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PREFACE

In response to the request of the Government of Malaysia, the Japanese Government
decided to canduct a Supra-Regional Survey Project in the Sabéh area and entrusted the
survey to the Japan International Cooperation Agency(JICA) and the Metal Mining Agency
of Japan (MMAJ).

The JICA and HMAJ sent to Malaysia a survey team headed by Mr. Takehiko Nagamatsu
from 16th July i991 to 23rd January 1992.

The team exchanged views with the officials concerned of the Government of
Malaysia and conducted a field survey in the central Sabah area. After the team
returned fo-Japan, further studies were made and present report has been prepared.
This report includes the survey results of geochemical and heliberne geophysical
surveys in Phase I1I.

We hope that this report will serve for the deﬁelopment of the project and
contribute to the promotion of friendly relations between our two countries.

We wish to ekhress our déep appreciation to the officials concerned of the

Government of Malaysia for their close cooperation extended to the team.

February, 1992

Kensuke Yanagiya
President

Japan International Cooperation Agency

Gien-ichi Fukuhara
President
Metal Mining Agency of Japan
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ABSTRACT

‘The Government of Malaysia and the Government of Japan agreed a four years
mineral exploration progject, starting from 1990 in the central Sabah area. The
Scope of Work for this project was signed by the both governments on lst August
1990. Objectives of this project are ta clarlfy the mineral potentiality and to
obtain useful data for future development of minéral resources in this area. This
report includes the survey results of the second year (Phase II}.

The regional geochemical survey and heliborne geophysical survey were adopted
in this phase survey. The regional geochemical survéy was carried out in tﬁe
Segama .area, Semporna area and a part oflKinabélu and Labuk areas using the optimum
survey methods selected in the orientation survey of Phase I. The heliborne survey
of magnetic and radiometric methods was conducted over the areas of Northern
Kinabalu, Southern Kinabalu, Labuk, Segama, Northern Semporna and Southern Semporna.

" Results of the regional geochemical survey delineated many mineral potentiai
areés including'known'minéral showing zones. 'This results suggest that the survey.
methods applled are qulte useful for the survey in thls proJect area. "The results

'of this survey dellneated the following areas as the potential ‘area of mineral
resources in the Segama and Semporna areas:

Segama area: the area between Sungai Sababan and Sungal Diwata, upper
' stream of Sungai Segama, upper stream of Sungai Danum,
_surroundings of Silam.

Semporna area: the area between Sungai Balung and Sungai Kalumpang, Nagos
area, upper stream of Sungai Sipit, upper most stream of
Sungai Kalumpang, Sungai Apas area and the surroundings of
Tawau Hill.

Among these area, the'areas‘iﬁ the Segama area, except the surroundings of
Silam, have potentiality of‘copﬁer ore deposits. The potentiality of the
surroundings of Silam is chromite oré deposits. The promising areas in the
Semporna area have potentiality of gold-silver ore deposits.

Sampling wdrk'and'chemical.énaJySes were carried out in the Kinabalu/Labuk
area. .The data éﬁalysés for these analytical results will be carried out in the
next .phase . together with- the data in the Klnabalu and Labuk areas.

The results of the hellborne Survey ‘clearly reflect the geology of the
survey areas. A dlrectlon of N-§ delineated in this survey is 1nterpreted to be
the latest structure because this leeCtlﬂn cuts other trending structures. The

qmall magnet1c anomalous zones -in the southern part of the Southern Kinabalu area



are interpreted to be comparatively highly magnetized blind intrusive bodies of 1 to
2 km in depth from the surface. Ultra-basic rock bodies near surface are expected
in the southwestern part of the Segama area due to the magnetic anomalous zones.
The ultra-basic rock bodies at shallow dépth are.also expected in the noerthern part
of the Semporna area. Low magnetic anomalous zones .of small and irregularly shaped
are found within high magnetic anomalous zones in the area of volcanic rocks in the
southern part of the Semporna area. These low magnetic anomalous zenes are thought
to be'hydrdthermally altered zone. These low magnetic anomalous zones are well
carréspond to the high count anomalous zones of uranium |

As the results of overall 1nterpretat on for the reglnnal geochemical and
hel1born9 ‘geophysical surveys, the below-mentioned areas. are delineated as the
promising areas of mineral resources in the Segama and Semporna_areas. These area
exclude the areas where intense exploration work has been carried out. '

Segama area: the area between Sunga1 Sabahan and Sungai Diwata, upper
stream of Sungai Segama and upper stream of Sunga1 Danum.

Semporna area: upper streeam of Sungai Sipit, upper most stream of Sungai
Kalumpang, Sungai Apas area and surrnundlngs of ]awau Hill.

The target for the areas in the Segama area is copper ore dep031ts and the
target for the areas in the Semporna area is gold- 311ver dep081ts Each area
dellnlated in this survey covers cnmparatlvely wider area. Further exploration work
should be carried cut for these promissing areas in order to select.éxact.target

zones within these areas.

ii
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Chapter 1 Introduction

1~1 -Background and objectives

In accordance with the Scope of Work signed between ‘the Government of Malaysia
and the Government of Japan on lst Augusf 1990, the Supra-regional Survey was
carried:out in the central part of Sabah, Malaysia.: This prnjéct is four years
project starting from 1990 and this report includes'the survey results of Phase_II.

‘Objectives of this survey are to clarify the mineral potentiality in this
aréa for the future mineral development of mineral resources in thié aféa. The area
selected for this survey (Fig. 1) is thought to have higher mineral potentiality in
the State of Sabah, because many known mineral occurrences are distributed in this
area. In order to execute this purpose, regioﬁal gebchemical survéy‘and helihorne

magnetic and radiometric surveys were carried cut in this phase.

1-2 ~ Survey results of Phase I

: In the Phase I, the satellite image analyses u31ng MSS and T¥ data, orientation
geochemical survey over. three known mineral dep031t areas, and heliborne survey
'1nc1ud1ng data pPOCBSSLHS and_preilmlnary data analyses were completed in this

project:. - The results of these survey are conclusively summarized as Tollows:

(1) . Satellite image analysis
@ The ring structure deliniated in and aEOUnd Ranau and N-S ifeﬁding fault
zone in the Kinabalu area shows close rélatidnship'with intrusives. = Because
m1nera11z3t1on is recognized in these intrusives, the ring structure is
thought to be 1mportant for future mineral exploration in thlS area.
C)-The ring structure is also scattered other than Ranau area. These ring
_ structures are also important for the minerail explorat1on in the project
' area. ' '
@' During the ground truth survéy of the satellite'image'anai&sis,:lateritic soil
_ samples were cnilected and analyzed. These.sample.shows comparatively high
values of Ni (maX1mum, G 86 %). Potentiality of lateritic nickel deposit is

.thought to be hlgh



(2) Orientation geochemical survey

@ All the sample medias (stream sediments, soil and pan concentrates) adopted
in this survey are useful for the mineral exploration in this preject area.

@ Stream sediment geochemical samples indicate longer distance of influence
compare to other sample medias. Conseduenfly, stream sediment sample is the
optimum sample media for the regional geochemical survey.

@ Optimum.sample_density of stream sediments ig 2 kmz/sample, and soil is 0.5 km®
/sample. _ . _

@ Optimum sampling point for stream sediments is the edge of water Tlow and upper
part of B horizon for soil. _ _ ' )

.Gﬁ Useful pathfinder elements for the geochemical survey in this project area are

twelve elements including As, Au, Ba, Cr, Cu, Mn, Mo, Pb, S, U, W and Zn.

1-3 Coverage and outline of Phase I
The regional'geochemical survey was carried out in both areas of Segama,
Semporna and a part of Kinabalu and Labuk areas. The heliborne survey was conducted.
in the Northern Kinabalu, Southern Kinabalu, Labuk,'Segaha, Northern Semporna aﬁd
Southern Semporna areas. Fieldwork, data processing and data analyses were carried
out for five areas excluding the Northern Kinabalu area. The data anélyses for ‘the
survey of the Northern Kinabalu area will bé,conductéd in Phase III. Locations of
the =murvey aréas are shown in Fig. 1. The work amounts conducted in this phase are
summarized in Table I-1 and the labnratorial_studies are showh in Table I-2.
Each survey method emphasizes the followings;
@ Regional geochemical survey
Examine the relation between geology and mineralization.and delineate mineral
potential areas in the Segama and Semporna areas. The data analyses for the
samples collected from Kinabalu/Labuk area will be carried out in Phase III.

@ Heliborne geophysical survey _ o o
Examine aeromagnetic and aero-radiometric distribution, ahd delineates
magnetic and radiometric hodies related to sulfide m1nerallzat10n and
hydrothermal alteration. _

Data process1ng and analyses for the geochemical survey were completed in
Japan. The base camps are established at Lahad Datu for the Segama area and Tawau
for Semporna area. Base camp was established at the down ‘stream of Sunga1 Mellau

for the survey in the Klnabalu/ Labuk area. The field survey was mainly conducted-

by flying camp along streanms.



Table I-1 Summary of work amounts

Work iteﬁ ' . VWork amounts
Regional geochemical Stream sediments: 6,328 samples
survey Coverage Pan concentrates: 387 samples
11,300 km? Soil _ : 113 samples
Rock _ : 122 samples
Béliborne geophysical | Field survey 7,700  km?
survey ' 16,659. 4 line-km
Data analyses . 10,650 km?
: 21,923.4 line-km
{(From Phase I 5,650 km* 10,819.08 line-km)
(To Phase M 2,700 km® 5,6565.0 line-km)

Table I-2 Work amounts of laboratorial studies

Study item _ York amounts

Geochemical survey

Thin section : 22 samples
Polished section ' ' o 10 samples
 X-ray diffraction anélysés _ 10 sampleé
QME*! of ban_concentratés 3817 samples

| Physical properties measurement
Field measurement _ ' ' 106 points

Laboratory measurement ' _ 102 samples

Chemical analyses

Stream sediments . . 6,328 . samples

_ 132,888 elements
Soil ' ' 113 saaples
. 678 elements
~ Rock . C122 samples
R : 2,561 = elements
~i0re o CoL _ 10 samples
: : 70 élements_




The base camps for the heliborne survey were at Kota Marudu in the Northern
Kinabalu area, Kundasang in thc Southern Kinabalu area, lLuasong in the Northern
Semporna area and Kota Kipnabalu. The data procéssing and. analyses of the heliborne

survey were conducted in Canada and Japan.
"1-4 . Survey member
The menbers of the project planning and'pricr negotiation and field survey are

as the Tollowing;

(1) Project planning and prior negotiation

Japanese counterpart |- ' Malaysian counterpart.
Kenzo Masuta MMAJ | David Lee Tain Choi . Geological Survey of Malaysia
o Lim Peng Sidné' Geological Survey of Malaysia :
Alexander Yan Geological Survey of Malaysia

_ ¥MAJ; Metal Mining Agency of Japan
(2) Field survey

- Japanese counterpart : Malay31an counterpart

Takehiko Nagamatsu -Team leader BEC Lim Peng Siong - Coord1nator GSM |

Masahiko Nono  Geochemical BEC | Alexander Yan -  Senior geologist’ GSM

HMasatsugu Okazaki  Geochemical BEC | Joanes Muda Geologist GSM

Jun-ichi Yamagata Geochemical  BEC } Paulus Godwin Geologist : GSM

Hirosi Hyodo Geochemical BEC{ Allagu Balaguru Geologist GSM

Kazutoshi Sugiyama Geochemical BEC | Cleafos Totu Geologist GSM
Salleh Adanan Geologic Assist. GSM
Japili_Samin Geologic Assist. GSM
Rojer Totu Geologic Assist. GSM
Kamil Kamaruddin Geologic Assist. GSM

BEC; B?Shlmetal Exploration Co., Ltd.
GSM; Geological Survey of Malaysia

The data analyses of the helihorne geophy31cal survey. was carrled out by Mr.

Susumu Sasaki (Bishimetal Exploration Co., Ltd.} in Japan.

1-5 Survey period
Period of the fleld survey in this phase is as following;
_Geochemical Sampling ; 16th July 1991 to 25 November 1991. _
'Geocﬁemical field ahalysis ; 1ith November 1991 to 3lst December 1991.
Heliborne geophysical surVey;.24th September 1991 to. 20th January 1992{



Chapter 2 Geography of survey area

21 Location and accessibility

Mala&sia, being a_pffncipal_member of ASEAN countries, consists df Western
.Malaysia situated in Malaya and Eastern Malaysia situated in northern and southwestern
Borneo. Population of Western and Eastern Malaysia in total is 16.5% millions. The
area of the country is approximately 330,000 km2.

Eastern Malaysia comprizes the State of Sabah and State of Sarawak. The
‘project area is situated in the Sabah, from its northwestern part to its
southeastern part and the coverage is 26,500 km®. The area is subdivided into four
areas. These are named Kinabalu area, Labuk area, Segama area and Semporna area.

The capital of the State of Sabah is Kota Kinabalu on the west coast of the
island. 1In Kota Kinabalu, international airline services are available. Regular
flight llnes are also avallable betwepn Kota Kinabalu and some-cities on the east
coast of Sabah - Principal road connects Rota Kinabalu, Ranau and Sandakan and other
maln road connects from Sandakan to Tawau through Labad Datu. These roads. pass
through the central part of the Kinabalu and Labuk areas and eastern. part of the
Segama and Semporna areas. In the Kinabalu area, many roads run out-from Ranau. In
| the Labuk area, there are some roads for log transportation.  However, vehicles can
not be used at the southern and northern part of the area. In the Segama and
Semporna areas,.there are some roads used for plantatzon and log transportation on
the east coast area. ' In the western part of the Segama area, rivers are mainly
used for transportatlon In the eastern to southern part of the Semporna area,

'_ roads for plantatlon are developed

2-2 Topogfaphy and drainage system

The State. of Sabah is divided into three categor1es in terms of topographic
features. = Steep mountalne trending north northeast dominate in the western side
ialong coast. He1ghts occupy the eastern area and volcan1c mountalns are found: in
the southern part Flat plain is alung rlvers and their down streams - M. Klnabalu
whlch 1s the h1ghest mountaln in the qoutheast A31a, rise up to 13, 455 ft in western
:_end of the Klnabalu area which is occupied by steep topography nghland dom1nates
1n the Labuk and Segama areas.” Swamp extends at the end of main rlvers and the
rivers are’ extremely meanderlng there. nghiand domlnates 1n the Semporna area

; except the young volcanlcs region with volcanlc tnpography



The main drainage system in the project area are Sungai Pegalan, Sungai Sugut
Sungai Labuk, Sungai Kinabatangan, Sungai Segama, Sungai Tingkayu, Sungai
Kalumpang, Sungai Kalabakan etc. Among these river systems, Sungai Pegalan flows to
Scuth China Sea, Sungai Kalumpang and Kinabatangan flows down to Celebes Sea and
other: river systems are to Sulu Sea at the east. These river systems form deep
valley at the upper stream and extremely meanderlng at the down stream in general.

The river also forms swamp area at the mouth of the river.

2-3 Climate and vegitation _

The survey area is situated in the tropical monsoon region. From spring to
summer it is a season with lebs rain, from autumn to winter it is rainy season.
P1eclp1tat1on in the less rain season is 100 - 250 mm in a month and in the rainy
season is 200 - 450 mm in a month.. Temperature is 22 C to 33 € throughout the year.

The maximum and minimum tempEfatﬁre and monthly rainfall for each month in
Kotakinabalu at the west coast, Sandakan at the east coast and Tawau at the
south coast are shbwn in Table I-3. As shown in this table, east coast has more
'rainfall:fhan the west coast. |

Vegitation in the survey area mainly consists of'primary and'second&ry.jungle

except the area used plantation. The project area is mostly situated in the

secondary jungle.

Table I-3 Statistics of temperatﬁ?e and rainfall

Kota Kinabalu Sandakan“'_ | - 7 Iéwau |
Month Temperature (C) Rainfall | Temperature (C) | Rainfall | Temperatire ('C) Rainfall
Max. Min. | (mm) Max. Min. | (m) | Max.' | Min. | (mm)

January 30.5 | 22.4 95.1 { 29.7 24.2 | 398.2 | 314 22.2 161:4
February 3.6 | 22.5 61.6 | 30.5 23.6 | 2209 { 39| 223 | 1324
March 3.8 | . 22.8 471 | 310 | 238 | 1200 | 324 | 226 | 10n.7
April 32.5 | 23.4 1375 | 322 | 2.8 | 875 | 326 | 22.8 101.3
May 32.5 23.9 287.9 | 32.5 24.3 116.8 | 328 | 23.5 | 1136
June 31.7 23.3 | 2487 | 32.8 | 23.6 209.3 | 323 23.0° | -185.5
July 3.6 | 23.0 | 25721 324 | 235 | 2145 | 316 | 227 | 2263
August 3.7 | 233 | aes4 | 329 | 2.5 | 18%.6 | a3 | 226 | . 2ir7
September [ 31.8 232 | 3158 | 323 ] 235 [ zan2 | 317 | 225 | 196.9
October 32.0 23.5 | 292.9 | 318 | 23.6 27119 | 3.9 | 228 | 188.1
November | 31.4 | 23.2 | '314.6 3.2 | 240 | 324.8 [ 324 23,1 | 174.0
December | 31.3 | 22.7 149.7 | 29.8 24.4 | 453.0 | 32:4 2.4 1 135.3

Temperature: 1989 and 1990 Rainfall: average of last 10 years(1981 ~:1990)

_6_




Chapter 3 Previous surveys

3-1 Generai geology

The survey area occupies wide area in the northwest to southeast of the State
of Sabah. Known”mineral showings are found mostly in this region.

This area is underlain by crystalline rocks (€b), sedimentary rocks
accompanied by_spilite eruption (K, KP), sedimentary rocks characterized by flysh
sediments (Pi, Pa, P; and P4} and other sedimentary rocks (N., N2, Na, Ng and Ng).
Cb is pre-Triassic rock and forms a basement in this area. K and KP were deposited
in the age ffom {retaceous to Eocene, which was ealier time of the ndrthwestern
Borneo geocyncline. P, Pz, P; and P, were deposited in Eocene through middle
Miocene. N,. Nz. N: N« and N¢ were deposited during early Miocene threough
Pleistocene. Orogenic movement is realized in middle Miocene through Pliocene.

Cretaceous'ultra—basic intrusives, syn- and post;orogenic plutonic intrusives

and effusive rocks such as dacite, andesite and basalt in Pliocene through Holocene
and recognized as the feSult of the igneous activities.

_ GeOlogiﬁ map (Y.E. Heng, 1985) of the State of Sabah including the survey
area is shown in Fig.I-1. This map tells that crystalline rocks éuch as schists
and gneisses, which form basement, and sediﬁentary rocks are mainly distributed in
the Segama area. Sedimentary rocks accompanied by spilite effusion 0c6upied wide
area both in the lLabuk and Segama areas. Ultra-basic rocks can be seen in the
Kinabalu, Labuk and Segama areas, which distribution is ¢losely related with that
of the sedimentary rocks accdmpanied with épilite effusion. Plutonic intrusions
such as adamellite and granodiorite are characteristic in the Kinabalu area.
Volcaniq rocks such as dacite, andesite and basalt aré characteristic in the

. Semporna area. This volcanic belt extends northeast until the Southern part of

Philippine.

3-2 ﬁineralization-and mining activities

Principal metallic ore deposits in the survey area comprise porphyry copper
deposit clbselj related with plutonic rocks, CyprusFtypg massive sulfide deposit
reiated tq_spilite effusion and'hydrdthermal goid—siivef depogits closely related
 with vdléanic_rQCRs;_ Chromium or platinum deposits related with ultra-basic rocks,
lﬁtéritié aiuminum and nickel'deposits_and MangaQESe'deﬁééits iﬁ sedimentary rocks
are knowh as well. The diétribufion map of ﬁain metallic ore deposits and mineral

shéwings‘in the project area (after K.M. Leong, 1976) -are shown ih'Fig. 1-2.
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The Mamut mine is the only active mine in the project area. The Mamut deposit
is porphyry copper type, located to the north of Ranau in the.Kinabalu area. This
ore deposit was discovered by a geochemical survey conducted by United Nations. The
Overseas Miﬁeral Resources’ﬂevelopﬁent Co., Ltd., Japan, obtained the éxploratioﬁ'
right on the Mamut area through international tender in 1968, ahd carried out
~exploration work from 1968 to 1972, then began development work in 1973. The mine
has been operated since May, 1975. The current production of crudé ore is 29
thousand tons per day with the grade of 0.47 % Cu. Staffs and workers of the Mamut
Copper Mining SDN. BHD. are about 1,300.

The Bidu Bidu-Hill'oré'deposit is in the latest stage of the exploration work
and the.developmént will be made in near future. This ore deposit is Cyprus-type
‘massive suifiﬁe deposits sitﬁaied in shilitic effusive rocks. Exploration work for
this_hre’deposit has been carried out by Leadstar SﬁN BHD. Ore reserves of 3,600
thdﬁsand tons with 3.6 % Cu, 1 - 2 g/t Au and 8-15 g/t Ag have been confirmed by
drill work (approximately 40,000 m) for this deposit.

o “Exploration work for gold-silver deposits oqdured in velcanic rocks in the
Semporna area has been carried out by Zamia SDN. BHD. The survey area by this
company covers wide area from west of Semporna to northefn_Tawau. The:surv9y
cénsists of mainly soil.geochemical_survgy and trenching. A few drill holes have

been completed for the Mantri area as well.
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Chapter 4 Survey results

4-1 Regional geochemical survey
Regional geochemical survey, which are composed of stream sediments and pan
concentrates as the sample media, was carried out in the Segama and Semporna areas.

The survey methods used were selected based on the results of the orientation

.geochemical survey coducted in Phase I. Representative rock samples were alsd

collected and were analyzed to clarify the geochemical nature of the rocks in the
survey area. In addition, soil geochemical reconnaissance survey was carried out in

the area of ultra-basic rocks to clarify a potentiality of residual laterite
deposits. Regional geochemical sampling was also conducted in a part of the

Kinabalu and Labuk areas.

(1) Pathfinder element
The following 21 elements were adopted for the psthfinder elements in this

survey, based on the results of the orientation geochemical survey in the Phase 1.

Stream sediment sample {21 elements)
As, Au, Ba,=Co, Cr, Cu, Hg, K, Mg, Mn, Mo, Na, Ni, Pb, S, Sb Sr, 11, U, W, Zn.

S0il sample (8 elements).
Al, Co, Fe, Cr, Ni, Pt.

_ Qualltatlve Mlneral Examlnatlon (QME) was also carrled out for the pan
concentrates to clarlfy the qualltative mineral comp031tlon of the pan concentrates.
_ In addltlon to above geochemical survey, the representatxve rock samples were
analxzed for 21 elements whlch are same elements for the stream sedlmenf samples to

clarlfy the geochemical nature of the background rocks in the survey area.
(2):Data analyses
The distribution maps of elements (Appendlx 5 and 15) were prepared to clarify

the d1str1but1on tenden01es of each element ' Data analyses were made us1ng 51ngle

=element analys1s and multi- elenent analys1s Exploratory Data Analys1s {EDA)}
'(Kurzl H., 1988) -method was adopted as the s1ngle element analys1s to de11n1ate the
. threshold values Cluster and factor analyses were applled as the multi element

:analy81s in th1s survey
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Exploratory Data Analysis (EDA) method delineates threshnld value by means of
statistics data processing, and distribulion pattern of each elemeni is not affected
in this method. The cluster analysis is grouping method of elements which have
close relétionship-among them. . Factor analysis is the method to delinéate-factars
which form the relationship among the elements.

The data analyses were separately conducted for the Segama area and the
Semporna area because of the different geology between the survey areas. _Computer

was used for these data processing and analyses.

(3) Survey results in the Segama areé

Geologic reconnaissance survey was simultaneously carried out_in the regional
geochemiqal survey. Geoidgic map was prepared using the previcus geologic data and
.the data obtained from the present survey. The geologic map is shown in Fig.I1I-1-1.
Sampling_work'fur the most part of the area was completed by flying camp. The

‘following results were obtained for each survey method.

Stream sediment geochemjcal survey
. Stream sediment sémplés collected in the Segama area are listed in Appendix 1
and.the ahalytical results are shown in Appendix 2. Lecations of the samples are
shown in Fig. II-1-2 and Plate II- 1-1.

. Pistribution maps of each element and distribution map of anomalous samples
are shown in Appendix 5 and in F1g.II-l-4, respect1vely These maps glve the

following resuits:

‘(@ Among the analyzed elemeﬁts; the maximun value of Au {2,500 ppb) and Cr
(18,532 ppm) are relatively high. The maximum values such as 12,390 ppm Mn;
3,605 ppm Ni, 6.53 % Na and 4.95 % K are higher than those values in the
Semporna area. These maximum values of each element may reflect the geology in

the survey area.

& Correlation coefficient among the elements including Cr; Co, Mg, Mh and Ni are
higher than that of other elements. These pairs of elements reflect the
ex1stence of ultra-basic rocks and Chert- Splllte format10n in this area '

@ The dlStrlbUthﬂ maps of CU, {r, Mg and Ni lndlcate that these elements have
closge relation with ultra basic rocks: The hlghly concentrated. zones of Au are
mostly located in the areas of crystalline basement rocks.

@ The samples with anomalous and high values of Cu and 8§ are-coqcéhtratéd_in the =
area between Sungai Diwata and Sungai Sabahan. Because the Chert~Spilite:-
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formation ocers in this area, potentiality of Cyprus type copper deposits is
expected.

® Pyrite d1ssem1nat10ns are found in the upper stream of Sungai Segama in the
central part of this survey area. Anomalous Ba and S, and high Cu value
samples were also detected in this area. Because of the distribution of Chert-
Spilite formation, a potentlallty of Cyprus type copper depos1ts is expected in
this area.

- ® Anomalous and high value samples of Cu and § are found in the upper stream of
Sungai Danum which is ocuppied by basic rocks and Chert-Spilite formation in
the north. The assay results of float sample (Sample No. J055) collected in the
lower stream of Sungai Danum give the grades of 1.2 g/t Au, 42.6 g/t Ag, 0.93 %
Cu and_3 9% % Zn. Potentiality of mineral deposits is thought te be high in
thisg area.

@ Anomalous samples of .Ba and S are found in the area between Sungai Latangang
and Sungai Belang where ocuppied by sedimentary rocks. Because this area is
surrounded by Chert-Spilite formation, this area is interesting area for the
mineral exploration,

_Anomlous and high value samples of Cr show close relationship with the
distribution of ultra-basic rocks and the significant anomalous zone 'is found
in and around Silam village. A potentiality of chromium deposits is restrlcted
in the surroundings of Sllam v111age in the eastern part of the survey area.

Cluster and factor analyses were applied as the multl element analysxs The
obtained dendrogram (Fig.1I-1-5) indicates that the common_elements_wlth high
contents in ultra ba51c and basic rocks give clear clusters. The results of factor
analyses indicate that the factor 1 is closely related with the elements including
Co, Cu, Mg, Na, S, Sr and Zn and factor 3 is clesely related w1th_the elements
such as_Cr_éﬁd_Ni. Because of the related pathfinder elements, the zones of the
higher faétor SCDFEIOf factor 1 (Fig.il-l-ﬁ) seem to be reiated with both the
geology and copper mineraiizatiOn. The areas of the above meﬁtidned .()‘ ® and ®
are selected as the zones of higher factor Score The factor 3 is 1nterpreted to
be related with ultra-basic rdéks The dlstributlun of Factoe 3 factor score
is co1nc1dent with the geology The remaining other factors are not able to clarify

the;r relatlonshlp

Pan concentrate survey

The samples collected 1n the survey area 1s shuwn in Appendlx 6 and- thelr
locatlona are Qhown in Flg 1T~ 1 3. The results of OME are shown 1n Appendix 7 The

amounts of sample 1s dlfferent depend on. the geology at the sampling p01nt Large
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amounts of samples were collected around the zone of ultra-basic rocks and
remarkably small amounts of sample (less than 1 gram) were collected in the area
of sedimentary rocks. The collected minerals is composed mainly of rock forming
minerals, and_reflect the geology at the sampling point (Fig.1I-1-8). Very small
amount of native gold was recognized in five sémplés which are scattered in the

area.

Rock geochemical survey

The representative rock samples were colledtéd 1o clarity the geochemical
nature of the background geolegy in the survey area. The locatlon of rock samples
are showu in Fig.II-1-3 and analytlcal results are shnwn in Appendlx 8. The contents
of the elements including Co, Cr, Mg, Ni and Zn tend to show higher values in the
ultra-basic rocks and the elements including Cu, Sb, Zn and Ti.give:higher values
ihztheibaéic.rbbks. The elements including As, Hg, Pb and U are closely related
with the sedimentary rocks such as sandstone and shale. The relationship between

elements and rocks show the same geochemiéal nature observed for the tjpicai rocks.

Soil geOChenicai éurééy

| Tﬁe s0il geochemical reconnaissance survey was carried out in the area of
ultré-haéic rocks te clarify a potentiality of residual Iaterite'deboéits; The
‘location of soil samples are shbwn in Fig.II~1?3'and fhe'deécriptidns df samplés
are shown in”Appéndik 3. The anaiytical results are shown in Appéndix 10. The
analytical results show that the maximum value of Ni'is 5,313 ppm and 11_saﬁplés
éontain more than 3,000 ppm Ni which is relatively low content. Thé

lateritization in the Segama area is weaker than that in the Labuk area.

(4) Survey results in the Semporna area
Geologic recohn#issance survey was simultaneously carried out in the .
~regional geochemical survey. Geologic map compiled from ﬁrévibﬁs.geologic data. and
the data obtained from the present survey is shown in Fig.TI-1-9. Sampllng wurk for
the central to eastern part of ‘the survey area was completed u51ng the_
agrlculutural road. Sampllng work from cental to western part of the survey are&

was mostly completed by flying camp. The followlng results in each survey method

- 16._



vere obtained.

Stream sediment geechemical survey

‘Stream sediment samples collected in the Semporna area are listed in
Appendix. 11 and the.analytical results are shown in Appendix 12. The locations of
the samples-are shown in Fig. IT-1-10 and Plate I1-1-2.

The distribution maps of each element obtained from the statistical .data
processing are given-in Appendix 15 and the distribution map of anomalous samples
are shown Fig.II—I~12. The data proceseing and the disgtribution maps give the
Tollowing results.

@ Among the elements, the maximun value of Au (9;320 ppb), S (5.526 %}, Pb (789
ppm) and Ba (1,230 ppm) give relatively higher values,

@ The correlation coefficient among the elements including Cr, Mg and N1 are
high. These pairs of elements reflect the geology. Au is closely related with
Pb among the elememts. :

().Accord1ng to the distribution maps of each element and of anomalous samples,
the anomalous and ‘high content samples of As, Au, Ba, Cu, Hg, Pb, S and Zn are
“concentrated in the’ area between Sungai Balung and Sungai Kalumpang where known
mineral . showings are distributed.

@ The samples with the high'contents of As, Au and S are concentrated in the
area of the horth side of the highway between Tawau and Semporna. The known
mineralized zones are also situated in this area.

_ ® The anomalous and'high'conﬁent samples of Au, Pb and S are distributed in the_
~upper stream of Sungai Sipit in ‘the eastern part of the survey area. Altered
zones are also observed in-this area.

C) The anomalous and high content samples of As, Cu, Hg and Pb are concentrated
in the upper most stream of Sungai Kalumpang :

1he anomalous samples of As and Au are wldely distributed along Sungai Apas
in the Southern part of the survey area. -

Phe zone of relatlvely high contents of As and Pb is found in the north slope
of the Tawau Hill at the ncrthwest -0t Tawau..

° @_‘__

e

The anomalous and high content samples of U are dlstrlbuted around Tawau. The
'contents of U in thls zone are the hlghest contents in the Segama and Semporna
 areas. : : :

Cluster and factor analyses were applled as the multi element analygis. The
resu]ts of the cluster analyses (F1g I1-1-13) 1nd10ate that Mn- Fz, Na-Sr, Mg-Cu-Zn,
Cr-Nl and Au-Pb form clusters. These related elements show similar distribution

tenden01es on the distribution waps
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Results of the factor analysis delincated five factors. Among these factors,
factor 1 seems to be weakly related with cdpper mineralization according to the
related elements to this factor. Factor 4 beiﬁg-closely related with Au and Pb
seems to be related with gold mineralization. The high factor score of factor 1
are mainly distributed (Fig.[I-1-14) in the area of sedimentary rocks hnd ére not
found in fhe area of Chert-Spilite formation. This fact sﬁggests that the
potentiality of copper deposits is low_iﬁ.this area. - The high factor score zones of
factor 4 (Fig.II~1~15) delineated the areas of above-mentioned®, @, ®, ® and @

some gold mineralized zones are known within these area.

Pan_concentrate survey

List of samples collected in this survey is showﬁ‘in Appendix ‘16 and their
loqatiqhé'afe'shown in Fig. II~1F11 The results of QME analysis ‘are shown in
.Appéndiﬁ 17. The results of the QME analysis (Flg I1-1- 16) indicate that mineral
combdsition reflects the geology at each sampling point. . The samples collected in
the area of sedimentary rocks in the western part of the area contain a‘relatively
large amount of zircen. Little émounts of native gold.was.recognized in the four

samples which are found in the area between Sungai Balung and Sungai Kalumpang.

Rock geochemaral survey

List of the rock samples is given in Table II-1- 12 Loéatiohs 6f rock samples
are shown in Fig.II—1~11 and analytical results are sﬁown in Abpendix 18. The
results is similaf3to'that of the Segama area ' Stfongly'aitéred iwb'robk'éémﬂles
character1stlcally contain hlgh values of Hg (2,405 pph and 1,126 ppb) and S (4 307

% and 7.944 %). Fhere is a close relat10nsh1p between alterat10n and hlgh contents

of Hg and S.

Soil geochemical survey

List of samples énd the analytical resﬁlts are‘shown in Aﬁﬁeﬁdix-iBL The
maximum value of Ni is 3,506 ppm which is lower than the value ohtained-in.the_
Segama area. It might'be stéted that the lateritic soil is not widely-dévelopedain
the survey area because of Sfrong'volcanism-and‘the smaller ulfrahbésib'foék_bbdies'

compare to those in the Segama area.
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(5) Survey results in the Kinabalu/labuk area

Regional geochemical survey composed of Stream_sediments, pan cdncentrates,
rock and soil as sample media was carried out in the part of the Kinabalu and Labuk
areas.

Geologic map prepared based on the previous geologic data and the data
obtained from the present survey is shown in Fig.II—i—l?. The locations of stream
sediment samples are ‘shown in Pléte I[I1-1-3. The location of the sampies of pan
concentrate;, rock and seil are shown .in Fig.II*l—iS.‘ The list bf stream sediment
samples is shown in Appendix 20 and their analytical results are shown iﬁ.Appendix
21. 'The list of pan concentrate is given in Appendix 22 and the results of
Qualitative Mineral Examination (GME) are shown.in Appendix 23. The list of rock and
soil samples and their.analytiCal results are given in Appendix 24 and 25
respectively. |

Data analyses for the analytical results obtained from the présent survey in
this aréa will be carried out together with the results of the'regional geuchemicai

survey for the Kinabalu and Labuk areas in_the next phase.

4-2 Heliborne geophysical survéy

Helicdpfer-borne hagnetic and radiometric data acﬁuisition and processing
were done at six areas including Nofthern_Kinabalu, Southern Kinabalu, Labuk,
Segama, Northern Semporna and Southern Semporna. Data anélysis for five areas
except the Northern Kinabalwu area was carried out. The results of fhe analysis are

as fbllowst-

(1) Southern Kinabélu and Labuk area _
In fhiS'area, both anomaly distributions of magnetics(Figs.II-2-5 and II—Z;B
and 11-2-7) and rad10metrlcs(F1gs I1-2-8 and I1-2-9 and 11-2-12) show remarkable
.d1fference between the Southern Klnabalu and Labuk areas That is, large-scale
high-magnetic anomalles and hlgh count radiometrlcs are distributed broadly in the
:Southern K1nabalu area,. whlle Small scale low- magnetlc anomalles and low-count
radlometrlcs are dom1nated in the Labuk area.

These dlfferences.between-both areas reflect geology of each area;
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non-magnetic and high-radiemetric sediment rocks{sandstone, P.Cr) are distributed
wholly in the Southern Kinabalu area, while highly-magnetized and low-radiometric

chert-spilite (KpCs) and ultra-basic rocks (Ub) are dominated in the Labuk area.

Southern Kinabalu area
_ | N-8 trending_magnetic discontinuity lineaments dominated in the high magnetic
anomalous zone are correspond to the strikes of the faults prefered.ﬁy the
satellite image analysis, so these lineaments seem to reflect main geological
structure. The northern extensions of these lineaments shall be examined using the
magnetic data of the Northern Kinabalu area.
| And tﬁere are magnetic discontinuity lineaments in the directions of NEﬂSW_}n
the whole area, NW—SE at the western part, NS to NN¥W-SSE at the central-to-
northern part, and EW directions at the western and central-to-southern parts. '
_ Magnetic anomalies of relatively.lang wave-length and small amplitude show -
alignments.in NW-SE, N-S and E-W¥ directions at the western, central-to-south-
eastern and sduthern‘parts. These magnetic anomalies are caused by highly
magﬁétized dabite and/or gabbro of the depths of 1 - 2 km be}ow'ground level and
the magnetic suscéptibilities of 0.2 - 0.7x10“3 CGSemu. As mentioned above, these
anomalies are located in high-count radiometric zone so that these are not caused
by the shallower source. _ | |
As potassium(K) high count zones coincide almost with a high totai count zone,

the total count radiometrics in this zone are contributed by potassium ﬁainly;
While, there are smallFséale uranium (U) high count anumaliés in the central to-

southwestern part, where uranium also contribute to total count.

Labuk area

Short wave-length magnetic anomalies are disfribﬁfed-predominantly in thié:
area, showing characteristic alignments of NNW-SSE to NW-SE, NE-SW, NE?SW_tb-
ENE-WSW, and NW-SE to WNW-ESE directions in the northern, ndrfhéastern, central,
and southern parts, respectively. These anomalies are caused by chert- Splllte and
ultra-basic rocks of high magnetlzatlon at the ground surface and/or at the

shallower part, which are divided into small blocks by N-S trend1ng magnetlc

discontinuity lineaments.
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‘As mentioned above, the Labuk area is occypied by low count radiometrics.
However high radiometrics are found breadly at the northeastern, southeastern,
southwestern and southern parts, and gparsely at the centrél part, and align in N-S
and E-¥ directions excepting the southern part. N-S direction is the latest main
structure in the Southern Kinabalu and Labuk area, because it is the one of the
main gecological structure in the Sbuthern Kinabalu area, corresbonding to the one
of magnetic discontinuity 1ineaments to block highly magnetized rocks, and can be
zeen on the radiometric map reflecting the surface geology. _

- Potassium(K) contribute total count wholly. Uranium(U) shows low count wholly
in the this area, but there are small-scale uranium high count points in the

central part.

(2) Segama and Semporna area

Both anomaly.disgributions of magnetics(Figs.II—2—13h\£]—2;14, I1-2-15 and
1I-2-16}) and radiometf&cs(Figs.11—2—17, IT1-2-18, 11-2-19 and T1-2-23) show the
characteristic pattern at each part.

-That is, predominant lérge low-magnetic anomalies.of E-W directions and
predqminant.10w~radiometrics with.isolafed high~radiome£rics in the northern part
(Segama area), large high—magnétic and high-radiomeiric anomalous zone in the
western and central part (Northern Semporna area), low-magnetic and high-
radlometrlc anamalles of small scale in the southwegtern part (Southern Sempofna
area) and E-¥ trending low- magnetlc anomalies and hlgh radiometric anomalies in the
southeastern part (Southern Semporna area). _

These features reflect geology'of each part, thét is, ultra—bésic rocks of
high maghetization and low radiémetrigs, éedimentary'racks.of weak magnetization and
high'radiOmetriCS, andesite of high magnetization and relatively high radiometrics.
~are domlnated at the northern, western and central, and socuthern parts,

respectlvely

”Northern-paft(Segana?aréa} "
' EHW'trénding magnetié'anomalies of large amplifudes at the northern part and a
.lot of small scale magnetlc anﬂmalles at the western and ‘eastern parts are due to

.'hlghly magnet1zed bodies at the ground surface. These h1ghly magnetized bedies are
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divided into a lot of small blocks by magnetic discontinuity lineaments trending in
E-¥W and.NEHSW directions, and correspond to ultra-basic rocks because of low
radiometrics.
At. the western to southwestern part, there are found high magnetic anomalous
‘zone of large scale and high radiemelric anomalies, which suggest sedimentary rocks
of weak magnet1zdt10n and high radiometrics are distributed predom1nantly Uranium
hlgh count anomalies are distributed at the same locations of high total count
anomalxes, where the contribution of uranium to total count occupies very large
part. These uranium high count anomalies extend to the western side of the central
part(Nofthern Semporna area).
- And in the southwestern part, small magnetic anomalies are distributed, which
- suggest the existence of highly magnetized bodies such as ultra-basic rocks at the

shallower part (B - 500m helow grdund level).

Central part (Northern Semporha area)

This part is occupied by high magnetic and high-count radihmetric zone whcliy,
which suggésts non-magnetic sediment rocks are dominated. Magnetic discontinuity
lineaments'réflecti1g the geologic structure are found as follows; N-S trending
llneaments in the whole part, NW-SE trending ones at the western part and NE-S¥ to
ENE-WSW trending ones at the central to-eastern part

At the central-to—eastern part, there are found é lot of small mégnetic
anomalies, suggesting the existence of highly magnetized ultra-basic rocks intruded

into the sedimentary rocks at the shallower part.

Southwestern part(Southern Semporna)
_ ﬁagnetic discontinuity lineaments trending in N-S, NW-SE and NE-SW directions
are distributed in this area.

The north end of the circular pattern is limited by NW-SE and NE;SE trendihg :
magnetic discontinuity lineaments, and at its southern side; there.are distfibﬁted
‘a lot of low magnetic anomalies due to highly magnetized_ahdesite_at the grduﬁd
eurface .

Whlle, high-count radiometric rocks are distributed at'the_north of tﬁe'

circular pattern.and broadly overlapping partially the distributions of the highly:
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magnetizéd_bbdiés'at the south of the circular pattern. And the latter are limited
by N-5, NW-SE and NE-SW trending radiometric &iscontinuity lineaments.

According to a geologic map, andesite are.distributed in this whole part, but
highly magnetized andesite are spotted by non-magnetic bodies, where high radio-
metrics are found. This suggests the existence of alteration and/or mineralization

which cause demagnetization and high radiometrics.

Southeastern part (Southern Semporna)

Low magneti¢ anomalies of large-scale extending in E-W difections, overlapping
partialiy high~count radiometric anomalies, are due to highly magnetized andesite

at the ground surface.
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4-3

(1)

Overall discussion

Regional geochemical survey

As thé results Qf Lhis survey, distributions of each.element.well:correspond

to the geology, and delineated the known mineral showings in the Segama and

Semporna areas, These facts indicate that the survey method applied in this survey

are

adequate for the regional survey in this area. The survey results are

interpreted as following;

@ High value and anomalous samples of As and Cu are recognized in ‘the area

®

between Sungai Sabahan and Sungai Diwata, upper stream of Sungai Danum and
upper stream of Sungal Segama. Chert-Spilite formation (KPCS) is found in and
nearby these areas, and pyrite disseminations are also found in these areas.
These areas are interpreted to have potentlallty of Cyprus-type sulfide
deposits based on the above-mentioned facts.
High value Znnes of pathfinder elgments including As, Au, Pb and s which
possibly indicate gold-silver mineralization, are concentrated in the areas 6f
the Nagos area, upper stream of Sungai Sipit, the area bétween_Sungai Balung
and Sungai Kalumpaﬁg, upper most stream of Sungai Kalumpang and surroundings of .
Sungai Apas in the Semporna area. Known mineral-showings of gold—silver
mineralization are also situated within these areas. These promising areas are
in the area of volcanic rocks. Consequently, the gold-silver mineralization has
close felatinnship with the volcanic activity and the potential area is thought
to be limited in the volcanic zones.: .
Strong hydrothermally.altered zones are found in many places in the volcanic
zone of the Semporna area. High value zones of Hg show close relationship with
these altered zones, as the results of the geochemical survey. The volcanic
zone in the Semporna area is also known as a geothermal field, and thereforé
the relationship between the alteration and guld—silver'mineralizatidn is not
clear.
Distribution of high value zones of {r show close relation with the
distribution of ultra-basic rocks. These high value zones are concentrated
surrounding Silam village in the eastern part of the Segama area. Pdtentialify
“of chromium ore deposits is thaught to be limited within this area. Known
chromium showings are also known in this area. _
High value zone of U are concentrated near Tawau in the southern part of thé
Semporna area. Only this area is thought to have the potentiality of uranium

in the Segama and Semporna areas.
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(2) Heliborne geophysical survey
The survey resulis are interpreted as follows;

@ Non-magnetized and high radiometric zones are widely disiributed in the area of
sedimentary rocks (mainly sandstone} in the Southern Kinabalu area. On the
other hand, high magnetized and low radiometric zones are found in the area of
the Chert-Spilite formation (KPCs) and ultra-basic rocks (Ub). The survey
results correspond to the geology of both the areas.

@ Magnetlc anomalies of relatively long wave- length and small amplitude allgn in
the dlrectlons of NW-SE at the western part, N-§ at the central to southeastern
part and E-W at the southern part of the Southern Kinablu area, which are
caused by daclte and/or gabbre of magnetic susceptibility of 0.2 to 0.7x10-®
CGSemu and the depth of 1 to 2 km below ground level. These parts show high
total counts on the radiometrics total count map, so these magnetic anomalies

are due to deeper sources undoubtedly.

@ N-S trending magnetic discontinuity lineaments in the Labuk areafcut main
lineaments of different directions and block the high magnetic bodles
Radlometrlc dlscontlnu1ty lineaments also indicate a N-§ directlon The N-S
system in the Southern Kinabalu and Labuk area ig 1nterpreted to be the 1atest
struoture in both the areas

@ Dlstrlbutlons of magnetlc and rad1ometrlc anomalous zones well correspond to
“the geology in the Segama area, and Northern and Southern Semporna areas.
These dlstrlbutlons suggest that hlghly magnetized and low radiometric
ultra -basic rocks occupy the Segama area, low magnetic and high radlometrlc
_Sedlmentary rocks crop out in the Northern Semporna area, and high magnebic
and comparatlvely low radiometric VOICBHIC rocks are dlstrlbuted in the

Southern Semporna area

® Many magnetlc anomalles of small amplltude and relatlvely long wave-~ length are
dlstrlbuted in the hlgh magnetlc zZone at the southwestern part of the Segama
area, and’ those are caused by 1ntru31ve rocks suoh as ultra-basic rocks at the

shallower part(surface to ﬁﬂﬁm below g;ound level)

® Many magnetic anomalles of small amplltude and relat1vely long wave- 1ength are

| found at ‘the central to eastern part of the Northern Semporna area, and those

are due to shallower 1ntru31ve rocks such as ultra-basic. rocks, because low
radlometr1c count, anomalles SpOt in high count zone at the same locatlons

GD'Accordlng to a geologic map, ande31te is d1str1buted broadly in the clrcular

| zone of the Southern Semporna area, but hlghly magnetlzed bodies correspondlng
 to andeelte are spotted by low and/or non magnetlzed bOleS and radiometrics
total count anomalies are found at the spotted locatlons Then, ‘the existence
of alteratlons losing magnetlzatlon are suggested at the spotted locations.
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(3) Discussion

Considering the survey results of regional geochemical and heliborne

geophysical surveys, following can be pointed out for the Segama and Semporna areas;

@

Distribution of the disoontinuity lineaments indicate that the significant
structure is N-S and NE-SW systems in both the areas. Results of the satellite
image analyses in Phase I and heliborne survey show that the N-S trending
structure is the latest structire in these areas. The NE-SW trending system is
the main structure which is parallel to the distribution of volcanic rocks.

The area between Sungai Sabahan and Sungai Diwata is interoreted to have

potentiality of copper ore deposits on the basis of the results of geologic and
geoohemiCal surveys in this area. This area is outside of the heliborne
survey area. '

Anomalous Cr samples are concentreted in the surroundings of Silam villageiio
the Segama area. This area is interpreted_to have potentiaifty of chromium ore
deposit. This potential area is situated outside of the heliborne survey area.
Results of the geochemical survey indicate potentlallty of copper ore
dep031ts in the area of upper stream of Sunga1 Segama “Low magnetic anomalous
zone with hlgh radiometric count which may 1nd1cates alteratlon iz also
observed in this area. The low magnetlo anomalous zones with high uranium
fadiometric count are well correspond to the hydrothermally alteréed zone in the
Segama and Semporna areas.

Geochemical anomalous samples are concentrated in the upper streem of Sungai
Danum. Potentlal1ty of copper ore depos1ts may exist in this area. Low

magnetic anomalles and high vranium count are also observed in thls area.

Slgn1flcant geochemical anomalous zZones are concentrated in the area between

Sungai Balung and Sungai Kalumpang The potentlallty of m1neral dep031ts 13 X

thought to be high. Small low magnetic anomal1es and high count zone of uranlum
are also ‘found in this area. This area is oharacterlzed W1th magnetic
discontinuity lineamenis trending three directions of NE-SW, NW- SE and N- S :
The Nagos area in the Sempoerna area is 1nterpreted to have potentlallty of
gold-silver ore deposits. Low magnetlc anomalles and hlgh count zone of uranzum
are also occur in this area. ' :'

Upper stream of Sungai Slplt s1tuated north of the Nagos area 13 also
interpreted to be the potentlal area of gold 511ver dep031ts Th1s area is

outgide of the hel1borne 5urvey area.

~In the central part of the Semporna area, upper most stream of Sungal.
_Kalumpang also indicates p0331b111ty of gold- 311ver ore dep081ts by the results-

of the geochemloal survey. Low magnet1c anomalous Zones with hlgh count of

‘wranium which p0531ve1y 1ndlcate altered zZone, are found nearby this area.
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The geochemical survey results delineated the Sungai Apas area as the
potential area of gold—silvef'déposits. This area is situated outside of the
heliborne survey area.

The results of geochemical survey also suggest potentiality of gold-silver
deposit at the north of Tawau Hill. The heliborne survey gives no significant
result for this area. ' _

The geochemical survey delineates the surroundings of Tawau as an uranium
concentrated zone. But the heliborne survey gives negative result. The

potentiality of uranium deposit_in this area is thought to be.low;
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Chapter 5 Conclusions and recommendations

5~1 Conclusions

The results of regional geochemical survey for the Segama and Semporna’ areas
cleérly_delineated the known mineralized zones in these areas. Consequently, the
survey methods applied are usefull geochemiéal.survey method in this project ‘area.

The results of the stream sediment geochemical survey delineated promising
areas of mineral resources in the Segama andpSempobhé areas. These potentiél areas
are the following;

Segama area : between-Sungai Sabahan and Sungai Diwéta, hppef stream of
Sungai Segama, upper stream of Sungai Danum and the
surroundings of Silam village.

Semporna area: between Sungai Balung and Sungai Kalumpang, the
surroundings of Nagos, upper stream of Sungai Sipit, Sungai
Apas area, Tawau hill and the surroundings of Tawau. :

In accqrdéhce to the geology and the distribution of pathfinder elements, the
promising areas delineated in the Segama area have potentiality of Cyprus type
massive sulfide deposits except the sorroundings of Silam Qillage. The silam aréa
has potentiality of chromium ore deposits. The mineral potentiality in the
Semporna area is gold-silver deposits considering the geology, distributions of
pathfinder elements and known mineral showings. The potentiality in the
surroundings of Tawau'is uranium, of concentration of uranium is observed in the
geochemical survey reéults. '

Mineral composition of the pan concentrate sample well reflects the'geoldg&
ol the samﬁled-area. Native gold was observed in some samples. These samples are
scattered in the Segama area, but are gathered nearby Mantri area in the Semporna
area, - |

Results of chemical analyses for the rock'sémples indicate common compositioﬁ
of elements for each kind of rock. Strongly altered volcanic rocks are
characterized with high contents of Hg. _ _ | '

The analytical results of soil samples show. low contents of Ni'compare to_tﬁe
samples collected in the Labuk area. This fact may indicate that some fécfprs which
obstruct the develbpment of lateritic soil, such as vblcaﬁic activity, are existed
in tﬁis area. | |

Data analyses fnr.thé geochemical samples collected in the Kinabalu/Labﬁk
area will be made in the nexi phase. .

Heliborne geophysical survey was conducted over six selected areas of Northérn
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Kinabalu, Southérn Kinabalu, Labuk, Segama, Northern Sempbrna and Seuthern
ngporna. ‘Data analyses for these areas, except the Northern Kinabalu area, were
completed in-this survey. “Fieldwork and data processing were completéd for the
Northern Kinabalu area. The_data.anélyées for the Northern Kinabalu area will be
made in next phase.

The survey results of the heliborne geophysical survey are conclusively
~summarized as following;

@® The Southern Kinabalu area is mostly covered with low magnetic and high
radiometric'zonés On the other hand, the Labuk area is mostly kigh magnetic
and low radiometric zones. These facts may reflect the difference of geology
"in these two areas.

@ The small magnet1c anomalous zoneés which are found in the south of the
Southern Kinabalu area, are 1nterpreted to reflect compdratlvely highly
magnetl?ed intrusive bodies 31tuated 1 -2 km in depth from the surface

®@ Magnetlc dlscontlnulty lrneaments trendlng a N-S direction in the Segama
area block the highly magnetized zones. This fact suggests that the d1rect1on
of N-$ is the latest geologic structure in this area.

@ Distribution of magnetic anomalous zones in' the southwest of the Segama area
indicate existence of ultra-basic rock bodies near surface {0 - 500 m in
depth).

® Distribution of magnetic and radiometric anomalous zones. also .indicate
ex1stence of ultra-basic bodies at shallow depth in the central tn eastern
. part. of the Northern Semporna area.

() Irregularly shaped low magnetlc anomalous zones are found Within the high
magnetlc zonﬂs in the Southern Semporna area. These low magnetic zones are
' Lnterpreted to be hydrothermally ‘altered zones of volcanic rocks.

As the results of the regional genchemlcal and hellborne geophysical survevs
the f0110w1ng areao are dellneated as the promls1ng area of m1nera1 resources in
the Segama and Semporna areas; '

Segama area

(D .Area between. Sungai. Sabahan and Sungai Diwata.
@ Upper-stream of Sungai Segama.

@ Upper stream of Sungai Danum.
@ -Surrnundings_- of Silam village.

| Semporna area :

.,() Area between Sunga1 Balung and Sungal Kalumpang,
@ Nagos area.
G Upper Stream of Sungal S1p1t
@ Upper most of Sungai. Kalumpang.
@ Sungai Apas area.
® Surroundlngs of Tawau Hlll
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Among these areas,D, @ and @ in the Segama area are the promising areas
of copper ore deposits. The target for @ in the Segama area is chromium ore
deposits. The all areas dellneated in this survey in the Semporna area have
putentiallty of gold-silver ore deposits. _

Investigation has been carried out for the surroundings of Silam village and
intense exploration work has also been carried out for the area between Sungai
Balung and Sungai Kalumpang of the Semporna area by pfivate firﬁ

The hlghly concentrated zone of uranium was. delineated by the geochemical
survey near Tawau in the Semporna area. However, the results of aero- radlometrlc'
Survey indicate negatlve results. The potentlallty of uranxum 1n this area is

thought to he low;

b- 2 Becommendatlons

The follow1ng survey method are recommendable for the survey in Phase III on

the bases of the survey results of Phase II o _ _ _
1);Results of the regional geochemical survey delineated potential areas of
mineral resources including known mineral showings. Therefore, this survey
method should be used for the regional geochemical survey in the Kinabalu and
- Labuk areas.
2) The promising areas delineated in th1s survey cover compardtxvely wide area
and therefore, further exploratlon work should be carrled out in order to
dellneate exact target zones. Locatlons of these promlsxng areas’ are shown

in Fig. II- 3 1. The foilowing survy method should be applled for these areas

Segama area o e L _
() Area between Sungal Sabahan and Sungal Dlwata soil geochemicalﬁsurvey _
@ Upper stream of Sungai Segama. : rock geochemical survey
® Upper stream of Sungai Danum. _ : rock geochemical survey

Semporna area _ o
@ Upper stream of Sungai Sipit. © . li-soil geochemical survey

@ Upper most of Sungai Kalumpang. - ¢ s0il gebchemical survey.
@ Sungai Apas area. -1 soil geochemical survey
@ Surroundings of Tawau Hill. _ "_ : soil geochemical survey

A preliminary sgeologic survey also should be carrled out for these selected
areas. The areas where exploration work have been carried out exclude for the

areas of further exploration work in the Segama and Semporna areas
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'Ghapter 1 Regional geochemical survey
1-}  Survey methods and work amounts

1-1-1 Methodology _

Based on the results of the orientation geochemical survey in Phase I, a
regional geochemical survey was carried out in the Segama and Semporna areas, and a
part of the Kinabalu and Labuk areas in order to clarify the mineral potentiality
in these areas.  The sample medias used in the regional survey are stream sediments
and pan concentrates. In addition, a rock geochemical survey using representative
rock samples in these area'was conducted to examine the'genchemical'naturefof the
background geology. -Soil samples were also collected to examine the mineral
potentiality of 1ateritic s0il in the areas of ultra-hasic rocks. A reconnaissance
geologic survey and sampling work for laboratorial studies were simultaneously
carried out along the geochemical sampling routes.

.: The stream sediment samples were'cellected from the entire areas. At each
sampling site the sample was collected from the edge.cf stream flow which is the
optimum Samplimg.point'delineeted in the survey results of Phase 1. The sample is
minus 60 mesh fxact1nn sample. - Sample dénsity applied is 2 kmz/sample-except flat
area and the den31ty in the flat area is 4 km?/sample. The sawpling work could not
conducted 1n.the areas of a northern part of the Segama area, eastern and southern

parts of the Semporna area and an east to northeast part of the Labuk area where
.13 w1de1y ccup1ed with swamp. Deep vallys are found at the upper stream nf Sungai

Segeme'and‘thé sampling.nefk‘coula not be condacted in these parts because_lt was
quite‘dengefcus to walk inside the vally. At the each sampling site, 'the scale of
stream{°COier and grain size of'Sediment'etc were discribed and sample list was
prepared.. Mcre than 180 grams of -6 mesh fractlnn sample were collected at each
sampiing s1te After drylng up the sample, the sample was d1v1ded lnto 1o two
samples : 0ne 1s for chem1cal analyses and’ other is for storage in the Geologlcal
_Survey ofMalay31a. Sabah offlce The samples for the chen1"a1 analyses were send
‘to the: 1aboratorlee in Japan and Canada P _ '

Sampllng work fnr pan concentrates was also carried out along the streams'
where sampllng cf stream sed1ments were conducted The - sample is collected hv
”pannnlnng of flve pan (approx1mately 25 ljters) “The sample den31ty of the pan
'concentrate sample is 34 kmz/sample The sample was dryed up and measured the

'welght It the welght Gf the sample is more than 10 grams, 10 grams was studied
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and remaining sample was stored in the office of Geclogical Survey of Malaysia.
Qualitative Mineral Examination (QME) was conducted for these samples in Japan.
'_During the survey, representative rock samples were collected and chemically
analyzed. The elements analysez are 21 elements same as the stream sediment
samples. About 100 grams of each sample was used for the chemical analyses and
remaining.sample was. stored in Gealogiqal Survey of Malaysia. _

Soil samples were collected in the area of ultra-basic rocks. The each sample
was collected at the top of B horizon. The sampling density is 3 km®/sample. The
sample collected are dryed up then 51eved and ~80 mesh fraction sample was
collected for the chemical analyses _

-The fieldwork was condacted by nine Malaysian and six Japaneses geolagists.

The ﬁork was mainly conducted by flighing camp along the streams.

1-1-2 Coverage of work

The work amount completed for each area is the fdllowing:

Segama area | Semporna area Kinabalu/Labuk Total
Geochemical survey _ o s
Stream sediments 2,740 spls. 2,580 spls. | 1,008 spls. | 6,328 spls. _
Pan concentrates 175 spls. 160 spls. 51 spls. | . 386 mpls.
. Rock _ 51 spls. 50 spls. 21 spls. 122 apls.
Soil ' _ 74 spls. - 17 spls. 22 spls. 11375913;.
_ Labdratqrial-studies | : _ 7 o .
Thin section . 12 spls. 10 spls. . - . 22 spls.
Polished section ' 5 spls. 5 spls. ” - 10 spls.
X-ray diffracticn' _ ' o ' : : o
analysis . 5 spls. | b spls. b - 10 spls.
Ore assaying : b spls. | 5 spls..] . . — 1 . 10 spls.

Elements chemlcally analyzed (21 elements)_fof'Stream sediment and rock sambles

and their ditection limit are the follow1ng

Element Ditection limit Element Dltectlon Limit Element. Ditection limit

As 1 ppm K e.0t% S 0001 %
Au. 2 ppb ‘ Mg  0.00% . Sb . 0.2 ppm
Ba 10 ppm , Mn b ppm. CSr 1 ppm
Co © 1 ppm Mo 1 ppm COTi 0.01°%
“Cr 2 ppm ' ‘Na®  0.01'% S0 0.2 ppm _
Cu. ] ppm o Ni 1 ppm - ' W ooZoppmo
He 10 pph _ Pb - 2 ppm Zn . 1 ppm

Thé elements (6 eiements) and thelr dltect1on 11m1t for the 5011 samples are
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as tollows:

Element Ditection limit " Element Ditection limit Element Ditection limit
© Al - 0.01 % . - Cr 2 ppm - Ni 1 ppm
Co 1 ppm Fe 0.01 % Pt b pph

- The elements assayed for the ore samples and thelr ditection 11m1ts are as

" the follow1ng

Element Dltect1on 11m1t Element Ditection limit Element. Ditection limit

Aw 0lg/t . Pb 1 ppm S 0.001%
Ag 0.1 g/t . Zn 1 ppm ' : '
Cu _ 1 ppm Mo 1 ppm

The elements applied in this survey was selected based on the results of the

orientation geochemical survey in Phase I.

1-1-3 Data processing and analyses
The arnalytical results of the stream sediment samples were input in computer.
Statiétical-data teratment, singl element and multi element analyses were made
using these inpﬁt data. _
' Iﬁ'erder to carried out the singl element analyses, histograms and cumulaive

frequency graphe were prepared and statistics for each element were calculated A

‘half value of the dltectlon limit was used for the sample 1ndlcat1ng less than the

ditection limit of the element in this calculation. The mean values_calculated are
geometric means. Based on this calculated results, distribution map of each element
was drawn'by cempdter. The.eontents of each element were divided into following
four ranks:

Less than background (B) value. _

More than beckgruund value, lese than B + standerd deviation (8D} .

More than B + Standerd deviation, less than B + 25D.

More than B + 2SD. _

The dralnage system of the survey areas were input in the computer using

d1g1t1znr and dlstr1but10n maps of each. element were prepared. The coorelation

"matrix among the elements were also calculated. Exploratory Data Analysis.(EDA)

method was applled to delzneate the threshold value (aeemalous value) for each
elment _ _ _ _ | |
As.ﬁhe multi element anelyses, cluster_and_fector analyses were utilized.in_
this”Sur#ey ‘The ‘cluster analysis is'a grouping'methed of the elements.dsing
coorelatlons -among the elements The factor analysis is the method to dellneate the

factor whlch forms the reletionship among ‘the samples
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For the_pan concentrate samples, magnetite and ilmenite were sepalated uéing
magnet and the remaining samples were observed under a microscope to ditect the
minearals and their volune percentage. Then weight percentage was calculated using
the speci¥ic gravity for each mineral, ' |

The number of sample for rock and soil samples is not enough to treat
statistically. Therefore, studies were made for the results of fhe chémical
analyses. The data analyses and interpretation were nade using newly prepabéd

geologic maps for the survey area.
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1-2  Survey results of the Segama area

1-2-1 Geology and mineralization

The Segama area is underlain by pre-Triassic crystalline rocks, Cretaceous to
Tertiary ultra4basfc to basic rocks and Tertiary to Quaternary sedimentary rocks
according to S.K. Chung; 1971 and Y.E. Heng; 1985. A geologic map is shown in
Fig.11-1-1 compiled using the previous geologic data and the data obtained from the
pfesent survey. _

The crystalline rocks (Cb) are widely found as the basement rocks in the
eastern and southern parts of the area. These rocks are composed mainiy of gneiss,
amphibolite and'schiSt, Some intrusive rocks of granodiorite and granite are
exposéd'in_the crystalline rocks.

Cretacéous to Tertiary ultra-basic to basic rocks (Ub) are found in the .
surrounding zones of the crystalline rocks The ultra-basic rocks are composed
malnly of serpentinite and serpentlnxzed peridotite.” The basic rocks are composed
of dolerite and gahbro. _

_Chert—Spilite formation (KPCs) is found in the surrounding 2onés of the_oltfa~
basic to basic roCks and is composed of sedimentary rocks accompanied by basaltic
lavas. The Chert- Sp111te formation consists of sandstone, chert, basaltic plllow
lavas and pyroclastlc rocks dep051ted durlng Cretaceous to Eocene in age.

In the western part_of the area, Sapulut formation (KPSp) is found and mainly
consists of mudstone deposited ducing Cretaceous to Focene time. During Eccéne.to
Miocene, Kulapls formatlon (P:K=), Labéng formation (Palb), Ayer formafion (PsAy)
and Kuamut format1on (Pa Km) characterized by fllSh type sedlments are widely
d1str1buted in Lhe area. The Kulapls formation is composed of sandstone and shale

and is 11m1ted1y found in the northeastern part of the area. The Labang formation
is composed of sandstone shale, mudstone, conglomerate and limestone and ‘is -
llmltedly found 1n the western part of-thé areo The Ayer formatlon is composed of
_Euff slump brecc1a. mudstone, sandstone and some limestone and is widely found in
the eastern part of the area. "~ The Kuamut formation is composed of slump brecc1a,
conglomerdte, sandstone and 51ltstone and is widely found in the area. The Tanjong
formatxon_(NzTJ) is composed of‘sandstone and midstone deposited in M;ocene time
is found ‘in the wes£6rn‘psrt of théfareaL Tabonak Cooglcmefste (NaTk) composed
'mainiy of:conglomerste"isifouod in the_eostérn pértcof the area.
Ple1stocene terrace dep031ts (Ql) ore fouod along the rivers and alluvium

sed1ments (QZ) are found along the coast and rivers.
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Fig. II-1-1 Geologic map of the Segama area






| Disﬁribution of the ultra-basic to basic rocks and the Chert;Spilite formation
show close relationship among them. These ultra-basic, basic rocks and the
Chert-~Spilite formation are regarded as a part of ophiniife. The wide zones of
ultra-basic to basic rocks are found in the eastern part of the area, while the
narrow zenes are sporadicaly found in the central to western part of the area.

Fault systems are composed of ENE—WSW, NE-SW, NW-SE and NNW-SSE éystems {Y.E.
Heng; 1985). Because the distribution of ultra-basic rbcks, basic rocks and
Chert-Spilite formation suggest fhat these units form a succession of ophiolite,
the geologcal structure in the survey area may be cnmplicated.

The mineralization in the survey area recognized are mineral showings of
.-chrbmium, copper and gdld.

The mineral showings of chromium are found around the ultra-basic rocks
facing the Dafvel bay and disseminations of chromite occur in peridutité.

The mineral occurrence of copper is found in the upper siream of the Sungai
Segama and Sungai Danum. The minerai'GCGurrénce in the upper Stream of the Sungai
Segama‘is cumpdsed.of the massive.and disseminated pyrite and chalcopyrite
occuring in sdhist and the Chert-Spilite formation.. A mineralized float composed of
disseminations of pyrite and chalcopyrite was collected in the main stream of the
Sungai Danum, and mineralized floats with the disseminations of chalcopyrite and
 pyrite in quartz vein were collected in the tributary of the upper stream of Sungai
Danum. The origin of these mineralized flaats have been not confirmed.

The mineral occurrences of gold are recognized as placer gold in the zone
between the middle stream of Sungai Segama and Sungai Sabahéh. The gold contents are
relatively high in the dongiomeratic bed along the_middle'stream of Sungai.Segama

{(J. Muda; 1988).

1-2-2 Sampling

Samples bf stream sediments and pan concentrates were collected along the
riyeré.‘-Samples-of roqk-and'Soil'were collected along the river and road. Sampling
iﬁ'the?eastefn.part of the area was carried out from the base camp established in
the town of Lahaﬁ'Datﬁ'bécause df.hetter living environment. But the sampling in.
the area from Cehtral_to wéstern part was mostly carried out by Tlying camp because
of no.road;_ _ - | _ ._ | _ ' _

Descriptions of étream-sediﬁen£=at the'sampliﬁg sites such as geology, scale
of the stream, color and size of sediments, etc. were conducted and were listed in

Appendix 1. The location of samples are shown in Fig. II-1-2 and Plate II-1-1.
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.~ The sampling site of pan concentrates was described about geology, river
scale etc., and the samples were weighted. List of these samples are shown in
Appendix 6. - The locations of samples are shown in Fig, II-1-3.

Rock samples cpllected are typical rocks in the survey area. The samples were
descrlbed about the coordinates and geologlc unit at the sampling point. The
locations of the samples are shown in Fig. II-1-3. Float samples were collected

:géu . instead of the rocklof outcrops in the strongly weathered zone.

e The soil sampling was carried out in the zone of ultra-basic to basic rocks
{(Ub).  The samples were descrlbed about the coordinates, geology and topugraphy at
the each =ampling site and color of soil. The location of samples are shown in Fig.
I1-1-3. _ _

In addition to the above mentioned geochemical sampling, geological survey was
carried aut'and the laboratorial'samples were also collected: The laboratorial
studies include thin section observat1en, pOllShed sectlon observatlon, ore
assay1ng and X-ray dlffractometry The locations of-the.laboraterlal samples are

shown 'in Fig. II-1-3. The laboratorial samples include mineralized floats.

1-2-3 'Stream sediment geochesical survey

(1) Element
: The stream sedlment samples collected :in the area were chemically analyzed for
21 elements. Results of statlstlcal process1ng conducted for the analyt1cal results
shown in Appendlx 2 are given in Table I1-1-1. Analytlca results of Au, Mo and ¥
give the values af less than the detection limits for most the samples. -The max imum
| values of Au {2, 500 ppb) {r (18 532 ppm) Mn (12,390 ppm) , N1(3 505 ppm) and Sr
(1, 207 ppm) lndlcate relatlvely hlgh values Hlstograms and cumulat1ve frequency
dlstrlbut10n graphs for each element are shown in Appendix 3 to clarify a tendency
of(hSUﬁbMﬂonpaHmrn' Correlatlon coeff101ent between the elements was
l"calculated to clarlfy relatlonshlp among the elements. Correlatlun matrlx is shown

‘;n Table II].Z Pazrs of elements whlch has good cuurelatlon (more than 0.600

%g’if.\‘

correlat;on coefflclent) are as fellows,

BafK,;.Co Cu, Co-Mg, Co- Mn, o~ Na, CO:Nl Co- ~Ti, Co- n, Cr-Ni, Cu- Mg, Cu-~ Na,::
Cu-8, “'Cu-Zn, K U,  Mg-Mn, Mg-Na, Mg-Ni, Mg-Ti," Mg-Zn, Mn- Na, Mn Sr. Mn-Ti,
Mn-Zn, Na-§, Na- Sr, Na- Ti, Na -Zn, - Ni~ 7n, Sr-Ti, T1 -Zn.

Palrs of element w1th sxgnlflcantly hlgh correlat1on coefflclent are Co Mg,
Co- Zn, Cr N1,7Mg Zn and Mn-Ti. Au has not gocd cerrelatlon with other elements. Cu

has' gond'correlatlon‘w1th,Na,:Mg; Zn and S. Mg has negative good coorelation with U.
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(2) Single element analysis _

Distribution maps of each element were made using fﬁur ranks as mentioned in:
the paragraph 1-1-3. EDA method was applied to determine threshold value (anomalous
valne). ~Results of the EDA method are shown in Appendix 4 and Table II-1-1. Value
of Upner Fence was used ae the‘threshold value. But if the maximum value is lower
than the value of Upper Fence, the value of Upper Wh1sker was used as the threshuld
.value. Tor the elements which their threshold value is not obtained by this way,
background . value plus two times standard dev1at10n:(SD) value was applied as the
threshold value. Distibution maps of each element are shown in Appendix 5.
Distributions of each element are summarizes as mentioned below. High value =zample
'described in this paragraph indicate the sampie with more than the value of
background value plus standard deviation {(SD).

ngh value samples are mainly found in the. areas of sedimentary. rocks (PsLb
PaAy, PaKm and N:Tj). Many samples in the Kuamut formation (P4Km) show

higher values of As. Some high value samples are also found in the area of

- the: Chert-Spilite formation, ultra-basic rocks and crystalline basement
rocks. The anomalous samples. are w1deiy d1str1buted 1n the area because of .
the low threshold value.

Au: It is difficult to clarify the dlStrlbutlﬂﬂ tendency of the high value
samples, because of many samples showing the value less than “the detectlon
limit. The high value samples, however, are mainly located in the zone of the

basement rocks around the upper stream of Sungai. Tallwas, Sungal Kawag and-
and Sungai Juak. Some samples with high value are recognized in the area of
the ultra-basic and basic rocks in the eastern part of the area, the
Chert- Splllte formation and the Kuamut formation in the Western part of the

area.

Ba : High value and anomalous samples are found in the area of the basement rocks
in the southern part, the Chert Sp111te fnrmatlnn in the western part, the
Kuamut formation in the northern part and the TanJung formatlon in the
“southwestern part of the area: S

Co : Samples with high and anomaIOUS'values are restricted in the area of ultra--
basic and basic rocks, especially around the upper siream of- Sungai Sepagaya,
in the western part of v1llage of Sllam, around the upper stream of. Sungal
Dewata and Sungai Lunkasa.

Cr: Samples with hlgh and anomalous values are restrxcted in the area of ultra-
basic and basic rock, especially in the northwest and west of Silam. The.
disrribution tendency Cr reflects the. distribution of ultra-basic rncks
Relatlvely hlgh value samples are recognized in the area of the basement
rncks and Chert- -Spilite formatlon in- the eastern part of the area. =

Cu : Anomalous value of Cu is 60.4 ppm. The maximum value is 395 ppm, Small number
of eamples with anomalous values are scattered in the area of the basement.
rocks, ‘basic rocks from the central to western part, Chert- Splllte formation"
in the. eastern and western part of the area. -Samples with relatlvely h1gh
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Hg :

Mg :
Mn :

Mo :

Na:

Ni:

Pb :

Sb:
'southern part of the area and the ultra-basic rocks in the eastern part of
the area.

St :

Ti:

values are recognized in the area of the Chert-Spilite formabion. Very
limited number of samples with than anomalous values are recognized in the
arcas of the Kuamut, Ayer and Tanjong formations.

High value samples are found in the area of the basement rocks, ultra-basic
to basic rocks in the eastern part, Chert-Spilite formation and Kuamui
formation. Samples with the high values are limited in the area of the
Chert-Spilite formation in the central part, Kuamut formation in the western
parl, and. Tanjong formation in the southwestern part of the area.

: Number of samples with value more than anomalous value is two samples

Samples with relatively high value are sporadically distributed in the area.
Samples in the area of sedimentary rocks in the western part of the area
show high' contents.

High value samples are restricted in the area of ultra-basic and basic rocks.

Anumalous_value is 7,573 ppm. Only several samples contain more than
anomalous value. High value samples are found in the area of ultra-basic and
basic rocks in the eastern part of the area.

It is difficult to clarify the distribution tendehcy, because a large number
of samples indicate the value less than the detection limit and high value -
samples are scattered in the area.

High value samples are found in the area of basement rocks, ultra has1c to
basic rocks and the Chert Spilite formatlon

Anomalous and high value samples are restrlcted in the areas Of‘ultra;basic_
to basic rocks. Some of samples with high values are recognized in the area
of the hasement rocks, the Ayer and Kuamut Tormations.

Anomalous and hlgh value samples are mainly found in the area of sedlmentary
rocks (P4Ay, P.Km and N TJ), and the samples are also recognized in the area
of the Chert-Spilite formation.

: Anomalous .and hlgh value samples are found in the basement rocks of the upper

stream of Sungal Bole, in the basic rocks of the upper stream of Sunga1 anum,
in the Chert- Splllte formation around Sungai Sabahan, in the sedimentary
reckslef.the upper stream of Sungai Latang, Sungai Belang and Sungai Kuamut.

Two anehalos samples and are found in the area of the basement rocks in the

High ValQe_samples are limitedly found in the area of the basement rocks in
the eastern and southern parts of the area. Samples with the relatively
high value are recognlzed in the area of the Chert Spilite formation arnund
Sungai Dewata, Sungai- Sabahan and the mlddle stream of Sunga1 Kuamut

High value samples are found in the area of the ultra basic and baSLC rocks

An the eastern part of the area. _
:'ngh value samples are scattered 1n the area of the sedimentary recks

: It is d1fflcu1t to clarlfy the dlStFlbUtlﬂn tendency, because of a large

number of samples with less than detectlon limit and sporadical distribution
of h1gh value ‘samples.
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Zn: Anomalous value is 155.5 ppm.  Anomalous and high value samples are found in
the area of the ultra-basic rocks and basic rocks and basement rocks. Samples
with high value are recognized in the area of Kuamut formation in the western
part of the area. :

Judging from the distribution pattern of the anomaleus and high value
samples, ditribution of some elements well corresponds to the geology but
distributions of some elements are not related with the geology. The elements
including €o, Cr, Mg, Mn, Na, Ni, Sb, Ti and Zn show higher values in the area of
the ultra-ﬂasic and hasic'rocks The elements of Au, Mn, Na, Sb, Sr, Ti and Zn show
high concentration in the zone of the basement rocks. The element 1nclud1ng As, K,
Ph and U show high value in the area of the sedimentary rocks. The" element including
Ba, Cu, Hg, Mo, S:-and W show no distinct relat1onsh1p with the geolngy High value
Cu samples are sporadlcaly recognized in the areas of the basement rocks and basic
rocks, and are concentrated in the areas of the Chert-Spilite formation. This fact
may reflect the copper mlnerallzatlon in the Chert-Spilite formation. In the area
of the Chert- Sp1l1te formatlon. the element of AS, Au, Ba, Hg, Mn and S show also
relatively high values. _

Judgiﬁg from the distribution pattern of the elements, the elements reflecting
the mineralization such as gold, copper, chromium and nickel are As, Au, Cr, Co,
Cu, Hg;'Ni end S. Locations of anomalous sample for above- mentloned nine elements

are shnwu 1n Fig. 1I- I -4.

{(3) Multi elements aﬁalysis ‘ : _

Cluster analy51s being a method of the mult1 elements analy51s is cnnducted
to clar1fy the relatlonshlp among the elements Dendrogram of element ohtalned from
the cluster analy31e is shown in F1g I1-1-5. ' In the dendrogram, the groups of
elements 1nciud1ng Zn- Ce Mg, Mn-Ti, Cr- Ni, Na-Sr and U-Ba-K form clusters These
elements maklng a group shuw the 31mllar d1etr1but10n tendencles as ehown in the
the dlstr1but10n maps of each element. Judglng from the results of the cluster
analy81s, the cluster of Zn-Co- Mg. Mn-Ti and Cr-Ni cerresponding to the ultra basic
Cand’ ba31c rocks, the cluster of Na- Sr correspnndlng to the haSﬂment rocks and
the cluster’ of U-Ba-K cerrespondlng to the sedlmentary rocks
| In addltxon to the cluster analy31s, “factor analyses by varlmax retatlon were
conducted Reeults of the factor analyses are ‘shown in Table 1I-1- 3 As the
results, seven - factors were delineated. Elements closely related with each factor

are as follows,
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Table IT-1-3 Results of factor analyses for stream sedlments

- in the Segama area

Factor loadings (Vafimax rotation)

Commmality '

Element
| Factor 1] Factor 2 | Factor 3 | Factor 4 | Factor 5 Factor 6 | Factor 7
As 0.267 | -0.124 | -0.131 | -0.241 | 0.027 | -0.523 | -0.080 | 0.4426
Mo | -0.046 | 0.014 | -0.015 | 0.023 | 0.020 | -0.002 | 0.245 | 0.0636
Ba | -0.09 | -0.821 | -0.205 | -0.191 | -0.012 | -0.002 | 0.021 | 0.7624
Co | -0.639 | 0.244 | 0.594 | -0.014 | 0.075 | 0.195 | 0.181 | 0.8980
cr | -0.053 | 0.264 | 0.853 | -0.007 | 0.048 |- 0.024 | 0.028 | 0.793
o | -0.761 | -0.190 | 0.253 | -0.004 | -0.001 | 0.044 | -0.049 | 0.6840
Hg | -0.091 | -0.194 |- 0.063 | -0.413 | 0.051 | -0.135 | -0.070 | -o.2461
K -0.108 | -0.868 | -0.163 | -0.068 | -0.004 | -0.103 | -0.150 |  0.8295
e | -0706 | 0.79 | 0.573 | 0170 | o0.075 | 0.197 | 0.081 | 0.9379
Mi- | -0.537 | 0.200 | 0.357 | 0.090 | 0.082 | 0.397 | 0.411 |  0.7972
Mo | -0.043 | -0.03 | -0.063 | -0.088 | -0.507 | -0.025 | -0.041 | - 0.2742
‘Na | -0:807 | -0.082 | 0.087 | 0.224 | 0.085 | 0.189 | 0.237 | 0.8185
Nio] -0.3210 | 0134 | 0.854 | -0.030 | 0.049 | -0.046 | -0.070 | 0.8606
“Pb o 6.307 | -0.171 | -0.098 | -0.435 | -0.200 | -0.083 | -0.165 |  0.3920
S 0763 | -0.083 | 0.095 | -0.154 | -0.074 | -0.051° o0.100 | 0.6197
b | 0.208"| ‘0064 | 0.417 | 0.245 | -0.01 | 0.220 | 0.438 | 0.5316
Sr | -D.6947 | 0.037 | -b.095 | 0:245 | 0.132 | 0.266 | 0.410 | 08095
Ti | -0.505 | 0.318 | 0.231 | 0.118 | 0.15 | 0.3% | 0.565 | 0,860
U | 0.438 | 0618 | -0.182 | -0.188 | -0.072 | -0.135 | -0.086 |  0.6687
W 0.073 | 0.012 | 0.014 | 0.066 | -0.498 | 0.025 | -0.007 | 0.2584
Zn -0.685 [ 0.147 : 0.503 | -0.190 | o0.026 | 0.199 | 0.231 | * 0.8734
FC™ | 36.3% | 17.0% | 221% ] 5.9% | 47% | 6.6% | 84% | —

~*!: Factor contribution

- 55_




Factor 1: Co-Cu-Mg-Na-S5-Sr-Zn
Factor 2: Ba-K-U
Factor 3: Gr-Ni
Factor 4: Hg-Pb
Factor 5: Mo-W
Facter 6: As

-Factor 7: Mn-Sb-Ti _ L _

Among these factbrs, Factor 1, 2, 4 and 5 show negative relationship with-
abovg—mentioned elements.: Factor 1 may have weak relationship with dopper
ﬁinerali?ation Factor 2 may have relation with the sedimentary rocks. Faétor 3
is 1nterpreted to be related Wlth the ultfa-basic”rocks, basic rocks and
Chert- bplllte formation. Th1° fabtor also have some relat10n ‘with mlnerallzation
of chromlum and nlckel Factar 4 is weakly related Wlth the sedxmentary rocks
Other factors are dlfflcult to clear the relatlonshlp Blstrlbutlon naps “of factor
score of factor 1 and factor 3 whieh possibly have sone relatlon w1th m1nera11zat10n
are shown_1n Fig. II-1-6 and Fig., 11-1-7 respseqtlvely. Distribution tenden01es of

high factor sdores for these factors are as follows; = _
Facto} 1 The high factor score (negafivé) zones are distributed in the areaof
. the basement rocks arpund.the lower stream of Sungai Segama and Sungai
‘Kawag, in‘the.area of the Chert—Spilite formation,distributed Betﬁeen
‘Sungai Dewata and Sungai Sabahan.. These zones are also found in the
“area of the basement rdcks occured from Sungai Bole to the middle
- stream of:Suﬁgai Segama, .and in the areas of ultra-basic noéks'and
- -Chert-Spilite furmation_arbund'the:upper'stream of Sungai SegaméL«The
;areas of the ba;ic rocks and Chert-Spilite formation distribuﬁed'in tﬁe
upper stream of Sungai Danum to Sunga1 Malubuk have also high 5core
zones. Copper ore d99051ts expected 1n thlS area is Cyprus type copper
ore deposits occurring in the Chert Sp]llte formatlon, therefure the
zones of ‘the high factor score in the Chert- Spllzte formatlon are

1mp0rtant for a potentlallty of coppPr m1nerallzat10n

Facfor 3 Zones of high factﬁr score are distributed in the areas of the ultra"
basic rocks, basic rorks and - Chert- Splllte formatlnn from’ the west 0f ‘
Silam to the upper stream of Sungal Kawag, the ultra basic rocks basic
rocks and Chert-Spilite formatlon from the central part to the western '
part of the area. Chromium and nlckel dep081ts expected in this area
are.situated in the ultra-basic rocks and surrounding later;te,:
therefore the limited zones of high factor score from the west of Silam
to the upper siream of Sungai Kawag are_important'for'the chromium and

nickel deposits.
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" Fig. II-1-6 Distribution map of factor 1 factor scores for sfream'sediment samples in the Segama area
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