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        1. Introduction 

 Malaysia is a highly prospective region for gold and 
it has a long history of widespread small-scale gold 
mining throughout the country, especially in the 
 Central Belt of Peninsula Malaysia. Long before the de-
velopment of the great gold-fi elds such as in South Africa, 
Australia and USSR, Malaysia had  already established 

itself as one of the important gold producer ( Santokh 
Singh, 1977; Becher, 1983; Chu & Singh, 1984 ). Prior to 
the Portuguese conquest of  Malacca in 1511, the coun-
try was known as the  “Aurea Chesonese” or “Golden 
Peninsula”. The majority of the gold production ap-
parently came from the states of Pahang and Kelantan 
within the Central Belt (    Fig.   1). A study of literatures 
covering the  geology of the Central Belt goldfi eld 
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shows the important role of hydrothermal fl uids in the 
forma  tion of gold deposits ( Scrivenor, 1911, 1928, 1931; 
Richardson, 1939, 1950; Alexander, 1949; Proctor, 1972; 
Lee  et al. , 1982 , 1986;  Yeap, 1993 ). The regional geochem-
ical survey for gold, carried out by Mineral and Geosci-
ences Department of Malaysia over the Central Belt 
in North Pahang and South  Kelantan, has defi ned a 
20-km-wide, north – south-trending gold mineralization 
in the Raub-Kuala Medang-Lipis-Merapoh area (    Fig.   2). 
Several mines being worked extensively were alluvial 
deposits developed on vein stockworks in altered, brec-
ciated and sheared intrusive or adjacent country rocks. 
Attraction lies on the good possibilities of the existence 
of sizeable tonnage of low-grade gold deposit. 

 Major primary gold mineralization patterns within 
Central Belt can be grouped into two types: type I (gold 
belt 2) and type II (gold belt 3), respectively. The type I 
deposits consist of signifi cantly large quartz reefs/lodes 
and parallel swarms of vein, traversing metasediments 

and granite. This type I mineralization belt is also iden-
tifi ed as the gold geochemical zone ( Lee  et al. , 1982, 
1986 ). The mineralization is confi ned within  brittle –
 ductile shear or brecciated zones. This gold belt is 
located immediately to the east of the Main Range 
granite and Raub – Bentong line ( Yeap, 1993 ). Two major 
goldfi elds within the type I belt are the  Buffalo reef 
(Kanan Kerbau) and further south, the  Selinsing gold 
mine and the Tersang alluvial goldfi elds. Enhanced 
level and occurrences of stibnite and scheelite are com-
mon characteristics of the Buffalo reef, Selinsing and 
Raub goldfi elds, whereas ilmenite and cassiterite 
occurrence is considerable at the Tersang goldfi eld 
( Pereira, 1993; Pereira  et al. , 1993; Kamar Shah & Khairun 
Azizi, 1995 ). However, elevated As and Sb are consid-
ered a common trend of these goldfi elds. Type II, 
which is located immediately to the east of the type I 
deposits, exhibits a broader variety of gold mineraliza-
tion, bounded to gold disseminated within a stockwork 

         Fig.   1     Peninsula Malaysia 
show   ing mineral belts and 
primary gold occurrences 
(modifi ed after  Yeap, 1993 ).   
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of quartz veins affi liated with intrusive bodies and 
 volcanogenic exhalative sulfi des within a shear zone 
system. Dilated quartz veins and Au-Ag-bearing skarn 
carry signifi cant amount of sulfi des ( Sinjeng, 1993 ). 
The type II belt is also designated as the silver zone 
( Lee  et al. , 1986 ). Gold belt 4 (Lubok Mandi-Mersing 
Belt) is located in the eastern part of Peninsula Malay-
sia and it is juxtaposed with the Eastern Tin Belt. The 
Lubok Mandi gold deposit is an 8-km gold – quartz lode 
hosted in weakly metamorphosed and folded slate, 
phyllite and meta-arenites. In the Mersing area the pri-
mary gold mineralization was observed as several dis-
continuous, approximately 350° striking, gold – quartz 
veins cutting strongly folded meta-argillites and aren-
ites ( Yeap, 1993 ). 

 The Penjom gold deposit is one of the promising 
goldfi elds currently being mined within the eastern 
side of the Bentong Suture line of the type II gold min-
eralization pattern of the Central Gold belt, which is 
located near Kuala Lipis, Pahang ( Fig.   2 ) as a low-grade 
and bulk-mineable deposit. The Penjom gold deposit is 
distinctly associated with Tertiary, volcanic and hydro-
thermal activity broadly related to plate boundaries in 
the Asian region. However, geologically mesothermal 
deposits are more important in Peninsula Malaysia 
compared to epithermal gold, as suggested by the fi nd-
ings of  Corbett (2002) . 

 Investigation was achieved through comprehensive 
soil geochemistry data (    Fig.   3) and materials (    Tables   1 – 3) 
compiled from 3234 m of east – west-trending exploration 

         Fig.   2     Location of the Penjom gold 
deposit.   
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trenches, diamond drill cores with total length of 
1399.45 m (25 holes) and grab samples collected during 
the early stage of an exploration program conducted to 
evaluate and delineate the extent of gold mineraliza-
tion over the prospect. The drill holes have advanced 
to an average depth of 100 m and were drilled within a 
mineralized section at an angle between 40° and 60°. 

 Mineralized and unmineralized sections including 
alteration materials and specimens from 25 diamond 
drill holes acquired from this exploration program 
were analyzed. Specimens of the core sample were pre-
pared for petrography and ore microscopy (Jenalab 
model, Carl Zeiss polarizing microscope, Carl Zeiss, 
Germany), Vicker’s microhardness (VHN; 6758, Leitz 
Wetzlar, Germany), X-ray diffraction (XRD; PW 1820, 
Philips, UK), scanning electron microscope (SEM; 
 Stereoscan 200 Cambridge Instruments, Cambridge, 
UK), inductively coupled plasma (ICP; Optima 3000XL, 
Perkin Elmer, Malaysia), energy-dispersive X-ray spec-
troscopy (EDX) microprobe (Stereoscan 200, equipped 
with AN 10000 software system, Cambridge Instru-
ments), AAS (1100B model, Perkin Elmer), fl uid inclu-
sion (USGS-type gas-fl ow heating/freezing stage, 
Natural Heritage Museum, London) and X-ray fl uores-
cence (XRF; RIX 3000, Rigaku, Japan) analyses. The 
mode of occurrences and distribution, mineralogical, 
geochemical and textural characteristics of gold and 
other sulfi de mineralization at the Penjom gold deposit 
was examined. The relationship between lithogechem-
istry of the unmineralized and mineralized zones with 
mineralogical and distribution trends associated with 
gold mineralization was established to facilitate ore 
genesis.  

  2. Geology and mineralization 
  2.1. Regional tectonic setting 

 Peninsula Malaysia is a part of the east Eurasian Plate 
and tectonically located to the north of currently active 
subduction zones of the Sunda arc. Gold discovery in 
this region is always associated with Tertiary volcanic 
and hydrothermal activities, and appears to be very 
broadly related to tectonic boundaries. 

 The Malay Peninsula may be divided into two 
 tectono-stratigraphic terranes that form part of the 
Eurasian Terrane, namely the East Malay (Eurasian 
plate-Indochina) terrane and the Sibumasu (Shan-Thai) 
terrane, respectively. The Eurasian Terrane (Manabor 
block) has been interpreted as a Permo-Triassic 
island arc system that has never been separated very 
far from the Shan-Thai block (    Fig.   4). Stratigraphic, 

paleontological and palaeomagnetic evidence suggests 
that a possible origin of these terranes was rifting of 
the north-east margin of the ancient Gondwana land-
mass in the Late Permian – Early Triassic, which was 
responsible for the formation of the Central Belt and 
the Raub-Bentong Suture ( Kobayashi & Toriyama, 
1970; Mitchell, 1977; Khoo & Tan, 1983; Tan, 1984, 1996; 
Tjia, 1987, 1989; Metcalfe, 1988, 2000, 2002; Yeap, 1993; 
Schwartz  et al. , 1995; Spiller & Metcalfe, 1995; Campi 
 et al. , 2002; Cocks  et al. , 2005 ). Thus a thin and irregular 
strip of continental lithosphere and island arc sequence 
developed in front of it. These detachments later col-
lided with the accreting Asian landmass and fused 
along the Raub-Bentong Suture. Peninsula Malaysia to 
the east of the suture belongs to Cathaysia. A collision 
structure overprint has generated major N-S- or NW-
SW-trending left-lateral strike-slip fault and dilational 
Riedal and subsidiary shears associated with these 
fault ( Tjia & Zaitun, 1985 ; J. N. Hewson & D. A. Crips, 
unpubl. data, 1992). 

 The Raub-Bentong Suture is a deep rooted 13 km-
wide tectonic zone that runs generally in the N-S direc-
tion from Tomo in Thailand ( Fig.   1 ) along the east side 
margin of the Main Range to the Malacca-Johore border 

         Fig.   3     Generalized soil geochemistry anomaly of the 
Penjom gold deposit.   
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( Tan, 1984, 1996; Metcalfe, 1988, 1992, 2000, 2002; Tjia, 
1989; Yeap, 1993; Cocks  et al. , 2005 ). This N-S zone 
is located some 20 km to the west of the Penjom gold 
deposit. This zone is characterized by the presence of 
schist, cherts with small serpentine bodies, argillite, 
olistostrome and mélange ( Tjia, 1987; Metcalfe, 2000 ). 
It is also a zone of parallel steeply dipping N-S faults 
with several periods of reactivation. The Gold belt lies 
in the East Malay/Indochina Block ( Fig.   4 ), subdivided 
into Eastern Belt and Central Belt ( Fig.   1 ). The Penjom 
gold deposit lies within the western margin of the 
 Central Belt (gold belt 3). 

 The Central Belt consists mainly of Permo-Triassic, 
low-grade metasediments, deep to shallow marine 
clastic sediments and limestone with abundant 
 intermediate to acid volcanics and volcaniclastics, 
 deposited in a paleo-arc basin ( Richardson, 1939; 
Proctor, 1972; Gobbett & Hutchison, 1973; Leman, 1994; 
Metcalfe, 2002 ). Batholiths in the Eastern Belt are 
smaller than those of Sibumasu, but are, in compari-
son, compositionally expanded. The  Jurassic – Late Cre-
taceous batholiths, dominantly monzogranitic suite 
are of I-type affi nity and carry both precious and base 

metals. Magmatism in the Central Belt is markedly less 
common and consists of an alkali series ranging from 
gabbro-diorite (157 Ma), monzonite (163 Ma) to quartz 
syenite (127 Ma), and a later calc-alkali series of grano-
diorites and granites ( Bignell & Snelling, 1977; Hutchi-
son, 1977; Ahmad, 1979; Khoo & Tan, 1983; Mohd Rozi 
& Sheikh Almashoor, 2000; Yong  et al. , 2004 ). The Cen-
tral Belt granitoids, which lie critically close to the 
Raub-Bentong Suture line, have large ion lithophile 
elements, that is, Ba and Sr, nearly 1000 times rock/
mantles and classifi ed as mantle plume-type magma-
tism ( Mustaffa Kamal & Azman, 2003; Azman  et al. , 
2006 ). The Benom Plutonic Complex (Early Jurassic) 
which comprises Bukit Lima, is the nearest shoshonitic 
granitoid to the Penjom in the south (    Figs   5, 6), charac-
terized by high K 2 O content. 

 Mineralization in the Central Belt is dominated by 
gold. The old Raub gold mine lies within the western 
side of the Central Belt, whereas the Mengapur copper –
 gold porphyry skarn prospect is situated on the north-
eastern side ( Fig.   1 ). Both deposits carry signifi cant 
gold mineralization. Widespread alluvial gold occur-
rences have been long recognized in this area and there 

     Table   1     Chemical composition of various rock materials, mineralized and unmineralized sections     

  DDH >

DDH-9B DDH-25 DDH-7 DDH-12 DDH-12 DDH-25  

(1) (2) (3) (4) (5) (6)    

SiO 2  (%) 64.23 42.53 70.82 75.92 42.79 62.27  
TiO 2 0.57 0.05 0.05 0.12 0.05 0.57  
Al 2 O 3 16.90 2.70 15.45 7.82 16.93 16.49  
Fe 2 O 3 6.38 8.04 1.25 3.24 13.59 7.03  
MnO 0.21 0.27 0.05 0.05 0.12 0.07  
MgO <0.01 4.18 <0.01 <0.01 <0.01 2.33  
CaO 0.26 20.27 1.69 2.69 6.57 1.63  
Na 2 O <0.01 <0.01 5.65 <0.01 1.46 3.02  
K 2 O 3.38 <0.01 1.14 1.52 1.76 1.78  
P 2 O 5 0.07 <0.01 <0.01 0.06 <0.01 0.07  
L.O.I 5.59 21.02 2.62 2.97 8.94 4.30  
As (ppm) 98 5589 33 1518 430 44  
Cr 61 357 267 79 26 78  
La 29 28 29 28 30 29  
Sr 50 206 108 72 91 99  
W <5 5 <5 5 <5 <5  
Y 27 23 27 <5 24 27  
Sn <30 <30 <30 <30 <30 <30  
Ta <3 <3 3 3 3 <3  
Nb 27 23 34 26 34 26  
Pb 45 63 40 212 84 39  
Cu <5 <5 <5 < <5 8  
Zn 452 182 38 44 1606 81  
S <20 11464 1811 9844 40193 1069  

   1, grey tuff (27.50 m); 2, graphitic shale (32.80 m); 3, tonalite (62.90 m); 4, yellowish-grey gold-bearing tonalite (77.73 m): fault gouge materials; 
5, black grey felsite (tonalite) (84.00 m): fault gouge materials; 6, grey tuff (119.00 m).      
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is a total in excess of 1 million ounces (28,400 kg) of 
gold recovered. Therefore, the Central Belt is well-
known as the Gold Belt ( Scrivenor, 1911 ). Acid and in-
termediate intrusive rocks were emplaced east and 
parallel to Raub-Bentong Suture.  

  2.2. Geological setting of Penjom area 

 Geology of the Penjom gold deposit is dominated by 
the widespread occurrences of marine clastic sedi-
ments, intermediate to acid volcaniclastics, and sub-
ordinate rhyolitic lava sequences (    Fig.   7). These 
volcaniclastics are predominantly of tuff, with occa-
sional lava and agglomerate, tuff breccia that are 
mostly rhyolitic to rhyodacitic in composition. These 
rocks are interbedded mainly with carbonaceous shale 
and less frequently with limestone and confi ned 
to Permian and Lower Triassic. The bulk of Permian 

belongs to so-called Padang Tengku Formation, a Raub 
Group rock assemblage and Pahang Volcanic Series 
( Fig.   6 ). Underlying this unit in the western fl ank is the 
older Sungai Sergis Formation, which is composed of a 
thick sequence of shale with very minor limestone 
intercalation and much thicker bands of tuff contain-
ing fragments of both rhyolite and andesite ( Scrivenor, 
1928, 1931; Richardson, 1939; Alexander, 1949; Nancy, 
1972; Proctor, 1972; Gobbett & Hutchison, 1973; 
Nuraiteng, 1993; Leman, 1994; Kamar Shah, 1995; 
Campi  et al. , 2002 ). 

 Rhyodacitic tuff of varying color, from grey and 
greenish-grey to buff pinkish brown, is the major rock 
type in the mineralized zone. They are composed 
mainly of solidifi ed ash and coarse-grained clast-
supported tuff breccias or agglomerate. This rock unit 
is often interbedded or intercalated with shale and silt-
stone, less frequently, with dark black limestone in 

         Fig.   4     (a) Distribution of continental blocks, fragments, terranes and principal sutures of Southeast Asia, and (b) palaeo-
geography during the Late Permian to show the position of Sibumasu, East Malaya/Indochina and Raub-Bentong Suture 
(modifi ed after  Metcalfe, 2002 ).   
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places. The shale is often carbonaceous and dark in 
color with disseminated pyrite cubes in places. 

 This volcaniclastic and sedimentary association is 
intruded by a few shallow dipping sheets of tonalite as 
narrow sills and minor dykes of quartz porphyries that 
run sub-parallel to the main mineralized shear zone 
(Penjom thrust). Tonalite is a major igneous intrusion 
in the area. This homogeneous, fi ne- to medium-
grained, white or buff to pinkish brown and highly 
competent tonalite is generally composed of >54% pla-
gioclase, 7% orthoclase, and >30% quartz ( Kamar Shah, 
1995 ). This unit is often found interfi ngered and folded 
along other rocks, and appeared soft and friable (sug-
ary fell) when highly decomposed into  in situ , light 
grey sandy clay. The tonalite of the area intruded with 
minimal thermal aureoles at 400°C between 5 and 10 
km depth (I. Bogie, unpubl. data, 2002;  Flindell, 2003 ).  

  2.3. Structural setting and mineralization 

 The Raub-Bentong Suture has accommodated consid-
erable strike – slip movement. Structural analysis 
indicated a regular geometrical pattern of district-scale 

fault trends that can be observed within most gold-
fi elds in the Central Belt. The Kelau – Karak fault is one 
of the major faults running across the Penjom gold 
fi eld, as indicated by  Tjia and Zaitun (1985)  in relation 
to the structure elements that control major plutonic 
emplacements ( Fig.   5 ). This has resulted in numerous 
splays running along the Central Gold Belt. The Pen-
jom gold deposit is located along one of the signifi cant 
splays. In general, the stratigraphic sequence of sedi-
mentary rocks at Penjom strike N – S and dips moder-
ately to the east, which coincides with the regional N-S 
strike and with emplacement of granitoid bodies. Lo-
calized disruption is caused by faulting and folding, 
and within the deposit the Penjom thrust has an EW 
strike and southerly dip. 

 Mineralization at the Penjom gold deposit is struc-
turally controlled and erratic laterally and vertically. 
The Penjom thrust is the dominant feature controlling 
the distribution of ore at Penjom and generally strikes 
NE (35°) and dips to the southeast (30 – 40°). Consider-
able shear movements along the Penjom thrust have 
remobilized much of the carbon within the shale sequence 
to form a graphitic alteration zone. This, together with 

         Fig.   5     Geometrical pattern of district-
scale fault trends and numerous 
splays running along the Central 
Gold Belt with major granitoid 
emplacement (after  Tjia & Zaitun, 
1985 ).   
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sheared and milled rock (fault gouge materials), makes 
the Penjom thrust an impermeable zone (J. N. Hewson 
& D. A. Crips, unpubl. data, 1992;  Kamar Shah, 1995 ; 
R. Kidd, unpubl. data, 1998;  Sonny  et al. , 2001 ). Major 
gold mineralization took place within the footwall of 
this thrust (    Fig.   8). 

 The mineralization can be categorized into (i) gold 
associated with carbonate-rich zones hosted within 
 dilated quartz veins carrying signifi cant amount of 
sulfi des; (ii) gold disseminated within stockwork of 
quartz – carbonate veins affi liated with tonalite; and 
(iii) gold that is associated with arsenopyrite and py-
rite in quartz carbonate veins and stringers hosted 
within shear zones of brittle – ductile nature in all rock 
types and in brittle fracture in rhyodacitic volcanics. 
The mineralized zone is normally located within the 
shallow zone not exceeding 100 m. 

 Major gold mineralization is observed along the 
steeply dipping faults. However, there is no signifi cant 

gold mineralization above the Penjom thrust ( Fig.   8 ), 
with only discrete late-stage quartz – carbonate-galena 
veins and later calcite veins and stringers in hanging 
wall ( Kamar Shah, 1995; Fillis, 2000; Sonny  et al. , 2001; 
Flindell, 2003 ). Gold mineralization is related to dis-
continuous, strike-restricted (metre-scale) quartz – an-
kerite – dolomite – sulfi de veins.  Kamar Shah (1995), 
Kamar Shah and Khairun Azizi (1995), Fillis (2000)  and 
 Sonny  et al.  (2001)  described the types and sites of 
quartz – carbonate veins including (i) ribbon veins along 
bedding planes; (ii) lamellae-banded veins along and 
adjacent to NS- and NW-striking faults (particularly 
within the Penjom thrust); and (iii) fracture-hosted 
veins becoming stockwork in and on the contact of 
tonalite intrusions. 

 Favorable settings for high-grade veins are the con-
tact between tonalite and carbonaceous sedimentary 
rocks, especially where the latter are carbonaceous 
and/or the strata are tightly folded or intensely faulted. 

         Fig.   6     Geology of the Benta-Lipis area (after  Alexander, 1949; Proctor, 1972 ; J. N. Hewson & D. A. Crips, unpubl. data, 
1992).   
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 Fillis (2000)  highlighted fold hinges as particularly well-
mineralized sites. Competency contrasts and the chemi-
cal activity of carbon are primary factors in focusing gold 
mineralization ( Kamar Shah, 1995; Sonny  et al. , 2001 ).  

  2.4. Alteration characteristics 

 Hydrothermal alteration accompanying gold mineral-
ization at Penjom is weak and localized. Wall rock al-
teration at Penjom is due to the interaction or association 

with hydrothermal activity, igneous intrusion, quartz 
veining and faulting. Three dominant types of altera-
tion recognized are silicifi cation, argillic alteration and 
chloritization, marked by a prolifi c development of 
secondary minerals over the primary mineral ( Kamar 
Shah, 1995; Wan Fuad & Heru Sigit, 2001 ). The bleach-
ing and narrow silicifi ed zones are notable. Limonitic 
iron staining is widespread. Phyllic and propylitic 
 alteration are widespread with sericite (illite) – quartz –
 chlorite – albite. Carbonate minerals are associated with 
tonalite intrusion and sedimentary rock adjacent to 
dacitic and rhyodacitic rocks. Pervasive silicifi cation 
is often found as quartz veining close to shear zones. 
Sericitization occurs within the rhyolite, tuffaceous 
sediments and tonalites. Chloritization occurs in the 
furthermost zone outside the silicifi cation and argillic 
zones, characterized by the presence of chlorite, epi-
dote and carbonate. This chloritization of ferromagne-
sian minerals, pyritization and carbonization are also 
present within tuffaceous and shale units. K/Ar dating 
of sericite separates yielded ages of 194 – 191 Ma (I. Bogie, 
unpubl. data, 2002).   

  3. Lithogeochemistry 

 Chemical composition of selected materials that repre-
sent rocks from grab samples and boreholes DDH 11 
and DDH 12 (    Figs   3, 9) are presented in  Tables   1 and 2 . 
Sulfi de minerals such as arsenopyrite, pyrite, chalco-
pyrite, sphalerite and galena are prominent in many 
samples associated with gold mineralization. Sulfi des 
seem abundant in zones associated with fault gouge 
materials that host much of the gold mineralization 
at Penjom, within carbonaceous or graphitic shale 
and brecciated tuff in proximity or within felsic intru-
sive rock, especially within the footwall. This zone is 
also characterized by heavily fractured quartz veins. 
Gold-bearing quartz-carbonate veins and stockwork 
are intercepted in various rock types. 

 Multi-elemental distribution patterns with respect to 
the depth, geochemistry and structural features of the 
Penjom gold deposit as from DDH11 (    Fig.   10) and 
DDH-12 show that most of the gold-rich samples are 
proportionally elevated in arsenic. Silver, As, Te, Sb, 
and Bi except Hg from DDH-11 and DDH-12 are most 
elevated in the segments associated with sulfi de-gold 
mineralization. Gold has a marked affi nity with Te and 
Bi and less with Sb. Two of the mineralized samples 
hosted within tuff of DDH-11, which are character-
ized by fault gouge materials have shown compelling 

         Fig.   7     Geology of the Penjom gold deposit.   

         Fig.   8     Cross-section across the Penjom ore body running 
through the centre of the main deposit (after  Flindell, 
2003 ).   
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occurrence of As (80,000 ppm), Au (18 – 47 ppm), Ag 
(4 – 8 ppm) and Te (8.5 ppm). 

 Other signatures conspicuously associated with gold 
are Ba, Mo, Co, Ni, W and Se. These elements in most 
cases show a more sporadic enrichment pattern in 
proximity to the gold mineralization zone, irrespective 
of the host rock. Signifi cant presence of Sb up to 130 
ppm is detected especially in the segments associated 
with quartz veining in DDH-11 and DDH-12. How-
ever, Mn, Cr and Ba have generally a low concentra-
tion in proximity to gold mineralization segments. 
Elevated values of Cu, Pb, Zn and Fe are often confi ned 
to the highly sulfi dic mineralization segments, nor-
mally characterized by quartz – carbonate veining. The 
Fe, Co and Mo contents appear to be relatively higher 
within the zone, just below the ground surface, which 
is normally characterized by highly weathered or oxi-
dized subsurface. 

 Gold is associated with a varying amount of silver and 
tellurium as electrum- and Au-Ag-Te-bearing mineral 
phases. Pyrite, arsenopyrite, galena and many other sul-
fi de minerals are also important hosts for submicron 
gold inclusion. Ratios of Co/Mo, Pb/Zn and Bi/Sb for 

DDH11 display positive trends to the proximity of gold-
mineralization zones (    Fig.   11). High Bi/Hg ratio was also 
correlated with proximity to the gold enrichment zone.  

  4. Ore mineralogy 

 The nature and distribution pattern of gold mineraliza-
tion are studied in detail in an attempt to clarify the 
texture and morphology of the mineral phases present 
in the selected ores. 

  4.1. Quartz-carbonate stringer veinlet 

 Generally two types of quartz stringer veinlets are 
recognized, the one associated with sulfi de mineraliza-
tion and the other, clear and barren. Both quartz veinlets 
are normally clear, milky-white or smoky-white in color. 
Buff, pinkish white, quartz-feldspar veinlets are also 
present. Due to strong deformation, the veins are often 
brecciated and altered with milled grains along the mar-
gin. Inclusion of altered wall-rock material is seen infi ll-
ing the vein fi ssures. Carbonate is common and forms 
chiefl y quartz – carbonate veins. Mineralization is often 
found as fi ssure infi lling within quartz – carbonate veins 
that have been introduced after the deformation. Devel-
opment of fractures played an important role in the 
mineralization. Fractures also occur along the intact 
margin of the quartz – carbonate veins (    Fig.   12a, b).  

  4.2. General features of the ores 

 Drill core specimens of various rock types and quartz –
 carbonate veins have been examined. Ores from the 
Penjom deposit can be broadly divided into four 
groups, namely vein, dissemination, massive, and 
fragmental. Sulfi de minerals, mainly arsenopyrite and 
pyrite, are dominant constituents embedded in quartz –
 carbonate veins ( Fig.   12d – f ). 

 The gangue minerals associated with gold mineral-
ization include quartz, feldspars, calcite, ankerite, 
dolomite, siderite, minrecordite, epidote, manganite, 
graphite and muscovite (sericite), talc, chlorites, fuch-
site, goethite, limonite, fl uorite, carbonaceous matters, 
pyrolusite and kaolinite. Both the veining and massive 
ores can be subdivided on the basis of their mineral 
constituents into (i) gold – galena – tetrahedrite – tellurides 
(especially altaite) ore; (ii) gold –  arsenopyrite – pyrite 
ore; and (iii) pyrite. 

 Mineralization mainly in quartz – carbonate veins 
is preferentially confi ned to the late carbonates. The 
 carbonate consists of clear calcite, siderite, dolomite, 

         Fig.   9     Geological column of rock types from DDH-11 and 
DDH-12.   
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ankerite, minrecordite and murky carbonate. They 
normally occur along the corroded margin of quartz 
crystals. The quartz – carbonate system of gold mineral-
ization at Penjom apparently can be distinguished into 

four different types: (i) quartz – dolomite – ankerite –
  calcite veining; (ii) quartz – calcite veining; (iii) quartz 
veining; and (iv) calcite stringer. The gold mineralization 
is entirely associated with the fi rst two types, and the 
gold is located only in the clear carbonate. 

 The sulfi de minerals and gold occupy fractures and 
interstitial spaces within the clear carbonate, locally 
overprinting them. These mineral phases are often over-
printed by murky carbonate. The early quartz veins are 
mostly barren. A cereous edge is developed between 
quartz and carbonate phases, where quartz is corroded 
and replaced by carbonates. Corroded quartz fragments 
are often enclosed in late carbonates ( Fig.   12a ). Some 
gold aggregates are electrum containing >20% silver.  

  4.3. Pyrite and arsenopyrite 

 Pyrite is the most widespread sulfi de mineral in 
all types of mineralization, either as isolated idiomor-
phic crystal, angular to strongly brecciated fragment, 
colloform aggregates and corroded (rounded off) 

         Fig.   10     Multi-elemental distribu-
tion patterns against the depth 
of the Penjom gold mineral-
ization rock formation from 
DDH-11.   

         Fig.   11     Distribution of selected elements with regard to 
geochemistry of DDH-11 associated with gold miner-
alization pattern.   
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aggregates ( Fig.   12a, e, f ). Pyrite is formed preferen-
tially in carbonate of quartz – carbonate veins. These 
pyrites often inhabit brittle fractures or interstices 
within carbonate, including along the margins of veins. 
The cubic pyrite are common in tonalite and black car-
bonaceous shale. In veins, pyrite is often seen as cor-
roded and pitted fragments. This pyrite is strongly 
brecciated locally due to the brittle deformation. Pyrite 
is also often present, either as isolated grains or clus-
ters that are often characterized by round-off mor-
phology. In particu lar cases annealed texture of 
recrystallized pyrite is also evident. Pyrite is partially 

enclosed by galena and chalcopyrite, and occasionally 
and marginally replaced and occupied by arsenopyrite 
(    Fig.   13a, c, j). The brittle cracks and pits in pyrite are 
frequently infi lled with  galena, arsenopyrite as well as 
marcasite in places. Certain fi ssures are also partially 
occupied by the late sulfi de phases such as sphalerite, 
chalcopyrite and less common, pyrrhotite, covellite 
and tellurides. 

 Arsenopyrite seems to be formed later than pyrite 
but pre-dates the brittle deformation. In many ore 
specimens, arsenopyrite commonly occurs as fi ne to 
coarse discrete grains and aggregates up to 5 mm in 

         Fig.   12     Photomicrographs of ore miner-
als in the Penjom deposit. (a, b) brec-
ciated quartz – carbonate vein with 
sulfi de mineralization (pyrite) occu-
pying fi ssures along the margin sand-
wiched between carbonate (calcite) 
and quartz as seen under thin section 
(DDH12: 86.25 m), (c) individual 
highly corroded and pitted colloform 
pyrite (Py) grain enclosing a subhe-
dral arsenopyrite (Asp) crystal. Other 
arsenopyrite crystals are also visible 
around the rim of the pyrite. (d) 
Highly brecciated pyrite (Py) being 
replaced by chalcopyrite (Chp) with 
covellite (Cov) along the margin. 
 Minor occurrence of sphalerite (Sph) 
and galena are also evident. (e) Ga-
lena (Gal) and gold (Au) occupying 
hair-like fractures and pits in pyrite; 
(f) complex mineralization of sphaler-
ite (Sph), galena (Gal) and chalco-
pyrite (Chp) in quartz – carbonate vein 
traversing graphitic shale. Tiny 15  � m 
gold (Au) is in a fracture in a pyrite 
(Py) crystal, and (g – i) submicroscopic 
gold (Au) and sphalerite (Sph) infi ll-
ing interstices and pits in pyrite. Bars: 
a, 50  � m; b, 50  � m; c, 100  � m; d, 50 
 � m; e, 100  � m; f, 100  � m; g, 50  � m; h, 
50  � m; i, 100  � m.   
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size. Grains of variable sizes are disseminated within 
the host rocks and preferentially in carbonate of 
quartz – carbonate vein. Thin bands of fi ne-grained ar-
senopyrite and larger individual subhedral crystals are 
found in graphite in carbonaceous shale. They are lo-
cally developed along the contact or margin between 
the quartz – carbonate vein and the wall rock. Most of 
the coarse arsenopyrite grains are often highly frac-
tured, brecciated, milled and pitted with irregular 
boundaries as well as oxidized grains. This has resulted 
in the formation of caries texture in some arsenopyrite 
crystals. Arsenopyrite grains developed in the carbo-

naceous schist often with internal ghost structure in-
herited from the schist.  

  4.4. Native gold and electrum 

 Gold occurrences, normally as electrum, are noticeable 
in various type of ore, often in minor amounts as fi ne 
disseminated particles (up to 200  � m) infi lling frac-
tures, pits and interstices throughout quartz – carbonate 
and sulfi de minerals. The aggregate preferentially oc-
curs as infi llings in interstitial spaces and grain bound-
aries of carbonates in quartz – carbonate vein, where 

         Fig.   13     Photomicrographs of ore miner-
als in the Penjom deposit. (a) Chalco-
pyrite (Chp) is seen occupying a pit in 
subhedral arsenopyrite (Asp). Galena 
(Gal) is seen occupying tiny pits in 
pyrite (Py) and replacing both sul-
fi des, (b) carbonate matrix of quartz –
 carbonate vein shows fractures 
infi lled by chalcopyrite (Chp), while 
altaite (Alt) and galena (Gal) are inter-
grown, replacing chalcopyrite (Chp) 
with the occurrences of tiny electrum, 
(c) chalcopyrite (Chp) is being re-
placed by sphalerite (Sph), which in 
turn is replaced by galena (Gal). An 
inclusion of submicroscopic gold 
(15  � m) embedded in chalcopyrite is 
also visible, (d, e) arsenopyrite (Asp), 
chalcopyrite (Chp), sphalerite (Sph) 
and pyrrhotite (Phy) occupying frac-
tures and pits in pyrite, (f) jagged 
 tetrahedrite (Tet), which is being re-
placed by galena (Gal), and chalcopy-
rite (Chp) occupied the interstices 
in the calcite (C) of quartz – carbonate 
vein, (g) electrum (Au) is seen 
 asso ciated with light brownish 
grey  bismuth – telluride BiTe(Pb)-
 tetradymite and altaite(Alt) enclosed 
in massive galena (Gal), (h) sphalerite 
intergrown with galena and gold 
blebs locally within the quartz –
  carbonate vein (C-calcite), (i) irregular 
shaped sphalerite (Sph) intergrown 
with (Gal), and (j) back-scattered 
 electron image shows gold (Au) infi ll-
ing the interstitial spaces and frac-
tures of arsenopyrite (Asp). Bars: a, 
100  � m; b, 100  � m; c, 100  � m; d, 100 
 � m; e, 100  � m; f, 100  � m; g, 100  � m; 
h, 100  � m; i, 100  � m; j, 20  � m.   
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fi ne-grained free gold particles often occur along the 
mutual contact between calcite and quartz. It is also 
found in graphitic streaks and fragments of these veins, 
which are closely associated with carbonaceous rocks. 

 Submicroscopic gold is also found in fractures and 
pits of fractured pyrite and arsenopyrite, as well as 
clinging to the arsenopyrite perimeter. Fine-grained 
gold is also found in interstitial spaces in sphalerite, 
chalcopyrite, pyrite, hessite, galena and molybdenite 
and as inclusions in these sulfi des and tellurides, and 
intergrown with tellurides and galena. Gold was ob-
served adhering or adjacent to the surface of fractured 
and corroded arsenopyrite aggregates. Gold is also 
found as infi lling pits in pyrite, sphalerite and chalco-
pyrite. Various gold occurrences are shown in  Fig-
ures   12 (e – i) and 13(b, c, j). Electrum occurs in substantial 
amount, and often closely associated with gold and tel-
lurides-bearing minerals. EDX analysis has confi rmed 
that most of the examined specimen’s Ag content 
of electrum is >20% silver, frequently in the range of 20 –
 30% ( Kamar Shah, 1995 ). Electrum often occurs as fi ne 
aggregates intergrown with galena, altaite or infi lling 
fractures of arsenopyrite and pyrite or interstices of 
carbonate and other sulfi des locally.  

  4.5. Galena 

 Galena is the third abundant sulfi de and is formed 
 after sphalerite and chalcopyrite. It occurs as fi ne to 
coarse aggregates, infi lling interstices and micro-
fractures within the quartz – carbonate veins system. 
Galena often replaces tetrahedrite, chalcopyrite and 
sphalerite, apart from infi lling fractures and pits of 
 earlier brecciated pyrite and arsenopyrite within the 
mineralization zone as well as intergrown aggregate 
with telluride as shown in  Figure   13(a, b, f, g) . Galena 
is closely associated with gold mineralization, where 
microscopic gold particles frequently infi ll pits and 
 interstices of galena, often overprinting it.  

  4.6. Chalcopyrite 

 The presence of chalcopyrite is normally in association 
with other sulfi des in minor amounts and almost 
 entirely in the form of chalcopyrite disease or blebs 
in sphalerite ( Barton & Bethke, 1987 ) as shown in 
 Figures   12(f) and 13(c, h, i) . Chalcopyrite formed also 
after brittle deformation as fi ne to coarse, disseminated 
aggregates either within host rocks or infi lling inter-
stices of carbonate in quartz – carbonate veins. This 
mineral is also found occupying pits or replacing the 

corroded pyrite, arsenopyrite, tetrahedrite and sphal-
erite locally ( Figs   12f, 13d  – f).  

  4.7. Sphalerite 

 Sphalerite is formed after brittle deformation, but ear-
lier than chalcopyrite and galena. It often occurs as fi ne 
discrete grains and aggregate (up to 4 mm) dissemi-
nated in the host rock, as fracture-fi llings in pyrite and 
arsenopyrite and within interstices of carbonates in 
quartz–carbonate vein. It is also frequently intergrown 
with chalcopyrite, tetrahedrite and galena, and often 
contains chalcopyrite disease and blebs ( Fig.   12d, f ). Ga-
lena, telluride and gold are also found as fi ne aggregate 
occupying interstitial spaces of sphalerite ( Fig.   13h, i ).  

  4.8. Tetrahedrite 

 Tetrahedrite is a post-deformation mineral that is 
 normally found in minor amounts as fi ne to coarse 
 aggregate (up to 1 mm) infi lling interstices of quartz –
 carbonate veins. It is locally, along the margin, replaced 
by chalcopyrite and galena ( Fig.   13f ).  

  4.9. Tellurides 

 Telluride occurrences as verifi ed using EDX micro-
probe are closely associated with other sulfi des, and 
frequently intergrown with galena and gold, infi lling 
interstices of arsenopyrite, sphalerite, chalcopyrites, 
galena, tetrahedrite and carbonate in quartz – carbonate 
veins ( Fig.   13b, g ). Among common species identifi ed, 
usually in minor amounts of aggregate up to 300  � m, 
are hessite (Ag 2 Te), altaite (PbTe 2 ), petzite (Ag 3 AuTe 2 ), 
sylvanite (AuAgTe 4 ) and tetradymite (Bi 2 TeS) as shown 
in  Figure   13g ; and possibly calaverite (AuTe 2 ) and weh-
rlite (BiTe 2 ).  

  4.10. Covellite and digenite 

 Covellite and digenite occur in minor amounts as al-
teration products of chalcopyrite. They are clearly of 
secondary origin due to their occurrence as replace-
ment or chemical reaction rims along the margin and 
fractures of chalcopyrite ( Fig.   12d ).  

  4.11. Graphite 

 Numerous graphite is present in country rock affi li-
ated with graphitic schist as low-rank coal-type in na-
ture. Inclusions of graphitic materials are also noticed 
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within many quartz – carbonate veins, hosted within 
carbonaceous shale in places.   

  5. Ore genesis 

 The paragenetic sequence (    Fig.   14) of mineralization 
starts right after an early phase of ductile deformation 
that gives rise to the development of pervasive folia-
tion as in carbonaceous shale, but less developed in tuff. 
However, ductile deformation occurs locally within 
silicifi ed rhyolites that is invaded by quartz – carbonate 
veins. This activity was followed by the subsequent 
infl ux of hydrothermal activities that introduced silica-
rich fl uid into the dilatant zones. 

 Subsequent brittle deformation led to fracturing and 
brecciation with dilatant zone infi lled by quartz veins. 
The fl uid inclusion study conducted by J. R. Herrington 
(unpubl. data, 1992) suggests the presence of two broad 
hydrothermal fl uids of primarily low salinity, H 2 O-
CO 2 -salts-bearing fl uid with homogenization tempera-
tures of 270° – 280°C and secondary H 2 O-salts-bearing 
fl uid with homogenization mean around 140°C. It ap-
pears that the higher temperature (>270°C) carbonic 
fl uid, which was probably gold-bearing, was intro-
duced into the vein system that characterizes   many 
mesothermal vein deposits. 

 The earliest mineralization is the development of 
coarse-grained pyrite and arsenopyrite in graphitic schist 
unit that has pre-dated the brittle deformation, because 
these two minerals are severely fractured and brecciated. 
Subsequently sphalerite and tetrahedrite, together with 

chalcopyrite, were deposited. These minerals were also 
affected locally by brittle deformation, but less intensely 
than arsenopyrite. A subsequent phase was character-
ized by the infl ux of carbonate-rich fl uid carrying gold. 
The precipitation of quartz – calcite together with elec-
trum, molybdenum, tetrahedrite and other tellurides 
and bismuth, infi lled the caries structure. 

 Microscopic observations suggest that the forma  tion 
of sphalerite, chalcopyrite and tetrahedrite continued 
during the infl ux of gold-bearing solutions into the 
system. However, most of the gold deposition took 
place after the precipitation of these sulfi des. Galena 
appeared towards the end of gold mineralization, 
whereas tellurides and bismuth accompanied gold 
mineralization contemporaneously. 

 Primary gold mineralization in the Penjom area oc-
curred in a complex structural setting associated with 
volcanics with a sequence of marine sediments in-
truded by minor tonalite.  Boyle (1979), Kwong and 
Crocket (1978), Cherry (1983)  and  Schroeter and 
 Cameron (1996)  stressed that all gold is bound to acid 
granitic magmas, and in particular the metal is asso-
ciated with SiO 2 . Typical gold carriers are the granodi-
orites and granites and are situated in close proximity 
to clastic or chemical sediment. At Penjom the source 
of gold is more likely to be magmatic because of the 
widespread occurrences of intrusive igneous rocks 
of I-type granitic character in the surrounding neigh-
bourhood. In contrast, tuffaceous sediments and 
 graphitic shale of the Padang Tengku Formation 
also constitute favorable crustal sources for gold. 

 The genesis of the deposits was controversial but 
some workers favor a metamorphogenic deforma-
tional origin, rather than the low-sulfi dation epither-
mal one favored by  Corbett (2002) . Because the 
formation of the Penjom deposits is associated with 
widespread occurrence of mantle plume-type magma-
tism of Central Belt plutons ( Hutchison, 1971, 1977; 
Mustaffa Kamal & Azman, 2003 ), a magmatic infl uence 
in their genesis was one of the accepted explanations.  

  6. Conclusions 

 The Penjom gold mineralization is regarded as high-
grade quartz – carbonate – gold type related to a phyllic-
propylitic alteration of tonalite complex that intrudes 
weakly metamorphosed sedimentary strata. At Pen-
jom, ore systems display permeability controlled or 
governed by lithology, structure and breccias and 
changes in wall-rock alteration (quartz, carbonate, 
sericite, chlorite, fuchsite and clay). Widespread 

Minerals Early Middle Late Secondary
Ductile Deformation
Early silica
Early carbonate
Pyrite
Arsenopyrite
Brittle Deformation
Late silica
Late carbonate
Pyrrhotite-Marcasite
Sphalerite
Tetrahedrite
Chalcopyrite
Native gold
Electrum
Galena
Altaite
Hessite
Petzite
Telluride
Covellite-Digenite
Weathering/Supergene
Goethite-Limonite
Manganite
Kaolinite

(after Kamar Shah, 1995)

         Fig.   14     General paragenesis sequence of gold ore 
mineralization from Penjom gold deposit.   
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occurrences of pyrite, sphalerite, galena, chalcopyrite, 
arsenopyrite, molybdenite, tetrahedrite, and tellurides, 
gangue  minerals including quartz, carbonates (calcite, 
ankerite, dolomite and siderite) and graphite basically 
coincide with formation of polymetallic gold – silver 
ore and are in transition   to higher crustal level of car-
bonate – base metal class. Penjom, and almost all of the 
other  in situ  gold deposits in Peninsula Malaysia, are 
classifi ed as epizonal orogenic lode (low mesothermal) 
gold deposit after  Groves  et al.  (1998)  rather than mag-
matic arc-hosted epithermal systems (J. R. Herrington, 
unpubl. data, 1992;  Kamar Shah, 1995; Flindell, 2003; 
Wan Fuad & Heru Sigit, 2003 ).    
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