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SI UNITS AND INCH-POUND SYSTEM EQUIVALENTS

[SI, International System of Units, a modernized metric system of measurement. All values have been rounded to four significant digits ex-
cept 0.01 bar, which is the exact equivalent of 1 kPa. Use of hectare (ha) as an alternative name for square hectometer (hm?) is restricted
to measurement of land or water areas. Use of liter (L) as a special name for cubic decimeter (dm?®) is restricted to the measurement of
liquids and gases ; no prefix other than milli should be used with liter. Metric ton (t) as a name for megagram (Mg) should be restricted to
commercial usage, and no prefixes should be used with it. Note that the style of meter? rather than square meter has been used for con-

venience in finding units in this table. Where the units are spelled out in text, Survey style is to use square meter]

SI unit

Inch- P_t;{lnﬁ equivalent

SI unit

Inch-Pound equivalent

Length Volume per unit time (includes flow)—Continued
millimeter (mm) = 0.039 37  inch (in) decimeter? per second = 15.85 gallons per minute
meter (m) = 3.281 feet (ft) (dms3/s) 1/min

= 1.094 yards (yd) = 543.4 barrels per day
kilometer (km) = 0.621 4 mile (mi) (bbl/d) (petroleum,
= 0.540 0 mile, nautical (nmi) 1 bbl=42 gal)
meter3 per second (m3/s) = 35.31 feet3 per second (ft3/s)
Area ' = 15850 gallons per minute
(gal/min)
centimeter? (cm?) = 0.155 0 inch? (in2)
meter? (m?) = 1076 feet? (ft?) Mass
= 1.196 yards? (yd2)
hectometer? (hm?) = ggg(l) 2471 :g::s gram (g) = 0.035 27 ou:cggvoirdupois (o8
= v
- 0.003 861 seclti&?g)(s‘io acres or kilogram (kg) 2.205 poungs avoirdupois (1b
— avdp
kilometer? (km?) = 0.3861  mile? (mi?) megagram (Mg) = 1.102 tons, short (2 000 1b)

Volume = 0.984 2 ton, long (2 240 1b)
centimeter® (cm?) = 0.061 02  inch® (in®) Mass per unit volume (includes density)
decimeter? (dms) = 61.02 inches? (in3)

= 2.113 pints (pt) kilogram per meter? = 0.062 43 pound per foot? (1b/ft3)
= 1.057 quarts (qt) (kg/m?)
AL
= 3 t3
meter? (m?) = 5.31 foets ((fts)) Pressure
= 1.308 yards® (yd?)
= 2642 gallons (gal) kilopascal (kPa) = 0.1450 pound-force per inch?
= 6.290 barrels (bbl) (petro- (1bf/in3)
leum, 1 bbl=—=42 gal) 0.009 869 atmosphere, standard
= 0.000 810 7 acre-foot (acre-ft) (atm)
hectometer? (hm?) = 0.7 acre-feet (acre-ft) = 0.01 bar
kilometer? (km?) = 0.239 9 mile? (mis) = 0.296 1 inch of mercury at
— 60°F (in Hg)
Volume per unit time (includes flow)
dec(isne:;ar; per second = 0.03531  foots per second (ft?/s) Temperature
ms/s
2,119

feet? per minute (ft3/
min)

temp kelvin (K)
temp deg Celsius (°C)

[temp deg Fahrenteit (°F) +4-459.67]/1.8
[temp deg Fahrenheit (°F)—32]/1.8

does not constitute endorsement by the U.S. Geological Survey.

Any use of trade names and trademarks in this publication is for descriptive purposes only and
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MINERAL-RESOURCE INVESTIGATIONS

UNITED STATES AND WORLD
MINERAL-RESOURCE ASSESSMENTS

The development of new concepts on the origin
and occurrence of mineral deposits can significantly
change the United States and world resource pic-
ture. Thus, as new data becomes available, it must
be analyzed in terms of its impact on the outlook for
future supplies of mineral raw materials. In 1978,
such analyses led to statements on the resources of
a number of commodities.

World aluminum (bauxite) resources

In updating information on aluminum resources,
S. H. Patterson (USGS) and H. F. Kurtz (USBM)
estimated total bauxite reserves to be 27 billion
tons, and total resources (reserves plus subeconomic
and undiscovered deposits) are estimated at 40 to
50 billion tons. These resources (in millions of tons)
are located as follows: United States—300 to 325
(includes bauxite materials for refractory and
chemical use); Caribbean and Central America
region—3,000 to 4,000; South America—8,000 to
10,000; Europe—2,000 to 3,000; Africa—12,000 to
15,000; Asia—7,000 to 9,000; Oceania—8,000 to
9,000.

Chromite resources

Chromite is mined almost exclusively from either
podiform or stratiform deposits, according to B. R.
Lipin and T. P. Thayer. Podiform deposits, which
seldom contain more than a million tons each of
chromite, are an uncertain future source of chro-
mite. Although there are probably 200 million tons
of minable chromite in podiform deposits yet to be
discovered in known districts, these are extremely
difficult to find, and no single geophysical technique
is adequate in their discovery. Research into using
a combination of techniques is underway but such
exploration is very costly.

Stratiform chromite deposits are almost always
large (more than 5 million metric tons each) and
contain more than 99 percent of the world’s total
resources of chromite, which are estimated to be
more than 33 billion tons. The stratiform deposits
in South Africa and Rhodesia contain 66 and 33 per-
cent, respectively, of the world’s chromite resources,

but these countries contributed only 34 percent of
the 8 million tons produced in 1977. Demand for
chromium will probably remain high because of the
lack of substitutes in making corrosion-resistant
steel. At the 1977 production rate, resources of chro-
mite in most other countries, with the possible ex-
ception of the U.S.S.R., will be depleted within 20
years.

Fluorspar resources of Africa

An investigation of fluorspar resources by R. E.
Van Alstine and P. G. Schruben showed that imports
of African fluorspar increased from 4 percent to 22
percent of our total fluorspar imports from 1975
through 1977. Manto deposits in earbonate rocks in
South Africa, Kenya, Tunisia, and Morocco; pipe-
like deposits in South Africa; and stockwork depos-
its in South Africa and Namibia have been most
productive. The major fluorspar deposits of Africa,
as elsewhere around the world (Van Alstine, 1976),
are associated with large rift zones. Fluorite has
been reported from 24 of 115 carbonatites found
near the rift zones.

Estimates of African fluorspar reserves of proved
and probable ore total about 192 million metric tons
and average 22 percent C,F,. South Africa accounts
for about 86 percent of this total and ranks first in
world reserves of fluorspar. Africa is thus able to
provide an increasing and major share of the world’s
fluorspar supply.

Phosphate resources of the circumpacific region

The circumpacific region contains four major
phosphogenic provinces. These include (1) North
American province, (2) South American marine
phosphogenic provinces, (3) the Oceania insular
provinece, and (4) the Australian-Asian Proterozoic
and lower Paleozoic province. The first three of these
have been actively forming until the recent geologic
past, but the last one is extinct.

The phosphate resources in these provinces
throughout the circumpacific region exceed 26 bil-
lion tons of phosphate rock according to R. P. Shel-
don. In spite of this amount, little phosphate rock at
present is mined, and many countries of the region,
including some with the greatest need for fertilizer,

1
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lack phosphate resources. However, exploration is
not complete in much of the region, particularly
southern Asia, and there are many opportunities
for development of phosphate resources to meet the
agricultural needs of the region.

Lead and zinc resources of the United States and of the world
The table below is the result of revision by J. A.
Briskey, Jr., and H. T. Morris of some of the reserve-
resource data presented in USGS Professional Paper
820 to allow for past production and major new

TABLE 1.—Revised estimates of major United States and world identified, economic, and selected paramarginal resources’
[Thousands of short tons]

Known
additions
1973-717

USGS
PP 820

Current
revised

estimates

Production 2
197317

lead zine lead

zine lead zine lead zine

UNITED STATES
Lead:
Missouri
NE Washington; Coeur
d’Alene District, Idaho;
and Butte District,
Montana oo~
Great Basin and Rocky
Mountains (chiefly
Colorado, Utah, New
Mexico, Arizona, Ne-
vada, and California) -
Others
Zine:
Appalachian (chiefly New
Jersey, Pennsylvania,
New York, Virginia,
East Tennessee, and
Maine) _ . _________
Mississippi Valley (chief-
ly Missouri, Illinois,
Wisconsin, and middle
Tennessee) .o .._.
Rocky Mountains, Great
Basin, and Pacific Coast
(chiefly Colorado, Utah,
New Mexico, Arizona,
Nevada, Idaho, Mon-
tana, Washington, Cali-
fornia, and Alaska) ___

30,250 10,000

2,150 1,000

3,500
2,285

84
40

16,400

19,200

9,400

2,666 37,684

2738 2,877

210
38

3,374
2,287

1,123 18,277

7,140 561 25,779

597 707 9,290

U.S. TOTALS_ _______ 38,185 45,000 11,124

10,737 3,087 2,391 46,222 53,346

NORTH AMERICA (including
Greenland) ______________
SOUTH AND CENTRAL
AMERICA, AND MEXICO.
EUROPE
AFRICA .
ASIA ¢ (including U.S.S.R.) __
OCEANIA (including Aus-
tralia, New Zealand, and
Tasmania) .. ________

54,105 84,000 28,705
11,025
24,626

5,200

27,495

16,000
58,000
14,000
42,000

429
+8
3,228

18,500 21,000 7,855

72142

45,377 4,884 8,882 77,926 120,495
2,683
3,655

892

5,402

4221
5,901
1,702
9,354

8,871
21,070+
7,636
22,814+

12,679
52,099 4
23,486
34,219+

800
3

+
11,188
1,573+

8,064 2,126 2,496 24,229 26,568

WORLD TOTAL ____ 140,950 235,000 40,938

67,002+ 19,442 32,666 162,446 269,446+

1 Includes measured, indicated, and some inferred reserves, as well as those paramarginal resources that have highly promising potential for near-
term development (i.e., Crandon, Wisconsin; Howard’s Pass, Yukon; Gamsberg, South Africa; and Elura, Australia).

2Data from American Bureau of Metal Statistics, U.S. Bureau of Mines, and World Mining publications. Production by geographic region within
the United States for 1976-77 and production outside of North America for 1977 have been estimated.

3 Current, reliable data on new discoveries in Communist countries are lacking, although there apparently have been several major new finds in the

1973-17 period.
4 Known additions, 1973-77, are in India and Thailand,
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additions of minable reserves and near-minable re-
sources that have been discovered or have changed
status since 1972. At current levels of production in
an economically and politically favorable environ-
ment, ignoring the certainty of future additional
discoveries of ore, lead and zinc supplies are poten-
tially adequate for at least 75 and 112 years, respec-
tively, for the United States and at least 42 and 41
years, respectively, for the world.

Peat resources in Minnesota and Maine

Field reconnaissance by C. C. Cameron of peat
deposits in Lake of the Woods County, Minnesota,
and in Hancock and Penobscot Counties, Maine,
shows distinct contrasts which reflect different prob-
lems to be encountered in exploitation and (or) en-
vironmental evaluations. In Minnesota, a few com-
paratively shallow deposits meeting minimum stand-
ards for thickness (at least 1.5 m) and quality
(peat containing less than 25 percent ash dry
weight) occur within vast areas of organic deposits
in marshes and swamps; areas totaling 62.5 km? of
peat meeting minimum conditions for commercial
exploitation contain an estimated 20,403,900 metric
tons of air-dried peat chiefly of the reed-sedge type.
In contrast, the 26 Maine deposits meeting minimum
standards of thickness and quality for commercial
exploitation are thicker and lie in discrete bogs;
areas totaling about 19.5 km? contain an estimated
27,385,300 metric tons of air-dried peat of the moss
and reed-sedge type. Minnesota deposits are on the
raised floor of glacial Lake Agassiz. The Maine
deposits occur chiefly in glacial ice margin-marine
settings.

Extension of phosphorite-bearing strata underneath Atlantic
Continental Shelf of United States

Analysis by F. T. Manheim and C. C. Woo of drill
cores from the USGS Atlantic Continental Margin
Coring Project (AMCOR) reveals that phosphate-
enriched sediments of Miocene age are continuous
between the Florida and South Carolina-Georgia
phosphorite deposits and those of the Blake Plateau.
The latter aggregate 2.27 billion tons. Whereas such
marine phosphorites have been considered uneco-
nomic in the past in comparison with land deposits,
new factors and methods of use may render them
useful resources in the future, especially as a soil
additive in moist, tropical environments.

Small-scale distribution patterns of manganese nodules

Sea floor manganese nodules can be seen in most
of about 15,000 photographs recently taken during

the NOAA-sponsored Deep Ocean Mining Environ-
mental Study, according to W. F. Cannon. Several
types of small-scale patterns are evident in individ-
ual photographs. These patterns were studied by
nearest neighbor analysis to determine if statisti-
cally significant nonrandom patterns were present.
Most photographs show distribution patterns that
are either random with a high degree of confidence
in cases where nodule abundance is low or varied
from random toward a uniform distribution in cases
of higher abundance. In other words, as com-
plete coverage of the bottom by nodules is ap-
proached, the distribution necessarily approaches
uniform. However, two significant features were
recognized. First, a distinct nodule facies, recognized
previously, has a strong trend toward uniform dis-
tribution of nodules even where abundance is low.
Second, none of the 15,000 photographs displayed a
statistically significant clustering of nodules; that
is, observed groupings of nodules are no more pro-
nounced than expected through a random distribu-
tion.

GEOLOGIC STUDIES OF MINING DISTRICTS
AND MINERAL-BEARING REGIONS

The assessment of the mineral potential of public
and other lands requires an ever-increasing knowl-
edge of mineral deposits and the conditions of their
formation. This knowledge, obtained through studies
of known deposits and districts, can be applied to
new areas having similar characteristics. During
1978, field and laboratory studies added to our under-
standing of mineral deposits in a large number of
areas. ‘

Quartz Hill molybdenum deposit, Ketchikan quadrangle, Alaska

A large porphyry-type molybdenum deposit
(Quartz Hill) has been discovered recently in the
heart of the Coast Range batholithic complex about
70 km east of Ketchikan, southeastern Alaska. T. L.
Hudson, J. G. Smith, and R. L. Elliott report that
intrusive rocks associated with the mineral deposit
form two composite epizonal to hypabyssal stocks
separated by a narrow septum of gneiss. The stocks
have a fairly uniform granite composition, but they
contain a variety of textural rock types ranging-
from approximately equigranular biotite granite to
porphyries characterized by aphanitic to very fine
grained and aplitic groundmasses. The porphyries
are somewhat more albitic than the granites; miaro-
litic cavities and pegmatite pods and dikes are asso-
ciated with some porphyritic rocks. Trace-element
concentration in the intrusive rocks are distinctly
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low for many elements. Field relations indicate that
the stocks were emplaced after regional uplift and
erosion of the Coast Range batholithic complex.
Potassium-argon data show that some granite crys-
tallized about 30 million years ago and that extensive
alteration and mineralization took place at least 27
million years ago; at least two stages of intrusion
are indicated.

All observed mineralization is within the northern
stock (Quartz Hill stock) where molybdenite occurs
in a complex fracture and vein stockwork. Molyb-
denite forms fracture coatings and occurs within
veins accompanied primarily by quartz. Sericite,
chlorite, and pyrite also occur locally in veins. Silici-
fication, potassium-silicate alterations, phyllitic al-
teration, and zeolitization have been recognized in
the Quartz Hill stock. Data from the Ketchikan
quadrangle indicate that Quartz Hill and probably
other porphyry-type molybdenum deposits in the
Coast Range Dbatholithic complex of southeastern
Alaska and nearby parts of Canada (called Coast
Plutonic Complex) are associated with a regionally
extensive middle Tertiary episode of felsic magma-
tism. Emplacement of these magmas in the Coast
Range batholithic complex may be primarily con-
trolled by structural features.

Geochemical anomalies in the Mystery Mountains, Medfra
quadrangle, Alaska

M. L. Silberman and C. L. Connor located an area
of approximately 4 km? in the southeastern corner
of the Medfra C—4 quadrangle where anomalous
concentrations of copper, tin, boron, and silver are
associated with small porphyritic dacite(?) intru-
sions which cut clastic sedimentary rocks of the
Nixon Fork terrain. Sericitic alteration has affected
hypabyssal intrusive rocks over about an 8- to 10-km?
area. The tin, copper, and other trace metal anoma-
lies are found in both the intrusive rocks and the
sedimentary wall rocks. Many of the small intrusive
bodies are brecciated and cemented by tourmaline.
Tourmaline veinlets and irregular segregations are
common throughout all of the rocks in the area. Cop-
per appears to occur principally as chalcopyrite dis-
seminated throughout the intrusive and intruded
rocks and as supergene malachite and azurite in
brecciated hornfels surrounding some of the intru-
sions. Copper in grab samples of hornfels, sand-
stones, and porphyritic dacite varies from several
hundred ppm to a high value of 2 percent. Tin con-
tent in the same samples varies from less than 10
ppm to 200 ppm. The tin and copper appear to be

associated. In some samples of porphyry, tourmaline
clots are surrounded by and contain disseminated
chalcopyrite. The source of tin in the rocks has not
yet been determined.

Metallogeny in California

Metallogeny studies by J. P. Albers in California
reveal that specific metallic mineral deposit types
correlate with discrete geotectonic units that make
up the major geologic terranes. These major ter-
ranes are continental crust, including craton and
miogeoclinal, batholithic, oceanic crust, and island
arc. Lead-silver-zinc replacement and most contact
metasomatic iron deposits are confined to Paleozoic
carbonate miogeoclinal and craton facies rocks;
tungsten and molybdenum are in carbonate roof
pendants and in quartz veins in batholithic rocks;
massive sulfide deposits are in the silicic volcanic
rocks of island-arc terranes; and mercury, manga-
nese, and chromite are in various rocks composing
oceanic crust. Gold quartz veins occur in rocks of all
four major terranes, but the major deposits seem to
show a marked preference for oceanic crust. Recog-
nition of a correlation between mineral deposit
types and lithologic-tectonic units can be an aid to
exploration and in estimating the mineral potential
of individual geotectonic units.

Volcanogenic massive sulfide deposits in the northern Klamath
Mountains, Califernia and Oregon

Preliminary field and petrographic investigations
by R. A. Koski and R. P. George, Jr., indicate that
numerous stratiform massive Fe-Cu-Zn sulfide de-
posits in the northern Klamath Mountains of Cali-
fornia and Oregon represent submarine volcano-
genic mineralization in diverse volcanic-sedimentary
and tectonic environments. The deposits are typi-
cally simple assemblages of pyrite and (or) pyrrho-
tite with subordinate but variable chalcopyrite and
sphalerite and occur as discontinuous tabular or
lensoid bodies and disseminations conformable with
local stratigraphy. There are no obvious indications
of root-zone stockwork mineralization and altera-
tion. Sulfide accumulations associated with dacitic
to andesitic lava flows and breccias at the Silver
Peak and Almeda deposits, alternating phyllites,
graphite schists, and schistose metatuffs(?) at the
Gray Eagle deposit, and pillow basalt and serpentin-
ite at the Queen of Bronze, Cowboy, and Turner-
Albright deposits may represent proximal island
arc, near-arc basin, and ocean-crust mineralization
events, respectively.
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Selenium in Paleozoic eugeosynclinal rocks in central Nevada

F. G. Poole, G. A. Desborough, and J. S. Wahlberg
have found that many kerogen-rich mudstone, silt-
stone, chert, and dolomitic rocks of Ordovician and
Devonian age in Nevada contain anomalously high
concentrations of selenium. Of 37 samples analyzed.
selenium values range widely from 0.2 to 360 ppm
with an average of 32 ppm. These marine strata are
considered by them to be a large low-grade selenium
resource.

Gold-mineralized areas in Manhattan quadrangle have potential

for molybdenum-porphyry deposits

According to D. R. Shawe, rock geochemical sam-
ples collected in two areas in the Manhattan, Nev.,
TY%-minute quadrangle show anomalous 20 to 300
ppm amounts of molybdenum. About 6 km north of
the town of Manhattan and to the west of the site
of North Manhattan, molybdenum-mineralized Ter-
tiary volcanic rocks covering about 2 km? are asso-
ciated with thin gold-bearing quartz veins. In the
Manhattan district, proper molybdenum-mineralized
Tertiary voleanic rocks and Paleozoic sedimentary
rocks covering more than 10 km? are associated with
a west-northwest-trending belt of gold deposits.
Coarse-grained potassium feldspar that contains
molybdenite and chalcopyrite, collected from a mine
dump on April Fool Hill at Manhattan, suggests
temperatures of mineralization well above those of
the low-temperature (200° to 235° C) gold miner-
alization (Nash, 1972). The gold and molybdenum
mineralization west of North Manhattan and in the
Manhattan district may represent hydrothermal ac-
tivity peripheral to deeper and hotter molybdenum-
porphyry mineralized systems.

Zoll}ﬁdh mineralization around a hidden stock in west-central
a

Available structural and mineralogical data led
T. A. Stevens and C. G. Cunningham to suggest that
the Deer Trail Mountain-Alunite Ridge mining area
near Marysville, west-central Utah, is centered above
a 14-million-year-old epizonal stock that caused local
doming (Cunningham and Steven, 1978). A highly
acidic wet-stream environment developed above the
stock, and the fractures were filled with vein-type
alunite; hydrothermal alteration of adjacent rocks
developed a zonal assemblage that changes progres-
sively outward from alunite, to kaolinite, to chlorite-
calcite. Economic mineral deposits are zoned around
a barren sulfate-dominated core surrounded by a
belt containing epithermal base- and precious-metal
veins and mantos. The hidden stock is interpreted to

have excellent potential for hosting a porphyry-type
deposit, possibly of molybdenum.

Geochronology of intrusion and porphyry copper ores, Globe-

Miami, Arizona

S. C. Creasey reports that the geochronology of
the stocks and deposition of porphyry copper ores
in the Globe-Miami district in Arizona indicates that
only one stock (Schultze Granite) is of Laramide
age, the others are Precambrian, and the ores of two
statistically distinct ages are spatially and tempo-
rally related to the porphyry phase of the Schultze
Granite. The district contains several stocks pre-
sumed to be Laramide, although there were no un-
equivocal geologic relations indicating a Laramide
age. The K-Ar isotopic ages clearly reveal that all
the stocks but the Schultze Granite are Precambrian.
The precise ages of most of the Precambrian stocks,
however, are not known because the ages were partly
to completely reset by heat and emanations from the
Schultze Granite.

The Schultze Granite is a composite comprising an
early granodiorite phase, an intermediate porphy-
ritic quartz monzonite phase (main phase), and late
porphyry phases; the porphyry phases were not all
intruded at the same time.

Geologic relations show that the porphyry copper
mineralization is spatially related to the porphyry
phase of the Schultze Granite and that the entire
district is cut by regional quartz-sericite-sulfide
veins localized along northwest-, northeast-, and
north-striking high-angle fractures. Potassium-
argon isotopic ages indicate that the regional quartz-
sericite-sulfide veins are the same age as the main
phase of the Schultze Granite and statistically older
than the porphyry copper mineralization in the
Miami-Inspiration and Pinto Valley porphyry cop-
per deposits. However, the veins are statistically
younger than the Copper Cities porphyry copper
deposit. The ages clearly indicate that the Copper
Cities porphyry copper ore deposit is statistically
older than either the Miami-Inspiration or the Pinto
Valley porphyry coppers which are the same age
within the precision limits of the K-Ar age dating
method. The suggestion is strong, therefore, from
both geologic relations and K-Ar isotopic ages that
the magma for the Schultz Granite regenerated fol-
lowing earlier intrusions and that ore bodies formed
from successive magma generations.

Proterozoic Z stratabound copper occurrences

Mineral potential of stratabound copper-silver
occurrences in the Belt Supergroup (Proterozoic Z)
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of western Montana and northern Idaho has been
difficult to evaluate, according to J. E. Harrison. One
type of occurrence, in green argillitic beds, is com-
mon throughout most of the 130,000 km of known
Belt rock exposure. The geologic history of the old
sedimentary basin is highly complicated, and the
factor or factors that may have formed ore deposits
are not understood. No current hypothesis seems
adequate to explain the occurrence.

The new Conterminous United States Mineral
Appraisal Program (CUSMAP) has made possible
a research project aimed at developing a model for
the green-bed copper occurrences as an aid to min-
eral resource appraisal of the Belt basin, most of
which is covered by Federal lands. The model-build-
ing attempt was begun by core drilling a zone at the
top of the Spokane Formation to acquire three-
dimensional data on the distribution of copper-silver
in five green argillite beds that alternate with purple
argillite and siltite beds. Twenty-two core holes
ranging in depth from 9 to 46 m were drilled on a
grid system in an area about 150 m long and 50 m
wide in relatively flat-lying beds on the top of Black-
tail Mountain, which is about 10 km west of the
north end of Flathead Lake, Mont.

Preliminary logging of the core at the drilling
site by Harrison indicates that two of the five green
beds consistently contain copper sulfides but that
the copper-bearing zone is not precisely in the same
position within the green beds from hole to hole.
Small amounts of copper sulfides are also present as
widely scattered grains or tiny clots in some purple
beds. Detailed logging by M. W. Reynolds of slabbed
core from selected holes was done during the drilling
period as a guide to drill-plan modification. Prelim-
inary sedimentological results from that logging
suggest that the sedimentary environment of deposi-
tion was a remarkably stable tidal flat. Beds as thin
as 2 cm can be correlated from hole to hole.

Faulting in banded upper zone of the Stillwater Complex

Closely spaced growth faults, approximately nor-
mal to layering in the ultramafic zone of the Still-
water Complex, die out in the lower 500 to 1,000 m
of the banded upper zone. There, a system of faults
subparallel to the layering dominates the structure,
according to Kenneth Segerstrom and R. R. Carlson.
Detailed mapping, supplemented by drill-hole data
supplied by Johns-Manville Stillwater Corporation,
now reveals the complexity of this system, especially
on the west side of West Fork gorge, where branch-

ing faults have repeatedly offset a Paleozoic inlier
and underlying banded Stillwater layers that enclose
a zone of primary sulfides. These sulfides have anom-
alously high values in platinum-group elements, and
their future exploitation will be severely hampered
by the complicated structure.

Platinum-group minerals in the New Rambler copper-nickel
deposit, southeastern Wyoming

Copper-nickel ores of the New Rambler mine in
the Medicine Bow Mountains of southeastern Wyo-
ming contain appreciable concentrations of palla-
dium and platinum (average 75 ppm and 4 ppm,
respectively) that occur principally as discrete plati-
noid minerals (McCallum and others, 1976). Rho-
dium, ruthenium, and iridium are present as minor
constituents in the ores and appear to be related
substitutionally to the platinum and palladium
minerals.

Nine platinum-group minerals have been recog-
nized by M. E. McCallum (USGS) and R. R. Loucks
(Howard Univ.) during preliminary mineragraphic
and electron microprobe studies of ore samples
(Loucks and MecCallum, 1978). There are sperrylite
(commonly rhodian), moncheite, platinian meren-
skyite, antimonian michenerite, kotulskite, temaga-
mite, and three unidentified compounds referred to
as “Ph phase B” [~ (Pd, Pt);(Te, Bi, Sb).], “Pd
phase C” (Pd,Te,), and “Pd phase D” [inferred
stoichiometry ~ (Pd, Pt, Bi), BiTe0,-2H.0]. An-
other Pd compound that was provisionally termed
“Pd phase A” (McCallum and others, 1976) ranges
in composition from approximately Be; (Bi, Sb).Te,
to (Pd, Pt) (Te, Bi) and is perhaps a variety of
antimonian, platinian kotulskite. Palladian pyrite
(as much as 60 ppm Pd) is present in the earliest
stage Cu-Ni ore of the deposit.

Origin and value of Dickie Springs gold placer deposits, central

Wyoming

The Dickie Springs gold placer deposits at the
south end of the Wind River Range have been known
for more than 100 years, but development was ham-
pered by lack of water, the low price of gold, and in-
adequate information on the geology of the area. As
of October 1978, the area remained inactive.

Surface and subsurface studies and.analyses by
J. D. Love, J. C. Antweiler, and E. L. Mosier (1978)
suggest that, in an area of 21 km?, Eocene granite
boulder conglomerate in the upper part of the
Wasatch Formation and alluvium derived from it
contain more than a billion dollars’ worth of gold
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(at $175 per ounce). The gold is relatively coarse,
and many particlesexceed 5 mm in diameter. The 31
samples from the conglomerate average 35 cents
per cubic meter at $175 per oz. The average gold
content of 27 samples of alluvium derived from the
conglomerate is $1.41 per cubic meter. In addition,
an unpublished report (that was lost for 80 years)
made for a private company gives 2,712 fire assays
in a thoroughly sampled area of 5,843 acres of allu-
vium at and near the alluvial sites sampled by the
USGS. The fire assays average (at $175 per ounce)
$8.86 per cubic meter.

Samples from oil wells drilled in the area show
at least 396 m of Eocene conglomerate. The present
surface relief on the nearly flat-lying conglomerate
where the samples were taken is about 185 m, and
apparently there is no appreciable variation in gold
content from one stratigraphic horizon to another.

The source of the gold has previously been as-
sumed to be gold-bearing veins in Precambrian rocks
of the Atlantic City-South Pass district 16 to 24 km
northeast of Dickie Springs. The trace element con-
tent of gold in these two areas is so different, how-
ever, that it seems more likely that the Dickie
Springs gold came from a different source, probably
now-buried Precambrian rocks directly north of
Dickie Springs. The Atlantic City-South Pass vein
gold contains Zn, Cr, Ni, Co, and Te; whereas, the
Dickie Springs placer gold contains Be, Cd, As, Sbh,
Bi, V, W, Sn, Mo, and B.

The geologic history of the Dickie Springs gold
placer deposits was reconstructed as extensive hypo-
thermal gold-bearing veins emplaced in a granitic
and metamorphic terrane directly north of the
Dickie Springs area in Precambrian time. During
the Laramide Revolution, the Wind River Range was
uparched and eroded to its Precambrian core in Pa-
leocene and early Eocene time and thrust west and
southwest over Cretaceous and Paleocene sedimen-
tary rocks. In late early or early middle Eocene time
the Precambrian thrust plate was cut by the ances-
tral Continental fault that raised the mountain block
a thousand meters or more. Giant granite boulders
and gold-bearing fines were shed off this rising searp
and deposited as fans in the Dickie Springs area.
Conglomerate deposition ceased abruptly in middle
Eocene time,and middle and upper Eocene, Oligocene,
and Miocene lacustrine and fluviatile strata buried
the conglomerates. In late Miocene or subsequent
time the Continental fault was reactivated, only now
the direction of movement was reversed. The moun-
tain block went down a thousand meters or moreand

the gold-bearing conglomerate in the Dickie Springs
area was exhumed. Some of the gold-bearing con-
glomeratic debris from this rising block was trans-
ported northward onto the Miocene strata burying
the mountain block (including the gold source
area) north of Dickie Springs. This debris now
comprises the gold-bearing alluvium.

Sapphirine in host rocks of Precambrian sulfide deposits, Wet
Mountains, Colorado

During recent investigations in Colorado, W. H.
Raymond, P. A. Leiggi, and D. M. Sheridan discov-
ered the rather rare mineral sapphirine in the host
rocks of two Precambrian sulfide deposits in the
southern Wet Mountains. The sapphirine was noted
first in a thin section of gahnite-bearing sample
from one of the deposits and then was identified by
X-ray diffraction analyses. Additional fieldwork has
shown that sapphirine is abundant in gahnite-bear-
ing anthophyllite-cordierite-biotite gneiss at one of
the deposits and is locally abundant in amphibole-
mica gneiss at the other deposits. These rocks, to-
gether with interlayered impure marble and cale-
silicate gneiss, are the host rocks of Precambrian
sphalerite-chalcopyrite-galena deposits at these lo-
calities. The metamorphic rocks occur as very large
xenoliths or roof pendants in a region dominated
by several phases of the Precambrian San Isabel
Granite of Boyer (1962). Although sapphirine has
been reported in eastern North America and as far
west as Kansas, the Colorado occurrences are be-
lieved to be the first reported from the Rocky
Mountains in western North America.

Copper, cobalt, and nickel in Viburnum Trend

Mapping and sampling by A. V. Heyl in the Mag-
mont mine in the Viburnum Trend suggest that cop-
per, cobalt, and nickel minerals are concentrated in
areas of greatest solution thinning of carbonate
rocks leached by heated brines of three or more suc-
cessive generations. The resulting thinned zones in
former limestone units, now replaced by dolomite,
are characterized by breccias and inclined collapse
fractures which are concentrated along and near
northward and northeastward-trending strike-slip
faults of relatively small displacement, especially at
the intersections of these faults. The minerals (chal-
copyrite, bornite, siegenite, and less common cobalt-
nickel minerals) are commonly most abundant in the
lower parts of the ore bodies and are concentrated
in the largest solution collapse breccias along these
faults.
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Chemical data from the Hemlock Formation, Ned Lake quad-
rangle, Michigan

Chemical data obtained by M. P. Foose show the
exposed portion of the Hemlock Formation in the
Ned Lake 15-minute quadrangle, Michigan, to be of
tholeiitic affinity. Flows exhibit a strong trend
towards iron enrichment; however, volcaniclastic
rocks exhibit little iron enrichment. Interlayers of
sedimentary rocks within the volecanic rocks show
some slightly anomalous copper values, but other-
wise no significantly high metal values are observed.
The intermediate composition of these volcanic
rocks and their tholeiitic affinity reduce the chances
that they may host stratabound sulfide deposits.

Rare-earth borosilicate in magnetite ore

In an investigation of potential byproduct or co-
product minerals in magnetite ore of the Old Bed
orebody at Mineville, Essex County, New York, a
light-gray to pink mineral found by Harry Klemic
was identified as stillwellite (Ce, La, Ca) B SiO;, by
P. J. Loferski. This is the first known reported oc-
currence of stillwellite in the United States. The
presence of stillwellite in association with rare-
earth-bearing apatite in faulted and sheared mag-
netite ore indicates that boron- and silica-bearing
solutions permeated the fault zones and reacted with
the rare-earth-bearing apatite that is prevalent in
the ore.

Geology of the Roseland district, Virginia Blue Ridge
The Roseland distriet of Virginia was formerly

an important rutile- and ilmenite-producing area.

Norman Herz and E. R. Force have found that the

rutile occurs along the contact of the anorthosite

pluton at Roses Mill with the granulite and char-
nockite, which it intrudes. The intruded granulite,

a banded graphite-garnet-pyrrohotite-pyroxene

gneiss, and the charnockite were deformed and

metamorphosed before emplacement of the Roses

Mill pluton in Grenville time. An ilmenite-apatite-

rich facies of the Roses Mill pluton grades into nel-

sonite (ilmenite-apatite veins), and much of the

Roses Mill has been altered to augen gneiss with the

contained ilmenite altered to sphene. At the north

end of the district, the rocks have been folded into

a regional anticline with a medial syncline. Retro-

gression and mylonitization, predominantly Paleo-

zoic in age, are widespread.

Factors affecting the origin of stratabound massive sulfide
deposits of the Great Gossan Lead (GGL), southwestern
Virginia
Field studies by J. E. Gair and J. F. Slack have

identified many outcrops of banded amphibolite, in-

terpreted to be metamorphosed mafic volcanic rock.
The presence of the amphibolites along the strike of
the GGL deposits suggests that volcanism took place
contemporaneously with, and within at least 3 km of,
the site of deposition of the GGL orebodies.

Geologic mapping by Gair and Slack, supple-
mented by petrographic studies by Gair, have iden-
tified the lithology of the host rocks and the post-
depositional history of the ore bodies. Sulfide layers
are interbedded with meta-arkose, metagraywacke,
micaceous quartzite, quartz-mica-feldspar schist,
and quartz-mica phyllite, locally graphitic. Sulfide
and wall rock were tightly folded at the site of at
least one large ore body after foliation had formed
in some of the sedimentary rocks; at a nearby large
ore body, sedimentary layers were broken apart into
room-size blocks and smaller fragments, around
which the sulfide flowed during deformation. The
presence of the major ore bodies of the GGL may
be a result of great thickening of originally thin
sulfide layers at the sites of complex tight folding,
disruption of sedimentary beds, and flowage of sul-
fide (now largely pyrrhotite) into spaces between
and around the blocks of sedimentary rock.

Alteration associated with a fault zone in the Carolina slate belt,
South Carolina

Conspicuously altered and deeply weathered Car-
olina slate belt rocks adjacent to a silicified and brec-
ciated fault zone near Pageland, S.C., were studied
by R. W. Luce and Henry Bell III for clues to the
nature and history of widespread alteration asso-
ciated with highly mineralized and ore-bearing rocks
in the nearby Haile-Brewer area. Coarsely crystal-
line muscovite and silica metasomatism in the fault
zone confirm a hydrothermal origin for at least part
of the alteration. The paragenetic relations and se-
quence of events interpreted from the rocks in the
fault zone include a period of acid leaching prior
to regional metamorphism which seems to agree
with other studies of altered rocks in the southeast-
ern States reported in the literature.

Simultaneous crystallization and deformation in ophiolite
complexes

The Vourinos (Greece), Troodos (Cyprus), and
Canyon Mountain (Oregon) ophiolite complexes il-
lustrate the effects of penetrative deformation at
various stages in the accumulation and crystalliza-
tion of peridotite and gabbro, according to T. P.
Thayer. In the Vourinos Complex, only harzburgite
has tectonic fabric. In the Troodos Complex, defor-
mation increases downward from wehrlite through
dunite into harzburgite. In the Canyon Mountain
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Complex, the earliest identifiable deformation af-
fected gabbro and obscured many petrologic rela-
tions between it and the earlier units; involvement
of the gabbro, however, reveals large folds and
faults. The presence of deformed and undeformed
ultramafic dikes and pegmatites, and the absence
of the early phases of deformation in gabbro in
much of the complex, are interpreted as effects of
intense deformation during deposition and crystal-
lization of the lower part of a thick cumulate pile.
Gabbroic augen gneiss in the Bay of Islands Com-
plex in Newfoundland and widespread tight folding
and foliation of gabbroic and ultramafic rocks to-
gether in the Zambales Complex in the Philippines
are cited as additional evidence that tectonic fabrics
related to hypersolidus and subsolidus deformation
in ophiolitic rocks other than harzburgite are wide-
spread.

Stratigraphic position of chromite deposits in selected ophiolite
complexes

Because obviously cumulate podiform chromite
deposits occur in supposedly residual harzburgite,
it has been assumed that the chromite deposits were
introduced into the harzburgite from the overlying
olivine-rich cumulates. Two mechanisms for their
introduction have been suggested, sinking of dense
chromite masses or infolding.

In four ophiolite complexes, Vourinos (Greece),
Troodos (Cyprus), Canyon Mountain (Oregon),
and Josephine (Oregon and California), field rela-
tions are not compatible with sinking chromite
bodies. First, each chromite deposit in harzburgite
is surrounded by a dunite envelope. Dunite and
harzburgite have about the same density (~3.3
g/cm?). If chromite deposits will sink through harz-
burgite, they should also sink through their dunite
envelopes. Second, many chromite deposits in these
complexes are disseminated (less than 50 percent
chromite) and have thick dunite envelopes. The
aggregate density of the chromite and dunite is not
much greater than harzburgite, so sinking would
not occur.

Infolding of chromite is unlikely in three of the
ophiolite complexes. For example, in Troodos, the
cumulates are deformed and contain chromite, but
the average composition of the chromite in the cu-
mulates is significantly different from the chromite
in the hazburgite. In Canyon Mountain, the eumu-
lates are deformed but have no segregated chromite,
so the process would have been remarkably selec-

tive, and,in Vourinos, the overlying cumulates were
never folded.

Based on these observations, T. P. Thayer and
B. R. Lipin conclude that chromite deposits neither
sink into nor are folded in harzburgite, but rather,
are indigenous to it.

MINERAL-RESOURCE INVESTIGATIONS OF
WILDERNESS AREAS

The USGS and U.S. Bureau of Mines assess the
mineral resource potential of areas included or con-
sidered for inclusion in the National Wilderness
Preservation System.

Significant mineral potential in Elkhorn Wilderness Study Area,

Montana

A mineral-assessment study shows the Elkhorn-
Wilderness Study Area, about 354 km? just south-
east of Helena, Mont., by W. R. Greenwood, S. D.
Ludington, W. R. Miller, W. F. Hanna, and K. J.
Wenrich-Verbeek, to be predominantly of moderate
or high potential for porphyry-type copper and mo-
lybdenum deposits and precious- and base-metal
deposits. The area may also have resources of ura-
nium and thorium. This mineral assessment included
chemical analysis of rocks, a detailed geochemical
survey of stream sediments, a detailed aeromagnetic
survey, and several aeroradiometric traverses. Three
porphyry-type copper and molybdenum deposits
that occur in Boulder batholith rocks on the west
of the area have been explored by drilling. One
of these, the Golconda, has a high potential for
development. All of the Boulder batholith rocks
in the study area have at least a moderate poten-
tial for porphyry deposits. The eastern part of the
study area, underlain by Paleozoic and Mesozoic
sedimentary rocks and Cretaceous volcanic rocks,
has a moderate to high potential for precious-
and base-metal vein deposits. Many such deposits
have been mined from this eastern part in the past.
Undeveloped extensions of known vein deposits and
hidden veins are likely to be developed in the future.

Coal resources of Cranberry Wilderness Study Area, West

Virginia

Reconnaissance geologic mapping and study of
existing drill hole data in the Cranberry Wilderness
Study Area in the Monongahela National Forest,
Pocahontas and Webster Counties, West Virginia,
have enabled C. R. Meissner and J. F. Windolph, Jr.
(USGS), and P. C. Mory (U.S. Bureau of Mines)
to calculate the coal resources (Meissner and others,
1978). About 100 million tons of prime low sulfur,
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mostly low ash, bituminous coal may be present in
five major and several minor beds in the study area.
This coal is privately owned, although the U.S.
Forest Service owns the surface rights. A geochemi-
cal survey based on stream sediment and rock sam-
ples did not find any evidence of metallic mineral
resources.

Large submarginal iron resources in Virginia and West Virginia

Wilderness Study Areas

Reconnaissance mapping and study of previous
drilling data by F. G. Lesure (USGS) and B. B.
Williams and M. L. Dunn (USBM) have resulted
in the calculation of 1.75 billion metric tons of sub-
marginal iron resources containing 250 to 350 mil-
lion metric tons of iron in the Mill Creek, Peters
Mountain, and Mountain Lake Wilderness Study

Areas in Giles and Craig Counties, Virginia, and

Monroe County, West Virginia (Lesure and others,
1978). The iron is in hematitic sandstone beds of
the Rose Hill Formation of Silurian age. The iron
content ranges from 10 to 30 percent and the phos-
phorus from 0.05 to 0.8 percent. The iron-rich sand-
stone beds range from 1 to 10 m in thickness
and are as much as several kilometers long. They
are scattered throughout an interlayered series of
red and green shale and sandstone of lower iron
grade that ranges in thickness from 45 to 60 m.
Mining or quarrying of hematitic sandstone in areas
of outcrop would be relatively inexpensive, but bene-
ficiation methods are not yet adequate to permit
economic production at existing prices.

Possible stratiform-copper occurrence in Devonian rocks in

Virginia

Stream sediment and soil samples collected by
F. G. Lesure and J. M. Motooka in the Ramseys
Draft Wilderness Study Area, Augusta County, Vir-
ginia, suggest the presence of a low-grade stratiform
copper occurrence in the Hampshire Formation of
Late Devonian age. Although no mineralized rock
is exposed, soil samples outline two copper-rich
zones, 3 to 5 m thick, that have a grade of as much
as 1,500 ppm copper. A strike length of 60.m and a
down-dip dimension of 50 m are consistent with
the size of mineralized area of that grade necessary
to produce anomalous values of copper in the adja-
cent small drainage basins. Such small, low-grade
stratiform deposits are not now economically im-
portant, but this is the first occurrence found in the
Upper Devonian red-bed sequence south of known
deposits in Pennsylvania.

GEOCHEMICAL AND GEOPHYSICAL
TECHNIQUES IN RESOURCE ASSESSMENTS

GEOCHEMICAL-RECONNAISSANCE RESULTS

In the Sonoran Desert, Papago Indian Reserva-
tion, Arizona, G. A. Nowlan and W. H. Ficklin iden-
tified a cluster of water wells in the Baboquivari
Mountains with molybdenum contents of 20 to 450
micrograms per liter (ug/L). Waters from the Res-
ervation generally contain less than 10 pug/L of mo-
lybdenum. The cluster of anomalous wells occurs
within a band of metavoleanic and metasedimentary
rocks cutting across the mountain range and con-
taining minor tungsten deposits.

On the Papago Indian Reservation, J. H. Mec-
Carthy, Jr., and G. A. Nowlan found anomalous
amounts of copper, molybdenum, gold, silver, and
several other metals in rock and stream-sediment
samples. These anomalies delineated areas that have
potential for new mineral deposits. Favorable geo-
logic setting and aeromagnetic anomalies coincide
with some of the indicated areas.

In the Silver City 1°X2° quadrangle, southwest-
ern New Mexico, K. C. Watts, Jr., observed that
detrital fluorite corresponded closely with many
metal anomalies and, based on its distribution over
known deposits, appear to reflect areas of fluorite
mineralization. Ten areas containing fluorite min-
eralization were identified, and six of these were
characterized by fluorite having violet coloration
generally regarded as resulting from radiation dam-
age. Of the six areas containing violet fluorite, ura-
nium occurred in one, unidentified radioactive min-
erals were reported in another, and anomalous
amounts of thorium were found in two other areas.
Thus, violet-colored fluorite may be useful as a guide
in locating areas of radioactive minerals.

In the Rolla 1°X2° quadrangle, Missouri, R. L.
Erickson, E. L. Mosier, J. G. Viets, and S. C. King
analyzed approximately 11,000 samples of whole
rock and insoluble residues from 62 regionally
spaced “barren” drill holes and found that the dis-
tribution of drill holes containing the highest
amounts of lead, zinc, copper, nickel, cobalt, molyb-
denum, and silver (1) outlined known mineralized
trends, (2) followed the limestone-dolomite inter-
face in the Bonneterre Formation, (3) favored prox-
imity to subsurface Precambrian “highs,” and (4)
could be projected to form an irregular band of
mineralized ground encireling the St. Francois
Mountains (Erickson, Mosier, and Viets, 1978). The
distribution and abundance of lead and silver out-
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lined best the known ore trends and appeared to be
the best geochemical parameter for outlining broad
target areas for exploration.. The distribution and
abundance of zinc, copper, nickel, and cobalt were
more restricted than that of copper and lead, and
the greatest amounts occurred in projections of
known ore trends. These patterns suggest that the
fluids that brought metal to the deposits were not
of uniform composition throughout the southeast
Missouri lead district.

Pyrite-marcasite concentrates from the Bonne-
terre Formation (principal ore host) are lead-rich,
and the relative proportions of all trace metals in
the concentrates are very similar to their propor-
tions in the lead orebodies; whereas, concentrates
from the underlying Lamotte Sandstone are copper
rich and their zinc-nickel-cobalt contents are much
higher than in Bonneterre concentrates. The relative
proportions of all trace metals in the Lamotte con-
centrates are much different from their proportions
in the lead orebodies.

These findings suggest multiple periods of move-
ment of ore fluids in the southeast Missouri lead
district. The metal-bearing fluids moving through
solution channels in the Bonneterre Formation were
lead rich, and those moving in the Lamotte Sand-
stone were copper-zinc-nickel-cobalt rich.

In the 18,000 km? Rolla 1°xX2° quadrangle, Mis-
souri, P. D. Proctor (University of Missouri, Rolla)
found that anomalous heavy-metal contents of river
waters, stream sediments, and selected aquatic
plants spatially relate to present and former mining
and milling areas. Nonmineralized drainage areas
have lesser heavy metal contents and fewer anoma-
lous values. In the Jack’s Fork area, stream sedi-
ments from a mineralized area contained on the
average 26 times more lead and 4 times more zinc
than did sediments from a nonmineralized area. For
these same areas, the metal content in solution in
the stream waters is several orders of magnitude
less than in the stream sediments. Steam algae
yielded metal values similar to those of the stream
sediments with which they are associated.

In the Iron River 1°X2° quadrangle, Michigan
and Wisconsin, H. V. Alminas found up to 300 ppm
copper in B-horizon soil samples and thus detected
a known mineral deposit through lake-bed clays up
to 60 m thick. The copper contents were enhanced
by a factor of 20 by panning the heavy minerals
from the soil and selectively extracting the iron-
and manganese-oxide soil fractions using an oxalic
acid leach.
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In the Charlotte 1°x2° quadrangle, North and
South Carolina, W. R. Griffitts found that heavy-
mineral concentrates taken from stream beds con-
tained substantial amounts of kyanite, rutile, stau-
rolite, and minerals of tin and niobium, all of which
had been recycled from older sedimentary forma-
tions. A little gold had apparently been recycled
also.

Reconnaissance geochemical sampling by J. C.
Antweiler in Central Region Wilderness Study
Areas reaffirmed the importance of collecting more
than one sample medium in a given area. Gold was
detected in pan concentrates from the Blue Joint
Wilderness Study Area, Ravalli County, Montana,
but not from nearby Overwhich Creek. Fine-grained
stream sediments collected at the same places had
anomalous amounts of copper in the Overwhich
Creek samples but not in the Blue Joint Creek sam-
ples. Using a single sample medium would have
resulted in missing one of the anomalies.

Geochemical studies. by H. D. King and W. D.
Crim outline a number of possible new mineral oc-
currences in the Medfra and Lake Clark quadran-
gles, Alaska. Anomalously high tin, gold, and silver
values in heavy-mineral concentrates delineated sev-
eral previously unreported occurrences of mineral-
ized rock in the western part of the Lake Clark
quadrangle. Similarly, high copper values in heavy-
mineral concentrates defined a number of new min-
eralized areas in the southeast and east-central parts
of the Lake Clark quadrangle. Anomalous amounts
of silver, arsenic, gold, bismuth, copper, lead, zine,
antimony, tin, and tungsten in heavy-mineral con-
centrates revealed mineralized areas in the Mystery
Mountains, in the Sunshine Mountains, and in the
Cloudy Mountains, all in the central and west-cen-
tral part of the Medfra quadrangle.

GEOPHYSICAL EXPLORATION

A two-dimensional seismie-model study of the
Patrick Draw Field, Washakie Basin, Wyoming, was
conducted by R. C. Anderson and R. T. Ryder and
showed that detecting the reservoir sand (Upper
Cretaceous Almond Formation) with seismic data is
difficult owing to acoustic contrasts and bed thick-
ness. The likelihood that higher resolution seismic
data would improve the results is not suggested by
the model, and further work is required to deter-
mine what other acoustic measurements might be
useful in exploring for Patrick Draw-type fields.

New data collected by R. J. Blakely at 180 gravity
stations were combined with existing data to form
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a suitable data base for ascertaining the deep struc-
ture of the Kalmiopsis Wilderness Area, Oregon,
including the Josephine Periodotite body. This pe-
ridotite unit is massive and is in contact at its west-
ern edge with less dense rocks such as graywackes
and volcanic rocks. The simple Bouguer anomaly
showed little or no correlation with this western con-
tact, which suggests that this part of the Josephine
Peridotite is thin in vertical extent. This configura-
tion supports geologic observations that this perido-
tite body was emplaced as a tectonic slice rather
than as an intrusion.

LEAD ISOTOPES APPLIED TO MINERAL
EXPLORATION

An assessment was made by B. R. Doe of the use
of lead isotopes in mineral prospect evaluation of
Cretaceous and Tertiary magmatothermal ore de-
posits in Arizona, Colorado, New Mexico, Utah, and
a few selected examples from Idaho and Montana.
Samples analyzed from all of the multi-billion dol-
lar copper and molybdenum mines have values of
206Pp /24P less than 18.

Many of the largest lead-zinc-silver skarn-type
deposits have 20¢Pb/2°¢Pb values up to 18.6. The larg-
est districts, with 2Pb/2Pb values between 18.6
and 19.1, have production in the range of $100-
$200 million. No district is known to have a produc-
tion approaching $100 million and a 2¢Pb/2:Pb
value greater than 19. The apparent correlation be-
tween maximum size of a deposit and the lead iso-
topic composition is of value in prospect evaluation.
This measurement requires only one sample per
prospect because the lead isotope composition is
generally uniform within an individual deposit.

VOLATILE GASES USEFUL IN GEOCHEMICAL
EXPLORATION

Using mass spectrometry and gas chromatogra-
phy, M. E. Hinkle analyzed soil gases collected from
the Long Valley geothermal area of California and
from two areas of sulfide mineralization in Pinal
County, Arizona. Anomalously high concentrations
of helium coincided with known faults in the Long
Valley area, and above-average amounts of sulfur
compounds were detected over the Vekol copper
deposit, southwest of Casa Grande, Ariz.

BIOGEOCHEMICAL INVESTIGATIONS

In culture experiments conducted during the sum-
mer of 1978, J. R. Watterson found that pigmented

bacteria showed extreme sensitivity to environmen-
tal factors including temperature, pH, and metal
concentrations. Specifically, chromobacterium viola-
ceum produced a yellowish, diffusing pigment in the
presence of 10 micrograms of molybdenum per gram
of standard nutritive medium.

BOTANICAL INVESTIGATIONS

In several areas in central Montana, D. J. Grimes
found Eriogonum ovalifolium growing over copper
deposits and a high correlation between the distribu-
tion of this plant species and the copper content
of the soil. Colonies of Eriogonum ovalifolium were
associated with anomalous amounts of copper in soil
overlying Precambrian sedimentary units, mafic
sills, aplite dikes, quartz-calcite veins, and quartz
monzonite porphyry intrusives. The distinctive foli-
age and growth habit of Eriogonum ovalifolium
make it a potentially useful indicator plant for
detecting copper deposits.

ANALYTICAL METHODOLOGY USEFUL IN
GEOCHEMICAL EXPLORATION

Using ferric chloride and ammonium pyrrolidine
dithiocarbamate as coprecipitants, A. E. Hubert and
T. T. Chao determined parts-per-billion amounts of
copper, lead, zine, cobalt, nickel, cadmium, molyb-
denum, and uranium in a single natural water sam-
ple. The precipitated metals were deposited on a
membrane filter for direct analysis by X-ray fluores-
cence.

Manganese in geological samples at concentrations
above the crustal abundance interferes with the
atomic absorption determination of cobalt, nickel,
and copper in methods using sodium diethyldithio-
carbamate chelation and solvent extraction. R. F.
Sanzolone and T. T. Chao found that the interfer-
ence disappeared completely when the extracted car-
bamates were allowed to stand for 24 hours. By
setting aside sample solutions for 24 hours after
the initial extraction, R. F. Sanzolone, T .T. Chao,
and G. L. Crenshaw determined trace amounts of
cobalt, nickel, and copper in a variety of geological
materials, including iron- and manganese-rich sam-
ples and calcium-rich samples. As much as 50 per-
cent Fe, 25 percent Mn or Ca, 20 percent Al, and 10
percent Na, K, or Mg in a given sample, present
either individually or in various combinations, did
not interfere with the determination of trace
amounts of the other metals.
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RESOURCE INFORMATION SYSTEMS AND
ANALYSIS

RESOURCE INFORMATION SYSTEMS
Computerized Resources Information Bank

The number of records in the Computerized Re-
sources Information Bank (CRIB) master file de-
creased to 45,243 during 1978, while the quality of
records was increased as a result of intensive edit-
ing. Approximately 2,000 new records were received
during the year.

Co-op arrangements continue with the Bureau of
Land Management, the Forest Service, West Ger-
many, the State Department, and South Dakota.
Earlier co-ops were completed with useful results
with Idaho, Montana, and Minnesota. Additional
requests for CRIB co-ops have been received from
Oregon and Nevada, and the agreement with the
Tennessee Valley Authority was terminated.

In-house (USGS) CRIB participation increased
markedly during 1978, mainly as a result of the
CUSMAP and USGS statewide inventory programs;
the latter now includes California, Oregon, Nevada,
and Arizona.

Lead-zine deposits of the world were studied by
P. G. Schruben, and nickel-cobalt deposits of the
world were studied by G. L. Shaffer using CRIB
data. CRIB data also were used as contributory
source material for four of the seven metal models
used in the study of the mineral resource potential
of Alaska by D. A. Singer. M. G. Johnson created
a dynamic CRIB working file to study geologic-
metallogenic correlations and relationships and to
generate overlay maps showing these relations in
space.

A Mineral Data System (MDS) Advisory Com-
mittee was established in September 1978 to foster
ideas, methods, and support relating to CRIB. This
committee, under the direction of J. A. Calkins, in-
cludes subecommittees for data validation and stand-
ards, applications, and information sources.

Geothermal resources file

GEOTHERM, the geothermal resources file, de-
veloped by J. A. Swanson, is a fully operational data
base on geothermal resources, divided into three
subfiles: geothermal fields, wells, and chemical anal-
yses of geothermal waters. The file was used exten-
gively in the USGS 1978 assessment of geothermal
resources of the United States and for geothermom-
eter calculations, stored heat and reservoir volume
determinations map plots, and data display and pub-

lication. Presently, the file contains over 500 field
records, 500 well records, and more than 4,000
chemical analyses records of warm-water wells and
springs in the United States.

National Coal Resources Data System, Phase I

Phase II software is comprised of a set of inter-
active computer programs, developed by A. C. Olson,
to aid the commodity geologist when dealing with
irregularly spaced point-located field data, in ana-
lyzing, evaluating, and mapping resources. The data
are processed by the program to produce structure,
coal thickness, overburden, overburden-to-thickness
ratio, and resource maps, as well as tables of
resource tonnages in each reliability category.

Outcrop and political boundaries may be entered
into the data set by means of the digitizer. Thick-
ness, overburden, or chemical concentration bound-
aries may be generated by the software, in addition
to combinations of different types of boundary con-
ditions for constraining the resource computations.
Resource maps are based on standard reliability-
category distances from the point of field observa-
tions. Volume and tonnage values may be computed
for each reliability category and for each set of
boundary constraints.

All calculations and map displays can be done on
an interactive graphics terminal. An option is pro-
vided for the creation of a plot tape to drive the
offline plotter.

RESOURCE ANALYSIS
PROSPECTOR computer consuitant

Based upon recent developments and testing, the
PROSPECTOR rule-based computer consultant for
mineral exploration shows great promise as a useful
tool not only in mineral exploration but also in
teaching and resource assessment. This method, de-
veloped by SRI International with J. M. Botbol as
project monitor, depends upon a prior establish-
ment of a set of rules that are used as a knowledge
base. PROSPECTOR consists of a conversational
dialogue between a geologist and the computer, and,
from information provided by the geologist, PROS-
PECTOR computes degrees of similarity of the geolo-
gist’s subject area with models included in the
knowledge base. To establish each model, someone
must quantify a consistent taxonomy that includes
specification of occurrence, prior probabilities, and
the probability that a given relation is of value if
present and damaging if not present. In scope, the
construction of a model is tantamount to writing a
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professional paper but has the additional constraint
of taxonomic quantification. In addition, the model
is then immediately computer usable by a broad
spectrum of users. The models can then be applied
as teaching aids to students and project geologists
who might be unfamiliar with the deposit types
relevant to a given area. As information in a sub-
ject area is acquired, PROSPECTOR can be used
to optimize the data-gathering program and quan-
tify the components of the cost-benefit analysis that
supports the program. With respect to resource
appraisal, the procedure can be iterated for attri-
butes of a group of areas (or cells within one area
or both) resulting in specification of those areas
with high resource potential.

Uranium resource appraisal and decision modeling

Decision modeling, formerly known as character-
istic analysis, was developed by J. M. Botbol, R. W.
Bowan, and R. B. McCammon (USGS) and Richard
Sinding-Larsen (Norwegian Geological Survey) to
create, to test, and to evaluate exploration and re-
source models based on geoscience data collected
over large geographic areas. A computer program
has been written that uses built-in tutorials to in-
struct the user at each stage of analysis. The user
can save a model or a model component, for example,
a region, cell, or a geologic variable, for later use,
and a graphic overlay that might be displayed.
Compound variable construction provides the capa-
bility to generate new variables as functions of ex-
isting variables. This is particularly useful in the
designation of alteration and zoning patterns of
orebodies. A unique feature of decision modeling is
the ability to express the conditions necessary for
an orebody in terms of mathematical logic. The
statements for the necessary conditions are imple-
mented on the computer as a logic circuit. For a
given resource area, decision modeling can be used
to estimate the favorability of occurrence of a par-
ticular deposit model. A resource estimate is then
obtained by combining the probability of occurrence
for different deposit models with their associated
grade and tonnage characteristics.

Mineral resource assessment

An approach developed by W. D. Menzie II to
assessing the mineral resources of a region is to
(1) delineate areas permissive for the occurrence
of deposits by type, (2) estimate relevant charac-
teristics, such as grade and tonnage or contained
metal, of each deposit type, and (3) estimate the
number of deposits of each type that are likely to

occur within the region (Singer, 1975). This ap-
proach was used to perform an assessment of the
metalliferous mineral resources of central Alaska,
at 1:1,000,000 scale (Eberlein and Menzie, 1978).
For the regional assessment of Alaska’s mineral
resources, models of grades and tonnages, or con-
tained metal, were built for 10 deposit types (Singer
and others, 1978).

Models of grade and tonnage play an important
role in this approach to mineral assessment; there-
fore, it is important to understand factors that re-
late to the variability and distribution of grade and
tonnage. Regional variability in grades and ton-
nages, such as that demonstrated for nickel sulfide
deposits associated with komatiitic rocks by M. P.
Foose, W. D. Menzie II, D. A. Singer, and J. T.
Hanley, is one such factor. Another factor that may
influence the distribution of grades and tonnages
is size-biased sampling. A preliminary method has
been derived for removing the effects of size-biased
sampling of podiform chromite deposits by W. D.
Menzie II and D. A. Singer.

Observed frequency distributions of average
grade, tonnage, and, in some cases, contained metal
were found by D. A. Singer to be adequately repre-
sented by lognormal distributions for the following
deposit types: porphyry copper, porphyry molyb-
denum, skarn copper, mafic volcanogenic sulfide,
felsic and intermediate volcanogenic sulfide, nickel
and copper sulfides associated with intrusive rocks,
skarn tungsten, podiform chromite, mercury, and
vein gold. For many of these deposit types, grades
were found to be independent of tonnages (Singer,
1978). The grade-tonnage models represented by
these frequency distributions combined with prob-
abilistic estimates of the number of deposits by type
and by tract were used in the mineral resource
assessment of southern Alaska (MacKevett, Singer,
and Holloway, 1978).

Copper-aluminum substitution model

A joint copper-aluminum model has been devel-
oped by M. S. Hamilton to assess the impact of
higher energy prices and the depletion of high-
quality ore deposits on copper and aluminum indus-
try costs, substitution, and recycling potential. The
estimates of the long-run supply elasticity for U.S.
copper obtained in this study are considerably less
than those computed by others in earlier years,
indicating that large price increases are needed to
increase domestic primary copper production sub-
stantially. Even the most pessimistic assumptions
about bauxite producer-country royalty increases
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have been found to have less impact on aluminum
industry costs than substantial growth in energy
prices (at 1974-77 rates). The incentive that higher
energy prices give to increased recycling of alumi-
num has been found to be very substantial, but cop-
per scrap reclamation was found to be little affected
by such price increases.

Petroleum resource analysis

L. J. Drew determined that no major methodo-
logical barrier existed to expanding his discovery-
process model, which is based on the area-of-influ-
ence concept, from two to three dimensions. The
three-dimensional model was tested in the Midland
Basin. The Arps Roberts discovery-process model,
which was initially tested and found to produce
very good predictions of future oil discovery in the
Denver Basin, was modified for use in the far more
geologically complex Permian Basin. With the modi-
fied model, predictions were made of the number and
sizes of petroleum deposits remaining to be discov-
ered in that basin and the rate at which they would
be discovered in the future.

Major problems introduced into the exploration
process in the Gulf of Mexico as a result of leasing
procedures were resolved by modifying the discov-
ery-process model to a form which produces a rea-
sonable forecast of future discoveries from highly
discontinuous data.

No evidence was found to indicate improvement
in exploration efficiency either by vertical divesti-
ture or by reducing major firms to regional units.
The major conclusion of the Permian Basin study
is that even if the price of oil should rise to $40 per
barrel, or natural gas to $7.59 per MCF, the esti-
mated potential reserves accruing from future dis-
coveries represent little more than 3 years supply
at the 1974 rate of production.

Revised calculations and recent data compiled by
D. H. Root and E. D. Attanasi indicate that,in the
non-Communist world outside the United States and
Canada, the average quantity of crude oil discov-
ered per exploratory well between 1970 and 1975
was 43 percent of the 1950-55 discovery rate instead
of 56 percent, as earlier data indicated. Studies of
the growth of oil and gas fields in the lower 48
States by D. H. Root showed that the growth which
can be expected from oil and gas fields discovered
before December 31, 1975, is less than 13 billion
barrels of oil and 120 trillion cubic feet of natural
gas.,

Remote-access error-free computer timesharing

Two serious problems in computer timesharing

were overcome through research by J. M. Botbol.

These problems involve the frequent situation of
being unable to gain telephone access to a computer
from a remote location, such as in another country,
and the general condition of telephone-line noise
causing data-transmission errors. The problem of
telephone access was solved by devising a means for
the computer to call the terminal; the noise problem
was solved by use of error-correction devices con-
nected to a terminal and the computer to permit
automatic retransmit queueing. As greater depend-
ence on computer data storage and retrieval capa-
bilities develops, the need for error-free and timely
computer access becomes more critical. Thus, the
results of the present work have far-reaching influ-
ence on the deployment of remote computer termi-
nals and on the scope of collaborative efforts abroad.
Given that a timeshare link is timely and reliable,
future support commitments can be more accurately
specified. This would be of immediate value in global
mineral resource intelligence efforts and would serve
to justify computer support services, personnel, and
programs.

CHEMICAL RESOURCES

LITHIUM INVESTIGATIONS IN SEDIMENTARY
AND VOLCANIC ROCKS

Origin of commercial lithium brines

Investigations of the chemistry and mineralogy
of sediment and brine samples from bore holes in
the Clayton Valley, Nevada, lithium brine field, by
J. D. Vine, H. D. Downey, and A. R. Wanek, together
with stratigraphic and geomorphic studies by J. R.
Davis, provide additional evidence for the origin of
this deposit. Previous studies show that the occur-
rence of lithium in amounts greater than a few parts
per million is characteristic of evaporative concen-
tration of water, while lithium-chlorine ratios
>0.005 are characterisic of geothermal waters that
have leached lithium from volcanic source rocks.
The commercial lithium brine at Clayton Valley
contains as much as several hundred ppm Li, but
typical lithium-chlorine ratios of 0.002-0.003 are
somewhat below that of geothermal springs that
could have supplied the lithium. A reduction in the
lithium-chlorine ratio could be explained if there
was a transfer of lithium from brine to the sedi-
ments. Using the equilibrium constant for hectorite,
Na, ;; (Mg,Li) ;81,04 (F,0H) ., recently calculated by
W. E. Dibble, Jr., of Stanford University (written
commun., Dec. 1978), the brine was found to be
supersaturated with respect to this lithium clay.
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This is regarded as evidence of the authigenic for-
mation of hectorite in the clay fraction of Clayton
Valley sediments that contain as much as 1,500 ppm
Li. Brines with similar chemical characteristics oc-
cur in salars in the Andes of South America. Salar
de Atacama, Chile, is currently under development
(Comer, 1978), and salars in Bolivia show signifi-
cant promise (Erickson, Vine, and Ballén, 1978).
The volcanic setting of these deposits and the asso-
ciation between lithium and geothermal waters in
the region are the subject of continued studies by
Jd. R. Davis, R. L. Smith, S. L. Rettig, and K. A.
Howard. The potentially large resources of lithium
in brines provide assurance that there will be
enough lithium for batteries for electric vehicles
and for storage of off-peak power for utility nets.

Origin and distribution of lithium-rich clay deposits

The lithium clay mineral, hectorite, occurs in sa-
line lake sediments where it may precipitate directly
from waters containing high concentrations of SiO,,
Mg, F, and Li, or it may form by the alteration of
volcanic sediments by reaction with alkaline saline
waters. Hectorite comparable to that from the type
locality in the Mojave Desert has been recognized
in a number of nonmarine Tertiary rock units in
the Basin and Range province. In the Lake Mead
area, Nevada, exposures of the Horse Spring For-
mation of Oligocene and Miocene age at Lava Butte,
Lovell Wash, White Basin, and Virgin Basin con-
tain authigenic hectorite associated with dolomite,
celestite, halite, and cristobalite, according to E. F.
Brenner-Tourtelot and R. K. Glanzman (1978).
Some of these deposits are closely associated with
travertine spring mounds and stromatolitic algal
structures interbedded with altered voleanic ash
beds indicative of a shallow-water environment of
deposition in saline waters and a possibility that
some of the elements were introduced by thermal
spring waters.

Clays similar to those deseribed above have been
identified in Tertiary lacustrine deposits in the Date
Creek Basin near Wickenburg, Ariz., the Rio
Grande rift zone near Socorro, N. Mex. (Bren-
ner-Tourtelot and Machette, in press), a basin of
unknown extent near Lincoln, Mont. (Brenner-
Tourtelot, Meier, and Curtis, 1978), and in the
moat-fill sediments of the McDermitt caldera com-
plex near MecDermitt, Nev. (Glanzman, Rytuba,
and McCarthy, 1978). Lithium-enriched clays as
much as 40 m thick occur in altered volcaniclastic
sediments that are exposed for about 45 km along
an arcuate belt of outcrop on the north and west

sides of the McDermitt caldera, according to Glanz-
man and Rytuba (1978). Clays on the northern side
of the caldera complex contain as much as 0.4 per-
cent Li and resemble hectorite in their physical
properties, whereas those on the west side of the
complex contain as much as 0.7 percent Li and have
different physical properties. Like hectorite, this
previously unknown lithium clay mineral is dom-
inantly a trioctahedral smectite. But unlike hector-
ite, the clay mineral contains significant amounts
of aluminum and iron but little fluorine in the struc-
ture, and it does not disperse in water. Extraction
tests by the U.S. Bureau of Mines confirm the dif-
ferent physical and chemical properties of the two
clay minerals and indicate the feasibility of lithium
recovery from both, according to D. C. Seidel (writ-
ten commun., Dec. 1978).

While the high-alumina flint clays, such as those
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