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Abstract 

 
An investigation of geothermal resources at Ulu Slim has been carried out using integrated environmental isotope 
and hydro-geochemical techniques. Environmental isotope Oxygen-18 (18O)  and Deuterium (2H) and Tritium (3H) 
were used to identify the recharge zones and origin of the water, whereas the hydro-geochemical technique is used 
to determine the water type and the level of solutes in the geothermal waters out flowing at the surface as well as in 
shallow and deep groundwater system. The sampling programme includes precipitations, surface waters, hot springs, 
groundwater for isotopes and  hydro-geochemical analyses. The plot graph of (18O vs 2H)  show that the stable 
isotope composition of hot spring is relatively depleted as compared to surface water and groundwater. This 
indicates that the recharge of the hot spring is likely to occur from farther and higher elevation areas of the 
geothermal system.  Tritium content in hot spring, groundwater and surface water is ranged between 0.85 - 0.92 TU,  
0.81- 1.05 TU, 1.60-2.07 TU respectively.  The values of TU in hot spring and groundwater is seen similar suggests 
that these samples are older than the surface water.  Based on the plot of Ternary Major Anion diagram (Cl-SO4-
HCO3) and Tri-linear Piper diagram,  all the water samples are identified from the type of bicarbonate (HCO3).  
Nevertheless, the content of sodium (Na) in hot spring is detected relatively higher as compared to surface water.  
Tri-linear Piper diagram also shows that there is no mixing process between hot spring and surface water. 
 
Keywords: Geothermal, Environmental isotope, Hydro-geochemical, precipitation, hot spring, groundwater, surface 
water. 
 

 
Abstrak 

 
Penyiasatan sumber geoterma di Ulu slim telah dijalankan dengan menggunakan integrasi teknik isotop sekitaran 
dan juga hidrogeokimia. Isotope sekitaran Oksigen-18 (18O)  and Deuterium (2H) and Tritium (3H) digunakan untuk 
mengenalpasti zon imbuhan dan juga punca air, sementara itu, teknik hidrogeokimia digunakan untuk menentukan  
jenis air dan tahap bahan larut  air geoterma yang keluar ke permukaan dan juga dalam sistem air bawah tanah cetek 
dan dalam.  Program pensampelan termasuklah air hujan, air permukaan, air panas dan sejuk untuk analisis isotop 
dan hidro geokimia. Geraf plot (18O melawan 2H) menunjukkan bahawa  komposisi isotop air panas secara 
relatifnya agak kurang berbanding dengan air permukaan dan air tanah.  Ini menunjukkan bahawa aliran masuk 
semula atau imbuhan (recharge) sumber air panas tersebut berkemungkinan besar berlaku dari kawasan yang lebih 
jauh dan kawasan yang lebih tinggi.  Kandungan tritium pada air panas, air tanah dan air permukaan masing-masing 
berjulat antara 0.85 – 0.92 TU, 0.81- 1.05 TU, 1.60-2.07 TU.  Nilai TU di dalam air panas dan air tanah dilihat 
adalah agak sama menunjukkan bahawa sampel ini adalah lebih tua berbanding air permukaan.  Berdasarkan pada 
plot gambarajah Ternary Anion Utama (Cl-SO4-HCO3) and gambarajah Tri-linear Piper, semua sampel air 
dikenalpasti dari jenis bikarbonat (HCO3). Namun demikian, kandungan sodium (Na) di dalam air panas dikesan 
tinggi secara relatif jika dibandingkan dengan air permukaan.  Gambarajah  Tri-linear Piper juga menunjukkan 
bahawa tidak ada proses percampuran antara air panas dan air permukaan.   
 
 
 
 



1.0 INTRODUCTION 
 
The Ulu Slim geothermal manifestation is a located within the main range granite province in the western boundary 
of the Bentong-Raub suture zone (Metcalfe et al., 1999 in Metcalfe, 2000). According to Sai.( 1992), The study area 
composed of metasedimentary Terolak Formation and The Main Range Granite which has intruded and thermally 
metamorphosed.  The area is situated in a small village known as Ulu Slim in the southern part of Perak, about 100 
km from Kuala Lumpur. Geographically, the area is located at latitude 3.846° N to 3.958° N and longitude 
101.438°’ E and 101.531° E. (Figure 1).  The area known as one of the Malaysian tourism spot in Perak and has the 
hottest hot spring in Malaysia Peninsular that has ever been studied.  According to Baioumy et. Al. (2014), one of 
the hot springs at Kampung Air Panas was reported has surface temperature exceed of 104°C as the highest surface 
temperature upon others in the peninsular Malaysia.  Geothermal system of Ulu Slim, Malaysia may be categorized 
into a ‘Convective Geothermal System in low porosity-fracture permeability environments, in areas of high to 
normal regional heat flow’ (Rybach, L. and Muffler, L.J.P., 1981), however geological characteristics found in Ulu 
Slim further suggest that it may have been a fossil hydrothermal system. 
 
Thermal or hot springs can be grouped into five locations at the study area, namely Ulu Slim, Post Bersih, Kesau, 
Rasau and Sungai Sawa. The surface temperature of the hot springs was range between 31°C to 94°C with a 
discharge rate of between 0.001 to 6.0 l/s.  Thermal springs at Ulu Slim  recorded  the highest surface temperature 
readings at 94°C, while Sungai Sawa recorded surface temperature the lowest at 31°C.   Ulu Slim, Post Bersih and 
Kesau thermal springs occur mainly within the region of granite rock while the Sungai Sawa and Rasau occur near 
the border of metasediment with granite rocks as shown in Figure 2 . The thermal springs occur mainly within the 
major faults and manifested as thermal springs.   
 
In this study, several hot springs occur in the Ulu Slim area were sampled for determination of reservoir 
temperatures, the origin of groundwaters and the isotope and hydrogeochemical techniques were employed for this 
investigation.  The major assessment criteria for geothermal resources by using isotope and geochemical techniques 
include: the origin and recharge areas, residence time/dating of water traversing the geothermal reservoir,  the 
processes undergone by the ascending fluid e.g. mixing with shallow groundwater, water-rock interaction, reservoir 
temperatures, identification of heat generating source and chemical characteristics. 
 
 

 
Figure 1: Location of the study area at Kg. Ulu Slim Area. 

 

Study area



 
Figure 2: Location of hot spring within the study area. 

 
2.0 MATERIAL AND METHOD 
 
To investigate the potential of the geothermal resources, a water sampling programme for all water sources for 
environmental isotope and geochemical analyses were carried out. The geochemical and  isotope sampling includes 
sampling of groundwater,  thermal or hot springs,  precipitation and surface.  The water samples were collected in 
two sets of 1,000 ml, 500 ml and 100 ml leak-tight sampling bottles. The 1,000ml and 500ml samples were to be 
analysed for geochemical and isotope whereas the 100ml samples were analysed for isotopes. The acidification of 
all the 500ml samples were done to preserve the cations for geochemical analyses. 
 
The isotope sampling includes sampling and analysis of 18-Oxygen (18O) and deuterium (2H)  composition in waters 
as well as  tritium (3H).  The environmental isotopes particularly stables isotopes (18O and 2H) are measured using 
Continuous Flow Isotope Ratio Mass Spectrometer (CF-IRMS).  Oxygen and hydrogen isotope compositions are 
expressed as units of parts per thousand or delta per mill (δ ‰) deviation from standard mean ocean water (SMOW).  
Whilst, the radioactive environmental isotopes Tritium is measured using tritium enrichment system and liquid 
scintillation counter.  The precision of the analytical measurement is ±0.05‰ for δ2H and ±1‰ for and δ18O.  For 
the isotope analysis, the samples were measured in triplicates in each analytical run for better results.  The usual way 
to interpret stable isotope data is on a plot of 2H versus 18O from the precipitation isotopes values 
 
The geochemical sampling focused on analyses and interpretations of several elements such as pH, Electrical 
Conductivity, Cations (Na, K, Mg, Ca, Li, Boron, etc.), Anions (Cl-, SO4

2-, HCO3
- etc.). The water geochemical 

analyses were performed in the Minerals and Geoscience Department Malaysia by using varies geochemical 
facilities accordance to standard methods (APHA). 
 



3.0 RESULTS AND DISCUSSION 
 
3.1 Environmental Isotope Techniques 
 
Environmental isotopes have now been used to study groundwater systems particularly for determining the 
groundwater recharge sources, ages of water bodies, the interaction between surface water and groundwater.  Most 
frequently used environmental isotopes include the stable isotopes 2H and 18O whereas tritium (3H) is radioactive 
isotopes (Kortelainen 2011, Aggarwal et al. 2009).  The usual way to interpret stable isotope data is on a plot of 2H 
versus 18O from the precipitation isotopes values. In hydrological cycle, precipitation is considered as the input for 
surface water and groundwater.  In this study, we have to establish the Local Meteoric Water Line (LMWL) which 
is suited with our environmental and condition. In order to do that, isotopic data from the precipitation for several 
months have been collected and measured their stable isotope δ2H and δ18O as well as establishing weighted mean 
precipitation was also adopted.  The graph of δ2H versus  δ18O  has been established as shown in Figure 3. The 
relation between isotope δ2H and δ18O values of precipitation is expressed  as below and known as Local Meteoric 
Water Line (LMWL) : 
 

δ2H = 7.8 δ18O + 10.6  

 
 

Figure 3: Establishment of Local Meteoric water line (LMWL) 
 
The plot of δ2H and of the different water sources for the study area as shown in Figure 4. The surface waters are 
plotted within the regression line and very close to the mean precipitation. This indicates that the surface water  is 
originated from the precipitation.  The ground water were found within close proximity of meteoric water lines with 
stable isotope content is relatively low as compared to surface water.  This suggests the movement mechanism of 
rainwater that enters to sub surface and also might be due to the  dilution factor.   All isotopic composition of hot 
springs  samples in the area is seen  narrow isotopic variation. This suggest that the hot springs samples  are grouped 
as originated from a similar source of recharge which is in mixture with the groundwaters.  It is geologically 
assumed that the meteoric recharge is injected through the fractures systems, faults and joints.  Figure 5 shows that 
the isotopic δ18O  composition of Ulu Slim hot springs more enriched and this is might be due to the evaporation 
process and also the heat sources near to this location.   
 
The duration of circulation in deep reservoir has been estimated by the radioactive isotopes 3-H (in waters). It is 
useful to dating geothermal fluids as they normally have much longer circulation time. The sampled hot springs, 
groundwater and surface water in Ulu Slim area has about ranges from 0.85 TU to 0.91 TU, 0.81 TU to 1.05 TU and 
1.60 TU to 2.07 TU respectively (Table 1). The values of TU in hot spring and groundwater is seen similar suggests 
that these samples are older than the surface water.     
 



 
Figure 4: Plot of isotopic compsition of hot springs, gorundwater and surface water 

 

 
  Figure 5: Plot of isotopic composition versus surface temperature of hot srping 
 

Table 1: Summary of tritium content for hot springs, groundwater and surface water 

Location Sample Name Tritium content (TU) 

Rasau 1 Hot springs 0.85 ± 0.06 
Rasau 2 Hot springs 0.87 ± 0.02 
Rasau 3 Hot springs 0.91 ± 0.06 
Appb 1 Hot springs 0.92 ± 0.04 
Appb 2 Hot springs 0.90 ± 0.06 
Ulu Slim Hot springs 0.89 ± 0.03 
Kesau Hot springs 0.87 ± 0.02 
Atpb 1 Groundwater 0.90 ± 0.03 
Atpb 2 Groundwater 0.85 ± 0.01 
Atpb 3 Groundwater 1.05 ± 0.09 
Atsd 88 Groundwater 0.81 ± 0.05 
Asgpb 1 Surface water 2.07 ± 0.11 
Asgpb 2 surface water 1.60 ± 0.08 
Asg Us 2 surface water 1.84 ± 0.09 
Asg Us 3 surface water 1.85 ± 0.09 



3.2 Hydrogeochemical Techniques 
 
The geochemical analytical results of thermal springs, groundwater and surface were interpreted and plotted by 
using Triliner Piper Diagram and Ternary Diagrams, such as Cl-SO4-HCO3 and Na-K-Mg. Plot of Triliner Piper 
Diagram shows that the surface water and hot springs is a type bicarbonate (HCO3).  Nevertheless, the content of 
sodium (Na) in the hot springs is detected relatively higher as compared to the surface water samples (Figure 6). 
This indicates there are no mixing process between hot springs and surface water. 
 
Results of analysis using Major Anion Ternary Diagram  (Cl-SO4-HCO3), shows that all the hot spring features and 
anion composition is seen similar to the surface water (peripheral water) as shown in Figure 7. Variations of anion 
content in hot springs  primarily in the content of bicarbonate (HCO3) were seen slightly higher than surface water. 
Plot Major Anion Ternary (Cl-SO4-HCO3) also shows that the content of bicarbonate (HCO3) is more dominant 
compared to the chloride (Cl) and sulphate (SO4), in which all hot springs is positioned close to the diagonal 
bicarbonate (HCO3).  From this analysis also shows that the hot springs in the Ulu Slim likely originated from 
meteoric water (rain) which has entered the subsurface and reheated before leaving the hot water. 
 

 
 
Figure 6: Tri-Linear Piper plot: a) surface water, b) Hot springs sample 
 
 

 
Figure 7: Major Ternary Anion Diagram: a) Surface water , b) Hot spring water.  
 
 



The dertermination of subsurface temperatures were done by using geothermometers cation, such as the Na- K-Mg. 
Geothermometers (cation) were used based on the fact that majority of the waters are partially-equilibrated or 
partially matured.  Out of 10 samples of hot springs were collected, only four samples that is APKesau1, APKesau3, 
APUS and APUR1 identified reaches equilibrium partial and suitable for use as geothermometer  cations Na-K-Mg,  
while the other samples is not used in the calculation of the surface temperature because it does not achieve 
equilibrium as shown in Figure 8.  As a result of the interpretation geothermometer Na-K-Mg, found the estimated 
subsurface temperature range is between 89ºC up to 196ºC (Table 2).  
 
 

 
 

Figure 8: Plot of Major Kation Ternary Diagram 
 
 
Table 2: Estimated temperature at sub surface of hor springs discharge point 

 

Location Sample ID  
Estimated sub surface temperature  (ºC) 
Na-K 
(Giggenbach) 

K-Mg 
(Giggenbach) 

Pos Bersih 
APPB1 
APPB2 

Kg. Kesau 
APKesau1* 149 89 
APKesau2 
APKesau3* 196 127 

Kg. Ulu Slim APUS1* 175 106 
Sungai Sawa APSg.Sawa 

Kg. Ulu Rasau 
APUR1* 166 103 
APUR2 
APUR3 

*Hot spring achieved partially equilibrated  
 

 
 
 
 

Immature waters 

Partially Equilibrated or 
mature waters 

Fully Equilibrium line 



 
4.0 CONCLUSION 
 
As a conclusion, the information related to the type and origin of hot spring as well as positioning and estimate the  
temperature in the subsurface reservoir (reservoir) has been clearly determined.  All isotopic composition of hot 
springs  samples in the area is seen  narrow isotopic variation and depleted as compared to groundwater and surface 
water.  This indicates that the recharge zone of hot springs is most likely occur from areas further and higher 
elevation. Geologically, the hot springs in the study area is from rain (meteoric water) entering the geothermal 
system and heated at the sub surface before coming out again as hot water through the fracture zones in granitic 
rocks.  Piper Tri-linear and Ternary Major Anion analysis, identify the hot water in the study area are of bicarbonate 
(HCO3).  Geothermometer cation found that the approximate range of subsurface temperature is between 89ºC to 
196ºC with an estimated subsurface temperature recorded the highest hot spring in Kesau (APKESAU3). 
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