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EXECUTIVE SUMMARY

The objectives of the U.S. Geological Survey's platinum consultancy were to improve the
knowledge of the Directorate of Mineral Resources (DMR) staff about platinum-group elements
(PGE), compile information on PGE occurrences in Indonesia, train in analytical techniques for the
PGE, advise on establishing analytical capability for PGE, and advise and design methods for
PGE exploration in Indonesia. The final report presents the results of these activities.

A two week workshop on Platinum-Group Element Deposits and Environments was
presented from May 12 to 27, 1989. The course included lectures and practical training with rocks
and thin and polished sections. In addition, exercises were used to focus the application of this
information on developing a mineral resource assessment.

Robert R. Carlson inspected the laboratories and advised on additional material needed to
perform PGE analyses. He also gave instruction in PGE chemistry and analytical techniques and
focussed on practical training for the fire assay chemist.

Information (published, unpublished, and new data) gathered by the U.S. Geological
Survey and Directorate of Mineral Resources on PGE occurrences in Indonesia are summarized in
this report. Most of the investigations have focussed on Kalimantan and include field work,
laboratory studies (particularly the identification of platinum-group minerals (PGM) using
analytical tools in the United States), as well as compilation and synthesis of data in the office. A
mineral resource assessment of southeastern Kalimantan identified 4 permissive areas for the
occurrence of primary PGE deposits. Detailed investigations of one of the permissive areas (Riam
Pinang) in southeastern Kalimantan were directed at defining sources of PGM known to occur in
placer deposit in S. Tambanio. The two most valuable exploration methods for defining
prospective areas are recording the PGM seen in pan concentrate samples in the field and Pt, Pd,
and Au analyses of pan concentrate samples. Geologic mapping, examination of pan concentrate
and stream sediment samples, PGE analyses of rock, pan concentrate, and stream sediment
samples, scanning electron microscope and X-ray diffraction studies; and petrographic
observations indicate at least two sources for the PGM in the alluvial deposits in this area: (1)
alluvial deposits on terraces 20 to 30 meters above the present drainages and (2) intrusive dunitic
bodies that are probably parts of Alaskan type ultramafic complexes.

Recommendations for additional exploration in the Riam Pinang area include: (1)
identification and evaluation of the elevated alluvial deposits by photogeologic interpretation, field
mapping, and geochemical studies and (2) geologic field mapping, geophysical mapping-ground
magnetic studies, and geochemical investigations to define the Alaskan type ultramafic complexes
that probably are the source of the PGM. The area of the Riam Pinang needs to be completely
studied and understood before selecting another area in Kalimantan for study because insights
gained from the Riam Pinang can be applied to evaluations of new areas. Besides continuing a
search for lode sources of PGM in Kalimantan, the other known occurrences of PGE on other
islands in Indonesia should be systematically evaluated.

STATEMENT OF CONTRACT OBJECTIVES

The objectives of the contract include: (1) improving the knowledge of the Directorate of
Mineral Resources (DMR) staff on geology, geochemistry, geophysics, and exploration techniques
for platinum-group elements; (2) advising on compilation methods for existing platinum-group
element (PGE) information including geology and occurrence data; (3) advising on the evaluation
and exploration of prospective PGE areas; (4) helping design methods and phases for exploration
after preliminary examination of sites; (5) giving practical training in analytical techniques for PGE
and associated pathfinder elements, and (6) giving assistance and advice in the establishment of the
necessary analytical capability for PGE.

ACTIVITIES
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The major activities of the U.S. Geological Survey (USGS) in coordination with the
Platinum-Metals Team in DMR consisted of: (1) preparation and presentation of a workshop
entitled Platinum-Group Deposits and Environments; (2) evaluation of laboratory equipment and
supplies for doing fire assay PGE analyses and instructional training and advice in techniques and
methods for PGE analysis; (3) compilation of information on PGE occurrences in Indonesia; (4)
assessment of the PGE potential of southeastern Kalimantan via field and laboratory studies; and
(5) development of recommendations related to PGE exploration and evaluation in Indonesia.

Preparation for the workshop given in Bandung began August, 1988 in the United States.
It involved extensive efforts by M.L. Zientek, N.J Page, J.A. Peterson, and D.L. Mosier to put
together over 1200 pages of information to be used as course notes and to gather and prepare
polished slabs, thin sections and polished sections from diverse PGE localities world-wide.
Organization and preparation continued after arriving in Bandung, April 26, 1989 until, Page and
Zientek presented the workshop between May 12 and 27, 1989.

R.R. Carlson spent part of May 16-27, 1989 inspecting old and new laboratories in the
company of Andi Djunudin and Soeharto Oemar and noted the operating condition and state of
repair of the analytical instruments, availability of necessary materials, and the capacity of the
sample preparation area. After the inspection, he compiled a list of additional necessary materials
and instruments for practical training in PGE analysis by fire-assay techniques. Some time was
spent in explaining observations and recommendations concerning the state of the equipment and
techniques.

Carlson compiled a list of available chemists and their current specialities before giving
preliminary instruction in platinum-group element chemistry and analytical techniques. A
shortened and simplified version of this material was presented to the members of the PGE course.
Several days were spent in instructional training of a fire-assayer, wet chemist, and atomic
absorption spectrographer in the details of how to perform fire-assay-emission spectrography and
atomic absorption for PGE and on site instruction of the fire-assayer in use and repair of the fire-
assay equipment.

Before arriving in Indonesia and during the time in Indonesia, Zientek and Page compiled
and checked information on occurrences of PGE. This information is summarized in this report
and forms the basis for preparing a mineral resource data base.

Our principal counterpart in DMR was Bambang Pardiarto. Bambang directed the efforts
of the DMR Platinum Exploration Team in the office and in two field surveys in the Riam Pinang
area supported by P.T. Aneka Tambang. The first survey was conducted in August and
September, 1989 by Bambang Pardiarto, Pudjosudjarwo, Bambang Nugroho Widi, Tata Henda,
and A. Muchsin (surveyor). The second survey was conducted in February, 1990 by Bambang
Pardiarto, Bambang Tjahjono S, Bambang Nugroho Widi, and Semi (surveyor). Zientek helped
plan and guide the field and laboratory investigations done by the Platinum Exploration Team and
assisted in interpretation of the results of the surveys.

Because of budgetary limitations, field activities of the USGS investigators were limited to
short trips to visit active prospect areas. As part of the assessment of the PGE potential of
southeastern Kalimantan, Zientek visited Kalimantan between June 1 - 5, 1989 with geologists
from DMR and P.T. Aneka Tambang. Participants in the field excursion included 12 geologists
from DMR, Bandung (Yaya Sunarya, Deddy T. Sutisna, Pudjosudjarwo, Hendro Wahjono,
Wahyu Widodo, Simpwee Soeharto, Iwa Gartiwa, Umi Kuntjara, Ronald P. Sibarani, and
Zulkifli Oesman) and two geologists from Aneka Tambang (Alwi Wikrama and Marolop
Simanjuntak). In addition, Samsi Djamiun, chief of the branch office for Aneka Tambang in
Pleihari, joined the group for parts of two days. The itinerary for this trip is outlined below:

June 1  Bandung - Banjarmasin - Banjarbaru
June2  Tanah Ambungan (magnetite - spinel ore in clinopyroxenite); Batakan (podiform
chromite in tectonized harzburgite)
June 3 é: - l;gaM placers on S. Tambanio near Riam Pinang; diamond -Au - PGM placers at
mp
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June 4  Pigat (Au in sheared serpentinite); Pamali area, Sungai Ahim (Pamali breccia and
podiform chromite)
June 5 Banjarbaru - Banjarmasin - Bandung

Zientek and Page returned to Kalimantan December 1 and 4, 1989 to field check some of
the information gathered by the Platinum Metals Team in the Riam Pinang area. Participants were
Yaya Sunarya, Bambang Pardiarto, Pudjosudjarwo, Gusti Hidayat, and Suparmo (from DMR)
and Eddy Sutrismo, Alwi Wikama, Aries Widjaja, H. Kardiansjah, and Suhaili Saudani of P.T.
Aneka Tambang. The itinerary for this trip follows:

December 1 Bandung - Banjarmasin - Banjarbaru. Short trip to illustrate geographic setting of
the diamond-Au-PGM placer deposits near Cempaka

December 2 Geologic and geophysical investigations, Riam Pinang area

December 3 Au-PGM placer at S. Pirik; stratabound sulfide deposits and placer deposits near
G. Damargusang.

December 4 Banjarbaru - Banjarmasin - Bandung

Zientek traveled to the Celatuh area in West Java to look at exposures of ultramafic rock on
March 25 and 26, 1990.

Laboratory investigations by the USGS included several weeks of scanning electron
microscope investigations of platinum-group mineral (PGM) concentrates from various localities
by Robert Oscarson in Menlo Park, California, X-ray diffraction analyses of mineral grains by
Richard C. Erd in Menlo Park, and PGE analyses of rocks by Robert Carlson and other chemists
in Denver, Colorado. Laboratory investigations by DMR included mineralogical studies of heavy
mineral concentrates, and selection and preparation of samples for PGE analysis by P.T.
Geoservices (Ltd.) via P.T. Aneka Tambang. Joint, cooperative office investigations by DMR and
the USGS included examination of rocks, compilation and revision of geologic, stream sediment,
heavy mineral concentrate, PGE analytical data, and mineral occurrence maps for southeastern
Kalimantan and for the prospect area selected for more detailed study. Other compilation efforts
included the description and cataloging of all known PGE occurrences in Indonesia.

WORKSHOP ON PLATINUM-GROUP ELEMENT DEPOSITS AND
ENVIRONMENTS

The workshop was presented as lectures and laboratory exercises by Zientek and Page as
well as practical exercises of mineral exploration and assessment for PGE in Indonesia. The
workshop generated the necessary background knowledge and enthusiasm to design a PGE
exploration program for part of Kalimantan by the Platinum Exploration Team with advice and
recommendations of the USGS. It also provided a framework to consider other mineral deposit
types and the modern techniques for mineral resource assessment and exploration. The outline of
the lecture notes for the course is included in appendix A.

The topics covered in the course were:
(1) Slg)ply, demand, prices, commodity, chemical, physical properties, and mineralogy of the

PGE

(2)  Mineral deposit models and their uses,

(3)  Mineral Resource assessment techniques,

(4)  Overview and introduction to platinum group mineral deposits covered in the course,

(5) PGE associated with large layered stratiform intrusions,

(6)  PGE deposits associated with ophiolite assemblages,

(7)  PGE deposits associated with mafic and ultramafic rocks in greenstone belts and rift zone
environments,

(8)  PGE deposits associated with "zoned Alaskan" and synorogenic mafic and ultramafic
intrusions,

)] Outline of analytical methods for PGE,

(10) PGE deposits associated with alkaline intrusions in mafic and ultramafic rocks,

10
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(11)  Case studies of stream sediment and soil geochemistry in the exploration for PGE,

(12) PGE deposits associated with hydrothermal systems,

(13) PGE deposits associated with sedimentary rocks,

(14) Overview of geophysical techniques applied to mafic and ultramafic rocks and associated
mineral deposits,

(15) Mineral resource assessment techniques applied to placer deposits in Kalimantan,

(16) Review of PGE deposits and environments discussed in the course.

The course participants were:

NAME AFFILIATION

Yaya Sunarya, Ir. DMR/Metallic Min. Exploration

R. Simpwee Soeharto, M.Sc. "

Pudjosudjarwo, B.Sc.

S. Widasaputra, Ir.

Hendro Wahjono, B.Sc. "

Bambang Pardiarto, Ir. "

Deddy T. Sutisna, M.Sc. "

Wahyu Eidodo, Ir. "

Danny Z. Herman, Ir.

Atok S. Prapto, BE "

Iwa Gartiwa GS., BE "

Syahya Sudarya "

Dodo Djuanda, BE "

Rudy Gunradi, Ir. "

Djoko Santoso, Ir.

Bambang Nugroho Widi, Ir. "

Tata Henda, Ir. "

Yusuf Laleno, Ir. "

Deddi Sugandi, Ir. "

Sumadi, B.Sc. "

Akih Sumpena, BE "

Umi Kuntjara, Ir.

Zamri Tain, Ir. "

Ronald Sibarani, Ir. "

Achmad Tholib, Ir. "

Maman Sumantri, Ir. DMR/Geophysics
Edi Sumardi DMR/Geophysics
Zuldifli Oesman, Ir. DMR/Peat and Coal
Edi Suhaedi, Ir. DMR/Peat and Coal
Susi Ernawati, Ir. DMR/Geochemistry
Nuryasin DMR/Geochemistry
Bagdja P. DMR/Geochemistry
Wiwien E.T. DMR/Geochemistry
Rosmimik DMR/Geochemistry
Oman DMR/Geochemistry
Sudradjat DMR/Geochemistry
Alwi P.T. Aneka Tambang
Marolop Simanjuntak, B.Sc. P.T. Aneka Tambang

PLATINUM-GROUP ELEMENT ANALYTICAL PROCEDURES:
REVIEW OF METHODS, STATUS OF LABORATORY
FACILITIES, AND RECOMMENDATIONS

11
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Review of methods

The instruction provided R.R. Carlson covered the following topics related to

analytical techniques for the PGE; a method of analysis of dore” beads is presented in appendix B.

I.
II.

IIL

Iv.

The platinum-group metals-a brief history of their discovery and early chemistry
General obstacles to successful platinum group analysis
An overview of analysis for PGE (platinum-group elements)

A. Extraction of PGE
1. Inorganicleach
2.  Organic leach
3. Volatization
4. Fusion
B. Detection Systems
1.  Gravimetric
2.  Colorimetric
3.  Atomic absorption
a. Flame
b. Flameless
4. Emission spectrographic
5. Neutron activation
6. X-ray
7. Ion chromatographic
8.  Inductively coupled plasma
a. Emission spectrography
b.  Mass spectroscopy
Analytical techniques
A. Inorganic leach methods for:
1.  Colorimetric determination
2. Atomic absorption determination
3.  Neutron activation
B. Organic leach method
C. Ionchromatography techniques
D. Emission spectrography
E. Fire-assay preconcentration methods

1. Classical Pb assay
a.  Gravimetric determination by acid parting
b. Acid digestion to:
i.  Flame atomic absorption determination
ii.  Graphite furnace (flameless atomic absorption determination)
iii. ICP-mass spectroscopy determination
Emission spectroscopy determination
2. le assay, acid digestion to:
a.  Atomic absorption determination
b.  Neutron activation determination
c.  ICP-mass spectroscopy determination.

The instructional notes for this outline are included as appendix C.

Status of laboratory facilities and recommendations

Based on a review of the laboratories and equipment Carlson recommended the following
actions to develop a PGE analytical capability in DMR utilizing a fire-assay/emission
spectrographic method:

12
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(1) The existing 10 year old emission spectrograph must be repaired. It is in relatively good
condition, but is currently inoperable due to some unknown electrical problem (could be extremely
simple or moderately difficult to repair). One of the two spectrographic film readers is reportedly
operational if supplied with proper voltage. The emission spectrograph is not in demand for
analytical work, and it could therefore be dedicated to PGE analysis. It would also allow for the
determination of all six PGE whereas fire-assay/graphite furnace atomic absorption analysis would
only give results for Pt, Pd, and Rh. Use of the emission spectrograph would also eliminate
contamination problems for the graphite-furnace atomic absorption unit that could result from
running the silver or gold bead used to collect the PGE. A dark-room would be required in the
new lab.

(2) The fire-assay furnaces are new and operable, but the room needs to be completed with the
addition of a flux/sample mixing laboratory bench and dust hood (preferable a bench-level laminar
flow hood). An acid digestion hood is also planned for the room, but is not currently present.

(3) Two balances are needed: a top - loading 120 g flux/sample balance graduated to 1/100 g
(Mettler PIZO) and a 9 -10 mg balance for lighter weighing of silver or gold inquarts.

(4) Other hardware that are needed include:

4-6 polyethylene canisters (3 to 4 liter size) with tight fitting lids for flux reagents

an assortment of 0.1 liter to 0.25 liter scoops for transferring flux reagents

medium and small nickel spatulas

cupel tongs

a hearth rake for bone ash

20 - 40 ml water dipper on a furnace length handle

stainless steel mixing forks for flux mixin

a supply of 30 g (mostly) and 40 g (20 percent of total) crucibles

20 - 45 kg of bone-ash

5) Reagcnts (the Australian premixed flux is probably not suitable for the variety

of sample types that would be submitted):

MEm 0 oo o'

a. Litlarge (such as c.p. Pueblo brand - ASARCO)
b. Silica, 140 mesh (Fisher Scientific)
¢. Sodium carbonate, calcined, purified (Fisher Scientific, Baker)
d. Sodium tetraborate, fused-ground (Fisher Scientific, Baker)
e. Graphite, grade No. 38 (Fisher Scientific)
f. Silver oxide, AgyO powder - Specpure, Johnson Matthey Chemicals
g. Electrodes: Ultra Carbon anodes-No. C001489-00 U-Z grade, Ultra Carbon cathodes
No. 001686-00 U-Z grade
h. Film: 35 mm Kodak spectrum analysis No. 1
i. Developer-D - 19
j- Gas: 70 percent argon / 30 percent oxygen mixture
k. PGE compounds: Specpure, Johnson Matthey Chemicals, Ltd:
1. (NHy), Os Clg
2. (NHg), Ru (H70) Cl5
3. (NHy), Ir Clg
4. (NHg), PtClg
5. (NHy), Pd Cly
6. (NHy4)3Rh Clg H,O

7. (NHy) AuCly
OVERVIEW OF PLATINUM-GROUP ELEMENT OCCURRENCES
IN INDONESIA

13
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The presence of PGE in Indonesia has been known since 1831 when it was discovered in
Kalimantan. Later (1904), PGE were reported from Sumatra. Between 1831 and 1922, about
53,700 troy ounces are estimated to have been produced (Quiring, 1962). Laurite (RuS2) was first
identified in materials from Kalimantan by Wohler (1866) and since that time various investigations
on PGE in Indonesia have been published.

During the course of the consultancy, information was collected on known PGE
occurrences in Indonesia and forms the background for the focussed investigations in southeastern
Kalimantan. The information is organized by island and represents a summary of old, new,
published and unpublished data (Figure 1).

Java

Platinum group element minerals are reported to occur near Cilacap and in the Jampang
Kulon area.

CILACAP, CENTRAL JAVA

Minute quantities of platinum-group minerals were reported to occur in black sands along
the seashore near Cilacap (Banyumas). Anonymous (1918) cites Maier (in Natuurk. Tijdschrift
voor Ned. Indie, XVII, p. 395) who described metal with bluish silvery luster together with gold
in sands of Cilacap. Currently, P.T. Aneka Tambang is mining 300,000 tons/year of iron-rich
black sand from the Cilacap area. No PGM have been reported from this production.

JAMPANG KULON, WEST JAVA

In 1985, a DMR team found 2 grains of PGM in pan concentrate samples from alluvial
gold deposits in the Jampang Kulon area (Figure 2). The sample location is on the tributary of the
Cikaso River. The drainage basin in which this sample occurs is underlain by the Lower Miocene
Jampang Formation which consists largley of andesitic breccia, lava, and tuffs. The only exposure
of ultramafic rock in the region is the Ciletuh ultramafic rock complex that crops out approximately
20 km to the west (Sukamto, 1975).

Sumatra

Alluvial deposits containing PGM have been described from the River Woyla near Tutup in
northern Sumatra and from Bengkalis, Riau in central Sumatra. Platinum-group elements are
reported to occur in skarn deposits near Muara Sipongi. Platinum and palladium analyses have
been done on Pasaman ultramafic rock samples.

GENDONG CONCESSION, RIVER WOYLA, TUTUP, ACEH

Alluvial gold, platinum - iron alloy, osmium - iridium alloy, cinnabar, copper - zinc alloy,
and copper - tin alloys are found in the rivers which drain the Meulaboh - Tutup area (Bowles
and others, 1984). Dredging of modern alluvium on either side of a bend in the Woyla river 2 km
west of Tutup was conducted from 1940 to 1942 (Figure 3). The source of most of the Au and
PGM in the modern alluvial are two to three terraces of sands, clays, and conglomerates (Tutup
Formation); these gold bearing deposits cover an area of 416 km? with a thickness of about 10 m

14
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Figure 1. Location of PGE occurrences in Indonesia.
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....................................................................................................................

Figure 2. Distribution of Au and PGM in pan concentrate samples from the Jampang
Kulon - Sagararten area, west Java. Fc is size-weighted estimate of the
volume of Au in a pan concentrate sample.

.....................................................................................................................
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Figure 3. The remains of dredging operations in the River Woyla near Tutup, north
Sumatra modified from Bowles and other (1984).

.....................................................................................................................
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on the Woyla and its tributaries (Cameron and others, 1982; Bowles and others, 1985).
Production figures and ore grade for the dredging operation are unknown except for general
statement that platinum production was on the order of kilograms per month.

Samples of precious metal concentrate produced today contain 93 percent Au, 5 percent
Ag, 1.5 percent PGM, and 0.5 percent Hg (Bowles and others, 1984). Bowles and others (1984)
use these figures and the reported dredge capacity to estimate recoverable ore grades of 0.15 ppm
Au; 0.0008 ppm Ag; 0.002 ppm PGE, and 0.0007 ppm Hg. Au: PGE, therefore is about 60: 1 .
Dredging operations were resumed in this area in 1987 by MMC. Additional references: Young
and Johari (1980).

SINGENGGOE SKARN DEPOSIT, KOTANOPAN, NORTH SUMATRA

Hundeshagen (1903 - 1904) described a skarn that contains up to 8 ppm Pt, 4 ppm Au, and
2 ppm Ag. The skarn mineralogy was 80 percent wollastonite, 12 percent grossular garnet, and 5
percent bornite. Cu-rich ores from the same locality (2 to 10 percent bornite and malachite)
contained only trace quantities of Pt. PGM were not observed in thin section or finely powdered
concentrates but were found in nearby river sands as rounded grains 0.1 to 0.3 mm in diameter.
The locality was originally described as situated near the main road (Sumatra highway) at the
Singenggoe river near Kotanopan. Bowles and others (1984) note that confusion has since arisen
over the position of this skarn occurrence. In later summaries and on the 1: 250.000 geologic map
of the area (Rock and others, 1983), the Pt - bearing skarn is noted as occurring 12 km to the
southeast, at the Pagaran Si Ajoe mine. Despite regional and detailed mapping and sampling
programs in the Muara Sipongi area (Rock and others, 1983; JICA and MMAJ, 1983, 1985), Pt
contents of skarn deposits were not investigated. Bowles (1984) presented analyses of 2 flakes of
high - Ag alluvial gold from the River Gadis, which drains the Muara Sipongi area, that had 0.01
to 0.02 percent Pd and suggested these grains may had been derived from gold - silver veins in
Tertiary volcanic rocks.

BENGKALIS AU-PGM PLACER DEPOSITS, RIAU

PGE was produced as a by product of alluvial gold deposits in central Sumatra (Bengkalis,
Riau). The alluvial deposits occur on S. Singingi, a tributary of the S. Indragiri, southwest of
Rengat, in the Logas area. Production by means of a bucket dredge during the period 1937 to
i949 was 1060 kg gold and 2.564 kg platinum (van Bemmelen, 1949). Au/Pt is therefore about

00/1.

P.T. Aneka Tambang continued dredging operations in the area formerly mined by the
Dutch in 1966; work continued until 1971. P.T. Aneka Tambang has defined approximately 30
million m3 of gravel with 180 mg/m3 Au by Bangka drilling approximately 10 km downstream
from the old dredge field. Trace amounts of PGM also occur there.

PGE ANALYSES OF PASAMAN ULTRAMAFIC ROCK, NORTHERN SUMATRA

Table V - 1 in JICA and MMALJ (1985) presents chemical analyses of Pasaman ultramafic
rocks. Thirteen samples are harzburgite and there is one sample each of dunite and dolerite. The
rocks were analyzed for major elements as well as Cr, Ni, V, Co, Pt, Pd, and Au. The highest Cr
content is 3400 ppm. For all 15 samples, Pt is less than 50 ppb; 11 samples have Pd below 10
12)88; 4 %amples have 10 ppb Pd. Au ranges from 5 to 1050 ppb; S samples have Au greater than

ppo.

Sulawesi
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Samples of placer and lateritic chromitite, laterite, and dunite from South Sulawesi have
been analyzed for Pt, Pd, and Rh (Group Ophiolite, 1988; Table 1). The samples are from three
areas: Soroako, Towuti Lake, and Barru. Results for various rock types are summarized below:

Table 1. Summary of Pt, Pd, and Rh analyses of samples from the Soroako, Rowuti Lake, and
Barru areas, South Sumatra.

Rock type (Number of samples) Pd(ppb) Pt(ppb) Rh(ppb)
| Min/Max/Mean _ Min/Max/Mean _Min/Max/Mean
Chromite-rich beach-sand (11) 07/11/4.4 <1/30/97 <05/4371.1
Laterite (21) 1.6/33/122 <1/42/158 <0.5/4.8/1.7
Chromitite (15) <05/22/62 05/29/34 <05/19/3.8
Dunite (3) 2.1/52/40 1.8/52/40 <05/0.7/0.6
Sand (1) 2 6.2 < 0.5

PGM are also reported from heavy minerals concentrates from beach gravels near Momo
and Baubuang in Central Sulawesi (approximately 138 km southwest of Luwuk. The concentrates
were made from gravels collected at shallow depths (few meters) in holes drilled for gas
exploration by Total Oil Co. (France) in 1988.

Kalimantan

Platinum was discovered in Borneo (Kalimantan) in 1831. From that date to 1922, Quiring
(1962) estimates the total production of platinum metals has been about 53,700 troy ounces. The
mineral laurite, was first identified in Kalimantan (Wohler, 1866). Placer PGM are known from 3
localities in East Kalimantan and numerous localities in South Kalimantan (Plate 1). Mertie (1969)
also indicates platinum and osmiridium were found in placer deposits in west Borneo (between
south Borneo and Serawak); however, we have not been able to locate any information about these
occurrences.

MARAH AREA, EAST KALIMANTAN

Alluvial PGM have were discovered during the course of placer exploration on the S.
Marah and the S. Telan in East Kalimantan. Approximately 90 test pits have been put into terrace
gravels on the S. Marah, S. Wahau, and S. Telan, north and northwest of Muarawahau by P.T.
Aneka Tambang (Figure 4). These rivers ultimately drain into the S. Mahakam.

Six test pits were put into gravels on S. Wahau; 46 on S. Telan, and 38 on S. Marah.
Noteable concentrations of PGM were found only in the pits on the S. Telan and S. Marah. The
terrace deposits are 2.5 to 7 m thick; the productive gravels near bedrock are 0.5 to 3 m thick.
Widths of the terraces ranges from 200 to 1000 m. Grades of the gravels are low, approximately
50 mg/m3 Au and 10 mg/m3 PGM. Au/PGM (grains) in these test pits is 20/1. Preliminary
investigations of the mineralogy of the PGM from a bulk sample collected from a test pit on S.
Marah (SM 20) is summarized in Table 2. The bulk sample from this location contained
120 mg/m3 Au; 14.002 mg/m3 Ag; and 6.620 mg/m3 Pt. Platinum minerals dominate; the studied
particles are subangular to subrounded, generally about 0.8 mm in diameter.

A belt of ultramafic rocks approximately 500 m to 1 km wide occurs upstream from the
g:aunum-occuxrcnccs on S. Telan and S. Marah. There are no 1: 250.000 scale geologic maps for

is area.
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Figure 4. Map showing the occurrence of PGM S. Marah area, East Kalimantan.
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Table 2. Summary of SEM investigations on PGM from S. Pedohon and S. Marah, East

Kalimantan and Cempaka, South Kalimantan

Phase Number of grains
S. S. Marah Cempaka
Pedohon
Pt-Fe alloy dominant
no inclusions 13 6 15
chromite inclusions 1 1
intergrown with tulamenite 1
laurite inclusions 1
Os-Ir alloy inclusions 10 1
Cooperite 2
Intergrowth of Os-Ir alloy 1
with minor Pt-Fe alloy;
chromite inclusions
Os-Ir alloy dominant
no intergrowths 1 1
intergrowth with Pt-Fe alloy 1
intergrowth with Pt-Fe alloy and 1
laurite
intergrowth with laurite 1
intergrowth with Ir-Fe-Rh and 1
Ir-Rh-Sb phases
Amalgam 2
Size range of investigated particles
(mm) 0.6t0 L.5 0.3t014 0.2t 1.7
Mean size of investigated particles
(mm) 1.1 0.8 0.9

TABANG AREA, EAST KALIMANTAN

PGM were discovered during the course of reconnaissance geologic investigations in this
area (DMR under contract to P.T. Ingold). PGM were found at one location on the S. Pedohon,
immediately downstream from the confluence of the S. Pedohon and S. Imau near the village of

Tabang (Figure 5). S. Pedohon is a tributary of the S. Belayan. The sample was taken from

modern alluvial deposits in the stream channel. Au/PGM is about 5/1. Cinnabar was also found in

the pan concentrate sample.
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.....................................................................................................................

Figure 5. Map showing the occurrences of Au, PGM, and cinnabar (Hg) in pan
concentrate samples, Tabang area, East Kalimantan. Location of ultramafic
rock exposures shown by cross-hatchuring.
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Detailed investigations of the mineralogy and morphology of the particles are summarized
in Table 2 and Figures 6 - 9. The principal mineral is Pt - Fe alloy. Os - Ir alloys are common,
both as plate like-inclusions and intergrowths with Pt - Fe alloy (Figure 6) and as isolated grains.
Laurite occurs as inclusions in Pt-Fe alloy (Figure 7) and intergrown with Os - Ir alloy and Pt-Fe
alloy (Figure 6D). An unusual particle, illustrated in Figure 8, consists of an intergrowth of Os - Ir
alloy (bent, sheet-like grains), and two unidentified phases. One phase contains Ir - Rh - Fe - Sb -
S (Figure 9) and typically shows distinct cleavage or parting (Figure 8B). The second phase
consists of Ir - Fe - Rh (Figure 10) and typically forms mottled or smooth surfaces on the particle
(Figure 8B). Inclusions of chromite were found in two particles (Figure 11).

The morphology of the individual particles is quite varied. Some grains are very angular or
preserve delicate intergrowths of phases; others are subrounded. This variation in the degree of
rounding is illustrated for equant particles of Pt - Fe alloy in Figure 12. The size of the particles
studied averaged 1.1 mm.

Rocks in the vicinity of this area are dominantly andesitic and basaltic rocks with some
beds of sandstone and limestone. Small dioritic intrusions are also present. A very small exposure
of ultramafic rock occurs upstream on S. Imau. It is the only ultramafic rock exposure mapped in
the survey area.
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