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Preface

In response to the request from the Government of Malaysia, the Government of Japan
decided to conduct a study on Coal Exploration and Assessment in Sabah, Malaysia and
entrusted the study to the Japan International Cooperation Agency (JICA).

JICA sent a study team headed by Mr. Takehiko Shima of Mitsui Mining Engineering
Company Ltd. 1o Malaysia eleven times during the period from March 1997 to July 1999,
The teamn held discussions with the officials concerned of the Government of Malaysia, and
conducted ficld surveys in the study area. After the study team returned to Japan, further

studies were conducled and the present report was prepared,
I hope that this report will contribule to the exploration and the assessment of the coal
resources in Sabah and to the enhancement of friendly relationship betwcen our (wo

countries.

I wish to express my sincere appreciation to the officials concerned of the Government of

Malaysia for their close cooperation extended (o the study team.

September 1999

Kimio Fujita

President

Japan International Cooperation Agency



September 1999
Mr. Kimio Fujita

President

Japan International Coopezation Agency
Tokyo, Japan

Dear M. Fujita,
tt itta

We are pleased to submit to you the report on the Study on Coal Exploration and Assessment
in Sabah, Mataysia. The report contains the advice and suggestions of the auvthorities concerned
of the Government of Japan and your Agency as well as the formulations of the above
mentioned study. Also included are comments made by the Minerals and Geoscience
Department, the Ministry of Primary Industry of the Government of Malaysia during techaical
discussions on the draft report which were held in Kuala Lumpur,

The study was divided into two Phases. Malibau, Southwest Malibau and Silimpopon areas
were selected for detailed study in Phase 2 from the extensive study area in the south central
Sabah based on the results of Phase 1.

The report comprises the studies in both Phases and presents the geological assessment of coal
resources in the study areca and a concepiual mine development plan as well as initial
environmental examination in Southwest Malibau and Silimpopon areas. Finally, the
cconomical potential of coal mine development was evaluated in the report. It was concluded
that Silimpopon area had some potential for future development.

In view of the nced for development of indigenous coal resources in Malaysia, we recommended
further investigation in Silimpopon arca and a comprehensive master plan on coal resources
development including Maliau and surrounding area.

We wish to take this opportunily to express our sincere gratitude {o your Agency, the Ministry
of Foreign Affairs, and the Ministry of International Trade and Industry. We also wish to
express our deep gratitude to the Minerals and Geoscience Department and other authorities
concerned of the Government of Malaysia for the close cooperation and assislance extended to
us during our study.

Very truly yours,

%j, I S

Takehiko Shima

Team Leader

The Study on Coal Exploration and
Assessment in Sabah, Malaysia
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1. Infroduction

1.1. Qufline of the Study

1.1.1, History of the Study

In response 1o the request of the Government of Malaysia, the Goverament of Japan
decided to conduct a Study on Coal Exploration and Assessment in Sabah, Malaysia (the
Study). The Scope of Work for the Study was agreed upon between Geological Survey
Department Malaysia (GSD) and Japan International Cooperation Agency (JICA) on 21
November 1996.

The study consists of lwo phases and Phasc ! study was carried out from March 1997 to
March 1998. At the Evaluation Committce Meeting held in Kuala Lumpur on 11 march
1998, a decision was made to proceed to Phase 2 based on the result of Phase 1 study.
Phase 2 sludy was commenced in July 1998 and all the field investigations and the studies
in Malaysia were completed in March 1999. Further study was carried on in Japan to
complete this final report, which incorporated all the results of Phase 1 and Phase 2

studics,

The study has been carried out by JICA study team, which is composed of Mitsuvi Mining
Enginecring Co., 14d. and Nikko Exploration and Development Co., ftd., in close
cooperation with GSD personnel. The members direcily involved in the study are as

follows:

JICA Study Team

Takehiko Shima Team Leader
Norikatsu Kancko Geology
Yuzo Kawaguchi Geology
Hideya Kikuchi Geology
- Yoshihiro Kikuchi Geology
Masahiro Suzuki Geology
Atsushi Kakizaki Mine Development
Tokichiro Tani - Envisonment

i-1



GSD Sabah

Alexander S.W.Yan {eader

Wong Vui Chung Geology
Badrol Mohamad Geotogy
Dee Dee L. Lakkui Geology

Mohamad Faizal Hamdan  Geology

Richard Clemen Geology

Since Ist July 1999, Geological Survey Deparlment Malaysia (GSD) has been refeded as
Minerals and Geoscience Depattment Malaysia (MGD) following the merger of Geological
Survey Depariment and Mines Departinent. In the present report, however, former name

(GSD) is used as the countespart agency of the Malaysian Government.
1.1.2. Objective and Scope of the Study

(1) Objective of the Study

The following is the overalt objective of the Study as defined in the “Scope of
Work™

{(a) To conduct coal exploration and assessment in the Malibau and Silimpopon-Serudong

Basins. The study area is shown in Figure 1-1.

(b) To transfer technology and know-how to GSD personnel in the course of the

cooperative study both in Malaysia and Japan.

(2) Scope of the Study

The Study consists of two phases and the scope of the study in each phase are as
follows:

(a) Phase 1 - Geological reconnaissance sutvey in the whole study area and preliminary

evalualion of coal resources

(i) Colicction and analysis of existing information, data and reports

-2
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(ii) Geological reconnaissance survey
(iii) Coal sampling and analysis
(iv) Evaluation of coal resources - reserves and quality

(v} Preliminary appraisal of mining potential

Based on the results of the Phase 1 study, implementation of Phasc 2 is decided at the

final stage of Phase 1.

(b) Phasc 2 - Detailed geological mapping, pretiminary mining plan, initial environmental

examination and recommendation on coal resource development

(i) Photogrammetric mapping at a scale of 1:10,000
{(ii) Detailed geological mapping in the sclected areas
(iii) Coal sampling and analysis

(iv) Evaluation of coal resources - reserves and quatily
(v) Preliminary plan of coal mine development

(vi) Initial environmental examination

(vii) Bvaluation of potential and recommendation for coal mine developrent

Overall schedule of the study is shown in Figore 1-2.

1.2, Background of the Study

1.2.1. Energy Policy in Malaysia - Role of Coal

Malaysia has various kinds of encrgy resources. Their in-silu reserves and potential

capacity as of 1995 has been cstimated as follows :

Crude oil : 4.1 billion barrels (540 mtoc)
Nalural gas ;85 tef (2,160 mtoe)

Hydro power @ 29,000 MW

Coal : 982 million tonnes

(Source: Seventh Malaysia Plan}
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In the past, encrgy consumption in Malaysia was primarily dependent on imported oil. After
the sccond oil crisis in 1988, however, nation's strategy was shifted to conserve exisling oil
rescrves and to increase gas utilization for the purpose of decreasc in oil dependence and

diversification of energy sources.

This stralegy was succecded by "Four Fuel Energy Policy ", which is the principle of the
present encrgy policy and pursues diversification and balanced utilization among the four
encrgy oplions - oil, gas, hydro and coal. An important part of this policy is the priorily

given to indigenous crergy utilization.

In the Scventh Malaysia Plan (1996 - 2000) established in 1996, stronger cinphasis is given
to coal wlilization. One of the reason is the concern aboul long-terin sustainability of gas
utilization owing to diminishing natural gas reserves. It is suggesled that the gas utilization
for power gencration may be declined after the year 2000, if further gas rescrves are not

discovercd.

In the Seventh Malaysia Plan, the role of coal is stressed as quoted below :

" In line with efforts to pursue the fuel divessification policy within the least-cost planning,
coal will play an increasingly important role during the Plan period. Exploration and
assessment of coal resources will be stepped up by the Geological Survey Deparlment and
the private seclor, particularly in Sabah and Sarawak. The development of known coal
deposits is expecied to be intensificd in view of high demand for coal in clectsicity
generation and cement manufacture, Aboul 90% of the 5.5 million tonnes required annually
by the country will be met by import, With improvements in the infrastructure leading to
coal deposits, the production of tocal coal is expected to increase further. Local coat
production is expecled to increase from 200,000 tonnes in 1995 to 510,000 tonnes by the
year 2000, most of which will be used locally.”

It is also mentioned in the Plan that the private sector is expected to play a key role in the
activities of exploration, development and production of coal. However, due 1o the long
lead time, the benefit of this private sector-led initiative is expected to be realized after
2000. Further, the importance of the efforts is pointed out to increase the pool of expertise

and improve the know-how, especially in underground mining.
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Next table is the {uel mix in electricity generation shown in the Plan. It indicales that
natural gas occupics 70% of total Tuel and the share of coal will incicase from 9.7% in 1995
to 16.5% in 2000.

Fuel Mix in Electricity Generation, 1993-2000

1990 1995 2000
GWIL (%) GWH (%) GWH (%)
Ol 9,532 (41.9) 4,704 (11.2) 4,667  (6.7)
Coal 3,146 (13.8) 4,068 (9.7 11,427  (16.5)
Gas 5,967 (26.2) 28,689 (68.4) 48029 (69.2)
Hydro 4,061 (17.8) 4,424 (10.5) 5204 (7.5)
Others 62 (0.3) 76 (0.2) 69 (0.1)
Tolal 22,768 (100.0) 41,961 (100.0) 69,416 (100.0)

(Source: Seventh Mataysia Plan)
1.2.2. Coal Demand and Supply
{1) Present Status
(a) Coal resources
Almost all the coal resources in Malaysia are prescnt in Sarawak and Sabah of East

Mataysia with a small amount in Peninsula Malaysia. Next table is a summary the known

coal resources in Malaysia by State and by resource class.

Coal Resources in Malaysia  (1,0001)

Measured Indicated Inferred “Total . -
Sarawak 170,680 100,910 455,840 727,430 (74%)
Sabah 4,300 1,500 231,700 238,000 (24%) - -
Peninsula : i 17,000 17,000 (2%) ¢
Total 175,480 102,410 704,540 - 982,430 (100%) -

(Source: Geological Survey Department Malaysia)



(b) Coal supply
As shown in the following table, more than 90% of total coal supply is dependent on the

unported coal.

Coal Supply in Malaysia (1}

Domeslic Imported Total
1994 173,749 1,380,833 1,554,582
1995 114,100 2,003,315 2,117,415
1996 73,747 3,003,294 3,077,041
1997 105,231 2,550,511 2,655,742

{Source: Malaysian Minerals Yearbook)

The main countrics exporling coal to Malaysia arc shown in next table. The maximum
exporter is Indonesia followed by Australia. These two countrics occupy more than 90%

of total import.

Coal Import by Countries {f)

1994 (%%) 1995 (%)
Indonesia 935,099 (67.7) 1,303,833  (65.1)
Australia 330,247 (23.9) 509,198 (25.4)
India 65,623 (4.8) 62,675 (3.1}
China 8734 (0.6) 25,587 (1.3)
Victnam 6,945 (0.5) 9,814 (0.4)
South Africa 32,659  (2.4) 133 (<0.1)
Others 1,526 (0.1) 92,075 (4.6)
Total 1,380,833 (100.0) 2,003,315 (100.0)

(Source: Deparlnicnl of Slatistics)

Beradai Mine, owned by Global Minerals, is an only coal producer in Malaysia. It is located
in the central part of Sarawak and opcrating an open-cut mine with truck and shovel system.
Coat production is at lower level than expected. One of the difficulties for the mine is coal
transportation. Coal is transported with frucks and barges for more than 300 km to the
shipping point. Product coal is used mainly in power stations in Port Kelang and Kuching,

with small portion for exporl to Japar and Taiwan,
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{c) Coal consumption
Most of the coal in Malaysia are used for power generation and cement manufacture.
Broadly speaking, 60% is for power generation and 40% is for cement manvfacture as

shown in the next table ;

Domestic Coal Consumption (Unit: 1,0001)

Electricity (%) Cement (%) Others Total
1990 1,161 (61.3) 692 (36.6) 40 1,893
1991 1,375 (61.7) 815 (36.5) 40 2,230
1992 1,382 (59.0) 914 (39.0) 45 2,341
1993 1,262 (54.7) 1,002 (43.4) 45 2,309
1994 1,350 (55.3) 1,040 (42.6) 50 2,440
1995 1,570 (56.3) 1,170 (41.9) 50 2,790

(Source: Barlow Jonker Pty. 1.td, Malaysian coat profile 1996)
(2) Futore Prospect

Based on the figures in the Seventh Malaysia Plan, the fulure trend of coal demand in

Malaysia was eslimated.

{a) Power Generation

Based on the table of "fuel mix in eleciricity generation", coal demand in 2000 is cstimated

in comparison with the resulls in 1995.

1995 - 2000
Installed capacity {GWH) 4,068 11,427
Coal demand (1,000 ) 1,570 - 4410

The following ate the power plants, existing and under construction.

Power Plant Capacily (MW)  Operation Coal Demand {1000 t)
TN Port Kelang - Phase 2 2 x 300 1998 : 1,500
TNB Port Kelang - Phase 3 - 2 x 500 1999 - 2,500
SESCo Kuching 2 x50 1999 C 400



{b) Ccment manufacture
Estimate from the table "final commercial encrgy demand by source”. In this table, the

amount of coal is regarded as for cement manufacture.

1995 2000
Encigy (coal) (PJ) 40.1 92.0
Coal demand  (1,0001) 1,170 — 2,680
(c) Total demand (a + b)
1995 2000
Power 1,570 4,410
Cement 1,170 2,680
Total 2,740 7,090

The above-mentioned figures of 4.4 million tonnes for power genetation is the assured coat
demand after the operation stast in the power plants under construction. Aftenwvard, there
are plans to construct large scale power plants including IPP (Independent Power Producer)
between 2001 and 2005. Coal requirement for these new planis exceeds 10 million tonnes.
Although the time for completion of these plant is uncertain, the possibility of significant

increase in coal demand for power gencration must be high in near future.

The second oil crisis in late 1970s prompled cement companies to convert fuel used in their
plants from oil to coal. By 1988, all ptants were using only imporied coal or mixing with
oil. Demand for cement product is largely affecled by the tendency of construction industry,
particularly of public undertaking. It is expected that the demand for cement will grow in

ncar future as the recession in Asian countries is being recovered.

With respect to the coa) supply, production of Beradai Mine, which is the sole coal
producer in Malaysia, stays in a low level and development of new coal mine will not be
realized easily and quickly. Therefore, to meet the increasing demand for coal, dependency
to imported coal will continue for the moment, As stated in the Seventh Malaysia Plan, it

is expected to facililate the exploration and develop a new coal mine in the near future,



2. Summary of Phase 1 Study



2. Summary of Phase 1 Study
2.1, Study Area
2.1.1. Location and Access

The Study Area is situated in the south-central part of State of Sabah as shown in Figure
1-1. It is bounded by the Indonesian border on the south and lics in an area of latitude
4° 51 Non the north and longitude 1177 30" Eand 116° 50 E on the cast and wesl
respectively. The arca is approximately 2,000 kil in size and covered by the following

existing topographic sheets on a scale of 1 to 50,000:

4/116/8 (Tambulanan), 4/116/12 (Gunung Maliat), 4/117/1 (Gunong Kuli),
4/117/2 (Gunong Moritok), 4/117/5 (Sungai Kalabakan), 4/117/6 (Sungai Tiagau}
4/117/9 (Gunong Luis), 4/117/10 (Scrudong)

The arca is accessible by road from Tawau via Luasong or Kalabakan at a distance of about
90 km to the eastern border of the arca. Within the area, several routes are passable by
vchicle and some of them are being used for log transportation at present. However, most
of the previous togging roads branching off from the main roads have been deleriorated and

abandoned as soon as logging opcrations finished.

There is neither vitlage nor inhabitant within the area except a few camps owned by timber
companies. Nearest vitlages to the study area are Kalabakan and FLuasong; both are located
close to the castern border of the area, Kalabakan is a base of timber related activitics where
saw mills and loading facilities to barge are in operation. In Luasong, there is the forestry

center operated by Yayasan Sabah (Sabah Foundation).
2.1.2. Topography and Climate
Figure 2-1 shows the topography and drainage system in the arca.

The major part of the area, particulasly the weslern part, is hilly and mountainous and

mosily covered by the sccondary jungle. Several mountain tops exceed 1,000 m with the
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highest peak of 5,500 1 (1,676 m) in the southwest. The relicl becomes gentle and lower
toward the southcast and comes o low-lying land in the lower reaches of several rivers.

Extensive plantation of oil palm is found in this parl.

The drainage system in the area is complex but divided into two main systems as a whole.
The one extends in the major pait of the arca and compriscs several rivers, including
Kalabakan, Serudong and Silimpopon Rivers. They flow principally toward the southeast
and [inaily into Cowic Harbour. The other is Kuamut River and its tributarics in the
northwestern part of the arca. It flows toward the northeast as far as Sulu Sea near
Sandakan. A winding range of mountains forms the watershed of the arca as shown in

Figure 2-1.

The metecorological data in Table 2-1 are extracted from the statistics for the past seven

yeats observed at Forestry Center in Luasong.

Table 2-1 Meleoralogical Data at Luasong (1990 ~ 1996)

RAINFALL {(mim) TEMPERATURE (C)

Average Maximum Minimum High lLow

Jan 190.9 296.7 506 317 215
Feb 2020 333.0 108.6 321 219
Mar 210.1 4943 60.2 32.6 222
Apr 170.5 3204 44.5 328 227
May 259.1 359.0 156.7 329 23.1
Jun 208.8 268.0 1442 322 229
Jul 2324 428.7 1425 320 2238
Aug 2331 3958 1115 32.1 229
Sep 230.4 413.0 882 322 227
Oct 207.8 489.1 136.4 324 225
Nov 260.1 367.1 180.5 7 22,5
Dec 215 391.6 186.1 316 222

Total 2760.8 3919.6 2072.1

As scen in the above table, the temperature is invariable throughout the year, A difference

of 107C between the highest and the lowest temperatures represents the change in a day.
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‘The annual rainfall shows a great variation from 2,072 mm in 1991 to 3,920 mm in 1995,
Monthly rainfall figurcs do not indicate any clear distinction between dry and wet scasons.
It seems that, however, rainfall in January to April is less and that in October to December

is more compared with other months, although it also varies widely in every year.

2.2. Geological Investigation

2.2.1, Previous Work

In carly 1900', geological traverses or reconnaissance {rips have been made by several
foreign geologists in and around the study area, but their reports are unavailable. Between
1950 and 1952, P. Collenctie made a geological investigation on the coal deposits in
Sitimpopon arca. He also carried out a reconnaissance geological survey between 1958 and
1960 in a wide area of south-central part of Sabah, including the present study arca. The

results of these investigations are givea in the following reports:

Coltenette, P. (1954). The coal deposits and a summary of the geology of the Silimpopon
arca, Tawau District, Colony of North Bornco.
Collenette, P. {1965). The geology and mineral resources of the Pensiangan and Upper

Kinabalangan area, Sabah, Malaysia.

BHP Minerals has carried out reconnaissance coal exploration in the major part of south
central Sabah, which includes Maliav, Malibau, Luis-Sesui, Serudong and Silimpopon ares,
for several years since 1986 under a prospecting licence, Their results indicate a good

polential of coal resources in Maliau Basin.

GSD Sabah has started exploration for coal in the study area in 1994 under the Mineral

Exploration Programme and the results are given in the following reporls:

Reconnaissance prospecling for coal in Malibau Basin. Repart No. SB/CIL/94/1
Reconnaissance survey for coal in Gunong Luis Arca. Report No. SB/CEL/95/1
Follow-up prospecting for coat in Malibau Basin. Report No. SB/CL/95/2
Reconnaissance survey for coal in Southwest Malibau Area. Report No. SB/CL/96/1

Reconnaissance prospecting for coal inTambulanan Barat. Report No. SB/CL/96/2
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Reconnaissance prospecling for coal inTambuianan Timur. Report No. SB/CL/96/3

All the relevant information in the above reports were examined and used for the present

sludy.

2.2.2. Method of Geological Investigation

In ordcr to investigate whole of the extensive study arca within a limited period, surface
geological survey was carried out laying emphasis on the areas or zones where the

occurrenice of coal seam had been expected based on the previous reports.

The study arca was divided into following thrce sub-areas: (approximate size)
Sub-arca A : Northeastern part including Malibau area, (800 km)
Sub-arca B : Southwestern part including Southwest Malibau area, (700 kiii)
Sub-area C : Southeastern pari including Silimpopon area, (500 ki)

Each sub-area was investigated at three separate stages. A basc camp was sct up in each @
sub-area and temporary camps were required wheze investigating siles were unaccessible
by vehicle and too far to travel on fool. Representative mapping routes were selected mostly
atong old logging tracks or streams. Every outcrop atong the routes was geologically
investigated and at the same time, its location and elevalion was surveyed with a compass,
tape and haud level. Outcrop positions and survey points wetze plotted instantly in ficld

mapping sheets together with the observed geological data.

All the coal outcrops were logged lithologically and numbered except thin seanis or of poor
quality like coaly shale. Forty five (45) coal samples were collected feom outcrops and
analyzed at the coal laboratory in GSD Sarawak. During the field work in sub-arca C, an

outcrop of Queen Scam near the old mine sile was investigaled and sampled. e

'The advantage of the above-mentioned mapping method is that a geological soute map is
prepared and available in the ficld and the stratigraphic position of each outcrop can be
understood by drawing a cross seclion along the route. ‘This method is effeclive particularly
for the coal field like the study arca where a large number of coal scams ace present with

steep dips.



The location and the number of the mapping routes are shown in Figure 2-2 and all the field

aclivities carricd out in Phasc 1 are summarized in Table 2-2.

Table2-2  Summary of Geological Field Werk (Phase 1)

Sub-area A B C Total
(Malibau) | (SW Malibau) | (Silimpopon)
Size (approximate kirl) 800 700 500 2,000
Period of Field Work 6-30 Aug 16 May-15Jun | 280ct-21Nov 8idays

Distance of Mapping Route | 40km (131t) 71km (1511) 78km (15r1) | 189km (431t}

Coal Outcrops Investigated 141 112 37 290

Coal Samples (analyzed) 12 14 19 45

2.2.3. Regional Geology

According to the Geological Map of Sabah (Third Edition, 1985}, most of the study area
is underlain by the Tanjong and the Kapilit Formation of Early to Middle Miocene age, as
shown in Figure 2-3. Other Testiary Formations named Labang, Kuamut, Kalabakan and

Simengaris distributc in the periphery of the area.

Collenette {(1965) has indicated that the Tanjong Formalion passes into the Kapilit and the
Kalabakan Formations to the southeast. The relationship among these formations is
uncertain but it is possible that the Kapilit and the Kalabakan Formations are lateral

cquivalents of upper and lower units of the Tanjong Formation respectively.

The Tanjong Formation lies unconformably on the Labang Formation of Oligocenc age in
the western side of the study area, while in the castern side, the Kapilit Formation lics
conformably on the Kalabakan Formation and is overlain by the Simengaris Formalion of

Late Miocene 1o Pliocene age probably with slight unconformity.
The Tanjohg Formation consists of mudstenc, siltstone, sandstone and coal with rare beds

of conglomerate and limestone. The dominant lithology varies by areas. In general,

argillaceous rock appears to be dominant in northwestern arca including Maliau Basin and
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it beconies more arenaceous in southwestern pait, where the formation is mapped as the
Kapilit Formation. The maximum thickness of the Tanjong Formation has been estimated
by Collencite to reach 40,000 feet in Maliau Basin and 7,000 fcct for the Kapilit Formation

in Silimpopon arca.

The Labang, Kalabakan and Simengaris Formations, which lie below or above the Tanjong
Formation, ar¢ understood to have been deposited in marine environment. During the
deposition of the Tanjong Formation, peat swamps were formed in some places not far from
seashore. It appears that the most of these swamps were unstable and their positions

migrated from time to time.

Major faults in the area show northeast trend as represented by Lonod Fault which scparates
Malibau Basin from Maliau Basin. The Kapilit Formation in the southeastern pail is
characterized by scveral broad synclinal structures, such as Sesui, Luis and Silimpopon

Synclines.
2.3. Coal Seam Occurrence
2.3.1. General

In the present siudy, the term of “coal zone” has been used for such a stratigraphic vnit as
coal seams occur in some degree of frequency, although not a clear definition. Because the
field investigation gave priority on coal zone, the whole sequence of 'l.he Tahjong Farmation
was not observed. Therefore, only the coal zone in each sub-area is the subject of the study

in terms of slratigraphy and corrclation,

As shown in Figure 2-4-1 t0 2-4-5, the geological data obtained atc:)ng mapping roules are
compiled in the lopographic map on a scale of 1 to 50,000 logethcr with the previous data
in surrounding area. As indicated in these figures, the coal zones whlch extend longer in
strike direction with considerable thickness are recognized in four areas, namcly, Malibau,
Southwest Malibau, Sesui West and S:Ilmpopon areas. The main geologlcal fea{ures

including distribution of coal zone are summanzed in Figure 2—5

Figure 2-6-1 to 2-6-3 are the lithologic lch ailong the maj)ping routes. These gfaphié ldgs
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were produced from geological cross sections in which observed outcrop data were
projected. Although these logs contain many blank portions corresponding to no exposure
along the route, the thickness of the coal zone and an approximate number and stratigraphic
position of coal seams are gencrally understandable by correlating these logs. Figure 2-7
shows the representative stratigraphic scclion of coal zone of cach arca produced by

integraling the above logs in cach route.

A large number of coal outcrops were observed within these coal zones. They are listed in
Table 2-3 and coal seam profiles measured at these outcrops are shown in Figures 2-8-1 to
2-8-3. A list of coal outcrops and their profiles of Malibau and Southwest Malibau areas
arc shown separately in Tables 3-1-1 (o 3-1-2 and Figures 4-3-1 to 4-3-3 respectively
togcther with thosce obscrved in Phase 2.

‘The following is a summary of the medes of occurrence of coal seams in cach area based

on the findings in the field work of Phasc 1.
2.3.2. Malibau Area

The coal zone extends over 12 km along the strike direction with the thickness ranging

from 800 m in the wesiern part and 1,150 m in the central to eastern part.

Number and stratigraphic level of coal seams also varies in each part of the area. In the
western pait, only four coal seams exist in the lower scction of the coal zone. However, ten
coal seams were observed in the central and the eastern parts at different levels of coal
zone, namely, in the middle to lower sections in the central part and in the middle to upper

© scclions in the eastern parl,

The thickness of coal scams are generally thin. Coal outcrops of more than 1 m thick were
obscrved only at several locations, The outcrop at the southeastern end of the area (11K012)

has the maximum thickness of 1.50 my, but it contains many partings.

The geotogical structure of the arca is relatively simple. The coal seams have E-W trending
strike in general, turning gradually to NW-SE at the eastern pard and to ENE-WSW at the

western past. The dip of coal scams ranges from 25 to 50 degrees toward the south, 35
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Table 2-3

List of Coal Outcrops

Mapping . Seam Coal . .
Route | CO7/CNo. (MappingNot v ofe vy | Thicklmy | Stike | Dip
| AZ21--22 010 0.100 NGOE GON e ]
AZ24-25 010 Q.10
AZ28-29 010 0.10] N3OE 40N
AZ route AZ40 0.10 Q.19] N35E 2N
-—= AZ56-57 010 0.10
YRI01 AZ5H? 0.20-050] 020-050] N30E 40N
=S A768 | 010-020] 0.10-0.20
FLOt4 BA31 1.0 1.05] NSOE 15
BA route { FLOI3 BAZ23 1.50 1.20] N30E 28E
FLOI2 BA3t 025 0.25] NIOE 46E
HNXO BB49 I === N&W 26E |CSH
NK0O2 BB&52 Q.35 0.30 NS 21E  [FLO3(D
88 route | NK003__ | _ BB6O 030 0.15] NI0E | _3IE
NK0O4 BB73-1 0.75 0.15] NZ20E J5E
HK005 BB96 0.20 000] NAOE J2E  |CSH
- BM4 030 030) NiOE 42E
-—= BM12 0.15 0.15] NIGW 42E
YKO036 BM57 051 040] NiIOE J3E
BM route " BM59 040 - |_NS | 35E_|CSH
YKO035 BM44 0.50 050] HNiI0OE 35E
- BM45 0.§5 i NIQE I5E  JCSH
FLOIS BC22-BC23 traced over 50m,
BC route | FLOIG BC30 0.20 0.20 roof/floner SS
- BC31 05-0.3 - NS CSH
YKOO1 = Do 1.16 1.13] NB5E 328
YK0Q2 8D7 ——= == NTOW J0S
YK003 8Di1 055 0.55] NOOW 255W
YKOO4 apil 0.50 0.50] NBSW 408
8D route -—- Bbis 0.50, 0.50] NB4W 31s
BDI6 050 0.50
YKOO5 BD22 1.22 1.22] NB88E 3?28
YKOO6 BD23 0.65 0.40 EW 328
YKO00? BD27 1.90 1.45] N8S8E 228
BE route | YKOOS BE41 0.18 0.78] NSGE 0S5
YKO{(x BF{ (.63 0.63] NABW 385
BF route BF2 thin out
YKOI1 BF4 Q.60 0.60] NBOW 285  |thin out at BF6-BF7T
YKO13+ BG5 120 0.95] HNS0E 375
BG route 8G1 Q.20 NS0E 308
YKO14* BG24 0.60 0.60] NA5SE 305
Y034 BLIO (.50 G50 NISW 60W
-—= BL?8 (.25 .25 HS 15
BLE9 0.30 0.30] NI5E B5E
BLGY 0.50 0.50] NI5SE 85C
BL coute BL51-DL52 040 0.40] NS %0
BL50 Q.15 0.15
—== BL4? Q.60 0.60] NIGE 15E
YK033 BL? 053 0.38] N55W 4258
NKO21 BQED 0417 0.22] NIGW 34SW
NKQ20 BQ73-1 0.20 0.10] N3IoOwW 28S5W  |thin out at around 8Q78
BQEI 047 0.42] N2OW 35SW 10.13/0.63, 0.i5/0.55
NKG1? BQ62-BO63 0563 0.13] N2OW J55W
BOG62 0.55 0.15] N30W 2w
HKQ{8x BQOS5? 042 0.37] N34W 3w
NKO16 BQ54-8Q55 055 0.30] N3OoW 40SW
BGQ routs BQ54-BQs5H 045 0.20] N3OW 30w
NKO19 BQE3I-13-14 055 Q40| Nicw 208W
NKOI15 BG13 045 0.35] EW 218
-—= 8Q9 0.10 0.10] NBOW 285
8Q3 0.60 040] NSOW 368
——r 842-BQ3 0.30 0.30] N8OW 365
NKO14 8aQl 0.50 045] EW- 50S
-~ BQ38-4 .35 0.35] N&OW J0N
B(33-4-5 0.25 0.25] N6OW 24N

Y

ﬁ'"



Mapping . Seam Coal . .
Rg 3 to 0/C No. |Mapping No. Thick {m) | Trick (m) M_Stnke Dip
NKO10x BZ183 258 1.49] N35E 8S
NKOOI* BZ163 048 048] NS5E £S
-— | B2166-2 050 050] N5t | 145
87 route . BZ2166-3 £40 040] N5S6E 55
- BZ136-2 1.00 1.00 Faulted :
NK008* BZ94-3 .15 1.00
NKOOD7* 8794-2 0.710 050
CA route o CAS3-54 |  ©1Ib — NIOW 205w |CSH
-—- CcB2 035 0.15] HNISE 16SE
OB route [ CBI5 0.10 —— | N33W | 2INE_[GSH - SHG _4
KK0O3 CC30 090 0.40] NS85t 105
KKO005 CC33 {50 G37 NS8W 15SW
f— CC43 030 -—= Ni3wW 245W | SHG
GG route KK0)6 CCHe-i 032 G171 NISW 20SW
KK007 CCol 0.86 0.34] N4t 16SE
KKO08 CCeq 1.26 G441 MNZ6E 198E€
- CGC65 0.18 — N36E 255F
KKOOS cGl4 1.35 (321 HNIBE 15SE
CR route | KKOQ#1 CR15 1.64¢ 1.58+4) NSIE 11SE_ |Queen Seam
CW route YK20i CWios 025 0.25] NISW 10W
- CWilg 9.50 — Csiy
S CuUn 0.t4 - COAL-CSH
Y202 CU7} 819 6.15] NJOW 125
YK203 CuU?? 030 G.10] N20W 20%
== Cujg .12 0.07] N30OW 12w
- cusai 017 0.10] NS5W 12w
YK204 cusz 041 G231 NSOW 105
-—= cusl 607 OGO N3W W
— CuUBgbd 605 G051 N50W 15W
- cuss 0.10 0.10] N4OW 10W
CU-Gs —== Ccuso 0.07 G071 N5OW 15w
route —-—= Cugs {.06 - NSOW 125 |GSH
[ — Cuss 0.05 0.05
- cuas 0.05 0.05] HGSW 85
o cu103 0.05 005] N3isw 15W
YK207 CU105 .07 0.19 NS 8w
——— cu107 4.03 013 NS 8w
YK208 CSo06 €27 027 &V 208
YK209 CS554-55 0.52 0.171 KR40t 205
YK210 CS55 Q.65 0.20] NS5E 505
YK2i1 CS555-66 0.53 0.36) HNSOE 555
YK205 Ci2? £.38 1.03] N4OW 305W
CT rouvte | YK206 GCT28-1 068 G451 N4OW 30SW
- CT129 0.30 —— N30W 50SW JCSH




degrees on an average. No significant disturbance in geological structure was found in the
field.

2.3.3. Southwest Malibau Arca

The coal zone of the area has the thickness of 330 m and extends over 4.5 km in the strike
direction with possible extension of 1 km each to both NW and SE sides. The coal seams
are observed at six stratigraphic levels in the westem pait of the area, while they increase

to nine in the castem pait.

The coal scams in the arca arc much thicker than those of Malibau area. More than half of
the investigated outcrops exceed 1 m in thickness. The maximum thickness is 4.86 m at
the westem end of the observed coal zone which, however, appears to be thinning toward

the east.

The coal scams extend with a general strike of NW-SE direction, slightly fuming to the
west at the westemn end of the coal zone. They incline very steeply to the southwest in
general, but nearly vertical or northesly dipping at some places in the eastern part. At the
immediate south of the coal zone in the central pad, there appears to be a synclinal
structure paraltel to the coal zone. Because of a poor coal seam occurrence on the southem
side of the apparent synclinal axis, a question was left in Phase 1 whether this is a synclinal

structure or a overtumed structure of steeply dipping coal seams on the northen side

2.3.4, Silimpopon Area

Out of several coal seams in the area, only the Queen Seam has a mineable thickness,
There was a coal mine which produced about 1.5 million tons of coal from the Queen
Seam and it was closed in 1932 afier 27 years operation. Nine borcholes were sunk in early
1900's to explore the Queen Seamn and geological investigation in the area was carried out
by P. Collenette around 1950. The following explanation is based on the report of the
above investigation as well as the field mapping in the present study.

The outcrop of the Queen Seam has been traced for the distance of about 7 km from the

north to the southeast. The Seam has a thickness of more than 1.6 m at the northem part
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but it thins and deteriorates toward the southeast. In the westem part, no outcrop was
observed due to a lack of exposure. However, three thin coal ontcrops at the southwestem
patt may be correlated to the Queen Seam, suggesting a same thinning trend as in the

castern part,

The geological steucture in the arca is domninated by a broad syncline, with an axis
plunging to the southeast. The coal scam inclines toward the axis at 10 to 25 degrees. A
fault is inferred from the displacement of the sandstone bed overlying the Queen Seam,
The Queen Seam was not encountered in two borcholes at westem pant, although they were
drilled deep enough for expected coal seam position. It is uncertain that the missing of the

Queen Seam is due to faulting or seam deterioralion.

2.3.5. Other Areas

Besides the above mentioned areas, about 20 routes were traversed and a large number of
coal outcrops were observed. Most of them, however, are thin and exist in a Jimited extent.

The following is a brief explanalion of the coal seam occurrence in these rousos,
(1) Sesui West Arca

‘The area is situated in the western flank of the Sesui Syncline and close to the westem
border of the study area. Scveral rontes were surveyed and a coal zone of 600 to 830 m
thick appears to extend for the distance of about 8 km in N-S direction. Most of the coal
seams in this coal zone are very thin or deteriorated to catbonaceous shale. Although two
outcrops near the bottom of the coal zone are more than 1 m in thickness, they are found

only in one route and seem to be thinning to the north.

Relatively thick coal seams are exposed in iwo routes at southemmost part. However, they
are very variable in thickness and thought to discontinue to the coal zone in the north,

judging from the difference of strike direction.

The coal zone in this area was expected to extend at the eastem flank of the Sesui Syncline.
According to the previous report, however, only a few thin coal or carbonaceous shale were
found in the expected zone on this side. It is concluded, therefore, that the possibility of
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the presence of thick coal is low in the eastemn flank of the syncline.

The location of coal outcrops and their profiles in this area are shown in Figure 2-4-2, 2-4-

3 and Figure 2-8-1 respectively.

(2) Gunong Luis Area

A large number of coal oulcrops were observed along the several routes in and adjacent to
the Gunong Luis map sheet. Their location and profiles are shown in Figure 2-4-1, 2-4-4

and Figure 2-8-2 respectively.

In the route BZ, three coal seams were observed at four outcrops. The thickest one is 2,58
m but contains many parlings of carbonaceous shale. In the routes BG and BF, one coal
seam is found in each route. They are not persistent in thickness and show lenticular

occurrence as shown in the profiles of the route BF.

Many coal outcrops are present in the route CS but all of them are very thin or deteriorated
to carbonaccous shale. The coal outcrops observed in the routes BL and BQ are also thin
and dirty but show a constant thickness of about 0.5 m. The geologic structure is

complicated in both routes.

(3) Serudong Area

Several routes were investigated in and adjacent (o the Serudong map sheet. Location of
coal outcrops and their profiles are shown in Figures 2-4-1, 2-4-5 and Figure 2-8-3
respectively. All of the coal outcrops observed in this area are thin and ditty with many

partings except for the Queen Seam, of which condition has been already described in the

previous section.

2.4. Estimate of Coal Resources

2.4.1. Malibau and Southwest Malibau Arcas

An attempt was made fo estitnate the geological coal resources of Malibau and Southwest
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Malibau Arcas, based on the result of investigation in Phase 1. The eslimate was made
basically in accordance with the GSD's “Reserve/Resource Classification System” which
was established by a slight medification of the "United Nations Intemational Framework
Classification for Rescrves/Resources”. The extract of GSD's classification system is given

in Appendix 1,
The following are the criteria adopted for coal resource cstimate in the present study :

(2) Resource class
The present exploration is regarded as “prospecting stage” of geological study
according to the definitions of the GSD system. Consequently, estimnated quantity is
classified as “Inferred Resources (333)".

(b) Limiting factors
The following factors were adopted for resource estimate in this study :
Minimum coal thickness : 0.6 n
Maximum distance in dip direction from the surface along the seam : 500 in

Specific Gravity of coal : 1.3

(c) Method of estimate
Area of estimate is divided into four blocks in Malibau and three blocks in Southwest
Malibau areas. In each block, the average coal thickness of individual coal seams are
calculated by averaging measured thickness at outcrops within the block and an

accumutated coal thickness of individual coal seams is used for tonnage calculation.

Resource of each block is obtained with the following formula :
Resource (1) = length of block (in) x 500 (m) x accumulated thickness (m) x 1.3

Figures 2-9-1 and 2-9-2 show the details of resource estimate of individual blocks in
Malibau and Southwest Mal:iba.u areas reépeclively and the estimated resources are
summarized in Table 2-4. In Malibaﬁ area, the tol_a_l resources are 25 miliion tonnes, most
~ of which are of coal seams less than 1 m thick. In Southwest Malibau ama; the coal
resources amount to 26 million tonnes and major part of thewm are of coal seams more than
1 m thick.
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Figure 2-§-1 Estimate of Coal Resources - Malibau

Sop

NN

2-29









~
.
G, a0
NN
T ey

BLOCK
Iotal _goal Lhicknass
ool seams ( >0.6m)
[Strike tongth
fi—ewurcas (mil. tonnes)

Total_cosl thickness 6. 1Vm |
- [Coni_seams (0. 6m) _ B seams
<~ Btrite length 2.25 km

7 Resources (nul torms) 8921
' . ./ !‘/ ~ g
) ~ - b \-\.
o 2% SOUIHES] . HALIBAD. JOTAL ( H
" ~ i Strike length 6.5 hm -

gsources (mil. tonnes) 26. 145 B / \
Limiting factors '3
(1)Coat thickness >0.6m pd A~ [

{2)Distance along dip 500 m // f
{3)Spesific gravity 1.3 .

{4)Resource aslimate area "‘:'3 §. J
e
Vet B g e ush Figure 2-9-2 Estimate of Coal Resources - Southwest Malibau

AN, A &N
2-31













2.4.2, Silimpopon Avea

The coal resources of the Queen Scam in Silimpopon arca have not been estimated in the
present siudy, because the estimated reserves have been given in the previous report
(P.Collenette, 1954) and no additional exploration has been done since then,

The coal reserves given in the above repoit are shown in Table 2-5.

Table 2-5  Coal Reserves of Queen Seam (P.Collenette, 1954)

Remaining Rescrves Coal Avaitable for Mining
Measured 4,851,000 2,739,000
Indicated 1,496,000 1,472,000
Inferred 7,745,000 6,403,000
Fotal 14,092,000 10,614,000

Notes : (i} Reserves are shown in fong tons.
(ii) Minimum coal thickness is 3 feet.
(iii) Remaining reserves are the original reserves less coal already mined
and coal lost in mining. |
(iv) Coal available for mining is the remaining reserves less coal to be left

in bamriers to the mined out area and near the surface.
2.5. Evaluation of Coal Quality

Forty five (45) coal samples were collected from oulcrops and analyzed at the coal
laboratory of GSD Sarawak. Analytical items are Prox'imatc‘ Analysis, Gross Calorific
Value, Total Sulphur, Ultimate Analysis (C,H,N,) and Free Swelling Index (FS.
Analytical results are shown in Table 2-6. General comsments on cach analytical item are

as follows ¢

(a) Moisture content on air dried basis ranges from 0.6 to 6.3%. Samples with more than

2.5% moisture may have been affected by weathering.

(b) Raw ash content ranges widely from 2.9 to 48.2%. The sample with higher ash than
50% is not regarded as coal. High ash values of some samples from Malibau are due
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to the presence of many non-coal partings. Ash content of nonnal coal scam with few

parting is assumed to be in a range of § to 15%.

(c) Veolatile matter content ranges from 21.3 to 48.8% on air dricd basis (40.7 to 52.6%
on dry ash-feee basis). Fuel ratio, which is equivalent to fixed carbon divided by
volatile matter, is mostly in a range of 0.9 to 1.3. This is a suitable value for

combustion purpose.

() Calorific value is inversely proportional to ash content. Though it is in a wide range
as ash content varies, an approximate calorific value is estimated at 7,100 kcal/kg for
coal of 10% ash and 6,650 kcal/kg for 15% ash of unweathered samples,

(e) Sulphur content in coal is generally high. However, there is regional variation. High
sulphur coats of more than 2% are found in the southeastem pait of the area, including
Gunong Luis, Serudong, Silimpopon, and eastern part of Malibau arca. In the
northwestem part, including Southwest Matibau and the main part of Malibau area, it

decreases down to 1.5% or less,

(f) Nitrogen content of all samples is less than 2%, normally less than 1.5% on dry ash-

free basis. This is suitable value for steaming coal.

(g) Free swelling index (FSI) is mostly ranging from 0 to 2. Although FSIis very sensitive
to weathering, the coal in the area secems to be of low coking property. The causc of

cxceptionally high FSI (6 to 9) in some samples is unknown at present.

(h) Most of the coal samples are classified as high volatile A bituminous (hvAb) in coal
rank according to ASTM standard, The coal samples ranked as hvBb and hvCb contain
more moisture than 2.5% and 4% respectively, which indicates the decrease of

calorific value by weathering.

To sum up, the coal in the area has characteristics in quality of low to medium ash, high
calorific value, high volatile, low nitrogen and widely ranging sulphur. These are suitable
quality as steaming coal in general, Although undesirable quality values such as high

sulphur and high ash are found in some samples, they seem to be improved in some degree
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by selecting coal scams in the main coal deposits,
2.6. Conclusion of Phase 1 Study

2.6.1, Geological Assessment

During the field work programme of Phase 1 study, a large number of coal oulcrops were
observed in the study arca. All of the collected data as well as existing infonmation were
examined and evaluated from the viewpoints of geological condition, coal reserves, coal

qualily and mineability.

As a result, the following three arcas, namely, Malibau, Southwest Malibau, and
Silimpopon areas, have been identified as the areas with soine potential for coal resource
development. In other area, almost all the coal seams observed at oulcrops are thin and

exist in a Jimited extent, therefore, have no mining possibility.

The conditions of coal seams in the above three areas are suminarized as follows :

(1) Malibau Area
A large number of coal seams exist in a coal zone extending more widely compared
with other areas. However, the coal seams are generally thin, Only a few coal seams
exceed 1 m which is thought to be the lower timil of efficiently mineable thickness.
Geological structure seems to be stable with an average dip of 35 degrees. Inferred coal
resources have been estimated at about 25 mitlion tonnes af this stage. Coal quality is
generally suilable for steaming coal, although high ash and high sulphur coal is found

in castemn par. .

{2) Southwest Malibau Area ' o @
Although the extent of the coal zone is smaller, the coal seam thickness is greater
compared with Malibu arca, Out of nine coal seams, six scams are more than 1 m thick
with the maximum thickness of 4.86 m. The coal seans occur with very steep dip,
nearly vertical at some places. Inferred resources have been estimated at about 26-
million tonnes. With regard to the coal quality, high grade of steaming coal of low ash,
high calorific value, and fow to medium sulfur can be expected.
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(3) Silimpopon Area
Mostly based on the previous information, the coal seam condition in the arca is
sumunarized as follows : The Queen Seam, the only one coal seam with mining interest,
has a thickness of about 1.8 3 at the noithem part showing thinning teend to the south,

It lies in a broad synclinal structure with a gentle dip, which gives better mining

condition than other arcas. A total reserves of 14 million tons have been estimated
previously. Analytical result indicates suitability for stcaming coal in genera), except

for relatively high sulfur content.

2.6.2. Mining Potential

The following is a very preliminary consideration on mining potential of the coal seams

in the above three arcas from the technical point of view :

(1) Each area has different characteristics in mining condition, namely, thin coal seams
with modenate to steep dip in Malibav, thicker coal seams with very steep dip in
Southwest Malibau, and a moderately thick coal seam with gentle dip in Silimpopon.

Suitable mining methods should be selected for different mining condition in each area.

(2) Open cut mining method is probably not applicable to the coal seams in such
topographic and geological condilions as in these areas, With regard to the underground
mining, conventional mining methods such as longwall mining or room and pillar
mining, can be applied to the coal seam with gentle dip. To the steeply dipping coal
seam, a step-cut mining is to be studied for example, which has been experieaced in
some coal mines in Japan with similar conditions. These are not fully mechanized

systern and an advanced technical expertise is not required.

(3) In consideration of the magnitude of coal reserves and geological condiltions, an
appropriate production scale of the mine will be small, for example, 100 to 200

thousand tonnes per year, which makes the capital investments minimized.

(4) Judging from the result of coal analysis, the coal in the area can be used as steaming

coal for various purposes, including power generation, cement manufacture, and any
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other industries.
(5) The possible route and means of transportation of product coal is as follows, in the case
of expotting to outside of Sabah :

Ming¢ sile -- {truck) -- Kalabakan -- (barge)--Tawau -- (barge or vessel)-- Consumers

(6) The possible impacts on surmounding environment will be minimal by operation of

small scale underground mines.
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3. Procedure of Phase 2 Study

3.1 General

Based on the result of Phase 1 study, implementation of Phase 2 study was decided at the
Evaluation Committee Meeling held at the end of Phase 1. ‘The Study Plan for Phase 2 was
designed in line with the original Scope of Wark and discussed at the above meeting. The

main points of the study plan were as follows :

(1) Study arcas and their approximate size (sce Figure 3-1)

(2) Malibau area - 78 km
(b) Southwest Malibau area - 26 kml
(c) Silimpopon arca - 30 kml

(2) Purposc and Scope of the study

The putpose of Phase 2 sludy is to make geological assessmenl and evaluate the mine
development potential of the coal resources in the selected areas. The scope of Phase 2
study included detailed geological mapping, preliminary mine planning and initiat
environmental examination to obtain the basic data for the above purpose. Detailed items
of the study have been stated previously in 1.1.2. Schedule of the study is shown in Figure
1-2 together with that of Phase 1.

3.2. Field Work Programme

3.2.1. Photogrammetric Mapping

In Phase 1 study, existing topographic maps on a scale of 1:50,000 with 250 feet {76 m)
contour intervals were used as the base map for geological mapping and data compilation.
Since Phase 2 sludy requires higher accuracy than Phase 1, new topographic maps of

1:10,000 with 10 meter contour intervals were prepared for Malibau and Southwest -

Malibau areas as shown in Figure 3-2.
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‘The new maps were produced from the latest acrial photographs on a scale of 1:25,600
provided by GSD covering arcas of about 100 kitt. Mapping work including establishment
of the ground control points was conducted by a conlractor and the following final products
were submitted by the end of October 1998 :

(2) Reporl for ground control point survey

(b) Full listing of inputs and results for acro triangutation

(c) Stereoplotter calibration and orientation record

(4} Maps : Colour prints - 3 sets, Ammonia prints - 3 sets, Film - 1 set
(c) Diskettes with drawing file in AutoCAD R14 format

3.2.2. Detaited Geological Mapping

Malibau and Southwest Malibau arcas were sclected as the arcas for detailed geological
mapping in Phase 2. As a resull of Phase 1 study, the extent of coal zonc was delincated and
the number and the thickness of coal scams were roughly indicated in each arca. However,
duc Lo the reconnaissance level of exploration in Phase i, correlation of individual coal

seams are at low level in accuracy.

Geological mapping in Phase 2 aimed at improving geological assurance of coal scam data
to a fevel which upgrades the resource class to “Indicated” category and is sufficient for

making a preliminary mine plan.

During the ficld work in Phase 2, emiphasis was laid on to investigate the coal outcrops as
many as possible in unexplored part in Phase 1 and to trace the relatively thick coal seams
as long as possible along their expected outcrop lines, so that the correlation and continuity

of individual coal scams could be confirmed at the required level of assurance.

In order to improve the accuracy of outcrop location, main points in the mapping routcs
were surveyed with GPS (Global Positioning System) by using ground control points
established in photogrammeltric mapping as refcrence points. Every mapping routes were
connected o once of these GPS points to control the relative positions of coal outcrops. GPS
data were processed and converted into BRSO (Borneo Reclified Skewed Orthomorphic)

coordinale system.
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The following is the actual performance of the mapping work in cach arca :
(1) Malibau area

Geological mapping was carricd out from October 29 to December 5, 1998, A base camp
was set up at the central part of the arca and three additional camps were also set up at the
sontheastern, western and westernmost part to caver the wide arca of 16 km long and 3 km

wide.

Eighly six coal outcrops were investigated along the mapping routes of 59 km in total
distance. Six main points were sueveyed with GPS by using YYOI near the base camp as
a control point. The mapping routes and the investigated outcrops are shown in Figure 3-3-1

and Tablc 3-1-1 respectively together with those of Phase 1.
(2) Southwest Malibau arca

Geological mapping was carricd out from August 7 fo Scptember 12, 1998. A base camp
was sct up at the central part of the area and (wo additional camps were also set up at

caslern and weslern part to facilitate the mapping work.

Ninely three coal outcrops were investigated along the mapping routes of 30 km in total
distance. In addition, scventecn previcusly found coal outcrops were relogged by digging
trenches. Thirteen points were surveyed with GPS by using TK1, one of the ground control
points established in photogrammetric mapping, as a reference point. The mapping routes
and investigated coal outcrops are shown in Figure 3-3-2 and Table 3-1-2 respeclively,

together with those of Phase 1.

3.2.3. Coal Sampling and Analysis

Forly one coal samples were cotlected from representative outcrops of reasonably thick coal
seams. After determining roof and floor of the coal seam, a channel sample was taken from

the coal face exposed in a trench which was dug in order to minimize the influence of

weathering.

3-5



Table 3—1-1 List of Coal Outcrops — Malibau Area
Qutcrop Location Sean] Strike |Dip Thickness Remarks
No. Coal / Seam _

Phase 2

NKZ201 GA13 MEI N 40W] 30SW 025 /075 {Sampled

NK202 |GA25 MEFN 40W] 30SW 040 / 040 |Sampled

NK203 |GA27-GA28 N 40W|I 30SW 000/ 030 |csh

NK204 |GB25-% N 30E { 26 58] 0.18 /7 0.18 |moved block

NK205  |GB3IS-GBI6 MEIN 50W] 305W 070 7/ 0.70 |in the stream

NK206  |GB3? N 45W | 37SW 015/ Q.15

NK207 |GB52 ME|N 40W]| 40SW 040 7/ 040 |Sampled

NK208 |GBG6Y N 45W | 30SW 000 / 1.60 |csh, she

NK209 [GC14-GG15 MCI N 60W| 32SW 000 / 105 |csh, she

NK21Q |GC25 N 40W | 355W 000 / 1.55 |osh, she

NK211  |GC29-GG30 N 30W]| 34 SW 0060 7/ 080 [csh, shs

NK212 |GC41-GC42 N 40W | 30 SW 000 7/ 030 |osh, she

NK213  |GD44 N 50W]| 40 SW ¢csh, she

NK214  |GE6S N 54W/| 45 SW 015 / 050

NK215 [GF35-GF3§ N 40W | 45SW 0.10 7 010 |ci, csh, she

NK216 [GF41 MATN 45W] 455W 070 7/ G670 |Sampled

NK217 {GG30 N s0W | 45SW 080 / 083 |Sampled

NK218 JGHSI~YKi19 N 75E | 32S | 015 7/ 020 [moved block, not mapped
NK219  ]GJ15-1 N 40W ]| 40 SW 030 / 032 [Sampled

NK220  |GJ21 N 50WIE 60 SW 015 7/ 0.15

NK221  |GK38-GK39 N goW] 565 0.i0 /010

NK222  |GK42 N BOW]| 60S | 045 /045 ISampled

NK223  |GK43-1 N 70W]| 535 ) 035 /050

NK224 |[GK43 N ?5W] 428 | 028 /030 |Sampled

NK225 [GK47-GK48 N 85W|{| 458 | 054 /082 ]|Sampled 0.20m in lowest portion
NK226 {GK59 N 80W]| 40S | 045 / 045 |Sampled

NK2271 JGKG4-1 N 60W| 455 | 040 7 040 |Sampled

NK228 |GL1-GL2 N 70W| 50S | 020 /023

HK229 |GL1? N 30W]| 508 | 034 /035 |Sampled

NK230  |GL20 N 40W | 40SW 011 /035

NK231  |GL31 MDIN sOW] a8s | 012 /030

NK232 (GL37 N 75W}E 45S | 035 /035 [Sampled

NK233 |GM3b-1 N 80W( 30S ] 0157015

NK233-1|GM42 N 70W] 368 0.20,0.05,0.10

NK234 |GPO MD|N B80W¢E 40S | 067 /072 Sampled 0.55m in lowest portion
SK201 MAZ§ N 45W1 325 | Qi5 /015

SK202 |MA32 N 35W] 35W| 010 /010 ESampled

SK203 [MA4S MCIN 1I3W]| 31w| 037 /037

SK204 [MASO-MASIT N 3iW| 42W| 035 /041

SK205 [MAS8S N S6E | 60W| 041 /041

SK206 [MA9D N 40E | 30W| 022 /022

5K207 |MA93 N 10W] 20W| 020 /020

SK208 |G837-1 MFIN S55W| 25W ] 073 /015

SK209 [MCOI N SOW]|] 20N | 040 / 040 |Sampled

SK210 |MD76 N 30W] 51S| 040 /043 |Sampled

SK2#1  |MDSI1 N 36W]| 45S ] 061 /073 |Sampled the bbottom {0.51/0.51)
SK2i2 |MDS3 N 35W)| 52W] 050 /053

SK213 |MDS7 MO|N 30W| 30W] 060 /063 |Sampled

SK214  [MDO0-2 N 40W | 55W1{ 025 /025

SK215 |MD96 N B0W| 485 ]| 030 /030

SKz2i6 |MDit1 N 45W] 50S]| 013 /7013

SK217  |MDI14-1 MC|N 50W]| 385 | 1.03 / 1.03 {Sampled

SK2t8 |MD118-1 MC|N 54W| 318 | 072 /137

SK219  |MOD116-1 MCIN 45W ]| 258 | 1.25 / 1.51 |Sampled the top {0.95/095)
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Table 3-1-1 List of Coal Outcrops -- Malibau Area
Qutcrop Location Bean} Strike |Dip | Thickness | Remarks
No. Coal / Seam
ISK220  [MEIO MCIN T0W| 255 ©83 /093
SK221 HE14 MCIN 45W} 30S | 0657 /067
SK222  [MF3I N 45w[s0s| o023/023 ]
SK223  |MF32 MD{N 45W) 555 | 060 /080
SK224 |MF52 MDIN 30W[ 558 | 017 /0371 |Sampled
8K225 |MF55 N 40W]) 62S | 040 /040
SK226 |MF62 N 40W] 558 | 040 7/ 040
SK221 |MGH3 MD{N 60W] 455 | 070 /7 030 |Sampled
SK228 |MH48 MBIN I5W[] 55S | 095 /105
SK229 [MH49 MBIN 55W) 40S | 061 7 123
SK230 |MH47 MB{N 70W]| 555 | 112 / 158 |SK230A{the top coal part)
L |sK230B(total seam)
SK231 MH52 N 75E| 215 | 080 /087
SK232 IMH54 N 60W]) 225 | 047 /7 050 |Sampled
SK233 [MJiB N 60W] 40S | 015 /045
SK234  [MJZ21 N 70W[E 45S | 013 /7 018 |Upper 15cm Lower 18cm
SK235  [MJ39 043 / 043 |moved block
SK236 [MJG3 MB{N T0W] 40W| 029 /029
SK237 [MKI3 N T0W}§ 458 | 056 7/ 057 |Sampled
SK238 [MK5HC MD{N SOW] 42S | 085 /085 |Sampled
SK239 IMLI1Y MDIN 70EF 40S | 013 7013
SK240 iML20 050 /7 050 |moved block
SK2414 ML4S N B8OEf 455} 015 /7015
SK242 iML5I N 85W|] 40S | 020 /020
SK243  |MM32 N 80W]) 52S | 0S80 / 1.15 |samgple notincluding shale layer
SK244 [MM33 N I0W)] 45S | 043 /7 049 |Sampled
SK245 |AX106 MD|N 80W]) 30S | 053 /058
SK246 |[MNGO N 66WE 425 1.05 /7 1.14 |Sampled
Wwol WA19 N 0w} 535S | 040 /040
WWo2z WB3z2 N 80W]| 405 | 088 / 131
WWO3 WB40 N 83W[f 55| 030 /030
Ywo4 wB41 N 8J&E} H0S 055 / 055
WWO05 WwCo3 N I8E | 35S | 032 /032
WWOG WC03-WC04 N 80€E | 355 | 080 /060
Phase 1
YK102 |AY02 N 6O0W| 2568 033 / 057
YKI03 |AY03 MBIN 60W| 40S ] 035 /035
Y104  JAY1S N 65W| 50S 044 / 0714
YKI105 |AX26 MDIN 90E]| 455 | 07570175
YK106 JAWI7-AWIi8 N 15E| 358 065 / 065
YK107  |JAVO7 N BOE] 40S | 060 /060
YK108 |AV(QT-2 N 3BE 158 0.70 / 0.70 [moved by landslide
YK109  |AV40 M BOE ]| 50S | 067 /067
Y110  |AVAS M BOE| 458 | 020/ 020
YK111  |Av4s N BOE | 455 ) 0656/ 065
YKI1Z2  |AV4D N BOE | 445 ] 0657065
YK115 |AS16 MDIN 65W]| 50S | 057 /057 [Sampled
YKI16 |ASI15-20 N E5W] 408 | 046 / 046
YKI117 |AS2% N TSW] ACS | 045 7 045
YKI18 |AS36 N JTOW] 56S | 0507 050
YKI19 ]JASS1 MB|N TJTOW] 45S | 080 /100
YK120 |ASST MB|N 80W]| 50S | 067 /080 [Sampled
HK0G2 JAATI3-114 N 20W] 35W]| 015/ 015
HKO03 [ABG N O S0OW]| 3BW| 042 / 059
ABY N 35W/| 46S | 015 7095

HK004-1
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Table 3—-1-1 List of Coal Qutcrops —~ Malibau Area

Outcrog location BHean] Strike [Dip | Thickness | Remarks

No. Coal / Seam

11K004-2 N 3W]| 468 | 0585 /075 e |

HK005  JAB1S-1 MCIN 40W]| 525 | 025 / 041

HKOOG6 _ |AB18-19 MC|N 28W] 675 | 006 7 Q06

HKO07 _|AB28-1 N 60W| 40S | 045 7/ 045 ]

K008 |AB56-59 _ |[MC|N 45W| 40S | 085 /093

HK009 1AB1-72 MC|N 45W]| 40S | 037 / 040

HKOI0  |AB74-75 MCIN 50W| 455 | 040 / 050

HKO11  |AD23 N 35W| 35S | 0007070 |csh

HKO12  |AD35-36 N 33W| 308 | 124 / 150 |Sampled

HKO13 |AD46-47 N 35W]| 305 | 047 / 051 |Sampled

HKO14 [ADS1 ME|N 35W}| 388 | 037 /038 |Sampled

HKO1H  JADDBS-56 H 40W]| 34S | 057 /081 |Sampled

HKO16  tADSS N 40W]| 36S | 022 /067

HKO017  JAE4] N 40W ] 20 NE| 045 / 0.45 |Sampled

HKO18  jAE4L N 40W|[ 18 NE| 094 / 100 |Sampled

HKO015  |AE47-48 N 50W{ 25 NE| 021 / 021

HKO20  |AEST N S0E] I5N| 045 7/ 045

HKOZ21  |AE66-67 N S50W| 26S | 063 / 0.63 [Sampled

HK022 |AEHM-72 N 40W]| 25S | 038 7 045 |Sampled

HK023 _|AF5-6 N 30W]| 45S | 012 / 012

HKO24 |AF23 N 30W] 458 | 015 /015

HKG25  JAF62-1 MA|N 40W]| 50S { 083 / 085 |Sampled

HKO026  TAF64-1 MA| N 30W] 5551 100 / 1.09 |Re_sampled at Phase 2
3-8
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