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ABSTRACT 

This study was done in the Poring Hot Spring area in Ranau, Sabah, Malaysia. 

Specifically, this study consists of (i) the temperature and pH measurement, (ii) the 

analysis of geothennal related elements in the fluid of the hot spring and (iii) the 

application of chemical geothermometers for the estimation of reservoir temperatures. 

The elements analysed in this study are Na, K, Ca, Mg, Li and Si while Si02 values 

were calculated by the gravimetric method. The hot spring water was sampled and 

preserved according to guidelines provided by APHA (1998). The analysis of the 

elements Na, K, Ca and Mg was done through flame atomic absorption spectroscopy. 

Li and Si on the other hand was analysed by the inductively coupled plasma method. 

From the surface study, the highest temperature and pH was found to be 60.5 °C and 

pH 8.23 respectively while the lowest values of temperature and pH are 56.8 °C and 

pH 8.07 respectively. The mean for the temperature and pH is 59°C and pH 8.14 

respectively while the RSD is 2.67 % and 0.89 % respectively. For the geochemistry, 

concentrations of the selected elements in all springs are close to each other with 

exception to Si from Spring 5 where the value is 33.8 mg/L. This may be due to 

silification. The mean concentration for Na, K, Ca, Mg, Li, and Si are 312.75, 12.28, 

4.86, 1.47, 0.83 and 38.56 mgfL respectively while their RSD are 5.41, 9.36, 11.11, 

18.37, 7.22 and 8.95 % respectively. The Quartz-no steam loss geothennometers 

which is believed to be best applied in this study yielded values of 126.26, 130.13, 

130.13 and 119.85 °C respectively for Springs 1 - 5. The NaIK (Fournier) and Na-K­

Ca geothermometers yielded overly high temperatures while the a-Cristobalite, jJ­

Cristobalite and amorphous silica geothermometers produced temperatures that were 

too low. The conclusion that can be drawn is that all springs that were studied 

originated from the same low-enthalpy reservoir (119.85 - 130.13 0c) and the hot 

springs are best suited for recreational activities. 
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HIDROGEOKIMIA TERPILIH MAT A AIR PANAS PORING (RANAU, SABAH) 

DENGAN APLIKASI GEOTERMOMETRI 

ABSTRAK 

Kajian ini telah dibuat di kawasan Mata Air Panas Poring di Ranau, Sabah, Malaysia. 

Seeara spesifik, kajian ini rnerangkumi (i) ukuran suhu dan pH, (ii) analisis unsur­

geothrma dan (iii) aplikasi geotermometer kimia untuk anggaran suhu takungan 

geoterma. Unsur yang dianalisis dalam kajian ini adalah unsur Na, K, Ca, Mg, Li, dan Si 

rnanakala nilai Si02 dikira menggunakan kaedah gravimetrik. Air mata air panas 

disampel dan diawet berdasarkan garis-garis panduan daripada APHA (1998). Analisis 

unsur Na, K, Ca dan Mg dibuat melalui kaedah spektroskopi serapan atom. Li dan Si pula 

dianalisis menggunakan kaedah "inductively coupled plasma". Dari kajian ini, nilai suhu 

dan pH tertinggi yang direkod adalah 60.5 °C dan pH 8.23 masing-masing manakala nilai 

suhu dan pH terendah adalah 56.8 °C dan pH 8.07. Purata suhu dan pH adalah 59°C dan 

pH 8.14 masing-masing manakala sisihan piawai relatif (SPR) adalah 2.67 % dan 0.89 % 

masing- masing. Dalam aspek geokimia, kepekatan unsur-unsur yang terpilih dalam 

setiap mata air adalah serupa dengan pengecuaJian kepada unsur Si dari mata air Spring 5 

yang nilainya 33.8 mglL. Ini mungkin disebabkan oleh proses silifikasi. Purata kepekatan 

untuk unsur Na, K, Ca, Mg, Li dan Si adalah 312.75, 12.28, 4.86, 1.47,0.83 dan 38.56 

mglL masing-masing manakala SPRnya adalah 5.41, 9.36, 11.11, 18.37, 7.22 dan 8.95 % 

masing-masing. Geotermometer kuarza-tanpa kehilangan stirn yang dipercayai paling 

sesuai untuk diaplikasikan dalam kajian ini memberi nilai 126.26, 130.13, 130.13 and 

119.85 °C masing-masing untuk mata air Spring 1 - Spring 5. Geotermometer NaiK 

(Fournier) dan Na-K-Ca memberi nilai suhu yang terlalu tinggi manakala geotermometer 

a-Cristobalite, ft-Cristobalite dan "amorphous silica" memberi nilai suhu yang terlalu 

rendah. Kesimpulan yang boleh didapati ialah kesemua mata air panas yang dikaji berasal 

daripada takungan geotenna bertenaga rendah (119.85 - 130.13 °C) yang sama. 

Penggunaan yang paling sesuai untuk kesemua mata air panas ini adalah aktiviti rekreasi. 
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CHAPTER 1 

INTRODUCTION 

1.1 Geothermal Energy and Systems 

The earth is known to possess its own internal heat energy. Several theories have been 

proposed pertaining to the source of the internal heat of the earth. The most credible 

and accepted theory today is the big bang theory that explains the formation of the 

solar system which includes the earth. Generally, the earth's heat comes from and is 

sustained till today by radioactive elements actively undergoing fusion and fission 

which will be explained in detail in Chapter 2. 

The core of the earth has been estimated to have temperatures from 5000 to 

6000 °C while the mantle has been estimated to reach temperatures of 4000 °C (Chan, 

1999). With such magnitude and amount of heat energy stored deep within the earth, 

some form of manifestations must take place to vent out this heat energy. Among such 

manifestations are geysers, hot springs and fumaroles. These manifestations do not 

originate directly from the core and mantle itself, but from various types of 

geothermal systems. 
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The term geothermal refers to things of or relating to the heat in the interior of 

the earth. A geothermal system is classified and defmed from a geological and 

hydrological aspect as well as from the aspect of its heat transfer characteristics. 

Although the term is generally used to denote the internal energy of the earth, more 

specifically it refers to a system or location where the earth's heat is concentrated 

enough to be used or exploited as an energy resource (Rybach and Muffier, 1981). 

The different types of geothermal systems and its respective principles will be 

explained further in Chapter 2. 

1.2 Geothermal Manifestations 

Among some of the geothermal manifestations are hot springs, geysers, fumaroles, 

boiling mud, and even volcanoes. The focus of this study will be on hot springs only 

which is simply hot water discharged from the earth. A geyser is the discharge of hot 

water or steam or a combination of both in a pressurised and sometimes violent 

stream. Fumaroles are steam discharges that are not violent unlike geysers. Boiling 

mud is a similar system to that of a hot spring with difference only in its medium 

which is mud and not water. Volcanoes are the most violent manifestation of all 

discharging steam, ash, sulphurous gases and magma (Goudie, 2004). 

Hot Springs are common compared to the rest of the geothermal 

manifestations. In Sabah, there are three districts with the occurrence of hot springs 

which are Semporna, Tawau, and Ranau. This study is done on the Poring Hot Springs 

of Ranau which are of a lower enthalpy compared to those at Semporna and Tawau 

(Lim,1991). 



3 

1.3 Background of study 

This study is done in the Poring Hot Spring area in Ranau, Sabah, Malaysia. 

Specifically, this study consists of the analysis of geothennal related elements in the 

fluid of the hot spring. Studies of this kind have been done extensively around the 

world. Most of the geothennal exploration projects or industrial studies in the world 

will and must include the component of geothennal fluid analysis as the data will be 

used to calculate the reservoir temperature by means of chemical geothermometers 

(Geothennometry,2008). 

The detennination of reservoir temperatures is important for the determination 

of the possible exploitable use of a particular geothermal system. For electricity 

generation, the heat must be sufficient and the reservoir must be within the drillable 

depth of 3 Ian or less due to the economic cost that increases with depth (Rybach, 

1981). Reservoirs of lower enthalpy on the other hand can be useful in direct 

applications and municipal uses such as space heating or balneology. 

1.4 Study Area 

The study site, Poring Hot spring is located approximately II km from Ranau town. 

This area has been developed for tourism and recreational purposes with many 

facilities. Among the facilities in the area is the butterfly farm, the Poring Orchid 

Observation Centre, the Kipungit Waterfall, a tropical garden, the Poring Canopy 

Walkway, accommodation and campsites and hot spring bathtubs. Visitors of this 

place include locals as well as foreign tourists. The number of visitors to Poring Hot 
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Spring throughout the year 2008 is tabulated in Table 1.1. A detailed statistics from 

year 2007 to 2009 is provided in Appendix D. 

Table 1.1: Visitors to Poring Hot Spring in the year 2008 
(Source: Sabah Parks Archives~ 

Month Visitors Total 
Locals Tourist 

January 9209 2445 11651 
February 15265 3008 18273 
March 14430 1880 16310 
April 9434 1571 11005 
May 16112 2350 18462 
June 22167 2269 24436 
July 10555 3289 13844 
August 20480 4647 25127 
September 7288 2802 10091 
October 19660 2273 21933 
November 19820 2132 21952 
December 47141 2103 49244 

Total 211558 30769 242327 

According to the DSIR (1979), Sabah is predominantly formed and covered by 

sedimentary and igneous rocks. No active volcanoes are found in Sabah. The 

occurrence of hot springs indicates the near igneous activity in this state. Nonetheless, 

a very young age is recorded for rocks here with pyroclastics in Tawau dated at most 

27,000 years. Minor seismicity in the Darvel Bay region which caused a damaging 

earthquake in 1976 are one of the signs of still persisting tectonic activities. Clearly, 

the DSIR (1979) points out that Sabah has traces of volcanic activity. 

The origin of Poring hot springs has to be traced back to the origin of Ranau, 

the place in which Poring itself is in. The geological properties of the whole area of 

Ranau including the Poring hot springs are very much characterised by Mount 

Kinabalu. This mountain of 4095 m consists predominantly of granitic and 



5 

granodiorite rock types with the east side being the peridotite ultrabasic rocks (Wong 

and Chan, 1997). The mount and its other similar landfonns around the area are 

believed to be fonned by a large arising batholith from below with a size of up to 500 

mile2 in extent (DSIR, 1979). In fact, a large part of Ranau with its elevation is caused 

by this batholith intrusion. 

The origin of the hot springs' heat can be attributed to the batholith intrusion. 

DSIR (1979) stated that the underground heat source of Poring is a residual heat that 

comes from the initial heat of the batholith as it intrudes out. This heat therefore lasted 

till this day although a slight decline has been observed compared to the early days. 

~ 
Despite of the batholith intrusion, the origin of the hot springs goes further ~ 

than just the origin of the underground heat. The working fluid, water, which is! ~ 
needed to transport this heat upwards, has had several theories concerning its origin. I ! 

~ V', 
Kenji Wakita, Geological Superintendent for the Mamut mine and fonnerly a ~ 

S2 
geothennal geologist in DSIR (1979) proposed that the springs are present due to deep =-

circulation of meteoric waters which transports some of the original heat in the 

batholiths to be convected to the surface. Another possibility is that the presence of 

nearby hypabyssal rocks that may allow meteoric waters to penetrate to considerable 

depth where it is heated at regions of abnonnal temperatures (DSIR, 1979). This 

classifies the Poring hot springs as a tectonic hot spring and not a magmatic hot 

spring. Hot springs of this type are nonnally found close at a major fault and being far 

away or isolated from active or recent volcanism. This is further supported by the fact 

that the compositions of the Poring hot springs are very similar to that of the so-called 

tectonic hot springs of New Zealand (DSIR, 1979). 
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1.5 Aim and Objectives of Study 

The primary aim of this study is to estimate the reservoir tempemtures of Poring Hot 

Spring by means of chemical geothermometers. This information can then be used to 

provide useful suggestions on the optimal usage of the hot springs. 

Among the objectives of this study are: 

1. To study the surface of the hot springs and obtain information on the 

tempemture and pH. 

ii. To analyse the concentration of geothermal elements (Sodium, Na; 

Potassium, K; Calcium, Ca; Magnesium, Mg; Lithium, Li and Silicon, Si) 

in the waters of Poring Hot Spring. 

lll. To determine reservoir tempemtures by application of chemical 

geothermometers. 
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1.6 Significance of Study 

The two primary information that was obtained in this study are the concentration of 

selected elements and calculated reservoir temperatures. The purpose of knowing the 

geochemistry of the hot springs fluid is in determining the suitability of usage by 

humans. For example, the utilisation of hot spring fluid for agriCUltural purposes is 

only advantageous if there are sufficient or considerable amount of macronutrient. The 

deficiency of macro nutrient K for example causes tomato plants to have reduced 

photosynthesis rate (Behboudian and Anderson, 1990). Determination of the 

suitability for balneology also requires the chemical composition of the hot spring 

fluid to make sure that all chemicals are within the permissible levels. 

Reservoir temperatures are used mainly for determining the suitability of a 

geothermal reservoir for power generation purposes. Even for power generation 

purposes, the enthalpy of the reservoir needs to be known to determine the best power 

generation cycles. Power generation via the binary cycle can utilise hot springs with 

outlet temperatures as low as 80°C (Armstead, 1983). The enthalpy of the reservoir 

also reveals information on the sustainability of the geothermal system. With this, 

economical considerations can be made to whether the amount of power generated 

will justify the development cost (Armstead, 1983). 

Even after development has been done on a certain geothermal area, the 

periodic monitoring of the chemical composition and reservoir temperatures are useful 

for detecting changes in the enthalpy or activity of the geothermal system (Armstead, 

1983). 
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