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Abstract: Gold mineralization in Kelantan is mainly distributed in the central part of the state, bounded by Stong Igneous
Complex and Senting Granite on the west, Kemahang Granite in the north and Boundary Range Granite in the east. The gold
mineralization is more common in Triassic sedimentary rocks followed by Permian metasedimentary rocks. The oldest
Silurian-Ordovician metasedimentary rocks only contain some insignificant gold mineralization, whilst the youngest
Cretaceous-Jurassic sedimentary rocks are devoid of gold mineralization. Basically, the gold mineralization are identified as
volcanogenic massive sulphides, skarns and hydrothermal quartz vein deposits. Six types of hydrothermal quartz veins can be
observed, viz. low sulphide quartz veins, high sulphide quartz veins, quartz veins in sheared granite zones, quartz veins at the
boundary of sedimentary rocks, structurally controlled quartz veins in volcanic-sedimentary rocks and metamorphic
segregation quartz veins. The main factors contributing succession of gold mineralization are source rocks, heating chamber as
well as depositional structures. The principal source rocks are Permian-Triassic volcanic rocks that are associated with
sedimentary rocks. The heating chamber that induced the hydrothermal fluids is the granitoind bodies that intruded under the
volcanic-sedimentary rocks, whilst the structures which allow the infiltration and deposition of gold are shear zones and fault
zones originating from depth. Based on the type of ore deposits, geochemical data and geological setting, the study area can be
divided into five zones, namely gold zone (hydrothermal veins), gold-base metal zone (volcanic exhalative), gold-silver-
mercury zone (hydrothermal veins), base metal-gold zone (massive sulphides) and silver-lead-zinc zone (skarn and massive

sulphides).

INTRODUCTION

Kelantan State has a long established gold mining
history. Practically all the gold mining activities are
concentrated in the central region of the state. The
Geological Survey Department of Malaysia (GSM) has
reviewed all available geological, geochemical,
geophysical, prospecting and mining data obtained in
1987, 1994 and 1995. A total of 30 prospective gold
(1,161 km?2) sectors were delineated through an integrated
evaluation of geochemical, geological and mining
information (Teoh et al. 1987). Basically, most of the gold
mines are working on placer deposits; they contribute
approximately 10 % of the annual gold production of
Malaysia.

GEOLOGICAL BACKGROUND

The regional geology of Kelantan consists of a
central zone of sedimentary and metasedimentary rocks
bordered on the west and east by granites of the Main
Range and Boundary Range respectively. Within the
central zone, there are windows of granitic intrusives, the
more prominent of these being the Ulu Lalat (Senting)
batholith, the Stong Igneous Complex and the Kemahang
pluton. These belts of granite and country rocks have a
north-south trend and are essentially the northern
continuation of the regional geology of north Pahang. In
west and central Kelantan, the belts continue northward

into south Thailand but in the east the Boundary Range
granite is overlain by the coastal alluvial flat of Sungai
Kelantan.

The oldest rocks in the state are of Lower Paleozoic
age, outcropping as a northerly-trending belt bordering the
foothills of the Main Range and extending eastward up to
Sungai Nenggiri. They are mainly metapelites with lesser
volcanic fragmentals and minor arenaceous and calcareous
intercalations. Rare occurrences of amphibolite and
serpentinite have been recorded (MacDonald, 1967).

Predominantly Permian volcanic-sedimentary rocks
occur extensively on the eastern side of, and overlying
uncomformbly, the Lower Paleozoic sequence in south-
west Kelantan. The Taku Schist, the age of which is still
doubtful but definitely pre-Triassic, dominates central-
north Kelantan.

Triassic rocks are confined mainly to central and
south Kelantan. These rocks are mainly argillo-arenaceous
sediments with intercalated volcanics and limestone.
Several inliers of Permian rocks crop out through this
veneer of Triassic sediments (MacDonald, 1967).

The youngest rocks are the Jurassic-Cretaceous
continental rocks which overlie the Boundary Range
Granite and Triassic sediments in the Gunung Gagau area
at the common state boundary between Kelantan,
Terengganu and Pahang and to the west in the Gunung
Perlis and Gunung Pemumpu areas. This sequence
consists of conglomerate overlain by sandstone with
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eastern granitoid bodies (Boundary Range Granite)
intruded in the eastern site of Kelantan and normally cause
the formation of skarn along contact zones. This type of
gold deposit can be seen in Sungai Sok, Sungai Depak and
Sungai Mangkok. The geophysical data indicate that the
gold mineralization zones occur within the medium to
high magnetic area, where there is no indication of basic
intrusives (Geological Survey Malaysia, 1982. The vein
type deposits are usually shown by low magnetic and low
radiometric areas. Structural studies show that there are
two sets of faults controlling the gold mineralization. The
first set trending NE-SW and is relatively dominant, and
the second set trends N-S and is less significant.

NATURE AND ORIGIN OF GOLD
MINERALIZATION

Six types of hydrothermal veins together with
volcanogenic massive sulphides and skarn deposits are
observed. The description of each type is presented below.

Mesothermal Lode Gold

The mesothermal lode gold deposits are distributed
all over the state, in association with other types of gold
deposits, such as massive sulphides and skam deposits.
There are several types of mesothermal veins based on
their nature of occurrence, origin and depositional
environment. The factorx required for the formation of
mesothermal veins are sources, heating bodies and
deposition structures. The source of gold is mainly from
volcanic rocks that were extensively extruded during the
deposition of Triassic and Permian sediments. In addition,
massive sulphide deposit is also found in Ulu Sokor,
where the gold also originated from volcanic exhalatives
during Permian to Triassic volcanic activities. The skarn
gold found in Sungai Sok and Sungai Depak is also
derived from the volcanic rocks that are intercalated with
Permian metasediments. There are another two types of
gold origin that probably also play an important role in
Kelantan, namely limestone-hosted gold and igneous dyke
gold. The igneous dykes in the Sungai Teleming area,
carry a high amount of sulphide minerals, such as pyrite,
arsenopyrite and chalcopyrite. Although the concentration
of gold detected is lower than 0.03 ppm in the dyke, some
other undiscovered dykes probably may carry some
valuable mineralization (Goh, 2005).

Six types of hydrothermal quartz veins can be
recognized in the state of Kelantan, namely:

« low sulphide quartz veins

+ high sulphide quartz veins

* quartz veins in sheared granite zones

+ quartz vein at the boundary of sedimentary rocks

 structurally controlled quartz veins in volcanic-s
edimentary rocks

« metamorphic segregation quartz veins

Low sulphide quartz veins

The low sulphide quartz veins can be found in the
sedimentary, metasedimentary, volcanic-sedimentary,
massive sulphides and skarn deposits. The low content of
sulphide minerals in these quartz veins is prominent
because of the distance traveled. The volcanic layers are
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probably located at the distal end of hydrothermal veins,
where most of hydrothermal fluids are relatively cool and
less soluble for gold and other sulphide minerals. Thus,
these types of quartz veins can only absorb small amounts
of sulphides and gold, which are relatively low in their
deposition temperature. These low sulphides quartz veins
are commonly found in the gold zone and gold-silver-
mercury zone, and can be found in Batu Melintang, Sungai
Bertam and Katok Batu mine.

High sulphide quartz veins

The high sulphide quartz veins normally occur in the
volcanic-sedimentary rocks, where the volcanic layers are
close to the heating magma. The high solubility
hydrothermal fluids at the early stage of infiltration are
able to absorb most of the sulphide minerals as well as
gold. These high sulphide hydrothermal veins are replaced
by late phase quartz and form the high sulphide quartz
veins. The ore samples in the Pulai gold field are the
strong evidence of this type of mineralization veins. Other
areas that contain abundance of these high sulphides
quartz veins are Sungai Teleming, Sungai Ketil, Gua Setir
and those hydrothermal veins associated with massive
sulphides and skarn deposits.

Quartz veins in sheared granite zones

Some of the hydrothermal veins are controlled by
structure caused by granite intrusiosn. During the intrusive
stage, low temperature contact metamorphism will form
the shear zones around the intrusive bodies. The quartz
veins, normally low in sulphides, infiltrate through these
sheared zones and some cross-cut the volcanic-
sedimentary rocks. The quartz veins infill the fractures,
cracks and bedding of the sedimentary rocks. Some of the
hydrothermal veins probably originate from deeper levels.
The hydrothermal solutions travel upwards along the
granitoid shear zones to the surface. This type of
hydrothermal veins is observed at the margins of
granitoids at Katok Batu, Panggong Lalat and Panggong
Besar mine.

Quartz veins at the boundary of sedimentary
rocks

In certain places of Kelantan, structural features and
granitoid bodies are not available. Thus, the hydrothermal
solutions will travel along the bedding of sedimentary
rocks and infiltrate along the boundaries of sedimentary-
metasedimentary, sedimentary-volcanic rocks and
metasedimentary-volcanic rocks. This type of quartz veins
can be found along the boundary of Permian
metasedimentary rocks and Triassic sedimentary rocks,
such as the borderline in Sungai Kenik and along Sungai
Besir-Sungai Perias-Sungai Berok. This type of quartz
veins are more commonly found along the foliation of
metasedimentary rocks rather than the bedding planes of
the sedimentary rocks.

Structurally controlled quartz veins in volcanic-
sedimentary rocks

Some of the quartz veins are controlled by structures.
The structures that are usually infilled by the hydrothermal
veins are fault zones and shear zones that originate depth.
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Figure 2: Location map of 34 gold fields in Kelantan (after Teoh et al., 1987) and the distribution of
mineralization zones.

Hydrothermal fluids will infiltrate through the volcanic examples of structurally controlled quartz veins, where
rocks and then absorb the gold and sulphides when they are deposited along the sheared zones of sedimentary-

traveling along the weak zones of the lithosphere. These  volcanic rocks.

types of quartz veins are usually bigger in size and carry Metamorphic segregation quartz veins
greater amounts of gold. The gold mineralizations that are
found in Sungai Setir and Sungai Ketil are the ideal
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During the metamorphic process, high temperature
segregation will squeeze out the gold and low temperature
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western granitoid such as Stong Complex Granite, Senting
Granite as well as Kemahang Granite. Since limestone is
present on both sides of central Kelantan, the absence of
skarn deposits on the west is probably due to the relatively
low pressure and low temperature of the intrusion.

CONCLUSION

The gold mineralization pattern in the state of
Kelantan is well delineated in five zones. It basically
varies from hydrothermal types on the west to massive
sulphides types in the central and skamn type in the east.
This trend is continuous further south to Pahang as well as
Johor. A comprehensive study of these mineralization
zones should be carried out in these states.

ACKNOWLEDGMENTS

The first author (Goh Swee Heng) is grateful to the
University of Malaya for permission to use data from his
Ph.D thesis for this paper. We wish to acknowledge Dr.
Yeap Ee Beng, Mr. Mohd Rozi Umor and Mr. Osama
Twaiq for their advice and support on this research.

REFERENCES

Anthony M Evans. 1993. Ore Geology and Industrial
Minerals: An introduction (Geosciences Texts).
Blackwell Science Inc.

Chu, L. H. 1980. Preliminary report on geochemistry,
Anomaly 3503, Kelantan. Geological Survey
Malaysia Report (unpublished).

Chu, L.H. 1983. Exploration in the Sok Base Metal
Prospect, Kelantan. Geological Survey Malaysia
Report (unpublished).

Chu L.H., Muntanion, H. Aziz bin Sidek, Chand, F. and
Troup, A. 1983. Regional Geochemistry of South
Kelantan. Geological Survey Malaysia Geochemical
Report 1.

Geological Survey Malaysia. 1982. Airbone spectrometric
and magnetic survey, Central Belt Project April 1980
- November 1980.

Goh, S. H. 2005. Gold mineralization in the Eastern Gold
Belt of Peninsular Malaysia with emphasis on the
Mengapor skamn deposit. Ph.D. thesis. University of
Malaya (unpublished).

Hefton, K.K., MacDonald, G.D., Amold, L.C., Schappert,
AL, and Ona, A. 1995. Copper-gold deposits of the
Ertsberg (Gunung Bijih) Mining District, Irian Jaya,
Editors, Mayes, D., and Pollard, P.J., 17th
International Geochemical Exploration Symposium ,
May 1995, Townsville, Australia, EGRU
contribution 53, 1-43.

MacDonald, S. 1967. Geology and mineral resources of
north Kelantan and north Trengganu. Geological
Survey Malaysia District Memoir 10.

Rankama K, Sahama T G. 1950. Geochemistry, University
of Chicago Press

Rishworth, D.E.H. 1974. The Upper Mesozoic terrigenous
Gagau group of Peninsular Malaysia. Geological
Survey Malaysia Special Paper 1, 78 p.

Teoh, L.H., Lee, AXK. and Foo, K.Y. 1987. Gold
Mineralization and Prospects in Kelantan. Minerals
and Geoscience Department Malaysia.

Manuscript received 14 March 2005

June, 2006

135






