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INTRODUCTION
In conjunction with preparing maps of the geologically 

permissive areas for the occurrence of platinum-group 
elements (PGE) in the conterminous United States (Zientek 
and others, 1988; Peterson, in press), the Mineral Resource 
Data System (MRDS) has been updated to provide more 
detailed information about PGE. MRDS now contains 505 
records for PGE in the conterminous United States, 109 of 
which are completely new records, and many others of 
which are previously existing records that have been 
updated with PGE information. These maps and table 
represent the status of the MRDS records as of November 
1993; because MRDS is designed to be dynamic, further 
information about PGE c?n be added as it becomes 
important or available.

The initial effort in ihe i970's to catalog PGE localities 
(Blair and others, 1977; Page and Tooker, 1979) involved 
an extensive literature search for mention of PGE in all 
types of mineral deposits and provided individual 
occurrence records for all identified localities of PGE 
regardless of PGE concentrations or whether the presence 
of PGE had been verified. Entries included sites where PGE 
had been mined, where PGE-bearing minerals had been 
documented, for which PGE analytical information existed, 
and where someone reported the presence of PGE. This 
was a valid approach at that time because there was sparse 
analytical information for PGE. Since that time, much 
more analytical information has become available, 
particularly for podiform chromite deposits (Carlson and 
others, 1985) but also elsewhere within the United States 
(see, for example, Page and others, 1992). Some of these 
recent studies, enabled by more sensitive analytical 
techniques that can now detect very small quantities of 
PGE, are beginning to suggest that small amounts of PGE 
may be present in a wide variety of deposit types, some of 
which are not hosted within the conventional magmatic ore 
deposits.

For the present study, every effort was made to enter 
records into MRDS for PGE occurrences in mines or 
prospects from which PGE have been mined, for which 
PGE minerals have been documented, or for which 
analytical data indicate concentrations of PGE either greater 
than or equal to 100 ppb or, for podiform chromite 
deposits, in the upper 10th percentile of analyzed deposits. 
In addition, some occurrences have been included 
regardless of PGE concentration, such as those for which

scientific data suggest that further study may be warranted 
to characterize the occurrences (PGE in the Mesozoic Hsins 
of the eastern United States, for example) or where the 
geologic environment is of current interest to explorationists 
(PGE in black shales, for example). However, to attempt to 
catalog all known analytical occurrences of PGE withfn the 
United States would be a formidable task and not of much 
use in delineating deposits of potential interest for PGE 
exploration. Should mining technology or economic 
conditions change such that very low grade occurrences 
become targets for PGE production, then the appropriate 
PGE data should be entered into MRDS.

Because of the differing "occurrence" definitions used 
when entering MRDS data, the PGE information appears 
somewhat haphazard; rather than delete those records for 
which the PGE information is unverified or PGE values are 
low, the table and map in this paper broadly indicate the 
relative importance of the records by indicating the 
knowledge of PGE for each MRDS entry and by showing 
on the map only those localities that meet the analytical 
cutoff, identified mineral, or PGE production criteria 
mentioned above. Several references to PGE localit^s in 
the older literature that could not be approximately located 
or verified have not been included.

In the 1980's the U.S. Geological Survey Hgan 
publishing mineral deposit models, some of which 
characterize types of deposits known to contain PGE (Cox 
and Singer, 1986). Where appropriate, these models have 
been assigned to the PGE occurrences documented in 
MRDS (see table 1). Other PGE occurrences that are fairly 
well described but which do not fit into published models 
have been given informal deposit-type names. Tome 
occurrences are so poorly understood or so poorly 
described that it was not possible to determine a deposit 
type. These have been classified as "unknown."
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TYPES OF PLATINUM-GROUP-ELEMENT 
OCCURRENCES

The MRDS data file contains 505 records of reported 
PGE occurrences within the conterminous United States. 
Of these occurrences, nearly half are in placers, but PGE 
have also been reported within many types of lode deposits 
including conventional magmatic PGE-bearing deposits 
within mafic and ultramafic rocks and unconventional 
occurrences in mafic and ultramafic rocks as well as 
occurrences in unconventional environments. For 
presentation in this report, PGE occurrences have been 
grouped into six broad deposit-type categories, a 
miscellaneous category, and a category for unknowns. The 
six main categories are residual deposits, magmatic sulfide 
deposits, magmatic oxide deposits, hydrothermal deposits 
associated with mafic or ultramafic rocks, hydrothermal 
deposits associated with calc-alkaline porphyry rocks, and 
deposits associated with alkaline igneous rocks. The 
miscellaneous deposit-types category includes polymetallic 
replacement, massive sulfide, epithermal vein, low-sulfide 
gold-quartz vein, and carbonate-hosted gold-silver deposits 
plus several occurrences for which there are no models, 
including a PGE-enriched black shale, platinum in 
pyrobitumen, a glacial erratic, and sewage sludge. The 
unknown deposit-types category is for those occurrences 
about which little is known other than a location (commonly 
approximate). Some aspects of PGE occurrences in these 
eight categories are discussed below. References to 
information specific to certain occurrences or areas are not 
cited below; see table 1 for citations for individual 
occurrences.

RESIDUAL DEPOSITS

Placer gold-PGE

PGE-bearing placers have been reported in many 
states but are most common in the Pacific Coast states. 
Many of these PGE occurrences are, or are thought to be, 
accompanied by placer gold derived from known lode 
deposits within the drainages. PGE in placers, however, 
have rarely been traced to specific lode deposits, even 
though permissive host rocks are usually present within the 
drainages. An exception to this is the reported occurrence 
of PGE in placers of streams draining New Rambler copper- 
gold-PGE deposits in Wyoming. The PGE-bearing placers 
in the conterminous United States have all been classified as 
placer gold-PGE deposits (Yeend, 1986), even where gold 
has not been reported to be present because either the gold 
to PGE ratio or the geologic environment is inappropriate 
for the occurrence of placer PGE-gold deposits (Yeend and 
Page, 1986; Singer and Page, 1986).

In most of the placers, the quantity and grade of PGE 
are such that they could not have been recovered 
economically alone and, typically, platinum-group minerals 
(PGM) were discarded. The extremely low grade (for PGE) 
but very large gold fields on the major rivers at the base of 
the Sierra Nevada have been the only consistently

productive placer PGE operations in the conterminous 
United States. Small quantities of PGE have been produced 
elsewhere, however, particularly from the Waldo area of the 
Klamath Mountains, Oreg., and from beach sands along the 
Pacific coast of Oregon and Washington. Total PGE 
production for California has been estimated at about 
30,000 oz (Sjoberg and Gomes, 1981) and for Oregon at 
1,500 oz (Mertie, 1969). This compares with about 68.2 
million oz gold from those same placers in California and 
about 213,000 oz gold from those placers in Oregon 
(Koschmann and Bergendahl, 1968). PGE production from 
Washington is not known but is likely small, and placers in 
other states are not known to have produced PGE.

The PGE reported for many placer localities in the 
older literature are simply reported as platinum rather than 
as individual PGE and many have not been verified by 
modern studies. However, two important older studies of 
PGE placers are those of Day and Richards (1906), who 
analyzed heavy-mineral contents of black-sand concentrates 
from placers in the western United States, and of Logan 
(1919), who made a comprehensive study of PGE 
occurrences in California. Other old assay reports for 
placer (and lode) occurrences may or may not be reliable for 
several reasons; most are considered unverified unless other 
corroborating evidence is available. Also, visual 
identification of PGM in placer (and lode) deposits may or 
may not be reliable, and most of these are considered 
unverified in this report. For some of the reported 
localities, the report of PGE is suspect and may have been 
the wishful thinking of an eager prospector or the cunning 
of a swindler. Unverified occurrences of PGE in placers 
(and in other deposit types as well) have been noted in 
table 1.

Lateritic nickel

Laterites, common in the Klamath Mountains of 
California and Oregon and in central Washington, are 
derived from weathering of ultramafic rocks in accreted 
ophiolite terranes. PGE have been reported in several 
lateritic nickel deposits (model: Singer, 1986c) but have 
been confirmed only at the Hanna Nickel Mine, Oreg., 
where PGE are present in the 10's of ppb range, and at the 
Rough and Ready Bench, Oreg., where PGE were 
produced as a byproduct of a placer operation. In fact, the 
Hanna Nickel Mine has been the only successfully exploited 
nickel laterite in the conterminous United States. Other 
laterites may also contain PGE but have not yet been 
analyzed for them. Based on the very limited analytical 
data available, PGE-rich laterites comparable to those in 
Australia, which have parts per million grade zones (Elliott 
and Martin, 1991), do not appear to be present because of 
differences in source rocks, but further analysis may be 
warranted.

MAGMATIC SULFIDE DEPOSITS
Magmatic sulfide deposits containing PGE are generally 

found in mafic to ultramafic zoned or layered plutons where



they have formed several styles of mineralization from 
stratiform or stratabound mineralization of the Merensky 
Reef PGE (model: Page, 1986c), Picket Pin (Boudreau and 
McCallum, 1986), or Glen Mountains Layered Complex 
(R.W. Cooper, 1993, oral commun. to M.L. Zientek) type; 
to disseminated to massive mineralization near the margins 
of plutons as in Duluth copper-nickel-PGE (model: Page, 
1986b), Stillwater nickel-copper (model: Page, 1986d), or 
synorogenic-synvolcanic nickel-copper (model: Page, 
1986e) deposits; and to more discordant, lenticular, or less 
lithologically constrained mineralization like that of sills in 
the Mesozoic basins of the eastern United States (Gottfried 
and others, 1989), several mineralized areas of the 
Stillwater Complex, and Acoje nickel-copper-PGE deposits 
(model not yet published).

The most important area of the conterminous United 
States for magmatic sulfide deposits is the Stillwater 
Complex, Mont., which is host to the only productive 
primary PGE deposit in the conterminous United States a 
Merensky Reef PGE-type deposit in the Banded series, the 
uppermost major division of this large layered mafic to 
ultramafic intrusion. Although thus far exploited only at the 
Stillwater Mine, this mineralized zone, the J-M Reef, 
extends the entire length of the complex. Other styles of 
sulfide mineralization that have also been found in the 
Banded series include Picket Pin-type deposits related to 
impermeable horizons and more discordant mineralization 
as at the Janet 50 and Coors 602 prospects. In the Basal 
series and locally in the Peridotite zone of the Ultramafic 
series (the other two major divisions of the Stillwater 
Complex) are Stillwater nickel-copper deposits, which 
typically contain 10's to a few hundred parts per billion total 
PGE. This style of mineralization also extends the length of 
the complex.

Also important for PGE mineralization is the Duluth 
Complex, Minn., a large composite intrusive mafic complex 
related to Keewenawan flood basalt eruptions during the 
formation of the Proterozoic Midcontinent rift. The base of 
the complex contains copper-nickel deposits, many of 
which are known to contain parts per million-level PGE in 
high-grade zones. Currently, PGE are not known from all 
of these deposits, but the geologic setting allows their 
presence. Most of the MRDS records report PGE only at 
those localities where they are known to be present.

Other layered mafic plutons in which sulfide-related 
PGE have been found include the Glen Mountains Layered 
Complex, Okla., the Lake Owen Complex, Wyo., and the 
Lady of the Lake Complex, Mont., all of which have greater 
than 500 ppb platinum*palladium in mineralized areas.

Few synorogenic-synvolcanic nickel-copper and Acoje 
nickel-copper-PGE deposits have been identified within the 
conterminous United States. The Shamrock Mine, 
southwestern Oregon, and the Friday Mine, southern 
California, which contain greater than 500 ppb 
platinum+palladium, are examples of PGE-bearing 
synorogenic-synvolcanic deposits. The Illinois River sulfide 
occurrence, Oregon, contains more than 500 ppb 
platinum +palladium and is similar to Acoje deposits. At

Preston Peak in northern California, the low 10's of parts 
per billion PGE mineralization has some similarities to that 
of Acoje deposits but is not well described by the mode' and 
has thus been classified as unknown.

MAGMATIC OXIDE DEPOSITS
Some magmatic segregations in mafic and ultramafic 

intrusions formed oxide rather than sulfide deposits. The 
most important of these for PGE in the conterminous 
United States are Bushveld chromite-type (model: Page, 
1986a) chromitite layers in the Peridotite zone of the 
Ultramafic series in the Stillwater Complex and podiform 
chromite deposits (model: Albers, 1986) in accreted 
terranes of the continental margins. Both types of deposits 
produced only minor amounts of chromite, mainly during 
war times, when foreign sources were restricted and 
government support programs were active. Less important 
in the United States are Alaskan PGE (model: Page and 
Gray, 1986), PGE-bearing oxide deposits of the Ante'ope- 
Pony area of Montana, and PGE-enriched areas o* the 
Humboldt lopolith of Nevada.

The rocks enriched in chromite in the Stillwater 
Complex are found in several layers extending the lenoth of 
the complex, all of which contain some PGE. However, 
the B chromitite layer, which is particularly enriched in 
PGE, has been informally called PGE-enriched stratiform 
chromitite (Hammarstrom and Zientek, 1993) because it is 
sufficiently enriched as to be potentially exploitable for 
primary PGE deposits. These deposits contain part- per 
million-level platinum and palladium, whereas the other 
chromite layers contain less PGE and would net be 
economic for PGE production alone. These Bushveld 
chromite-type deposits, if mined for chromium, would not 
likely produce PGE in the recovery process.

There are numerous podiform chromite deposits in 
the accreted ophiolite terranes of the Pacific Coast states 
and some in the Appalachian Blue Ridge province. Many 
of the deposits in California and Oregon and a few in the 
eastern United States have been analyzed for PGE and 
small amounts of PGE are present in virtually all pod *orm 
chromite deposits (Carlson and others, 1985; Lipin, 1984). 
For existing records in which podiform chromite deposits 
were said to contain PGE, these commodities have been 
retained regardless of their PGE content as determin?d by 
Carlson and others (1985). Of the remaining pod form 
chromite deposits for which there are analyses, records for 
those exceeding the upper 10th percentile value of one or 
more PGE (64 ppb Pt, 10 ppb Pd, 26 ppb Rh, 320 ppb 
Ru, 170 ppb Ir, see Page and others, 1986) were either 
updated to show the presence of PGE or added as new 
records if no record existed. Podiform chromite deports in 
Washington have not received the same scrutiny as those in 
California and Oregon. Three chromite deposits in 
Washington are reported to contain PGE, one with 
supporting analytical data, and are included in MRDS; 
others may also contain relatively high concentrations of 
PGE but have not yet been analyzed. The very small I odies



of chromite-bearing ultramafic rocks in accreted terranes in 
the Blue Ridge province of the Appalachian Mountains 
typically contain PGE in the tens of parts per billion range 
(Lipin, 1984, oral commun., 1993).

Plutons at Chanchelulla Peak, Calif., and Tincup Peak, 
Oreg., represent mineralized Alaska-type plutons, although 
the style of mineralization is not typical of of Alaskan PGE 
deposits in that accompanying chromite or other oxides are 
lacking (M.L. Zientek, written commun., 1993). At 
Chanchelulla Peak, platinum and palladium values range up 
to 500 ppb but at Tincup Peak, values are only in the 10's 
of ppb for mineralized samples.

The Antelope-Pony area of Montana is one of several 
areas of ultramafic rocks in the Archean province of 
Wyoming and Montana in which are found concentrations 
of chromite (M.L. Zientek, 1993, written commun.). In the 
Antelope-Pony area, osmiridium was identified. PGE have 
also been found in the Red Lodge district, Montana, but not 
in sufficient quantity (64 ppb Pt+Pd+Rh, Loferski, 1986) to 
merit inclusion as a MRDS record for PGE at this time.

The Humboldt lopolith hosts magnetite deposits that 
locally contain more than 500 ppb PGE. The origin of 
these deposits is not yet well understood, so while they may 
represent a type of magmatic oxide deposit, they have been 
classified here as unknown.

HYDROTHERMAL DEPOSITS ASSOCIATED 
WITH MAFIC OR ULTRAMAFIC ROCKS

Two mining districts have long been known to contain 
PGE in what are generally thought of as somewhat 
unconventional settings. Although these deposits are 
spatially associated with mafic intrusions, the deposit 
characteristics are more like those of hydrothermal deposits 
than conventional magmatic segregation deposits. These 
areas are the Revais Creek area, Montana, and the New 
Rambler area, Wyoming. In both districts copper, gold, and 
PGE are the main commodities, although not all the mines 
in each district are known to contain PGE. The Revais 
Creek deposits are associated with diorite and gabbro dikes 
but are also hosted by adjacent quartzite and argillite, 
particularly in zones of intense shearing and alteration 
(Buckley, 1992). The New Rambler ores were found in 
irregular shaped pockets within decomposed, sheared, 
amphibolitized gabbro and ultramafic rocks that may be 
related to a quartz-carbonate fissure vein system (M.L. 
Zientek, 1993, written commun.). One mine in each 
district has produced several hundred ounces of PGE. Ore 
samples from some other mines in these districts contain as 
much as parts per million-level PGE and there are 
unconfirmed reports of PGE from still other mines in these 
areas. There are no published deposit models for these 
deposits and they are insufficiently understood currently, 
due to poor exposure and intense oxidation, to know 
whether they belong within a single model or merit separate 
models. For the MRDS records, these deposits have been 
assigned the informal model names New Rambler copper- 
gold-PGE and Revais Creek copper-gold-PGE.

HYDROTHERMAL DEPOSITS ASSOCIATED WITH 
CALC-ALKALINE PORPHYRY ROCKS

Several porphyry copper (model: Ccx, 1986b) and 
porphyry-related skarn (model: Cox, 1986c) deposits, such 
as the Mission Mine, Ariz., Santa Rita Mine, N.Mex., 
Liberty Pit, Nev., and Bingham Mine, Utah, have produced 
small amounts of PGE as byproducts of the copper mining, 
although the amount of this PGE product'on generally is 
not reported. However, porphyry copper deposits have 
very low PGE grades, as determined f-om the small 
amounts of PGE that are extracted from sm?lter recoveries. 
Small quantities of PGE may be present ir other deposits 
related to calc-alkaline rocks as has been found at the 
Copper Canyon Mine, Nev., and at Carr Fork, Utah, but 
where smelters receive ore from several mines, the source 
of any recovered PGE cannot be determined. The nature 
of the PGE occurrence in porphyry copper and related 
deposits is not understood. Additionally, one Climax 
molybdenum deposit (model: Ludington, 1986), the Questa 
mine in the Red River district, N.Mex., reportedly contains 
PGE, but this occurrence has not been verified. A few 
deposits identified as polymetallic veins (model: Cox, 
1986a) are reported to contain PGE. The only analytical 
data come from the Gingerload deposi*, Nev., where 
mineralized samples are reported to contain as much as 
600 ppb platinum and PGE minerals have been identified, 
and from the New Light Mine, Wash., whe~e platinum was 
found in mill concentrates.

DEPOSITS ASSOCIATED WITH ALKALINE 
IGNEOUS ROCKS

Three PGE-bearing deposits in the conterminous 
United States are associated with alkaline rocks and one 
with a carbonatite. The alkaline associated deposits are the 
Copper Hill Mine, Cob., in the alkaline /llard Stock; the 
Copper King Mine, Mont., associated witk the syenite at 
Goose Lake; and the Comstock Mine, Wash., associated 
with alkaline rocks of Shasket Creek. All carry as much as 
parts per million values of platinum and palladium in sulfide 
concentrates or sulfide-rich rock samples. None of these 
deposits have produced PGE but their concentrations 
suggest potential recovery as byproduct? of any future 
mining operations. Unlike the Phalabora deposit, the Iron 
Hill carbonatite, Colorado (model: Singer, 1986a), is not 
particularly enriched in PGE. A sample collected for a 
scientific study ran only 39 ppb platinum.

MISCELLANEOUS DEPOSIT TYPES
Several types of deposits fall into tho miscellaneous 

category, which is simply a collection of deposit types that 
do not fit into any of the foregoing categories. They all are 
found in unconventional environments fcr PGE deposits. 
Of these, two types are important for PGE while the 
presence of PGE in many of the others is unverified or a 
scientific curiosity. The Boss Mine in the Goodsprings 
district, Nev., has been characterized as a polymetallic 
replacement-type deposit (D.A. Singer, written commun.,



1993; model: Morris, 1986) from which about 1,200 oz of 
platinum-*-palladium have been produced along with gold, 
silver, copper, and a little lead. Mines in this district are 
hosted within dolomitized limestone near a quartz 
monzonite sill or within the sill itself in an area that appears 
to lack mafic or ultramafic rocks. Geophysical data suggest, 
however, that an ultramafic mass may underlie the district 
at depth (D.A. Singer, oral commun., 1993). Although 
PGE have been reported in old assays of ore collected at 
several other mines in this district, there have been no 
recent studies to verify this. Also important because of 
recent interest in PGE in black shales of China and Canada 
(Grauch and others, 1991) is the Gibellini deposit in 
Nevada, where more than 500 ppb platinum has been 
detected in mineralized samples.

Kuroko massive sulfide deposits (model: Singer, 
1986b) and other massive sulfide deposits appear to 
contain small quantities of PGE as seen in old smelter 
returns from the Iron Mountain Mine, Calif., and as traces 
in channel samples at the Broadway claims, Wyo.

Reports of PGE in a few epithermal vein deposits in 
the western United States are unverified. Generally, these 
deposits are not well enough described to indicate the type 
of vein deposit, but they were tentatively classified as Sado 
epithermal (model: Mosier and others, 1986a) or 
Comstock epithermal (model: Mosier and others, 1986b) 
veins. Such vein deposits are not likely candidates for 
economic concentrations of PGE.

Gold samples from three low-sulfide gold-quartz vein 
mines (model: Berger, 1986b) in the Alleghany district of 
the Mother Lode (Calif.) contain as much as 86.4 ppm 
platinum, indicating that platinum, at least, is present in this 
type of deposit. There are also unconfirmed reports of 
PGE from several other possible low-sulfide gold-quartz 
veins throughout the western United States.

Jasperoid samples collected from mine dumps near 
Mackay, Idaho, contain as much as 384 ppb platinum and 
88 ppb palladium. The deposits have been tentatively 
identified as carbonate-hosted gold-silver deposits (model: 
Berger, 1986a).

Verified occurrences of PGE are known from a 
pyrobitumen sample collected near Fonda, N.Y., from a 
glacial erratic found near Plattsburg, N.Y., and from sewage 
sludge collected at a sewage treatment facility near San 
Francisco, Calif. These occurrences are scientific 
curiosities.

UNKNOWN DEPOSIT TYPES
Nineteen PGE localities are listed as having an 

unknown deposit type. A few of these have been discussed 
above. The literature for most of the rest of these deposits 
generally had little descriptive information other than a 
location and commodity list. In a few cases, it was not even 
possible to determine whether the deposit was a placer or 
lode.

PRESENTATION OF THE TABLE AND
For each MRDS record listing PGE as a comm-xlity, 

table 1 provides a map number (used in this publication 
only) for those locations plotted on the map (see below); the 
MRDS record number; name of the deposit used in MRDS; 
location by county and by latitude and longitude; deposit 
model assignment, using published U.S. Geological Survey 
models where appropriate, informal deposit-type 
designations followed by "(no model)", or "unknown"; a 
reference list showing in bold type those reference- that 
mention PGE; and an indication of the type of PGE 
knowledge available. This information provides a clear 
indication of how to find any particular occurrence within 
the MRDS records and what literature was used to complete 
the record. The literature cited within MRDS is not 
intended to be exhaustive for any given property. All 
unpublished sources are cited in table 1 as "Unpub. data" 
and in the reference list that accompanies table 1 as 
"Unpub. data. See individual MRDS record for specific data 
source." For some records, I could not find all the cited 
references, particularly some of the unpublished dat«\ and 
for others, I examined all the cited material but found no 
reference to the PGE information already contained in the 
record; this is indicated in the references and PGE 
knowledge columns of the table.

The conterminous United States map and insets show 
the locations for those PGE localities compiled in MRDS 
that meet the geochemical, mineralogical, or production 
criteria stated above; not plotted are those localities for 
which the presence of PGE has not been verified or for 
which analytical values are low. Different map symbols 
represent occurrences in the deposit-type groupings 
discussed above. In addition to categorizing occurrences by 
deposit type, the importance of each deposit is indicated by 
the size of the symbol used; several deposits thet are 
important from a production, geologic, or historical 
perspective are shown on the maps with a larger svfnbol 
(and are in bold type in table 1).
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