll‘ECIOl’ of MMRS, Dr. Wyn Dav1es, sa1d
tuat wherc pluuut.cxa caun wacll a u.\,g,u.\. of
control on supplies as in the case of
aluminium, nickel and zinc, prices should
be more stable. Higher production and a fall
in consumption could see prices for copper,
lead and tin weaken but aluminium prices
are expected to remain strong. A firm zinc
price is predicted, as despite an anticipated
consumer decline, smelters are now
believed to be in a better position to hold
back zinc and hence bring it back into
balance with demand.

While the balance between supply and
demand will continue to exert the
fundamental control on price levels,
increasing investment interest in metals as
an inflation hedge is assuming greater
significance, and in the case of copper, the
substantial premiums now developing for
good quality metal is also of growing
importance.

Uptrend for Copper

Copper closed on a strong note on the
LME last Friday and in line with the firm
tone in New York, cash wirebars gained

"£13.50 to close £48 up on the week at

£975/tonne. The market strength was
sustained initally this week but by
Wednesday, profit-taking and a general lack
of consumer interest aided to some extent
by news that Zambian copper exports will
not be affected by the recent Rhodesia-
Zimbabwe Government ban on maize
supplies to Zambia, saw cash metal slip

L SES meTaLs/ores

back to around £956/tonne with a contango
of £20.

Tin Rides High

The coup last Thursday in Bolivia and
the failure thus far, of Congress to give a go-
ahead for the sale of U.S. stockpiled tin,
were the key factors which produced a late

surge in LME tin prices last week. Cash
metal gained £180 on Friday to close at
£7,890/tonne and in Penang, the Straits
price climbed to $M2,07 1/picul. This week,
fresh shipments of tin have arrived in
Europe and the nearby supply squeeze in
London has eased somewhat with the result
that cash metal has now Iailen back 10
around £7,630/tonne.

fMixed Fortunes for Lead and Zinc

In spite of a recovery last Friday, lead
prices slid further this week and by
Wednesday cash metal had retreated to
£564/tonne.  Recent  producer price
decreases to around 57 cent/lb have had
little positive impact on buying interest and
with the market price still considerably in
excess of the producer price, dealers are
reported to be switching to zinc which is

\holding steady at around £340/tonne.

Mo P
Bright Future for Moly

Notwithstanding a weakening of free
market molybdenum prices in recent weeks,
the premiums over producer prices still
exceed 100%, and with current demand
likely to remain strong and stock levels at
practically  zero, the outlook for
molybdenum is bright. Amax chairman
Pierre Gousseland said in Frankfurt this
week that the near boom in demand for
alloyed steel experienced since the end of
last year had led to supply bottlenecks in
molybdenum. The company  expects
worldwide consumption to rise by 6% ..
annually over the next few years and hopes
to increase it own production by 50%
within five years, aided by the openmcr of
iree new mires in North America (M7,
"October 76; p.367).
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LME Prices and Turnovers

. November 1 November 9
Closing Prices Buyers Sellers | Buyers Sellers
COPPER tonne basls tonne basis
Wirebars
Cash .......... £954.5 £955 £964  £965
Three months. . . . £969.5 £970 £979.5 £980
Cathodes
Cash.......... £941 £942 £945 £948
Three months. . . . £953 £954 £960 £963
TIN
ngh grade
Cash .......... £1,745 £1,755 £7,650 £7,660
Three months. . .. | £7,480 £7,490 £7.490 £7,500
Standard
Cash .......... £1,740 £7,745 £7,650 £7,660
Three months. ... | £7,460 £7,470 £7,490 £7,495
Straits ......... $M2,030 $M2,058
LEAD
Cash .......... £594.5 £595.5 £568 £568.5
‘Three months. . . . £585 £5855 £565 £566
ZINC
Cash .......... £319 4320 £333 £335
Three months. .. . | £320 £330 £343 £3435
SILVER*

Cash .......... 793p 784p | 789 91p
Three months. . 798p 806p 807p
’ALUMlNlUM
£825 £830 £825 £830
£795 £796 £7%0 £192
£2,730  £2,760 £2,770  £2,780
Three months. ... | £2.810 £2,820 £2,815 £2,820
*piTroy oz $Malaysian/picul

LME warehouse stocks on November 2 and
turnovers for the week ending that date:

London Prices

Maetals

Aluminium (99.5%) $1,725-$1,745/tonne cif
Free market $1,750-$1,800
Antimony
Free market (99.6%) $3,150-$3,200/tonne cif
Arsenic (U.K. 99% lumpy) £2,775/tonne
Bismuth (U.K. producer $9.95%) $5.00/1b
Free market $2.40-$2.70/1b cif
Cadmium (Commonwealth 99.95% sticks) $3.00/1b cif
Free market (sticks) $2.20-$2.301b cif
Free market (ingots) $2.20-$2.30/1b cifl
Cerium (U.K. 99%) £35/kg d/d
Chromium (U.S. 99% lump) £3,300-£3,450/tonne d/d
Cobalt (U.S. producer) $25/b cif
Copper (U.S. producer wircbar) 95.625-98.250c/1b
Gold £187.30 ($392.50)/iroy 0z
Indium (U.K. bars 99.97%) $16.50/troy oz d/d
Iridium (sponge and powder) $235-$255/troy oz d/id

NOVEMBER S8

Lead (U.S. producer) 57-63c/lb d/d
Magnesium (8kg ingots) £1,369/tonne d/d
Manganese (U.K. electro 99.55%) £650-£655/tonne d/d
Mercury Free market (99.99%) $305-$315/flask
Molybdenum (U.K. powder) £16.00-£18.00/kg
Nickel (U.K. producer price} $3.00-$3.051b
Free market $2.58-$2.80/1b
Osmium (U.K.) $120-$150/troy oz
Palladium (U.K. producer} £66.00-£70.75/troy oz d/d
Free market £67.55/troy oz
Platinum (U.K. & Commonwealth refined)
£185.50-£195.00/troy oz d/d
Free market £247.30/troy oz d/d
Rhodium (U.K.) $800/troy oz d/d
Selenium (Canadian 99.5%) $151b d/d
Free market $9.90-$11.00/1b cif
Tellurium (U.K. lump and powder 99-95%) $20-23/lb did
Titanium (U.K. sponge 99.3%) £3,400-£3,600/tonne cif
Tungsten (U.K. powder 90.99%) £12.57/kg d/d
Zinc (Eur. producer) $780/tonne gob
(U.S. producer) 35.00-£37.50c/1b d/d

(Smcks Stocks Turnovers
tonnes’ revious] tonnes;
COPPER ) @ ) ¢ )
Wirebars 113,500 114,825 89,500
Cathodes 32,150 32,225 3,900
TIN
High grade 715 940 20
Standard 875 1,005 4,635
LEAD 20,850 20,800 41 600
ZINC 46,175 46,275 1,725
SILVER 11,310,000 0z 14,360 000 0z 9. 970 ,000 oz
ALUMINIUM 14,500 13,400 26,025
NICKEL 5,538 5,574 1,830
Ores & Oxidas

Antimony ore (60%) $23.00-$24.75/tonne unit cif
Beryl (10% BeQ) $36.00-$40.00/s. ton unit BeO cif
Chrome .

Russian (lumpy min. 48% Cr,0,) $100-§110/tonne cif

Transvaal (friable lumpy, basis 44%) $55-$65/tonne cif

Turkish (lumpy 48%) $95-3105 tonne fob
Columbite {min, 65% comb. oxides) $10.00-$13.00/b cif
Ilmenite (Malaysian 52-54% Ti0O,) $A17-8A19/tonne fob
Manganese ore

(48-50% Mn max. 0.1% P) $1.34-$1.36/tonne unir cif
Molybdenite

(conc. min, 85% MoS,) $8.84/1b contained Mo cif
Rutile

(Australian 95-97% TiO,) $A335-$A365/tonne fob
Vanadium (Highveld fused min 98% V,0,) $2.75/b cif
Wolfram/Scheelite (65%) $140-$144/tonne unit
Zircon Sand (Australian 66-67% ZrO,)

(standard) $A80-$A85/tonne fob packed

{premium) $A85-$A95/ronne fob packed

s T
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5UMMARY FINDINGS ON MOLY PRICING AND BY-FRODUCT CAPACITY

Moty Pricing:

The outlook to 1983 is very favorahle, barring any major
economic downswing. Moly concentrate pricing could reach $6. 50
per pound by 1983, with the spot market at times in the $9. 00 to $11. 00
per pound range,

However, after 1983 the moly supply/demand situation
could become critical, either one way or the other. The possibility
of too many prime units coming on-stream too fast could cause sub-
stantial oversupply and significant price deterioration (down to the
$3.00/1b. area in the posted market and $2.00/1b. in the spot market,
On the other hand, the lack of any new prime units, would lead to
prolonged shortages and rapidly ;'ising prices. We have reviewed
these alternatives under Options #1 through #4. (Please refer to MOLY

PRICING section in this study and the Supply/Demand section).

Co/By-Product Moly:

We believe up to 30 million psunds of annual co-and-by-
product moly can be added to the Western World market by 1983,
From 1983 to 1990, another 20 million pounds could theoretically be
added. In many cases, this by-product moly can be added both quickly
and cheaply. Although this incremental by-product poundage is not
too large, do not discount its effect on the market since its theoretical
total by 1990 does add up to the potential size of the Henderson prime
project (50 million lbs.). (Please refer to the section on Co/By-Froduct

moly capacity additions).

[N
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SUPPLY/DEMAND IN THE WESTERN WORLD

Up to 1983:

We have projected Western World moly supply/demand to
1983 in Table #4 . The consumption growth rate assumption is a's
follows:

Growth in Western World Consumption

1978 7.5%
1979 7.0%
1980 6.5%
1981 5.7%
1982 . 5.4%
1983 . 3.4%

Eastern bloc-imports are assumed to rise to 20 million
pounds by 1981 and then level-off at 15 million ppy. Western World
mine production by 1983 assumes a moly production increment of
75.9 million pounds., (Please refer to Table #7 ). Under these
assumptions, we foresee a favorable moly supply/demand picture

in the Western World up to 1983. -

After 1983:
We have set-out a series of four options that the Western
World molybdenum industry could take in their future moly mine
development programs. These four options are presented in Tables #5 & 6
and can be altered using other assumptions, Obviously, if the in-
dustry trends toward Option #1 a'nd #2, shortages will develop, and
yet Option #4 would probably be the mirror image of the nickel
industry of the 1970's.. |

e
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TABLE #4 INDEPERDENT METALS RESFARCH
SUMMARY '
WESTERN WORLD MOLYBDENUM SUPPLY/DEMAND FORECASTS
(millions of pounds of contained MO)
1975 1976 1977 1978 1979 1980 1081 1982 1983
Western World Supply
Mine Production 159.6 176.2 183.9 195.7 207.9 220,1 236.6 250.6 259.8
G.S.A. Sales (stockpile) 3.0 1.0 - - - - - - -
TOTAL 162.6 177.2 183.9 195, 7" 207.9 220.1 236.6 250.6  259.8

>

Western World Demand

Consumption (1) 155.0 169.0 173.0 186.0 199, 0(1) 2i2.0 224,0 236.0 244.0
Eastern-bloc Imports (2) 15.0 15.0 15.0, 17.0 18.0(2) 18.0 20.0 15.0 15.0
TOTAL 170.0 184.0 188.0 203.0 217.0 230.0 244,0 251.0 259.0
- Shortage, + Surplus -7.4 -6.8 4.1 -7.3 -9.1 -9.9 -7.4 -0.4 +0.8

(1) Consumption: We have not adjusted our consumption forecasts for possible recession years (1979, 19837?)
and leave this up to individual assumptions, However, our consumption forecasts do include our assumption
on future moly demand growth (strong for next several years - pipelines, catalysts, H.S8.L.A., - and then
followed by slow growth in 1983-90 period. S

(2) Eastern-bloc Imports: We have assumed that demand by Eastern-bloc countries continues strong over next
several years. However, we again assume that this trend is reversed as possible copper-moly projects are
brought on-stream in the Sino-Soviet area (i.e. Erdenet Obo).

‘8T
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TABLE #5

POSSIBLE FUTURE MINE DEVELOPMENT SEQUENCES
By 1987 and By 1990

OPTION #1

Option #1 - Assumption: No new major moly mining units come on-stream after 1983.

By 1987 By 1990
Projected Annualized Consumption 284 mm lbs. - 316 mm 1bs.
Annualized Eastern-bloc Imports _10 _10
Projected Moly Demand 294 326
Mine Produetion under Option #1 260 280
Annualized SHORTFALL - Option #1 34 mm lbs. 66 mm lbs,
SHORTFALL SHORTFALL
OPTION #2

Option #2 - Assumption: A total of 10 by-product copper operations start producing
moly @ rate of 2 million ppy each - no new prime capacity.

By 1987 By 1990
_Projected Moly Demand 294 mm ibs. 326 mm ibs.
Mine Production under Option #2 280 : 280
Annualized SHORTFALL - Option #2 14 mm lbs. 46 mm lbs.
SHORTFALL SHORTFALL

OPTION #3

Option #3 ~ Assumption: A total of 10 by-product copper operations start producing
moly @ rate of 2 million ppy each; Plus 2 new prime unils come on-stream at rate of
20 million pounds each.

By 1987 By 1990
Projected Moly Demand 294 mm lbs. 326 mm lbs.
Mine Production under Option #3 320 320
Aunnualized SURPLUS/SHORTFALL-Option #3 26 mm 1bs. 6 mm lbs.
SURPLUS SHORTFALL
OPTION #4

Option #4 - Assumption: Every planned project and prospect individually tabulated in
this study (some of which are tenuous at best) comes on-stream by 1987 or by 1990.

By 1987 By 1990
Projected Moly Demand 294 mm lbs. 326 mm lbs.
v Mine Production under Option #4 399 477
Annualized SURPLUS UNDER Option #4 105 mm lbs. 151 mm lbs.

SURPLUS SURPLUS
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Probable

Increment

4.1
6.2

74

. 27.0 ~
1.5

(4.2)

(3]
]

4.9
1.8

3.0

3.4

£,0 &
4.3

75.9

ASSUMED INCREMENTAL MOLY PRODUCTION BY 1983 OVER 1977
By 1983

Mining Unit 1977 Planned  Probable Possible
Bingham 6.7 10.0 10,8 12.0
Climax (O/P) 14,7 - 20.9 -

; Hall 0 - 0 17.8

E' Henderson 23.6 50.0 50. 6 -
Morenci 0 - 1.5 -
Paradise Peak 0 - 0 7.2
Quartz Hill 0 - 0 28.4
Questa (U/G) 11.1 (O/P) 20.0 6.9 (U/G) 20.0
Thompson Creek 0 - 0 8.1
Kitsault 0 10.¢ é. g -
Chuquicamata 15.2 - 20.1 -
El Teniente 5.6 - 7.4 -
Cuajone 0 - 3.0 -
La Caridad 0 - 3.4 -
Sar Cheshmeh 0 - 4.0 -
Other Units 107.0 - 121.3 -
TOTAL 183.9 259, 8

Continued . . . .
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TABLE #8

Estimated Theoretical Moly Mine Units Increments from 1983 tc[ 1990
(not included in probable increment by 1983)

i

Hall 17.8 ", J/ d/u\ '
¥ = o ;E‘ o Paradise Peak 7.2 R L’“ﬁ . ' A P
é’a ; 1 ‘ 7 Quartz Hill 28.4 7 o e
: Thompson Creek 8.1
% o ' Mt. Emmons 28.2
| Mt. Tolman 15.0 1
Pine Grove 28.9 1
Questa (U/G) 13.3 (increment over 1983)
Nordisk ) -
Trout Lake ) :
I Copaquire )
*g@ Los Pelambres ) . 70.0
f Toromaocho )
? ‘ Pachon )
E Cerro Colorada )
[ Other Units )
Total Theoretical 216.9

Western World

Assumed to 1983 and Theoretical by 1990 Capacity Additions
(millions of pounds)

Western World Production 1977 183.9
Assumed by 1983 259.8
Increment by 1983 - 75.9
Theoretical by 1990 476, 6 (under Option #4)
Increment by 1990 (over 1983) _ 217.0
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MOLY CONSUMPTION:

The standard forecasts for future moly consumption growth

rates are in the 5.5% to 6.0% range. We have used in our future

i projections an overall 4, 8% compound annual growth rate from 1977
to 1990 for the Western World. However, we have segmented the
time-period to 1990 as follows: 1977 to 1983 and 1983 to 1990,
Please refer to Table # 9. For example, we have assumed a 7.0%
growth rate in the U. S. between 1977 and 1983, followed by a 2.5%
growth rate from 1983 to 1990, |

In this study, we have not attempted to detail the future moly

consmnc__’/pl:inn\market by end-use markets and yet we fully realize
how important the demand factor is in the supply/demand and pricing
equations for all metals. Nevertheless, we were guided in our future

consumption growth rate assumptions by some of the following factors

which we believe will be in store for the moly industry in the future.
(a) The steel industry will make every attempt to control
their raw-material cost structure. For example, in Type 317
stainless steel, there is presently about $300 per ton of moly.
(b) Some of moly's end-use markets are in the "one-shot"
category (i.e. a natural gas pipeline with H.S.L. A, lasts
40 years). This is presently a very good growth market for

moly, but what about the mid to late 1980's. ‘[W.J«-Q,_ ]

e

(c) Developing new markets for something that costs $6. 00
per pound is ever so much more difficult than a product at
$2.00 per pound. In the automotive market (presently a good

developing market for moly), we have the future possibility

of that nemesis of the metal's industry - plastics.

Continued . . , . .
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MOLY PRICE FORECASTS

In Table #10, we project our moly pricing expectations
under Option's #1, #2, #3 and #4. Obviously, the big question-
mark is the post 1983 time-period which, of course, is the most
important factor to current mine development planning. Our
pricing forecasts are in 1978 U, S, dollars. Up until 1983, the
critical time-period, we would estimate moly pricing to be as
follows:

(Pér pound of MO in Concentrates)

---yearly averages--~

Posted (1) Spot (1)
1978 $ 4.46 6.00
1979 " 5.25 6.75
1980 " 5.60 7.50
1981 5.75 7,25
1982 6. 00 7.50
1983 6.25 7.00

Table #10 presents our estimates of moly price ranges in the 1984 to

1987 period and from 1988 to 1990 under the various options.

(1) Special Note: As in our consumption and supply/demand forecasts
recessionary economic cycles are not factored into the forecasts.
This is left open to individual assumptions.

In addition, individual assumptions on "'government pricing regula-

tions" can be used to modify the above forecasts.
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Capital Costs for Moly Mine/Mill Development

The chart on page 29 shows the relatively high capital costs
per annual ton for new prime moly capacity as compared to not only
other sectors of the metals industry, but also to that of by-product
moly capacity ($20, 000 vs. $2, 500).

Some recent examples of these capital costs are as follows:

Moly Capital Costs  Annual Capacity Capital Costs

- Type Mine Unit ($ millions) (short tons) Per Annual Ton
Prime Henderson . $500 25, 000 tons $20,000/tcn
Prime Questa (U/G) $200 10,000 tons $20, 000/ton
Prime Kitsault $100 + 5,000 tons $20,000/ton +
By- Iona
Product (Bethlehem) - $1 million 375 tons $ 2,667/ton

The table below demonstrates why éapital can be recovered so
quickly in a good by-product moly operation at today's moly prices. It
also shows that at today's y,ick’e1 prices, capital recovery would be

o iy
difficult,

Moly Capital Costs vs, Multiples of Metal Prices

Capital Costs Capital Cost to

Per Ton Per Pound Metal Price Price Multiple
Prime Moly $20, 000 $10. 00 $4.85/1b. 2,06 X
By-~product Moly $ 2,667 $ 1.33 $4.85 0.27X
Aluminum $ 3,750 $1.88 - $0.56 3.36 X
Copper $ 5,100 $ 2.55 $0. 72 3.54 X
Nickel $15,000 $ 7.50 $1.90 - 3.95 X
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Estimated Moly Credit Per Pound of Copper Produced @ Selected
Co/By-Product Moly Mining Units

In the 66 tables at the back of this study, we have listed our
estimates of possible moly production to 1983 of the Western World
prime and co/by-product moly producing units. Among the co/by-
product mine units, we have attempted in most cases to show our
estimates of copper costs and moly credits., In all cases, we

assumed moly "rides~free'. This assumption can be adjusted for

individual needs either by a pro-rationing of costs, especially in o epe adiag ]
the case of co-product units, or by assigning an arbitrary cost il a
factor to the moly (i.e. Wlb.). Some examples of these xoe low
moly credits are as follows: (%977 basis)
Estimated Est. Moly Credit in Costs/1b. before

Mine Unit Copper Costs/lb. that Cost Structure/lb.  Moly Credit
Chuquicamata $0.48/1b. $6.053/1b. $0.533
Esperanza (1) $0.70 ) $0.455 - . $1.155
Lornex ) $0.48 $0.0§8 $0.578
Mineral Park (1) $0.58 $0.450 $1.03
Mission $0.70 $0.032 $0. 732
Pima (2) $0.90 $0.042 $0.942

A Mission $0.65 $0.051 $0. 701
Sierrieta (1) $0. 48 1$0.317 $0, 797
El Teniente $0.54 $0.035 $0.575

(1) Co-product moly unit.
(2) Shut-down in September, 1977.
EXAMPLES of How Much Moly Reduces Copper Costs By

1977
Sierrieta 40%
Lornex 17%
Mission 4%
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MEMORAKDIRM TO: Mr. j. W. Cameron, Resident Geologist éi§-~ /%?
SUBJECT.:. 'OCCURENCE OF JORDISITE (A}ORPnOUS ¥M0S2) IN L é&? .
- © PORPIYRY COPRER DEPOSITS SRR
o ' =3 5
REPORT NQ: 71 3 —

- Attached are copies of a letter from Mr. Stephen Von Fay
" to Mr., J. H. Courtright with a description of Jordisite from Memoir
15, N.M.B.M., and an excerpt fror R, U. King's text to his map MR 53,
Molybdenum in the United States, sent to me by Mr. G. W..Bossard.

In his letter , Mr. Von Fay mentions that jordisite (amor-
phous MoSy) differs considerably from normal molybdenite in its be-
havoir. Because of this difference, Mr. Von Fay feels that, if a
significant part of the molybdenum content of porphyry copper deposits
is in the form of jordisite, this mineral should be glven special
attention in the milling of coppertmolybdenum ores.

Mr. Von Fay also mentions the possibility of zoning of jor- . -
~ disite in the orebody, resulting in a variation in recovery of molyb-
- denum, depending on which portion of the orebody is being milled.

As you know, we sometimes encounter ores which give us very
erratic molybdenum recoveries in the dextrin circuit. This part of
the moly circuit consists of a two-stage refloat of the second copper
cleaner concentrate with addition of lime and dextrin to the flotation
feed. The high pH, combined with a dextrin coating of the molybdenite
particles, usually is effective in depressing zbout 85-87 percent of
the molybdenite into the combined tailings from the two refloat stages.
Occasionally the molybdenite recovery in the dextrin circuit will drop
to less than 30 percent when using the normal conditions of flotation
in this circuit,

During these periods of poor moly recovery we have made

microscopic examinations of the dextrin cleaner concentrate and found

_ that it contains a black spongy type of molybdenite which I have re-
"ferred to previously as "amorphous' molybdeuite. The description of
jordisite given in the N.M.B.M. paper sounds very much like this mineral
present in the dextrin cleaner concentrate during poor Mo recovery,
since this mineral is jet-black and appears to be amorphous. The oc~
curence of the "amorphous" moly is also spotty, indicating possible
zoning in certain areas of the orecbody.
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MEMORANDUM TO J. W. CAMERON - 2/3/71 | Page 2

It scems probable that the amorphous molybdenite that sometimes
occurs in our dextrin circuit may be this jordisite, and I believe this
should be investigated., Mr. Von Fay refers to the occurence of a blue

- molybdenum oxysulfate, "ilsemannite" as an indication of the presence .

of jordisite. I belicve we should look for this in areas of the ore-
body which give wus poor moly metallurgy to determine whether the moly

may be in this mineral form. )
j : ‘Z) ! <)~J ;1'\(.6'.{ Lo {i,(

: T. D. Henderson, Jr. (7
P _ ' Chief Metallurgist

TDH: jca

cc: GWBossard w/o attach.
DRJameson with attach.

BLRickman " 1
MTMason " "
. FHLightner " "
‘KKDeter " "

TbHenderson w/o attach.
.File . '



R MR

. , ! : [ &) (/ - .
. ' ) . ’ /2'('4'/ //(‘ s ‘( C Lo e

L] s *
| . 3. 1.C
o~ MERIC E | F - 118
e A AN SMELTING AND REFINING COMPANY il 19714
TN ROLKY MOUNTAIN EXPLORATION DIVISION )
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: { . 3}‘\12 \‘i!
Mr. J. H. Courtright, Chief Geologist | e ﬂ il
American Smelting and Refining Company g e et -/;5"'-"’7 -
P. O. Box 5747 - et PANDAE
Tucson, Arizona 85703 _ 3 FrrsfasE AT R
P P . . . . : - . i‘i',;____..— H e

- Pear Sir:

LT \ . B . . l . )
Enclosed herewith are two copies of a brief description of Jordisite

"(MoS3), from Memoir 15, N.M.B.M., and the first page of R. U. King's

text to accompany his map MR55, Molybdenum in the United States. The
mineral was formally described in the Amerlcan Mmeraloglst by L. W. Staples
in 1951 . . :
Our interest in this, from the standpoint of molybdenum recovery,
centers around tre fact that jordisite (MoS2) is sharply different than
molybdenite (MOSZ) in its "behavior®. We therefore, of course, wonder

if it should also not be expected to react in a quite different manner than.

mol ybdenite in the chemical environment of a flotation cell.

- In the post mine, oxidizing, acid(?) environment where ground water
is present, at least intermittently; jordisite apparently oxidizes readily,

-and molybdenum is easily transported by mine water. The blue oxysulfate

“jlsemannite”™ is a common mineral on drift walls in Grants, and open pit

- walls of uranium deposits in Wyoming, and rapidly appears after mining is

-initiated. It seems to us that this bshavoir is in such contrast to that of

molybdenite, that the mineral deserves metallurgical attention, if it is in
fact present as a significant fraction of the Mo assay in a supergene
porphyry copper, or a deposit such as San Martin. We would also expect
zoning of this mineral in relation to the oxidation-reduction contact, which

. fmplies to us a likelihood of considerable actual variation in "molybdenite"
" recovery depending on the relation of the milled ore to the contact.

" Encl.

Very truly yours,

:5"“': 1‘&\,\\.\\“, N rl::”
Stepheny Von Fay v\

SVF/jlk ‘ - .

¥
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Exploration Department

T. C.Osborne
Director of Exploration

February 13, 1978

Y
Mr. S. Von Fay v : %‘&
ASARCO Incorporated

Denver Office b/

Molybdenum

Deaxr Mr. Von Fay:

I refer to Mr. Courtright's memorandum of February 3.

Earlier in January, I had asked our Corporate Development Department
to review the long-range molybdenum picture. For their general infor-
mation I gave them a copy of your excellent report prepared 7 or 8
years ago which is now substantially out-of-date.

Assuming that the people here will give us the demand side; I think

it would be worthwhile for you to investigate and report on the poten-
tial supply. I suppose what we need basically is a listing of wnere
the resources are, who owns them, what the grades are, pPlus estimates
of possible capital costs and operating costs. This will regquire you
to get some up-to-date block caving mining costs and mill construction
costs, and I am sure the Southwestern Mining Department will cooperate
in giving you horseback figures. Neglecting financing problems, I
would like to see you rank the undeveloped and developing propexrties
in the order in which they might be expected to come into production on
a theoretical basis that the most profitable will be developed first.
It would be also interesting to take a stab at determining what the
cost of production per pound is for various operating mines and poten-~
tial producers. Please call me if you have any questions.

Very truly yours,

/
T
ey LA h
T. C. Osborne
o

cc:iJﬁGSZZZ;ight

WLKurtz

ASARCO Incorporated 120 Broadway New York.N.Y 10005 (212) 732-9500
Telex:1TT 420585 RCA 232378 WUI 62522 Cables. MINEDEPART Telegrams: WU 1-25991
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MOLY FLOTATION:

with the changing comparative economics of copper and molyb-

denum, the byproduct molybdenum fiotation section is gaining more importance.

74

With a very strong molybdenum market and a very weak
market for copper, managements of the large copper
producers should be taking a closer look at improving their
molybdenite recoveries. Many mills could improve their
primary molybdenite recovery. simply by adding an oil type
collector to their primary grinding circuit. In the past, these
same mills have refused to take this action due to adverse
effects on the recovery of copper and/or the grade of the
copper concentrates.

Wit’h byproduct molybdenum selling at a premium above
the published price of the primary producers ($4.41), there
certainly is a case for trying to recover more molybdenite at
the expense of a minor loss in copper recovery. The economic
copper equivalent for molybdenum contained in an ore is
about 4 to 1, taking into consideration an 85 percent recovery
of copper at $0.64 a pound and an overall recovery of
molybdenite at 50 percent, at the current selling price of $4.41
per pound of contained molybdenum. In other words, if the
molybdenum content in the tailing could be lowered by 0.005
percent there would be un cconomic trade off, if the copperin
the tailing increased by 0.02 pereent. This. of course. is not

46 -

oyprod:

By Joseph F. Shirley
Metaliurgical Consultant
Mountain States Research

& Development
P. 0. Box 17960
Tucson, Arizona
United States

Shirley has had fifteen years experience in the mining
industry in metallurgical research, mill operations, and
plant design. He has specialized in byproduct molybde-
nite recovery, having designed eight byproduct plants,
four of which are now in production.

the complete picture because of the following factors:
1. The copper in the concentrate form is not worth $0.64

per pound. Ifa plant does not huve a captive smelter, the vaiue
of the copper would be worth only itbout $0.36 per pound.

1978 July WORLD MINING
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TUCSON Mew York, March 28, 1978
MEMORANDUM FOR: Messrs., J. €. Balla ¥, T, Graybeal
D. P. Cadwell J. J. Merz
J. V. Dogvaux D. M. Smith
J. H, G, Fuchter R. B. Sprague
R. E, Gale H, C. Williamzon
R. 8. Gray
Molvbdenum

Herewith for its generzl interest iz a copy of & memorandum dated Mawxch 21
by Mr. Davis of our Corporate Development Group, giving rasulis of a moliyb-
denun study which he initiated at my request.

I think the memorandum in genersl supports wmy view which is that in gvalu-
gting potential molvbdamwm prospects for exploration or development, we
ghould normally usae in calculationg the current Amax price for rolybhdenun,
coupled with cur own best estimate of cirrent constructien and opsrating
cogts for the potential prospect in quostion, It may be assumad that future
inflationary increases in construction and opexating costs wili be covered
by increases in the price, and vice versa.

In general, any molybdemam prospact offering the possibility of producing
tha metal at a lower cost than Zmax's would be highly interesting., Cone-
varsely, a progpact which would appear only to offer the possibility of
being a higher cost producer than hArmax would be approached cautiously even
though pro forma calculationg might seem to show an adeguate rate of rebtura,

As a matter of policy, we continue to be interestsd in the exploration for
molybdenum on ths above bamisg,

Original Signed Ry
T. C. Osborne

T. L. Oghorna
Encl,

e WhXurtz = w/encl.
SVonFay u

bec: RiHennebach - w/encl.
LEARnzalone "
BlDavig w/0 encl.

Blind Nots for Mr. Anzalone -~ Thanks for the help. If you have time and

want to take a crack at it pleane feel free to calculate Amaxis cost of
rroduction per pound molybdanum at Climax, at Henderson, plus g stab at
Crested Butte. The numbhers would bhe interesting.

TCO



March 21, 1978

Molybdenum, 1978
A Position Paper

fhis paper is being written at thg request of the ASARCO
Exploration Department. It will be used as part of the input
they need to make a decision on how much, if any, effort they
should expend on searches for molybdenum deposits.

An understanding éf the molybdenum business needs to start
with the awareness that the business is international in scope
and it ﬁu§t be dealt with on such basis. The United States
and Canada together produce some 85% of the free world supﬁly
of molybdenum. The United Stateé Has exported more molybdenum
than it has consumed for eight 6ut of the past ten years. Théfe—
fore, this paper will deal with the subject on a world-wide basis
rather than limiting it to the U.S. and Canada. |

Background

Besides the U.S. and Canada significant quantities of
molybdénum are produced only in Chile and the Soviet Union. World

Mine production and reserves by country are shown in the following

table.
- World Mine Production and Reserves
Thousands of Pounds of Contained Molybdenum

1977 Estimated

Mine Production Reserves
United Stated | 120,000 7,600,000
Canada ' 32,000 1,600,000
Chile 26,000 5,500,000
Peru . 1,000 1,200,000
Other Western Bloc 700 1,400,000
Central Economy Countries 21,000 _ 2,500,000

World Total 200,000 19,800,000
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Fig. I shows free world mine production in 1972 and 1977.
Notice that United States dqminates the world market with
Canada and Chile about tied for a distant second.

Since Amax dominates the U.S. markets a thorough under-—
standing of Amax is important to an understanding of thé molfb-
denum business. A brief description of their operation follows.

- Amax Operations

Amax operates two molybdenum mines, Climax ana Henderson,
in the Colorado Rockies about 50 miles west of Denver. Climax
is producing in excess of 60 million pounds per year of moiybf
denum .from an average ore grade of 0.3% MoS;. Climax has proven
reserves of 30 years at thevcurrent operating rate. | |

The Henderson mine is a new underground mine just brought'on
stream in 1976. It is the largest privately financed work ever
undertaken in the State of Colorédo. It is estimated that Amax
will have in excess of $500 million invested in the mine and
mill by the time it reaches its rated caéaqity of 50 million
pounds of moly production in 1980. Henderson average ore grade
is 0.49% MoS, and proven reserves here will last until 2010
at this proposed mining rate some 30,000 tons per day.

The concentrate from these two mills, about 90% MoS,, is
sold to a-limited extent, in the concentrate form. Most, however,
is shipped to one of five roasting and conversion plants also
owned by Amax. Two of these plants areAlocated in the United
States, an older plant being located in Langeloth, Pa. and a
recently cénstructed one at Ft. Madison, Iowa. Other locations

include plants in Great Britain, Italy and the Netherlands.

The combined conversion capacity of all of these plants is in

excess of 100 million pounds of molybdenum.
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The MoS2'is first roasted at these plants to form é technicgl
grade oxide. This is sold as is and also converted by reaction
Awith iron to ferromolybdenum. Ammonium molybdate is produced
.from tech grade which is fhe starting point for moly-containing
catalysts or further reduction to the metal. Amax also purifies B
the §ulfidé whighgfiﬁdé:uégAaé a: lubricant.
Amax has fof yearé‘cérried out an extensive research,

market de?elopﬁent and technical service effort tc expand énd
divérsify the usage of molybdenum in all of its various forms.
Bmax has research expenditures in.excess’of $50 million annually
and a good share of this is devotéd to molybdenum aéplication
research. | ‘ o

" The effort has paid éff handsomely for'Améx. By l98b
" molybdenum will probably be generating a half é billion dollars
in sales for Amax. Amax obviéusly sets tﬁe producer prices
for all molybdenuﬁ products and they have conducted themselves
in a very statesmanlike mannér in_this regard in the past.
Producer prices have never decreased in the past 15 years,
certainly an unusual phenomenon in the non-ferrous metals business.
Through the sixties; prices rose very gradually from $1.40 to
$1.70 for concentrates. Since 1972 prices have risen rather
precipatously, 22% per year, to a current level of $4.41. This
has been caused by a combination of factors, the very high
inflation rate of past years, the spending by Amax of such lafge
sums of capital on their Hendersoh property and also, and in
no small part, because the market can bear it. Amax has done
such a good job in finding unique uses for moly that it has

become an indispensable ingredient for many metallu?gical and

catalyst applications. The Amax price history of molybdenum
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. is shown in Figure 2.

Another/interesting item of.pricing strategy followed by
Amax is that they keep a constant price differential in effect
between the prices of concentrate and tech grade. This difference
which used to be 20¢ per pound, is now 35¢ which increase
reflects inflation and pollution control costs. This is j in
. fact -ust about the actual cost of roastina the'concentrate
in a larce and efficient plant. What Amax is doing is encouraging
people to buy finished productg rather thgt buy concentrate and " -
make theif own end products. With only a limited number_of moly
roasﬁers available, Amax can make life difficult for small
by-product produceré such as ASARCb to f£ind customers or for .
lérger by-product producers such as Kénnecott.to operaté roastérs
' that are much more costly £hén are Amax's, due to economics
of scale. This tends to help ensure cbmpetitors willingness
to keep'the prices up on the oxide product.

Other producers of molybdenum are shown in the following

I3
1

table:
Installed

: Capacity Reserves
Corporation MM 1lbs. of Mo MM 1lbs. Mo
Codelco (Chile) 24 2,400
Kennecott 12 560
Noranda . 27 , 550
Duval : - 21 300
Moly Corp. 11 330
Magma 4.5 ' 240
Cyprus 3.8 : 92
ASARCO 2.0 ' 200
Misc. Other 5 250
Soviet Union 20 450
Other Communist 4 400
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Amax Costs s

In

pricing

considering what the future may hold for molybdenum

an analysis of Amax costs at their new Henderson mine

should be helpful. A rough financial analysis of this operation

follows:

In
project

1.

2.

3.

4.

5

6.

7.

calculating the profitability of the Henderson Mine
the following assumptions were used:

Capital Expenses of 500,000 depreCiated over 20 years
onh a straight line baSlS. :

At the bnginning of 1977 Amax long term debt was X
$630,000,000. It is assumed that 200,000,000 of this
was invested in the Henderson mine and that the average
interest rate was 7%. This gives a service-on-debt
_cost of 14,000,000 at start of project. Assuming a

20 yr. Sinking fund type debt this would give an average:
‘service on-debt figure of $7,000,000 over the 20 year'&é
period. ‘ :

Sales, administration and iesearch costs are assumed
to ‘be 8% of gross sales value.

It is assumed that the mine and mill operate at capacity
of 50,000,000 1bs. per year of contained molybdenum for

the 20 years of the prOJect

Costs of mining and millino were supplied by T.C. Osborne‘
and are assumed to be $8. 33 per ton of ore.
- N\t

Recovery rates ar\\ii/as reported by Amax.

Total tonnage mined and milled is 10,800,000 tons per
Year as reported by Amax, to produce 50,000,000 1lbs.
of contained molybdenum in a 90% MoS, concentrate.

Based on various assumed selling prices of molybdenum in

concentrate the profitability of the project (Internal ‘Rate of

Return on Investment) is shown in Table I:
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Table I

All Figures in Thousands of Dollars
Except When Noted

Sales Price $/1b. $5.00 - $4.41 $/1lb. Mo $3.50 $2.80
Sales Income 250,000 220,000 4.41 175,000 1140,000
Direct Costs 90,000 90,000 1.80 90,000 90,000
Debt Service 14,000 14,000 - .28 14,000 14,000
SAR 20,000 17,000 .34 14,000 11,000
Gross Profit - 126,000 88,900 1.98 57,000 25,000
Depreciation 25,000 25,000 .50 25,000 25,000
Net Profit : 101,000 73,900 1.48 32,000 -0
Depletion 50,500 36,950 .74 16,000 0
Profit, B.T. 50,500 36,950 . .74 16,000 0
Taxes @ 48% 24,200 17,740 : .35 7,700 0
Profit, A.T. 26,300 19,210 .17 8,300 0
Depreciation 25,000 25,000 25,000 25,000
Depletion 50,500 36,950 16,000 . 0
Cash Flow 101,800 81,160 1.62 49,300 25,000
2 19.8 15.3 ' 7.6 0

IROI
Fig. 3 shows in graphic form the return on investment at

various selling prices of concentrates. At the current price

it would appear that Amax is realizing a 15% after—tax return which

seems a fair figure. We have been told that Amax expects to

lower their mining and milling costs as they become more familiar
with the new operation and approabh éapacity prxoduction. Off- .
setting this trend will be continuing inflationafy pressures of
increasing labor and energy costs. Amax has good reasons not to
want the brice of molybdenum to become unreasonably high. This
would tend to discourage the use of the metal, spur search for
alternate materials and also encoﬁrage marginal producers and

exploration for new ore bodies.
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'In view of Amax's dominant position and their pgﬁgfmistory
of pricing policies it would seem likely that the price of
molybdenum will remain firm or increase somewhat over the next
five years.

The only circumstances which would seem to be able to
threaten this projectibn would appeaf to be the development and
production of a major new ore body with substantially better
economics that the Henderson mine or a collapse of market
demand for molybdenum.b

It has to be remembered that more than half.of Amax's
molybdenum is produced at the Climax mine and is probably somewhat

cheaper to produce than the Henderson product. The Climax

mining and milling costs are lower than Henderson, being reported

as about $6.55 per ton of ore. However, due to the lower grade
more ore must be mined so that the direct costs per pound of

moly are probably about the same. The capital investment in

the mine has certainly been much less than at Henderson however,

so that depreciation and debt service havé to be less.

One would have to view Amax's willingnéss to cut prices to
be based on the averagé cost of their £otal production and not
on that at either mine alone.

We are not aware at this date of any major new competative
molybdenum ore bodies that are under development and it would
undoubtedly take 5 to 10 years to bring any such mine into pro-
duction after its discovery.

Markets

The final item then to consider is the future of the markets

for molybdenumn.
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As is shown by Table II below, 88% of the usage of molybdenum
in steel or steel related applications.
Table IX

World Consumption of Molybdenum
By End Use Area

Application ‘ % of Total Usage
Alloy Steel a ‘ ' o 44
Stainless Steel ‘ _ 24

Tool Steel ' 10
Chemicals Adn Lubes. _ . 8

Cast Iron and Steel Mill Rolls 6
Superalloys ' 4

Moly Metal : 3

Misc. : : v : Tl P

: : 100

While it may be true that the U.S. Steel Industry has shown
“little growth over the past years the same can not be said to
be true of the world wide production of steel. .As shown in Fig. 4
world steel production is growing at 4% and is.now pushing the ’
700 million ton mark having grown from less that 500 million-tons
in 1965. This must be coupled‘with the fact that the market

remains excellent for those steels in whose ‘manufacture the use
f

of molybdenum is imperative such as large diameter pipe—lihe for
O —. e

use in the Arctic, construction steels used in deep 011 well

R ——— TN e

drllllng, high temperature steels for energy generatlng plants

N s ST - B

as well as light weight steels for transportatlon appllcatlons.

e e e P T OO 8 L TR e £ < e O S i

Much talk has been put forth about a 7% "average growth

rate for molybdenum consumption in the United States. As Fig..5

e

shows this is an overstatement and in fact the average rate of

growth over the past 10 years has been just under 2% for U.S.
consumption and a little less for U.S. production.

It does not seem likely that much will change with the U.S.
Steel Ihdustry over the next 5 to 10 years that will cause a

substantial change in the consumption of molybdenum so that we
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can look to the U.S. market for mblybdenum to continue along at
a 2% to 4% growth rate.

The E:ggig_miaggg;however, should show a growth rate in
excess of 4%, perhaps as high as 7%. The reasons for this are

e

that the demands for steel being made by developing and third

world countries will continue to grow. Much of this steel deménd'.
will be for the higher performance products which rgquire |
molybdenum as an alloyiné agent. Alsd, the communist countries
only have about 10% of the world reserves of recoverable molyb-
denumn. Tﬁey are alréady importing ébme 15 to 20 million pounds

pexr yeér of moly from free world sources. It seems likely that

as steel prbductionvin Communist countries continues to increase
they will have increasing demand for imported supplies of molygdenum.
We can ﬁherefore look ﬁo a continﬁing strong export market for

molybdenum from the United States with a growth rate of some

4% to 7% for—the next ten years.

o

In éummary, it would appear that dem?nd for molybdenum
will continue to grow and that prices will remain firm ana
increase with inflationary pressures. It does not seem likely that’
molybdenum prices will drop over the next five years.

It also seems likely that Amax will continue to be the
dominant factor in the U.S. and World markets for mélybdenum
and that any serious challenge to this dominance would depend

on the discovery of a high guality ore body which would be cheaper

to mine than is the average cost concentrate from the Amax mines.

Barry L. Davis
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¢~ - : uﬁﬁ”‘@:ﬁ& TABLE I
Nﬂ 1

iRy 3 COMPARISON OF GEOLOGIC FACTORS

¢
e
’ Questa - Climax ~ Henderson
Questa Climax Henderson (1)
. . (2) _ s (2) cias . (2) S

Original Reserve Tons 150 Million . +895 Million 303 Million
Grade (% MoS;,), Undiluted ‘ 0.17 : 10,35 0. 49 '

Production 17,000 tpd-open pit 40,000 tpd-block cave 30,000 tpd(planned)-panel
Grade ' 0.17 _ 0.33 0. 45 cave
Cutoff Grade 0.10 0.20 0.30

Masximum Plan Dimensions of Ore (ft.) 8,000 x 3,000 (3) 3,600 x 2,700 3,000 x 2,000

Ore Thickness (ft.) 400 to 1,200 800t 400 to 1,000

Number of Separate Ore Bodies 1. 3 1

Geologic Environment

Shallow volcanic

Shallow volcanic

Volcanic (?)

Overall Classification of Ore-Related Aplite and qtz porphyries Qtz rhyolite porphyries Qtz feldspar pérphyries

Intrusives

Number of Ore-Related Intruéives 3 3 3(?)

. Major Forms of Molybdenité Stockwork, veins . Intense Stockwork Intense Stockwork

Occurrence
Important Accessory Minerals Qtz, py, fl, cpy, hem,
gyp, rhod, sph, gal

Qtz, py, fl, topaz, rhod,
cpy, sph, gal, hueb, cass,

monazite

Qtz, py, fl, topaz, rhod,
mag, sph, gal, hueb

Most Diagnostic Alteration Products Silicif, , K-—Spar and Silicif.,, K-Spar Silicif. , K-Sparb

o Biotization
Alteration Phases Recognized Propylitic ? Propylitic
(Arranged in approximate corres- Argillic (?) Argillic (?) Argil%ic
ponding order from outermost : Qtz-Sericite ? Sericite-qtz-py
zone in) - ——— Qtz-mag-topaz
Potassic Potassic Potassic

(?) Intense Silicif. Intense Silicif., (?)

Notes: (1) Urad-omitted. (2) "Original' reserve refers to estimates of total tonnage above cutoff prior to any significant mining. In the
case of Questa, the figure listed is only the open pit reserve. For Climax, a conservative es_timate of 200 million tons of open-
pit ore @ 0.26% MoS; is included. (3) These dimensions encompass the presently known outline of +0, 10 MoS,. Much of this
material is not presently economic reserve, but higher grade portions of this zone reportedly could be mined underground at

some future date.
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Telephone: 703-557-0500
MOLYBDENUM IN 1973

Domestic output of molybdenum in concentrace approximated that produced in
1972, according to the Bureau of Mines, U.S. Department of the Interior.
Industrial stocks, the highest on record at yearend 1972 dropped about 35 percent
during 1973 because domestic consumpticn and exports exceeapc U.S. production,
Domestic consumption rose because of an increase in requirements by the stael
industry, the largest consumer of molybdenum material.

Exports of molybdenum concentrate and oxides were the highest on record.. Tre

-Nation shipped to foreign markets an equivalent of over 60 percent of the 1973

output, principally to industrialized countries of the free world. Exports
relative to domestic production drcpped to 41 percent in 1972 from a record hig:

‘of 52 percent in 1970. The new record high in exporis was due to an increase i~

world demand and velatively low price on foreign markets caused by the devalued
and downward floating doilar.

At yearend, molybdenum in various materials in the national stockpile were zs
follows: Molybdenum disulfide, 28. 6 million pounds; ferromolybdenum 5.5 millio=n
pounds; and molybdic oxide, 9.6 million pounds. At current published prices, tha
value of the material in the stockpile was $82 million.

Published prices for high quality molybdenum concentrate and products were
unchanged, but at yearend, a major producer anncunced resumption of selling
molybdenum materials at the list price established in May 1969. Molybdic oxide
and ferromolybdenum prices were modified in 1971 to provide quantity differentizl
and more lenient delivery terms.

The domestic molybdenum industry enjoyed continuous operation during 1973 as
no serious labor problems interrupted production schedules. A marked improvemernt
in the world demand for molybdenum resulted in an increase in activities associzrted
with expanding current production facilities and/or increasing exploration and
exploitation of new molybdenum deposits. The [ollowing are some of the more
significant developments pertinent to the molybdenum industry.

American Metal Climax Inc. (AMAX) continuecd development of the lenderson mine
near Empire, Colo. Major work projects underway in 1972 were driving a haulage
tunnel through the Continental Divide and construction of a concentrator. Approxi-
mately onc-halfl oi the 9, 3 mile-louy tunnel was Lompleto 1 at yearend. Satisfactory

oo w——- . m———a. -

progress was made ¢ on the LonccntrvLoL, but its vompltLlon was not expected until

Jate 1974, Production at the llenderson mine was scheduled to commence in 1976 at

a rate of about 30,000 tons of ore per day.
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Development of the Climax open pit mine by AMAX was nearing completion at
yearend, considerably ahead of schedule. Output during 1974 was expected to rise
to approximately 60,000 tons of ore per day, an increase of about 50 percent
over that of 1973. AMAX reportedly mined the 300 millionth ton of molybdenum
ore at the Climax operation on January 11, 1973. Records indicate that more ore
has been produced at the Climax mine than at any underground mine in North America.
According to production data, the.record "ore ton" came from the Phillipson level
of the mine, a producing area 1n operation for over 40 years. Tt is of interest
to note that the 200 millionth "ore ton" was reached on January 27, 1966, almost
7 years ago. The esatimated ore rescrves at Glimax are consldered suflflectent Lo
operate the mine for an additional 30 to 40 years. .

AMAX Specialty Metal Corp., a division of AMAX, announced plans for con-
struction of a molybdenum conversion plant at Fort Madison, Iowa, and modernization
of the existing facility at Langeloth, Pa. An estimated $25 million was authorized
for expenditures on both projects. AMAX also was conducting feasibility studies
on increasing roasting capacity at existing plants in the United States and Europe.

The Endako molybdenum mine of Placer Development Ltd. reached designed
production capacity of‘ggloooapons of ore at midyear, after operating at reduced
capacity since 1971 because of an oversupply of molybdenum. Reaching full produc-
tion resulted in employment of 70 new workers, increasing the work force to around
415 employees. Additional production equipment costing $4 million also was
purchised to improve metallurgical recovery and increase roasting and mining
capacity. The company negotiated a contract with a Japanese consumer to supply 12
million pounds of molybdenum annually.

Bethlehem Copper Corp. Ltd. was spending $3 million for a detailed engineering
study of the J-A copper-molybdenum mineralization in British Columbia. The ore
deposit contains proven reserves totaling 286 million tons having an average grade
of 0.43 percent copper and 0.017 percent molybdenite.

. Cyprus Mines Corp. was spending $1.3 million on an economic feasibility studyv
and continuation of exploratory development of the Thompson Creek molybdenum
deposit in Central Idaho. The ore body has proven reserves totaling 100 million
tons averaging 0.148 percent molybdenite. To date, an incline and considerable
footage of crosscuts and drifts have been mined in the deposit. The company was
expected to invest about $75 million for a mining facility having a capacity to-
produce and process 20,000 tons of ore per day.

Highmont Mining Corp. Ltd. was expected to commence development of a copper-
molybdenum deposit in the Highland Valley area of British Columbia. An ‘estimated
$70 million would be spent on a mining facility to produce and process ore at a
rate of 25,000 to 27,000 tons of ore daily. The deposit contains an estimated 145
.million tons of ore grading 0.37 percent copper and O 045 percent molybdenite.

Very little overburden covers the mineralized zone. Pilot plant testing on the ore
resulted in metallurgical recoveries of 92 percent for copper and 83 percent for
molybdenum. .

Hecla Mining Co. continued exploration and metallurgical studies on the
Shaft Creek copper-molybdenum deposit in northwestern British Columbia. Work
projects underway during 1973 included drilling, bulk sampling, and metallurgical
testing of the ore. Also, a road was constructed to the property. The deposit
contains 300 million tons of ore grading 0.40 percent copper and 0.036 percent
molybdenite. A feasibility study was conducted to determine the economical
potential of the deposit at mining rates of 25,000 to 40,000 tons per day.
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#CLYBDZUU IN STPTEIEIR 1973

Domestic molvbdenum outyrut in concentrate in Septerter approximated that
produced in Aucust, according to the Bureau of !“ines, U.S. Department of the
Interior. The 9-month precduction of rmolybdenum totaled_ZQLE_Ei}lion pounds
corpared with 79.7 million pourds for the same period in 1972.7 lolybcdenum in
stocks at mines and plants declired 2 vercent in Septerxber compared with the
rrevious month. For the ©-month pericd, stocks at mines and plants decreased
17.9 millicn pounds.

Zxperts of molybdenum concentrate, including roasted concentrate, approxirated
that of Ausmust. The letherlands and Japan were the recinientgsof 52 percent of the

,molybdenum exports.

King Resources Company Operators Ltd. susnernced operations. at the Mt. Copeland'

nine rear Revelstoke, British Cclurtia. Developrent and construction of a mine
and 2 200 ton-per-day concentrator was corrleted early in 1970 at a cost of

£7 m=illion. A sizatle minerzl denosit having an average grade about 1 vercent
rolrbdenite was discovered in 12€Lk. Since the start of production, a total of
182,0C7 tons of ore was trocessed at the mill. !olybdenum recovered from the
cre totzled nearly 3 wmililicn pounds.

C;prus !'ines Corp..rerorted having zhout 100 million tons of ore averaging
£.142 rercent rmoclytienite at the Thompson Creek deposit in Ideho. To date, an
inclire in the orebody and cornsiderable footage of drifts and crosscuts have
been corpleted. TFinral studies were uncderway to determire feasibility of
oreraticns. irectors of Cyprus !‘ines Corr. cprroved acdditional expenditures
tetaling 1.3 million for continuaticn of develorment of the ore deposit. The
cerpary expects to invest about 75 milljon for_a rining facility having a '
caracity to rroduce and process 20.720 tons of ore per day.
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Trerared in the Division of ¥errous - ’etals, November 23, 1973.
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/‘ TABLE V ‘ . pDEC 3 — 1972

MOLYBDENUM STATISTICS (1)
(Millions of Pounds Mo)

1965 1970 1980 2000
Free World Mine Production :
U.S. 77.4 111. 4
Canada 9.6 35.4
Chile 7.9 12.6
Other 3.4 4,4
Total F.W. 98.3 163.8
Free World Consumption ‘
U.Ss. . B3 53(2) 105 180
Other 47 84 160 341
Total F. W. _ 100 ' 137 265 521
Free World Reserve
U.S. v ' 6,300
Canada ' 1,000
Chile 1,800
Other ' 317
Total F. W, : 9,417
. U.S. Export 26.4 55.7
Price: (Per # Mo in concen- $1.55 $1.72
trate, f.o.b. Climax)
© U.S. Stocks (Mo in concen- 4,2 -9, 7(3)
trates only)
U.S. Stockpile 79.9 *47.1

Notes: (1) Data from U.S.B.M. Commodity Data Summaries, Jan., 1972;
' E.M.J., Mar., 1972; Mining Journal (London) 1971. :

{2) U.S. consumption in 1970 reflects sharp drop from 4% average
_growth rate due to business decline. Based on past trends, this fig-
ure would normally be 61-62 million pounds.
(3) Does not include Mo in oxide form, ferromolybdenum, etc. Pre-
liminary estimates of total Mo inventory indicate an excess well a-
bove 50 million pounds at the end of 1970, and still accruing.
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"MEMORANDUM TO: Mr. T. D. Henderson, Jr. Chief Metallurgist J. R G
Re: Your Memorandum "Occurance of Jordisite (Amorphous MOSz) In Porphyr Z 5 19 71

Cdapper Deposits” - Dated February 3, 1971. _

) Research at the University Library has turned up no new infor-
mation on’ jordisite or ilsemannite. Apparently the paper by Staples (1951)
is the wost recent publication on these two'minerals'. The purpose of

this memorandum is to discuss the likely-hood of jordisite asnd ilesemznnite

at Silver Bell and the possibilities and mcLhoﬁs of detecting JOl(lSltC
in any deposit.

The megascopic characteristics of jordisite include: dominantly
jet-black(2), sometimes brown (2), possibly associated with carbonsceous
material (2), submetallic (3) and sectile (3). Microscopic characteristics
under reflected light include:lacks cleavage (3), submetallic, and grey
black to lead grey (which nearly includes the complete spectum of reflectives)
appearance (3). Microscopic characteristics under transmitted light include:
- Mtiny, ragged-looking grains less than 0.001 mm in diameter" (2) (0.001 mm
equal 1 micron, which is getting near or is below the lower limit of re-
solution for transmitted light work), opaque black to dark brown (2), "In
many phases, jordisite cannot be distinguished unequivocelly from carbon-
aceous material ...." (2). Chemical characteristics of jordisite include:
"areas where pyrite impinges on the sand grains”(or an oxidizing enviornment)
Yseems to be free of jordisite." (2), oxidizes easily, probably amorthous (3),
jordisite alters more readily to ilsemannite than does molybdenite (3), is
soluble in concentrated HNO3 (3), very slightly soluble in HCl (3), insoluble

in H3S804 and 120 (3), 59.8% Mo and 40.2% S (3) and it <ppeare to be an epi-
thermal mineral.

1. King, R. U., HMolvbdenum -in the United St:tes, USGS
with map #MRS
2. New Mexico Burcau of Mines, unmoir 15.
3. Staples, L. W., Ilsenannite _ond Jordisite, Am. Min., V.36,
p 609, 1951.
4, M. -H. Hay, Index_ to Minercls (Mlast-word" on minerals),
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From readjng the available printed matter, one can say that there
is some question of the validity of jordisite either as & mineral or a minera~
loid. But, assuming jgvdisite is a valid mineral or mineraleid, therec ore
some problems involwvedin identification. First, if jordisite is non-crystcline,
one cannot use XRD, 30 or DTA for identification. Second, if jordisite hes
the same chemical formula as molybdenite, one cannot use electron besm micro~
probe, XRF or "wet-chemical' (included AA, etc.) methods to identify jordisite.
This leaves only micrescopic techniques to identify jordisite, but, jordisite
has not been descriled sufficiently enough for one to differentiate it from
molybdenite. Jordizite is ¢lso apparently variable - at times sssuming car=
bonceaous charccteristics. Indeed it has been stated that the two minerals
appear very similar under the microscope. .

If jordisite oxidizes readily and if ilsemannite is very soluble
(observed only above the water table or in open stopes), then these tvo
minerels probably don't occur in our mill run meterial since both ore bodies v
at Silv%r Bell, especially El Tiro, have undergone partizl o¥idation and solution.
However,. if these minerals, especially jordisite, do occur at Silver Bell we
still face the problem of segregation snd identification before we can do
amenabilities testing.
© While working for Kennecott in Salt Lcke City, I had the oppor-
tunity to study materials from the Ray Mines Division in Neveda with which
they hsd metallurgical problems very similar to the ones you describe. I
did detailed microscopic and electron beam microscope work on these semples,
The only difference I could sce in the samples was '"'that some of the wolyb~
denite grains appcared to be 'dirty' or ternished." Perhaps this affect
was caused by a submicroporosity or "spongy' texture,

‘ There does scem to be s difference in molybdenite grains or MoSp

grains in some of the porphyry copper deposites. My guess is that the problems
involved are more likely caused by limited oxidation ¢nd/or solution of molyb-
denite which is "notably' stable (in an acid enviornment) rather then caused

by jordisite, etc, which has been noted as being 'relative rare'" (Staples, p 614)
and readily oxidizes., I think additional studies of the physical and chemiceal
characters of molybdenite are warranted, even though I can't suggest any de~
finite methods of study. In my work here I have not identified any jordisite

‘or ilscmannite, :

~

4//,/‘ //C//"l-.,(f/z,g'/}-
/g; . Cameron

Resident Geologist

JUC: jca

¢c: GWBossard
DRJIemeson
BLRickman
MTMason
FHLightner
Kiheter
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ILSEMANNITE AND JORDISITE

bl
Lroyp W. Srarves, Universily of Oregon, Engene, Oregon.

ApsTrACT

]1<cman'n te, a molybdenum mineral of uncertain composition, was identitied in Orcgon

he first time by the writer in 1939, in an ore specimen from the Kiggins mine on the
Oak Fork of the Clackanas River, The occurrence is different from any previously described
in that the Hsemannite is associnted with cinmabiar, the latter heing of good enough grade

St ;w'vv i pretiabliemining durbag petiods of high prices.

toor !

The ilsemannite occurs as a couting and alteration product of a fine-grained, black, sec--

tile, submetaitic material. Chemical and x-ray analyses of the original black niaterial
;nm- it 'm be an amorphous moivhdenum disuliide, It is recommended that the name
“jordisite,” suzgested by Cornu in 1909, be used for this material. Héfer and other writers
have nssumed fisemannite was derived from wuifenite, other molybdates, or molyhdenite.

_,'u.'d:sn':, pes

than does moivhdenite, This, together with the relative acarcily of jordisite in mineral

rahal .
dvepresits, prohably accounts for the few known eccurrences of dlsemannite in molybhdenum

districts,

INTRODUCTION

e Kigzins mine on the Oak Fork of the Clackamas River, located
_a.,\ou‘ 30 miles southeast of Portland, Oregon, has been a small inter-
mitient pxoduccr of quicksilver. In 1939, when the writer was engaged
as geologist in charge of developing this property, he had an opportunity
lo celicel several interesti ng suites of minerals from the mine. One

of the o

Usemannite. Labor

A further st

atory work later contirmed this field identification. -

the flsemannite showed that it occurred as a coatling.

on 2 black sectile material from' which it was obviously derived. As the

origin of ilsemannite has never heen satisfactorily explained, a study

of this matcrial was undertaken in the hope of obtaining further infor-
mation jeading toward the solution of the problem. g

ud ¥ of
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Iy because of its amorphous state, alters more readily to ilsemannite

gangue minerals associated with the’cinnabar was identified as -

‘associated with the cinnabar.
‘amounts in many places in the mine, the richest

“that forms with water first a greenish-blue aud then a

X
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University of Oregon which helped defray the expense of some of the |
analyscs. '
‘ ' ILSEMANNITE

Andesites, probably of Miocene age, form the coumr} rock in the
region of the Kiggins mine, They are highly fractured, the most promi-
nent trend of fractures being N, 45° W, Veins iilling these {ractures and
related {issures contain cinnabar in commercial amounts, Calcite, pyrite,
and stilbite are the principal gangue minerals.

The ilsemannite is found as veinlets and irregular lenses or pods cioselv
Although ilsemannite is found in small
occurrence 1s in the main
tunnel (adit #1), 45 to 60 feet from the portal. Here the ilsemannite is
in a calcite vein which varies in dip from 60° N. E. to almost verticai,
and extends in a N. 43° W. direction along the adit. An underhand stope
6 fect deep, was put down on the calcite vein at this point and showed
a concentration of both cinnabar and ilsemannite on the footwall.

Stilbite frequently occurs as a fissure filling with well-developed comb
structure, the subhedral crystals often exceeding 5 em. in length. In
addition, finc-grained stithite is inthnateiy mixed with cinnabar, in the
calcite veins. This close association of stilbite and cinnabar, although
not common in quicksilver mines, is not anomalous since hoth minerals
are characteristic of low temperature, epithermal deposits. The ilseman-
nite when first found has a dark blue-black color and often stains the cal-
cite light blue. On exposure to sunlight the ilsemannite turns blue-green
and fades. Some of the mineral was furnaced along with the cinnabar
and the calcined product emerged a purplish pink in color. Ilsemannite
is soluble in water, first producing a greenish blue solution which later
deepens to a typical molybdenum blue. .

Although ilsemannite is not a corﬁmqn mineral, there are several
known occurrences of it. It was first described by Hofer (1871) from Blcit

“berg, Carinthia. Since then it has been described from more than a

dozen loculities, but in spite of this there is still uncertainty regarding
its grigin and chemical composition. | .
Hess (1923, p. 9) has shown that Hoéfer in his original discussion of
ilsemannite confused two substances, one a black material and the other
a blue substance derived from the first, Hess remarks, “The black mineral
hlue solution may
be a different mineral having perhaps some such relation to fisemannito -
as anhydrite (CaSO) has to gypsum (CaSOe-211.0)."" Strunz (1941)
describes ilsemannite as amorphous, and corresponding to the so-called
blue molybdenum oxide. Dana (1944, pp. 602-603) well summarizes
the situation by stating, “Possibly several different substances are repres
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ILSEMANNITE AND JORDISITE : 611’

sented among the natural occurrences.” In gencral, most mineralogists’

seem to have applied the name “ilsemannite” to any molybdentum com-
pound or mixture which is water soluble and turns the solution a typical
molybdenum-blue color,

No method was worked out whereby the very thin cowtmﬂ of ilseman-
nite, often existing only as a stain on other water soluble mmcr;xlb like
Lalotrichite, could be separated from them. Consequently chemical
analyses of -this material were not obtained.

Undernecath the coating of soluble sulfates and ilsemannite there was
discovered a black, submetallic, sectile mineral which was first thought
to be mefacinnabar. Microchemical tests, however, proved it to be a

melybdenum compound rather than 2 mercury mineral, It is obvious
1

that the lisemannite is derived from this black mineral, since the ilseman-

nite occurs as bluish spets, coatings, or along cracks where there was
opportumtv for ready aiteration. .

Iisemannite Is usually considered to be a secondary mincral and there
has been considerable uncertainty concerning the primary or earlier
nineral from which it was derived. Hofer (1871) believed the Bleiberg
lisemannite to be derived from wulfenite, 2s no other molybdates were

known fro.n the 102"‘it~' but he had no positive evidence and based

l
btained by the action of conccntratcd suifuric acid on wulfenite. Cook
1922), in studying iisemannite from Shasta County, California,. sug-
gested molybdenite as the source mineral. Likewise, Lindgren and Ran-
some (1906, p. 124) believed that ilsemannite from Cripple Creek,
Colorado, was a direct product of the oxidation of molybdenite. Hess
(1925, p. 16) concluded that, “Iisemannite, like wulfenite, is probably
formed from some unknown mineral, perhaps a sulfide.” The fact that
molyhdenite deposits so scldom are accompanied by ilsemannite makes
it doubtful that molybdenite is usually the source of ilsemannite,

A study of the black mineral in polished scctions and in fragments
indicates that it is not molybdenite. It lacks cleavage, is dull black ex-
cept where scratched, and then it has a submetallic gray black to lead

gray appearance. It is soluble in concentrated 1INOy, very slightly solu-

Lle in 1ICl and insoluble in 11,80 and 1T.0. In the Clackamas.occurrence
it was deposited about the same time as the cinnabar and later than the
calcite and stiibite. Figure 1 shows veinlets of the black mineral following
the rhombohedral outlines of the calcite.

CHEMICAL DATA

itecause the Clackamas material is an intimate mixture of molybdenum
minerdds with quartz, cinnabar, stilbite, pyrite, opal, halotrichite, and

612 . LLOYD W. STAPLES

calcite, separation for analysis is very diflicult, Purification of the black
mineral was accomplished first by removing the water-soluble minerals
and then discarding all the other remaining minerals by hand-picking
under the microscope. Two spectrographic analyses were made on this
malerial, the first! showing Si and Ca gréatcr than 10C;; Al Fe, Mo,
ranging {rom 109, to 1G%; Mg, As {rom 1% to 0.1%:: Na, K, Mn, Ti, Ba,
Sr, from 0.195 t6 0.01%,-and Cr, V, Cu, Bi, B, less than 0.01¢. A sccond
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Ite. 1. Jordisite veinlets (black) with rhombohedral pattern nutlining calcite.

spectrographic analysis on slightly purer material® obtained 'Si as the
major constituent; Mo from 207, to 10%; Fe from 67% to 3%4; Al from
0.5%, to 0.19%; and smaller amounts of Ca, Na, Ba, Cu, Mn, Ni, S5
Ti, and V. The question raised by these analyscs was whether the black
mineral was a complex salt such as a silicomolybdate of iron or alumi-
num, or whether most of the reported elements were due to impurities

that were not removed.

T Analysis by Oregon State Department of Geology and Mineral Resources, T. C.
Matthews, analyst.
? Analysis by Multiphasce Laboratories, San Francisen, K. C. Peer, analyst.
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Two small samples of the purified material were analyzed® and the
following was determined to be the composition of the material:

Silica (Si0.)

Molyhdenum sulfide (MoSy)

Iron suifide (FeS.)

Alumina (ALO;) .

Calcium compound (CaX)

Heavy metal suifides (as HgS) also undetermined and traces
Total water ) - . 1

N
<1
.
e

Q. O 0O
NN G

——

100.0%A

It was evident that the analyzed sample contained impurities of pyrite,
stilbite, and cinnabar, so the presence of iron suliide, alumina, calcium,
and heavy metal sulfides was to be expected in the above analysis,
‘The analisis indicated only a trace of sulfate svlfur, practically all of
the suifur appearing as suifide sulfur. On distributing the sulfur between
the iron and mo _\b(le.lum, there was almost exactly the correct amount
1o yicld the formula MoS,, making it evident that although the material

did not have the properties of molybdenite it was a moly bdcnum di-
suifide, _ :

It was found possibie to make a satisfactory bromoform separation of
the material, therehy removing almost all of the cinnabar, pyrite, and
calcite. As a further check for the presence of molybdenum disulfide
an anaiysis® was made of some material purified in this manner. This

showed only a trace of iron and when all the sulfide was applied to the -

molybdenum present it gave a ratio of 59.8%; molybdenum to 40.29
ulfur, as compared with an ideal ratio of 60.07, to 40.05, for MoS,,
leaving no doubt that the compound is molybdenum disuvlfide.

‘n

XN-rRAY ANALYSIS

X-ray diffraction patterns were made on the material by Dr. J. D.
H. Donnay and Mr, A. F. Rekus of The Johns ITopkins University.,
These exposures indicated the presence of considerable quartz which
yicided the predominant pattern, and corroborated the chemical analy-
sis. No additional match could be made from the weaker lines and a
comparison with molybdenite from Ifuddam, Conn., and Ogden Mine,
N. J., indicated that the black mineral was not molybdenite. Dr. Don-
nay® made the interesting observation that colloidal matter might be
present as indicated by several broad hands in some of the films. These

¥ Analysis by Muliiphase Laboratories, Sun Francisco, K. C. Peer, analyst.

4 I C. Frye, Dept. of Chem., Univ. of Oregon, analyst,
* Personal communication,

Y
1
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results were confirmed by a-rays® on material further purified by bromo-
form' separation and the only pattern obtainable was that of quartz;
with no evidence of the presence of any molybdenite. From these analy-

'ses it is concluded that the black mmcra.l is an amorphous moly bdcnum

disulfide.
JORDISITE

Cornu (1909) stated that ilsemannite is derived from a black powdery
colloidal molybdenum sulfide which he called “Jordlsxte.” He gave no
proof of this derivation nor did he describe jordisite. Hess (1923, p. 16)
in commenting on this reference stated, “It does not convince one that
his material was really a sulphide of molybdenum.” So far as known no
one has confirmed the occurrence of jordisite since Cornu’s brief descrip-
tion. The present study on material from the Clackamas locality indi-

cates that Cornu was correct in his statement that ilsemannite is derived

Arom a black colloidal molybdenum sulfide, and although Cornu did

nothing to establish the name “jordisite,” the occurrence in QOregon
should confirm the name as a valid one for the mineraloid. Furthermore,
uniike the most common occurrence of molybdenite, jordisite appears
to be a low temperature product as indicated by its association with cin-
nabar and zeolites, This, together with the relative rarity of jordisite,
may explain the scarcity of ilsemannite in most molyvhdenite deposiis.
In those few cases where ilsemannite has been reported as associated
with or derived from molybdenite, it is likely that some jordisite was also
present. ' . :
REFERENCES
Coox, C. W. (1922), A new occurrence of ilsemannite: Am: J. Sc.,'4, 30-32,
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MEMOBAKDUM TOQ: Mr. j W. Cameron, Resident Geologist

SURJECT: 'OCCURENCE OF JORDISITE (r}ORPnOUS MOS ) IN
2
' PORPHYRY_COPPER DEPQSITS

'REPORT_NO: 71-3 : . o : S

“Attached are copies of a letter from Mr., Stephen Von Fay

" to Mr. J. H. Courtright with a description of Jordisite from Memoir

15, N.M.B.M., and an excerpt fror R, U. King's ‘text to his map MR 55,
Molybdenum in the United States, sent to me by Mr, G..W.. Bossard,

In his letter , Mr. Von Fay mentions that jordisite (amor-
_phous MoSy) differs considerably from normel molybdenite in its be-
“havoir. Because of this difference, Mr. Von Fay feels that, if a
significent part of the molybdenum content of porphyry copper deposits
is in the form of jordisite, this mineral should be given special
attention in the milling of coppertmolybdenum ores.

i Mr. Von Fay also mentions the possibility of zoning of jor-
disite in the orebody, resulting in a veriation in recovery of molyb-
denum, depending on which portion of the orebody is being milled.

As you know, we sometimes encounter ores which give us very
erratic molybdenum recoveries in the dextrin circuit. This part of
the moly circuit consists of a two-stage refloat of the second copper
cleaner concentrate with addition of lime and dextrin to the flotation
feed. The high pH, cowmbined with a dextrin coating of the molybdenite
particles, usually is effective in depressing ebout 85-87 percent of
the molybdenite into the cowbined tailings from the two refloat stages.
Occasionally the molybdenite recovery in the dextrin circuit will drop
to less then 30 percent when using the normal conditions of flotation
in this circuit,

During these periods of poor moly recovery we have nade
mlcrosconlc examinations of the dextrin cleaner concentrate and found
that it contains a black spongy typc of molybcdenite which I have re~
"amorphous' molybdenite. The description of
Jordisite given in the N.M.B.M. peper sounds very much like this mineral

prcignt in the dcxtrxn clecaner COnCQHtldte dutlng poor o reccovery,
since this mincral is jet-black and appears to be amorphous. The oc-
curence of the "amorphous" moly is also spotty, indicating possible

zoning in certain areas of the orebody. ‘ , -
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o It seems probable that the amorphous molybdeﬁite that sometimes
~ _occurs in our dextrin circuit may be this jordisite, and I believe this
should be investigated. Mr. Von Fay refers to the occurence of a blue
- molybdenum oxysulfate, "ilsemannite'" as an indication of the presence.

of jordisite. I believe we should look for this in areas of the ore-
body which give us poor moly metallurgy to determine whether the moly

may be in this wineral form, : ) .
j ° ’D i ‘)"‘\f ;f'\(.f:.i Lo ﬂ
_ T. D. Henderson, Jr. (]A

Chief Metallurgist .

TDH:jca

cc: CGWBossard wfo attach.
DRJameson with attach.
BLRickman " n

) l‘iTMaSOH " [ ]
. FHLightner " 1
‘Kkbeter " "

. TDHenderson w/o attach.
.File '
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Mr. J. H. Courtright, Chief Geologist N W,
American Smelting and Refining Company ‘ o R AT :
P. O. Box 5747 RS o ANDLE e
Tucson, Arizona 85703 pipEPARE AHSIETS ]
. H:'- T e T
Dear Sir:

Enclosed herewith are two copies of a brief description of Jordisite
(MoS2), from Memoir 15, N.M.B.M., and the first page of R. U. King's
text to accompany his map MR55, Molybdenum in the United States. The
‘mineral was formally described in the American Mineralogist by L. W. Staples
in 1951.

Our interest in this, from the standpoint of molybdenum recovery,
centers around the fact that jordisite (MoS2) is sharply different than
molybdenite (MoS5;) in its "behavior. We therefore, of course, wonder
if it should also not be expected to react in a quite different manner than
mol ybdenite in the chemical environment of a flotation cell.

In the post mine, oxidizing, acid(?) environment where ground water
is present, at least intermittently; jordisite apparently oxidizes readily,
and molybdenum is easily transported by mine water. The blue oxysulfate
“i]semannite” is a common mineral on drift walls in Grants, and open pit
walls of uranium deposits in Wyoming, and rapidly appears after mining is
initiated. It seems to us that this behavoir is in such contrast to that of
molybdenite, that the mineral deserves metallurgical attention, if it is in
fact present as a significant fraction of the Mo assay in a supergene
porphyry copper, or a deposit such as San Martin. We would also expect
zoning of this mineral in relation to the oxidation-reduction contact, which
implies to us a likelihood of considerable actual wvariation in "molybdenite"
recovery depending on the relation of the milled ore to the contact.

Very truly yours,

Stephex’& Von Fay

Ul By
SVF/jlk W
Encl.
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- SUMMARY -

" As stated\in the introduction, there is considerdb}e"’diversity
among the mjneral assemblages from deposit to deposit in the
Grants minetgl belt.. There is also, howevcr/an overriding
similarity amoyg all the deposits, and it mg:"y/ be more infor-
mative, in sumary, to consider these similarities than the
differences. ' e

Primary unoxilized uranium in il the deposits occurs
principally as eit%icr coffinite or yraninite associated with
pyrite and gcncral%y with som,o/type of organic material.
Other minerals that’may or mag not be present include mon-
troscite, fluorite, jordisite, and base-metal sulfides.
~ Oxidation of these hrimaty minerals before mining and in
" ah environment with & Jéw vanadium content can result in
the formation of urapium silicates or phosphates such as
urenophane and augeinite. In such an environment, how-
ever, it may be mogd common for most of the uranium to be

* + leached from the focks, \ o .
~ If abundant ¥anadium ispresent under oxidizing condi-

tions, the urafium enters inly uranium vanadate minerals,
_such as carngtite and tyuyamuﬁite, of low solubility. The ex-
cess .vanagium or uranium is p?g)bﬂbly leached out of the

systcm.‘/ \\ : ;
In tHe oxidizing environment, duch minerals as native
selcn'dm, barite, calcite, gypsum, and'cryptomelane may also
be férmed. A

After mining is commenced, oxidation is locally rapid, and

the ground-water and capillary solutions are likely to contain
at least local concentrations of such metals as uranjum, vana-
dium, molybdenum, sodinm, calcium, and iron with sulfate,
carbonate, and bicarbonate anions. These form a large variety

of evaporite or efflorescent minerals on the mine walls, Among
them, andersonite, zippeite, thenardite, pascoite, and ilseman-

. o L RIPRRTIIEL eery
nite are probably the most common.
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INTRODUCTION

The kccompanymg map shows the prmcnpal dcposxtq and
“many mmor occurrences of molybdenum in the contermi-
nous Umtcd States. Six types are distinguished by shapes of
the symbols'used, and three size categories indicate the rela-
tive 1mporlancc of the deposits.

The six typcs are (1) disseminated or stockwork molybde-
num deposits in which molybdenite (M0S.) is the chief or
sole economic mineral prescnt, (2) disseminated or *‘por-
phyry”-type copper-molybdenum deposits from which mo-
lybdenite is recovered as a byproduct or co-product of the
mining of copper, (3) vein or simple fissure fillings, (4) con-
tact-metamorphic (pyrometasomatic) deposits and replace-
ments, (5) pegmatites, and (6) bedded deposits in sedimen-
tary rocks.

The sizes are basced on molybdcnum content; both pro-
duction, if any, and estimated reserves were considered in
assigning categories. Cutoffs between large and medium
are 100,000,000 pounds and between medium and small
100,000 pounds of molybdenum, respectively. These cate-
gories indicate only order of magnitude, however, and no
pretense of precision is intended. Deposits for which insuf-
ficient data are available to estimate size are shown as being
of the smallest category.

The map symbols are plotied to the nearest minute and
do not necessarily distinguish between individual deposits,
groups of deposits, or districts; about 445 ‘symbols represent
many more deposits because some are more closely spaced
than plotting at the scalc used will allow with clarity.

Where the principal molybdenum mineral is other than
molybdenite an identifying letter is added beside the symbol

for that deposit: J, jordisite (amorphous molybdenum di~ ' xgive minutes with molybdenum Climax Molybdeaum Company Divi-

sulfide, M0S;); |, ilsemannite (molybdenum oxy-sulfate);

of Colorado and New Mexico and in a few large porphyry
copper deposits of the Basin and Range region of Arizona,
Nevada, and Utah, Most molybdenum produced in the
United States has come from such deposits, either ones in
which molybdenum is the only or primary mineral sought
or from deposits in which molybdenum is recovered as a by-
product of copper mining operations. Some molybdenum
is produced as a co-product with tungsten.

Historically, molybdenum has been obtained in relatively
small tonnages from pegmatites, quartz veins, and contact-
metamorphic deposits, as well as from near-surface oxidized
portions of base-metal deposits. The economics of mining,
extraction, and refining today relegate most of these deposits
to the category of specimen or geologic interest.

The disseminated or porphyry-type molybdenum deposit
is widespread over the western part of the United States,
from Washington and Montana on the north to Arizona and
New Mexico on the south. These deposits seem to be closely
related to intrusive stocks or plugs of rhyolite or quartz mon-
zonite porphyry of Late Cretaceous to mid-Tertiary age.
Pervasive hydrothermal alteration and metallization of
large volumes of intensely fractured rock are the most con-
spicuous features of these deposits. The deposits are of rel-
atively large dimensions but have low melal content; at
Climax, the world's largest molybdenum mine, “more than
2,000 Ibs. of ore must be mined to recover some 4 lbs. of mo-
lybdenum.”* These deposits are of major economic impor-
tance only because they are peculiarly amenable to large-
scale low-cost mining techniques and relatively simple ex-

tractive processes.

W, wulfenite (lead molybdate, PbMoO.); P, powellite (cal- -

cium molybdate-calcium tungstate, Ca(MoW)O,); F, ferri-
molybdite (hydrous ferric molybdate, FeMoOs.nH.0).

" PDeposits or localities arc numbered consecutively by
States and are identified in the locality index. Both pub-
lished and unpublished information was used in compiling
the map, and at least one reference is given for €ach locality
if reports concerning the area are published.

GEOLOGY
Molybdenite is the most common naturally oceurring
molybdenum mincral, and, with the possible exceptions of
ferrlmo]ybdllc, jordisite, and molybdenum- -bearing iron
oxides, is the only one of present commercial importance in
Wulfenite was an important source of
molybdenum during the first two decades of this century,

and recently molybdenum has been recovered from bedded -

uranium ores in North wnd South Dakota and New Mexico

~ that contain jordisite and irom ferrimolybdite and molyb-

y denum-bcaring iron oxides at the Climux deposit. More than

“-'a dozen other minerals are known that contain molybdenum

as an essential element or in trace amounts; however they

-have not been found to occur in deposits sufﬂcncntly lurge to
be of economic importance.

Although molybdenum dceposits are wxddy scattered
across the nation, having been recorded in 29 of the States,
99 percent of the known rescrves are contained in a few
large disseminated deposits in the Rocky Mountain region

“‘moth-St. Anthony and Rowley mines in Arizona.

sion AMAX, 1966.

Molybdenite in quartz veins is probably the most com-
mon mode of occurrence of molybdenum in the United
States. Deposits of this typé are known throughout the Cas-
cade and Sierra Nevada Ranges from YWashington to Cali-
fornia, and in the Rocky Mountains from Idaho and Mon-
tana to New Mexico: they arc also scattered along the Appa-
lachian Mountains from Maine to Alabama. The vein
deposits are in intrusive rocks of granitic to dioritic coinpo-
sition and in associaled metamorphic rocks. Molybdenite
most commonly ocecurs with pyrite in quartz gangue, often
associated with chalcopyrite, fluorite, and base-metal sul-
fides, and in some places with graphite, scheclite, or beryl;
many gold- and silver-bearing vein dcposits also contain
small amounts of molybdenite. In the oxidized upper parts
of some base-metal veins wulfenite is the molybdenum min-
eral, as at the Shenandoah minec in Nevada and at the Mam-
Vein-type
deposits of molybdenum ordinarily are not profitably min-
able due to their limited dimensions or small reserves. The
most notable exception was the Questa mine in New Mexico,
from which more than 20 million pounds of molybdenum
was obtained during the period from about 1920 to 1955
when high-grade veins were worked; the present operation
is confined to a very large disseminated deposit.

In the contact-mctamorphic deposits common to the
Basin and Range Province of the western United States,
molybdenum occurs as molybdenite or powellite commonly

.
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Explanation of Cover
The circles and dots on the map on the cover are
roughly proportional to the production of molyb-
denum in various areas of the world as listed in table
3 of the text
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MOLYBDENUM

by John T. Kummer'

Molybdenum is a refractory metallic element
used principally as an alloying agent in steels,
cast irons, and superalloys to enhance harden-
ability, strength, toughness, and wear and cor-
rosion resistance. Primarily added in the form
of molybdic oxide or ferromolybdenum, it is fre-
quently used in combination with chromium,
columbium, manganese, nickel, tungsten, or
other alloy metals to achieve desired metallurg-
ical properties. The versatility of molybdenum
has assured it a significant role in contemporary
technology and industry, which increasingly re-
quire materials that are serviceable under higher
stresses, greater temperature ranges, and more
corrosive environments. Moreover, molybde-
num finds significant usage as a refractory metal
and in numerous chemical applications, includ-
ing catalysts, lubricants, and pigments. The va-

riety of uses for molybdenum materials, few of

which afford acceptable substitution, has re-
sulted in a strong current demand that is ex-
pected to grow at a greater rate than most other
ferrous metals.

Almost all molybdenum is recovered from
low-grade deposits of the mineral molybdenite
(MoS,). Deposits mined primarily for molyb-
denum provide 65 to 70 percent of U.S. output
and about 55 percent of world output. The re-
mainder is obtained mainly as a byproduct from
mining of large, low-grade copper porphyry
deposits. Primary deposits generally grade 0.2
to 0.5 percent molybdenite; copper ores from
which byproduct molybdenum is recovered con-
tain 0.02 to 0.08 percent molybdenite.

Distribution of molybdenum reserves and
productive capacity is concentrated in a few
countries of the world. World mine output was
an estimated 206 million pounds (molybdenum
contained in concentrate) in 1977, of which the
United States, Canada, and Chile provided 89
percent; the United States, historically the world’s
leading producer of molybdenum, supplied

nearly 60 percent. An estimated 10 percent of

the world output came from the U.S.S.R. These

four countries, led by the United States, are ex-
pected to continue as the principal mine pro-
ducers for the rest of this century.

The same four countries possess about 90 per-
cent of the estimated 17.3 billion pounds of
molybdenum in world reserves. The United
States, Chile, and Canada account for 7.5, 5.4,
and 1.3 billion pounds, respectively. The U.S.S.R.
is estimated to have 1.5 billion pounds in re-
serves. Although exploration for new sources is
likely to be successful in other areas, the afore-
mentioned countries probably have the greatest
potential for future additions to reserves and,
ultimately, to mine output.

As a result of the concentration of production

capability, international trade in molybdenum

materials consists primarily of exports from the
United States, Canada, and Chile to industrial-
ized nations that lack mine production. The
major importers are the countries of Western
Europe and Japan. The United States has ex-
ported about half of its mine output, mostly as
concentrate or oxide, in recent years and cur-
rently supplies about 55 percent of the molyb-
denum consumed in other market economy
countries. Because of the considerable excess of
production over domestic demand, the United
States should continue as the leading supplier
of molybdenum to the rest of the world. \
Based on contingency assumptions for various
end uses, U.S. demand for molybdenum is fore-
cast at between 150 and 200 million pounds in
2000. From a demand of 61.4 million pounds
in 1977, the low and high of the projected de-
mand range corresponds to growth rates of 4.0
and 5.3 percent annually to 2000. The probable
demand in 2000 is forecast at 170 million
pounds, corresponding to a growth rate of 4.5
percent annually from 1977. Cumulative re-
quirements for 1977 to 2000 will range between
2.3 and 2.8 billion pounds at the projected
growth rates. Current mine output and antici-

! Physical scientist. Division of Ferrous Metals.
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pated increases in the 1980°s should continue to
provide molybdenum in excess of domestic de-
mand for the remainder of this centurv. The
ratio of domestic reserves to U.S. cumulative
demand to 2000 is approximately 3 to 1.

Rest-of-world demand for molybdenum was
an estimated 155 million pounds in 1977 and is
forecast to range between 400 and 520 million
pounds in 2000. The projected demand range
corresponds to growth rates of 4.2 and 5.4 per-
cent annually to 2000. Probable demand for the
rest of the world is forecast at 460 million
pounds in 2000, corresponding to an annual
growth rate of 4.8 percent from 1977. Cumu-
lative demand for the rest of the world from
1977 to 2000 should range between 6.1 and 7.1
billion pounds.

Although the ratio of current world reserves
to probable cumulative world demand to 2000
(9.1 billion pounds) is approximately 2 to 1, pro-
duction capacity will have to be appreciably_in-
Creased 1o ficet projected annual reguirements
after the early IéSO's. Compared with the world
prodiiction of about 206 million pounds in 1977,
probable world demand is projected at 336 mil-
lion pounds in 1985 and 630 million pounds in
2000. World production capacity should ap-
proach 300 million pounds annually by 1982 or
1983. Numerous deposits are currently being
evaluated, but the potential output from these
sources is not expected before the mid 1980%.
Thus, given the forecast for world demand, the
possibility exists that molybdenum availability
will be restricted through 1985.

INDUSTRY STRUCTURE

Background

From the period of the Greek and Roman
civilizations to the late 18th century, terms such
as “molybdos” or “molybdaena” were applied to
minerals that were sott and “leadlike” in char-
acter, probably including minerals now known
as galena, graphite, and molybdenite. This con-
fusion was resolved in 1778 when the Swedish
chemist, Karl Scheele, demonstrated that mo-
lybdenite, the principal molybdenum mineral,
was a discrete mineral sulfide. Four years later,
P. J. Hjelm of Sweden reduced the acid-forming
oxide of the element by heating with charcoal,
thereby producing an impure powder of the
metal, which he named molybdenum. Various
properties of the element and its compounds
were determined during the 19th century, and,
in 1893, German chemists produced a 96-per-

cent pure metal by reducing calcium molybdate.
The impure metal was reported to have been
used experimentally as a substitute for tungsten
in tool steels.

Molybdenum-bearing armor plate was pro-
duced in France in 1894; this was the first re-
corded use of the metal as an alloying element
in steel. Soon thereafier, Henri Mossian, a
French chemist, succeeded in producing a 99.98-
percent pure metal by reduction of molybde-
num in an electric furnace. Mossian then con-
ducted studies to establish the element’s atomic
weight and to determine its physical and chem-
ical properties. These studies stimulated interest
in the metal and its compounds and investiga-
tions of commercial applications. By the late
1890’s, molybdenum was used in certain chem-
icals and dyes and, in 1898, a self-hardening
molybdenum tool steel was marketed.

The first mine production of molybdenite was
probably from the Knaben mine in southern
Norway in the late [8th or early 19th century.
Since essentially no commercial use for the metal
existed, output from the mine remained insig-
nificant until about 1880. By the end of the cen-
tury, molybdenum ore was also mined
intermittently in Australia and the United States.
Molybdenite and wulfenite concentrates were
produced from ores in Arizona and New hMex-
ico, but U.S. output was small and ceased en-
tirely in 1906 due to lack of demand.

World War I generated the first appreciable
utilization of molybdenum when it was substi-
tuted for tungsten in high-speed steels and used
as an alloying element in certain steels for mil-
itary armament. From 1912 to 1920, small out-
put was recorded from several additional
countries, and U.S. production was resumed.
The flotation process for separating molybden-
ite from its ores was developed during these
years. The Climax deposit in Colorado and the
Questa deposit in New Mexico were initially ex-
ploited from 1917 to 1919. Development of the
Climax deposit, the world’s largest, later proved
the viability of high-tonnage extraction of rela-
tively low-grade ore and established the United
States as the leading producer of molybdenum.

QOutput terminated in 1920 in the United
States and most other countries because non-
military consumption of molybdenum was in-
sufficient to support continued production.
However, industrial efforts to develop peace-
time applications, primarily as an alloy in steels
and cast irons, were successful and, by the mid
1920’s, demand exceeded that of the war years.
Operations resumed at the Climax deposit in
1924. By 1930, world output of molybdenum
totaled 4.2 million pounds, of which the United
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States and the Climax mine accounted for about
89 and 73 percent, respectively.

In 1933, the Greene Cananea Copper Co., a
Mexican subsidiary of the Anaconda Co., initi-
ated the recovery of molybdenite as a byproduct
of copper mining operations. Three years later,
Kennecott Copper Corp. began byproduct re-
covery at its Bingham open pit in Utah. Since
that time, molybdenite recovery circuits have
been installed at numerous copper concentrat-
ing plants, notably in the United States, Chile,
and Canada. These sources have supplied 40 to
50 percent of the world molybdenum output in
recent years.

Since the early 1930’s, world production and
consumption of molybdenum have increased
about fiftyfold to more than 200 million pounds
in 1977. During this period, industrial research
and marketing programs have considerably ex-
panded the range of metallurgical materials in
which molybdenum is a preferred or essential
alloy ingredient. The use of molybdenum as a
refractory metal and in a variety of chemical
applications has also experienced significant
growth.

Size, Organization, Geographic Distribution

About 60 percent of the world output of mo-
lybdenum is provided by U.S. mines. Four large
corporations have accounted for 89 to 94 per-
cent of the domestic mine output in recent years.
Two of these firms mine deposits primarily for
molybdenum, the other two recover molybde-
num as a byproduct or coproduct of copper ore.
The four firms also operate plants to convert
sulfide concentrate to technical-grade oxide and
other molybdenum products. The remainder of
domestic mine output is provided by eight com-
panies, all of which produce molybdenum as a
byproduct of copper, tungsten, or uranium min-
ing, and none of which possesses conversion fa-
cilities. Table 1 shows the principal world
molybdenum mines, and table 2 lists the prin-
cipal U.S. producers of molybdenum products.

Climax Molybdenum Co., adivision of AMAX
Inc., is the world’s leading producing firm. The
firm mines primary molybdenite ore at the
Climax and Henderson mines, both located in
Colorado. Capacity output at the Climax mine
is 60-63 million pounds of molybdenum an-
nually, although in some years output has fallen
to 51-55 million pounds due to milling of lower
grade ore. The Henderson mine, from which
concentrate was initially produced in 1976, is
expected to reach capacity output of 50 million
pounds per year in 1980. With a capacity output
totaling about 110 million pounds by 1980, Cli-

Table 1.—Principal world molybdenum mines in 1978,

by country
Country Company Mine
Bulgaria ___..__. Government ________._.__........ Medet.
Canada ____.__. Brenda Mines Ltd. {Noranda
Mines, Ltd.) ... __._._______. Brenda.

Lornex.

Boss Mountain.
Copper Mountain.
Needle Mountain.

Endako.
Gibraltar.
istand Copper.
Chile ___._______ Corpcrac:én Nacional del Cobre de
Chile (CODELCO) ____...._.... Chuquicamata.
...... (o [0 JN . El Teniente.
...... do . - El Salvador.
______ o (o R --- Andina.
Peru ___........ Southern Peru Copper Cor
) S .. Toquepala.
United States ... ASARCO Inc .. Mission.
______ do ___..____ Silver Bell.
Anamax Mining Co ____ ---- Twin Butles.
Cities Service Co ___...___.___... Pinto Valley.
Climax Motybdenum Co. (AMAX
Inc.) Climax.
______ do .- Henderson,
Cyprus Mines Corp .. Bagdad.
______ .. Pima.
Duval Corp (Pennzoi _. Esperanza.
______ R - -. Mineral Park.
______ --do Sierrita.
Inspiration.
.. Bingham.
______ do -- Chino.
--- Nevada mines.
Ray.
Magma Copper Co. (Newmont
Mining Corp.) __________________ Magma.
Molycorp IncA (Union Oil Co. of
California) ______ . _______._____ Questa.
Union Carbide Corp ___ Pine Creek.
USSR ________ Kalmakyr.

Balkhash (Kounrad).
~ Umaltinsk.
- Tyrny Auz.
Kadzharan.

max Molybdenum Co. should account for nearly
70 percent of the domestic output and about 45
percent of the world’s production of molybde-
num. The company converts concentrate to ox-
ide, ferromolybdenum, and chemical products
at plants in Pennsylvania and Iowa. The two
plants have a combined annual conversion ca-
pacity of about 70 million pounds of molybde-
num. Concentrate is also shipped to roasting
facilities operated by the company in the Neth-
erlands, Italy, and England. AMAX produces
molybdenum metal powder and metal products
at a plant in Michigan and lubricant-grade mo-
lybdenum disulfide at a plant in Pennsylvania.
Primary molybdenite ore is also mined by
Molycorp Inc., which was acquired by Union Oil
Co. of California in 1977, at the Questa mine in
New Mexico. The mine produced a record 11.5
million pounds of molybdenum in concentrate
in 1976, but is currently producing at a consid-
erably lower rate. The ore presently being
mined may be depleted in the early 1980’s, after
which surface mining operations would termi-
nate. Substantial underground reserves have
been outlined at the Questa property since 1974.
The company recently announced plans to mine



4 MIMERAL COMMODITY PROFILES

Tahle 2.—Principal U.S. producers of molybdenum products in 1978

Plant focation Major products

Company

AMAX inc.:
AMAX Specialty Metals Comp ____ ... .
Climax Molybdenum Co ___

Metal poweder (pellets).!

Coldwater, Mich -
- Mlolybdic oxide, ammonium molybdate.

Fort Madison, lowa

Langeloth, Pa ___ Molybdic oxide, ferromolybdenum sodium molybdate, purfied
molybdenum disulfide.
Duval Corp. (Peanzoil Co.) ... Sahuarita, Ariz ... Molybdic oxide, femomelybdenum. i
General Electiic Co ____.______ land, Ohio .. Metal powder.!
GTE Sylvania Ine _____________ — Towanda, Pa ___.. Ammonium molybdate, metal powder (pellets).!
Kennecott Copper Corp _______________ Wtagna, Utah ___ Molybdic oxide.
Motlycorp Inc. (Uaion Qil Co. of California) ... __________________ Washirgion, Pa . Molybdic oxide, femromolybdenum.
M&R Refractory Metals Inc _____ Winslow, N.J Molybdic oxide, metal powder (pellets).
Norih Metal and Chemical Co _ York, Pa ___.. Sodium molybdate.
Philips Elmet Corp _________ Lewiston, Me Meial poweder.!
S. W. Shatiuck Chemical Co Denver, Colo Molybdic oxide; ammonium, sodium, and calcium molybdate.
Teledyne Wah Chang Corp Hunlsville, Ala .. Metal powder.!
Westinghouse Electric COp ______. .. ... Bioomfield, M.J ..._____________ fetal powder.!

" %Wire, rod, sheet, or other mill products are also produced.

the underground ore and estimated an output
of 18 to 20 million pounds of molybdenum an-
nually by 1984, after expansion of processing
facilities. Molycorp operates a conversion plant
in Pennsylvania at which technical grade oxide
and ferromolybdenum are the principal mate-
rials produced.

Duval Corp., a subsidiary of Pennzoil Co., and
Kennecott Copper Corp. are the other major
domestic producers of molybdenum. Both firms
recover molybdenum from surface mining of
large copper porphyry deposits. Duval Corp.
annually produces 20-24 million pounds of
molybdenum at its Sierrita, Mineral Park, and
Esperanza properties in Arizona, although in
late 1977, the Esperanza operations were shut
down for an indefinite period because of the
depressed copper market. The Sierrita prop-
erty, at which copper and molybdenum are con-
sidered coproduct values, is the largest domestic
source of molybdenum from copper ores, with
recent annual cutput totaling 16-18 million
pounds. Duval also operates roasting and fer-
romolybdenum plants at its mining properties
in southern Arizona.

Kennecott Copper Corp. mines four copper-
molybdenum deposits located in Utah, Arizona,
New Mexico, and MNevada. Combined molyvb-
denum output from these properties has ranged
from 7 to 11 million pounds annually since 1974,
a considerable decrease from nearly 17 million
pounds produced in 1970. Declining molybde-
num grades and recovery at its large Bingham
mine in Utah are chiefly responsible for Ken-
necott’s lower output levels. A roasting facility
near Salt Lake City, Utah, processes a portion
of the molybdenum concentrate produced by
the Kennecott mining operations.

Six other mining firms recovered molvbde-
num as a byproduct of copper mining during
1978. The combined output of these firms con-
tributed about 8 percent of the domestic pro-
duction in 1978; their mines are all located in

Arizona. The firms include Magma Copper Co.
(a subsidiary of Newmont Mining Corp.), Ana-
max Mining Co. {an equal partnership of the
Anaconda Co. and AMAX Inc.), Cyprus Mines
Corp., Cities Service Co., Inspiration Consoli-
dated Copper Co., and ASARCO Inc. For the
most part, these firms sell their concentrate out-
put to domestic or foreign firms with roasting
facilities, or to dealers. During 1978, byproduct
molybdenum recovery was resumed, with minor
output, at the Inspiration mine of Inspiration
Consolidated Copper Co. and the Silver Bell
mine of ASARCO Inc., both located in Arizona.

Molybdenum is also recovered from tungsten
ore by Union Carbide Corp. at a mine in Cali-
fornia. A small guantity of molybdenum is re-
covered in the processing of uranium ore by
Kerr-McGee Corp. in New Mexico. These two
sources combined provide less than 0.5 percent
of the domestic output.

In addition to the four major producing firms,
roasting plants are operated by the S. W. Shat-
tuck Chemical Co. in Colorado and M&R Re-
fractory Metals Inc. in MNew Jersey. Their
combined roasting capacity is small compared
with the major producers. These two firms and
several others have the capability to convert ox-
ide to molybdenum chemicals and/or metal pow-
der.

Canada, the second leading producer of mo-
lybdenum, accounted for nearly 18 percent of
the world output in 1977. Almost all Canadian
cutput is obtained from molybdenum and cop-
per-molybdenum porphyry deposits in British
Columbia. The Endako mine, a primary molvb-
denum source owned by Placer Development
Lid., supplies nearly 50 percent ot Canadian
output. Another 25 percent of Canadian output
is obtained from the Brenda mine, a copper-
molybdenum coproduct source, in which Nor-
anda Mines Ltd. holds a 50.9-percent interest.
Moranda, Placer Development, Lornex Mining
Corporation Ltd. (a subsidiary of Rio Algom




MOLYBDENUM 5

Ltd.) and Utah Mines Ltd. (Utah International
Inc.) control the six other producing mines in
Canada. In late 1978, molybdenum recovery was
initiated at the concentrating plant of Bethle-
hem Copper Corp.'s copper property in the
Highland Valley area of British Columbia. An-
ticipated capacity output from the plant was up
to 1 million pounds of molybdenum in concen-
trate annually. In September 1978, AMAX Inc.
announced plans to reopen the Kitsault (Lime
Creek) mine and mill in the Alice Arms area of
British Columbia. The facility last produced
molybdenum in 1972, The company anticipates
output to resume in 1982 at a rate of 9 to 10
million pounds of molybdenum annually.
Roasting plants are operated by Placer De-
velopment at its Endako property in British Co-
lumbia and by Fundy Chemical Internatonal
Lid. in Quebec. The Endako roaster converts
concentrate produced at the Endako mine, and
Fundy primarily processes concentrates on a toll
basis. Fundy and Masterloy Products Ltd., in
Ontario, have terromolybdenum production fa-
cilities. Canada exports 85 to 90 percent of its
domestic output, primarily as concentrate or
oxide to western European countries and Japan.

Chile, the only other significant producer of

molybdenum among market economy coun-
tries, accounted for 12 percent of the world out-
put in 1977. All of Chilean output is recovered
as a byproduct of copper mining by the State-
owned Corporacion Nacional del Cobre de Chile
(CODELCO) from the Chuquicamata, El Ten-
iente, El Salvador, and Andina mines. The Chu-
quicamata and El Teniente deposits are among
the largest copper porphyries in the world and
are the source of most of Chile’s molybdenum.
The Molibdenos y Metales S. A. (Molymet) com-
pany converts about a third of the mine con-
centrate output to oxide and ferromolybdenum.
Almost all Chilean molybdenum products are
exported, mainly to Western Europe and Japan.

All other market economy countries account
for less than 1 percent of the world output. Peru
is currently the only significant producer among
these minor sources, with output of 1 to 2 million
pounds of molybdenum annually since 1970.
Most of the Peruvian output is recovered as a
byproduct from the Toquepala copper mine,
which is operated by Southern Peru Copper
Corp. (SPCQ), jointly owned by ASARCO Inc.,
Cerro-Marmon Corp., Phelps Dodge Overseas
Capital Corp., and Newmont Mining Corp. Ad-
dition of a molybdenum recovery plant at the
recently developed Cuajone copper mine, also
operated by SPCC, could increase Peru’s molyb-
denum output to nearly 4 million pounds per
year in the near future.

Table 3.—World molybdenum mine production for 1977
and capacity for 1977, 1978, and 1980

{Thousand pounds)

ity 1
Production Capacity
in 1977 1977 1978 1980
North America:
United States __________ 122,408 146,000 156,000 170,000
Canada .. 236,225 40,000 41,000 42,000
Mexico €40 200 200 200
Total _____ ... 158,673 186,200 197,200 212,200
South America:
Chite ... 24,250 26,000 28,000 30,000
Peru ... 1,021 1,500 3,000 5,000
Total . ... 25,271 27,500 31,000 35,000

Europe:
U.S.8.R. 22,000 24,000 26,000

Bulgaria 500 500 500
Norway ___ 500 500 500
Total . ... 21,400 23,000 25,000 27,000
Asia:
China _________._____._. (&) 5,000 5,000 5,000
Japan 330 500 500 500
Republic of Korea _ 222 500 500 500
lran _______________ - 0 0 0 4,000
Philippines _____.______. 10 200 200 200
Total .. ... 562 6,200 6,200 10,200
QOceania __.__.._..______.__. €25 200 200 200
World total ________._. 205,931 243,100 259,600 284,600
®Estimated.
! Capacity data are estimations based on recent or anticipated output.
2 Shipments.
3 Unknown.

Among central economy countries, the U.S.S.R.
and China are the only significant molybdenum
producers. U.S.S.R.’s contribution was esti-
mated at about 10 percent of world output in
1977. Information 1s inadequate to make a re-
liable estimate of output for China.

World molybdenum production and capacity
for 1977 and projected capacity for the vears
1978 and 1980 are shown in table 3.

Countries that are major producers of steel
and other metallurgical materials are the prin-
cipal consumers of molybdenum. The estimated
total world demand for molybdenum was 210
to 220 million pounds in 1977, The approximate
percentages of total demand, by major geo-
graphical regions, were as follows: United States,
28; Western European countries, 33; Japan, 12;
U.S.S.R. and Eastern European countries, 21;
others, 6. Since the European countries and Ja-
pan have little or no mine output of molybde-
num, these countries import all of their
requirements. Major conversion plants in Eu-
rope and Japan process imports of concentrate
to oxide, ferromolybdenum, and other com-
mercial products.

Definitions, Grades, Specifications

Molybdenum is a silver-white metallic element
with an atomic number ot 42, atomic weight of
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95.95, and a density of 10.2 grams per cubic
centimeter. The chemistry of molybdenum is
complex: It exhibits oxidation states from —2
to B, coordmation numbers from 4 to 8, and
forms compounds with most inorganic and or-
ganic ligands (13).? Molybdenum is a strong car-
bide-forming element, and much of its alloying
effect in steel is imparted through the formation
of carbides. It has a melting point of about
2,610°C; among the metallic elements, only
tungsten, rhenium, osmium, and tantalum have
higher melting points. Other significant physical
properties of molybdenum metal are good ther-
mal conductivity (about one-half that of copper),
the lowest coefficient of thermal expansion of
the pure metals, high strength at elevated tem-
peratures, and resistance o corrosion in a wide
variety of mediums. Molybdenum metal is stable
in air or water at moderate temperatures, but
above about 500° C, it oxidizes readily.

Molybdenite {MoS,) is the principal mineral
from which molybdenum is obtained. Crude ore
containing molybdenite is beneficiated to pro-
duce molybdenite concentrate. The concentrate
generally contains about 90 percent molybden-
ite; the grade may be somewhat lower, partic-
ularly if produced at copper byproduct
concentrating plants. Technical-grade molybdic
oxide (MoQy) is produced by the roasting of
molybdenite concentrate. Typically, the oxide
has a MoQO, content of 90 percent, or 60 percent
contained molybdenum. Other raw materials,
including ferromolybdenum, purified molybdic
oxide, ammonium and sodium molybdate, and
molybdenum metal powder are produced from
technical-grade oxide. The production of these
materials is described in the section enitled
“Products for Trade and Indusiry.”

Although molybdenum materials are no longer
maintained in the Government stockpile, pur-
chase specifications issued by the General Serv-
ices Administration ((GSA) list the approximate
chemical requirements for molybdenite concen-
trate, technical-grade oxide, and ferromolvb-
denum suitable for use by industry. According
to National Stockpile Specification P-74-R5,

July 15, 1963 (superseding issue of July 21,

1959), the chemical compositions of these ma-
tertals are as follows:

Weight-
percent
Constituents of molybdenum disulfide {dry

{molybdenite concentrate) basis)
Malybdenum disulfide @oS,) __________._. Minimum _______ 90.00
Copper {Cu) ____ . .. tadimum o ___ 0.45
Lead {Pb) Maximum  ______ a.15
Phasphorus {P} Maximum ______ Q.04
Tin + Assenic [Sn + As) Maximum  ______ Q.15

Free moisture content not to exceed 4 percent.

Weight-

percent
o (ary

Constituents of malybdic oxide basis)
Malybdenum (o) .. .. Minimum _______ 60.00
Copper (Cu) Maximum ______ 0.50
Lead (Pb) Maximum  ______ 0.15
Phosphaorus (P} _________.__________________ Maxdmum ______ 0.05
Sulfur {S} Maximum ______ 0.25

Free moisture content not to exceed 0.5 percent.
Weight-percenl
Constituents of _—_—(dry basis)

{erromoiybdenum Grade A Grade 8
tlolybdenum (Ma) _____________ Minimum £0.00 60.00
arbon {C) __________ - Maximum 2.50 0.10
Carbon {C} ... —ee-  Minimum _ 2.00 —_
Capper (Cu) Maximum 0.50 0.50
Phosphorus (P) ._________._____ Maximum 0.1¢ 0.10
Silicon {Si) Maximum _ 1.00 1.00
Sulber (8) _____ ... Maximum 0.20 0.20

The above specifications are generally met or
exceeded for materials marketed. by the major
domestic producers. Standards set by ASTM
{American Society for Testing and Materials) for
molybdic oxide and ferromolybdenum do not
vary appreciably from the specifications issued

by GSA.
USES

Metallurgical applications, which include the
use of molybdenum in steels, cast irons, super-
alloys and other alloys, and as a refractory metal,
account for about 9¢ percent of domestic con-
sumption; chemical and other nonmetallurgical
applications account for the remaining 10 per-
cent.

About 70 percent of consumption is attrib-
utable to the production of molybdenum-con-
taining steels. Technical grade molybdic oxide
and ferromolybdenum are the principal forms
added to steel melts. Depending on type and
specifications, the molybdenum content of steels
ranges from less than 0.1 percent to nearly 10
percent, and it is used as the sole alloy agent or,
more often, in combination with other ferrous
alloys. The role of molybdenum as an alloy is
versatile; because it imparts or enhances a va-
riety of desired physical properties, molvbde-
num-containing steels are being utilized in
increasing quantities.

Molybdenum is added to the general class of
alloy steels to improve hardenability and tough-
ness, to increase resistance to temper embrittle-
ment, abrasion, and corrosion, and to enhance
hardness and strength, especially at elevated
temperatures. These steels are used in all major
segments of industry, including the manufac-

2 palicized numbers in pareatheses vefer 1 items in the list of refereaces
the end of this report.
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PRINCIPAL COMMERCIAL FORMS AND USES OF MOLYBDENUM
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Figure 1.—Principal commercial forms and end uses of molvbdenum.

turing of transportation equipment and vehi-
cles, industrial machinery and tools, and
equipment used in agriculture, mining, electri-
cal power generation, food and chemical proc-
essing, and oil and gas production. Certain
grades of stainless steels contain up to 4 o 5
percent molybdenum to improve general cor-
rosion resistance. Newly developed ferritic
stainless steels containing molybdenum are in-
creasingly utilized in severe chemical and sea-
water environments. Molybdenum-containing
alloy and stainless steels are used in the pro-
duction of a wide variety of piping, tubing, and
tubular assemblies that are used extensively in
boilers, superheaters, heat exchangers, con-
densers, and distillation and refining equip-
ment. Molybdenum is used in signiticant
quantities in high-strength, low-alloy (HSLA)
steels used in structural applications and the
production of oil and gas transmission pipelines.
Varieties of these linepipe steels exhibit the
strength, toughness, and weldability required
particularly in low-teniperature (Arctic) regions
and offshore environments. Tool and high-
speed steels containing 4 to 9.5 percent molyh-
denum have captured a significant, and grow-

ing, share of the market for these types of steels.
The wide and expanding applications of molyb-
denum-containing steels, as briefly outlined
above, have established molybdenum’s impor-
tance in modern industry.

Molybdenum is employed in cast irons to im-
prove tensile strength, toughness, and resistance
to chipping and spalling. Numerous nickel- and
cobalt-based superalloys and other high-per-
formance alloys contain appreciable percent-
ages of molybdenum; these materials are
employed for strength at high temperatures or
for corrosion resistance to acidic and alkaline
solutions. Molybdenum-based alloys are used in
diecasting equipment and in materials exposed
to molten glasses or salts, high-temperature
chemicals, and liquid metals.

As a refractory metal, molybdenum is utilized
in a wide variety of electrical and electronic com-
ponents, for resistance elements in electric fur-
naces, in equipment used for nuclear
powerplants, and in numerous other applica-
tions requiring materials serviceable under ex-
treniely high tenperatures. Applied as a powder,
molybdenum is used to provide a wear-resistant
surface coating to machine and engine parts
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subject to continued abrasion. Other important
metallurgical uses of molybdenum include weld-
ing and alloy hard-facing rods and materials,
permanent magnet alloys, and metal-to-glass
seal materials.

Among nonmetallurgical uses, the principal
applications of molybdenum are in lubricants,
catalysts, and pigments. The lubricating prop-
erties of molybdenum disulfide are a function
of its lamellar crystal structure and surface
chemistry. It performs well under severe pres-
sure and temperature conditions and is widely
used as an additive to oils and greases, in aerosal
sprays applied to reduce surface friction, and
in plastic and metal composites as an antiwear
or antifriction agent. The use of molybdenum
disulfide in automotive engine oils may increase
substantially in the future.

Molybdenum is an ingredient of catalysts used
for hydrotreating, desulfurization, and other
petroleum-refining processes. Molybdenum cat-
alysts are also employed in oxidation-reduction
reactions to produce alcohols, formaldehyde,
and petroleum-based chemicals. Molybdenum
orange is an important paint pigment, and mo-
lybdenum chemicals are widely used in dyes,
inks, color lakes, and corrosion-resistant primers.
Soluble molybdates are experiencing increasing
use as corrosion inhibitors in cooling water sys-
tems because of their low or negligible toxicity.
Molybdenum compounds are also employed as
flame retardants and smoke suppressants, as a
micronutrient in fertilizers, as chemical re-
agents, in the glass and ceramic industries, and
in numerous other miner chemical applications.

RESERVES—RESOURCES

Available information on world reserves and
resources of molybdenum varies widely in reli-
ability. For certain countries such as Canada,
Chile, and the United States, company reports
or other published materials enable a reliable
inventory of minable ore reserves. For most
other countries, reserves must be estimated
from fragmentary or preliminary data on ore
tonnage and grade of known or anticipated
sources. In particular, the reserve figures listed
in table 4 for the U.S.5.R. and China should be
considered order-of-magnitude estimates.

Reserve data, for the most part, are restricted
to quantities of molybdenum in ore deposits of
producing mines or deposits under develop-
ment. In a few cases, deposits judged as reason-
ably certain for future production were included
in the reserve category. Because of the ditficulty
in ascertaining the economic viability of unde-

Table 4 —identified world molybdenum resources

{Million Pounds)
Reserves Cther? Total
Worth America:
United Siates _.__. 7.500 8,100 15,600
- 1,300 2.100 3,400
300 80D 1,100
——— 1.300 1,300
Total ... ... 9,100 12,300 21,400
South America:
Chile ___ 5,400 6,600 12,000
Pemu ___ 560 1,000 1,500
Other __ —— 600 600
5,200 8,200 14,100
10 20 30
1,500 1,500 3,000
R 1,400 1,400
1,510 2,920 4430
. 100 100
500 500 1,000
300 300 a0
10 350 400
Totad . 810 1,190 2,000
Oceania:
Australia _____ . ——e 50 50
Otherd ___________. —— 400 400
Total ... - 450 450
World total® _____ 17,300 25,200 42,500

1 Derived in consullation with L1.S. Geological Survey.

2 Includes Greenland, Central America, and Puerto Rico.
3 Includes Antarctica.

4 Data do not add to totals shown because of rounding.

veloped deposits or deposits currently being
evaluated, such potential sources have been
placed in the “Other” resource category of table
4. “Other” resources listed for most countries
should be regarded as somewhat speculative.

It should be noted that the reserve data in
table 4 refer to molybdenum contained in ore.
The recovery of molybdenum after milling ap-
proximates 80 to 90 percent of the in-place ore
content at primary molybdenum sources. Re-
coveries achieved at byproduct sources vary
markedly from mine to mine, but average an
estimated 55 percent of the molybdenum in ore
processed. Overall, an estimated 65 percent of
the total world molybdenum reserves can be
considered as recoverable.

Most of the world reserves of molybdenum
occur in the western mountain regions ol North
and South America, extending from Alaska and
British Columbia through the United States and
Central America to the Andes Mountains of
Chile. These_regions, roughly bordering the
western margin of the Pacific Basin, are also
regarded as most promising for future discov-
eries and additions to reserves.

The United States has 43 percent of the world
molybdenum reserves, estimated at 17.3 billion
pounds. About 70 percent of the U.S. reserves
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occurs in large porphyry or disseminated de-
posits mined, or anticipated to be mined, pri-
marily for molybdenum. These deposits are
located in Alaska, Colorado, and New Mexico.
The remaining reserves are almost entirely in
porphyry copper ores in Arizona, Nevada, New
Mexico, and Utah. Other molybdenum sources
contribute insignificantly to U.S. reserves.

Canadian reserves of molybdenum are pri-
marily located in British Columbia (8), including
nearly 30 percent of the total in the Endako
primary deposit. Other Canadian reserves are
associated with molybdenum and copper-mo-
lybdenum porphyry deposits in British Colum-
bia except for one relatively minor source in
Quebec.

Molybdenum reserves in Central and South
America are in large copper porphyry deposits.
Of several such deposits in Chile, the Chuqui-
camata and El Teniente deposits are among the
world’s largest and account for 85 percent of the
total molybdenum reserves in Chile (20). Al-
though Mexico and Peru have substantial re-
serves, the Toquepala deposit in Peru is the only
significant producer. Numerous other copper
porphyries that may contain recoverable quan-
tities of molybdenum have been identified in
Central and South America. Many of these de-
posits are actively being explored and evaluated
and could add substantially to reserves in the
future.

Reserves of molybdenum in the U.S.S.R. and
China are estimated to be substantial, but defin-

itive information about the current sources of

supply or prospects for future development in
the two countries is lacking. Molybdenum pro-
duction and reserves in Bulgaria are presumed
to be small. Other European countries, partic-
ularly Yugoslavia, probably possess molybde-
num resources. Some production has been
reported from Australia, Japan, the Philippines,
and the Republic of Korea in recent years, but
ore reserves in these countries are relatively
small. Copper ores are being investigated on the
islands of New Guinea and Bougainville in the
southwest Pacific, but whether these contain
economically recoverable molybdenum awaits

further evaluation. The recent development of

the Sar Cheshmah copper deposit in Iran, from
which recovery of byproduct molybdenum is

planned, has coincided with the exploration of

similar prospects in Iran, Pakistan, and Afghan-
istan. :

Development of a Minerals Availability Sys-
tem (MAS) by the Bureau of Mines, which will
include information on molybdenum supply
available to the Nation, has been underway for
several years. The system involves the evaluation

and classification of worldwide mineral resource
data for automated storage and retrieval. MAS
provides a mechanism for analyzing long- and
short-term supply positions, contingencies and
alternatives, mineral-related land-use issues, en-
vironmental issues, and a variety of economic
and technological problems associated with min-
ing, processing, and transporting molybdenum.
The Bureau of Mines completed minerals avail-
ability studies on two molybdenum-containing
deposits in the United States in 1977—the Hed-
dleston deposit, Lewis and Clark County, Mont.,
and the BrenMac-Sunrise property, Snohomish
County, Wash.

Geology

Mineralogy.—The average crustal abundance
of molybdenum is 1 to 2 parts per million (ppm).
The molybdenum content of igneous rocks
tends to increase with increasing silica content.
Molybdenum does not occur in nature in its free
or native state, but is found only chemically com-
bined with other elements. Small deposits of
molybdenum-bearing minerals occur through-
out the world, but the only molybdenum min-
eral of commercial importance is molybdenite.
Wulfenite, powellite, and ferrimolybdite are
common but have supplied very little molyb-
denum.

Molybdenite (MoS,) is a lead-gray, metallic
mineral that characteristically occurs in thin,
tabular, commonly hexagonal plates and also
disseminated as fine specks. The plates have a
basal cleavage and may split into thin flakes
which bend readily although they are not elastic.
It has a specific gravity of 4.6 to 4.7, a hardness
of 1to 1.5, a greasy feel, and it soils the fingers.
Superficially it resembles graphite, for which it
commonly has been mistaken,

Wulfenite (PbMoQ,), a molybdate of lead, is
a metallic mineral characterized by red, orange,
yellow, gray, and white colors. The mineral has
a resinous or adamantine luster, a hardness of
2.75 to 3, a specific gravity of 6.5 to 7, and a
white streak. It generally occurs in well-formed
crystals, chiefly square and tabular, ranging in
size from microscopic to more than an inch
along the edge. Deposits are found almost en-
tirely in veins, mostly in the oxidized parts of
lead deposits. Occurrences of wulfenite are nu-
merous, but none is of economic importance.

Powellite (Ca(Mo,W)O,), a calcium molyb-
date, is usually formed from the alteration” of
molybdenite. It is nearly always impure; tung-
sten substitutes for molybdenum up to about 10
percent. The mineral has a hardness of 3.5, a
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specific gravity of 4.3, and a variable color which
includes dirty white, gray, straw vellow, greenish
yellow, pale greenish blue, and brown. Powellite
is found with scheelite, and this association helps
to identify the mineral because it fluoresces a
golden yellow.

Ferrimolybdite {Fe,Moy0,,-8H,0) is a very
soft, hydrous mineral of distinctive canary-vel-
low color. It occurs as fine, needlelike crystals
and has a hardness of 1.5 and a specific gravity
of 2.99 10 4.5.

Other molybdenum minerals include chillag-
ite, ilsemannite, koechlinite, lindgrenite, eosite.
and jordisite.

Should demand for molybdenum continue to
rise, wulfenite, powellite, and ferrimolybdite
may become economically important source
materials.

Type of Deposits.—Molybdenum deposits are of
five genetic types: (1) porphyry or disseminated
deposits including stockworks and breccia pipes
in which metallic sulfides are dispersed through
relatively large volumes of altered and fractured
rock, {2) contact-metamorphic zones and tactite
bodies of silicated limestone adjacent to imtru-
sive granitic rocks, (3) quartz veins, (4) pegma-
tites and aplite dikes, and (5) bedded deposits
in sedimentary rocks.

The first three genetic type deposits are hy-
drothermal in origin and as such represent
nearly all the known molvybdenum resources
currently mined in the world. The remaining
types do not represent a great volume of mo-
lybdenum but are of certain economic impor-
tance only when molybdenum is associated with
other minerals.

In the hydrothermal deposits, metallic min-
erals are precipitated from high-temperature
aqueous solutions either by changes in temper-
ature and pressure or by evaporation of the lig-
uid. Minerals are deposited in the cavities,
cracks, or interstices of the matrix rock. Favor-
able host intrusive rocks with which the metallic
minerals are genetically related range from in-
termediate to acidic and include diorite, quartz
monzonite, granite, and their porphyritic equiv-
alents. Metallization commonly takes place both
in the host intrusive and in the surrounding or
overlying country rock. The following are spe-
cific examples of hydrothermal mineralization
at deposits currently mined.

The most important stockworks deposit at
Climax, Colo., was formed by an intrusion of a
quartz-monzonite magma into granite, schist,
and porphyry rocks. The aqueous solutions pen-
etrated the smallest fractures and deposited
quartz-molybdenite in the form of small veinlets,
which made the host rock appear like a breccia.

Molybdenite occurs in veins and stringers of
porphyry-type rock at the Questa deposit of

ew Mexico. The vein filling is quartz and mo-
lybdenite with minor amounts of pyrite, chal-
copyrite, and chlorite. The veins vary from a
fraciion of an inch to several feet wide. The
mineral content varies widely; most of the mo-
lybdenite is fairly fine grained and appears to
be concentraied along the vein walls or along
jeints and seams.

Most of the porphyry coppers in the Western
United States contain small quantities of mo-
lybdenite disseminated with the copper minerals
through large bodies of granitic rock. The chief
minerals are chalcopyrite and chalcocite, with
pyrite and small amounts of other sulfides in-
cluding molybdenite. In addition, minor amounts
of other base-metal minerals, specular hematite,
fluorite, and secondary silicate minerals are
present. Chalcocite replaces pyrite and chalco-
pyrite in the zone of secondary enrichment. The
copper-to-molybdenum ratio ranges from about
10:1 to perhaps 150:1.

Small quantities of molybdenite are widely
distributed in lime-silicate deposits along the
contacts between gramitic intrusive rocks and
lime-rich sedimentary rocks. Molybdenite is
commonly associated with scheelite, bismuthin-
ite, or copper sulfides in zones of silicated lime-
stone near granitic intrusive rocks. The only
domestic production from this type of miner-
alization has been as a byproduct from the Pine
Creek tungsten deposit in California. The min-
eral formation is metasomatic since it originates
by replacement of the rock with additional ma-
terial transported from the intruding magma.

-In the pegmatite-type and aplite-type depos-
its, the principal geclogical process is igneous
intrusion with subsequent solidification of the
magma and crystallization of its mineral com-
ponents. The pegmatities are coarsely crystalline
and consist almost exclusively of quartz and feld-
spar. Molybdenite occurs as an accessory min-
eral, and the individual crystals are generally
large and usually euhedral. Many pegmatites
contain magnetite, ilmenite, cassiterite, wol-
fram, columbite, zircon, apatite, rutile, and
beryl. The average grade of these types of de-
posits is low, hence, they are not important po-
tential producers of molybdenum. Pegmatite-
type deposits that contain disseminated molyb-
denum associated with bismuth were mined in
recent times in Val d’Or and Preissac, Quebec,
Canada.

Molybdenum minerals occur in coal, shale,
phosphorite, lignitic sandstone, and some ar-
kosic sandstone. The molybdenum in these sed-
imentary rocks has not been included in the
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estimates of reserves because economic and
technical problems prevent exploitation at pres-
ent. A small quantity of molybdenum has been
recovered from uraniferous lignites in North
and South Dakota, but output from these sources
ceased in 1968.

TECHNOLOGY

Exploration and Development

Prospecting and exploration for molybdenum
is basically the same as that for deposits of other
metals. Areas generally considered favorable for
molybdenite mineralization are those metallo-
genic provinces that encompass known occur-
rences of molybdenum stockwork deposits (5)
and copper-molybdenum porphyry deposits (10).
An understanding of regional geology, mineral
associations, and known patterns of molybdenite
mineralization is essential to identify potential
sites for field investigation. Sites for detailed
study may be selected on the basis of geologic
mapping of rock units and structures, geochem-
ical analyses of sediments and soils, and ground
geophysical surveys. An intensive drilling and
sampling program is then required to estimate
the size, grade, and continuity of the discovery.
Exploration drifts may be driven into the ore
body to provide more specific geologic infor-
mation and bulk samples for metallurgical test-
ing.

gl"he evaluation of a deposit may require 2 to
5 years from the time of discovery. During this
time, the technical, economic, and environmen-
tal aspects of mine development must be eval-
uated. An additional 3 to 8 years may be
required to prepare the deposit for production.
Long development times are indicative of the
complex planning and considerable capital
needed to develop the large, low-grade stock-
work and porphyry deposits that are expected
to remain the significant sources of molybde-
num. As a general rule, development of under-
ground molybdenum deposits would require
more time and capital than that of surface de-
posits.

Mining

Molybdenum ore is mined by underground
and open pit methods, the choice of method
being determined by the size, configuration,
grade, and depth of the ore body. Underground
and surface operations accounted for about 55
and 45 percent, respectively, of the domestic
molybdenum output in 1978. The Climax de-

posit of AMAX Inc. is the sole U.S. property
mined by both underground and surface tech-
niques.

Underground deposits of molybdenum ore
are mined by block or panel caving methods
modified to suit the characteristics of the par-
ticular ore body being worked. In these meth-
ods, large masses of ore are undercut and
blasted at the base to induce the collapse and
fragmentation of the ore under its own weight.
The broken ore may be drawn off from the
caved mass by gravity through finger raises into
slusher drifts. The ore is then scraped to draw
holes where it falls into ore cars on a haulage
level located beneath the slusher drifts. Alter-
natively, the broken ore may be funneled by
gravity to crosscut drifts located at intervals be-
tween production drifts. Ore is moved from the
ends of the crosscuts along the production drifts
to ore passes where it is dumped and collected
in loading pockets on a deeper main haulage
level. Ore is then transported from the main
haulage level to the site of the inital milling op-
erations. Caving methods are used to mine un-
derground deposits of molybdenum because the
low grade of the ore necessitates extraction of
large tonnages of rock at a minimum of cost.
However, caving of the ore most be carefully
contyolled to avoid ore dilution and excessive
ground stresses to mine openings.

In open pit mining operations, the ore is ex-
posed by removal of waste rock. The cut in the
ore takes the form of benches which vary in
height and width from mine to mine. The cycle
of open pit extraction consists of drilling, blast-
ing, loading, and haulage. Primary drilling con-
sists of driving a vertical blasting hole into the
ore. Secondary drilling and blasting may be re-
quired to break large boulders. Ore is loaded by
mechanical shovels into rail cars or trucks and
haulage is by large trucks for short distances or
by train for long distances. Skipways and belt
conveyors are used at some mines for trans-
porting ore to the mill site.

Beneficiation

Because of their low molybdenum content, all
molybdenum-bearing ores require beneficia-
tion. After crushing and grinding to a suitable
size, both primary molybdenite and copper sul-
fide ore containing molybdenite are benefi-
ciated by flotation. With primary ores, a final
concentrate of 90 to 94 percent molybdenite is
produced by subjecting the ore to several stages
of grinding and reflotation. Copper, iron, and
lead minerals are generally the critical impuri-
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ties that must be minimized in the final concen-
trate product. Overall recovery of molybdenite
at primary-ore concentrating plants ranges from
75 to 90 percent of the in-place ore content.

Production of molybdenite concentrate from
copper ores is more difficult, however, because
molybdenite constitutes less than 0.1 percent of
the ore. As a byproduct value, molybdenite re-
covery is generally given less priority than re-
covery of copper values. In some cases, improved
molybdenite recovery may be aitained only at
the expense of reduced copper recovery or
lower grade of copper concentrate produced.

Recovery from copper ores begins with the
bulk flotation of copper minerals and molyb-
denite as the first separation from gangue ma-
terials. Molybdenite in the bulk flotatton product
is then separated from the copper minerals in
a selective flotation process, which usually in-
volves the flotation of molybdenite and depres-
sion of copper minerals. The separatory flotation
requires close control of pH, reagent mix, and
several flotation steps. Processing of copper-
molybdenum ore varies from plant to plant de-
pending on the grade of mineralization and im-
purities in the ore. Concentrate produced as a
byproduct contains 70 to 90 percent molybden-
ite, although most approaches the higher end
of the range in content. The yield of molybden-
ite from cooper ore varies from less than 20 to
about 80 percent; the average for U.S. byprod-
uct operations is approximately 55 percent.

Products for Trade and Industry

Some commercial-grade molybdenite concen-
trate is treated with additional grinding and flo-
tation steps to produce lubricant-grade
molybdenum disulfide. Qil and water are vola-
tilized by passing an upgraded concentrate
through an inert-gas-swept kiln. The oil-free
product is about 99 percent molybdenum di-
sulfide and suitable for use in lubricant appli-
cations.

Molybdenite concentrate is converted to tech-
nical-grade molybdic oxide (MoO,), the major
form of molybdenum used by industry and the
base material for production of ferromolyb-
denum, chemicals, and molybdenum metal pow-
der. The technical-grade oxide is produced by
roasting molybdenite concentrate in a multiple-
hearth furnace at temperatures of up to 650° C.
Careful regulation of concentrate feed, hearth
temperature, and airflow is necessary to pro-
mote efficient oxidation of the sulfide and to
prevent sublimation of molybdic oxide. Typi-
cally the roasted product contains 90 percent
MoO; and a maximum of 0.1 percent sulfur.

Technical-grade oxide is used to add molybde-
num to steels, cast irons, and other alloys.
Molybdic oxide briquets are prepared by com-
paction of a mixture of technical-grade oxide
and air-floated pitch as a binder. Briquet com-
position is approximately 78 percent molybdic
oxide and 12 percent carbon, with the balance
principally silica. Briquets are used to add mo-
lybdenum to iron and steel furnaces under con-
ditions in which use of finely divided or granular
oxide would result in excessive mechanical losses.

Pure molybdic oxide (approximately $9.95
percent) is produced by sublimation of techni-
cal-grade oxide at temperatures of 1,100° to
1,200° C in a circular, sand-hearth electric fur-
nace. After cooling, the fine, volatized oxide is
densified with distilled water and dried. The
pure oxide is used in chemical applications or
to produce sodium and ammonium molybdates
and molybdenum metal powder.

Ferromolybdenum is typically produced by
reduction of technical-grade oxide and iron ox-
ide with a conventional metallothermite process,
using silicon and/or aluminum as the reductant.
The metallic mass formed by the thermite re-
action is crushed and marketed in a number of
sizes. The molybdenum content ranges from 58
to 64 percent. Ferromolybdenum is used as an
alternate additive in producing alloy steels, cast
irons, and nonferrous alloys.

Ammonium molybdate 1s produced by react-
ing pure molybdic oxide with ammonium hy-
droxide and crystallizing out the pure molybdate.
Sodium and calcium molybdate are made in a
similar manner using sodium hydroxide and
calcium chloride. All are used commercially in
chemical applications. In the past, a mechanical
mixture of technical-grade oxide and pulverized
limestone, termed “calcium molybdate,” was
used as an alternate material for alloy additions
of molybdenum.

Molybdenum metal powder is manufactured
by reducing pure molybdic oxide or ammonium
molybdate with hydrogen. The purest metal
powder (99.95 percent molybdenum minimum)
is produced from ammonium molybdate. Metal
powder is pressed and sintered into small metal
ingots which are converted into rod, wire, or
sheet by hot rolling, swaging, or forging. Large
ingots are produced by arc-casting powder in a
vacuum or inert-gas atmosphere. The powder
is also pressed and sintered into small pellets
and corrugates for alloy additions in which high-
purity metal is required.

Figure 1 illustrates the principal commercial
forms and uses of molybdenum from ore to end
products.
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Current Research and Applications

Research and development programs span
the entire range of the molybdenum industry
from extractive metallurgy to product devel-
opment. Producing firms are engaged in con-
tinuous work to enhance recovery of molybdenite
at concentrator plants by refinements in grind-
ing and flotation procedures. Processes have
been devised to recover molybdenum from con-
centrates and ores that present special problems
in processing owing to certain gangue materials
or impurities. New methods for the production
of molybdic oxide, molybdenum chemicals, and
ferromolybdenum have been developed and
may be used on a commercial basis in the future.
The degree of research activity concerned with
ore beneficiation and conversion technology is
underscored by the numerous patents granted
in recent years in these areas.

Considerable research is carried out in phys-
ical metallurgy directed toward the develop-
ment of new steels and alloys which take
advantage of molybdenum’s alloying properties.
Much of this work is conducted in metallurgical
laboratories of the Climax Molybdenum Co. A
partial listing of recently developed metallurg-
ical materials containing molybdenum includes
(1) corrosion-resistant ferritic stainless steels
with better weldability than established ferritic
grades; (2) a constructional steel that combines
high strength and resistance to sulfide stress
cracking, suitable for use in deep oil and gas
wells where hydrogen sulfide is encountered;
(3) nickel-based alloys with 7 to 15 percent mo-
lybdenum, which exhibit high strength and su-
perior corrosion resistance; (4) a low-alloy, high-
strength chromium-molybdenum rail steel; (5)
dual-phase, low-alloy steels with high strength
and good formability, which permit weight re-
duction of automotive components; and (6) car-
burizing steels with high hardenability and
greater toughness, and available at lower cost
than standard grades. The development and
commercial application of these and other me-
tallurgical products are expected to have con-
siderable impact on the molybdenum market.

Basic and applied research is furthering un-

derstanding of the behavior and utilization of

molybdenum chemicals in a variety of applica-
tions. Papers presented at the Second Interna-
tional Conference on the Chemistry and Uses
of Molybdenum (7) covered aspects of the struc-
tures, bonding, and reactions of inorganic mo-
lybdenum compounds, molybdenum catalytic
mechanisms, and molybdenum biochemistry.
Industrial research has been concerned with

expanded applications for molybdenum cata-
lysts, lubricants, corrosion inhibitors, and flame
and smoke retardants. A cemented molybde-
num monocarbide has recently been produced
that exhibits properties and performance simi-
lar to those of conventional cobalt-bonded tung-
sten carbide.

Over the past several years, Bureau of Mines’
metallurgists have developed an electrooxida-
tion process to recover molybdenum and rhen-
ium from offgrade concentrates. The process
was successfully demonstrated in pilot-plant
scale and has been made available to industry
for feasibility studies. Other recent investiga-
tions by the Bureau of Mines include work on
flotation separation of molybdenite from copper
concentrates using steam injection, the devel-
opment of investment shell molds suitable for
casting of molybdenum and molybdenum-based
alloys, molybdenum-containing alloys suitable
for use in high-temperature applications and
geothermal brine environments, the electrode-
position of coatings to retard oxidation of mo-
lybdenum metal, and the removal of molybdenum
from metallurgical process water.

SUPPLY-DEMAND RELATIONSHIPS

Components of Supply

Molybdenum supply-demand statistics for the
United States for the years 1969-78 are shown
in table 5. The data for 1977, with the principal
molybdenum-producing countries shown, are
displayed in figure 2. Since 1969, the United
States has supplied approximately 62 percent of
the total world mine output of molybdenum.
Roughly two-thirds of the U.S. output in recent
years has been obtained from primary molyb-
denum mines; most of the remainder was re-
covered as a byproduct of copper mining. With
the Henderson mine approaching capacity pro-
duction, the U.S. share of world output should
increase over the next 2 to 3 years, as will do-
mestic output from primary mines. Canada,
Chile, and the U.S.S.R. provide most of the mine
production from the rest of the world. Mainland
China is probably a noteworthy producer (greater
than 1 percent of world output), but information
is inadequate to make a reliable estimate of its
output.

The U.S. Government stockpile of molybde-
num materials was entirely depleted in 1977 and
ceased to be a factor in the domestic supply-
demand picture. Nearly 85 million pounds of
molybdenum contained in concentrate, oxide,



14 MINERAL COMMODITY PROFILES

MOLYBDENUM

SUPPLY-DEMAMND RELATIONSHIPS-1977
THOUSAND FOUNDS OF MOLYBDENUM {Mo}

WORLD PRODUCTION

TRANSPORTATION |
12565
USSR UKITED STATES
7E i ST 3
MACKINGRY
‘ 8
TRPORTS, INDUSTRY STOCKS
ll’glll CANABA 1am — CONCENTRATE 120077 SIC 354
‘ R W 175 [ B wanes |
1 IOUSTRES |
CHIE 2 I SUPPLY LS. DEMAND [An] |
S l——_ | woats omeR us. su R
#m -2 e ] 157,350 6.5 — L1 BLAD
] CHEMICALS
: WDUSTRY STOCKS ‘ ‘ 7118
B ‘
";s? 225’: 1 B‘E‘;gﬁs —
_____ o ;
BECTRICAL
523
L—T——I SHPHENTS 0F 8 |
| STOCKPUE EXCESSES KEY —rr——
WORLD TOTAL | ‘ EE—
05.9NE E: ESTIATED URER
GOVERNMENT STOCKPLE SIC: STANDARD WDUSTRISL CLASSFICATION 5913
RALANEE: 0 —— e OTHER IWPORTS

BUREAU OF MINES
ULS. DEPARTMENT OF THE INTERIOR

Figure 2.—Supply—demand refationships for molvbdenum, 1977.

i
and ferromolybdenum were shipped from
stockpile excesses from 1963 through 1977. In
1974, stockpile shipments totaled 35.1 million
pounds of molybdenum and provided an ap-
preciable portion of the U.S. supply during a
year of high demand.

Although the United States is self-sufficient
in molybdenum, imports provide part of the to-
tal domestic supply. The quantity imported was
minor previous to 1975, but since that year has
averaged about 2.6 million pounds of molyb-
denum, or about 4 percent of U.S. demand from
1975 1o 1978. Nearly 80 percent of imports of
the last 3 years have been as concentrate from
a ‘Canadian producer. Numerous countries sup-
ply small amounts of other imported material
in vartous metallic or chemical forms.

Industry stocks of molybdenum materials
constitute a significant component of U.S. sup-
ply. During the last 6 years, domestic inventories
decreased markedly from 79 million pounds at
yearend 1972 to 25.9 million pounds at yearend
at 1978. The downward trend in stocks reflects
the strong worldwide demand of recent years
and underscores the tenuous supply-demand
balance that currently prevails. At the close of
1978, domestic molybdenum inventories were
divided among industry segments as follows in
million pounds: Concentrate at mines and plants,
8.6; molybdenum materials at conversion plants,
8.0; molybdenum materials at consumer estab-

lishments, 9.3. These quantities represented a
1- to 2-month supply based on average monthly
consumption.

U.S. and World Consumption

U.S. indusirial demand for molybdenum in-
creased from 29 million pounds in 1850 to 36.8,
49.2, and 61.4 million pounds in 1960, 1970,
and 1877, respectively. Based on linear regres-
sion analysis, domestic demand increased at an
average rate of 5 percent per year from 1960
to 1877. Demand growth has not been steady,
however. For example, domestic demand reached
peak levels in 1973 and 1974, each year exceed-
ing 70 million pounds. Most recently, demand
has grown at an annual rate of 5.4 percent from
1975 10 1977.

World consumption is difficult to ascertain
because of the lack of information on changes
in inventory levels outside of the United States.
However, assuming that foreign inventories of
molybdenum remain stable over a relatively long
period, annual world consumption and demand
growth rates can be estimated. Based on this
assumption, apparent consumption of molyb-
denum in market economy countries increased
from about 74 million pounds in 1960 to 156
million pounds in 1970 and tc 188 million
pounds in 1977. Demand was calculated to in-
crease at a 6.9-percent annual rate from 1960

e e



Table 5.—Molybdenum supply-demand relationships, 1969-78

MOLYBDENUM

(Thousand pounds)

15

1969 1970 1971 1972 1973 1974 1975 1976 1977 1978P
World mine production:
United States _____________ 99,807 111,352 109,592 112,138 115,859 112,011 105,980 113,233 122,408 132,482
Rest of the world _ 59,663 66,777 57,862 62,675 64,229 73,557 70,733 78,054 83,523 83,000
Total ____ ... 159,470 178,129 167.454 174,813 180,088 185,568 176,713 191,287 205,931 215,482
Components of U.S. supply:
Domestic mine production . 99,807 111,352 109,592 112,133 115,859 112,011 105,980 113,233 122,408 132,482
Shipments of Government
stockpile excesses _____. 2,832 4,756 319 81 5,752 35,142 4,344 1,594 22 [
Imports  ___________________ 25 48 985 411 1,156 534 2,776 2,235 2,454 3,129
industry stocks, Jan. 1 ____ 37,879 31,716 41,325 64,135 79,037 52,511 46.852 40,364 32,477 28,762
Total U.S. supply ________ 140,543 147,872 152,220 176,765 201,804 200,198 159,952 157,426 157,361 164,373
Distribution of U.S. supply:
Industry stocks, Dec. 31 ___ 31,716 41,325 64,135 79,037 52,511 46,852 40,364 32,477 28,762 25,866
Exports _____.____________. 58,553 57,381 47,278 46,130 75.844 81,734 64,286 65,000 67,249 70,030
Industrial demand ._._____. 50,274 49,166 40,807 51,598 73,449 71,612 55,302 59,949 61,350 68,477
U.S. demand pattern:
Transportation ____________. 10,445 9,844 8,488 10,466 15,591 14,708 11,610 13,140 12,966 14,472
Machinery ___ 17,901 17,582 13,961 17,751 25,876 25,866 20,181 21,024 20,998 23,437
Oil and gas in 7,937 7,665 6,053 7,544 11,041 11,090 8,838 8,935 9,121 10,181
Chemicals ___ 4,028 4,381 4,489 6,307 7,403 6,418 4,781 5,927 7,118 7,945
Electrical ... - 4,511 4,400 3,533 4,438 6,482 6,384 4,931 5,256 5,234 5,842
Other ... 5,452 5,294 4,283 5,092 7,056 7,146 4,961 5,667 5913 6,600
Total U.S. demand ___.__ 50,274 49,166 40,807 51,598 73,449 71,612 55,302 59,949 61,350 68,477

P Preliminary.

to 1977. The actual growth rate is slightly lower
because some molybdenum has been exported
from market economy countries to centrally
planned economy countries.

Total world consumption (including the
U.S.S.R. and other centrally planned economy
countries) in 1977 was estimated at 216 million
pounds of molybdenum, or about 5 percent
greater than the world output of 206 million
pounds. World demand exceeded output each
year from 1973 to 1977.

World Trade

The United States is the major exporter of

molybdenum to other industrialized countries
of the world. For the period 1973-78, total ex-
ports averaged nearly 71 million pounds of mo-
lybdenum and exceeded domestic demand each
year. In 1978, exports amounted to about 53
percent of the domestic mine output. An esti-
mated 58 percent of molybdenum consumption
in other market economy countries of the world
was supplied by exports from the United States
from 1973 o 1978.

About 97 percent of U.S. exports of molyb-
denum are in the form of concentrate or tech-
nical-grade oxide. The principal destinations
are the Netherlands, Japan, Belgium-Luxem-
bourg, the Federal Republic of Germany, Swe-
den, and the United Kingdom. Exports directly
to the U.S.S.R. began in 1977. A substantial por-
tion of the exported concentrate went to the
Netherlands for conversion into technical grade
oxide and reshipment largely to other European
countries.

Other materials exported include ferromolyb-
denum, molybdenum wire and powder, and
other metallic forms and scrap. Japan and West-
ern European countries are the principal recip-
ients of these materials.

Canada and Chile are the only other produc-
ing countries that are major exporters of mo-
lybdenum. Canada exports about 85 to 90
percent of its mine output, mostly as concentrate
or oxide, to Japan and Western European coun-
tries. Chile exports almost all of its mine output
as concentrate, oxide, or ferromolybdenum, also
primarily to Japan and Western European coun-
tries. Among other countries, international trade
is primarily in products such as technical-grade
oxide, ferromolybdenum, and molybdenum
metal and chemicals.

Secondary Sources or Recycling

Some secondary molybdenum is recovered in
the production of alloy steels, superalloys, and
metal, but data on quantities are incomplete and
inconclusive. Most of this recycled material is
generated and reused directly at metal-forming
or fabricating plants (runaround scrap) or
shipped to plants that reclaim it (prompt indus-
trial scrap). Very little molybdenum-containing
obsolete scrap is processed for its molybdenum
content. Although some molybdenum is recy-
cled as a minor constituent of scrap alloy steels,
the use of such scrap does not generally depend
on its molybdenum content. An increasing but
indeterminate quantity of molybdenum is being
reclaimed from spent catalysts and chemical res-
idues.
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Substitutes

Historically, molybdenum has been a rela-
tively inexpensive alloying agent used primarily
in specialty steels and alloys and, in the United
States, it has been readily available. As a result,
metallurgical applications for molybdenum were
broadened, and its utility as an alloy ingredient
became well recognized. The substitutton for
molybdenum by other alloy metals had little im-
petus. Recently however, the potential for sub-
stitution has received attention owing to the
substantial rise in price of molybdenum raw
materials since 1974.

Several factors mitigate the possible replace-
ment of molybdenum to the degree that its
overall demand would be significantly affected.
First, there is no acceptable substitute in nu-
merous metallurgical and chemical uses. Sec-
ond, it is commonly added to steels and alloys
to enhance several desired properties (such as
hardenability, strength, corrosion resistance,
etc.), often in synergistic effect with other alloy
metals. In such cases, molybdenum could be re-
placed for particular effects, but at a sacrifice
m overall performance. Moreover, the molyb-
denum content of alloy and specialty steels
ranges from less than 1 to a few percent. There-
fore, costs of molybdenum raw materials have
to increase substan'uTa/Hy to appreciably affect the
cost F the finished product, therebv stumfﬂ-arung
s‘Bstlmuon_F'nally, the United States is self-
sufficient in molybdenum, a situation that does
not prevail for other ferrous metals. Significant
replacement would entail increases in the im-
ports of substituted metals.

Nevertheless, possible alternatives exist in
most applications of molybdenum. Steels and
alloys containing less or no molybdenum might
be used in place of those with higher molyb-
denum content. In most cases, such substitution
would result in lowered or unacceptable per-
formance. Boron, chromium, and manganese
can replace molybdenum in sieels where hard-
enability is the only desired eifect. In certain
low-alloy steels, columbium, manganese, and
vanadium act in similar fashion to molybdenum.
Chromium, nickel, and tungsten are possible
substitutes in steels and other alloys. Molybde-
num has substantially replaced tungsten in com-
monly used high-speed tool steels; a return to
tungsten grades is possible, but with a reduction
in economy and performance. Nonmetallurgical
materials, such as plastics and ceramics, can re-
place steels and alloys containing molybdenum
in certain applications.

Tungsten and tantalum can be substituted for
molybdenum in certain refractory metal uses,

Table 6.—Domestic molybdenum byproduct and
coproduct relationship in 1977

Percent

of tatal

Source Produgt Unit Quantity outpud
Maiybdenum [ 11 R Long ton _.._... W w
......... Tungsten ___. 1,000 pounds _. 2,253 375

Do - Pyrite - do W -
Do _ Rhenium _____ __ do . ____ e -
Do _ kdalybdenum . __do .._........ 82,870 67.7
Copper .. do .- do 38,185 320
Tungsten ___. __ do - do w w
Urantum _____ __ [« |- SN do ol w w

W Withheld to avoid disclosing individual company data.

but at a cost disadvantage. Molybdenum can be
replaced by graphite for refractory elements in
electric furnaces in the range of 1,000° to 1,-
600° C, but at the expense of slightly greater
difficulty in operation and control. Chrome or-
ange, cadmium red, and organic orange pig-
ments are possible substitutes for molybdenum
orange. Acceptable substitutes for molybdenum
are not found in most of its major catalytic ap-
plications. Graphite and other solid lubricants
generally do not perform as well as molybde-
num disulfide, especially under high-pressure
and high-temperature conditions.

BYPRODUCTS AND COPRODUCTS

Tin, tungsten, and a very minor quantity of
pyrite are recovered as byproducts from the
molybdenum ore at the Climax deposit. Rhen-
ium is extracted from flue gases and dust pro-
duced during the roasting of molybdenite
concentrate. Although rhenium was not pro-
duced from domestic ores in 1977, its recovery
was resumed in 1978.

Molybdenum is recovered as a byproduct pri-
marily from copper ores. A very small amount
is also obtained from tungsten and uranium
ores.” At the Sierrita mine of the Duval Corp.,
copper and molybdenum are considered co-
product values.

The relative quantities of molybdenum re-
covered from molybdenum and other ores and
of the byproducts recovered from molybdenum
ores in the United States in 1977 are shown in
wable 6.

STRATEGIC CONSIDERATIONS

Molybdenum is a strategic element used in
steels and alloys that have important applica-
tions in the manufacturing and production of
military armament. As with other ferrous met-
als, demand has increased during times of war.
In the past, molybdenum materials have been
maintained in the U.S. Government stockpile
administered by the General Services Admin-

[P
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Table 7.—Time-price relationship for molybdenum in
concentrate,’ 1954-77

Average annual price, dollars per pound

Based on
Actual constant
Year price 1977 doliars
1954 1.05 249
1955 1.10 2,55
1956 1.18 ’ 2,66
1957 1.18 257
1958 1.25 2.68
1959 1.25 2.62
1960 1.25 2.58 *
1961 1.40 2.86
1962 1.40 2.81
1963 1.40 2.77
1964 1.55 3.02
1965 1.55 2.95
1966 1.55 2.86
1967 1.62 2.90
1968 1.62 2.78
1969 1.72 2.81
1970 1.72 2.67
1971 1.72 2.54
1972 1.72 2.44
1973 1.72 230
1974 2.02 2.47
1975 2.48 2.76
1976 2.94 3N
1977 3.68 3.68
1978P 4.52 421
P Preliminary.

1 Prices are weighted averages for each year. Price changes in 1977 and 1978:
Aug. 1, 1977, $4.01; March 7, 1978, $4.41; Sept. 1, 1978, $4.95; Dec. 29, 1978,
$5.19 (calculated based on 4.75-percent increase from previous price}.

istration (GSA). However, since 1963, these ma-
terials have been sold from the stockpile because
domestic reserves and production capacity were
considered adequate to supply national emer-
gency needs. By yearend 1977, no molybdenum
remained in the stockpile. Revised stockpile
goals announced in October 1976 and reaf-
firmed in 1977 by the Federal Preparedness
Agency (FPA) of GSA did not include molyb-
denum materials.

Although adequate to supply potential in-
creased needs in wartime, capacity is concen-
trated in relatively few mines and conversion
plants. Interruption of normal operations at the
major mines and plants due to accidents or labor
problems would significantly reduce availability.

ECONOMIC FACTORS AND PROBLEMS
Pricing

Table 7 shows the time-price relationship
since 1954 for molybdenum contained in con-
centrate in actual dollars and based on constant
1977 dollars. Actual prices are based on the pub-
lished price of the major producer, Climax Mo-
lybdenum Co. Historically, prices quoted by the
other large producers have not varied appreci-
ably from the Climax price, although byproduct
producers generally have listed their concen-
trate at prices slightly lower than that of Climax.
The lower price was due to either lower mol-
ybdenite grade or higher impurity content than

that of Climax concentrate. However, in re-
sponse to strong worldwide demand during
1978, other producers began to list prices for
concentrate and other products higher than the
Climax price quotes. In addition, U.S. producers
initiated a two-tiered price system in which
prices for exported materials were set higher
than for domestic sales.

The prices of other molybdenum products are
also quoted on a contained-molybdenum basis
and reflect, at least partially, the cost of conver-
sion. Technical-grade oxide, the major form of
molybdenum sold commercially, varies in price
among the major producers depending on pu-
rity, type of packaging, and whether it is bri-
quetted. Over the last 5 years, producer oxide
prices have ranged from 7 to 12 percent over
the concentrate price.

As of January 1979, Climax Molybdenum Co.
listed oxide, in cans, at $5.55 and ferromolyb-
denum at $6.38 (both per pound of contained
molybdenum) for domestic sales. A domestic
price for concentrate was no longer listed, but
an approximate price of $5.19 was calculated
based on the percent increase in domestic prices
on other materials for the last price change in
December 1978. Climax’s export prices were as
follows: Concentrate, $5.86; oxide, $6.56; and
ferromolybdenum, $7.71. Other major U.S.
producers listed prices for oxide and ferromo-
lybdenum above the Climax price quotes.

Although the bulk of producer sales are made
at listed prices, it has been reported that during
periods of oversupply in past years some dis-
counting prevailed, particularly for byproduct
concentrate and oxide. In contrast is the current
situation of somewhat restricted supplies and
byproduct oxide prices that exceed the Climax
list price. The strength of the 1978 market was
also attested to by dealer prices for oxide, which
have been listed as considerable premiums over
producer prices since 1976. Materials supplied
by dealers represent, however, a relatively small
fraction of total domestic consumption.

Prior to 1974, producer prices for molybden-
ite concentrate and other products were char-
acterized by marked stability. Particularly
noteworthy was the 5-year interval from 1969
to 1973 during which listed prices remained
unchanged. The 1973 average price for molyb-
denum in concentrate, when adjusted for infla-
tion, was lower than it had been for the previous
20 years. During this period, the applications
and demand for molybdenum were consider-
ably expanded.

The presently prevailing market of generally
tight supply-demand balance and rising prices
began in 1974. Since early 1974, the price per
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Table B.—U.S. import duties

TSUS Mo. Malerial Rate of duly, Jan. 1, 1979
601.33 Molybdenum ore ____ ... 12 cents per pound on molybdenum content.
603.40 Material in chiei value molybdenum _ 10 cents per pound on molybdenum content plus 3% ad valorem.
607.40 Ferromolybdenum _________________ . Do.
Molybdenum:
628.70 Waste and scrap 10.5% ad valorem 2
628.72 Unwnought - 10 cents a.dper pound on molybdenum content plus 3% ad valorem.
628.74 Wrought __ . 12.5% ad valorem.
Melybdenum ¢!
417.2B Ammonium molybdate - 10 cents per pound on molybdenum carntent plus 3% ad valorem.
418.26 Calcium molybdate ______ - Do.
419.60 Molybdenum compounds _ Do.
420.22 Potassium molybdale ... o Do.
421.10 Sodium molybdate ______________________ Do.
423.88 Mixtures of inorganic compounds, chief value molybdenum ________ Do.
473.18 Molybdenum orange ________ . 5% ad valorem.

! Not applficable 1o countries that have centrally controlled economies.
2 Buly on waste and scrap temporarily suspended.

pound of molybdenum in concentrate has more
than tripled from $1.72 to $5.19 as of January
1979. During the same period, technical grade
oxide increased from $1.92 to $5.55 per pound
of contained molybdenum. Twelve price in-
creases have occurred since early 1974; in each
instance prices on molybdenum products were
raised from 5 to 16 percent over their previous
level. Higher operating costs, the need to re-
cover the cost of expanding production capacity,
and the tight supply-demand balance have been
cited as factors in the recent price escalaiions.
If supply-demand relationships do not change
appreciably, further price increases are ex-
pected, but at what frequency or level is uncer-
tain.

Taxes and Tariffs

No special taxes are imposed on the domestic
molybdenum industry. Producers are granted

a deE]l»e[ion allowance of 22 percent on domestic
arid 14 percent on foreign production. Tariff

rates for molybdenum materials are shown in

table B.
OQPERATING FACTORS AND PROBLEMS

The mining and milling of both primary mo-
lybdenum ore and copper ore containing mo-
lybdenum are high-tonnage operations. The
largest domestic molybdenum mine has an ore-
processing capacity of about 48,000 tons per
day; processing capacity at the largest copper-
molybdenum surface mine exceeds 100,000 tons
per day of ore. Ore grade is low; therefore, open
pit and underground block caving methods are
required to extract the ore profitably.

The costs involved in producing molybdenite
concentrate vary according to mining methods
used {underground or surface), the physical
characteristics of the ore body, and the difficulty
in beneficiation of the ore. In mining, the prin-

cipal nonlabor operating expenses involve con-
sumption of explosives, utilization of fuel and
electricity for operating equipment, and re-
placement parts for servicing of equipment.
Costs of ore beneficiation are dependent on the
use of grinding materials, flotation reagents,
electricity to operate milling and concentrating
equipment, and general plant maintenance.
Operating variables are monitored, and adjust-
ments are made when necessary to maximize
efticiency and economy of operation.

The mining of primary molvbdenum ore and
disposal of ore tailings disturb land areas. In the
future, land reclamation will probably become
increasingly necessary as mines become inactive.
The problem is relatively localized because few
primary mines are expected to be in operation.
Copper mining that yields byproduct molyb-
denum entails the disturbance of significandy
larger land areas. Development of new mine-
mill complexes presents local socioeconomic and
land-use problems. Since new potentially eco-
nornic sources are likely to be found in relatively
unpopulated regions with little other industry,
development of a major mine can have signifi-
cant impact on established occupational pat-
terns. Interaction between mining firms and
local and State agencies is expected to increase
to assure that mine development proceeds in“as
orderly and environmentally sound a manner
as possible.

The conversion of molybdenite concentrate
to technical-grade molvbdic oxide involves
roasting, which releases sulfur oxides into the
atmosphere. Producing firms have modified
roasting facilities or installed sulfuric acid re-
covery equipment to reduce emissions and
thereby comply with more stringent pollution
control restrictions. Because the molybdenum-
processing industry is relatively small, raw ma-
terials and energy needs generally are not crit-
ical concerns.

Although some concentrate is converted in
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Table 9.—Summary of forecasts of U.S. and rest-of-world molybdenum demand, 1977-2000
{Thousand pounds)

Forecast range

Probable average

Probable annual growth

rate,
1977-2000"
1977 Low . 1985 2000 {percent)
United States:
Total _____ ... 61,350 150,000 200,000 93,000 170,000 4.5
Cumuiative __._....... R 2,300,000 2,800,000 620,000 2,500,000
Rest of the world:
Total ... 2155,000 400,000 520,000 243,000 460,000 4.8
Cumulative ...._...... - 6,100,000 7,100,000 1,600,000 6,600,000
World:
Total _____ .. 2216,350 550,000 720,000 336,000 630,000 4.8
Cumulative ._.____.__. can 8,400,000 9,900,000 2,200,000 9,100,000
! Calculated from demand in 1977.
2 Estimated.

Western States, most is shipped by rail from
mines in the West to conversion plants in the
East and Midwest. Some is also shipped to the
gulf and west coasts for export. Transportation
costs are reflected in the price of molybdenum
products, but the high unit value of the products
makes shipping costs relatively insignificant
when compared with the total value of the prod-
uct.

An estimated 4,500 people were employed in
1978 in the mining and milling of primary mo-
lybdenum ore in the United States. Several
hundred are also employed at domestic conver-
sion plants. A number of additional employees
associated with the molybdenum industry are
engaged in exploration and resource evaluation,
basic research, product control and develop-
ment, and marketing activities.

Compared to other industrial metals, molyb-
denum exhibits low or negligible toxicity. No
significant toxic effects in human beings have
been identified in the mining and processing of
molybdenum materials (3). As an environmental
trace element, molybdenum is an essential mi-
cronutrient and has been shown to be related
to copper metabolism in certain animal species.
Deficiencies or excesses of molybdenum can af-
fect the normal growth and development of nu-
merous plant and animal species (9).

OUTLOOK

Demand

Domestic demand for molybdenum in 2000
is forecast to range between 150 and 200 million
pounds, corresponding to average growth rates
of 4.0 and 5.3 percent annually and based on
the demand of 61.4 million pounds in 1977.
Within this range, the probable level of demand
in 2000 is forecast at 170 million pounds, cor-

responding to an annual growth rate of 4.5 per-

cent for the period 1977-2000. Cumulative
domestic demand to 2000 is forecast to range
from 2.3 to 2.8 billion pounds; probable cu-
mulative demand is 2.5 billion pounds. Domestic
demand is expected to reach 93 million pounds
in 1985. These forecasts are shown in table 9.

Demand for molybdenum in the rest of the
world is forecast to range from 400 to 520 mil-
ion pounds in 2000, corresponding to average
annual growth rates of 4.2 and 5.4 percent from
the 1977 demand leve‘l._TlTe_——Jprobi'«lble level of
demand for the restof the world is forecast at
460 million pounds, giving an annual growth
rate of 4.8 percent. Cumulative requirements
for the period 1977-2000 were calculated to
range from 6.1 to 7.1 billion pounds. Rest-of-
world demand should grow at a slightly higher
rate than that for the United States because the
increase in production of molybdenum-contain-
ing steels and alloys is expected to be more pro-
nounced in foreign industrialized and developing
nations. Table 9 shows the forecasts for rest-of-
world and total world demand in 1985 and 2000.

The forecasts for domestic demand were par-
tially based on time series data of the estimated
demand for molybdenum in major end-use in-
dustrial classifications for the period 1965 to
1977. Regression analysis was applied to each
end use to determine which economic indicator
(such as gross private domestic investment or
the Federal Reserve Board index of iron and
steel production) best correlated with the his-
torical end-use data. Projections of the appro-
priate economic indicator were then used to
derive statistical projections for demand by end
use in 2000; the projections are shown in table
10. Except for the “chemicals” end-use sector,
correlations with economic indicators were poor.
In addition, the projections of demand were
judged to inadequately reflect the expectation
of growing molybdenum consumption in the
“transportation” and “oil and gas industries”
sectors.

Using the statistical projections as a base, a
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Table 10.—Projections and forecasts for U.S. malybdenum demand by end use, 1977 and 2000

{Thousand pounds)
2000
Contingency {orecasts for the United Stales

Statistical Forecast range
End use 1977 * projections? Low High Probable
Teansportation ____________ ... _____ 12,966 23,491 42,000 53,000 46,000
Machinery ____. 20,988 48,927 38,000 43,000 42,000
011 and gas industries ... 9,121 20,329" 29,000 41,000 34,000
________ 7,118 23,850 21,000 28,000 24,000
Eleclnc,?l - 5,234 12,157 10,000 14,000 12,000
Cther 5913 11,319" 10,000 15,000 12,000
Total 61,350 150,000 260,000 170,000

! Statistical projections are derived from regression analysis based on histarical ime series dala, and forecasts of economic indicators such as gross national product.
Federal Reserve Board index, efc. Projection equations with a coefficient of determination (R-squared) less than 0.70 are indicated by an asterisk (*).

contingency analysis was then undertaken to
evaluate the economic, technological, and other
factors that might influence molybdenum con-
sumption in the future within the end-use sec-
tors. In applying this analysis, forecasts were
made for the low, high, and probable level of
demand for molybdenum in the various end-use
sectors. The forecasts were based on qualitative
information concerning recent and anticipated
trends in molybdenum demand, modified by the
specialist’s judgment. The summary of these
contingency forecasts, also shown in table 10,
determined the forecast range and probable to-
tal demand for molybdenum in the United
States in 2000.

The underlying presumption in establishing
the forecasts was the expectation that demand
will experience considerable growth primarily
because of the increasing applications for mo-
lybdenum as an alloying element in steels, cast
irons, superalloys, and other alloys. Since about
70 percent of molvbdenum consumption is in
full alloy, stainless, and other steels, molybde-
num demand should broadly follow the demand
for these specialty steels. Moreover, the strong
demand for molybdenum in recent vears has
been stimulated by increased utilization of those
grades of alloy steels containing molvbdenum,
and the outlook is for growing usage of these
specific grades. It was also expected that de-
mand for molybdenum in catalyst, lubricant,
pigment, and other nonmetallurgical applica-
tions will exhibit appreciable growth. A brief
discussion of the contingency analyses for the
forecasted demand in each end-use category fol-
lows.

Transportation.—The probable forecast of 46
million pounds for molybdenum demand in
transportation in 2000 was based on the expec-
tation of significant growth in the use of molyb-
denum-containing steels and high-temperature
alloys for the manufacture ot automobiies, rail-
road equipment, aircraft, and aerospace sys-

tems. The high of the forecast range, 53 million
pounds, reflects the possibility of greater-than-
anticipated applications of molybdenum to pro-
duce materials of higher strength and lower
weight necessary for the increased efficiency of
transportation systems. Factors that could re-
duce demand to 42 million pounds, the low of
the forecast range, include the continuing trend
to smaller size automobiles, a general decline in
travel by the population due to higher costs
brought on by increased fuel costs, and the pas-
sible replacement of molybdenum by other ele-
ments in certain alloys.

Machinery.—The probable forecast of 42 mil-
lion pounds for demand in 2000 for this end
use reflects anticipated growth in molvbdenum
use in stainless and alloy steels and wons for
industrial machinery and in high- -speed. hot
work, and other ool steels. Included in this sec-
tor is equipment used for mining, construction,
food and chemical processing, and numerous
other industrial processes. all of which should
contribute to growth in usage of molybdenum-
bearing steels and alloys of high strength and
wear and corrosion resistance. Growth in pop-
ulation and demand for consumer goods would
effect the overall demand for industrial ma-
chinery. Changes in machining techniques. such
as the trend toward higher speeds that make
carbide inserts preferable to molybdenum tool
steels, and the possible substitution of tungsten
in tool steels could reduce molvbdenum demand
in this sector. With these contingencies in min,
the high and low of the forecast range were set
at 49 and 38 million pounds of molvbdenum,
respectively.

il and Gas Industries—Probable requirement
of molybdenum in this sector was forecast at 34
million pounds in 2000. Demand should grow
for molybdenum in alloy and stainless steel tu-
bular products employed in oil and gas drilling,
refining, and processing equipment. Use of
molybdenum in low-allov steels for oil and gas
pipelines is also expected to experience consid-




MOLYBDENUM 21

erable growth. Increased activity in oil and gas
production and refining and the possibility of
molybdenum use in the construction of coal gas-
ification and liquefaction plants could combine
to produce the high of the forecast range, 41
million pounds of molybdenum. On the other
hand, a lesser growth in petroleum production
and utilization owing to declining rates of dis-
covery could limit molybdenum demand to 29
million pounds in 2000.

Chemicals.—The probable forecast of 24 mil-
lion pounds of molybdenum demand in 2000
in the chemicals sector is equal to the calculated
statistical projection, which was derived from
the good historical correlation between molyb-
denum use in chemicals and gross private do-
mestic investment. The growth in demand should
be primarily in catalyst, pigment, and corrosion-
inhibiting applications. Should greater need for
molybdenum catalysts in petroleum refining oc-
cur, or the possible use of molybdenum in ca-
talysts for coal gasification and liquefaction
materialize, then demand may reach 28 million
pounds. Diminished production and refining of
petroleum by 2000 could resultin lower require-
ments for catalysts and leads to the forecast of
21 million pounds as the low of the forecast
range.

Electrical —The anticipated growth in use of
molybdenum alloys and metals in electrical gen-
eration and transmission equipment established
the probable forecast of 12 million pounds for
demand in 2000. Higher requirements for elec-
trical power and the possibility of molybdenum
utilization in the production of nuclear and solar
power equipment could increase demand to 14
million pounds. The possibility of substitution
for molybdenum in certain electrical and elec-
tronic components and lower than expected de-
mand for electricity are contingencies that could
diminish demand 1n this sector to about 10 mil-
lion pounds.

Other—Requirements for this end-use sector
were forecast to range from 10 to 15 million
pounds of molybdenum in 2000. Most of the
increase in demand should be accounted for by
expanded use of molybdenum in lubricating
applications, although other diversitied uses,
such as in welding and hardfacing equipment,
magnetic alloys, fertilizer, and consumer prod-
ucts, should experience growth in molybdenum
utilization. The probable forecast, 12 million
pounds, was set near the median of the forecast
range.

Table 11.—Comparison of domestic molybdenum
production and demand, 1954-78, 1985, and 2000

{Thousand pounds)

Year Demand Production
1954 26,443 58,668
1955 34,987 61,781
1956 37.450 57,462
1957 29,053 60,753
1958 25,347 41,069
1959 33,760 50,956
1960 36,758 68,237
1961 34,179 66,563
1962 36,162 51,244
1963 42,455 65,011
1964 46,377 65,605
1965 54,460 77,372
1966 61,870 90,532
1967 54,848 90,097
1968 56,199 93,447
1969 50,274 99,807
1970 49,166 111,352
1971 40,807 109,592
1972 51,598 112,138
1973 73,449 115,859
1974 71,612 112,011
1975 55,302 105,980
1976 59,949 113,233
1977 61,350 122,408
1978° 68,477 132,482
1985 193,000 2 160,000 © 200,000
2000 170,000 2220,000 © 350,000
¢ Estimate. P Preliminary.

! Probable forecast from table 9.
2 20-year trend.

Supply

Domestic molybdenum demand and produc-
tion for the period 1954-77 and forecasts for
1985 and 2000 are shown in table 11. The sta-
tistical projection of the 20-year trend (1958-77)
in domestic output extrapolates to production
forecasts of 160 and 220 million pounds in 1985
and 2000, respectively. The extrapolations,
however, do not take into account sources that
are currently under development or that have
a reasonable probability of development in the
future. Potentially significant deposits are cur-
rently being evaluated and exploration can be
expected to lead to additional discoveries that
may be producing mines by 2000. If worldwide
demand increases at the projected rates, the
need for new output is certain and should pro-
vide the stimulus for increased exploration and
development. With these considerations in mind,
domestic output is forecast to reach 200 million
pounds in 1985 and 350 million pounds by 2000.

Producing mines and committed capacity in-
creases in sources under development should
provide 150 to 160 million pounds of U.S. out-
put by the early 1980’s. One or two additional
primary mines and/or increased output as a by-
product of copper mining could bring produc-
tion up to the estimate of 200 million pounds
per year by 1985. An additional 150 million
pounds of annual output would be required be-
tween 1985 and 2000 in order to reach 350
million pounds by 2000. One-third of this ad-
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ditional output could be provided by copper
mining, assuming projected increases in do-
mestic copper output and improved recovery of
byproduct molybdenum. The remainder woukl
be provided by new primary mines with com-
bined annual output roughly equivalent to 100
million pounds. .

For the years 196777, the ratio of domestic
mine output to industrial demand ranged from
2.7:1to 1.6:1. A ratio approximating 2:1 should
prevail at least through the 1980, given the
estimated increases in U.S. mine production and
the forecasts of domestic demand. Conse-
quently, the United States should continue as
the major supplier of molybdenum to the rest
of the world.

Rest-of-world output of molybdenum is also
expected to increase and add to total world sup-
plies. However, it is difficult to estimate future
levels of foreign production because most of the
~possible sources now being evaluated are copper
deposits from which byproduct molybdenum
may be recovered. Development of these de-
posits would depend primarily on expectations
of demand and profitability in the copper mar-
ket. Nonetheless, the need for increased pro-
duction is pronounced. Subtraction of the
forecasted U.S. output from the forecasts of
probable total world demand gives the approx-
imate requirements for rest-of-world annual
output—136 million pounds by 1985 and 280
million pounds by 2000. Compared with an es-
timated rest-of-world output of 84 million pounds
in 1977, the additional productive capacity that
would be required by 2000 appeurs prodigious.
Even assuming lower growth rates in world de-
mand (3 or 4 percent annually rather than the
forecast 4.8 percent), significant new production
will be required.

Possible Supply-Demand Changes.

The currently prevailing world supply and
demand patterns are expected to continue at
least into the mid [98(Fs and probably for the
remainder of this century. The United States
should continue as the world's leading producer
and exporter of molybdenum, and domestic
output will be more than adequute to supply
domestic requirements. Canada, Chile, and the
U.S.5.R. should continue as the other major pro-
ducing nations unless large primarv deposits are
discovered and brought into production else-
where. Output of byproduct molybdenum from
copper mining is foreseen in other countries,
but these sources probably will not add signifi-
cantly to future supplies. As at present, about
55 to 60 percent of the world output should be

obtained from primary deposits. Although de-
veloping nations will account for a greater share
of demand in the future, the bulk of demand
will still be divided among the highly industrial-
ized nations.

The essential problem concerning the molyb-
denum market is whether annual production
capacity can be increased to meet the anticipated
growth in demand. Although known reserves
exceed cumulative demand to the year 2000;
both for the United States and the world, the
bulk of these reserves are contained in a rela-
tively few large deposits that are mined at rates
which probably will not be increased appreciably
in the future. To parallel the forecasted in-
creases in demand, annual world output would
have to increase by about 130 million pounds
from 1977 to 1985, and by 425 million pounds
in the interval 1977-2000. Committed capacity
increases announced to date amount to only an
additional 60 to 70 million pounds of annual
output over the 1977 production level. These
capacity increases should keep supplies in ap-
proximate balance with demand into the early
1980’s.

In the longer term, the middle 1980’s and
beyond, a shortfall in world molybdenum sup-
ply could occur without additional mine output.
The additional output would come primarily
from the discovery and development of new re-
serves, rather than increased production from
existing reserves. Several promising deposits are
currently being evaluated in the United States
and elsewhere; these could add materially to
world supply by the middle or late 1980’s. Ex-
ploration is likely to reveal other undiscovered
sources, some of which should prove to be eco-
nomically minable.

Possible Technological Progress

Advances in ore beneficiation and the devel-
opment of new end-use applications are ex-
pected to have the greatest impact on the future
supply and demand of molybdenum. Ongoing
efforts to improve the efficiency of flotation
technigues should result in increased recoveries
of molybdenum, particularly for that obtained
as a byproduct of copper mining. More efficient
beneticiation methods would increase the quan-
tity of recoverable ore reserves and possibly con-
vert some low-grade byproduct resources to
reserves.

The application of new geochemical and geo-
physical exploration techniques could increase
the probability of finding additional molybde-
num deposits. It is not considered likely that
types of occurrences other than molvbdenum or
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copper-molybdenum stockwork and porphyry
deposits will contribute significantly to supphes,
at least for the remainder of this century. Mo-
lybdenum is known to occur as a minor element
in seabed nodules, but the economical recovery
of molybdenum from these nodules is specula-
tive.

As has been noted previously, the develop-
ment and application of new molybdenum-con-
taining steels and alloys is anticipated to increase
the demand for molybdenum considerably. Use
of molybdenum metal or molybdenum-based
alloys would be stimulated if a coating, alloying,
or surface-diffusion technique were developed
that improves molybdenum'’s resistance to oxi-
dation at high temperatures. Nonmetallurgical
applications for molybdenum compounds are
expected to be broadened because of their de-
sirable properties and relatively low toxicity. As
overall demand grows and the economics prove
justified, recycling of molybdenum in both me-
tallurgical and chemical forms will probably be
increased.
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Molybdenum. Ch. in Minerals Yearbook, annual.
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Mineral Trade Notes. Issued monthly.

Other sources:
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Metal Data.
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Canadian Mining Journal (Canada).

Annual Reports of various companies.
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Metal Bulletin (London).

Metal Statistics (Annual pub. of American Metal Mar-
ket).

Metals Week.

Mining Congress Journal.

Mining Engineering.

Mining Journal (London).

Skillings’ Mining Review.

The Northern Miner (Canada).

World Mining.



Current Bureau of Mines Publications

Single copies of the following can be obtained free
from the Branch of Publications Distribution, Bureau
of Mines, 4800 Forbes Avenue, Pittsburgh, PA 15213:
“Mineral Commodity Summaries”
“Status of the Mineral Industries”
“Mineral Commodity Profiles” (a series present-
ing timely data on selected mineral raw materials).
“Chromium,” May 1977
“Copper,” June 1977
“Nickel,” July 1977
“Cobalt,” July 1977
“Asbestos,” September 1977
“Manganese,” October 1977
“Vanadium,” December 1977
“Lead,” December 1977
“Columbium,” January 1978
“Potash,” February 1978
“Zinc,” May 1978
“Iron Ore,” May 1978
“Aluminum,” May 1978
“Iron and Steel,” July 1978
“Tin,” July 1978
“Stone,” July 1978
“Titanium,” August 1978
“Vermiculite, August 1978
“Fluorine,” August 1978
“Tungsten,” September 1978
“Platinum Group Metals,” September 1978
“Sand and Gravel,” September 1978
“Silver,” September 1978
“Gold,” October 1978
“Cement,” November 1978
“Phosphate,” January 1979
“Silicon,” February 1979
“Barite,” February 1979
“Cesium,” May 1979
“Rare-earth Elements and Yttrium,” May

1979
“Molybdenum,” May 1979



As the Nation’s prineipal conservation agency, the Department of the
Interior has respensibility for most of our nationally owned public lands
and natural resources. This includes fostering the wisest use of our land
and water resources, protecting our fish and wildlife, preserving the
environmental and cultural values of our national parks and historical
places, and providing for the enjoyment of life through outdoor recreation.
The Department assesses our energy and mineral resources and works to
assure that their development is in the best interests of all our people. The
Department alsc has a major responsibility for American Indian reserva-
tion communities and for people whe live in island territories under U.S.
administration.
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YEAR PARTIAL CUMULATIVE YEAR PARTIAL CUMULATIVE
1778-1900 200 200

1901 22 222 ) 1941 20,719 125,603

1902 46 268 1942 24,832 155,435

1903 148 416 1943 32,236 187,671

1904 48 464 1944 22,037 209,708

1905 62 526 1945 16,7173 226,481

1906 86 611 1946 10,703 237,184

1907 58 669 1947 13,948 251,132

1908 117 786 1948 13,460 264,592

1909 77 863 1949 11,805 276,397
1910 85 948 1950 15,241 291,638
1911 63 1,011 1951 22,060 313,698
1912 180 1,191 1952 24,585 338,283

1913 91 1,282 1953 30,968 369,251

1914 132 1,414 1954 30,994 400,245
1915 223 1,637 1955 32,540 432,785
1916 - 416 2,053 1956 30,6753 463,460
1917 499 - 2,552 1957 32,242 495,702
1918 728 3,280 1958 22,630 518,332
1919 280 3,560 1959 28,660 546,992
1920 194 3,754 1960 36,899 583,891
1921 31 3,785 1961 36,319 620,210
1922 33 3,618 1962 30,469 650,679
1923 96 3,914 1963 . 38,444 689,123
1924 250 4,164 1964 40,046 729,169
1925 644 4,808 1965 46,871 776,040
1926 776 5,584 1966 59,878 635,918
1927 1,065 6,649 1967 62,699 898,617
1928 1,670 8,319 ' 1968 63,135 961,752
1929 1,959 10,278 1969 70,245 1,031,997
1930 1,631 $i2,109 1979 80,7217 1,112,724
1931 1,571 13,680 1971 79,328 1,192,052
1932 1,344 15,024 1972 76,131 1,268,183
1933 3,160 18,184 1973 77,616 1.345,799
1934 5,193 23,377 1974 81,668 1,427,467
1935 6,733 30,110 1975 81,864 1,509,331
1936 10,002 40,112 1976 87,243 1,596,574
1937 14,854 54,966 1977 93,044 1,689,518
1938 16,868 71,834 1978 100,066 1,789,684
1939 15,672 87,506 1979 103,456 1,893,140
1940 17,378 104,884 1980 114,746 2,007,886

TABLE 40

HISTORICAL RECORD OF WORLD MOLYBDENUM PRODUCTION
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{(in metric tons of nmolybdenum content)
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. ( in metric tons )

ORE CONTENT
% Cu % Mo

MINE LOCATION OWNERSHIP

MOLYBDENUM MINE PRODUCTION CAPACITIES OF OTHER COUNTRIES

I T e 1 ]

PRODUCTION

106tpy
ore

tpy

tpy

copper molybdenum

Peru

Southern Peru
Southern Peru

Tacna
Moguegua

Togquepala
Cuajone

Philippines

Sipalay Negros Occid. Marindugue 0.5 0.015
Kennon Luzon Blacl Mountain 0.4 0.04
Biga-Toledo Cebu Atlas 0.4 0.005

Mexico

Frisco 0.25

Cumobabi Sonora

South Korea

Daegu Kyang Bung Korea Tungsten - 0.035

Iran

NICIC 0.027

Sar Chesmeh South-East

Finland

14
16

-

0.5

14

120,000
170,000

25,000
3,000
45,000

1,500

145,000

1,700
1,300

100
200
200

1,200

200

1,800

350

Matasvara Outokumpu Oy

Total

WORLD TOTAL

7,050

149,810




WORLD MOLYBDENUM MINE PRODUCTION: 1961 - 1970

{in metric tons of molybdenum content)

1967 1968 1969 1870

1961 ) 1962 1963 1964 1965 - 1966

UNITED STATES

CLIMAX 21,776 14,795 21,481 21,286 22,804 25,490 26,337 23,452 23,719 26,528
- - 620 3,656 3,388 3,687

URAD . -
3,533 4,258 4,122 4,938 4,575

QUESTA . - - - -
UTAH 5,590 5,542 4,767 4,742 6,866 6,403 4,097 4,854 6,495 6,916
CHINO : 268 337 276 325 450 410 248 278 389 323
MCGILL 154 156 182 60 97 245 110 134 130 94
RAY MINES - - - 3 - - 7 139 197 359
SAN MANUEL 1,050 1,129 1,286 1,350 1,554 1,925 1,087 1,248 1,494 1,510
ESPERANZA 579 565 516 637 657 648 = 662 1,000 915 948
MINERAL PARK - - - 35 978 1,119 1,279 1,596 1,448 1,354
SIERRITA - - - - - - - - - 2,014
MORENCI 235 178 100 188 189 106 45 27 - -
BAGDAD 72 36 101 125 206 212 239 276 204 182
SILVER BELL 129 143 213 225 . 200 141 200 135 176 195
MISSION - - - 7 320 289 169 248 355 351
COPPER CITIES - - - - - 15 48 46 88 89
INSPIRATION 87 53 215 266 162 113 62 95 160 199
TWIN BUTTES - - - - - - - - - 120
PIMA - - - - - - 382 657 783 673
UNION- CARBIDE 193 260 313 a7 387 270 204 274 253 352 ;

50,469

£62

SUB-TOTAL 30,133 23,194 29,450 29,620 34,870 40,919 40,054 42,2&7- 45,132
-
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" PABLE 15 {(Continued)

CANADA

—_———

1961

WORLD MOLYBDENUM MINE PRODUCTION: 1961 - 1970

1962

1963

1964

1965

1966

1967

1968

1969

1970

Mo CORP. OF CAN. 349 370 335 340 308 251 272 - 162 263
GASPE MINES - - 43 210 224 241 222 32 123 170
BOSS MOUNTAIN - - - - 664 1,620 1,433 1,089 1,062 1,124
ENDAKO MINES - - - - - 5,242 6,481 5,480 8,530 8,274
BC MOLYBDENUM - - - - - - - 1,860 2,526 2,786
RED MOUNTAIN - - - - - 150 343 249 335 266
BRENDA MINES - - - - - - - - - 3,675

- - - 187 780 467 343 an -

CADILLAC

SUB~-TOTAL 349 370 378 550 1,384 8,284 9,218 9,253 13,069 16,558
CHILE

EL TENIENTE 1,011 876 799 1,17 1,358 1,070 1,595 1,342 1,625 2,764
CHUQUICAMATA 449 874 1,363 1,717 1,567 2,751 2,303 1,191 2,161 2,338
EL SALVADOR 442 679 891 1,042 912 914 979 1,332 1,056 1,596
SUB~-TQTAL 1,902 2,429 3,053 3,930 3,937 4,735 4,877 3,865 ° 4,842 5,700
KNABEN 238 257 250 229 224 225 250 221 353 EX))
TOQUEPALA - - 538 639 680 672 924 806 222 608
RUSSIAN MINES 3,130 3,300 3,950 4,180 4,580 4,580 4,880 5,150 5,500 5,750
ALL OTHERS 567 859 825 898 1,383 1,987 3,266 3,222 1,458 1,311

WORLD TOTAL

36,319

30,4469 38,444 40,046

46,871

59,878

62,699

63,134

70,245

80,727




TABLE 16

WORLD MOLYDBDENUM MINE PRODUCTION: 1971 - 1380

B B ey

(in metric tons of molybdenum content)

197 1972 1973 1974 1975 1976 1977 1978 1979 1980

UNITED STATES

CLIMAX 23,453 23,923 23,040 26,922 27,112 27,497 23,153 23,456 22,242 23,604
HENDERSON - - - - - 1,359 10,704 14,623 19,397 22,671

URAD 3,302 3,180 2,419 1,685 - - - - - -
QUESTA 4,575 4,983 4,938 5,074 5,028 5,209 3,669 2,49 2,265 1,689
SIERRITA 4,460 5,290 6,477 5,138 6,124 7,977 7,363 7,401 7,358 7,937
MINERAL PARK 1,29 1,587 1,692 1,285 1,239 1,200 1,752 2,044 1,719 1,790
ESPERANZA 1,189 - 1,552 1,161 1,456 1,353 1,047 - 944 944

“UTAH COPPER 5,609 6,111 5,803 4,193 3,649 2,923 3,108 4,403 4,626 3,320
CHINO MINES 192 179 275 125 191 86 72 120 121 9
RAY MINES 232 14 276 309 149 337 266 287 373 315
MCGILL 15 27 118 46 1 - 44 59 - -
SAN MANUEL 1,439 2,252 2,456 1,910 1,440 1,203 1,474 1,605 1,501 1,149
TWIN BUTTES 582 963 1,470 659 156 554 1,648 1,418 2,122 1,394
BAGDAD 204 206 226 166 197 177 154 1,168 1,481 939
PIMA 650 525 850 786 . 822 864 525 - 192 769
MISSION 512 860 364 295 198 124 ' 129 172 782 632
SILVER BELL 237 58 - - - - - 61 195 89
COPPER CITIES 94 97 119 49 9 - - - - -
PINTO VALLEY - - - - 72 200 153 204 324 269
MORENCI 21 - - - - - - - 241 128
INSPIRATION 105 13 47 - - - - 28 94 84
UNION CARBIDE 324 330 288 195 131 128 133 137 121 122
AMBROSIO LAKE - 200 74 - 25 103 56 47 50 53

SUB-TOTAL 48,491 50,798 52,484 49,998 48,009 51,294 55,450 59,724 66,148 68,251




CANADA

ENDAKO MINES
BOSS MOUNTAIN
BC MOLYBDENUM
BPENDA MINES
RED MOUNTAIN
LORNEX

ISLAND COPPER
GASPE
GIBRALTAR
BETHLEHEM

SUB-TOTAL
CHILE

EL TENIENTE

CHUQUICAMATA
EL SALVADOR

ANDINA

SUB-TOTAL

MATASVARA
KNABEN

CUAJONE
TOQUEPALA
RUSSIAN MINES*
ERDENEITYN .OBO
ALL OTHERS

WORLD TOTAL

* Estimates

1971

WORLD MOLYBDENUM MINE PRODUCTION:

TABLE 16 (Continued)

1971 -

1980

1972

1973

1974

1975

1976

1877

1978

1979

1980

6,526 4,190 5,388 5,466 6,849 6,838 6,905 6,363 2,697 7,294
912 206 - 826 1,094 1,033 980 752 639 758
2,313 481 - - - - - - - -
4,355 4,557 3,786 3,466 3,937 3,636 3,930 3,210 2,532 2,300
365 - - - - - - - - -

- 264 1,579 1,832 1,399 1,710 1,670 1,805 2,010 2,170

184 214 582 532 816 472 219 924 1,079 1,201
185 211 126 25 142 528 1,039 1,888 430 805

- - 224 338 35 - 141 129 538 780

- - - - - - - 197 263 260
14,840 10,823 11,685 12,485 14,272 14,217 15,584 15,268 10,188 15,568

1,030 1,489 1,267 2,23 2,431 2,321 2,174 2,71 2,581 2,312
3,727 3,370 2,430 6,144 5,319 7,049 6,960 8,930 9,258 9,330
1,324 1,032 1,191 1,382 1,341 1,462 1,453 1,227 1,212 1,335
- - - - - 67 51 264 508 691
6,081 5,891 4,888 9,757 9,091 10,899 10,938 13,192 13,559 13,668
- - - - - - - - 104 340

357 255 131 - - - - - - -

- - - - - - - - - 1,311

810 768 722 750 650 449 462 730 1,181 1,359
6,350 6,550 6,750 6,850 8,750 9,100 9,300 9,700 10,800 11,670
- - - - - - - - - 140
2,399 1,246 1,030 1,828 1,117 1,387 1,366 1,499 1,630 2,340
79,328 76,131 77,676 81,668 81,864 87,243 93,044 100,066 103,456 114,746
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CUMOBABI MINE : This project is another example what the thriving
metal markets can do for a fast development of mineral properties,
Like in the case of Highmont Mine in British Columbia, high molyb.
denum prices since 1978 speeded up a fast development of this re-
latively recently discovered mineral district, converting Mexico
overnight,again into an important molybdenum producer, like Cana-
nea did it almost 50 years ago. in 1933, by starting first by-pro-
duct recovery at its copper plant in the state of Sonora.

Minera Cumobabi SA de CV is a wholly owned subsidiary of Frisco
spn de Cv, located in mountainous district of La verde, over 1,000
nts above sea level, 27 kms southwest of Cumpas in the state of
Sonora and 43 kms southwest of the large porphyry copper of La
caridad, also a potential by-product molybdenum producer. Cumo-
babi got its name from two metals CU and MO it contains and the
local word for "source" which is BABI.

This district is a combination of porphyry and breccia-type depo-~
sits which were discovered at old mining works carried out alrea-
dy in 1800's but systematically explored only since 1966, when
Cia Minera Hermosillo acquired several claims in the area and
started a diamond drilling program and underground exploration
which continued into 70's. Minera Cumobabi acquired these claius
in 1978 and started development of an open pit mine, which was
brought into production in september of 1980.

The Cumobabi topographically rugged area consists of cretaceous
andesite, volcanoclasic rock and Tertiary rhyolite. Diorite anc
granodiorite plugs intruded these volcanic formations, and pires
of collapse breccia formed at the contacts of the intrusives and
the volcanics. The breccias and the intrusives were subsequently
mineralized, giving origin to the higher grade breccias and louer
grade‘porphyries.Af

The initial project of Cumobabi was based on a 4.7 million tons
san Judas orebody, which assayed 0.25% Cu and 0.2% Mo, This ore-
body should provide the basis for a 600 tpd open pit and concen-
trator which should be able to produce about 300 tpy of Mo, plus
a similar amount of copper. However, further exploration rapidiy
increased these reserves to about 18 million tomns and, moreoveXx,
discovered three additional orebodies : the rransvaal and Trans-
vaal West, 2 few hundred meters west of San Judas and the Molybde=
no breccia, 700 mts south of San Jdudas Pit. According to the late
est geological estimates, the Cumobabi mineral district today ac-~
counts for approximately 70 million tons of ore assaying an ave-
rage of 0.25% Cu and 0.1% Mo. It is believed, however, that fur-
ther exploration will bring these reserves to up to 200 million
tons.

In view of these new findings and booming molybdenum markets cf
1979 and 1980, the original plans of building a 600 tpd operation
rapidly changed and expanded the project to 2,000 tpd, with an
idea that, if necessary. this operation can be expanded to 15,200
or even 30,000 tpd by mid B80's. Obviously, with the present mar”
ket situation it is more likely that the constructed 2,000 tpd

plant will suffice for several years to come.
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~he San Judas orebody is 300 mts long, 70 meters wide and at least
300 mts deep. Mineralization is found in the upper level of the
orebcdy, which is dome shaped and has a clearly defined lower level.
In v2is deposit molybdenite is disseminated in quartz veins, with
rotarle enrichment areas. The breccia itself consists of quartz,
bicrite and orthoclase with some apatite, zircon and calcite,which
appear in smaller proportion. The development of the open pit star-
ted over the San Judas orebody and this open pit will also permit
mining of San Judas-Transvaal poprhyry. Some other claims of Minera
Penacobre, a subsidiary of Cananea, may be also dncluded in this
pit ( some claims of Transvaal and Transvaal West are jointly ow-
ned by Cumobabi and Penacobre ) if expansion of operations to 15

or 30,000 tpd are considered. The San Judas breccia contains around
0.4% Mo while the average for the San Judas porphyry is only 0.12%
Mo. Breccia to porphyry ratio is 3 : 7 - this for 14 million tons
of reserves with a cutoff grade of 0.05% Mo.

The other important orebody is Molibdeno, on the opposite side of
tire mountain, 700 mts to the south., Moljbdeno'’s ore reserxrves, so
far, are put at about 25 million tons. Some 15 million tons be-
lo:zy to breccia and the other 10 million tons to stockwork. Molib-
deno breccia is apparently an apex on top of the stockwerk, and
thiis orebody may be mined both by open pit and underground methods,
in two separate operations. The stockwork consists of zones of
intense fracturing and alteration in andesite. Molybdenum minera-
lization appears in quartz-~orthoclase, with veins 25 to 50 mts
thick and with almost no copper mineralization. The average grade
of the ore is 0.10% Mo, although higher grade areas also exist.
However, where molybdenum content is the highest, i.s in breccia,
where the average grade is 0.18% Mo and where one 1.5 million
tons section caries 0.25% Mo,

Stripping operations at San Judas started in early 1979. This
open pit has 10 mt benches and the initial stripping ratios are
apout 1.15 : 1. The ore is érilled with Atlas Corpco Rotamec-1300
drills which produce 11 m deep holes, 16 cm in diameter. Blasting
is with Detomex and ANFO, with a powder consumption of 200 gms/t.
The ore is loaded with 5.5 cu mt bucket Eaton Yale frontend load-
ers which feed a fleet of six Wabco 35 metric tons capacity me-
chanical drive trucks.

The Cumobabi concentrator was designed with prevision for further
expansion. It has thus an oversized 10,000 tpd crushing plant,
with a 36x55 in., Allis Chalmers gyratory crusher and a 5.5 ft
Short Head Symons crusher. Crushing plant discharges a minus

10 mm product to a covered 26,000 metric tons storage facility,

Grinding and flotation plants are designed for a 2,000 tons per
day capacity , although the concentrator building has spare space
for future expansions. This plant was built in a record time of
some 18 months thanks to the possibility of use of older equip-
ment from San Francisco del Oro mill. The grinding section con-
sists of four 7 x 11 f ¢ ball mills which grind the ore to 100%
minus 45 mesh. Each mill is driven by a 250 HP motor. These

mills work in a closed circuit with 5 x 30 ft spiral classifiers,
which overflow is floted in two banks of 16 Agjitair No 48 cells,
with eight roughers and two sets of four scavangers in ecach bank.
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ERDIHETYIN OBO MINE - which in Mongolian means Treasure Mount-

2in is located in north central Mongolia about 330 kms north-

wezz of the Mongolian capital Ulan Bator and about 270 kms, by

road, south of the Soviet pborder. The mining potential of this

arza was known from pre—historical times because of outcrops of

turquoise and native copper and ancient works in numercus sux-=

face pits, as well as the name of the area itself. However, the

modern exploration and consideratijion of this area for production

started onlym1963 by a mixed Mongolian-czechoslovakian explora-

tien , which soon established that Erdenetyin Obo is a rather ox-
tensive mineral pelt, 25 kms long and 1.5 to 3 kms wide, which

extends from northwest to southeast and which consists of seve-

rai mineralized orebodies. After 10 years of exploration, duxing

which also some soviet geologists got involved, 1t was establi-

siied that the most promissing area is located in the Northwest~

eccn and Central orebodies. The first orebody is of elliptical

shape, is 2,800 mts long, 1,000 mts wide and at least 500 mts deep.
The adjacent Central orebody is separated from the Northwestern
orepody by a fault and is considerably smaller - 1,400 mts long

and only 50 to 400 mts wide. Alltogether mineral resources of this
area were estimated at 367 cu.m of mineralized mass with about

116 cu m. of overburden and with an average grade of between

0.8 to 0.96% Cu and 0.016% Mo. pased on these data,a cooperation
agreement between Mongolian and the Soviet governments was signed
in 1973, by which a joint-venture in developing this property into
a 14 million tons per Yyear operation was established. This inclu~-
ded financing of an open pit 2,500 mts iong, 1.150 mts wide and

270 mts deep; construction of a 40,000 metric tons per day concen-
trator able to produce some 100,000 tpy of copper in form of 35%

Cu concentrates and about 1,300 tpy of Mo jn form of 51% Mo con-
centrate. The project did not contemplate erection of a smelter

and refinery because concentrates would be exported to the Soviet
Union. However, it considered numerous other infrastructures such
as a 164 kms railroad from Erdenet to salhit to connect Erdenet
with the main Ulan Bator - Trans-Siberian railroad; a modern high=
way between Erdenet and Darkhan { close to salhit ) and a 270 kms
220 kV power line, which would connect Erdenet with the Soviet
electric power supply. The execution of this contract was given to
the soviet Giprotzvetmet agency, which contracted several dozens
of other technical, engineering, construction etc. agencles. These
programs also called for construction of a modern 50,000 people
city consisting of 12 large apartment blocks and adequately supplied
with water and all other services. Tentative plans for this pro-
ject were to put on stream the first stage of operations at an an-’
nual capacity of about 4 million tpy in Decemper of 1978 and to
have this project finished at full capacity of 14 m tpy in 1982.
Depending ©on the higher or lower grades of the ore annual copper
output could vary between 100,000 and 125,000 tpy. while molybdenum
production would be around 3 million pounds of contained Mo.
The Erdenetyin Obo deposit, as a classical copper porphyry, con=

sists of a leached cap, 20 to 40 mts deep and with a copper con-

tent of between 0.01 and 0.4% Cu. This material is rather refracto-=

ry to leaching and although stockpiled apart for possible future

processing, SO far was not used.
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Underneath the leached cap is the secondary enrichment zone which
consists of bornite, chalcocite, covellite and minor amounts of
Pyrite and chalcopyrite. The thickness of this zone in the main,
Northwest, orebody is up to 300 mts and in the Central Orebody
only about B5 mts. The mineralized area is lens-like, i.e. thicker
at the center and thinner to the peryphery where it is only 15

to 60 meters thick. Copper mineralization of this zone is very
intense and assays anywhere from 1% to 7% copper. About 85% of

the calculated reserves of this orebody are located in the seccn-
dary enrichment zone.

Underlying the secondary enrichment zone is the primary minerali-
zation, which is principally in form of chalcopyrite and pyrite
and which extends to at least 500 mts below ground level. The
average assay of this zone is between 0.4 and 0.5% and it also
decreases towards the periphery where it amounts to only 0.2 -
0.3% Cu. Contrary to the copper mineralization, molybdenum mine-
ralization is more intense toward the periphery, where it rea-
ches up to 0.025% Mo, as compared with an average grade of 0.012%
in the center. Molybdenite is accompanied by rhenium values, ag
well as the copper ore has minor amounts of gold, silver, lead,
zinc, bismuth, tellurium and arsenic but guantities of which are
not reported. However, it seems, that they fall within a normal
range of usual impurities, i.e. are present only in traces.

Fre-stripping of the mine was started in 1977 for development of
a pit, as mentioned above, 2,500 mts long, 1,150 mts wide and

270 mts deep. Work benches are 15 mts high and 50 mts wide and

in first few years the pit floor will descend at a rate of 20

to 30 mts per year, but as the pit grows the rate of descent will
average abecut 15 mts per year. In mining, the most advanced ang
the largest Soviet equipment is being used : EKG-8I showels with
8 m3 buckets SBSH-250MN drills, 350 to 540 HP buldozers andg BeLrz
-548 and 549, 40 t and 75 t trucks. :

Concentration of ore includes a three-stage crushing; one step
grinding to 65% minus 200 mesh; bulk flotation of copper and no-
lybdenum into a concentrate which is then treated for molybdenum
separation by depression of copper sulphides with sodium sulphide
and other reagents,

All milling equipment is of the Soviet origin and the different
operations are fulfilled as follows : crushing is carried out i
KKD-1200/130GRIS, KCD-2200T and KMD-~3000T crushers, which are
respectively gyratory, standard and short-head crushers. Gyratcry
Crushers receive 1,000 mm heads and deliver 250 mm product, which
is then crushed to a maximum size of 15 mm, in a closed circuic,
and then fed to the ball mills. Coarse ore bins can store sore
165,000 tons of ore while the fine are bins tave a capacity of
370,000 tons - almost a 10 days production?

n

Grinding is accomplished in 5.5 x 6.5 m MSHTZ ball mills, 140 m3
each. These work in a closed circuit with 1400 mm diameter hydro-
cyclones to produce a flotation feed of 65% minus 200 mesh. Flo-
tation is carried out in 12.5 m3 FPM flotation cells, which, in
the filrst stage, produce a bulk concentrate of 12 to 14% Cu ard
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0.2% to 0.3% Mo. This concentrate is thickened, conditioned with
sodium sulphide depressor and kerosene for molybdenite flotation
2nd sent for by-product molybdenum recovery. A rougher molyldenite
concentrate obtained from this flotation is refloated several ti-
mes to obtain a final molybdenite concentrate assaying between 47%
ard 51% Mo. The overall recovery of molybdenum is 50 percent.

Meanwhile molybdenum circuit tails, which is the copper concen-
trate, are combined with the scavenger products and retreated
for concentrate upgrading. A final copper concentrate, assaying
35% Cu and about 0.1% Mo is obtained with an overall recovery of
85 percent.

lotation concentrates are dewatered in a standard way by DU-100-
5

.5~2 filters, dried and shipped to consumers. Meanwhile tailings
£ these operations are pumped 4.5 kms away to a poné, with a

1 mts high dam, which can accomodate about 200 million tons of
oiids.

Since Mongolia is a rather undeveloped country and these mining
cperations are located in a desertic region without their own
infrastructures, this project contemplated construction of a
number of mechanical, electric and foundry shops able not only
to repair and maintain all existing equipment, but also to fab-
ricate the most necessary parts as well. These shops also take
care of heavy mining and transportation equipment and have their
own oxygen-acetilen and compression stations, laboratories and
all equipment for most diversified maintenance and service jobs.
Also, control of these operations is based on third generation
£C~1033 computers.

This mine has a very favorable stripping ratio of 0.6 : 1, which
certainly will be reflected in lower mining costs and with an
average copper content in the heads of between 0.8% and 1% Cu is
probably one of the better copper porphyries in the Communist
world. Its 300 million tons ore reserves assure about 22 years
of continued operation at the designed production capacity of

14 million tons per year, with a copper output of between 100,000
and 125,000 tpy and molybdenum by-product of some 1,300 tpy.
These operations were started by the end of 1979 on a 4 million
tpy basis and in 1980 a second section was added. It is expected
that in 1981 copper production totaled some 50,000 tons while
the molybdenum output was about 650 tons. It is expected that

in 1982 the whole project will be on stream and that for 1983

a 100,000 tons of copper and 1.300 tons of molybdenum will be
produced. Later, these production figures may be improved on
account of better grade ores, reaching somewhat higher levels,
but from early 90°'s production is likely to decrease to the
present and even lower levels.
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HIGHMONT MINE : This low-grade copper-molybdenum porphyry locateg
in the Highland valley of British Columbia, some 200 kms Northeasge
of Vancouver was recognized by explorers already since 30's ang
staked in 1955 and 1956. This property was owned and optioned by
several large companies, including ASARCO, Kennecott, Anaconda,Rig
Algom Mines and several others before it was developed by Teck Cor.
poration between 1979 and 1981 and put on stream in February of
1981. First serious studies of this property were started in mig
60’'s, when Highmont Corporation Limited was formed in 1966, This
was after the Anaconda Group in 1964 and 1965 optioned the Proper=-
ty and did some reconnaissance work. Subseguently, Rio Algom Mines
group carried out some persussion drilling and HNippon Mining Co.
financed underground bulk sampling for metallurgical and feasibj~
lity studies. However, Nippon Mining-withdrew early from this ven-
ture and the program was completed with founds obtained by equity
sale to the public. First feasibility studies for this property
were made in 1971 by Chapman, Wood & Griswold Ltd. in association
with Wright Engineers Ltd. but gave negative results because of the
prevailing economic conditions in early 70's, affected by a receg-
sion and low metal prices. During the 70's some additional explo-
ration work was done and new claims were purchased by the companvy,
which now amalgamated with Torwest Resources Ltd in 1977. In 1978,
in view of higher copper and molybdenum prices a new feasibility
study was made, now in association with Teck Corporation Ltd,
which since 1969 entered into financial agreement with Highmont
for rights to finance development of this property. ARfter 1978

and 1379 marketing and financing arrangements for a credit of C§
150 million to develop this property were cobtained, the develop-
ment of this project was officially announced in April of 1979.
Subsequently, late in 1979, Highmont and Teck Corporation merged
and later Metallgesellschaft of West Germany acquired from Teck

a 14% interest for C$ 14.4 million. The construction of mining and
milling facilities was started in May of 1979 and finished in a
record time by the end of 1980. First testing of one of two cir-
cuits started in December of 1980 and the second circuit was on
Stream by March of 1981. Already in January of 1981 this plant,
built for a 25,000 tpd ( short tons ) capacity was working at
15,000 tpd and by mid-year, with two milling sections in operaticn,
the designed capacity was overcome by 20 percent,

Highmont property consists of seven mineralized areas, of which
only two are considered to be of economic importance. The largest.,
100 million tons deposit,occurs in quartz diorite and assays an
average of 0.26% Cu and 0.023% Mo. The smaller one has reserves

of 21 million tons of ore assaying an average of 0.25% Cu and 0.047
percent molybdenum. The copper-molybdenum ratio in both deposits -
varies considerably from one area to another. Copper mineraliza-
tion is principally in form of chalcopyrite and bornite, with pPY~
rite mineralization on the outer edges of the deposits.

This mine is open pit mined, with a stripping ratio of 2 : 1. The
East Pit, first to be developed, will be 100 mts deep, 450 m. wice
and 975 m. long. The West pit will be 90 m deep, 430 m wide and
€10 m lcng. It will also have a waste to ore ratio of 2 : 1, with
a 0.35% Cu equivalent cut-off { combined value for Cu and Mo ).
Both pits will be worked simultaneously with 9 m.benches and the
overall pit slope of 40°., Blasthole drilling is carried out by
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two Gardner Denver 100 rigs, drilling 250 mm holes on a Tm x 7m
pattern. Powder factor is about 0.175 kg/t and drill performance
is about 152 m per drill shift. Waste and ore are escavated by
3p&H 1900 AL electric shovels with 9.4 cu m dippers. The truck
fleet consists of 15 Lectra-Haul 120 s.ton trucks powered by KTA
2100-C Cummins 1200 hp engines.

The overall open plt mining rate is about 54,500 tpd, seven days
a week, 24 hrs per day. This will increase to 69,000 tpd to sus-
+ain concentrator capacity at 22,700 tpd.

The concentrator is for a daily capacity of 22,700 tpd at a 92%
anerating time. It is supposed to produce, on an annual basis,be-
tween 45 and 50 million pounds of copper ( 20,000 to 23,000 metric
tons ) and 4 to 5 million pounds of Mo ( 1,800 to 2,300 tpy }.
rrojected recoveries on copper are 90% and those on molybdenum

ire 78%.

The ore from the open pit is, first, crushed in an Allis Chalmers
54in x 74in gyratory crusher, powered by a 450 kW motor, which
works at a 2,200 tph capacity and produces a minus 250 mm discharge.
The ore is withdrawn by a 2,240 mm wide belt feeder and discharged
to a 1,370 mm conveyor which delivers it to the 68,000 tons live
load coarse ore stockpile. Stockpile is feeding two milling sec~
tions, each consisting of one 10.4 m x 4.3 m autogenous mill dri-
ven by 3280 kW motors and one 5 m dia by 8.8 m long ball mill, with
a 4,400 XW motor. The autogenous mills produce a 6.3 mm discharge

{ the plus 6.3 mm material being sent to a shorthead cone crusher
for additional crushing to minus 12.7 mm, which returns it to the
primary mill )} which is being fed to the secondary ball mills.
These mills work in a closed circuit with cyclones and produce an
overflow of 65% minus 200 mesh, which is then sent for bulk flo-
tation.

Each of two parallel flotation sections consists of 2 banks of

12 Denver 36 cu mts cells, which work at 32% solids and have re-~
tention time of 18 minutes. An average of 2,870 m3 of pulp is
treated per hour producing a rougher concentrate, which is then
sent to first cleaners consisting of 2 banks of 12 cells Denver
machines of 2.8 m3 each., The cleaner concentrate is then recleaned
another two timegin similar flotation machines but with 8 cells
per bank. Bulk flotation is carried out in an alcaline circuit

of pH of 8.5 which is obtained without addition of lime but is ra-
ther the natural alcalinity of the ore. Potassium amyl xanthate
and Aero 3302 are used as collectors and MIBC as a frother.

The cleaner bulk concentrates from two circuits are combined,
thickened and conditioned with sodium hydrosulphide for copper
depression and sent to copper~-molybdenum separation circuit con-
sisting of one bank of 16 cells Denver 2.8 m3 machines. Fuel oil
is used for molybdenum flotation while copper depression in last
stages is helpeé with cyanide. Recleaning of molybdenite requires
10 stages by which a standard molybdenite concentrate is obtained.
The final molybdenite concentrate should be,however,lcached to
eliminate excess of copper and to obtain a premium product.:The
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first four stages of cleaning are dome in 1.4 m3 Denver cells anq
the last 6 stages in 0.68 m3 cells. Percent solids varles from 1g4
in the first separation down to 6% in the last re-cleaning stage.

Water for the milling operation is brought from three wells, 8 kpg
from plant, and is stored in head tanks. Tallings from the concan-
trator are being discharged at a2 tailings pond, 5 kms away from
the plant, and which is designed for a 2.3 million m3 capacity of
water storage. More than 70 percent of water used in operation ig
reclaimed from this pond. Speclal measures wore taken to control
long term seepage rates from the dam.

This operation occupies a working force of some 360, most of whon
live in Logan Lake, 14 kms away,or at Ashcroft and Xamloops. The
metallurgical process was designed and pilot plant tested at
Lakefield Research of Canada Ltd.

Details for operation of by-product molybdenum flotation plant
are as follows :

Cu-Mo Mo first Mo 2-4 Mo 5~10

Separation cleaners cleaners cleaners
Cells Make Denver Denverx Denver Denver
Cell size m> 2.8 1.4 1.4 0.68
No banks : 1 1 1 1
Cells per bank 16 20 12 20
Total vol m3 45 28 5.7 x 3 13.6
Pulp % Solids 16 10 13/10/6 6
Pulp m3/hr 130 a5 36/39/85 47
Ret.time-min ) 21 18 10/ 9/ 4 17.5
Air, m3 per min/m3 1.0 1.8 1.8 -
Imp.speed rev/min 194 219 219 370
Imp. diameter, mm _ 686 559 559 406
Imp. speed, m/s 3.5 3.2 3.2 3.9
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QUARTZ HILL PROJECT : This article has bean compiled from a va-
riety of the US Borax publications and particularly including pa-
pers on Fconomic Geology by P.R. Smith and exploration staff and
a paper on The Intricacies of Developing New Production Capacity
for Molybdenum by George Griggs, Manager of New Buginess Develop-
ment of US Borax & Chemical Corporation.

The Quartz Hill molybdenite deposit was discovered in 1974 by !
US Borax & Chemical Corporation as a direct result of a stream se~ .
diment, geochemical reconnaisance program in Southeastern Alaskea. i
guartz Hill is located approximately 45 air miles east of Ketchi- :
kan. I+ is a small multiphase igneous stock which intruded the

coast Range Batholith approximately 30 million years ago. The

stock of this deposit is made up of a complex suite of quartz

monzonites, guartz latites and associated breccias. The minera-

jization occuxrs primarily as a quartz-molybdenite §tockwork within

the stock. The development of this stockwork can be attributed to
multiple degassing episodes of the Quartz Hill stock, resultant -
fracturing of the host rock and subseguent quartz-molybdenum floo- [ﬁ
ding. Mineralization was followed by intrusion of late stage dikes. R
Faulting has affected all rock types present. The most prominent ’.
structural feature is the NW-SE trending Stephens Fault, which

has at least six hundred feet of right literal movement and an -

undetermined amount of vertical slip.

Ore reserves based on 1979 data, which were calculated by compu-
ter, indicate 2.2 billion tons mass at 0.12% MoS2. Manually de-
rived reserves based on the same data were roughly 1.3 billion
tons of 0.13 MoS2., The major area of difference is that the com-
puter included undrilled areas that were mathematically averaged
above the cutoff grade by kriging, while hand calculations used
geologic cross sections with reserxves rigidly defined by drill
hole grade intercpts and limited to half distance to the next "if;
section. Because manually calculated reserves adhered to intexrpo- o
lation and extrapolation of 250 feet, it is felt that these re-
serves can be considered proven, probable and possible categories.
Higher grade reserves occur within this orebody and have been ma-~ .
nually calculated at approximately 300,000,000 tons of 0.201% MoS2
using a 0.150 Mos2 cutoff. The hand calculated reserves, inclu~
ding 1980 drill hole data are as follows :

1,550,059,000 tons of 0.125% Mos2 at 0.05% MoS2 cutoff

969,182,000 tons of 0.150% MosS2 at 0.10% MoS2 cutoff

308,100,000 tons of 0.201% MoS2 at 0.15% MoS2 cutoff
Quartz Hill molybdenum deposit was discovered by a group of geolo-
gists directed by J.E.Stephens, who took stream samples at the
junction of White Creek and Hill Creek rivers and found 168 ppm

of Mo in it. Claimstaking took place in October of 1974 and since
1975 four drillers and one geologist returned to drill

the first hole. A comprehensive shallow drilling program was ini-
tiated in the spring of 1975 and continued during the 1976 and
1977 seasons. The shallow drill holes ranged in depth from 100

to 300 ft and were located on a 500-ft grid pattern. Due to the

January
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very limited outcrop availability and the near or at surface mi-
neralization, this method of exploration proved to be very useful

: in determining target areas for deeper, 1,300 ft., drilling. Deep
drilling began in 1976 and has continued through 1980. As of Oc-
tober 1980, 138 decep "NX"cored diamond drill holes have been conple.
ted, totaling 144,444 feet. Also, 220 shallow "AX" cored diamond
drill holes have been completed totaling 25,872 feet. This drilling
pregram was carried out at a cost of around $ 10 million.

Molybdenite is the only mineral of economic importance in this ocre-
body. Although tin, tungsten, copper, lead, zinc ana silver are
EN present also, they are in traces and have no economic importance,
f Molybdenite occurs in the gquartz-rich guartz monsonites and guartz
latites. Under the microscope molybdenite appears as uniform six-
- . sided crystals and flakes; grain size varies from 0.008 mm to 0,09
) f‘;” mm normally, and avergaes about 0.05 mm. The molybdenite crystals
i are generally discrete but they also occur in clots of crystals
: closely spaced and locally cverlapping. Large masses of molybdenite
are rare. The molybdenite occures in five ways :

1. Within quartz veinlets - fine to coarse~grained
. 2. At the edge of quartz veinlets
o 3. Along fractures and/or fault zones
N 4. Included in or related to secondary alteration minerals
5. As a cementing material with guartz fault breccias.

The most common occurence of molybdenite is directly related to
quartz veinlets, either within the gquartaz veinlet or more commornly
along the perimeter of the veinlet. It tends to be concentrated
just inside the veinlet boundary or just outside the boundary
: within the surrounding fine-grained, locally altered, quartz mon-
4 zonite matrix.

[ : f{ The second most common occurence is aleng the fractures and faults.
: The molybdenite-rich veinlets are very dark { blue-black) and ty-
pically occur as "moly-paint” on joint fracture surfaces. Many.
however, have features that distinguish them from the typical
joint surface. These veinlets are “tight" filled wall to wall,
have highly irregular to sutured courses, and in places, clots of
essentially pure molybdenite several centimeters across. In spite
of the purity in the veinlet material, the habit of the veinlets

. suggests replacement rather than the open-space filling as the

i dominant process in ore formation. This type of mineralization’

.% 1 has also been described at the Henderson orebody ( Wallace, 1578 ).
Il
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In the field, areas of intensely sheared rock will display strong
argillic zones with related favorable molybdenite mineralization.
High grade zones of molybdenite mineralization may be found lc-

cally within major shear zones. Grades of 2% to 3% MoS2 have Leen
found locally over short intervals in drill core associated with

zores of shearing. The grade of mineralization is directly related
to structurally prepared zones where host rock has been intensely
shattered, allowing permeability for the molybdenum rich solutions

b e

Locally some molybdenite may be found related to secondary alt<rar
tion minerals, primarily K-feldspar. In rocks that contain molj
denite, 86% also contain minor pyrite and 50% contain magnetite.
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The pyrite content averages about 1% and slightly increases with
higher MoS2, while FeO assay is also around 1%. The other impu~
rities are as follows :

Sn less than 10 ppm ,-ig

W less than 10 ppm - with local assays up to 30 ppm o
Cu 30 ppm - with up to 1,000 ppm :

Pb less than S ppm - locally in veinlets up to 3,000 ppm

Zn 5 -30 ppm - locally up to BOO ppm

Au not detected
Ag less than 0.2 ppm - locally in places up to 40 ppm
U between 3 and 10 ppm

-

nitial US Borax production at Quartz Hill is expected to be in

he range of between 40 and 50 million pounds of Mo per year. Ope-
2tions at Quartz Hill will be open pit mining with a very low strip-
ing ratio. while this suggest low operating costs and low ini-
2il investment for mine developing, the remote location of the
deposit will require a great deal of infrastructure, which is ra-
ther costly and which thus will make investment per pound of in-
stalled capacity rather at a higher bracket level. To produce
40-50 million pounds of Mo processing of 60,000 to 80,000 tpd of
ore will be necessary, which with the presently known reserves
%1ill give the property at least about 40 years of life.

(O g =2
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Development of this mine was conditioned by approval of a number
of permissions, which are included in 31 major categories and
which require 89 major permits and involve 25 different state

and federal government agencies. This apart from special ecolo-
gical objections rised by different private and official agencies.

Metallurgical studies carried out in 1979 and 1980 determined
that the open pit mined ore will be processed in the following
way : after primary crushing to minus 12 inches, it will be con-
Veyed to an ore storage pile for coarse ore by a conveyor. Coarse
ore will be then screened to remove fines, prior to the secondary
c¢rushing, which will reduce the ore to 3/8" material, which will
be stored in fine ore bins. Finely crushed ore will be then con-
veyed to two-stage grinding, first,in rod mills and then in ball
mills. At this stage the ore will te diluted with water to about
65 percent of solids.After grinding, the ore will be conditioned
with more water and flotation reagents and then sent to a flotation
circuits, where a molybdenite concentrate will be separated from
the gangue material.Molybdenite concentrate, assaying probably no
les than 90% MoS2 will be then dewatered, first, by filters and
then by driers and then stored and fed into shipping containers T
for delivery to the customers. The waste rock tailings from flo- i
tation circuit will te thickened and conveyed by a pipeline to a :
tailings disposal area. Two alternate disposal methods are being
considered : disposal on land and submarine disposal in the deep
waters of Boca de Quadra. In the case of land dispcsal, the tai- S
lings will be stored in basins created by construction of danms. ;
Channels would be constructed to divert surface water runoff i
) around the disposal area. These channels and the disposal dans |
e o . ’ wculd be disigned to handle the heavy rainfall of the area to g;
B
1
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State ard Federal permit requirements. The tailings placed in
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disposal will be settled out and water overflow will be recycled
to the mill or discharged. The recycled water will be monitorxed
and treated as necessary to meet recycle requirements or, if dis-
charged, to meet Federal and State water guality standards.

In the case of tailings disposal in Boca Quadra, they will be pia-
ced in a deep submerged valley carved out of the rock and gla-
cial action. Comprehensive oceanographic and marine biologic stu-
dies are in progress to evaluate this disposal alternative, If the
placing of tailings in Boca de Quadra is enviromentally feasible
and acceptable to the permitting agencies, the tailinrngs would Le
conveyed by pipeline to fjord mixed with sea water and .piped to
a discharge outfall at a depth of 150 feet or more. At this dert
the dense tailirgs slurry would flow gradually to the bottom of
the fjord where the rock particles would deposit in the sare man-
ner that natural sediments are being deposited today. Based cn
present knowledge, the tailings would be insoluble and stable in
the cold saline water of the fiord. :

It is obvious that such a large molybdenum producer, which will
become the second after Climax, on a world scale, will necesscsie-
ly have to convert its own molybdenite concentrates into molyldic
oxide both for sale and further processing into ferro-molybde:iun
and molybdenum salts. So far no much information exists in this
respect, but it has been considered that roasting operations =iil
be probably carried out near Seatle in the State of Washingtc...
This maybe also the place for a chemical products plant.

US Borax considers that with about 2 billion pounds of resourcas
in form of recoverable molybdenum it has every chance to becc:re
a major molybdenum producer, in fact, the second largest aftor
Climax. A recent communication indicates that, after all legz:
and ecological objections were solved, the company gave a grees
light for development of this project at an estimated cost o:

Us $ 870 million, expressed in 1980 curxency. So far the comsaany
already spent some § 20 million on exploration and other studies
and testing. Construction of access roads will start in the spring
of 1982 and first operation is expected to start in 1987. Actcally,
it is not clear if production will be started in 1987 at full ca-
pacity, but depending on the market conditions it may be dev.l.oped
in two or even three stages, according to the demand.Constru:tich
of the mine and mill was previously determined as a three-~yc+r
affair, so probably first stripping of the mine and actual erfc-
tion of the mill may wait until 1984, This gives a tremendous fless
bility to the timing of the project itself.

CUESTA NEW PROJECT : This project came as a necessity for veplaces
ment of the old open-pit Questa operation, which after a meicr slid
was shut down and never reopened again. Instaed it was concidered
more practical to develop a new underground Goat Hill mine, w=wi:ich
is immediately near to the Questa outlines, and which permitr the
use of the old Questa concentrator, which for this purpos= wvill ke
expandecd and revamped. '
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icsus to this Molycorp Inc. has been engaged for a number of

rs in successful exploration of this region for new molybde-
num resources in a partnership with the Kennecott, which was also
lcoking for a primary molybdenum mine..However, since 1977, when
Moiycorp was acgquired by Union 0il of California, this partner-
shin was dissolved and Union 0il decided to go on this $ 200 mil-
licn project all alone. Incidently,Union 0il was the original dis-
covzrer of Pima Mine in Arizona, but then sold egquity to Cyprus
and Utah International, holding now only a quarter of the total
interest. ’

O

The new underground orebody at Goat Hill will be mined by gravi-
ty block caving method. The mine will have three outisde entran-
ces: one of them is a 24 ft diameter shaft, which goes to the
devth of 1,300 feet and which will contain the main hosting cage
fcr underground employees and transportation of equipment and
supplies. This service shaft will also serve for fresh air in-
tzke and for waste hoisting. The other, 14 feet diameter shaft
w1ll ke used for exhaust ventilation, air supply for underground
mine and to transport concrete to the mine. Initilally, it has
been used for development work enabling tunneling activities be-
fore the service shaft was completed. It is also 1,300 feet deep.
Pirally, the third outside entrance to the mine is 6,641 feet,
17.6% grade ( 10°) decline, 19 feet wide and 15 feet high, which
contains a 4 foot wide conveyor belt and which serves to bring
cre from the mine to the coarsc ore stockpile. Mine air will be
also exhausted through this decline.

The underground orebody is a disseminated porphyry-type molybde-
nite deposit, impregnated through a weak and highly fractured
andesite located about 1,200 feet below the surface. These con-
ditions favor an efficient low~cost mining method - block caving.
The orebody is almost a flat lying cylinder, 4,500 feet long and
from 375 to 750 feet wide. Molycorp will develop an extensive
network of access drifts and crosscuts into and below the ore-
Zody. Two working levels will be established, the lower serving
as a haulage level and connected to the upper grizzly level by

54 feet long transfer raises 4 feet wide. From drifts on the ten-
porary undercut level, above the grizzly level, a series of holes
are drilled in a fanlike pattern. The holes are filled with ex-
plosives which shatter the bottem 15-feet wide. The ore will be
flown down raises to the grizzly level drifts, A grizzly is a set
of steel bars that requlate the size of rocks that can enter the
transfer raises. The material that has been withdrawn leaves the
remainder of the rock in that panel without support and it caves
into the void. The process steadily continues as ore is drawn out
at the loading stations at the bottom of transfer raises and loaded
into electric trains on the houlage levels for the trip to the
conveyor and then to the mill. More than 32 kms of track will be
reeded over the next 20 years to exhaust this oreboedy.

The surface buildings include two hoist houses for the vertical
shaft elevators, transfer conveyor belts, compressor house, change
house, maintenance shop and main office building. The double~drum
hoist for the service shaft will have a 25 metric ton load capa-
city.
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The transfer conveyor belts on the surface will be used to bring
the ore to the existing crushing facilitles from the portal of
decline. The installation of the conveyor belts, instrumentation
and electrical work is belng completed.

The concentrater is being now modernized and expunded. The modi~
fied plant consisting of crushing, grinding, flotaticn, filtering,
drying and pxkaging sectims will have a capacity to process deily
16,400 metric tons with an average grade of 0.174% Mo. This is a
gcod grade cre, according to the international standards, since it
will yield more than 3 1lbs of Mo per ton of ore.

This project will cost some § 200 million and is planned to starg
operations already in 1983. The concentrating plant was already
finished and modernized in January of 1982 and will be able to
treat ore from the stcckpile and the open pit, which has been now
expanded in the north-eastern side. This material has less than
0.1% Mo and is being processed to meet contract obligations &nd
the work force employed until the underground mine starts pro-
duction in 1983. However, the full production from the underground
mine of 20 million pounds of Mo per year will be reached only in
1984. The present mine and mill personnel of 526 is expectecd to
grow to 1,153 by the end of 1983,

Extracted from a Molycorp pamphlet
on Molybdenum Operations, Nov.1981

THOMPSON CREEK MOLYBDENUM PROJECT H Cyprus Mines Corporaticn,
a subsidiary of Amoco HMinerals Corporation ( Standard 0il of
Indiana ) is currently developing a large open pit mine and
constructing a processing plant near Thompson Creek in central
idaho. The project is scheduled to commence operations in
1983, with an annual production rate of 18 to 20 million pounds
of Mo per year. This project is located in Custer County,
Idaho, approximately five miles southwest of county’'s seat of
Challis.

At Thompson Creek, mining will be conducted by drilling and
blasting with Ingersoll-Rand T-5 and Marion M-4 rotary drill
and digging and loading with 25 cubic yerd capacity 4 P&H 2300
XT shovels and 15 cubic yard Dart 600E front loaders. Ore wilil
be delivered by a fleet of 22 WABCO 170~tons trucks from the
open pit to the primary crusher, located near the mine. Crushed
ore will be then transported overland by belt conveyor to &
concentrator, which will process about 22,500 metric tons per

day of ore. Tailings from the concentrator will be f£lown by gra-
vity pipeline about 7,000 ft north-east of the concentrator

to the tailings pounds located in the upper reaches of Bruno v
Creek watershed. The land area which will be directly affccted it
by the proposed facilities is approximately 2,500 acres or nearly -
four square miles. ’

The process proposed to recover molybdenite at Thompson Creck T

will involve the following four basic steps :
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(1) Mining

(2) Crushing and conveying

(3) Grinding and flotation

(4) Concentrate drying and packaging

szout 45 metric tons per day of molybdenite concentrate will
e dried and packaged for shipment by truck and rail to the
carket., The pertinent parameters and miscelaneous project data
for Thompson Creek Molybdenum Project are as follows :

Cre reserves -~ in metric tons 175,000,000 tons
swverage grade in ore, percent molybdenum 0.112
production rate - metric tpd 22,500
metric tpy 8,070,000

#olybdenum recovery, percent 90 s
Molvbdenum production - lbs/year 18-20,000,000
Grade of molybdenite in concentrate 90y +
saily tonnage of concentrate - met.tons 45
zatio of concentration 1 1+ 500
“verburden removal prior to operation 118 million tons
Stripping ratio 3 1
“mployment during construction 600
Zmployment during operation 550
Operating days per year 358
Operating shifts per week - mine 21

- crusher 10

- mill 21
Electric power demand -~ peak demand 46 megawatts

- average 30 megawatts
fresh water make-up = maximum 12,000 gpm
- average 1,000 gpm

4

The Thompson Creek molybdenum deposit was discovered about

1966 and immediately recongnized as a medium-size low grade
molybdenum deposit. The claims on this deposit were staked by
Cyprus Corporation, who at one time thought to develop it at
around § 75 million investment, but which had to face low
rolybdenum prices of early 70's and also some ecological ob-
jections of local authorities. In those days the known re-
serves were around 80 million tons, However, better explo-
ration increased ore reserves to around 200 million tons, assaying
an average Of 0.112% Mo and after an exhaustive study on over-
all impact of this project on Custer County,carried by an in-
dependent consulting firm, a favorable resolution by US Forest
Service and the Bureau of Land Management was issued. This co-
inceded with the acquisition of Cyprus by Amoco Minerals, which
was helpful fcr molbilization of all investment capital nece-
ssary.

Overburden mining bcgan in early 198t1, after the government
agencies gave formal approval to this project in December of
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1980. The actual mining and milling operations. are scheduled

to start in mid-1983. The preproduction cverburden removal will
take over 2 years and will involve a daily removal of some
180,000 tons of steril rock for a total of over 130 million tons
in two years.

The ore crushed in the primary crusher and transported to the
surge stockpile will be fed to two semiautogenous SAG mills

and then reground in primary ball mills, which work in a closed
circuit with 6 hydrocyclones. The cyclones overflow, conditioned
already with all necessary flotation reagents will be conducted
to rougher flotation circuit and, after a cleaning flotation and
regrinding of the cleaner concentrate, will be refloated four
additional times, with a regrinding operation between the third
and fourth flotation step, in order to obtain a final molybde~
nite concentrate assaying over 90% M052 and with a 90% molybde~
num recovery.

The final concentrate will be thickened, leached from impuri-
ties, filtered, dried and packed into drums for shipment.In view
of relatively large output of this plant, which is expected to
reach 20 million pounds per year, and in view of the recent
Anaconda experience, this operation may consider very soon its
own roasting facility for converting molyhdenite into molybdic
oxide and thus gain an easy access to the market. :

For power supply this operation will depend on a 90-mile 230 kV
production pcwer line from the Moore Substation near Moore,
Idaho, scheduled to be completed by December of 1982. Maximum
water plant requirements will be around 12,000 gpm and will
depend on two production wells with a supply capacity of 6,000
gpm each. Both of these wells are already constructed.

The scheduled completion of the different phases of this pro-
ject are as follows :

-

Mine equipment -~ October 19B1
Overland conveyor - November 1982
Crusher - April 1983
Concentrator - June 1983
"Ancillary facilities & systems - June 1983

Plant start-up is scheduled for July 1983, with limited pro-
duction continuing through October 1983. Full plant production
is scheduled to begin in November of 1983, A recent official
communication of this company indicated that essentially the
scheduled program is up to date and that the company has firm
intentions to start operations as programmed in spite of the
weakened molybdenum prices, because the present range of pri-
ces was considered in the feasibllity studies of this project.

The cost of this project is estimated over § 330 million.
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DSVELOPMENT OF NEW RESOURCES A combination of two factors = high molybdenum
prices since 1977 and the gradual takeover of the traditional metal mining com~
paries by the energy sector had an extraordinarily strong impact on the develop-
ment of new resuources. Practically every major company sent exploration groups
all around the world, to Arizona, Nevada, Colorado, New Mexico, British Columbia,
Ontario, Chile, Peru, South East Asia, Oceania, Australia and everywhere else in
search of base and alloy metals, molybdenum and gold being the principal ones.

No wonder that this resulted in the discovery of new deposits, some of them of
considerable importance. ' *

In Nevada, AMAX and Rocky Mountain Energy, a subsidiary of Union Pacific, conti
nued a joint-venture effort in the exploration of the relatively little known
Buckingham deposit to discover that this low grade orebody may contain as much
as i billion tons of 0.06 % molybdenum ore. EXXON successfully drilled at Eureka
and Mt. Hope to find a major molybdenum orebody in rhyolite porphyry. Full
evaluation of the potentiality of this prospect is in progress and it is believ-
ed that it falls in the 100 million tons category or more. In south western
Nevada, an important molybdenum mineralization was found at Paradise Peak, in
Nye County, about 25 miles from Gabbs. The drilling is carried out by UV Indus
tries and mineralization was found at depths from 50 to 700 feet. Nearby is
anuther called Buzzard Peak and belonging to Colby Mines, with a complex molyb-
denum~copper-tungsten mineralization. Apart from Buckingham, AMAX was also dril
lirg at Pine Nut in Mineral County near Gardnerville, while US Borax explored
the Barcelona district in Nye County, east of Round Mountain. There were also
drilling teams in Nevada from Molycorp, Louisiana Land and Development Company,
Phillips Petroleum Company, Union Carbide Corporation and some other minor com=-
panies, which only indicates that Nevada is considered a high potential area for
cepper and molybdenum porphyries. This, along with the fact that molybdenum is
already being recovered by Kennecott at McGill in the Robinson District and by
Anaconda at Tonopah, on the western slope of San Antonio Mountains in Nye County,
indicates that in this or the next decade, Nevada may become a large molybdenum
pProducer.

Acizona is better explored than Nevada and, with operations established as early
as 1880, is on record for molybdenum production since the beginning of this
century. In fact, it was the first molybdenum producer in USA and its large
copver porphyries at San Manuel, Bagdad, Mission, Mineral Park, Sierrita, Espe-
ranza, Silver Bell, Inspiration, Pinto Valley, Morency and Ajo and Rey account
alrecady for over 25 % of the national production capacity. In spite of this,
new exploration programs carried out by Newmont and Getty 0il lead to the disco
very of a major copper perphyry at Casa Grande with reserves over 500 million
tons grading 1 % Cu and. 0.012 % Mo. This is at present the best copper porphyry
in the US and probably will be considered for production before the end of this
decade. Lake Shore mine, now taken over by Noranda, also prove to contain an
interesting mineralization in moly. Its 250 million tons reserves contain an
average of 0.9 % Cu and 0.008 % Mo. This state has also substantial potential
for new production development at Vekol Hills, where over 100 million tons of
0.6 % Cu and 0.014 & Mo reserves exist and at the Copper Basin district where
reserves amount to about 150 million tons of 0.55 % Cu and 0.2 % Mo. 1In scme
areas of this districts, high-grade sections with up to 3 % Mo were found. An Ad
ditional potential has been found in numerous molybdenum quartz veins in Mohave,

Pima, Pinal and Santa Cruz Counties, such as Leviathan mine, where in the jast
3 to 5 ¢ Mo ore was extracted, or Santa Nino mine, with a high grade ore ceming-
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up to 0.5 % Mo and several percent of copper. The other possibility are the
molybdenum stockworks found at Squaw Peak and Ventura mine.

Nevertheless, Alaska, along with the Yukon and northern British Columbia are the
prime arcas for development of the now resources. Apart from fabulous Quartsz
Hill deposit discovered by US Borax important deposits were found in South East
ern Alaska, near Yukon and the BC border. The most promising of them are the
copper porphyries of Orange 1i11l and BDond Creeck. Bond Creck, just along tha
Canadian border, is reported to have some 500 million tons of ore assaying 0.3%
Cu and 0.018 % Mo, while Orange Hill, in the same location, has about 300 millign
tons of ore assaying-0.35 % Cu and 0.12 % Mo. Somewhat to the north of this
region is the Tauris Bluff deposit, with about 150 million tons of 0.5 % Cu angd
0.05 % Mo ore. ©North East of Quartz Hill, also close to the Canadian border,

are other two minor porphyries, that of Nunatak, with approximately 100 million
tons of 0.07 % Mo, and Boundary Creek, North East of Juneau, with a substantial
mineralization, which volume has not been determined yet, Additional molybdenum
mineralization has been found at Lawrence Island in the Bering See region, at -
Pyramid Mountain in the Alaskan Peninsula and molybdenum qguartz veins in the
Katichikan (Kosciusko Island, Baker Island), and Juncau Districts (Lower Brady
Glacier).

Just across the border, in the Yukon, important mineralization was found at Red
Mountain, 25 miles from the Alaskan Highway. This property was originally dril~
led by Boswell River Mines and Tintina Silver Mines. Since 1978 it has been
drilled by Amoco Canada Petroleum Ltd. which found mineralization over a length
of 2 miles and so far proved 60 million tons of ore grading 0.12 % Mo. On the
border of the Yukon and BC, Amax Minerals Exploration Ltd. has successfully dril
led the Longtung Deposit, where it proved about 160 million tons of ore contain-
ing 0.1 % Wo and 0.033 $ Mo. The other important deposit in this area is the
Casino Deposit, located between Dawson City and wWhitehorse, which consists of
about 180 million tons of ore assaying 0.37 % Cu and 0.014 % Mo.

The British Columbia was the other area exceptionally active for molybdenum
exploration in the last years. Placer continued the exploration of the Ruby-
Creek Deposit, owned by Adanac, and found over 100 million tons of ore assaying
an average of 0.1 % Mo. Newmont Mining and Esso Minerals of Canada, on the other
hand, concentrated on their Trout Lake property which according to some estimates
should be in the range of 100 million tons of ore assaying probably as much as
0.24 % Mo and some additional tungsten values. Another important find was Moiv- -

—_—

© Taku, on Mt. Ogen, 15 miles from the Alaskan border. This deposit, explored by

Omni Resources, has very promising resources of about 200 million tons assaying
an average of 0.2 % Mo but will be difficult to work because of the rugged en-
vironment and the abundange of ice. Otherwise BC is, of course, famous for such
important deposité:Bndako, Boss Mountain, Kitsault, Gibraltar, Island Copper, )
Lornex, Highmont, and others in the RHighland Valley now in operation or in active
development. The other deposits; such as Mt. Thomlison, with 40 million tons of
0.055 % Mo reserves, or Mt. Haskins, near Cassiar, with 15 million tons of 0.1 %
Mo content, have to wait for the appropriate time and conditions for investment.
Teck, which holds a 70 % interest in Shaft Creek, reportedly increased the resour
ces of this deposit to 1 billion tons averaging 0.3 % Cu and 0.02 % Mo.

The British Columbia has virtually dozens of very promising copper-molybdenur

and molybdenum porphyries or other types of deponits,  Its potential has been
developed only in the last 15-20 years and certainly has great for growth, In °
this context, it is interesting the recent purchas® of Bethlehem Copper by Ccaminco
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whizh will certainly contribute to an intensification of exploitation of the
Highland Valley deposit, such as the Jona, and J.A. and Maggie deposits, with

an important molybdenum potential. British Petroleum and Utah Mines were
exploring the salal property, located 200 kms north of Vancouver, with a promis

ing porphyry molybdenum potential,

Elsewhere in Canada and the United States, active exploration programs were
carrled out at pPine Grove, Utah, by Getty 0il and Phelps Dodge where well over
100 million tons of ore assaying and average of 0.12 % Mo were found. In New
Mexico, US Geological Survey reported the discovery of a potentially economic
mineralization at South Four Pean, just about 10 miles South of Questa Mine.

In Rustralia, exploration drilling by CSR Limited brought to discovery of a
major primary molybdenum orebody at Mudgee, in New South Wales. The individual
ore samples assay up to 0.4 % Mo but the extention of the deposit has not been

detormined yet.

In Latin America new exploration programs were set in Mexico, Chile and Peru.
Araentina and Brazil have also shown some promising conditions for the molyb-
denum mineralization. In Mexico the main exploration effort has been concentrat
ed in the state of Sonora, which is the continuation of the porphyry belt from
arizona and wheré such important deposits ag Cananea and La Caridad were found.
Cumobabi developed into an important national producer, while an exploration by
A's% and Mexicana de Cobre was in progress at the Meztli-Creston Deposit, near
Cpodepe, about 110 kms northeast of Hermosillo. So far 135, million tons of
reserves, assaying an average of 0.05 % Mo were proved.

In chile a new porphyry copper desposit, containing probably as much as 400 mil
lion tons of ore, was discovered south of Chugquicamata in the desert of Atacama.
Utah International and Getty Oil announced, late in 1981, the discovery of Es-
condida, with copper grades between 1 and 2.3 % and with-likely molybdenum mine
ralization of 0.012 % Mo. -

Elsewhere in the world, new molybdenum deposits were found in South Korea and
China. In South Korea a joint-venture agreement has been subscribed between

MMAX and Hyunday Corporation in exploration and development of a new orebody at
Sangdong ‘with -~ 80 million tons of ore reserves assaying an average of 0.25 % ¢
Mo. On the other hand, the Chinese reported a new molybdenum f£ind in the Shanxi
Province. It is rumored that AMAX and Duval have sent their geologists to China
and that both companics are considering joint venturces with the Chinesa in the
devolopment of their molybdenum resources.

DESP SEA RESOURCES : Molybdenum has been found not only in manganese nodules,
which apart from copper, nickel and cobalt also contain minor but probably still
recoverable amounts of molybdenum in the order of several hundred parts per mil-
lion. Recent reports indicate that deep sea explorations of the ocenan floor led
to the discovery of sulphide deposits just off the coast of Ecuador along a fault
at the Galapagos Rift. The theory goes that mineral-laden hot water solutions,
like those which form hydrothermal deposits, break through the ocean floor at
great depths and in contact with near-zero cold water precipitate polymetallic
sulphides that they carry with. This hot solutions seeping through the floor
may continue for thousands of years, and materialize 1n substantial depositions.
The recently discovered polysulphide deposit at the Galapagos RIft wau found at
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depths of some 2,400 mts, covering a surface of roughly 1,000 by 200 meters and
was at least 45 mts thick. It is located about 500 kms west of Ecuador and
contains substantial metallurgical values such as 10 % each of Cu and Fe, 0.1 %
Mo and similar quantities of lead and vanadium, as well as 0.03 % each of silver
and tin; plus 0.01 % each of zinc and cadmium. The volume of reserves was
estimated at about 22.5 million metric tons and the estimated value of metals

was about US § 2 billion. Similar deposits are expected to be found in Pacific
Ocean just off the US coast, at Gorda Ridge in Oregon and Juna de Fuca Ridge off
the wWashington State coast. This type of deposits will only increase the interest
of consortia already engaged in the exploration and preparation for deep-sea min-
ing of manganese nodules. Of particular interest are very high copper content

of these minerals and the substantial silver and molybdenum credit which they may
carry. Also, while the nodules have to be processed by costly hydrometallurgical
methods to recover and separate their polymetallic content, these minerals, being
sulphides, can be easily concentrated by a flotation process, which is conside-
rably cheaper. Nevertheless, it is considered that at this time insufficient
information exists on this type of deposits to actively consider their active
exploration. The exploration has been carried out by US Department of Commerca
scientists in a submergible vessel called Alvin, and the principal main data for
this deposit were reported by the US National Ocean Survey.

SUMMARY OF MOLYBDENUM RESOURCES IN 1982

{ in metric tons of molybdenum content}

Primary Co~Product By-product Total
Deposits Deposits Deposits
UNITED STATES 1,532,000 137,000 616,000 2,285,000
SOVIET UNION 100,000 200,000 107,000 407 ,00¢C
CANADA 177,500 40,000 122,000 339,50¢
CHILE - - 1,777,000 1,177,000
ALL OTHERS 30,500 - 169,000 199,500

TOTAL RECOVERABLE
MOLYBDENUM - MT 1,840,000 377,000 2,791,000 5,008,000

INSTALLED PLANT 27,810 22,300 38,890 139,00¢
CAPACITY - MT/year

PRODUCTION
IN 1980 58,533 19,771 22,863 101,167
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UNITED STATES

its world leadership in molybdenum production. While fin 1978
the US molybdenum output amounted to 59,725 metric tons of
Mo, or 59,7% of the world output, in 1980 it reached .68,251
tons or about 60% of the world total., This was due to a num-
ber of important projects which were expanded or in develop~
ment. Had it not been for a great copper strike in 1980, the
US share in world production would be even higher; the United
States lost, due to this strike, an estimated 1,300 to 2,000
metric tons of molybdenum. This situation will become appa-
rent in 1981 and 1982 when, apart from an extra recovery of

molybdenum, a new production capacity will be developed.

The United States obtains fits molybdenum output from 3 pri-
mary mines, Climax, Henderson and Questa, and about 17 by-
product mines operated by 10 companies. The Climax and Hen-
derson mines account for 68% of the national output, while
Questa 1s now running down because of exhausted reservess;
however, it will soon be replaced by a brand-new underground
mine at Goat Hill, near the present Questa operation. Thus,
its production, which in 1980 amounted to only 1,689 metric
tons, will be expanded to about 9,000 tpy by 1984. Among
the by-product mines, substantial gains were made by the
Duval properties, which increased their combined production
from 9,446 tons in 1978 to 10,671 tons in 1980. Duval, a
subsidiary of Pennzoil, is the largest by-product producer
in the United States and the second largest in the world,
after CODELCO-Chile. All the other by-product mines opera-
ted more or less under standard conditions, with certain
losses due to the copper strike. Particularly affected was
Kennecott which in 1980 produced only 3,644 tons of Mo as
compared to 5,120 tons in 1979. Kennecott's production capa-
~city is expected to increase in the next few years, thanks
to renovation and expansion programs at its Bingham and Chi-
no properties. This is now particularly possible, after Kenne-
cott merged, in 1981, with Standard 0il of Ohio SOH10 !}.
The Twin Buttes property of Anamax and the Mission Mine of
ASARCO benefited from additional feed from a newly developsa
mine at Eisenhower, which split - in equal parts its mining
output, to be processed by both companies. This resulted 1in
about 1,000 metric tons of additional molybdenum, which hei-
ped particularly Mission's falling molybdenum production.
In addition to revamping the molybdenum production at its
Morenci concentrator since 1979, Phelps Dodge now inaugura-
ted a moly circuit at its Ajo plant. The production is rela-
tively small, but high in rhenium content.

Apart from developing the new Goat Hill property at the old
Questa mine, severdl otner projects are now under consid<-
ration. In the first place, there is the expansion of tie
Henderson concentrator, by the addition of the fourth grind-
ing circuit, which will bust the originally planned produc-
tion of 22,600 tpy to an estimated 24,000 tpy. AMAX is aisc
conducting extensive studies at Mt. Tolman for which it plans
a 60,000 tpd operation with a potential output of 9,000 o
10,000 tpy of molybdenum. The other very promising project



yN1TED STATES
yN1TED STATES

is M:. Emmons, with a visualized 30,000 to 33,000 tpd under-
ground mine and & 10,000 to 13,500 tpy molybdenum output.
vi. Emmons is being programmed to be in operation by the
end of this decade, while Mt. Tolman can be developed in 3
to 4 years depending on the market conditions. The next large
preject to enter operation is the Tonopah mine in Nevada,
which was developed by Anaconda, a subsidiary of Atlantic
Richfield at a cost of $ 200 million, This mine is already
teing given preliminary testing and will be 1in operation
by October of 1981, producing an estimated 3,000 to 4,000
tvy of Mo, 1,800 tpy of copper and 200 to 250 tpy of silver.
At the current silver prices, this precious metal seems to
b2 the principal product of the mine. Anaconda is also insta-
iling a new by-product circuit at 1its property in Butte,
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ntana, at the Weed concentrator. This mirde is expected to
oduce between 2,200 and 3,600 tpy of Mo depending on the
e mineralization in a new section of the orebody under
velopment. This plant started its operation by mid 1981.
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development of another new primary molybdenum mine was
ounced by US Borax inflebeginning of 1981, when problems with

the Alaskan Lands Act were satisfactorily solved. This mine,
a2t Quartz Hill, is expected to be developed by 1687, with
2 milling capacity of 54,000 tpd, for an annual output of
18,000 metric tons of molybdenum. The project cost is expected
t5 be about $ 870 million. 1ln the by-product category, Phi-
lipp Brothers and Quintana Minerals Corporation are develop-
ing a 15,000 tpy operation in New Mexico, which is expected
to enter into production in 1982 with 18,000 tpy of copper

and 450 tpy of molybdenum.

S

With these new properties in production, the United States
i{s going not only to mantain but even to improve its posi-
tion in the world's molybdenum .output.

The domestic uses of molybdenum in the United States. are
shown in attached tables prepared by the US Bureau of Mines.
By comparing the molybdenum consumption in 1980 with that
of 1979, it becomes apparent a 12% drop of the same because
of recessive conditions in the American economy in 1980. Si-
multaneously, this produced, for the first time since 1972,
a significant increase in the domestic producers and consu-
mers stocks. This situation was also reflected in the ex-
ports, which dropped due to the recessive conditions in West-
ern Europe. Although the 1980 molybdenum exports amounted to i
31.985 metric tons of contained molybdenum as compared to
32,566 tons in 1979, much of this molybdenum remained un-
sold and stored in converting plants. The United States makes
its exports in the form of molybdenite concentrate which
accounts for about one half of all the molybdenum exports;
in the flormm of technical molybdic oxide, which accounts
for another &47%, and in the form of other primary products
such as ferro-molybdenum;  chemical compounds::containing mo-
lybdenum, molybdenum wire and semi-fabricated parts which
all together account for only 3% of all the molybdenum ex-
ports. The exports in the form of molybdenite concentrates
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<ion may cost around $ 31 million. (For more details see Sect.ll }.

+oNOPAH ( HALL ) MINE - This mine, located in the San Antenio
Tountains in  Nye County, Nevada, about 20 miles north of Tonopah,
is the property of Anaconda, a wholly owned subsidlary of Atlantic
vichfield. The orebody was drilled for several years to prove some
250 million of low grade material containing an average of 0.05% Mo
and 0.05% -Cu., Only 100 million tons are considered ore, and they
assay an average of 0.1% Mo and 0.07% Cu. In general, the molyb-
denum grade of the orebody varies between 0.015 and 0.15% Mo. There
is about 28 million tons of material which should be pre-siripped
efore operations start in the last quarter of 1981. The iniciation of
project was postponed due to ecological observations posted by the
tand Management Bureau, but after these were remedied an invest-
ment of US $ 200 million was quickly approved and the project deve-
loped in a record time. The initial break-in operation started in Au-
gust of 1981, and the plant will be in full operation by the end of
the year. This project consists of an open pit mine and a 20,000 tpd
concentrator able to produce between 5,500 and 6,800 metric tons
of contained molybdenum per year in the form of molybdenite con-
centrate, assaying 90% MoS2. The recoverable molybdenum reserves
amount to about 85,000 tons of Mo, enough for about 15 years of
operation. The open pit will have a stripping ratio of 1:3. Low grade
material will be stockpiled separately for future consideration, and
only ore which allows a reasonable income will be processed. Al-
ternatives for US $ 5 and $ 7 per pound prices were considered.
Although a production capacity of at least 5,500 metric tons per
year of Mo can be achieved, present plans forsee the following
output for the next six years, expressed in metric tons:

1981 1982 1983 1984 1985 1986

Molybdenum 1,350 4,100 3,170 3,170 3,170 3,170
Copper . 900 2,700 1,800 1,800 1,360 1,388
Silver 93 254 171 217 217 217

It should be.:observed,s -that at present prices revenue {rom: silves
may be 50% higher than from molybdenum, which makes this mine
essentially a silver mine. Revenuesz from copper are of minor impor-
tance since they amount only to about 2 to 3 percent of total revenue.

TOQUEPALA - a subsidiary of the northern Peru Copper Corporation
" 51.7% ASARCO, 21.9% Cerro-Marmon Corporation, 16.1% Phelps Dogde
and 16.1% Newmont ), which started its operations in 1960 and mo-
lybdenum recovery in 1963 and experienced in the last few years
considerable improvements in molybdenum metallurgy and recovery,
which can be appreciated from the following figures:
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TO: W. L. Kurtz
FROM: D. M. Smith, Jr.
F, Mo, Pb Geochemistry

El Plomo Au Deposit
Costilla County, Colorado

Emission spectrographic (31-element) and chemical (F) analyses (Appendix)
were performed on 138 samples collected by D. A. Wolfe (1979) from aban-
doned drill-hote cuttings at E1 Plomo. The results confirm our suspicion
that F, Mo, and Pb are anomalous in the deposit. Individual results are
described below:

F The bell-shaped histogram (Att. A) of the assays suggests that nearly

" all of the samples come from within an area anomalous in F. Values
may be considered highly anomalous above 1600 ppm with a threshold
(interval between background and anomalous) falling at 1200 ppm.

Mo A plot of Mo assays (Att. B) shows a more traditional background-to-
anomaly relationship with a threshold at 10 ppm and anomalous values
commencing at 50 ppm.

Pb Use of the 50 ppm emission-spec detection interval to prepare a his-
togram of Pb assays(Att. C) proved totally unsatisfactory. The un-
usual pattern thus produced probably reflects the inherent sensitivity
biases of the instrumentation rather than any unique geochemical dis-
tribution of Pb in the deposit. A coarser plot of the data (Att. D)
using 500 ppm intervals shows Pb to be anomalous above 1000 ppm.

Other elements commonly included in the indicator suite for Mo deposits
beh i ini 1 ion: -
ehave in singularly unspectacular fashion Wik - Ts 7ils 7o

Sn All samples <10 ppm. Aea /byﬁﬁ&af o da

|=

Only 7 of 138 samples assayed »>50 ppm. Yo LGt wan Uf oo

Zn All samples <200 ppm. | / - ;;)///

The remainder of the group of elements often found associated with low-gréaé
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Au deposits also failed to register:
As All samples <500 ppm.
All samples <100 ppm.

sb

Ag Values exceeding the detection 1imit of 1 ppm were found in 48
of the 138 samples, but only 6 assays of 5 ppm or better were
obtained.

Hg Not assayed.

The geochemistry of the El Plomo deposit compares quite favorably with the
data available for buried molybdenum deposits located elsewhere in the
southern Rocky Mountain and eastern Great Basin regions. This is especially
true when it is remembered that few of the deposits appear to contain the
entire suite of indicator elements. Brief descriptions of the surface geo-
chemistry associated with several established and rumored ore bodies
follows:

Mount Emmons, Gunnison County, Colorado: 165 x 100 + @ 0.43% MoS»>.
Amax geologists (Smith, 1978, A, B) report that Pb, Zn, Cu, F, W,
Rb/Sr and Rb/K are anomalous in rock chip or stream sediment samples
at the surface 1300 ft. above the ore body, but specific values are
not available. Mo is not found at the surface except in a single
dike of intrusive breccia which assays 200 to 240 ppm. Outward
distance from 0.2% MoS2 to ''background'' Mo is about 700 ft. Ap-
proximately coinciding with the surface projection of the ore zone
is the 1500 ppm F contour. The Keystone base-metal vein system is
located adjacent to the east side of the Mo ore body, but does not
penetrate it. During the period of 1955 to 1967 the veins produced
a total of 473,822 tons of ore averaging 5.60 oz Ag, 0.70% Cu, 5.60%
Zn, and 2.60% Pb (Smith, 1978A).

Redwell Basin, Gunnison County, Colorado: 29 x 106 + @ .18% MoS2 and
100 x 106 + @ 0.16% MoS2. Molybdenite zones occur at 2600 ft. and
LOoO ft. below the surface outcrop of two nested breccia pipes of la-
titic composition. The larger of the two mineralized bodies is the
deeper. Sharp (1978) describes the geochemistry of the deposit: Mo
values >20 ppm are seldom found at the surface and assays >500 ppm

are not encountered until 1800 ft. below the outcrop. W03 values

>100 ppm first appear at a depth of about 1700 ft. Sn >50 ppm and
averaging 86 ppm is found from the surface to 2100 ft. below outcrop
and again from 2400 ft. to 4700 ft. Pb values >500 ppm and averaging
3256 ppm are found at the surface,extending to a depth of 1000 ft.

Zn values >500 ppm, averaging 4813 ppm extend from the surface to a
maximum depth of 2500 ft. Cu values >100 ppm and averaging 528 ppm
occur at the surface and reach to a depth of 3000 ft. Petrographic
estimates of fluorite contents ''range as high as 10%! and ''quantita-
tive measurements were as much as 3% fluorite for 10-foot core samples.'
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No quantitative data are presented for the vertical distribution of
fluorite; however, its presence is reported from outcrop to a depth
of at least 4500 ft. An average Ag content of 30 to 60 ppm is re-
ported by sources other than Sharp to exist in the Pb-Zn zone.

Henderson, Clear Creek County, Colorado: 300 x 106 + @ 0.49% MoSo,.
The geochemical picture at Henderson is somewhat obscured by the
presence of the older Urad ore body, remnants of which are located
only a few hundred feet below the surface of Red Mountain. Directly
below the Urad ore zone at a depth of about 4000 ft. from the sur-
face is the top of the Henderson ore body. In a manuscript submitted
to Economic Geology, Bright and White (1975) describe primary trace
element dispersion associated with the Henderson molybdenum deposit:
The top of the Henderson-related 10 ppm Mo halo is located 2300 ft.
below the top of Red Mountain and 1500 ft. above the top of the 1000
ppm Mo zone. An anomaly of 2000 ppm F is nearly pervasive at the
surface, but the 5000 ppm zone is not reached until a depth of 2500
ft. Pb is not anomalous at the surface. The 500 ppm Pb zone begins
at a depth of 800 ft, 2800 ft. above the top of 1000 ppm Mo, and
continues intermittently to a depth of 4200 ft. The 1000 ppm Pb
zone is found only between depths of 800 ft. and 2700 ft. W values
>50 ppm occur only within the 60 ppm Mo zone. The outer edge of the
>50 ppm zone is located from 500 ft. to 1500 ft. out from the 60 ppm
Mo zone. Zn >500 ppm extends 2000 ft. to 3000 ft. outwards from the
60 ppm zone. In general the elements Be, F, Mo, and W increase to-
wards ore. Elements which tend to form halos around the ore zone
are Ag, Bi, €Cr, Cu, La, Mn, Pb, Sn, V, and Zn.

Cave Peak, Culberson County, Texas: no published reserves. The Cave
Peak breccia pipe complex described by Sharp (1979) contains at least

3 individual molybdenite zones. The shallowest molybdenite minerali-
zation is exposed at the surface and the 60 ppm contour of the deepest

tops out at a depth of 2100 ft. Distances between the 1500 ppm Mo

and 60 ppm Mo contours vary between 30 ft.and 250 ft. W values >400 ppm
are restricted to a zone which closely parallels the 60 ppm Mo contour
and generally occurs within 200 ft. of it. Sn assay values for 5-foot
core samples range from 125 to 540 ppm and are restricted to areas
within the W and Mo zones. A "'low intensity zone'' of +1.3% to 3%

CaFs completely overlaps the molybdenite zones and extends up to

200 ft.beyond the 60 ppm Mo boundary. Values exceeding +3.1% CaF2

are coextensive with the upper 600 ppm Mo zone. Apparently absent
from the system are Pb, Zn, and precious metals, perhaps due to the
deep level of erosion suggested by the presence of +0.25% MoS2 at the
surface.

Pine Grove, Beaver County, Utah: 55 to 135 x 106 + @ 0.29 to 0.38% MoS».
Vein and limestone replacement deposits occur at the surface. Welch
(1939) estimated the grade of vein ore occurring in the Wah Wah mine
at Pine Grove to be 0.05 oz Au, 6.62 oz Ag, and 8.25% Pb per ton with
Zn <1%. Courtright (1979) reports values in latite of up to 500 ppm
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Pb and Zn with up to 15 ppm Ag, but <2 ppm Mo, down to a depth of
+ 1500 ft. Mo is anomalous at the surface only in pebble dikes.
Mo mineralization extends from 2950 ft. to 7050 ft. below the sur-
face (Abbot and Williams, 1981). Fluorite is a gangue constituent
of the vein and replacement deposits. Information about the geo-
chemistry of other elements is not available.

Mount Hope, White Pine County, Nevada: rumored discovery. A
redimentary graphic log of Phillips Petroleum Corp's 1971 ddh-15
(SWED files) shows ZnS reported below a depth of 600 ft, but only a
single occurrence of PbS, at about 1175 ft., was noted. Molybdenite
and fluorite are logged as appearing concurrently at 1315 ft. and
persisting to the bottom of the 2000-foot hole. The interval from
1476 ft. to 1968 ft. (492 ft.) assayed 0.075% MoS, which is equivalent
to 450 ppm Mo. Two rotary holes drilled in 1974, MH-1 and MH-2, on
the TIA claim group at Mount Hope (SWED files) contained interesting
geochemical values which may relate to the rumored discovery, but
spacial relationships are not known and unlike the Phillips hole,

no intrusive rocks were reported:

MH-1 (735 ft.) MH-2 (397 ft.)

Pb 28 ppm, 0 to 735 ft. 121 ppm, 0 to 40 ft.
26 ppm, 40 to 397 ft.

Zn 7400 ppm, O to 430 ft. 2076 ppm, O to 230 ft.
60 ppm,430 to 735 ft. 52 ppm,230 to 397 ft.

Mo 7 ppm, O to 150 ft. 46 ppm, O to 397 ft.
35 ppm,150 to 190 ft.
5 ppm,190 to 320 ft.
30 ppm,320 to 735 ft.

ppm, 0 to 90 ft. 5.8 ppm, 0 to 230 ft.
ppm, 90 to 260 ft. <1 ppm,230 to 397 ft.
ppm, 260 to 330 ft.

Ag 1
3
1
6 ppm,330 to 430 ft.
1
1
1

AT ADA

ppm,430 to 570 ft.
ppm,570 to 650 ft.
ppm,650 to 735 ft.

Au <1 ppm, O to 735 ft. <1 ppm, O to 397 ft.

Questa, Taos County, New Mexico: 20.5 x 106 + @ 0.297% MoS, (original open
pit reserve). Data concerning the geochemistry of the three major ore
bodies at Questa (open pit, Goat Hill, Flag Mountain) have not been
published. Carpenter (1968) refers to fluorite - base-metal fillings

in re-opened quartz-molybdenite veins within the deposit, but provides

no further details.
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Several generalizations about the geocheistry of molybdenum deposits can
be made from the capsule descriptions provided above. Mo values >20 ppm
seldom persist for more than 1500 ft. outward from molybdenite ore zones
and often the dispersion is much less. Anomalous Sn and W values are
closely tied in space to the higher grade portions of the Mo zones, al-
though Sn does tend to get further away than W. F values >1500 ppm appear
to be common at distances of more than 3800 ft. above the tops of ore
bodies. Pb and/or Zn with or without detectable amounts of precious
metals form anomalies at the intermediate levels of porphyry Mo systems.
Pb values >500 ppm may range from the ore zone outward to a distance of
at least 3000 ft., but seem to be most prevalent in the interval of 1200
to 2800 ft. 2Zn values »>500 ppm are reported to occur as close as 100 ft.
to ore-grade Mo and to extend as far away as 3400 ft. The average >500 ppm
Zn zone is located from 1400 ft. to 3000 ft. out from ore.

Applying the data from the preceding paragraph to the anomalous values
obtained for E! Plomo it can be inferred that 1500 ppm F indicates that
the distance to a molybdenite zone should be less than +3800 ft., while
1000 ppm Pb indicates a distance of 1200 to 2800 ft., and 50 ppm Mo
suggests that the distance is less than 1500 ft. Metal anomalies are
certainly not sure-fire guides to ore, but the experience of the last
decade dictates that all Mo-F-Pb-Zn anomalies should be very carefully
evaluated before they are discarded. In the case of El Plomo the geo-
chemical indications are good. An important detracting aspect, however,
is the Tack of any associated intrusive (perhaps eruptive) feature of
the magnitude of those recognized at virtually all of the established
molybdenite deposits.

Ve

Douglas M. Smith, Jr.
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Appendix

JORE NO. DCR
Janvary 7,

F
ITEM  SAMPLE NUMBER 3
10 ELP 0% 054
£4  ELP 02 044
2 ELP 03 490
13 ELP 04 066
$4  ELP 05 09z
{5 ELP 06 072
16  ELP 07 . 080
i7  ELP 08 027
18 ELP 09 016
£9  ELP 40 037
20 ELP 44 056
Zi  ELP 4P 430
22 ELP 4% 10
23 ELP 14 068
24 ELP 45 . 080
25 ELP 16 048
26 ELP 47 026
27 EF 04 470
26 EP 02 540
29  EP 03 410
30 EP 04 086
34 EF 05 360
32 EP 06 260
33 EP 07 L4770
34 EP 08 P00
35 EP 09 400
36 EP 14 068
37 EP 43 058
36 EP 1S 050
39 EP 47 440
40 EP 48 L 09R
45 EP 19 078
42 EF 20 110
43 EF 2 420
44  EP 22 430

SKYLINE LABS, INC.

SPECIALISTS IN EXPLCRATION GEOCHEMISTRY



EE)

Janvarv

LCR

110

7. 1981

PAGE

4

S56MPLE NUMEER

fond

Ul ytul
[ENENC

.
-

EP 23
EP 24
EP 25
EP 2

EP 27

EP39

eer e EELAD

6
&35

EP 44
EF 42
EF 43

EP 44

Ep as
EF 46

EP 47
EP 4R

SKYLINE LABS, INC.

200
100
L1140
072
64

LA00
<150
082
<300
VAL

L4040
400
140
J1A0
Liad

LGN

150

L1490
2440
2140

L340
a2
L 080
e

R

SPECIALISTS IN EXPLCRATION GEOCHEMISTRY



JOB WQ. DCR 110
Janvary 7. 198i
FAGE &

e e 4ree oooe men ete S0as bame 44es Soom Se% Bt ems Sam Gmm Sams e e e et S ey peet Sass i bems oee Mees Feb Suts Aom Wt sess HIE- Amie basd SUen e 404 S0e4 Eee W4 Aise Mewe T fmat Gses Pace G4t Soss Grue Beet Gnee S100 Ao mewe STS A SR e bvas SR men aws Gme maee Foe8 S0

F

ITEM SAMPLE NUMEER (%)

80 EP S% L4140
81 EP &0 092
8z EP &1 . ,084
83 EP 62 068
.. B4 EP 64 084
85 EP &5 070
86 EP 66 L072
_____ 87 EP 67 062
88 EP &8 092
- 89y EP &9 086
50 EP 70 072
73 ER 74 072
eRT TER 72 084
93 EP 73 076
G4 EP 74 L1140

9q EP 75 =
P EP 76 072
57 EP 77 L078

985 EF 78 iV

GG EP 79 L4100

100 EP 80 L1450

104 FP 81 086

ioR Fp 82 440

103 Ep g3 L1560
104 Fpoes 078

10% EP 86 400
106 EP 87 076
107 FP 89 092
TR EP 90 400
FE 109 EP 93 Jiin
140 EP %4 . 098

141 EF 95 130
T{az EP 96 096
e o 343 EP_97 110
T 114 EP 98 L0868

SKYLINE LABS, INC.

SPECIALISTS IN EXPLORATION GEOCHEMISTRY
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JOB NO., DCR 1410
Janunrv 7. 1981
PAGE &

F

ITEM  SAMPLE NUMEBER (%)
£45  EP 400 . 078

$16  EP 4104 420

§47  EP 103 L4100

118 EP 104 400
149  EP 10S 098

120 EP 10& 430

121 EP 407 110
122 EP 108 . 080
e EP 109 100
124  EP 110 A00

125 EP £14 140

_ i26  EP 412 092
T3 ERO443 L 090
Do 4P8 EP 144 420
129 EP 115 140

£30  EP ti6 A4
431 EP 117 44D
{32 EP 118 420
133 EP 119 450

134 EF 120 440
135 EP 121 420

$36 EP {28 440
137 EP 123 200

136 EP 124 140
4§39 EP 325 096
$40 EP 426 320
141 EP 427 140

£47  EP 128 540

i4%  EP 129 03

$44  EP 130 6,000
5§45 EP 134 072

i46 EP 132 L 260
5§47  EP 433 450

Fordaon H, VanSickle

SKYLINE LABS, INC. fianager

SPECIALISTS IN EXPLORATION GEOCHEMISTRY
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" SKYLINE LABS, INC.

SPECIALISTS IN EXPLORATION GEOCHEMISTRY
. 12090 WEST 50TH PLACE e WHEAT RIDGE, COLORADO 80033 e TEL.: (303) 424-7718

REFPORT (OF SPECTROGRAPHIC ANALYSIS

ASARCG. Inc.

Attn: David A. Wolife

%05 W, Alamedn Parkwaov, #202
lLnkewpood. Colorade 80226

grnaolvseis of 4138 Pulp Samples

The attached pages comprise this report of
Yalves are reported in parts per million (ppmi,
to the nearest nusbher in the series &, 1.5,

otherwise noted.

JOR NO., DCR 140
Janvary 7. 1979

.\

analvsis,
except where

. 2, 3. %, 7. 40, etc. within each order of mognitude. These
numbers renresent the approximate houndaries and midpolnts

of orbitrary ranges of concentration differing
‘nccepted?
step of the ronge

recioroecnal of the cube root of ten. The
igs censidered to be wWwithin + or - i

by the
viplue

reported at the 68 % confidence level and within + or — &

stepse at the 2% 4 confidence level,

Gordon H, YnnSickle
Mupager



JOE NO, DCR i4i0
PAGE. 4

ITEM NO. SAMPLE NO.

10 = ELP 04
i1t = ELP 02
2 = ELP 03
13 = ELLP 04
14 = ELP 0%
1S = ELP D&

El.F 07
ELP 08

ié
17

1

16& i7

,,_A
ul

ITEM 10 i1 i2 13 14

ELEMENT

Fe 1.5% 2%
Co O, 02% 6.02%
g 0.4% 0.47%

™

2% 3% 2% i, 1%
0.02% 0. 02% 0.02% <(0.02% b.o3%
0.i% 0.1%% 0.415% 0. 415% 0.,05%

o un

RSN
NN N

Aa <4 1 <1 20 i & 1 <1
As {500 B0 <%00 <500 (%00 {500 <00 <R00
1G] i i 10 €30 il il <40 <10

ba 200 gt 300 700 iS50 500 704 1000

B {2 {a & (2 (2 (2 (&
B ig (1o <1 20 <A <10 a0
{d L (%0 <50 (L0 50 B0 <51
Co i 20 20 <H <t {h {0 <%

-
-
[y
L
&
frnt )

150 70 100 200 150 100 590
20 30 20 0 30 & 3
in 20 10 10 (18 1.0 i0
<20 <20 20 <20 <En (af <20

E—] R
= =

.
-
P
P e
fot

e {20 20 =24 220 e 24 30
M 20 =0 S000 G 50 50 %0 IR
Mo 30 100 < i% 30 Z0 2 (2
Mb 20 e =0 20 20 20 <20 At

—
fw}
~
N
a%

a1

; 10 20 {5 7 )
Fh i it 15 .00 0 i5
Sl <100 cing <00 {100 i {300
Sc¢ (i <ad 10 40 it {40

,’.
s
e
i

1%
o0
i

.

—
o M
e B v

<10 <10 <10 <40 <ig i
150 ciaa €100 <100 <100 100
A000 20010 1500 1500 1000 700
100 i0 2 &0 19 {40

n 40
r CL00 <
! 7040

1y

NI oA
= oo
o i ow Miaat

,.
v

t

h <50 <50 {50 {50 750 {50 {510 {50
Y <40 <ig i0 10 =0 10 <30 i0
in {240 {200 {200 {200 L0 €200 {00 {200
ir 70 ing a0 200 =0 200 150 400
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JOR NO. DCR 140

PaGE 2

ITEM

ELEMENT
e
Ca {
Ma

Ag
(AT
2

Ea

Re
Ha
(%}
Lo

Cr
Cu
)

e

L
i
o
M

i
Pl
“h

o

o

Sn
S
Tu
U

]
T
in

7
P

18

P
]

P o~ =

oo

—
=

)
1o
a0
i

<1l

a0

20
<ig

<50
<in
L20h

{20

19

3%
0.03%

0.415%

{4
<uan
<10
2004g

)
[

<
£
o=

<

10
<i0d
Lall

$3G
{ain
19500
ig
50
200

150

(N4
Lt wa]

20

0.2%
{0.02%
0.02%

<1
<500
€10
1000

<A
{50

<5

150

A
{10
{20

<20
in0
<2
e
)
<Al
13100
L1l

<10
<L
50
<10

~3 g T
™o

70
5
10

AERY

20
5060

in
Lo
<10

{10
1040
2000
70

{50
i0
Caan

—
o i}

ITEM

710
2000
0
Lan

00
1000

{50
"l

21

30
10
<400
i

<L
<ann
1500
ig

<%0
S0
{200
200

SKYLINE LABS, INC.
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N

1.8
io
20
21
ae

4
[anipee

24

)
L

1t

o

g

o

it

<4
{500
id
700

s
[

{40
(L
(5
70
is
i

{20

SamMPlLE NG,

ELP
ELP
ELP
ELP
ELP
ELP
ELP
ELP

alo

150

(2
A0

—
S

200
500
cin

-~

a0
100
500
At

s

<50
<10
2040
100

ge
i0
14
i2
is
14
15

i6

s
Vi fue

0.63%

0.3%

2
(i b
cwn
Nl

=0

o

7
a0
{100
<an

€10
<500
F 000
15
<%0
<40
{00
2ul

10
1%00

{2
R
{80

i

10
<160
{10

{an
<fan
1500

i0

(B0
i0
a2t
200



JOR NO. DCR 1410
PAGE. 3

ITEM NO. SAMPLE NO.

26 = ELP 17
27 = EP 0%
28 = EP 02

29 = EP 03
%0 = EP 04
34 = EP 05
32 = EP 06
33 = EP 07

ITEM 26 27 28 29 30 31 32 33

ELEMENT
Fe YA iy 1% A
Ca <0.02% 0.97% 0.15%% 0.02%
Ma 0.1% 0.5% 0.1% 0.1

3 2% KyA
057 0.2% 0.S% 0.07%
0% 2%

0.05%

fia i <4 (i i 5 § 4
As {500 {500 (500 (500 (500 (500 (500 =1
E <i0 50 (4.0 A0 10 £ i0 ¢

Fa 700 700 700 200 500 300 200 )

2 e <2 (2 <
Bi {10 {id NERY <1 40
o { 2 () (=50 {50 1§10 (50 <50
Ca 5% 20 5 140 il B3t a0 7

He

W AN
finiali soL AR |
A~
Ul =
o i own
s
3

—~

Cr 200 70 50 100 30 70 50 100
Cu 5 100 70 200 100 200 200 240
oy in in 10 10 10 i0 10 <10
Ge (e (2 CE0 (20 {20 L2290 <20 <z

Lo {2y S50 20 24 {20 AV 20 (20
Mn 200 760 200 S a0 0 <00 30
fo { & <2 7 20 15 15 b
Nb 20 <20 {20 . A A0 <an <20 (20

N S 10 = 20 Bl 1% 10 1%
Ph <iQ 1000 5000 300 1000 200 200 200
Sh <100 <A00 <1010 <100 <400 <500 <100 {400
S i i i <10 {1l <0 <30 i

Gn {10 il <10 <10 <30 1.0 <410 i
&r {100 <100 <aao <i0o 100 {100 <100 <100
Tl 000 2000 1000 1500 700 1060 1500 J360

rgt in e 20 i5 30 <10

<
ul =
o]

iy (59 (50 (50 G0 (50 (50 <50 400
Y (10 30 €10 40 X! €10 <10 Gio
Zn (200 <200 <200 <260 CAOD <200 (200 <200
zr (20 2 ioo 150 £00 150 150 70

SKYLINE LABS, INC.
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JOB NO, DCR 440
PAGE. 4

ITEM NO. SaMPLE NO.

ITEM

ELEMENT
Fe
Cu
Ma

fia
s

Lo
M
Mo
Nh

N
Fh
Sh

.
o

Sn
Sr
Ti
Y

fi

[l
fo g P

<.

i
<500
0
106

L4
<
e

10
L0
1560

<10

(S0
10
<200
200

N

35

2%
b, 03%
0.15%

E

i
(500

10
1500

e

fme

5
et
Ciio
{1

<10
cidto
1500
<10

<%0
=
«200
500

36

S%
0.02%
0. i5%

1000
<100
i

10
{100
1500

{190

(HaO

10
200
S010

g

22X
0. 02%
0.2%

i
(500
10
1000

<z
<40
S0

700
(RN
<10

<40
<i00
1500
14

Alg
<300
<40

<40
100
2000

£

10

50

<200
204

SKYLINE LABS, INC.

SPECIALISTS IN EXPLORATION GECCHEMISTAY

34 =
35 =
36 =
37 =
38 =
59 =
40 =
4f =

231
g

el
i

0. 07Y

.2

<3
<H090
10
1600

Lyt

2000
400
i

i
$400
1000

10

(50
210
<200
150

EP
EP
EP
EP
EP
E F)
EP
EP

%

e
0y
i1
13
i%
17
18
19

40

i.5%
. 02%
0.3%

(1
{S00
10
500

3
[

€10
<50

[

70
50
50

-
{2

{20
200
{2

100

g

1000
<CL00
<40

<id
<ina
=00
<10

<%0
30
<200
A 00

414

NN

[EIR T g e
BN

(=00
15
00

e
i
50

=0

70
100

10

120

{20
S0
150
Rl

7
500
<100
{30

A
<400
700
10

(%50
10
<200
150



JOR NO. DCR 4%0
PAGE 5

ITEM NO. SaMPLE NO,

42 = EP 20

43 = EP 2%

44 = EP 22

45 = EP 23

46 = EP 24

47 = EP 2%

48 = EP 26

4% = EP Z
ITEM 42 43 44 45 46 47 48 49
ELEMENT
Fe L0574 374 A 3% Y4 3% 3% 2%
Co 0.63% 6.3% 0.3% 0.5% D.1%% b.02% 0.03% 0.02%
Ha g.2% G.2% 0.15% . 3% 0. 15% 0. 2% 0.i% 0.15%
At (4 1 <4 i i i i {1
(£33 (00 {500 (500 {500 (500 <¢%00 (5010 (L0010
B i0 10 10 1.0 i0 it 10 10
B 1500 L09 GO0 780 300 700 500 500
Fe (2 z (2 2 ¢ {2 {2 {2
Ei i <io <40 <if <ia <40 <10 <il
{Cd CH0 <50 £50 <50 (50 (50 510 {50
Co % 7 5 10 {5 <5 <5 L
Cr 71 790 50 50 100 70 150 100
Cu 20 70 50 70 150 L00 e 310
G 100 10 10 % 10 30 <10 10
Ge <20 a0 {20 {20 (20 {20 <20 e
Lo 50 2 30 30 <an 20 20 20
Mn 160 00 300 700 150 G0 20 310
fro 3 <2 2 2 51 1% 20 15
N 20 20 20 210 S0 <0 (2 20
Wi ) % 5 7 5.0 i0 ) 7
Phb 1000 200 500 500 i000 1000 300 500
Sh <400 €100 <100 <i00 {100 <iop <100 {ig0
Sc (il i <in <40 i <10 <10 i
5n {10 {10 {10 50 <10 €i0 <40 <40
S {100 <100 <100 aing <100 i0a {ioo <100
Ti 1600 1900 1000 2000 760 1500 2000 2000
v i0 310 i0 A0 20 50 A0 20
W {50 <50 50 <50 {50 (GO (50 (%0
Y 10 10 <410 20 <10 {10 <in <40
in (200 <200 {200 (200 (et (200 <200 (200
or 150 150 150 200 100 100 100 00

SKYLINE LABS, INC.
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JOR NO, DCR 110
PAGE &

ITEM NO. SaMPLE NO,

50 = EP 28

91 = EP 29

2 = EP 30

53 = EP 3%

54 = EP 3&2

5% = EP 33

56 = EP 34

57 = EP 35
ITEM 50 51 52 53 54 5% 56 57
ELEMENT
Fe 3% 5% 3% 5% 3% 3% 3% 3%
Ca 0.15% 0,074 0.02% 0.05% 6.2% <0.02% G.02% 0.03%
Ma 0. 0%% 0.07% 0.4% 0.45% 0. 2% 0.45% 0.415% 0.45%
Ao .5 3 2 a2 (1 {1 (i {i
15 <500 <500 (5a0 (500 (500 <500 (SO0 (500
B 10 10 10 10 0 i0 i0 i0
Hao 100 100 i%0 ioao 300 700 700 1000
Fe (% (2 (2 <2 2 z 2 (2
Ri {10 <id <40 i €10 <if (i €40
Ca =Y =0 {50 %0 <50 {50 =1 {50
Lo 2 i%0 70 150 10 1% 1% in
Cr 70 15 70 150 70 70 70 100
Cu 50 150 70 150 i0 20 50 50
Gz {40 (10 10 10 1% i0 i0 I
Ge (20 <20 <20 <2 <20 {0 <20 <20
L 20 e 2 20 20 30 50 100
M 10 30 20 100 300 S0 50 70
Mo 21 20 30 20 & 3 3 5
M 290 20 a0 20 20 a0 20 20
N 7 50 20 20 in 5 5 5
Fh 15140 1000 200 700 000 4000 1000 2000
S5h <ian <100 {100 <160 €100 <100 €100 <100
5¢ <id (i0 SRt <10 <10 <10 30 10
Gn <10 <10 {10 <10 <40 {10 <10 (i
Sr <100 <400 {100 (S RIRY {100 <100 i0n <100
Tk 700 700 1500 1500 2000 2000 2000 1500
v 20 20 20 50 50 10 i0 10
3] (50 100 (S0 590 (S0 (%0 (S0 {%0
Y <10 <10 <10 <id <10 20 15 20
n (200 <200 (200 (200 <200 {200 (200 {200
o 70 50 70 70 200 200 300 300

SKYLINE LABS, INC.

SPECIALISTS IN EXPLORATION GEOCHEMISTRY



JOEB NO., DCR 110

PAGE 7
ITEM ND.  SAMPLE NO.

58 = EP 36

59 = EP 38

b0 = EP 39

&4 = EP 40

67 = EP 41

63 = EP 42

64 = EP 43

6% = EP 44
ITEM 58 59 60 64 b 63 b4 65
ELEMENT
Fe 27, 5% 3% 3% 5% 3% 3% 3%
Ca 0.5%  0.05%  0.03% 0.1% <0.02% 0.4%  0.03%  0.05%
Ma 0.45% 0.2% 0.3%Z 0.4i5% 0. 2% 0. 2% 0. 2% 0.2%
fa (4 (1 (1 4 g (i 3 (1
As {500 (500 (500 (500 <500 (500 (500 (500
E 5.0 5.0 5.0 10 10 50 10 10
B 1000 1500 1000 1500 700 4000 1500 £500
Be (2 (2 (2 (2 g 2 (2 2
Ei (40 <10 <10 (10 (10 <i0 <10 <10
Cd 5T (S0 (50 (50 (S0 (50 (50 (50
Co = 15 5 (5 5 5 (5 %
Gr 50 70 70 50 50 100 100 100
Cu 7 10 70 50 50 55 £0 15
S0 10 15 15 10 50 40 20 15
Ge <20 (20 (20 (20 (20 (20 (20 &
Lo £00 20 20 50 70 50 70 70
Mn 700 100 50 200 50 200 500 150
Mo 2 5 3 2 10 5 5 o
Nb 20 2 20 20 20 20 20 20
Ni 7 5 7 5 5 7 S 7
Pb 3000 500 1000 500 2000 700 2000 £000
Sh <ipD €100 <100 €500 €100 <100 <100 <500
5c 10 10 10 <40 50 <10 <10 i
Sn {10 <10 <10 (10 <10 <10 €10 a0
Sr €i00 (100 00 €100 <100 €100 <100 <i00
Ti 1500 2000 2000 1500 2600 1500 2000 2000
v 10 15 20 <40 2 50 10 A0
W <50 (50 (50 (50 (50 (50 (50 (50
Y 20 30 20 20 20 20 30 20
Zn (200 (200 (206 <200 <200 <200 <200 (200
Zr 200 300 200 200 200 300 500 500

SKYLINE LABS, INC.

SPECIALISTS IN EXPLORATION GEOCHEMISTRY



JOE NO, DCR 140

NN

FAGE 8
ITEM NO, S6MPLE NO,

66 = EP 45

67 = EP 46

68 = EP 47

69 = EP 48

70 = EP 49

74 = EP 50

e = EP S2

7% = EP 534
ITEH 66 67 68 69 70 74 7 73
ELEHENT
Fe oY 5% 5% 3% 3% 5% 2% 3
Ca 0.02%  0.02%  0.03%  0.03% 0.5% 0.5% <0.02%  ©.0%
Ma 0. 2% 0.2% 0.2% 0.2% 0. 2% 0.3%  0.4i5% 0.7
A <4 ¢4 <4 <1 i (i (i <4
As (500 (500 (500 (500 (500 {500 <500 {500
K 50 10 5.0 10 10 10 10 10
Eo 000 500 1500 1500 2000 £5010 L1000 1500
Re (o (a2 (P (2 ¢ @ (2 &
Ei iU i {40 <40 <10 (10 A0 <40
o = (50 {50 {50 (50 = {50 {50
Co oy 10 20 5 (5 (5 (5 {5
Cr =00 150 5 100 70 70 70 150
Cu 200 20 15 100 2 30 7 5
Gy <10 15 10 1.0 15 20 10 15
Ge (aQ {20 (20 (20 e (R0 R0 20
Lo 5 100 70 100 100 150 2 50
M 50 70 70 100 700 700 50 50
4 2 7 7 3 2% 2 X 10 3
Nl 20 20 20 e 30 30 {20 Lan
Ni 5 5 5 g 5 5 5 5
Pl 1000 1500 150 700 500 1000 500 500
5h <A 00 {400 CL00 CA00 CE00 500 <100 {500
Sc {10 &R <40 40 10 10 40 {40
5n 30 <41 {40 <40 <10 (410 {40 {40
S5 400 €100 <400 <ion 1aQ 100 <100 <400
T 4500 2000 2000 2000 3600 5000 L0060 1500
v 10 10 {410 20 10 i5s is i0
td <50 {50 (50 {50 (S0 {50 (50 (50
Y 20 290 20 59 50 50 (40 10
Zn $EO0 &I (P00 (P00 (200 (200 (P0D CRO0
Zr 500 200 700 500 500 700 150 300

SKYLINE LABS, INC.

SPECIALISTS iN EXPLORATION GEOCHEMISTRY



JOR NO, DCR 440
PacE 9
ITTEM NO. SAMPLE NO.
74 = EP 53R
75 = EP 54
76 = EP 5%
77 = EP 56
78 = EP §7
79 = EP %8B
g0 = EP B9
Bi = EP &0
ITEM 74 75 76 77 78 79 80 81
ELEMENT
Fe ax 3% 37 37 37 5% 2% 27
La i 0.03% 0.7% 0.03% 0.0%% 0.4% 0.02% 0.03%
Mo 0, 2% a,3% 0,27 0.3% 0.3% 0. 2% 0.2% 0.2%
A <% (i <4 (3 <% i {1 {1
s (500 (%00 (R00 <%00 ¢Ri0 {S00 <500 CH00
|G io 10 0 10 i0 10 ig 10
B 2000 2000 2000 2000 2000 2000 2000 =000
Be (2 (2 <z {2 (2 {2 (2 (2
Bi <1 {40 <4 (40 <40 <10 <10 <in
Cd CEA {50 {50 <50 (50 (S0 (50 {50
Co 2 (5 S {5 <5 20 5 (H
Cr 70 70 100 100 70 100 100 i690
Cu A0 300 20 150 50 50 100 7
Go 15 10 15 20 20 15 15 1%
Ge 20 <20 <au 210 <20 <20 <t <l
L.t e 70 50 S0 100 100 71 71
Mn 1000 70 700 100 200 2060 70 70
Mo 3 2 e 7 5 i5 5 o
Nl 20 20 20 0 20 30 a0 20
M 15 (5 = o 5 S 5 (S
i 1000 500 2000 A00 500 500 00 F00
Sh <Lnn <100 <00 (100 <i00 {100 <100 <100
e <10 10 <10 ia <L in ¢ia <10
S £410 <10 4l <10 i <410 €10 <10
Br 200 L0 <100 <ian <100 <100 {100 ian
Ti L L00 000 2000 3000 2060 2000 2000 1560
Y i0 290 10 15 10 i0 i0 i0
W 50 (50 (50 (50 (%0 (90 {50 (50
Y 20 20 30 20 20 50 15 1%
in o CA00 <200 <200 <200 <200 <200 200
ir 100 LS00 A0 500 <00 500 200 200

SKYLINE LABS, INC.

SPEC!ALISTS IN EXPLCRATION GEOCHEMISTRY



JOE NO. DGR 140
PAGE 10
ITEM NO. SHMPLE NO.

82 = EP 64

B3 = EP &2

84 = EP 64

8% = EP 65

Bb& = EP b6

87 = EP &7

88 = EP &8

89 = EP &9
ITEM 8= 83 84 85 86 a7 ae 89
ELEMENT
Fe 2% 3% 2% 3% 3% 2% o 2%
Ca 0,.07% 0,02Y% 0.03% 0.02% 0.02% 0.03% <0.02% 0.05%
Ma 0.2% 0.45% 0.2% 0.15% §.15% 0.2% 0.15% 0.9i5%
G {1 {4 (4 (i {1 i 2 {4
fe (500 {500 {500 {500 (500 (500 (500 (500
B 40 10 10 10 10 10 50 10
Ea 1000 1000 1500 1000 1000 1000 700 700
Te (@ 2 e 2 (2 & (2 (@
Ri 10 <10 (A0 <40 (40 (A0 i (10
Cdl B (50 (50 (50 {50 50 (50 (50
Co % (5 (5 20 7 (5 (5 {5
Cr 100 450 70 100 100 70 70 100
Cu 10 30 2 300 £00 15 15 15
Ga 10 10 15 40 10 10 10 10
Ge {20 (P (R0 (20 (20 (20 (R {0
L.t 100 50 70 70 70 100 20 %0
Mn 150 70 i0a 2000 200 70 S0 100
Mo o 10 (a el 15 (2 (2 s
Nb 20 20 20 20 2 20 20 R
Wi 5 5 5 g 5 5 5 7
Pl 150 1500 1000 1000 SO0 200 700 700
Sh (300 <100 <ino (00 ¢i0n <400 (400 (100
G {i0 {40 (40 {40 ¢i0 <40 <40 {4
Sn {40 €10 <10 {40 (40 <40 10 3.0
Sr <400 CAfq (500 {500 (100 <500 2100 SR
Ti 2000 2000 2000 1060 2000 2000 4000 1500
Y i0 10 1.0 10 i0 10 10 15
b (50 (50 (50 (50 (50 (50 50 (50
Y 20 20 30 20 210 15 (40 (i@
n 200 {200 (P00 (200 CE00 {200 (200 (200
ir 700 500 300 i 300 300 100 200

SKYLINE LABS, INC.

SPECIALISTS IN EXPLCRATION GEOCHEMISTRY




JOR NO. DCR $40
PacE 114
ITEM NO. SaMPLE NO,

g0 = EP 70

4 = EP 74

72 = EP 72

@3 = EP V3

P4 = EP 74

@S = EP 75

6 = EP 76

@7 = EP 77
ITEM 70 Q1 72 ?3 G4 e5 P6 ?7
ELEMENT
Fe 2% 2% 2% 3% a2 37 kYA 3%
Co 0.02% <0.02% <0.02% 0.5% 0.03% 0.5% 0.7% D.i%
Ma 0.1%% 0.15%% 0.2% 0.2% 0.2% 0.15% 1.45% 0. 15%
Aa i (1 <1 (1 i (1 {1 (4
As {500 <K00 {500 (500 {500 <G00 (500 (500
B 40 10 10 {10 10 i0 10 i0
Ena igao 700 1000 1000 1500 isao 1500 1000
EBe (2 2 2 z (a2 (2 2 K2
Bi <10 <40 <10 <40 <10 <10 i0 (AL
L {50 (50 (50 (50 (50 (50 5 <50
Co o 7 <5 (H (% <5 (G <5
Cr A00 150 70 50 70 70 710 B
Cu 20 20 10 50 70 30 i% 70
G 20 15 20 20 20 20 20 20
Ge (e (20 <an a0 <20 <20 <20 (20
La 140 70 50 100 50 100 . 100 70
HMn 50 0 70 1000 100 1000 4000 200
Mo e 5 a2 5 20 a 5 (e
Nl (20 20 210 20 20 a2 a0 20
ML ) 5 5 5 5 5 5 5
Ph 1500 LS00 1500 1000 1000 1000 700 00
Gl <100 €100 <300 <100 <100 <100 <500 <Cion
Sc <10 10 i@ {19 <10 <40 10 <30
Bn <i0 <10 {10 <10 <10 (LD <i0 ¢an
Sr <100 it <300 100 100 100 1600 <100
Ti 2000 1580 1500 2000 1500 2001 A000 2000
% i0 15 15 i5 10 10 0 10
L (50 (50 <50 <%0 (G0 (%0 s <50
Y 1% i0 10 30 20 30 50 210
Zn <200 <200 <200 {200 (200 (200 200 <200
Zr 150 200 200 200 300 300 500 200

SKYLINE LABS, INC.

SPECIALISTS IN EXPLORATICN GEQCHEMISTRY



TTEM

ELEMENT
Fe
Cn
Ma

Ao
Az
E

Ea

Fe
Bi
Co
o
Cr
Cu
Gea
Ge

L.
tin
Mo
M

?8

Y/
.

1%
0.3%

20

3
000
100

in

<10
200
5000
i0

S0
S0
{aon
a0

79

2%
0.02%
0.2%

1.5
<500
i0
1500

(2
<ig
(L0

=

100
104

0
{20

a0
100

0
‘.

5
000
CLon

<40

{ih
100
500

i0

{
)

<50
i%
<E00
200

<S00
10
700

190
50
1.0

<20

100
70
7
20
5
1500
<100
<10

<10
100
1500
1%

(S0
20
<200
3049

(%0
20
(=00
oo

ITEM

<14
<500
i0
10040

(2
<10
<50

(%

10640
30
1%
20

70
G40
(a2
(20
9
000
100
<A

<40
400
1%00

10

<50
30
<200
00

SKYLINE LABS, INC.

SPECIALISTS IN EXPLCRATION GEOCHEMISTRY

JOE NO.

NG
28
QY

100

1014

102

103

104

10%

[ O T B B 1B H4

103

2
[
0.2

0.2

(1
{500
10
i000

(2
10
{510

(5

710
ig
i5

{20

SAMPLE NO.

EP
EF
EP
EP
EP
EP
EP
EP

%

%
7

70

A000
(2
<20

(5
00
<i00
<10

€10
cioo
2000

15

<50
20
<200
00

DCR 410
PAGE 12

78
79
a0
81
32
83
85
86
104
Ky
0.%%

0.4%%

(500

000

Py
Pl !_‘:1 AL

s

e =M

100
20
10

<20

30
S0

<20

<30
<100
1000
i%

4]

—

Ll

CD!

AN

P R
—
fon

Yoo
o



ITEM 106
FELEMENT

Fe 3%
G {0,08%
Mo 0.1%%
A e
B (500
3] in
Ra 1000
Ee .
Bl {40
Cd {0
Co e
ir 70
Cu 100
o 15
Ge <20
i.a 3
Mn 100
Mo 7
N 20
N %
b L0040
Shy 00
S {40
Sn <10
S Lign
Ti La00
y it
] {50
Y i0
in {Eno
ir a60

107

¥4
0.02%
., 2%

i
<500

10
ifang

P
=~

i oo )

Pt

3o 57 i
e e =

P
fowd]

)

oo

i

PO o~ N

S

{5
1500
200

i

(10
i
1%00

in

{50

{10
Laan

‘

108 109
S Ky
0,5% 0.02%
0.3% 0,S%
S i
<S00 {500
10 30
500 1500
(o (2
{10 {10
(B0 {50
{5 B
200 70
20 15
1% 1%
(2 {20
240 S0
=0 100
70 5
Al 20
o o
Y00 500
<300 {100
£ 0 {40
<40 <10
{AQg CAann
3000 2000
50 i0
<50 {50
20 20
200 <zon
00 A6 0

YTEM

140

37
0. 0%%

0, 2%

(1
(500
10
700

{ T
Nl

REAC
{50

<0

S0
10
10
(20

50
=0
5.0
20

5
io0Q
<100
1

<10
¢ian
2800

1%

(590
i0
<260
S0

SKYLINE LABS, INC.

SPECIALISTS IN EXPLORATION GECCHEMISTRY

JOR NO.

NO .
106
107
108
i0¢9
130
1414
i1
113

Wi o uon

#

1000

(2
<40
(%0

(%

100
100
15

<30

50
A00
30
20

5
1000
{400
{10

Cih
{100
2000

10

<510
20
<200
00

SAMPLE NO.

EP
EP
EP
EP
EP
EP
EP
EP

DER 440
PAGEE 13

87
89
20
93
24
2%
76
g7

i
(500
10
1000
(2
{10
(%0

113

37
§.%%
0.2%

£

i
(%00

i0
inoo0

2
<A
{50

{5

iRt
200
20

20

510
1000

5

2

,5

1000
{100

4

120

{10
{400
2000

15

(%0
30
{200
200



ITEM

ELEMENT
Fe
Cn
Ma

A0
A
&

Ea

e
Bi
Cd

Co

or
Cu
Lo
G

l.a
Mo
Mo
N

N
P
Sl
c‘_.

oD

W

Zn

L

1000
Caih
i0

(10
100
2000
15

(50
30
(200
00

P g L0
™o N

{4
(500

S0
1000

e

[2

(20

5
1900
<a0n

10

{10
100
2000
10

(50
20
200
Ao

116

3%
iZ
0.2%

<4
<500
10
2000

(2
{10
(50

5

30
10
15
<20

70
1eoo

{20

<5
1060
<i00
<id

<40
100
2000

5

(S0
20
<200
500

117

kY4
L%
0.5%

3
(500
i0
20040

<a

<40

(50
g
50
5
15

{aa

G0
(MUY
<

20

<%
LS00
{100
<40

i
igo
2000
10

(S0
2

<200

00

ITEM

118

[n3)
[ ]

EoL)
L/

0.2%

(i
{500
<10
1500

s

{2
i
<51

5

50
30
10

<20

50
Lead
e

At
5
700
<100
10

<10
¢ina
2000
10

<50
20
{2060
LAY

SKYLINE LABS, INC.

SPECIALISTS IN EXPLORATION GEOCHEMISTRY

JOB NG,

= 2

it

oSN b

Bonodopowopon

-
i

e el Sl el SN
SIS IR N A N o

(500
<30
1500

(2
<10
(%0

R
N

79
30

]
1000
100

<10

4.0

£400
2000

C
LD

(%0
10
<200
200

SAMPLE WO,

EP
EP
EF
EP
EP
EP
EP
EF

DCR 140
FAGE 14

98

100
104
103
104
105
106
107

120

{1
(500
10
1000

{2
€0
(%0

30
210
15
{20

50
700

2

a0

200
A00

124

24
0.4%
0.45%

i
(S00
(10
1000

2
€10
50

e
AN

S0
0
10
<0

51
500
%

21
5
300
<100
{40

€40
CLi0
1000
10

<50
<10

cen



JOR NO. DCR 440
PAGE 15
ITEM NO. SaMPLE NO.
182 = EP 108
123 = EP 109
124 = EP 11410
125 = EP 414
126 = EP 1412
27 = EP 113
128 = EP 114
i29 = EP 1195
ITTEM 122 123 iz4 125 12 127 128 i29

ELEMENT
Fe 2 2% R4 27 2% 2%
Ca 0.15% b.7% 0.5% b.7% G.05% U.07% 0.07% 0.0%%
Ma G.15% 0. 2% 0.a2% . 2% 0. 3% 0.2% 0.2% 0.2%

fig 1 § <1 <4 <4 7 <1 <4
A (%00 (500 {500 (500 (500 (500 (500 (B00
K 40 (1.0 <10 <10 <10 5.0 <30 L0
Ea 4000 500 1500 1000 1000 500 1500 4000

("}

be {2 {2 {at 2 (e (2 it
Bi 1 ig ik

{: C (2

i ¢ <10 i ia <10 LY
d s <50 <50 (50 (50 = <%0 50
Co o 3 = L= <% (% %5 hH
N 70 50 450 50 70 100 100 50
Cu 1% 7 20 i0 30 100 200 500

ol 15 20 30 15 20 10 10 10
Fe <20 <20 Ca (2 <20 <20 {20 an

! S0 A0 pEa] 100 S0 20 5 X1
Mn 200 700 ALRY 700 S0 i00 1% 200
Mo 10 4 3 o a 15 3 &
M 20 290 20 20 2 &0 &0 20

N <5 <% <5 (S 5 5 <5 5
Py EAIRY 700 200 200 1500 1508 1004 1000
b €100 <100 00 CAann <AnD €100 <100 Ci00
Sc <10 10 il <10 <10 <10 <10 <i0

&n <10 <10 <16 <410 <i0 <40 <10 <40
v €100 100 100 <400 <1090 <1090 <100 <100
Ti SoAasan 000 1500 1500 1500 1500 2000 iS00
v 10 10 1% 1% = 20 10 A0

1 (%0 <50 (S0 (50 (%0 (S0 (=11 (510
Y 10 30 i% 20 ih €10 20 40
Zn <200 2200 €200 €200 <aonn (200 (200 <200
z 3060 500 A00 200 i%0 200 2010 i00

SKYLINE LABS, INC.

SPECIALISTS IN EXPLORATION GEOCHEMISTRY



FELEMENT
Fe
Cn
Ma

Ag
As
I

Ba

Be
Ei
f.d
Co

G
Cu
o

Ge

{3
M
Mo
N

N
Fiy
G

o

{4
{500
10
1500

<5
700
L0

i

<10
£160
2000
10

(%0
10
<a0n
00

50
20

<%
1900
{100
<4

SR
At
2000

10

50
10
200
00

<%
1500
<100
<10

A
104
1500
10

)
700
<100
¢4n

a0
<100
3000

20

{50

(200
aan

ITEM

30
70
10
&0
5
700
€100
i

€10
A0
1500
ia

%0
10
a0
200

SKYLINE LABS, INC.

SFEC!'ALISTS IN EXPLORATICN GEQOCHEMISTRY

JOR WO,

ND .

i30 =
£34 =
132 =
£33 =
$34 =
135 =
136 =
£37 =

L35

0.0

M ora

{500
0
in0o

aS ]

SN
(Bl
o I mon

;o

y
N0

100
30
10

{20

a0
00
7
af

5
Soa
100
<ib

4
¢

i
<100
1500

10

{50
i5
<200

00

SAMPLE NO,

EP
EP
EP
EP
EP
EP
EP
EP

N NN

DCR 440
FAGE 16

116
147
1318

119

R WA N
ra

IR IR AR

Dl o

2
{500
<10
ioan

8]

P

AN} = A

(RN A e e |

100
70
40
<2

20
70
15
o
<5
700
{100
{10

{10
o
1500
10

(50
15
200
S

137

2 T

o
ol ut o
>

e
B

e
[
{40
(50

410
700
<100
10

<ig@
<100
5000
70

(50
15
<2090
aa0



140 1414

[N
it
~

ITEM™ 138
ELEMENT

Fe = :
Cao i f,

02%
Ma 0.2 0, y

0. 3%

(i
<500
10
1500

i 2 !
<%00 500
<10 10
1060 700

AO
fis
)

Ry

el

B

<z <2 = €2
Ri A {40 <10 (KAt
o SRRt €50 {50 Chil
Co E <% <% <%

Er 50 AL 50 100
Cu a0 50 200 100
an 1% 10 15 i
Ge <20 L ¢aa {20

%0 At 50
200 1000
1% & 3l
et 20 20

L

Min 1000
Mo 7
[RE¢) 20

L <5 5 <% (%

REIR]
<10 {3
A 10

SO0
{400
€40

T
300
<40

P

S

R

S

<ih
<i00 <
2000 i

PN
=

i
100
100
<30

{40
00
2000

1%

&n
Sr
T

)

[
fd o = -

fomnd

<50 <50 {50
ig 20 a0
(! CHEG0 <200 (200
( 200 300 500

=
-~
g1

33
.

SKYLINE LABS,

ITE

N

;o
(=U
{8

{5
1500
060

L4

10
Ci00
1500
40
450
20
{ann

AL

INC.

M

= oy

JOR

NO

126 =
139 =
140 =
141 =
147 =
143 =
544 =
145 =

1473

=

g.o02
.03

i
{500
i
10

(7
10
<&0
Al

1%0

0
<10
{20

an

)
Rl

<10
€100
200
{10

=1
i
Ca00
{2t

PECIALISTS IN EXPLORATION CEOCHEMISTRY

NO .

G
EP
EF
P
EP
EF
EP
EP
EP

2%

%
A

DCR
FAG

M
5

)
:
o
e
Pt

[
e

P
i 2 ﬂ
125
126
127
128
ia29
130
1 4

5
24

()
{

3

140

.

17

N

a0

(4.0
SO0

1h0

(1

b

-
S|

Ca00
{ift
2000

2
<1
25

.

m

100
30
20

L2

Qa1
FO

o~
s 1

F S D

S
Fy

Ul



JOR NO., DCR 440
PaGE 18

ITEM NGO, SEMPLE NO.
146 = EP 4132

147 £P 133

i

ITEM 146 147

ELEMENT
Fe =y 3%
o5} 7% 0.07%

; oy A e
M u a2 0. %%

&g (i <i
A% <900 {R00
Jod 19 il
jila] SO0 4000

Lie 2 2
Bi il i
Cd (S0 =1t

t
Co 5 )

Cr 1510 i00

Cu i% &
Y

Ms] [ 10
G Pt e
Lo {20 =0
[§1%) 7000 2000

Mo e S
M 20 =0

MNi 70 10
Fia 20 10
Sh IR <1049
Y &0 <10

Gin <410 LA
S5 00 LA 00

Ti 000 20040
V 150 =0

] {50 <50

() it

4

i
i

Pl e
=

Zn et <200 .
or 51l 200

SKYLINE LABS, INC.
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BISMUTH AND TIN MINERALS IN GOLD- AND SILVER-BEARING SULFIDE ORES,
OHIO MINING DISTRICT, MARYSVALE, UTAH

By ARTHUR S. RADTKE, CHARLES M. TAYLOR !}, and JOHN E. FROST *,
Menlo Park, Calif., Palo Alto, Calif., Houston, Tex.

Abstract.—Large amounts of cuprobismutite and bismuthi-
nite are present in gold- and silver-bearing sulfide ores in the
Tunnel Extension Number Two mine near Marysvaie, TUtab.
Significant amounts of cassiterite in small grains are coneen-
trated in the quartz gangue. Maost of tlie silver is present in
cuprobismutite, and gold occurs i the native mewal. Carbonate
beds below the mine. mineralized ¢i=ewhere in the district. offer
potential exploration targets,

The Ohio mining district, a precious-metal producer,
is located on the east flank of the Tushar Range, about
6 miles west-southwest of Marysvale (fig. 1) in Piute
County, Utah. Samples collected by J. E. Frost from
the 400 level of the Tunnel Extension Number Two
mine contain several abundant metallic minerals, and
the ore contains abundant bismuth and copper. Bis-
muth and tin minerals in these ores were not reported
in either the early work by Butler and others (1920),
or in the recent compilation of minerals in Ttah
(Bullock and others, 1960). Dasch (1964). in sum-
marizing certain mineral resources for Utah. includ-
ing bismuth, did not mention the occurrence of this
metal in the Ohio district.

Semiquantitative spectrographic analyses by C. M.
Taylor and A. S. Radtke, at Stanford University, con-
firmed the presence of abnormally large amounts of
bismuth and copper, in addition to lesser amounts of
irom, zinc, arsenic, silver. tin, antimony, wold, lead. and
tellurium in ore from the Tunnel Exrension Number
Two mine.

This paper presents the results of « preliminary
study of the mineralogieal and chemical associations
in this ore and gives a new mineral occurrence for bis-
muthinite, cuprobismutite. and cassiterite.

! Materials Analysis Co.
* Humble Oil and Refining Co.
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Frevre 1.—Index map of Utah, showing location of the
IF'unnel Extension mine {Ohio mining distriet®.

DESCRIPTION OF THE DEPOSIT

Ore bodies m the Tunnel Extension Number Two
mine ocenr in steeply dipping tabular-shaped masses
along and in faults or shear zomes. Although small
amounts of ore locally replace the wallrock, most of
the mineralization is confined to the faults or shear
zones and the deposits are classified as “fissure-filling
tvpe.”

U.5. GEOL. SURVEY PROF. PAPER 575-D, PAGES D12:-D130
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The wallrocks are of the Bullion Canyon Volcanics
of middle Tertiury (Miocene?) age. In sequence, un-
derlying the voleanics, although not exposed in the
present mine workings, are (1) indurated rocks of the
Navajo Sandstone, (2) shale and sandstone of the
Chinle Formation swith its basal Shinarump Member
(conglomeratic sandstone), and (3) siltstone and sand-
stone of the Moenkopi Formation.

Limestone, dolomite, and interbedded quartzite of
the Kaibab Limestone, host rocks for gold-silver ores
of the Deer Trail and several other mines in the
Tushar Range, underlie the thick scquence of sand-
stones and shales. Because the ore of the Tunnel Ex-
tension mine 1s believed to be hypogene and because
it is possible that the ore-controlling structures extend
to depth, the carbonate beds below the mine may be
worth exploring for additional gold-silver deposits.

ORE MINERALOGY AND CHEMISTRY

The results of mineralogic studies which included
exaniination of polished sections and thin sections of
the orc are described in this report. All polished sec-
tions were prepared following the methods described
by Taylor and Radtke (1965).

The results of the semiquantitative spectrographic
analysis of one specimen of massive sulfide ore (table
1) show that the most abundant elements in the ore
are bismuth {>10 percent), silicon (10 percent), cop-
per (7 percent), tin (1.5 percent), and silver (1 per-
cent). Gold content, determined as 0.003 percent, is
equal to approximately one ounce per ton. Zinc, arse-
nic, and tellurium, identified by Taylor and Radtke in
previous spectrographic analyses. were not detected
in the analysis shown in table 1.

The ore is made up of subledral to euhedral inter-
locked grains of quartz and fine-grained intergrowths
of sulfide minerals (fig. 2). In hand specimen, only

TaBLE 1.—Semiguantitaiive spectrographic analysis of massire
sulfide ore, Tunnel Eztension Number Two mine, Marysvale,
Utah.

{In weight pereent. M, major constituent, greater than 10 percent. Analyst: Chris
Heropoulos, U.8. Geological Survey)

Element Amount Element Arount Element Amount
Sii.__....1 10 VR 1 © Nioo-- 0. 001
Al .. 0.02 | Au...__. 0.003 ' Pb.____. 3
Fe_ ... .__ | L0153 i Ba..._ .. . 001 Sbh_. ... .1
Mg__...._ L0003 Bi_o_. .. M Sn_o_.oo 1.5
Cg). _______ .001  Cr.. .. 0002 NV ... 003
Tioo ... 007 P Cul.. .. T WL 01
Mn .- .07 P Moo 001

!

Other elements looked for but not found: As, B, Be, Cd, Ce, Co,
Eu, Ga, Ge, Hf, Hg, In, K, La. Li, Na, Nb, P, Pd, Pt, Re, S,
Sr, Ta, Te, Th, T], U, Y, Yb, Zn. and Zr.

AND PETROLOGY

FicTRE 2.—Photomicrograph showing intergrowths of medium-
grav bladed cuprobismutite (Cbs) and small white grains of
tetradymite (Td) in pale-gray bismuthinite (Bs). Darkest
areas are euhedral quartz (Qt) grains. Note alteration of
primary bismuth minerals 1o hydrous bismuth sulfate (Hbs)
along fractures and grain boundaries. X 370.

cuprobismutite, bismuthinite, and quartz are suffi-
ciently abundant to be distinguishable. All minerals
identified in the ore and their relative abundance are
given in table 2.

Primary ore minerals include cuprobismutite, bis-
muthinite, tetrahedrite. emplectite, chalcopyrite, native
gold. and tetradymite. Secondary or alteration min-
erals include covellite. chalcocite, and a new hydrated
bismuth sulfate. Most of the gangue is composed of
quartz. Although calcium content is low in the ana-
lvzed ore (0.001 percent, table 1), very small amounts
of calcite are present.

Cassiterite in two distinet forms is closely associ-
ated wirh and dispersed through the quartz gangue.

TaBLE 2.—Mineralogy of massive sulfide ore, Tunnel Eztension
Number Two minc, Marysvale, {"tak

Mineral Abun- Mineral Abuc-

dance ! dance !

Cuprobismutite. ... __ — 30 Tetrahedrite. . _______ 1
Quartz_ . ... 25 Emplectite(?) ... _._ . 1
Bismuthinite. ... ... . 15 Chalcopyrite. . ____ __ ~1
Bismuth-bearing 5> Gold (electrum MY ... <1

alteration mineral?

Covellite. o . ... __.__. 2 Tetradymite. .. ____.__ 1
Chaleocite__ ... .. ... 1 Caleite. ..o ____._ Ng!

© Visua! estimate of percentage of total sample.
* New mineral (bydrated bismuth sulfate).
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The bulk of the cassiterite is found as small anhedral
grains scattered randomly through quartz with lesser
amounts as large elongate subhedral grains along the
contacts between quartz and sulfide veinlets (fig. 3).
The ore specimens studied show the initial develop-
~ment of extensive oxidation and alteration (fig. 4).
Although both bismuthinite and cuprobismutite show
alteration. the former is apparently less stable and
oxidizes more readily. Along crosscutting microfrac-
tures both minerals show alteration to and replacement
by secondary phases. In areas with fine-grained inter-
growths of both primary sulfides, the alteration may
be confined to the binary bismuth sulfide (fig. 4). This
is supported by the chemistry and abundances of the
secondary or alteration minerals. Cuprobismutite is
far more common than bismuthinite; yet secondary
copper minerals, including covellite and chalcocite(?),
are very scarce. The hydrated bismuth sulfate phase 1=
very common and apparently formed directly from
bismuthinite and cuprobismutite. Minor amounts of
secondary copper sulfides in submicron particles inter-
grown with the secondary bismuth sulfate are present
near cuprobismutite.

Of specific mineralogical interest 1s the nature and
distribution of gold and silver in the ore. Native gold

Figure 3.—Photomicrograph showing veinlet of white cupro-
bismutite (Cbs) and bismuthinite (Bs) in dark-gray quartz
(Qt). Boundary between the two primary bismuth minerals is
marked by dashed line. Note long prismatic subhedral grains
of cassiterite (Cas) in quartz along margin of veinlet and small
anhedral cassiterite grains scattered through quartz. Slight
alteration of primary bismuth minerals to hydrous bismuth
sulfate (Hbs) controlled by grain boundaries and microfrac-
tures within the grains is apparent. X 180.

D129
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Ficrry 4.—Photomicrograph showing preferential and exten-
sive alteration of pale-gray bizmuthinite (Bs) to hydrated
bismuth sulfate (Aisr. Cuprobizmutite (Cbs), slightly darker
than bismithinite, is altered only along microfractures. Large,
dark-grav-black cuhedral grains are quartz (Qt) gangue. % 370.

in the ore is virtually confined to small late(?) micro-
fractures cutting large sulfide intergrowths. A photo-
micrograph of native gold and secondary alteration
minerals along a microfracture through cuprobis-
mutite is shown in figure 5. Numerous electron micro-
probe analyses showed no substitution of gold for
other elements in any of the ore minerals. No gold or
gold-silver tellurides were recognized. Cuprobismutite,
which makes up approximately =50 percent of the
samples studied (table 2), contains the bulk of the
silver: clectron microprobe analyses show that this
mineral contains over 1 percent silver. Tetrahedrite.
relatively uncommon in the samples studied, is appar-
ently not an important ore mineral of silver. Owing
to the extreme small particle size of the gold and the
high silver content in surrounding cuprobismutite,
quantitative electron microprobe analyses of gold were
not attempted. On the basis of ecolor comparisons
against known alloys of gold-silver, the gold-bearing
phase in the ore 1s apparently deficient in or virtually
free of silver.

In ore from the nearby Bully Boy mine, Butler and
others (1920, p. 544) describe a primary unidentified
silver mineral with “silvery-white metallic luster * * *
coated by a dark grey material of dull luster, appar-
ently an alteration product. The mineral contains free
gold in minute fissures.” They also reported that
cerargvrite forms thin films in the fissures. Although
cerargyrite was not recognized in our study, this min-
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F16URE 5.—Photomicrograph showing white native gold (Au)
in a small microfracture-in massive pale-gray cuprobismutite
(Cbs). Other minerals in microfractures include admixed
covellite (Cv) and hydrous bismuth sulfate (Hbs). Note gen-
cral lack of alteration of cuprobismutite. Lighter gray mineral
in lower right corner is bismuthinite (Bs): dark-grayv-black
areas are quartz (Qt) gangue. X 370.

MINERALOGY AND PETROLOGY

eral would account for the silver released from cupro-
bismutite during alteration.

Butler and others (1920) also suggested that tetra-
hedrite in the ore was not an important silver mineral.
They stated (1920, p. 544), “Material containing sev-
eral percent of this mineral is said to contain only
small quantities of precious metals and is ore only
when it contains sufficient copper to be valuable for
that metal.” This conclusion is supported by the now-
recognized concentration of stlver in cuprobismutite
{copper bismuth sulfide) rather than in tetrahedrite.
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EXPLORATigN DEPARTMENT

Geochemical Office

March 10, 1981

To: J. C. Balla

From: L. D. James

m

CE =T

South Central Idaho

Some 10-11 years ago the Spokane office carried out a geochemical
reconnaissance stream sediment survey for Cu/Mo deposits along
intrusive-sediment contacts in South Central Idaho (reports by
J.J. Jones, January 27, 1971; and L. D. James, May 12, 1971). A
number of malybdenum anomalies located in the course of this study
were later substantiated by preliminary follow-up study (my memo-
randum November 3, 1971). As far as I can determine from my files
these anomalies were never investigated, presumably because atten-
tion was concentrated on the White Cloud Prospect. Admittedly,
these anomalies could well be related minor vein type sulfide
occurences but the strength and extent of several is such as to
merit source location and examination?

L. 7D, Tames

Lloyd D. James
LDJ:cej

cC: RLB -
: WLK/
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Rocky Mountain Exploration Division
Douglas M. Smith, Jr. WMRA”(W DPaRTHERT
Manager

February 19, 1981

TO: R. L. Brown
FROM: D. M. Smith, Jr.

Missouri, Molybdenum in
Cambrian Carbonate Rocks

Reports of anomalous quantities of Mo in carbonate rocks associated with
Pb-Zn mining districts are not new. Sell (1979) notes that Mo values are
generally <3 ppm outside limestone-replacement districts, but increase to

>10 ppm in the ore zone. Similar Mo contents are found in the ore-bearing
dolomite at the root zone of the Silesian-Cracovian Pb-Zn deposits (Haranczyk,
1967). The 0.1% Mo (0.167% MOSZ) rumored to have been discovered in the
Potosi and Eminance formations of Missouri is, however, anomalously anomalous.

Black shales, which may contain between 10 and 300 ppm Mo (Hawkes and Webb,
1962), are present in the Paleozoic section of the mid-continent region and
could have provided a source for the Mo found in the Cambrian carbonates.

011 field brines (Carpenter et al, 1974) and expelled formation waters (Billings
et al, 1969) are capable of transporting metals, although | am not aware of any
Mo analyses quoted in the literature for these media. The presence of jordisite
(colloidal MoS.) in many roll-front uranium deposits demonstrates that Mo is
soluble in low-temperature weakly-alkaline solutions and is subject to pre-
cipitation by reduction in the presence of carbonaceous material and/or

hydrogen sulfide (Hostetler and Garrels, 1962).

The preceding suggests that both source and transport might be contrived for
the Mo now occurring in the Potosi and Eminance formations, but unless these
rocks are sooty and fetid, it is difficult to explain the necessary reduction
and precipitation of the metal. Indeed, | am aware of no Mo anomalies in
limestone near the molybdenum deposits of the Colorado Mineral Belt. 1in the
Grants district Mo is present in sandstone- and shale-hosted uranium deposits,
but absent from those occurring in the Todilto Limestone (Granger, 1963).

Douglas M. Smith, Jr.

DMS:cej
Att: References cited

cc:_ LDJ
NWLK, w/cc. of incoming
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FPebruarv 6, 1981

Mr. D. D. Harper, Manager
Knoxville Office |

Missouri
Molybdenum in Cambrian
Carbonate Rocks

Dzar Mr. Harper:

I don't guite know what to ma of .
port that ore grade moly was intersacted in the Cambrian
Potosi and Eminance formations by tha U.S.3.S. in a diamond

S30

Steve Von Fay reported a few years ago on some "roll
front"” type occurrences in sandstones, but the Hissouri
occurrences appear to be in carbonate rocks which presumably
are chemically reactive.. . :

Obvicusly we should try to see the physical core
if at all pussible but bayond that suggestion I have no
good ideas. llowevaer, I am curicus ©to know wha—- all the
people whom I have cecpied on this letter think aboun the

occurxences.

Very truly yours,
Original sirved by

ti. L. Brown

R. L. Brown

cc. PRDingess
LDJamnes
BHMSmith/DWolfe
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Rocky Mountain Exploration Division N3O 193]
Douglas M. Smith, Jr
Mri;gga; it EXPLORATION DEPARTMENT

January 27, 1981

Mr. Darby Fletcher
2456 W. Bayshore Rd. #6
Palo Alto, California 94303

Dear Darby:

A Stanford student whose name | failed to record called me during
September 1979 to chat about porphyry molybdenum deposits. He was
accumulating information for a group research project dealing in part
or, perhaps, totally with the geochemistry of said deposits. Although
| was promised a copy of the final product, one was never forthcoming.
Are you familiar with the project and can you obtain a copy for me?
| will be more than happy to foot the bill for reproduction.

Hope the probe is probing again. | really enjoyed my tour of the
Stanford facilities and truly appreciate the time that you, Paul, and

Tim took out from your studies and thesis work.

Very truly yours,

e .
T P
/ /’—ZVV
e
yd
/ -
o

Douglas M. Smith, Jr.

DMS:ce]

cc: WLK see atached meme

ASARCO Incorporated Suite 202 9305 West Alameda Parkway Lakewood, Colorado 80226 (303) 234-9462
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RECEIVED

JAN 30 1981
Northwestern Exploration Division
Jonn C. Balla EXPioiAiol DEPARTMENT
Manager

January 28, 1981
T

Mr. W.L. Kurtz, Manager S:\(/\ 0"’{ Gs
Western U.S.A. 2

ASARCO Incorporated

P.0. Box 5747 ////////
Tucson, AZ 85703 éﬁ’—

Goat Creek Prospect
Sanders County, Montana

Dear Sir:

The Goat Creek prospect is located five miles northeast of
Thompson Falls. ASARCO drilled the property in the period
October, 1969 - August, 1970, when the project was dropped.
During the course of exploration on the property, the
potential for ". several hundred million tons of low
grade (approx. 0.08% MoS,) mineralization' was recognized
(see Goat Creek Project feport, December, 1971).

I have just learned that during the course of discussion
on the proposed Montana severance tax on minerals that
Noranda has reported a reserve of 100,000,000 tons with a
grade of 0.15% MoSZ. I do not have any additional informa-

tion.
Vety re};ﬁzﬁurs,
John C. Balla
JCB/dt

cc: R.L. Brown

ASARCO Incorporated E. 920 Wolverton Court (N. 2900 Nevada) Spokane, WA 99207 (509) 489-7870
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Rocky Mountain
Exploration Division

January 31, 1980

TO:  W. L. Kurtz e 7 1980
FROM: D. M. Smith, Jr. w‘”"”’”ﬂﬁﬂfmmf
/]

Mineral Zoning Related to MoS., Deposits

In doing my research for the Morristown Exploration Meeting | have
encountered an interesting anomaly: The main production from mines above
the Pine Grove discovery was Pb-Ag rather than Pb-Zn or Pb-Zn-Ag. At
Mount Emmons the Keystone mine produced Zn (5.6%)-Pb (2.6%)-Ag (5.6 o0z.)
ore, but the occurrence is not analegous to Pine Grove since it is located
lateral and closer to the molybdenite zone (i.e. deeper in the system]).
Samples of base metal veins | collected several years ago from around the
Henderson-Urad deposit yielded multi-ounce Ag assays, but | do not
recall the Pb to Zn ratios.

All this makes me wonder if Pb-Ag occurrences should receive special
attention on our reconnaissance of base metal deposits for moly targets.
More specifically, this awareness points directly at the Cactus pipe-Frisco GAS
area located 20 miles northwest of Pine Grove: The Carbonate, Horn P
Silver, Indian Queen, and Golden Reef properties were all mined for
Pb-Ag ores. While the Cactus pipe area previously has been drilled
for Cu, it is conceivable that the penetration was too shallow to have
stumbled into a deep moly system —if it exists. Here in Colorado the
Sherman, Alma, Hilltop~Peerless, and Kokomo Pb-Ag deposits are all
perioheral to Climax and Galena Mountain has a strong Pb (+10,000 ppm])-
Ag (+5.6 oz.) anomaly in the veins.

Douglas M.”Smith, Jr.

DMS :cej
cc: LDJ
DJK

DAW
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Exploration Department

T. C. Osborne
Vice President

October 16, 1979

e

Molybdenum

Mr. J. H. Courtright
Tucson Office

Dear Mr. Courtright:

Thanks for your memorandum of October 4.

I have no trouble with the concept that the Amax current molybdenum
market price has a good chance of keeping up with inflation over the
long-term. As pointed out in "Moly Study", molybdenum could be sub-
ject to periodic disruptions in the general pattern because a single
new major molybdenum mine can readily produce 10%-25% of present
world demand. (Compare this with copper, wherein a major new copper
producer of first rank might produce 2% of current world demand) .
"Lumpiness"” of the molybdenum supply stream has been a factor in
prices in the past and will likely affect prices in the future from
time to time over relatively short-term periods.

For practical purposes in evaluating possible new molybdenum invest-
ments at any particular time, I think we should use the current Amax
molybdenum price at that time and current capital and operating costs.
As far as I know, this has been our consistent policy in the past.

I think we also all agree we should not use spot molybdenum prices
(although these may be very substantially higher than the Amax price
as they have for the past several years) because to do so for invest-
ment decisions would be frankly speculative. Speculation in commodi-
ties is a perfectly good way to make money but it is not a business
Asarco knows much about. PFurther, one rule in commodity speculation
is to stay liquid, and a mine is of course about the least liguid way
of tying up money there is. I realize your memorandum in no way
suggests that we should use spot prices for long-term investment
decisions, and am just throwing this discussion in because it is haxd
for everyone including myself not to be impressed with the current
molybdenum profits we are making on what normally is a relatively
minor by-product.

Very truly yours,

T. é//0sbor/j[/LA *

cc:ﬁﬁ;;rtz DMSmith

JCBalla FTGraybeal (all w/copy of Mr. Courtright's Memo)
REGale

ASARCO Incorporated 120 Broadway New York,N.Y 10005 (212) 732-9500
Telex: ITT 420585 RCA 232378 WUI 82522 Cables: MINEDEPART Telegrams: WU 1-25991
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EXFLORATION DEPT.
MEMO FOR: T. C. Osborne

. Q o
: : Op s -
FROM: J. H. Courtright v/ 16
MOLY "
Perhaps you have seen the recent USBM publication ----- ""Molybdenum' by

John T. Kummer, May 1979. 1In any case, some of the more important aspects
are summarized below.

In contrast to "Moly Study' (my memo of 6/1/79), "Molybdenum'" contains

the results of research on demand which is broken down into six end-use
categories for consumption in the USA:

Lbs Mo x 1,000

1977 Forecast year 2000
Transportation 13,000 46,000*
" Machinery 21,000 42,000%*
0il & Gas Industries 9,100 34,000%*
Chemicals 7,100 24,000%*
Electrical 5,200 12,000%*
Other 6,000 12,000%

As may be noted, the most rapid growth rates forecast is in transportation,
chemicals, and the o0il and gas industries. In respect to the latter, the
author states: "Increased activity in oil and gas production, refining,
(and pipeline transportation), and the possibility of molybdenum use in
coal gasification and liquification plants could combine to produce the
high of the forecast range, 41 million pounds, (in contrast to the 'prob-
able" figure of 34 million pounds).

Production figures and demand forecast given are:

Lbs Mo x 1,000 _
1977 1980 (capacity) 2000

World production 206,000 284,000
World demand 205,000 630,000
USA demand 61,400 170,000
(1977-2000 compounded annually) 4.5%
Rest of world
(n " 1 1" ) 4.8%
* '"probable" - which is a conservative figure between "high" and "low"

figures in Table 10, page 20 of text.
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According to the above projections, world consumption in the year 2000
will require tripling of 1977 production. However, other than a tabulation
of world reserves and possible resources in pounds of moly (total 42,500

- million ----- 65% recoverable), the author makes essentially no attempt

to analyse production potential, particularly of undeveloped deposits and
prospects, but concludes: "The currently prevailing world supply and de-
mand patterns are expected to continue at least into the mid-1980's, and

probably for the remainder of this century."

According to "Moly Study," western world production forecasts (based on
data for 30 deposits ----- operating mines, plus prospects with established
potential) show that an over-supply could occur by 1987-1990. However,
this assumes optimum production rates and a decline in demand to 3.4% per
annum by 1983 ----- and does not take into account the possibility that
development of some of the large-potential prospects listed, such as Quartz
Hill and Mt.Emmons, may be stymied by the environmentalists.

Thus, in view of projected demand, it appears reasonably possible, if not
probable, that the moly market price will keep up with inflation over the
long term.

-4 DAYt

J. H. Courtright

JHC:jlh
no encls
c.c. WLKurtz/FTGraybeal



Exploration Department

October 4, 1979

-MEMO FOR: T. C. Osborne $i
o8
FROM: J. H. Courtright
MOLY é;{//’
Perhaps you have seen the recent USBM publication ----- "Molybdenum' by

John T. Kummer, May 1979. 1In any case, some of the more important aspects
are summarized below.

In contrast to "Moly Study" (my memo of 6/1/79), '"Molybdenum'" contains

the results of research on demand which is broken down into six end-use
categories for consumption in the USA:

Lbs Mo x 1,000

1977 Forecast year 2000
Transportation 13,000 46,000*
Machinery 21,000 42,000*
0il & Gas Industries 9,100 34,000%*
Chemicals 7,100 24,000*
Electrical 5,200 12,000*
Other 6,000 12,000*

As may be noted, the most rapid growth rates forecast is in transportation,
chemicals, and the oil and gas industries. 1In respect to the latter, the
author states: ""Increased activity in oil and gas production, refining,
(and pipeline transportation), and the possibility of molybdenum use in
coal gasification and liquification plants could combine to produce the
high of the forecast range, 41 million pounds, (in contrast to the '‘prob-
able" figure of 34 million pounds).

Production figures and demand forecast given are:

Lbs Mo x 1,000

1977 1980 (capacity) 2000

World production 206,000 284,000
World demand ' 205,000 ' 630,000
USA demand 61,400 170,000

(1977-2000 compounded annually) 4.5%
Rest of world

(" 1" 1" 1" ) 4 -8%

* "Yprobable" - which is a conservative figure between "high" and "low"

figures in Table 10, page Z0 of text.
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‘According to the above projections, world consumption in the year 2000

will require tripling of 1977 production. However, other than a tabulation
of world reserves and possible resources in pounds of moly (total 42,500
million ----- 65% recoverable), the author makes essentially no attempt

to analyse production potential, particularly of undeveloped deposits and
prospects, but concludes: '"The currently prevailing world supply and de-
mand patterns are expected to continue at least into the mid-1980's, and
probably for the remainder of this century."

According to "Moly Study,'" western world production forecasts (based on
data for 30 deposits ----- operating mines, plus prospects with established
potential) show that an over-supply could occur by 1987-1990. However,
this assumes optimum production rates and a decline in demand to 3.4% per
annum by 1983 ----- and does not take into account the possibility that
development of some of the large-potential prospects listed, such as Quartz
Hill and Mt.Emmons, may be stymied by the environmentalists.

Thus, in view of projected demand, it appears reasonably possible, if not

probable, that the moly market price will keep up with inflation over the
long term. .

A Lt

J. H. Courtright

JHC:j1h

no encls ///
c.c. WLKurtz/FTGraybeal
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TO: W. L. Kurtz ‘%;JAM ”;Z;——”‘7Z

FROM: F. T. Graybeal

Lead-Zinc Mineralization as a Guide
to Porphyry Molybdenum Targets

The relationship of Pb=-Zn mineralization, either in veins or massive
sulfide replacements of limestone, to the Mt. Emmons (Colo.), Mt. Hope
(Nev.), and Pine Grove (Utah) molybdenum deposits is well known. In these
areas the Pb-Zn occurs primarily above the porphyry-associated molybdenum
mineralization and the occurrence of other Pb-Zn deposits in known molybdenum
provinces must be regarded as a potentially useful vertical zoning guide to
underlying molybdenum targets. Small Pb-Zn deposits are exceedingly common
in the western United States and often come to Asarco as submittals. These
have been generally assessed on their merit as potential Pb-Zn mines. In
the future, the potential for deeper mineralization should be considered.

| suspect that certain geochemical criteria exist which may indicate
whether or not the prospect is related to a concealed molybdenum-bearing
porphyry such as anomalous Mo, F, Sn, and W. Unfortunately Mo and W are
common in skarns, but are they common in massive sulfide replacements of
limestone where lime silicate alteration is absent? This may be an important
distinction.

| was interested last Summer in the emission spectrographic analyses
reported by Jim Sell during his reconnaissance for replacement mineralization
in the Leadville Dolomite in Colorado. Frequently, anomalous Mo values were
noted. At the time | assumed that this was simply part of the overall
anomalous metal suite, but now | wonder whether these anomalous values might
be related to a deep~lying porphyry molybdenum target. To my knowledge we
did not get F in the emission spectrographic analyses, although it is known
to be somewhat widespread around porphyry molybdenum deposits. As | recall
there were only limited or no anomalous W and Sn values reported, but the
emission spec. detection limit of 50 ppm for W may be too high. In addition,
the dispersal of Mo-W-Sn around porphyry molybdenum targets is reportedly
very restricted. It is possible that some of the Pb~Zn limestone replacement
districts in the Colorado Mineral Belt may be the vertical expression of
deeper porphyry molybdenum mineralization. Such zones would be concealed
by the widespread nature of the Pb-Zn mineralization and the relative
absence of quartz porphyry stocks even though quartz porphyry sills may be
abundant.

The tendency for molybdenum deposits in the Colorado Mineral Belt to
cluster in the 25-30 million year age range puts constraints on which limestone
replacement districts might be favorable for porphyry molybdenum exploration,
regardless of the geochemical expression. The attractiveness of these
targets would only be diminished to the extent the geologist believed that
all molybdenum deposits were confined to a specific age range.

If there is a porphyry molybdenum target under the Leadville District
it is probably quite large. The fact that Climax is only 10 miles distant
is intriguing. | would be most interested in a geochemical grid sampling



W. L. Kurtz -2 - May 3, 1979

program in the Leadville District and other selected limestone replacement
districts which emphasized detection of elements in addition to Pb and Zn
that commonly occur as anomalous halos around and above molybdenum deposits.
The difficulty of applying this concept to the Leadville District involves
our relationship with Newmont to whom we would not want to reveal an intent
to look for anything other than Black Cloud mineralization.

| have recently discussed this subject with several people in greater
or lesser detail and put my thoughts on paper to perhaps generate additional
thought and discussion. Although we are talking about relatively deep,
vertically-zoned targets the exploration risk is reduced by the relatively
high grade of porphyry molybdenum targets.
T
A s

F. T. Graybeatl

P Pl

%%é

FTG:1b

cc: JDSell
GJStathis
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June .1, 1979 *

MEMO FOR: T. C. Osborne //////,//
FROM: . J. H. Courtright éf:_———

MOLY

Thanks for the loan of "Moly Study", which I found to contain the results
of a fairly thorough investigation of current and potential production in
the Western World. Data on present producers appear fairly accurate, but
some erroneous grade figures are shown for potential future producers; for
instance, Mt. Tolman, Washington State, is listed as .16% Mo, rather than
.08% Mo (published grade), and Thompson Creek .09% Mo instead of .15% Mo

(published? grade). Nevertheless, in general their projections of possible
future supply appear reasonable.

Assessment of supply, however, is only half the picture. The other half,
demand, is of equal or greater importance, but it is stated (page 23),

"We have not attempted to detail the future moly consumption market by
end-use markets..... ". Yet this type of research is precisely what is re-
.quired, I believe, to properly evaluate the future of moly, particularly
from the standpoint of exploration.

In the matter of price forecasting, they state (page 5) '"Moly concentrate
pricing could reach $6.50 per pound by 1983, with the spot market at times
in the $9.00 to $11.00 range." All are aware, of course, that the Climax
aquote has been around $6.80 for the past month, with dealer prices as high
as $27.00.

As stated in my memo of 2-3-78, "One of the principal uses of moly is in

large diamter steel pipe for oil and gas transmission.' The 'Moly Study"
forecasts moly consumption growth as declining from 7.5% (yearly increase)

in 1978 to 3.4% in 1983. Not being based on research, this should be rated

as nothing better than a ''guesstimate." In my opinion, the current high

demand growth could last as long as the "energy crunch'" persists ---- the N
end of which is certainly not now in sight. ) v

The Moly Study will be returned under separate cover.
J. H. Courtright.

JHC:j1h e
c.c. W.L.Kurtz/F.T.GraybéalVf
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Northwestern Exploration Division /Izlﬂ[/%,?qu
John C Balla ¥
Manager May 19, 1978
Mr, W.L. Kurtz, Manager o [ — !’f’“’[/"/
Western USA Lok e
ASARCO Incorporated
P.O. Box 5747
Tucson, Arizona 85703
Quartz Hill
S.E. Alaska

Dear Sir:

While you were here, you asked about U.S. Borax's Quartz Hill prospect in

SE Alaska, Attached is a copy of a newsclipping out of the May I, 1978 Wallace
Miner, which gives you an idea of what they are planning on doing. Note

the 24 separate permits they need to build that first road info the property.

Also enclosed is a copy of an article out of the May 1978 issue of Alaska
Construction & Qil on the same subject.

Yours very truly,
\ &
bQW\ \§ NN
John C, Balla

JCB/mc

Enclosure

cc: TCOsborne

ASARCO Incorporated E. 920 Wolverton Court (N. 2900 Nevada) Spokane, WA 99207 (509) 489-7870
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New York, March 28, 1978 HHMMMWM?
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MEMORANDUM FOR: Messrs.

J. C. Balla F. T. Graybeal
D. P. Cadwell J. J. Mex=z
Jd. V. Desvaux D. M. Smith
Jd. H. G. Fuchter R. B. Sprague
R. E. Gale H. C. Williamson
R. S. Gray

Molybdenum

Herewith for its general intevest is a copy of a memorandum dated March 21
by Mr. Davis of ouxr Corporate Development Group, giving results of a molyb~
denum study which he initiated at my request.

I think the memorandum in general supports my view which is that in evalu-
ating potential molybdenum prospects for exploration or development, we
should normally use in calculations the current Amax price for molybdenum,
coupled with our own best estimate of current construction and operating
costs for the potential prospect in question. It may be assumed that future
inflationary increases in construction and operating costs will be covered
by increases in the price, and vice versa.

In general, any molybdenum prospect offering the possibility of producing
the metal at a lower cost than Amax's would be highly interesting. Con-
versely, a prospect which would appear only to offer the possibility of
being a higher cost producer than Amax would be approached cautiously even
though pro forma calculations might seem to show an adequate rate of return.

As a matter of policy, we continue to be interested in the exploration for
molybdenum on the above basis.

?/5@,\
- T C Osborne
co: Kurtz -~ w/encl.

SVonFay "



March 21, 1978

Molybdenum, 1978
A Position Paper

éhis paper is being written at the request of the ASARCO
Exploration Department. It will be used as part of the input
they neéd to make a decision on how muéh,.if any, effort they
should expend on searches for molybdenum deposits.

An understanding éf the molybdenum business needs to start
with the awareness that the business is international in scope
and it must be dealt with on such basis. The United States
and Canada togethef produce some 85% of the free world supbly
of molybdenum. The United States has exported more molybdenum
than it has consumed for eight out of the past ten years. There-
fore, this paper will deal with the subject on a world-wide basis
rather than limiting it to the U.S. and Canada.

Background

Besides the U.S. and Canada significant quantities of
molybdenum are produced only'ih Chile and the Soviet Union. World

Mine production and reserves by country are shown in the following

table.
World Mine Production and Reserves
Thousands of Pounds of Contained Molybdenum
1977 Estimated
Mine Production Reserves
United Stated | 120,000 7,600,000 2
Canada 32,000 1'600’000¢//////.
Chile 26,000 5,500,000
Peru 1,000 1,200,000'
Other Western Bloc 700 1,400,000
Central Economy Countries 21,000 2,500,000

World Total 200,000 19,800,000
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Fig. I shows free world mine production in 1972 and 1977.
Notice that United States dominates the world market with
Canada and Chile about tied for a distant second.

Since Amax dominates the U.S. markets a thorough under-
standing of Amax is important to an understanding of the molyb-
vdehum business. A brief description of'their operation follows.

- Amax Operations

Amax operates two molybdenum mines, Climax ana Henderson,
in the Colorado Rockies about 50 miles.west of Denver. Climax
is producing in excess of 60 million pounds per year of moiybf
denum .from an average ore grade of 0.3% MoS,. Climax has proven
reserves of 30 years at the current‘operating rate.

The Henderson mine is a new underground mine just brought on
stream in 1976. It is the largest privately financed work ever
undertaken in the State of Colorado. It is estimated that Amax
will have in excess of 2590 million invested in the mine and
mill bf the time it reaches its rated capacity of 50 million

:
pounds of moly production in 1980. Henderson average ore grade

is 0.49% MoS, and proven reserves here will last until 2010

2
at this proposed mining rate some 30,000 tons per day.

The concentrate from these two mills, about 90% MoSj, is
sold to a limited eﬁtent, in the concentrate form. Most, however,
is shipped to one of five roasting and converéion planté also
owned by Amax. Two of these plants are.located in the United
States, an older plant being located in Langeloth, Pa. and a
recentiy constructed one at Ft. Madison, Iowa. Other locations

include plants in Great Britain, Italy and the Netherlands.

The combined conversion capacity of all of these plants is in

excess of 100 million pounds of molybdenum.



.I.3

The MoSz‘is first roasted at these plants to form a technical
grade oxide. This is sold as is and also converted by reaction
with iron to ferromolybdenum. Ammonium molybdate is produced

from tech grade which is the starting point for moly-containing

catalysts Or further reduction to the mgtal. Amax also purif%es B
the gulfidé‘whingfihdstus?!aé'gglﬁbricant.
Amax has for years carried out an extensi&e research,
» market developﬁent and technical service effort tc expand and
diversify the usage of molybdenum in ail of its various forms. V/////
ARl

and a good share of this is devoted to molybdenum aéplicaticn v ef

Amax has research expenditﬁres in excess of $50 million annually

research.

The effort has paid off handsomelv for‘Amax. By 19Bb
‘ molybdenum will probably be generating a half é billion dollars
in sales for Amax. Amax obviously sets tﬁe producer prices
for all molybdenum products and they have conducted themselves
in a very statesmanlike mannér in this regard in the past.
" Producer prices have never decreased in the paét 15 years,
certainly an unusual phenomenon in the non-ferrous metals.business.
Through the sixties, prices rose very gradually from $1.40 to
$1.70 for concentrates. Since 1972 prices have risen rather
precipatously, 22% per year, to a current level of §$4.41. This
has been caused by a combination of factors, the very high
inflation rate of past years, the spending by Amax of such lafge
sums of.capital on their Hendersoh property and also, and in
no small part, because the market can bear it. Amax has done
- such a good job in finding unique uses for moly that it has

become an indispensable ingredient for many metallufgical and

catalyst applications. The Amax price history of molybdenum
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is shown in Figure 2.

Another/interesting item of pricing strategy followed by
Amax is that they keep a constént price differential in effect
between the prices of concentrate and tech grade. This difference
which used to be 20¢ per pound, is now 35¢ which increase
reflects inflation and pollution control costs. ThiSIiSj in
. fact Just about the actual cosﬁ of roastino the concentrate
in a larce and efficient plant. What Amax is doing is encoufaging
people to buy finished producté rather that buy concentrate and -~
make theif own end products. With only a limited number of moly
roasters availéble, Amax éan make‘life difficult for small
by-product prbducéré such as ASARCb to find customers or for |
larger by-product producers such as ﬁénnecott to operate roastérs
'.that are much more costly than are Amax's, due tb economics
of scale. This tends to help ensure competitors willingness
to keep.the prices up on the oxide product.

Other producers of molybdenum are shown in the following

£
1

table:
Installed
Capacity Reserves
Corporation MM 1bs. of Mo MM 1lbs. Mo
Codelco (Chile) 24 2,400
Kennecott 12 560
Noranda ' .27 A 550
Duval - 21 300
‘Moly Corp. 11 330
Magma 4.5 240
Cyprus 3.8 92
- ASARCO 2.0 200
Misc. Other 5 250
Soviet Union 20 450
Other Communist 4 400
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Amax Costs

In considering what the future may hold for molybdenum

pricing an analysis of Amax costs at their new Henderson mine

should be helpful. A rough financial analysis of this operation

follows:

In calculating the profitability of the Henderson Mine

project the following assumptions were used:

1.

2.

o0
Capital Expenses of 500,000 deprec1ated over 20 years
on a stralght llne ba51s.

At the beglnnlng of 1977 Amax long term debt was

$630,000,000. It is assumed that 200,000,000 of this

was invested in the Henderson mine and that the average
nderson

interest rate was 7% This gives a service-on-debt

__cost of 14,000,000 at start of project. Assumlng a

- period.

H20 yr. SLnklng fund type debt’ thlS would give an average:

service on- debt flgure of $7,000,000 over the 20 year'ée

Sales, administration and research costs are assumed
to be 8% of gross sales value. :

It is assumed that the mine and mill operate at capacity
of 50,000,000 lbs. per year of contained molybdenum for
the 20 years of the project. :

Costs of mining and milling were supplled by T.C. Osborne
and are assumed to be $8. 33 per ton of ore.

—tfe
Recovery rates arf as reported by Amax.

Total tonnage mined and milled is 10,800,000 tons per
year as reported by Amax, to produce 50,000,000 lbs.
of contained molybdenum in a 90% MoS, concentrate.

Based on various assumed selling prices of molybdenum in

concentrate the profitability of the project (Internal Rate of

Return on Investment) is shown in Table I:



All Figures in Thousands of Dollars

Table I

Except When Noted

Sales Price $/lb. $5.00 $4.41
Sales Income 250,000 220,000
Direct Costs 90,000 30,000
Debt Service 14,000 14,000
SAR 20,000 17,000
Gross Profit 126,000 98,900
Depreciation 25,000 25,000
Net Profit 101,000 73,900
Depletion 50,500 36,950
Profit, B.T. 50,500 36,950
Taxes @ 48% 24,200 17,740
Profit, A.T. 26,300 19,210
Depreciation 25,000 25,000
Depletion 50,500 36,950
Cash Flow 101,800 81,160
IROI % 19.8 15.3 7

«..6

$/1b. Mo $3.50 $2.80
4,41 175,000 . 140,000
1.80 90,000 90,000
.28 14,000 14,000
.34 14,000 11,000
1.98 57,000 25,000
.50 25,000 25,000
1.48 32,000 0
.74 16,000 0
.74 16,000 0
.35 7,700 0
.17 8,300 0
25,000 25,000
16,000 0
1.62 49,300 .25,000
7.6 0

Fig. 3 shows in graphic form the return on investment at

various selling prices of concentrates.

At the current price

it would appear that Amax is realizing a 15% after—-tax return which

seems a fair

figure.

We have been told that Amax expects to

lower their mining and milling costs as they become more familiar

with the new operation and approach capacity production.

Off~

setting this trend will be continuing inflationary pressures of

increasing labor and energy costs. Amax has good reasons not to

-want the price of molybdenum to become unreasonably high. This

would tend to discourage the use of the metal, spur search for

alternate materials and also encourage marginal producers and

exploration for new ore bodies.
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In view of Amax's dominant position and their pgﬁgfbistory
of pricing policies it would seem likely that the price of ////
molybdenum wili remain firm or increase somewhat over the next
five years. |

The only circumstances which would seem to be able to
threaten this projectibn would appear to be the developnment and
production of a major new ore body with substantially better
economics that the Henderson mine or a collapSe of market
demand for molybdenum.

It has to be remembered that more than half of AﬁaxFS
molybdenum is produced at the Climax mine and is probably somewhat
cheaper to produce than the‘Henderson product. The Climax
mining and milling costs are lower than Henderson, being reporéed
as about $6.55 per ton of ore. However, due to fhe lower grade

more ore must be mined so that the direct costs per pound of

moly are probably about the same. The capital investment in

the mine has certainly been much less than at Henderson however,
so that depreciation and debt service havé to be less.
One would have to view Amax's willingness to cut prices to
be based on the averagé cost of their total production and not
on that at either mine alone. ' , ®w?j;ﬂﬁj
We are not aware at this date of any major new competative g
molybdenum ore bodies that are under development and it would
undoubtedly take 5 to 10 years to bring any such mine into pro-
duction after its discovery.
Markets |

The final item then to consider is the future of the markets

for molybdenum.
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As is shown by Table II below, 88% of the usage of molybdénum
in steel or steel related applications.
Table II

World Consumption of Molybdenum
" By End Use Area ’

Application ' % of Total Usage
Alloy Steel T - : T ' 44
Stainless Steel , ‘ 24
Tool Steel ' 10
Chemicals Adn Lubes. ' . . 8
Cast Iron and Steel Mill Rolls -6
Superalloys - ' ' . 4
Moly Metal o : 3
Misc. » = : R

: 100

While it may be true that the U.S. Steel Industry has shown
"little growth over the éast years the same can not be said to |
"be true of the world wide production of steel. As shown in Fig. 4
world steel productién is growing at 4%vand is.now pushing the

700 million ton mark having grown from less that 500 million~tons
in 1965. This must be coupled with the fact that the market

» remainé'excellént for those sﬁeels in whdge'manufacture thé use
of molybdenum is imperative such as large diameter pipe—%iﬁg'for

. — \\.
use in the Arctic, construction steels used in deep oil well

drilling, high temperature steels for energy generating plants

as well as light weight steels for transportation applications. ? 0V

Much talk has begn put forth abéut a 7% "average" growth
rate for molybdenum consumption in the Unizgd States. As Fig. 5
shows this is an overstatement and in fact the average rate of
growth over the past 10 years has been just under 2% for U.S.
consumption and a little less for U.S. production.

It does not seem likely that much will change with the U.S.

Steel Ihdustry over the next 5 to 10 years that will cause a

substantial change in the consumption of molybdenum so that we
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can look to the U.S. market for molybdenum to continue along at
a 2% to 4% growth rate.

The export market however, should show a growth rate in
excess of 4%, perhaps as high as 7%. The reasons fbr this are
that the demands for steel being made by developing and third
world countries will continue to grow. Much of this steel aeméhd'.
will be for the higher performance products which rgquire |
molybdenum as an alloying agent. Alsd, the communist countries

e ———

only have about 10% of the world reserves of recoverable molyb-

denum. They are alréady importing sbme 15 to 20 million pounds
per year of moly from free world sources. It seems likely that
as steel prbduction‘in Communist countries continues to increase
they will have increasing demand for imported supplies of molyﬁdenum.
We can therefore look £o a continuing strong export market for
molybdenum from the United States with a érowth rate of some
4% to 7% for the next ten years..

.Iﬁ Summary, it would appear that deménd for molybdenum
will continue to grow and that prices will remainlfirm and
increase with inflationary pressures. It does not seem likely that’
molybdenum prices will drop over the next five years.

It also seems likely that Amax will continue to be the
dominant factor in the U.S. and World markets for molybdenum
and that any serious challenge to this dominance would depend
~on the discovery of a high quality ore body which would be cheaper

to mine than is the average cost concentrate from the Amax mines.

Barry L. Davis
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Exploration Department

February 3, 1978

MEMO FOR: T. C. Osborne

FROM: J. H. Courtright m
MOLYBDENU'M/

Our somewhat negative attitude in respect to moly exploration in the
past few years has hinged largely on the "Henderson threat", a large,
relatively high~grade deposit with a projected production of 50 million
lbs/yr. However, after a sharp drop in 1971, consumption increased
dramatically and is expected to grow at 7% per year (Amax annual report,
1976). World consumption in 1976 was estimated at 182 million 1lbs —--
—— 14 million 1bs greater than production.

Henderson is expected to reach full capacity by 1980. Although this
would approximately equal the 7% per year increase in consumption (in

4 yrs), the long term outlook is still very favorable according to an
article in the January 13, 1978 issue of Mining Journal (excerpt attach-
ed).

Of particular note is the statement that one of the principle uses of
moly is in large diameter steel pipe for oil and gas transmission. ''Demand
in this area appears likely to remain strong for some time to come'.
Among other items of significance in this article: (1) "The Communist
World is expected to become even more dependent on imports', (2) "Another
increase in prices of 8% to 10% early in the current year has been
forecast....".

I believe the foregoing justifies a more aggressive stance in moly ex-
ploration and also points up the need for more literature search, partic-
ularly statistics, in an attempt to anticipate medium to long term
markets in non-ferrous metals as well as other commodities.

Stk Lelgf—

J. H. Courtright.

JHC:jlh
attmt
c.c. S.VonFay
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MOLYBDENUM
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World production of molybdenum is about 200 million
pounds per year, of which about 60 percent is produced in
the United States. Identified resources amounting to about

' R Page | 175 million tons of molybdenum in the United States and
Abstract of conclusions -~ 425 | .pout 32 million tons in the world and occurring both as the
Introd.uct{on - 425 primary metal sulfide in large low-grade porphyry molybde-
Explon':atxon Sttt ettt 426 | hum deposits and as a subsidiary metal sulfide in large low-
Geologic env?ronment -- 4ZZ grade porphyry copper deposits, seem adequate to supply

G%ochermstry - . 427 | world needs for the forseeable future,

Mineralogy -o-oooomomom oo 427 To assure economic availability of these resources and to

Types of deposits et 427 | giscover additional resources that surely will be needed if

© Porphyry deposits - oo 427 | world demand continues to escalate and if environmental
Climax, Colorado —--eoeecmeeaeeeoe 428 | problems should tend to restrict the commereial development
Urad-Henderson, 9°l°r3d° ------------ 428 | of resources, employment of our most sophisticated explora-
Questa, New Mexico oo 429 | tion techniques will be essential. Successful prediction of the
Contact-metamorphic deposits ——oo—ooooo-- 429 | location of undiscovered molybdenum resources will depend
Quartz..veins ---------------------------- 429 | ypon an understanding of the genetic relationship of molyd-
Pegmatites Bttt 423 | denum to associated magmatic rocks, the environments in
Bedded deposits in sedimentary rocks __._.. 430 | which these magmatic rocks were emplaced, and the role of
L e 430 | plate tectonics in developing favorabie environments and
Identified and hypothetical resources - 430 | mechanisms for the generation and emplacement of molyb-
Speculative resources e 431 denum-carrying rocks.
Prospecting . e __ ———— 433
Problems for research - 434 INTRODUCTION
Selected bibliography — e 434 ’
Molybdenum, discovered in the last 1770’s, is a
FIGURE metal of fairly recent entry into the commercial
market, having come into significant use during the
Page 1920’s as a result of extensive metallurgical research
52. Map showing location of molybdenum resources into its alloying properties and as a result of the
in and mnear Colorado and northern New establishment at Climax, Colo., of proved reserves
Mexico in relation to various geologic para- sufficient to supply world demand for many years
MRS o e 432 | at a reasonable price. Its importance as an alloying
metal is due chiefly to the increase in hardness,
TABLE toughness, and resistance to corrosion and wear at
elevated temperatures that it imparts to iron, steel,
‘ page | aNd stainless steel.
85. Estimated magnitude of world resources of Molybdenum is a silvery-gray metal having a
mealybdenum oo 431 | high specific gravity (10.2)—slightly higher than
copper—and a melting point of 2,620°C—the fifth
ABSTRACT OF CONCLUSIONS highest meiting point of all metals; It i§ ductile and
Molybdenum, a rare metal widely dispersed in the rocks ha,s a hardness of a_bOUt 200 ‘V'P'N’ (Vickers Pyra-
of the earth’s crust, occupies an essential place in today’s mid Number) and its coefficient of thermal expan-
highly sophisticated industries. sion is among the lowest of metals. It is resistant

U.S. GEOL. SURVEY PROF. PAPER 820

425



UNITED STATES MINERAL RESOURCES

‘to acids and oxidation at ordinary temperatures. It
“has a high thermal conductivity and good electrical
~ conductivity.

The principal uses of molybdenum are in the iron
and steel industries with 70 percent of the apparent
consumption going into high-speed, tool, stainless,
and low-alloy construction steels and 20 percent
going into special alloys and castings; the remain-

“ing 10 percent is used as molybdenum metal and in

pigment, catalysts, agriculture, chemicals, and
“Hubricants.

It must be evident from the above list of uses

" that molybdenum is an essential metal in a highly

..sophisticated industrialized nation such as the

. *United States and that it is equally essential in

other industrially developed countries. The extent
“to which our present living standards depend on
the ready availability and constant supply of mo-
lybdenum may be illustrated by an example of
molybdenum utilization in the automotive industry:
10 million units yearly production consumes more
than 2 million pounds of molybdenum, a significant
consumption despite the small weight of molybde-
num used per unit.

Without molybdenum as an alloying metal, super-
strength steel as used in heavy construection such
as modern skyscrapers and bridges would be more
“costly, and in some instances the increased weight
needed for equivalent strengths would render cer-
tain construction patterns unmanageable.

Molybdenum ecan substitute for tungsten, vana-
dium, chromium, columbium, tantalum, nickel, and
boron. Each substitution is a matter of cost-avail-
ability to obtain certain desired qualities in the fin-
ished product.

Molybdenum is virtually the sole metal commodity
of which the United States is a net exporter. Do-
mestic production in 1970 was just over 110 million
pounds of molybdenum, or two-thirds of the free
world production. Domestic consumption, on the
other hand, is about 50 million pounds; the United
States annually exports about 55 million pounds of
molybdenum in various forms such as molybdenite
concentrates, molybdenum trioxide, and ferromo-
lybdenum to more than 20 other nations.

EXPLOITATION

Recorded world production of molybdenum began
just after 1900, when about 100 short tons of the
metal was produced, approximately half of which
came from Australia and Norway and half from the
United States (Fischer and King, 1964). Through
the years, molybdenum has been produced, at one
time or another, in some 30 countries around the

world. The major part, however, has come from
nine countries: the United States, Chile, Canada,
Japan, Korea, Norway, Mexico, the U.S.S.R., and
China. ’

The United ‘States currently supplies about 60
percent of the world’s total molybdenum; Canada,
about 15 percent; the U.S.S.R. and China, about
15 percent; and all other producing countries, 10
percent. ‘

World production of molybdenum increased from
about 300,000 pounds per year in 1906 to 3 million
pounds per year in 1932, a tenfold increase during
this 26-year period. The next tenfold increase oc-
curred within a 5-year period in the 1930’s, as a
result of a major increase in United States produc-
tion brought about chiefly by the initiation of large-
scale mining by block caving of the Climax ore
body in Colorado. Production increased sharply dur-
ing World War II to a high point in 1943 of 70
million pounds of molybdenum and then decreased
rapidly to about 24 million pounds in 1946, remain-
ing at this level until 1949 owing to the low level of
demand that followed the end of hostilities. Since
1949 a relatively uniform and consistent increase
in the annual rate of production, interrupted only
by recession in 1958 and work stoppages in 1962,
has continued to the present, at which time about
200 million pounds of molybdenum is produced
annually. '

Until 1936, domestic production of molybdenum
was as_ a main product of molybdenum ores. In
1936, at the Bingham, Utah, porphyry copper mine,
recovery of molybdenum as a byproduct was begun;
today about one-quarter of the United States pro-
duction of molybdenum is obtained as a byproduct
of copper mining, and at least half of the world
production of molybdenum is obtained as a byprod-
uct or coproduct of copper mining operations.

For many years the famous Climax molybdenite
mine in Colorado was the only known porphyry
molybdenum deposit in the world; but in 1957, the
Questa molybdenite deposit in New Mexico was
recognized to have many characteristics of a
stockwork-type ore body, and intensive exploration
confirmed the presence of a large tonnage of low-
grade molybdenite ore. In 1966, open-pit mining of
the disseminated ore body at Questa began, and by
1969, the annual production of molybdenum was
more than 10 million pounds. In British Columbia,
several porphyry molybdenum and copper-molyb-
denum deposits were developed, and in 1966, mo-
lybdenum output from British Columbia’s mines
amounted to 20 million pounds. ,

Early in the 1960’s, intensive exploration was
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~undertaken at the Urad-Henderson porphyry mo-
-lybdenite deposits in Colorado. Production at the
Urad mine began in 1967 at an annual rate of about
8 million pounds of molybdenum. In 1966, American
Metal Climax, Inc., announced reserves of more than
300 million tons of ore in its Henderson deposit,
some 2,000 feet beiow the Urad ore body, at a grade
of 0.49 percent molybdenite. The company expects
to put this mine into production by the late 1970's
Only at Climax, Colo., has the recovery of associ-
ated minerals in a porphyry-type molybdenum de-
posit so far been successful; tungsten (huebnerite),
“pyrite, topaz, uranium (brannerite), monazite, tin
(cassiterite), and molybdenum oxide have been re-
covered as byproducts.

GECLOGIC ENVIRONMENT
GEOCHEMISTRY®

- Molybdenum is a metallic element of Group VIb
of the periodic table and has atomic number 42,
atomic weight 95.94, and occurs as six isotopes. In
nature it has valences of +4 and +6 in molyhy-
drates and possibly rarely has valences in the +3
and 4-5 states. Molybdenum is a rare element, its
abundance in continental crustal rocks being gen-
erally given as 1 to 1.5 ppm. It is rather uniformly
distributed among the igneous rocks but averages1.
slightly higher in basaltic rocks than in granitic
rocks.

Chemically, molybdenum ecan function both as a
metal and as a nonmetal. In the geochemical cycle
it becomes concentrated in shales, clays, and phos-
phorites; in these rocks, there is a positive correla-
tion between the content of molybdenum and the
content of organic carbon. Molybdenum is also con-
centrated in coal and petroleum. Of the molybdenum
that is supplied to ocean waters, virtually all is
precipitated either mainly with the clay minerals
or partly in hydrous manganese oxides.

Man’s activities contribute molybdenum to the
environment in mining, in metallurgical processing,
in the addition of phosphate fertilizers to the soil,
and in the conversion of coal and oil to provide for
his various energy needs.

MINERALOGY

Molybdenum does not occur in nature in its free
or native state but is found only in combination
with other elements, such as sulfur, oxygen, tung-
sten, lead, uranium, iron, magnesium, cobalt, vana-
dium, bismuth, and calcium. The most common
molybdenum minerals are molybdenite (molybdenum

1From material provided by Michael Fleischer, written commun., 1972.
-
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disulfide, MoS.), powellite (calcium molybdate,
CaMo0,), wulfenite (lead molybdate, PbMoO,),
ferrimolybdite (FeMoO,-H.0), ilsemannite (mo-
lybdenum oxysulfate), and jordisite (amorphous
molybdenum disulfide). Of these, only molybdenite,
ferrimolybdite, and jordisite are of current eco-
nomic importance. Some molybdenum has been re-
covered in the past, however, from wulfenite- and
powellite-bearing ores. As the demand for molyb-
denum continues to rise, powellite, ferrimolybdite,
and jordisite may be looked upon as possible source
materials.

TYPES OF DEPOSITS

Molybdenum deposits are of five genetic types:
(1) porphyry or disseminated deposits including
stockworks and breccia pipes in which metallic sul-
fides are dispersed through relatively large volumes
of altered and fractured rock, (2) contact-meta-
morphic zones and tactite bodies of silicated lime-
stone adjacent to intrusive granitic rocks, (3)
quartz veins, (4) pegmatites and aplite dikes, and
(5) bedded deposits in sedimentary rocks.

PORPHYRY DEPOSITS

Probably more than 95 percent of the world’s
supply of molybdenum has been obtained from por-
phyry molybdenum or porphyry copper-molybdenum
deposits. In these deposits primary copper sulfides
and (or) molybdenite occur as disseminated grains
and in stockworks of quartz veins and veinlets in
fractured or brecciated, hydrothermally altered
granitic intrusive rocks and in the intruded igneous
or sedimentary country rocks.

Favorable host intrusive rocks with which the
ore minerals are generally assumed to be genetically
related range from intermediate to acidic and in-
clude diorite, quartz monzonite, and granite, and
their porphyritic equivalents. Metalization com-
monly took place both in the host intrusive and in
the surrounding or overlying country rock.

In the porphyry molybdenum deposits, molybde-
nite is characteristically the sole ore mineral. Mo-
lybdenite commonly is accompanied by pyrite,
fluorite, and small amounts of tungsten, tin, lead,
and zinc minerals. In contrast, the porphyry-copper
or copper-molybdenum deposits contain only small
amounts of molybdenum, and in these, the molyb-
denum is of economic significance only because of
the recoverable copper content. The primary copper
mineral is chalcopyrite, which is intimately associ-
ated with pyrite.

The porphyry or disseminated deposits are com-
monly considered to be pipe-shaped bodies, circular
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or oval in plan and with steeply dipping sides. In
nature, however, the deposits are more likely to be
in complex forms, such as domal, funnel-shaped,
arcuate, and annular bodies (Brown, 1969; James,
19713. '

Almost invariably one or more major faults pass
through or close to the ore bodies. Evidence of both
preore and postore movement is abundant in these
faults, and localization of the ore bodies along major
faults is an accepted hypothesis. Intensive, wide-
spread and continued fracturing of host intrusives
and of enclosing country rocks is characteristie.

The average mineral content of porphyry-type
deposits ranges from 0.1 to 0.5 percent molybdenite
in molybdenum porphyries, and from about 0.015
to 0.1 percent molybdenite in copper-molybdenum
porphyries. Currently minable porphyry deposits
range in size from a few hundred feet to several
thousant feet in horizontal dimension and may
extend to depths of several thousand feet. Fractures
and hydrothermally altered rocks extend many hun-
dreds of feet outward beyond the limits of minable
ore, decreasing in intensity outward from the cen-
tral zone,

Three-fourths of the world’s reserves of molyh-
denum are in the Western Cordillera of North and
South America, the mountainous region along the
western part of these continents. These reserves
consist of large low-grade disseminated deposits of
hydrothermal origin that occur in clusters through-
out the length of the Cordillera. They are typical
porphyry deposits, genetically associated with in-
trusive rocks of acidic to intermediate composition
in areas of intense volcanism and complex tectonic
history. The period of ore deposition extended from
Late Triassic to middle Tertiary.

The remaining one-fourth of the world’s reserves
of molybdenum are distributed among the U.S.S.R.,
parts of Europe, southwestern Asia, and southeast-
ern Asia including China, the islands of the South
Pacific, and Australia; the U.S.S.R. reserves ac-
count for at least half of this fraction.

Porphyry or stockwork deposits that yield molyb-
denum alone or as the chief metal are known to
occur principally in Alaska, British Columbia, and
in the Rocky Mountain region of the United States
(Clark, 1970); porphyry copper-molybdenum de-
posits from which molybdenum is obtained as a
byproduct occur over the entire length of the West-
ern Cordillera from Alaska to Argentina, and in
other parts of the world (Eimon, 1970).

. The Climax and Urad-Henderson deposits in
Colorado and the Questa deposit in New Mexico are
described here as three examples that illustrate the

UNITED STATES MINERAL RESOURCES

typical porphyry molybdenum ore deposits, their
geological relationships, and the resources connected
with this type of deposit. Comprehensive descrip-
tions of the porphyry copper-molybdenum deposits
in southwestern North America are given by Titley
and Hicks (1966), and of those in the Western
Hemisphere by Ridge (1972).

CLIMAX, COLORADO

For many years (1930-55), the Climax molyb-
denum deposit at Fremont Pass, about 100 miles
west of Denver, Colo., was unique in that it was
the only known porphyry molybdenum deposit in
the world. Large-scale bulk mining of the dissemi=
nated ore body began in the mid-1930’s, about 20
years after its discovery and after the mining from
near the top of the deposit of small tonnages of
high-grade zones that contained from 34 to 1 per-
cent molybdenite (Butler and Vanderwilt, 1933).
The Climax mine, operated by the Climax Molyb-
denum Co. division of American Metal Climax, Inc.,
exploits one of the three largest known molybdenum
stockwork deposits in the United States if not in
the world. The two other deposits of equivalent size
and character are the Questa molybdenum deposit
in northeastern New Mexico (Molybdenum Corp. of -
America), and the Urad-Henderson molybdenum
deposit at Empire, Colo. (Climax Molybdenum Co.).
The Climax deposit has, according to the company’s
annual report, reserves amounting to about 500
million tons of molybdenum ere which contain over
2 billion pounds of molybdenum, sufficient to sustain
the present rate of production through the remain-
der of this century.

The deposit consists of a complex dome-shaped
mass of fractured, silicified, and mineralized Pre-
cambrian granite, gneiss, and schist that generally
overlies a composite porphyry stock of quartz mon-
zonite to granite composition, middle Tertiary in
age. Molybdenite associated with quartz, pyrite,
fluorite, topaz and lesser amounts of tungsten, scan-
dium, titanium, and tin minerals is dispersed in
fracture fillings, in veinlets, and as minute flakes
throughout the fractured host rocks forming a low-
grade (0.05 to 0.5 percent Mo) ore body of several
thousand feet in smallest dimension. Several com-
modities, such as tungsten, pyrite, and tin, are re-
covered as byproducts. Climax has become a lead-
ing United States producer of tungsten in recent
years. A small tonnage of monazite has been recov-
ered in the past, as has a small amount of topaz.
According to company reports, more than 150 mil-
lion tons of ore had been.mined from the Climax
deposit by 1972, The ore deposit has not yet been
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delineated completely and the possibility therefore
exists that additional reserves may be discovered
that will at least in part replace reserves currently
being mined. Detailed descriptions of the geology
of the Climax area and of the deposit were given
by Vanderwilt and King (1955) and Wallace, Baker,
. Johnson, and MacKenzie (1960).

URAD-HENDERSON, COLORADO

The Urad-Henderson porphyry molybdenum de-
-posit near Empire, about 50 miles west of Denver,
is 'a prime example of the discovery and develop-
. ment of a huge deposit as a result of careful and
. exhaustive geologic study and the use of modern

exploration techniques. The Urad ore body, known’

for many years, was first developed on high-grade
. guartz-pyrite-molybdenite fissures and fracture
zones, from which about half a million pounds of
molybdenum was produced during the early part
of the century and in the 1940’s. The Urad molyb-
denite ore body is localized in a zone of fractured
and zaltered granite around the southern margin of
a composite granite porphyry stock (Carpenter,
1960, p. 321) of middle Tertiary age. Molybdenite
also occurs in veinlets and as disseminations in the
altered and fractured granite between the fracture
zones and fissures, forming a massive porphyry type
body of many millions of tons of molybdenite ore
containing from 0.3 to 0.5 percent molybdenite.

About 2,000 feet below the Urad ore body, and
- geparated from it by altered rocks that contain only
traces of molybdenite, is the Henderson molybdenite
ore body. -According to the Climax Molybdenum
Co., reserves in the Henderson ore body amount to
over 300 million tons at a grade of 0.49 percent
molybdenite. Very few geological data have been
. published on the Henderson deposit, but it is a
typical porphyry or stockwork deposit. The mine is
expected to be brought into production late in the
197¢’s, with a planned milling capacity of 50,000
tons per day.

QUESTA, NEW MEXICO

Molybdenite at Questa occurs in massive quartz
veins, in a stockwork of discontinuous veinlets, and
as fine disseminated flakes in a hydrothermally
altered and fractured zone several thousand feet
wide. The quartz-molybdenite veins exploited dur-
ing the earlier development period, as well as the
stockwork molybdenite, lie along the contact of a
composite intrusive body of granite and the over-
lying andesitic volcanic rocks. Molybdenite is the
only mineral of economic importance in the deposit
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although rhodochrosite, fluorite, and a little chal-
copyrite.are present. The grade of the ore body is
low, averaging only about 0.1 percent molybdenum.
According to company reports, more than a quarter
of a billion tons of ore has been developed at the
property. Despite its low grade, the Questa deposit
promises to be one of the major domestic sources
of molybdenum for many years.

CONTACT-METAMORPHIC DEPOSITS

In the molybdenum-bearing contact-metamorphic
deposits (tactites and skarns), molybdenite is com-
monly associated with scheelite, bismuthinite, or
copper sulfides in zones of silicated limestone near
granitic intrusive rocks. Molybdenite also occurs
alone in contact-metamorphic deposits. The Pine
Creek mine in California is an example of the con-
tact type of deposit from which molybdenum and
tungsten have been recovered as coproducts since
1939 (Bateman, 1956).

Significant amounts of molybdenum also occur in
contact-metamorphic deposits in the northeastern .
Caucasus of the U.S.S.R., in China, and in }Morocco
(Xruschov, 1959). The molybdenite deposits of the
Knaben mine in Norway are in quartz-rich amphi-
bolitic gneisses of probable sedimentary origin and
may be included in this category. The ore ranges
from 0.1 to 0.2 percent molybdenite, and although
production from the deposit has been persistent for
many years, it has been relatively small.

QUARTZ VEINS

Quartz veins containing molybdenite are widely
distributed throughout the world. Early produection
about 1900 was made from the relatively high grade
deposits of this type. A prime example of vein type
bodies is found at the Questa molybdenite deposit
at Red River, N. Mex., where smail tonnages of
molybdenite were produced between the 1920’s and
the mid-1950’s from high-grade quartz-pyrite mol-
lybdenite gash veins along the contact between a
sodie granite and overlying andesitic volcanic rocks.
The molybdenite content of the veins ranged from
1 to 30 percent molybdenite. Not until the late
1950’s was it discovered that the veins were asso-
ciated with mineralized rocks having the character-
istics and potential for a large low-grade porphyry-
type molybdenite ore body associated with a com-
posite granite stock. '

PEGMATITES

Commonly, pegmatite bodies and aplite dikes con-
tain molybdenite among many other metallic and
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nonmetallic constituents. The molybdenite is gen-
erally coarsely crystalline, occurring as rosettes or
thick books and aggregates of flakes, which are
erratically distributed in the host rocks. -Although
much specimen material of excellent quality can be

obtained from this type of deposit, few deposits.

have been of economic interest owing to the char-
acteristically small tonnage available and the erratic
distribution of molybdenite. Notable among the peg-
matite-type deposits that have yielded significant
quantities of erratically disseminated molybdenum
are those at Val &’Or and Preissac, in eastern Que-
bec, where molybdenite is associated with bismuth
in pegmatite bodies and greisen  zones (Vokes,
1963).

BEDDED DEPOSITS IN SEDIMENTARY ROCKS

Although molybdenum is concentrated in coals,
shales, and phosphorites, no molybdenum of eco-
nomic grade has been foynd in these rocks. Only in
. “eertain lignitic sandstone beds of southwestern
* North Dakota, northwestern South Dakota, and
eastern- Montana, and in some arkosic sandstone
" beds in the badlands of southwestern South Dakota
and northeastern Utah, has the molybdenum con-
tent approached ore grade (0.1 to 0.2 percent Mo)
in deposits thick enough to be minable.

In the United States, molybdenum is associated
in significant amounts with some of the bedded
~ sandstone uranium deposits in Arizona, Wyoming,
. South Dakota, New Mexico, and Utah, and in the
Gulf Coast region of Texas. Similar occurrences un-
doubtedly exist in other parts of the world, but
published data are not readily available on these
deposits. The molybdenum is in the minerals jor-
disite and ilsemannite and is present in amounts
ranging from a few parts per million to more than
0.5 percent. It is irregularly distributed with respect
to the uranium ore bodies, commonly ocecurring
along or some distance from the outer margins of
the ore bodies rather than within them. Ordinarily
the small amount of molybdenum present in this
type of ore deposit is detrimental because the mo-
Iybdenum interferes with the recovery of uranium
and must be segregated out of the circuits during
milling processes. However, where the uranium de-
posits are of sufficient size and the molybdenum
content is significant, a valuable byproduct may
exist. According to the U.S. Bureau of Mines,
molybdenum has been recovered from composites
of uranium ores and ash residues of some uranium-
bearing lignites from South Dakota and New
Mexico.

UNITED STATES MINERAL RESOURCES

RESOURCES
IDENTIFIED AND HYPOTHETICAL RESOURCES

About half the world’s identified resources of
molybdenum are in the United States, and of these
resources, about 75 percent occur in deposits where
molybdenum is the principal metal sought. The other
half of the world’s identified resources are dis-
tributed among more than 30 countries around the
world. These resources occur as large bodies of
fairly uniformly mineralized rock containing more
than 500 ppm (parts per million) (0.05 percent) of
molybdenum if no other valuable metal is present
in significant amounts, or more than 50 ppm (0.005
percent) of molybdenum if molybdenum is not the
primary metal sought.

Most of the identified resources of molybdenum
are in the disseminated or porphyry-type deposits
of the Colorado Mineral Belt, the Sangre de Cristo
Range in New Mexico, and the Basin and Range
province of the southwestern United States; the
Interior Belt of British Columbia, Canada; the An-
dean Cordillera of Peru and Chile; and the Ural
and Altai Mountains of the U.S.S.R. (table 85).
Many of these deposits have been explored only to
a minimal extent, and the metal contents appear to
be lower than current ore grades—molybdenum in
porphyry molybdenum deposits in the order of
0.01 to 0.1 percent and copper in porphyry copper-
molybdenum deposits in the order of 0.1 to 0.2
percent—too low to be profitably mined under
present conditions.

The magnitude of the identified resources of mo-
lybdenum can only be partly estimated directly from
published data and statistics, because of the large
fraction that is associated with copper resources.
Clearly a sizable part of the discussion of the re-
sources of molybdenum must therefore be based on
geologic and geochemical information.

Large quantities of molybdenum probably are
still hidden in areas of known deposits, as exten-
sions of mining districts or mineral belts, and occur
in deposits similar in geologic character and grade
to those already known. Such hypothetical resources
are predicted on the basis of known distributions
of geologic environments favorable for molybdenum
deposits and on the basis of our current understand-
ing of the processes of deposition of molybdenum
deposits. The bulk of hypothetical resources thus
estimated amounts to about 1 billion tons of molyb-
denum, a large part of which appears to be equally
divided between the United States and the U.S.S.R.

Table 85 is a summary of the estimated world
resources of molybdenum.



TABLE 85.—Estimated magnitude, in millions of pounds,
of world resources of molybdenum

Identified  Hypothetical

. B MOLYBDENUM

Area Tresources ! resources ?
North America:
Canada:
British Columbia _____ 8,000 . ...
Quebet oo 2000 .
Subtotal oo 10,000 10°®
Greenland oo oo ____ 200 e
United States:
Alaska o _____. 1000 .
Arizona oo _o_._. 2,000 .
Colorado —coeeeoe 20,000 oo
Idaho oo . 1,000 ..
- Maine oo ... 100 ...
Montana oo oo 1,000 ..
Nevada e .. 500 ____.__..
New Mexico .. _._._. 8,000 ____.___.
North Carolina _._..__ 100 e
Texas e 100 .
Utah e 1,000 .
Washington oo ____ 200 .
Wyoming oceoooooo__ 100
Subtotal . __ 35,100 10°
Puerto Rico ——ccmeeo__ 500 o
Mexico ——— 1,000. ..
Central Ameriea —________. 1,000 oo
Total oo d——— 47.800 10+
South America:

. Argenting oo oo __ 100 e
Columbia o _________ 100 .
Ecuador eeeeeoomoeee . 100 .
Chile — 5500 o _____
Peru oo 1,300 ..

Total oo 7,100 10°
Europe:
Bulgaria - ___ 100 _________
Rumania .o _________ 100 e
SPAIN e 100 o
Yugoslavia o _______ 1,000 ...
Total oo 1,300 10¢
Africa:
Moroeeo we-cecmcmeeeeee 50 o
‘Sierra Leone oo oooeoo_. 50 e
Total w e 100 10?
Asia
Burma . __ 100 ..
China .. 1,000 e
India oo 50 e
Iran e 100 .«
Japan .o __ 100 ..
USSR, e 5,000 __ ...
Thailand <o 50 o
Vietnam e 50 s
Total oo 6,450 10°
Antarctica ___ . _________ 50 10*
Australia . _____ 100 10°?
Oceania:
Borneo ___ o ____ 30 eeeee
Bougainville oo _____ 40 -
New Guinea ___.___________ 30 -
Philippines - ______ 100 ____"_°°C
Total o 200 10¢
World total _.. . _____ 363,100 ¢‘22x10°

1 Identified resources are specific, identified mineral deposits that
may or may not be evaluated as to extent and grade, and whose cone
tained minerals may or mav not be profitably recoverable with existing
technology and economic conditions.

2 Hypothetical resources are undiscovered mineral deposits, whether of
recoverable or subeconomic grade, that are geologically predictable as
existing in known districts.

$ Equal to 31,650,000 tons.

4 Equal to 1.1 bdhon tons.
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SPECULATIVE RESOURCES

Speculation as to worldwide distribution and mag-
nitude of molybdenum resources necessarily must
be based on geologic relationships of the deposits
that are best documented and most clearly under-
stood. Domestic deposits offer the best information
in this regard; consequently models based largely on
occurrences in the United States and the Western
Hemisphere as described under “Porphyry Deposits”
are used to infer speculative resources.

World molybdenum resources are likely to be di-
vided somewhat equally between deposits that con-
tain molybdenum as the primary metal and those
in which molybdenum is expected to be a byproduct
or coproduct. Porphyry-molybdenum and porphyry-
copper deposits are expected to contain by far the
bulk of molybdenum resources.

Porphyry-molybdenum or porphyry-copper depos-
its are individual mineral deposits associated with
stocklike intrusives, breccia structures, and faults.
Distribution of this type of deposit worldwide,
therefore, should be related to the distribution of
certain major geologic features:

1. The deposits are found in belts of Cretaceous-
Tertiary tectonic activity that were disturbed
by subsequent igneous activity (Eimon, 1970).
They occur along the cordillera of North and
South America, the Alpide belt (Sillitoe,
1972), the Iranian orogenic belt, the south
Pacific Are, and in the Ural and Altai Moun-

. tains of the U.S.S.R.

2. They are associated mostly with intrusive ac-
tivity that ranges in age from Triassic to
mid-Tertiary (Sillitoe, 1972).

3. They occur in intrusive rocks of intermediate to
acid composition; porphyry molybdenum de-
posits tend to be associated with granitic in-
trusives and porphyry copper-molybdenum de-
posits with instrusives of intermediate com-
position.

4. The molybdenum deposits commonly ocecur in
clusters or groups of 5 to 20 miles in radius
(King, 1970).

5. Porphyry deposits are commonly found in areas
of gravity and magnetic lows; porphyry mo-
lybdenum deposits related to Tertiary silici¢
intrusives tend to occur in regional gravity .
lows.

6. Molybdenum deposits are commonly alined in
major structural belts and at intersections of
structural belts (Noble, 1970).

7. The intrusive rocks and commonly the intruded
rocks show evidence of local and regional frac-
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turing of an intense nature and of long dura-
tion (Rehrig and Heidrick, 1972).

8. The deposits are associated with intrusives of a
complex nature showing evidence of multiple
intrusion events (Wallace and others, 1968).

9. Intense hydrothermal alteration of host intru-
sive as well as of country rocks with an ac-
companying variety of accessory minerals is
a trademark of porphyry deposits (Vander-
wilt and King, 1955).

Using a combination of some of the geologic fea-
tures just described, we have estimated speculative
resources of molybdenum in and near the State of

109°
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Colorado as an example. -

The known molybdenum occurrences in and near
Colorado occur in clusters that are shown in figure
52. These clusters of molybdenum deposits are
closely associated with areas of principal middle
Tertiary silicic intrusive activity. The molybdenum
occurrences and associated intrusives are spatially
related to major gravity lows, also shown in
figure 52.

Three of the clusters of molybdenum occurrences
contain the major porphyry molybdenum deposits
at Henderson, at Climax, and at Questa. Some evi-
dence suggests that the other clusters shown may

s 108° 197° 106° 105° 104° 103°
41 - il - " - - -
[I_ i T T 1™ 1 l -1
i '
]
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C:: < '
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(from Woollard and Joesting, 1964)
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FIGURE 52.-~Map showing location of molybdenum resources in Colorado and northern New Mexico in relation to various
geologic parameters.



vt

-
-

also contain major molybdenum deposits, though

- perhaps not all of minable grade. For example, the

. cluster of occurrences next southwest of the Climax
cluster has been drilled by exploration companies
for many years, and although no minable deposit
has been discovered, a phenomenal amount of widely
dispersed molybdenum has been revealed, probably

" greater in amount than is contained in the Climax
deposit itself (Ogden Tweto, oral commun., 1972).
From a geological standpoint, but not an economic
standpoint at this time, this cluster contains a major
molybdenum deposit.

Molybdenum deposits known in the San Juan
Mountains in southwestern Colorado occur largely
in the voleanic pile overlying the intrusive bodies

- that form the roots of the present San Juan vol-
“canic field. Deposits in central Colorado in the main

- segment of the Colorado Mineral Belt are associ-

"~ ated with intrusive bodies that represent the root-
zone of a volcanic field now largely stripped away
by erosion. If major molybdenum deposits occur in

- the San Juan field, presumably they lie at depth in
the root-zone of the present volcanic pile, analogous
-to the central Colorado deposits. Occurrences known
at the surface in the San Juan field are likely “leak-
ages” from deeper seated deposits. The geological
probability of major molybdenum deposits at depth
in the San Juan Mountains seems good, although
the economics of mining them, even if they could
be found now, are at present unfavorable.

The three known major molybdenum deposits in

_ and near Colorado have produced or contain un-
mined resources estimated at 5> 10° Ibs molybdenum
each. Returning to the earlier conclusion that each
of the 10 clusters of molybdenum occurrences shown
on the map likely contains a major molybdenum
deposit, we can estimate a total resource for the map
area of roughly 5X10' lb molybdenum, occurring
in the vicinity of surface occurrences of molyb-
denum. _

By making further assumptions that volcanic and
other young rocks in the San Jjuan Mountains and
in the vicinity of Questa may cover unknown clus-
ters of molybdenum occurrences and that the spac-
ing of clusters of molybdenum occurrences in the
root-zone of a middle Tertiary igneous province is
similar to that shown in the central Colorado part
of the Colorado BMMineral Belt where a root-zone is
exposed, it is logical to infer the presence of addi-

_tional unknown clusters in the San Juan Mountains
.and in the vicinity of Questa. Such unknown clusters
may nearly equal in number those already known
at the surface, judged from the areas of possible
molybdenum occurrence implied by the outlines of

MOLYBDENUM
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gravity lows and of middle Tertiary intrusive ac-
tivity shown on the map. If this assumption is cor-
rect, perhaps about 20 major molybdenum deposits
exist in and near Colorado, representing a total
regource of roughly 10'* 1b. molybdenum.

PROSPECTING

The search for molybdenum is facilitated by the
physical properties of molybdenite as well as by the
geochemical characteristics of the element. Molyb-
denite does not oxidize readily, and because of its
bright silvery gray color and a strong platy crystal
habit, it can be seen by eye in concentrations
amounting to less than 100 ppm in light-colored
rocks. Molybdenum is a mobile element and is both
sulfophile and oxyphile. These characteristics work
both for and against the prospector. In chemically
acid environments, as in the presence of pyrite,
molybdenite commonly is fixed in place, chiefly as
ferrimolybdite, a recognizable molybdenum min-
eral, but also very commonly is attached to iron-
bearing clay minerals, and to goethite and other
limonitic minerals, in which forms it is not ordi-
narily recognizable. Fortunately, molybdenum in
its six-valence oxidation state is amenabie to inex-
pensive and rapid detection by qualitative and
semiquantitative chemical and spectroscopic meth-
ods that have threshold sensitivities in the parts
per million range, approaching and even reaching
crustal-abundance values of molybdenum. In chem-
ically less acid environments or in alkaline environ-
ments, molybdenite may convert to ilsemannite, a
water-soluble blue efflorescence.

Because the economically significant molybdenum
deposits of today, and probably of the foreseeable
future, are the large volume stockworks and
porphyry-type deposits related to fractured and
hydrothermally altered granitic intrusive rocks,
various geophysical techniques are useful prospect-
ing methods (Sumner, 1969). Anomalously low
magnetism may be detected as a result of the re-
moval of magnetite during hydrothermal alteration
of host intrusives, and low gravitational anomalies
due to large intrusive stocks of granitic rocks may
be measurable.

In terranes that are characterized by large vol-
umes of silicic intrusive rocks as young as Tertiary
in age, such as the Western Cordillera of the United
States, low regional gravity values are closely cor-
related with distribution of the young silicic rocks;
because molybdenum seems to be preferentially
concentrated around silicic intrusives of Tertiary
age in this region, major regional gravity lows re-
flect regions favorable for molybdenum deposits. In
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‘tertanes-characterized by large volumes of silicie
rocks older than Tertiary, such as Britich Columbia,
low regional gravity values are not correlated
closely with the distribution of the silicic rocks;
inansmuch as molybdenum is associated principally
with Mesozoic intrusives in British Columbia, major
regional gravity lows do not correlate closely with
regions of known molybdenum deposits.

Residual heat in intrusive rocks, heat from exo-
thermal weathering of sulfides, and differences in
vegetative cover due to metal concentration and
alteration may be detected by airborne infrared
imagery techniques, but these methods are not ade-
quately developed to date to be highly useful in
exploration. Geochemical and biochemical sampling
of vegetative cover, soils, rocks, and water have
been used to delineate general target areas of mo-
lybdenum concentration at and near ground surface.

PROBLEMS FOR RESEARCH

Because economic exploitation of molybdenum
today requires that large tonnages of ore be mined
and processed, large surface areas will be disturbed
whether mining ‘be done by underground methods
or by open-pit methods; and because of the low
mineral content of the ores, large surface areas will
be needed for disposal of the residual waste ma-
terials. Molybdenum exploitation therefore is sub-
ject to the same or similar environmental problems
as any large-scale operations, whether it be strip
mining of coal, stone quarrying, mining of beach-
sand deposits, or opencut mining of iron, aluminum,
and copper. ‘

Successful prediction of the location of presently
unknown molybdenum deposits will come mostly
from improved understanding of (1) the genetic
connection between molybdenum (as well as associ-
ated elements) and the magmatic rocks -around
which molybdenum deposits formed, (2) the en-
vironments in which the magmatic rocks were gen-
erated and emplaced, and (3) the role of plate tec-
tonics in developing favorable environments for
generation and emplacement of molybdenum-
carrying magmatic rocks.
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Ore genesis and zoning of mineral deposits

Thirty-four polished ore sections from the fissure veins were
examined during the present study. In addition, 26 polished

sections of panned concentrates from cuttings of the Cleve-
land-Cliffs project were studied.

The mineral assemblage of the fissure veins is simple. The
ore minerals are sphalerite and galena with subordinate
amounts of chalcopyrite, pyrite, barite, and quartz. Gold,
silver, and molybdenum occur in varying amounts as shown by
assays; however, minerals with these elements in the Nogal
District veins have not been recognized under the microscope.

Textures of the vein minerals indicate that the sequence of
mineral deposition was quite consistent throughout the dis-
trict. A paragenctic diagram (fig. 14) indicates galena to be the
eariiest-formed ore mineral. Replacement of wail rock is minor
although hydrothermal alteration is extensive. The ore min-
erals were deposited in fractures that were repeatedly opened.
Banding of ore minerals is coramon and comb texture is
frequently exhibited. The last hypogene mineral formed,
barite, is normally in the center of the vein. The Spur veins
exhibit fracturing during the barite crystallization. Fractures in
early-formed quartz host galena veinlets in the Old Abe veins,
and crushing and f{racturing of*other minerals, indicate re-
peated opening of the faults.

The ores commonly are vuggy; colloform chalcedony
around the vugs is not unusual. In the Renowned vein, which
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PARAGENETIC RELATIONSHIPS OF FISSURE-VEIN DEPOSITS OF
NoGAL aND BoNITO MINING DISTRICTS.

is typical, the minerals from the wall rock occur in the follow-
ing order:

1) quartz, massive to euhedral with disseminated euhedral
pyrite which may occur in several bands controlled by
opening of fault,

2) massive galena which slightly corrodes some of the
quartz crystals,

3) chalcopyrite and sphalerite with the chalcopyrite con-
centrated zlong the boundary with galena, and

4) barite as distinct bladed crystals along the center of the
vein, crushed by repeated faulting.

The chalcopyrite-sphalerite textures suggest that the
chalcopyrite exsolved from a homogeneous phase and diffused
out of the unfavorable structure and concentrated at the grain
boundaries of its former host. Laboratory studics (Edwards,
1954, p. 92) indicate that unmixing of chalcopyrite from a
- sphalerite host occurs in the range of 350° to 400° C. Because
all of the chalcopyrite has migrated to the edge of the

sphalerite and adjacent to galena, the temperature of crystalli-
zation must have been lower than 350° C. The last product of
crystallization, barite, is normally accepted as a mesothermal
to epithermal mineral. The depth of formation for the veins
can be shown by a reconstruction of the Sierra Blanca Vol
canics to be on the order of 6,000 feet. All these data support
the classifying of the Nogal District mineral deposits as meso-
thermal of the Lindgren classification. Certainly the as-
semblage indicates an expected cooling of hydrothermal fluids
with successive stages of crystallization.

Although the assemblage of minerals is the same within the
district, percentages vary. A good example is the zinc to lead
ratios. Fig. 15 shows a decrease in this ratio with increase in
disiance from the Rialto stock. Within the vein deposits
molybdenum and copper mineralization is more prominent
nearer or within the Rialto stock (Silver King mine). Neither
of these elements is present in economic amounts, however.
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Within the Rialto stock disseminated mineralization occurs
in zones that are nearly concentric with the lead-zinc zoning to
the south. The magnetite, molybdenite, and copper zones are
also closely related to the type of hydrothermal alteration,
and, as a resuit, do not form complete circular zones rimming
each other. Nevertheless, many of the deposits are apparently
closely related to the Rialto intrusive, aithough some influence
from the Bonito Lake stock might be expected.

STRUCTURAL CONTROLS
The vein systems of the area south of the Parsons mine
trend generally east-west, parallel to the Bonito fault found



both east and west of the district. The Washington vein (fig. 2)
spiays northward, as does the fault, and adjoins the Bonito
Lake stock on the east. Faulting occurred after intrusion of
the stock. Elsewhere vein deposits either parallel or radiate
outward from the hypabyssal intrusive boundaries. The
‘amount of dip appears to be a factor on the presence of sulfide
mineralization. If the vein dip is greater than 70°, sulfide min-
eralization is usually found. Sulfides in veins with dips less
than 70° are limited to those systems in which strike deviates
from east-west.

Disseminated mineralization within the Rialto stock appears
to be related to fractures and breccia pipes whereas the dis-
seminated mineralization of the two other large intrusives is

In 1907 the Rio Bonito was partly diverted into a pipeline
system by the El Paso and Southwestern Railroad (later the
Southern Pacific Railroad). Today water is still diverted
through a pipeline from Bonito Reservoir, owned by the City
of Alamogordo. The pipeline also furnishes Carrizozo and
Holloman Air Base from the 5 cfs-diversion from Bonito
Reservoir. The story of the development of the mountain
waters of the Sierra Blanca is realistically portrayed by Neal
(1961). :

closely related to intrusive borders or late-stage intrusive
phases. More data are needed on the latter deposits.

CONCLUSIONS .

The Nogal district appears to have considerable potential for
low-grade high-tonnage deposits, Possibly one or more of this
type deposit may exist, but exploration will require a2 com-
pany with sufficient capital to finance an extensive program.

The vein deposits are discouraging, due to their lenticularity
and narrow widths. Transportation expenses to milling facil-
ities are excessive. Small operations which have their own mills
appear to be the only solution for this type of deposit in th
Nogal district.

.47)a;'labilizfy of Water

In the Sierra Blanca many springs issue from perched water
tables on top of massive andesitic flows. Many of these springs
have been improved and water is collected in metal tanks for
wildlife and stock. The flow of these springs is less than 1 gpm.
Unit 34 of the Nogal Peak section is a particularly im-
permeable volcanic unit which localizes water flow from a
perched water table. The springs issue in the re-entrants of the
cliff-forming unit. Ground and surface waters have been
studied in parts of the map area (Mourant, 1963).
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CHARACTERISTICS OF DISSEMINATED MOLYBDENUM DEPOSITS

IN THE WESTERN CORDILLERA OF NORTH AMERICA

Introduction

Some 30 years ago Stevenson (1940) underscored the fact that most of the world's
molybdenite production ceme from the Cordillera that comprise the westem part
of North America, and that the northern extension of the Cordillera into British
Columbia is not essentially dissimilar to the United States section. Therefore,
in view of the successful development of molybdenite resources in the United
States, he concluded that prospecting in the Canadian section of the Cordillera
should be encouraged. However, as recently as seven years ago Schneider (1963)
remarks that no large economic deposits have been brought into production in

British Columbia, although one important property was being evaluated.

World prod‘uction of molybdenum ore was sporadic until 1900. Among the very early
producing areas in North America were Arizona and New Mexico in the United
States. World War I provided the stimulus that brought the Climax deposit into
production, and in 1920 Questa, New Mexico followed, although the ore came from
fissure vein deposits at that time, In the early part of this century high
grade deposits in various parts of the world containing 5-20 percent M032 were
exploited. In Canada most production during World War I came from Quebec and

Ontario. With the build-up of world tension and the inception of hostilities in

1939, British demand was satisfied by United States producers (Schneider, 1963).

At the end of World War II production slumped to 24 million pounds for the
western world in 1946, but grew to 75 million pounds per year in 1964, In 1968
production has been estimated at 140 million pounds, & jump of 85 percent in

four years (Scholz, 1968), Nowedays, molybdenum is primarily produced from lsrge

tonnage, low-grade disseminated deposits containing 0.20-0.5 percent Mose, or
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