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ABSTRACT 

Most of the active geothermal fields 1n the world are 

located on plate boundaries. Although Thailand ls not 
located on any plate boundary, it has extensive geotherrnal 

activity on a zone of rather high heat flow and geothermal 

gradient. Over 60 geothermal fields have been discovered 

which are scattered from the northern through to the 
southern part of Thailand. More than half are located in 

the northern part, like Ban Pong Kum (CM2), Ban Sop Pong 

(CR6), and Ban Pa Pae (CM4). The chemical data from these 

areas are studied to evaluate solute- mineral equl1ibria and 

for predicting subsurface temperatures using chemical 

geothermometry. In calculating aqueous species activities 

quartz equilibrium temperature was selected for reference. 

On the whole quartz-, C02-' H2S-, CaH - , and HF temperatures 

are close to the mean temperature but H2S04 temperature is 

systematically low and NaK temperature and MgK temperature 
show 

that 
much scatter . 
the reservoir 

Mineral equilibrium 
fluid is saturated 

studies indicate 
with respect to 

calcite, and undersaturated with respect to anhydrite and 

fluorite. 
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1 INTRODUCTION 

1.1 Scope of work 

Utilization of geothermal energy has received increasing 

attention in Thailand during the last decade. This interest 

has been followed by exploration and preliminary study of 

some geothermal fields. Visiti ng scientists have taken 

great part 1n this developing exploration and national 

scientists have acquired know-how in this discipline. 

The United Nations University (UNU) Geothermal Training 

Programme in Iceland aims to provide practical training and 

special courses 1n geothermal resources, including explora

tion, development and exploitation of geothermal system. 

The author was awarded an UNU Fell owship to attend this 

programme which Is executed by the Geothermal Divisionof 

the National Energy Authority (NEA) and operated in 

cooperation with the University of Iceland. Supervisors and 

instructors come from these institutions as well as other 

individual specialized institutes. Each participant 

receives a practical training in his field of specializa

tion . 

Practical training in the chemistry of geothermal fluids 

provides some basic knowledge of the role of the thermal 

fluid chemistry in geothermal exploration. This includes 

water sampling, analysis of the major chemical components 

and interpretation of the results. Each participant deals 

with certain problems related to his speciality, sometimes 

he can bring data from his own country for interpretation. 

A final report is written at the end of the training 

programme. 

The author brought some chemical data from three geothermal 

fields in northern Thailand for interpretation in the final 

report. 
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2 GEOLOGY AND THERMAL MANIFESTATIONS 

2.1 Introduction 

Thailand Is not located on acrustal plate boundary. Yet, 

it has extensive geothermal activ ity on a zone of rather 

high heat flow and geothermal gradient (Thlenprasert et 

al., 1978). Over 60 geothermal fields have been discovered 

which are scattered from the northern through to the 
southern part of Thailand (Fig. 1). More than half are 

located in the northern part, like Ban Pong Kum (CM2). Ban 

Sop Pong (CR6). and Ban Pa Pae (CM4) which are the subject 

of this report. 

On a regional scale, hot springs of northern Thailand are 

related to the margins of a Cenozoic basin. This basin is 

generally bounded by faults which follow older tectonic 

patterns that were rejuvenated during Cenozoic times . This 

is ind icated by faults affecting terraces of late Tertiary 

or Pleistocene age. Some hot springs occur near the margins 
of Mesozoic or older granite batholiths, or by major fault 

zones. A Tertiary igneous event has been postulated to 

explain the Tertiary age obtained by radiometric dating of 
the crystalline basement complex (Granite) west of 
Chiangmai basin (Ramingwong et al., 1984). 

The CM2 geotherma l field lies on an alluvial pl ain. There 
are several hot springs distributed over an area about 

km. The thermal water ascends along faults bordering minor 

grabens and cutting through sedimentary sequences. 

Permeability is quite variable depending on the density of 
fractures in the older complexes. The flow rate is 12.6 

lIs and maximum temperature 98°C. 

The CR6 geothermal field is located on a sma l l alluvial 
plain near the slope of a mountain. The hot springs are 

associated with a fault cutting Triassic granite covered by 
a thin sequence of Late Carboniferous volcanics. 

Permeability Is provided by the tectonic fractures. The hot 

springs are distributed over an area of about 100 m2. The 

water flow rate is 2.5 lIs and maximum temperature 98°C. 
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The CM4 field is located 1n a small valley of the tributar

ies of Nam Mae Sae. The hot s prings are distributed over an 

area 100 m2 and are associated with a large fault cutting 

through a granitic body. The diameter of the two biggest 

pools are 3 and 4.5 m., respect! veIy. The flow rate 1 s 

about 22.7 lis and the temp erature ls near the boiling 

point (90-99°C). Algae are abundant in sorneof the hot 

springs not directly discharging into the nearby stream. 

Deposits of silica and other precipitates, together with 

clay. 

pools 

occur as a coating 
(Balangue, 1984). 

on boulders borderi ng the hot 

The thermal water of the CR6 and CM4 regions ri ses up 

through faults cutting granites or high grade metamorphic 

rocks . The hydrothermal systems are clearly related to deep 

circulation within major extensional faults in otherwise 

impermeable crystalline rocks. The high discharge 

temperatures and homogeneous composition indicate that 

mixing with cold meteoric water in the upflow is insignifi-

cant which in turn suggests either that the whole 

circuit 1s restricted to some major faults or 

uprising hot water is insulated by self sealed 

hydraulic 

tha t the 

fractures 

from shallower and colder aquifers possibly hosted within 

the crystalline rocks . (UNDP, 1984) . 
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3 SAMPLING AND ANALYTICAL METHODS 

3.1 Sampling methods 

Water samples 

Thailand. Ban 

Pa Pae (CM4) 

from three geothermal fields in northern 

Pong Kum (CM2). Ban Sop Pong (CR6). and Ban 

are interpreted in this report. They were 

analysed at two laboratories. at the Department of Mineral 

Resources 1n Bangkok and the Department of Mineral 

Resources area 3 in Chlangrnal. 

The samples were collected into polyethylene bottles. 

Samples collected for analysing sodium (Na), potassium (K). 

calcium (Ca). magnesium (Mg). iron (Fe) and manganese (Mn) 

were acidified by concentrated hydrochloric acid (HCI) to 

prevent some precipitation of the cations prior to 

analyses. pH, total dissolved solids (TOS). hydrogen 

sulphide (H2S ) , sulphate (S04), fluoride (F), chloride (Cl) 

and total carbonate (C03) were analysed from unacidified 
samples. The samples for silica (Si02) determination were 
diluted ten times to prevent polymerization. 

3.2 Analytical methods 

All chemical analyses were carried out in duplicate. The 

concentration of total carbonate (C03), hydrogen sulphide 

(H2S) and the pH of the water were analysed on the sampling 
day. The analytical methods and procedures are presented in 

Table 1 and the results of the analyses in Tables 2. 3 
and 4. 

At the UNU 

demonstrated 

training 

and some 

procedures 

course 

analysiS 

differ 

in Iceland, sampling 

Some of carried out. 

from the methods given 

was 

the 

in analytical 

Table 1. The procedures presented at UNU for total 

carbonate (C03), hydrogen sulphide (H2S), 
silica (Si02) and pH measurement may 
useful for geothermal waters. The details 

sulphate (S04), 

be particularly 
of the methods 

and analytical procedures are described in Appendix 
(A-Q), 
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TABLE 1 Analytical methods 

Components Method 

pH 

Na 
K 

Ca 

Mg 

Mn 

Cl 

F 

Si02 

Fe 

SO~ 

TDS 

Glass - electrode and pH - meter. 

Titration with O.1N hydrochloric acid (Hel) 
using pH-meter to indicate end pOint. 

Back titration with O.02N sodium thiosulphate 

(Na2S203) in acid solution by adding concen
trated hydrochloric acid (Hel) and excess O.02N 

iodine (12). 

Atomic Absorption Spectrophotometer. 

do 

do 

do 

do 

Chloride sensitive electrode and Mohr titration 

using O.lN silver nitrate (AgN03) solution. 

Fluoride sensitive electrode. 

Molybdenum blue method. 
Phenanthroline method. 

Gravimetric method involving precipitation with 
barium. 

Evaporation and weighing. 

----- -------- --------- --- ---------------- --- ------------ ---
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4 CHEMICAL CHARACTERISTICS OF THE GEOTHERMAL WATERS 

The water compositions 1n each geothermal field have their 
own characteristics depending on the residence time of the 
water, the rate , of leaching of components from the rocks, 

the fluid flow into the system and the rate of formation of 

secondary minerals. 

dilution as well 

Cooling due to 

as degasslng 
boiling, 

cause the 

conduction and 

cheml stry of 

surface discharges to deviate from the composition of the 

thermal water in the reser voir. I n the three geotherrnal 

fields which have been studied (see the data in Tables 2, 

3. and4). the water has high carbonate as well as high 

hydroge n sulphide content and a pH generally between 8 to 

9.5 (measured at 25°C), The main components are sodium 

(Na). potassium (K). calcium (Ca). magnesium (Mg) and 

sulphate (S04) which all follow the same pattern. The major 
cation is sod i um (Na). Calcium (Ca). magnesium (Mg) and 

iron (Fe) occur in higher concentrations in cold water 

than in the thermal water. 

Fluoride (F) and particularly the chloride (Cl) content is 

very low. The silica (S i 02) concentrations ar e two times 

higher in the area CM4 than in the areas CM2 and CR6. 

Arnorsson et al., (1983a) described that the low tempera

ture geothermal areas in the Tertiary basal ts in Iceland 

are very low in chloride (C l ) compared with water issuing 

from acid volcanic rocks. The fluoride (F) concentration 

follow the same trend i.e . they are low in basaltic rocks 

and high in acidic rocks . 
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5 DATA PROCESSING 

The chemical data from the three geothermal f i elds, CM2, 

eR6 , and CM4, were i n terp r eted. The mean and standard 

deviation of chemical analyses taken both 1n May and June 

1983 from the areas CM2 and eR6 were compa r ed by stat i sti 

cal methods (Appendix 2) 1n order to see the correlation 

between water analyses during each one-month period. It was 

found that no significant deviation exists between the data 

taken in May and June. respectively. Therefore, the data 

from May only were chosen for fu r ther calculation and 

interpretation. 

The computer programmes WATCH5 and WATCH3 (Arnorsson and 

Svavarsson, 1985 and Arnorsson et al •• 1982) were used to 

interpret the chem! cal analy.ses of the geotherma1 water. 

The programme WATCH5 was used to calculate chemical 

geothermometry temperatures on the bas i s of the analyses. 

A choice of reference temperatures to be used i n the 

programme is possible including those of equilibrium with 

Quartz. chalcedony . or NaK - fe1dspar , or any arbitrary 

temperature such as the discharge temperature. 

The programme WATCH3 computes the chemical compositio n of 

geotherma1 water and steam. aqueous speciation , some 

geothe r mometry temperatures, gas pressures, redox e qui -

1ibr ia as well as the state of saturation with respect to 

selected minerals all based on a given chemical analysis of 

geotherma1 water at the surface (Svavarsson, 1981) . 

The WATCH3 programme is exclusively used for chemical 

analyses of water f r om boiling springs. If . on the other 

hand. the water is assumed not to have boiled be f ore 

sampling. the programme is called WATCH2. The programme is 

run at a predetermined reference temperatures as the 

programme WATCH5. 

When running the programme for these geotherma1 fields the 

quartz equilibrium temperature was used for reference. The 

waters of the CM~ g eothermal field were assumed to have 

boiled but those of the other two a r eas not (Appendix 3)· 

Oegasslng of the hot spring waters in the CMll field was 

assumed to be 20J of maximum. i . e. equilibrium degassing. 
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6 GEOTHERMOMETRY INTERPRETATION 

The chemical components dissolved in thermal fluids are 

valuable In understanding the characteristics of geothermal 
systems. An important task of geochemlstry Is to assess the 
state of 
minerals 

delineate 

departu r e 

ing the 

fre e dom) 

equilibrium betw e en solution and alteration 
In geothermal reservoirs and subsequently to 

processes affecting equilib r ium conditions or 
from them. The phase rule Is useful In describ-

number of independent variables 
needed of sp e cify a chemical system 

(degrees of 

at equl11b-

rlum. It Is found that this number Is equal to the number 
of external variables acting on the system. In the case of 
geothermal system these variables include t emperature, 

pressure and mobile (incompatible) components . The only 
maj or 
(Ellis 

mobile 

and 
component In 

Mahon 1964, 

occurring In geothe r mal 

geothermal systems is chloride 

1967). Pressure in the range 

systems (1 - 200 bars) is not 

expected to change 

as the change in 

the equilibrium conditions significantly 

partial molal volumes of minerals and 

solutes is not signif i cant in this pressure range ( Helgeson 

et al.. 1978; Ellis and McF'adden. 1972; Miller , 1982). 

Thus, the major element composition of geothermal systems 
at equilibrium for a given rock composition is controlled 
by two variables, that is temperature and the mobile 

component. chloride. 

When predicting subsurface temperatures reactions in the 
upflow are assumed not to modify the composition 

Significantly. Thus. in this respect the analyses of 
surface water are taken to be representative of the 

reservoir fluid. Mix i ng of the thermal water with cold 
water sometimes occu r s which affects the composition of the 

water emerging at the surface and, therefore. the estimated 

subsurface temperatures. A number of geothermometers 

(Appendix 4) have been used to estimate subsurface tempera

tures. the most important are the quartz and chalcedony 
geothermometers (Fournier and Rowe . 1966; Mahon, 1966; 

Arnorsson , 1975; Fournler . 1977). the NaK-felspar geo-

thermometer (Ellls, 1970 ; Truesdell. 1975 ; Arnorsson et 

al. , 1983b), the NaKCa and NaKCaMg geothermometers 

(Fournier and Truesdell. 1973 ; Paces , 1975 ; Fournier and 

Potter II, 1979) a nd t he NaLl-geothermomete r (Fouillac and 
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Michard. 1981) . Use of total water composition has recently 

been developed to facilitate geothermometry interpretation 

(Arnorsaon and Svavarsson, 1985). 

6.1 Solute geothermometers 

For the evaluation of subsurface temperatures, as a rule. 

the concentration of a certain component Is assumed to be 

equal to the activity of some aqueous species. The 
temperature functions in Table 5 (Arnorsson and Svavarsson . 

1985), used In the WATCH5 computer programme are, however, 

based on activities or activity ratios of particular 

species. When deciding which cation ratios and neutral 

species concentrations to select as geothermometer, Arnors
son and Svavasrsson (1985) took temperature variations a nd 

minimum scatter of the data points to be of first priority. 

In the previous section the data processing used to 

evaluate subsurface temperatures was outlined for the three 

geothermal fields CM2, CR6, and CMlJ. Subsurface tempera

tures estimated by the var ious solute geothermometers 

differ somewhat. The mean and standard deviation of 
individual geothermometry temperatures for each sample were 

compared by statistical methods (Appendix 2) 1n order to 
study their interrelation (rig . 2). 

In the CM2 and CR6 geothermal fields. the C02-, H2S-, and 
Hr-temperatures give similar results as shown by the 

relatively small scatter around the equal temperature curve 

(rig. 28, 2C, 2G). It is concluded, if the system attained 

equilibrium with quartz, that reactions with respect to 

these species were similar in the upflow as for quartz. The 

quartz and CaH temperatures (Fig. 2A, 20) are slightly 
below the mean temperature which can be explained by 

increase in pH by reactions in the upflow and simultaneous 
ionization of some of the dissolved silica. The pH increase 

will also cause H2S04-temperatures to be low, which is 
indeed the case (rig. 2H). The NaK-temperatures tend to 

show large scatter and are above the curve. This is 
probably due to lack of equilibration, at least with 

respect to felspars. The HgK - temperatures also show a large 
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scatter on both side of the curve. Magnesium concentrations 
are very variable In the waters which. I cons i der, to be 

due to leaching from the rock in the upflow thus causing 

erratic MgK-temperatures. 

In the CM4 geothermal field,the quartz-, H2S-, CaH-, NaK - , 

and H2S04 temperatures are similar to the mean temperature 
when calculating aqueous speclatlon at the quartz 
equilibrium temperature (Fig. 2A, 2C, 2D, 2E). It Is 

concluded, if equilibrium was attained with respect to 

quartz in the reservoir that reactions affecting the 

concentrations of the respective species In the upflow were 

insignificant. C02-temperatures are high relative to the 

mean temperature (Fig. 28) which may be explained by 

carbonate leaching 1n the upflow or that the anticipated 
degassing accompanying boiling was too high (20%). This is 
supported by the plot in Fig. 48 which indicates strong 

~upersaturation at the quartz equilibrium temperature. The 
MgK-temperatures for the CM4 area are lower than the mean. 
The cause may be that magnesium Is leached from the rock in 
the upflow. The HF - temperatures are not reliable as the 

temperature function used In the programme is probably 

invalid for the rocks in the CM4 area. 

Evaluation of geochemical data by Arnorsson and Svavarsson, 

(1985) showed that: 

(1) The geothermometry resul ts of hot springs in Iceland 

show the standard deviation in the range 50-100 oC for 

mixed water. 

(2) The mixed waters tend to yield low H2S-, MgK-, and 

NaLi-temperatures but high NaK-temperatures. 

(3) Surface waters or other waters which have not 

equilibrated, or only for some components possess 

characteristics similar to the mixed waters. 

The calculated geothermometry results for the CM2, CR6 and 
CM4 areas are given in Tables 8-10. The main results are as 

follows: 
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(A) The standard deviation is in the range 20 -4 0 o c. 

Therefore, it ls concluded that the thermal waters are 

unmixed except may be for sample no . CM4 - C. This water 

possesses some of the typical characteristics of mixed 

waters. The mixing may have occurred with surface 

water. 

(8) The NaKCa-temperatures are always signifIcantly lower 
than the NaK-temperature. 

(C) The average mean temperature for CM2, eR6. and CM4 

areas are 148(b) (138)(C)oC. 148(b) (142)(C)oC. and 

168(b) (178)(d)oC. respectively. 

The geothermometry interpretatIon based on total water 

composition will aid distInguishing equl1ibriated waters 

from non-equl11briated and mixed waters and at the same 

time help substantiating or disproving the validity of the 

assumptIon made when applying geothermometers, namely that 

the water is in equilibrium with minerals at depth . The 
geothermometer involving Mg yield often temperature 

differing much from the other geothermeters. In many of 

the dilute Icelandic geothermal waters this metal occursin 
concentrations close to the detection limit (by AA) and 

this may, at least partly . be the cause of the difference. 

Footnotes: 

b - The results do not include the NaKCA temperature. 
c • The results do not include the NaK and NaKCa tempera

t ur es . 
d • The results do not include the NaKCa and MgK tempera

tures. 

6.2 Cation to proton ratios 

As demonstrated by Arnorsson et al., (1983a), the ratios of 

all cations in geothermal water are fixed at a particular 
temperature, if an overall chemical equilibrium is attained 
with geothermal minerals. The correlation of the various 
ma j or cations to hydrogen ion was arbitrarity selected. The 

functions in Table 6 describe the temperature dependence of 



1 8 

the major cation to proton ratios. Fig. 3 shows that the 

data points from areas CM2 and eR6 are slightly above the 

equil ibrium cu r ve at the quartz equilibrium temperature for 
the ICa+2/H+, IMg+2/H+ and Na+/H+ activity ratios. On the 

other hand. the same ratios show larger scatter and plot 

below the equillbium curve at the discharge temperature. 

The K+/H+ activity ratio also plots, with few exceptions, 

above the equilibrium curve both at Quartz and discharge 

temperatures. It is concluded. if equilibrium with quartz 

was attained 1n the reservoir that equl11bria invo lving 

cation/proton ratios in the reservoir have been disturbed 

partly 1n the upflow. It also appears that ICa+2/H+ and 

IMg+2/H+ activity ratios have changed more during cooling 

in the upflow than the Na+/H+ activity ratio. The main 

change apparen tl y invol ves pH increase. The K+ /H+ ra t i os 

depart from the equilibrium curve both at discharge and 

quartz equilibrium temperatures. The reason is most likely 

that the waters have not closely approached K-feldspar 

equilibrium in the reservoir. 

In the CM4 geothermal field. the Na+/H+, K+/H+. ICa+/H+ and 

IMg+2/H+ activity ratios show a large scatter around the 

equilibrium curve at the quartz equilibrium temperature. 

At discharge temperatures they plot. on the other hand, 

always somewhat above the equilibrium curve. The variation 

of the ratios is probably affected by boiling and degassing 

in the upflow which causes the water pH increase. 

6.3 Mineral solubilities 

Fig. 4 shows the state of anhydrite. calcite , and fluorite 

saturation in the water from the CM2, CR6 and CM4 areas. 

The solubility product equations are given by Arnorsson et 

al., (1982) (Table 7). The waters are undersaturated with 

respect to anhydrite at both the quartz equilibrium 

temperature and discharge temperature. The degree of 

undersaturation increases when temperature decreases. The 

mobility of sulphate in the water may be controlled by the 

following reaction. Arnorsson et al., (1983a): 
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The water from all the areas calculate to be calcite super
saturated, not only at the Quratz equilibrium temperature 

but also at discharge temperature. The reason for the 

apparent calcite supersaturation may be that the pH of the 

water has increased from the time of collection to the time 

of analysis. The degasslng of the water 1n the CM4 area 

may not be as extensive as assumed for the computer 

calculations. Water sample no. CM4 - C calculates to be a 
little under saturated at the quartz equilibrium temperature 

but saturated at the discharge temperature. It is concluded 

that re - equilibration has occurred in the upflow most 

likely by leaching of calcium from the rock. Near the 

surface degassing may cause conductively cooled calcite 

undersaturated water to become saturated. 

The waters are fluorite undersaturated at the quartz 

equilibrium temperature but less so at discharge tempera

ture. 
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7 DISCUSSION ANO CONCLUSIONS 

The relation between the solute geothermometry temperatures 
tend to be different for bo i led unmixed waters and warm 

mixed waters. In warm mixed waters the NaK - ternperatures are 
equal to or higher than the Quartz temperatures but In 

boiled unmixed waters quartz temperatures tend to be higher 
than the NaK-temperatures. Leaching seems to govern the 

major cation distribution In mixed waters which cause the 

NaK-temperatures to be invalid as well as the NaKCa

temperatures. Arnorsson et al., (1983a, 1983b) showed that 

each of the two cation ratios which constitute the NaKea 

geothermometer (Na/K and ICalNa) are determined by water 

temperature alone. Application of this geothermometer, 
therefore, involves the addition of two temperature 
dependent ratios . For equilibrated gethermal waters, which 

have cooled by conduction in upflow zone, estimation of 
underground temperatures by the NaKCa-temperature is 

probably more conservative than estimation by the NaK 

geothermometer, as the ratio ICa/Na appears to respond 

faster to cooling than the Na/K ratio. A disadvantage of 

the NaKea geothermometer is that calcium may precipitate as 

calcite in significant amounts in upflow zones where 
boiling takes place. Such precipitation would yield high 

temperature estimates. 

In low temperature fields the approximation to take 

analysed silica to represent H4Si04 may not be satisfactory 
as the pH can be as high as 10. In high temperature fields 

the deep water pH tends to be near neutral but boiling and 
degassing in the upflow causes the water pH to increase and 

some silica ionization occurs. However. in every case, it 

is a gOOd approximation. when temperatures exceed 200°C. to 

take analysed silica concentration to present undissociated 

silica (HijS10ij). 

The concentrations of neutral aqueous species and cation to 
proton ratios are fixed at a particular temperature for a 

chemical system like a geothermal at equilibrium and with a 
fixed compositio n excluding, 

mobile. The solubility of 

however , chloride which is 
the equilibrating minerals 

determine individual species concentrations and ratios. 

This theoretical background is very useful for the predic-
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ticn of deposition for certain minerals when the geothermal 
water cools. 

In areas CM2. eR6, and CM~ most of the solute geothermo

metry temperatures show small scatter around the mean 

geothermometry temperature but a few fall slightly below 

the mean at the quartz equilibrium temperature. The cation 

to proton activity ratios fit well with the curve. Thus, it 

Is concluded that these waters have equilibrated with 

quartz In the reservoir. 

The mean subsurface temperatures for areas CM2. eR6 
are 1~8(b) (138)<c)oC. 1~8(b) (1~2)<C)oC and 

and CM4 
168(b) 

(178)<d)oC standard 

6(b) (6)<c)oC. ~(b) 

tl vely. The waters 

deviations 
(S)<c)oC and 

from areas 

from the mean being only 

13(b) (16)<d)oC. respec

CM2 and eR6 have similar 

subsurface temperatures. 

All the waters are undersaturated with respect to anhydrlte 

and tluorite but super saturated with respect to calcite. 

The scatter of all data points varies for different 

activity ratios and concentrations. It is thought that 

boiling, precipitation and reactions with the rocks in the 

upflow zone are responsible. 

The validity of the solute geothermometry results are 

affected by reaction in the upflow zone and departure from 
equilibrium in the reservoir. Evaluation of the water 

compositions in surface springs may be useful in 

visualizing scaling and enviromental aspects that could 

accompany exploitation. 

Footnotes 

b • The results do not include the NaKCa-temperature. 

c • The results do not include the NaK and NaKCa-tempera

t ur es . 
d • The results do not include the NaKCa and MGK-tempera

tures. 
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8 RECOMMENDATIONS 

The following recommendations for further geochemical 
the charac-studies are considered valuable for assessIng 

teristlcs of geothermal resources In Thailand. 

based on my work In Iceland, both interpretation 

report and other training. 

They are 

In this 

(1) In order to obtain reliable data on pH, carbonate and 

hydrogen sulphide in water J samples should be collected 

into a gas sampling bulb and analysed on the day of 

collection. Details of sampling and analytical procedures 

are given in Appendix 1. 

(2) The silica and sulphate should be analysed by the green 

sIll co-molybdate complex method and titration with barium 

perchlorate using thorin as indicator, respectively. These 

methods are rapid and have high accuracy (see Appendix 1). 

(3 ) Additional elements like, lithium, rubidium, boron and 

aluminium should be analysed to improve interpretation. 

(4 ) Gas samples, should be collected from the hot springs 

and analysed for components like, carbon dioxide, hydrogen 
sulphide, hydrogen, oxygen, nitrogen, argon and methane. 

(5) Computer facilities should be made use of to evaluate 

subsurface temperatures and study mineral/solution 

equilibria from analyses of waters (see Appendix 3). 

(6 ) It is desirable to sel~ct a prospective area for 

drilling of shallow wells. This would allow direct 

comparison of measured and geothermometry temperatures and 

facilitate geochemical interpretation in other areas. 
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TABLE 2: Chellllcal cOIIIposlt1on or therlll31 water rrOCll Ban Pong KUIII hot spring area (CM2) northern Thalland.(concentratlon in ppm) 

(.) (b) 
Sample Temp pH SI02 N. K Ca Hg F. Ho CO2 SO, H2S F Cl TOS 
00 ( ·C) 25(-C) 

------.. ~--------------------.. -----------------------------------------------------------------'-------------------------
CH2A-l 78 8.' 9B.4 112 10.0 3.911 0.03 0.04 202.68 11.30 6.29 9.50 5.70 ",0 
CM2A-2 75 8.0 91. 1 108 10.8 7.63 0. 10 0.09 187.53 0 . 10 9.6'1 B. 93 5.10 ",0 
CH2A-3 70 8.2 91.1 109 12.11 6.81 0.10 0.21 O.OB 19~. 7~ 5 .60 6.71 9.12 4.60 .SO 
CH2A-Q .. 8.0 92.B 109 12. ~ 6.06 0.10 0.08 0.09 183 .92 t.90 11.32 9.12 3.30 ." 
CH2A-5 " 8 •• 911.1 113 13.6 5.63 0.09 0.15 O.OB 196.91 111.60 5.87 9.31 3.30 ." 
CM2A-6 '9 8.1 911.1 108 13.2 6.00 0.08 0.05 188.25 'I. )0 9.64 8 . 93 3.30 "'0 
CH2B-6 80 8.3 111.0 115 13.6 11 .25 0.01 0.13 0 . 011 193.30 1.00 13 .110 9. 12 11.10 '80 
CH2B-7 65 8.3 106.0 106 111.8 3.911 0.01 0.19 0.05 181 .76 9.30 10.50 8.93 5.10 ." 
CH2C-II '9 8.2 76.11 98.6 11 .2 7.70 0.25 0.03 0.09 180.]2 17.70 6.71 B.36 11.10 '20 
CHlC-6 " 8.2 76.4 100 11.2 B.l] 0.62 0.08 0.21! 179.60 11.50 7.55 8.55 3.JO ",0 
CHlC-9 50 8 .• 79.6 102 12.8 6.15 0.21 0.13 0. 08 186.81 16. 10 6.29 8.55 3.60 '20 
CH2C-IO .. 8 . • 85.6 106 11.2 7.20 0.13 0.08 0.05 181.76 11.90 5.0J 8.9J 3.60 ",0 
CHlC-l1 71 8 .• 99.9 101 12.8 '.00 0.U9 0.111 0. 06 201.23 9.10 6.29 9.12 11.10 ." 
CHlC-12 77 8.1 91. 1 109 12.8 1.88 0.111 0 .13 0.05 181.53 11.10 10.90 8.93 3.80 '20 
CH2C-13 '9 8.' 9!.! 109 12.11 5.l0 0.09 0.03 0.05 196.91 , •• 80 1.55 9.12 3.30 "0 
CHlC-l " 61 8.2 81.1 101 12 •• 7.50 0.02 0.06 0.05 186.09 15.80 7.55 8.74 4.10 ",0 
CHlW· 27 7.1 21.2 36.11 8.8 7.38 1.60 1.60 0.38 90.88 6.20 0.84 1.69 3.80 180 

------------------------------------------------------------------------------------------------------------------------------
a .. Total carbonate lb· Total hydrogen sulphide 
... Non thermal water 

w 



TAB~E 3: Che. l cal composition or thermal water rro~ Ban Sop Pong hot Spring area (eR6) northern thailand (concentrat i on In pp~) 

S8IIIple 

00. 

eR6A-! 
CR6A-2 
CR6A-3 

CR6A-1I 
CR6A-5 

eR6s-! 
eR6s-2 
eR6-S· 

T~, 

(·C) 

92 
80 
86 
8J 
81 
77 
80 
,0 

pi! 
2S(-C) 

8.' 
8.7 
8.' 
'.0 
'.1 
'.0 
7.' 
7.1 

SI02 

10' 
126 
132 
135 
136 

12' 
12' 
5.99 

Na K C. Kg 

90.9 8._0 3.22 0.02 
95.5 8.60 2.60 0.07 
91. 11 B.92 1.91 0.02 
97.7 8.60 2.20 0.110 

96.8 9.00 1.62 0.02 

95.5 9.211 11.06 0.03 
89.5 B,20 11 .13 0.05 

5.90 11.20 7.50 2.BO 

r. Ko 

O.OB 0.011 

1.10 0 .05 
0.1] 
0.1113 0.0" 
0.1] 0.01 

0.03 0.05 
0,10 0.0 1 

1.88 0.)6 

(a) 
C02 

1 .6.~2 

126.22 
1~8.58 

150.1_ 
152 .19 
1 ~6.112 

133.113 
25.97 

so, 

6.20 

21.00 
6.80 
9.70 

11.50 
9.50 
5.60 
2.50 

(b) 
H2S 

9.22 
5.115 
8.BO 
7.1] 
6.29 
6.29 

10 .10 

r 

11.0 
11.80 
11.00 
11.110 

11.20 
11.20 

10.60 
0.29 

Cl TDS 

5.90 420 
7 .00 ",0 
5.10 420 
6.'10 ",0 
5.70 '50 
5.90 ",0 
6.110 ",0 
5.10 80 

------------------------------------------------------------------------------------------------------------------------------------

TAB~E ~: Chemical com~osltion or thermal water rron Ban Pa Pae hot serinB area (CH~) northern Thailand (concentration In ee~) 

5U1ple Telllp ,11 51°2 N. K C. Kg r. Ko C02 (a) SO, H2' 
(b) 

r Cl TDS 
00. ( ·C) 25(·C) 

CHII-A " 9.5 272.80 82 5.' 2., 0.08 119.70 10.00 8.8 11.50 1.0 425 
CHII-B " , .. 256 . 70 " 5.' 1.7 0.05 122.10 15.00 '.0 12.00 1.0 '" CHII-C " 8.' 2113.90 81 5.' 2., 0.06 1211.15 10.00 2 •• 12.00 1.0 ",0 
CHII-D " '.7 272.80 " 5.' 1.8 0.10 '21.15 13.00 ,.2 12.00 1.0 '" CHII-E 97 9.5 2110.10 8J 5.' 2. 2 0.10 119.10 , 1.00 2.8 12.00 1.0 '" CHII-F '0 ,., 228.90 79 5 •• .. , 0.10 110.73 16.00 2.' 11.00 1.0 ,,, 
CH"-O 78 '.2 231.00 81 '.5 2.1 0.25 116 .61 10.00 ,.2 11.00 1.0 ",0 
CHII-S' 18 8.2 26.1 7.0 1.5 '.2 0 . 23 25.115 1.00 0.2 0.20 1.0 80 ----------------------------- --------------------------------------------- --------
• • Total carbonate, b .. Total hydrosen ~ulphlde 
• • Stre!UII water 

W 
N 
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. TABLE 5. Temperature (unctions f" solute geothermometers. 

Geothenno- log species/ratio Tempe rature fUncti on. 
Dieter 

oK Ha ca 

5102 mll4Si 04 • -0.588 -0 .00441'1 - 1515.21/1 +1.3470,1091 9 7 

COS nlll2C03 • -1.794 -0 .00510·1 -4469.63/1 +4.1414,1091 10 9 
H2 mH 5 - 1.678 -0 .00355'1 -5071.05/1 +3.8889.1°91 10 11 
HaK aNaf, aK+ • -0.692 +908/ T 7 6 
NaRb °Na+/aRb+ +1.318 +1272/1 19 16 
Nali aNat/oli+ • +0.161 +1201/1 27 22 
CaH 0,/(a+2/ 01\+ • +1.733 +0.011 17'1 +3890.S1/T -3.9977.1091 9 7 
MgK a"Mg+2/aK"" -0.00396·1 +978.33/1 27 21 

"' "'If • - 5.262 -0 .03511'1 - 7~64.11/T +12.1022·1091 10 8 

"25°4 nlH2S04 • -6.436 -O.Qlga6·T -13335.68/1 +14. 7958· 1091 8 7 

aMean and standard deviations of data points from the reported functions. respectively 

Table 6. Equations describina the Icmperillure dependence or calion/prolon ratios and unchar!ed species 
concentralions in leolhermal drill hole discharlU 

LOI spedeslion ralio 

Species/ion ratio Mean 
(molts/kg) TemperalUre runclion devialion 5.0. ._--
10ltH.SiOr - 0.~88 -0.IXI441T -1515 .21/ T .. 1.;\41010, T 0.06 0.05 
10gH,CO: - 1.194 - O.OO~IOT -4469.63/T +4. 141410JT 0.30 0.26 
10JH,S· - 1.618 - O.OOJ~5T - 5071 .05/T +3.1I:88910,T 0.36 0.J3 
10IH,SOr -6,436 -0.03906T - 13335.68I T + 14.195810,T 0.51 0.48 
10!HP - '.262 - 0.03511 T - 7964.II/T +12.102210,T 0.32 0.28 
10iNa'IW 2.694 + 0.02023 T + 4243.411T -6.206910I T 0.14 0.12 
legK"IH" 2.505 +0.01971 T +3325.7\ / T - 5.781 410gT 0.12 0.09 
\eltvCa"/H" 1.133 +0.011l1T +3890.SI I T - 3 .997110~T 0, 11 0.1 2 
legv'"M,'"/H" 1.816 + 0.01078 T + )727.48/T - 4.1(,4010IT 0.~4 0.21 
legvFe'"/ W - 4.696 ... O.(14213T -1011.46/T +10.803210I T 0. 18 0.11 
leIAJ(OH);/OH' - 3.407 -O.023(.4T -3417.36/ T + 7.8426101T 0.21 0.11 
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TABLE 7, Eguations describing the temperature dependence 

IIIII&RAL 

~()l AD.II.AIUA= 

402 J.t».AL8m 

.,,~ 

40fi~· 

410 LolUOlTTl"!: 

of mineral solubl11tles 

REACTION 

MlS l ]O, .. BlI10 - I!." .. AJ.lQl)~ .. 1II,51O; 

MMlSl10, .. 1iII10 - Mt· .. AlICl!); .. lH, SlO; 

1W<l51}O,'":O" 5~O- Ma·" Mlat); .. :2tt,SlO; 

c.sJ, _ c.'} .. 9J~2 

c..:::o
1 

- Cl·Z .. CD;1 

SlOl .. 2II}0 - H,S1O; 

Hq$AJ. 2S130\OIQl) ," 101120 - ~ •• 2 .. AlIOt!; .. lII,510;" ICII 
car

l 
_ ea·2 • 2'" 

FeCXII .. "20" 01- - ,.100; 

caM2S1,0I1'41!20" 8112° - c..2 
.. v.! 1Q/1; .. 411,510: 

411 ~ AAlSlP." Sti20 - KO .. Al ICHl ; .. lH,SW: 

412 KIO£I'!TI: "")0, " 41120- :<hIDU;" rot- 2 

~.16,..u2.llSil.11010Iat)~.o. 6011 2°" 12Q! 

- ea" .. IWICflI;" 1211,510; 

414Jo:~ lI!O.llAll.ll$ll • .,0loIQlI2 .. ~o .. 6CJ( 
- It" .. lAleat); .. llM,SW; 

4l5~C ""'Io.I,,..ut.llS1,.5ro\oIQl) ~ .. ""P" ua'-
-I'q- .. 1'-'11011>;" 22K,SW: 

'M'.:I!PERA'f'UU FUNCTION (OIl) 

H '.I! -<I.0458T -nuon +lOI2722tr 

+J6.1l -0.1)0'" -16-'74n +IOOUll,r 

.34.08 -o,0401'T - 14517" +fm'i,r 
+4;.20 -o.0229T - !lI1fl' 

+10.22 ...(1.0)491' -H'6tr 

40.11 -llOIIT 

- 1012.12 -C.]"IT "]UIT +41'.4Uotr 

"".~ -'HalT - 2!.47lcotr 

...o.l' ..c.C99!' +20l'9Ctr -21~2Hn2 

"'S.ts -c.cam - 2B)!>s/'f ·1911C19Bn2 

+44.55 -a.OUST -1,88)/T .12UOI9,r 

-155.51 ..c.llm .,5298/'f -42SI774,r 

416 Na-H:I:m'CR: ltIag.uAl.2.nSi,. "oLC(OOI 2 . lO!IZO +_-
- 1\1." + 't\l(0I)~. 1l1!4S1O; +1517J.to +1.7u~r -978712/'f ""280S01',r -s~.lal.o9'l' 

417 KJSCrWrn: DJ., S1
J
010 (00)2 + ICII,O + 2a! - J[" + loU (CJI); + 311,510: "'IU." ..c."I4T - nnS5tr +Z5n6111nl -HU.11l.o9'1' 

418 1'I!nfm1: CI:?J.,S11010Iat)1 • ICLK20 - lCI·2 + W(at); • XII .. lH.51O: +'90.51 -c.n,.,. - 16IUIT +l$II4U,r 

U9 P'fIIIIIlCtTT!: 1FlIS .. 90;' • 221!,0" iat" - Irll(at); .. ~S 

no I"tRll'!: ~2 + 21i!120" lenf - are(OII~ • SJ;2 + ISH,S 

421 ~b S10
2 

+ 2li,0 _ K,SJ.O: 

422 ~ CIAl2S140
U

·2!t
2
0 + IOH20 - CI'2 + 2Al(at); • (K,SlO; 

42llCUASl'QfI1l ClSlO
J 

.. 211· + "z0 - CI·2 .. H,51O: 

424 ZOISm CI,.AllSl1012 (0I) .. 12112° _ lCI·2 + loU(OO; + JII,S1O;. at" 

us El'lWtE ~2S1PL2 (01) + 12"z0 - 2C:J.'2 + "' (QI} ; 
+ 2Al(QI);" lH,SIO; + at" 

426 MIUOoSml lres
l 

_ 26K.O + lOot!" - IFI!{OH)~ + $>;2 . • ISlll' 

+)01 '.&.1 +1.Z52lr - IO].4SO/'f - 1214."lcotr 

"'521. 89 .1.5OOlT - lao.I05tr -1860.111.oJr 

4O.U - IlCl9/'f (~2SO"t:1I +<l . U -Hun (180-lOO"cl 

"'1.00 -C .0641T -2501./t' _UOUllnl 

- 222.85 -C.Dll7T +16258/t' -671 106,r ...a.Uloo;1' 

+106.61 -C.lun -40448/r +302$977,r 

- 273".14 -3.B74!IT .1S42767tr -927713641'1' .,S50.lIlo1l' 

... ,,' .11 +1.S87!IT - II"U/'f - 1.JI.45l.c1t 

OH ""~ """-."100 .,..,Lf1..s dau to •• 1 ..... 1. oft(! ._0 ,,.CIU uo (._ R~ n.1. (1171 1 ond ~ 11"91. bt.a u _ 
ULQIIli ..... hlQIIl4 0" h .. ....."oq_ n d. 09Q.o1 olld LAAtNv.uLa_ aI>O .uroDro.s_ " '121 ... ,...U .... ly. cn.. __ paoolC 40u .. 
""'ul~rU uo r ... ILEL./.Z$mI 119li91. ~u .... tloo ... ~""lPr ..... eft<.t'OJl7 o f calcl_ t"" ot 25"l: ... I~ ... _n: et 01. 119711. -1\II:IOLlU_ n d . (191)101. '""'10 _lrlcol _l .... UHy t_U .... h _rr olA.U .. to tloo u;,u18ofotal _1 .... 111<y 40u of rourtILU:. 
Un71_ (~...,., _ 0.,71. 'JU.HQouIll 119111. ~.t d . {IK11. _ 119!.Ot. l .... """".t .1. 0971 1. 



TABLE 8: Geothermometrl results f or Ban Pon~ Kum hot s~r l n8 area (CH2) northern Thailand 

Location Meas. NaKCa Qtz. CO2 H2S .aK CaH HSK HF H2S01j H(a) 6 (a) ~~~~~~~~~~~~~ __ A~_~ __ ~ __ ~ __________ A ______ ~ ____ ~ ____ ~ _______ ~ _____________ .~~ ______ .. _________________________ 

(b) (c) (b) (c) 

CM2A-l 76 162 126 150 150 192 124 159 156 112 P16( PlO) 25( 19) 
CH2A-2 75 161 123 155 162 202 124 132 164 68 1-4-4(135) 34(27) 
CH2A-3 70 190 123 153 154 217 122 139 161 109 "8(138) 33(20) 
CM2A"1j 64 191 124 155 165 217 127 1 39 165 1 05 150(1-40) 34(23) 
CH2A-5 63 196 124 150 150 224 121 "8 156 113 149(138) 35( 18) 
CH2A-6 69 195 125 154 161 225 126 "7 163 109 151(1111) 35(21 ) 
CH2B-6 80 197 133 156 167 223 130 199 167 103 160(151) 39(Jl) 

CM28-7 65 206 131 154 162 242 130 205 165 115 163( 151) 42(29) 
CH2C-1j 49 186 114 149 153 216 118 116 153 112 141(131) 35(20) 
CH2C-6 63 165 114 149 155 214 117 97 154 109 139(126) 38(24) 
CH2C-9 54 19' 115 147 150 228 117 126 151 110 143(131) 38(18) 
CH2C-IO 56 184 119 147 147 208 116 130 153 110 141( 132) 31 (17) 
CH2C-l1 71 193 127 152 15 1 224 12 1 "4 159 112 "'( 138) 35(18) 
CH2C-12 77 190 123 154 163 220 122 133 162 109 148(138) 35(22) 
CH2C-13 69 192 122 151 154 217 122 143 158 113 147(138) 33(18) 
CH2C-I1i 61 191 121 152 156 225 120 126 159 115 147(136) 36(19) 
H(a) 191 123 152 156 218 122 "3 159 109 "8(138) 
6(a) 6 5 3 6 11 4 27 5 6 6 (6) 

--------------~--------.. -.. ---.. --.... --.. --.. -------------.. -...... _---------_ .... _---------------------------------------
a .. Mean and standard deviations of geothermometry results 
b .. The results do not include the NaKCa temperature 
c .. The results do not include the NaK and NaKea temperatures 

w 

'" 



TABLE 9: Geothermometrr results for Ban 502 PonB hot sEr1ns area (eR6) northern Thailand 

Location Heas. NaKCa Q" CO2 H2S OaK CaH HBK Hr H2SOq H(a) 6 (a) ~ _______________________ ~_~ ________________________________________________________________________ A __ ~ ___ 

(b) (e) Cb) (c) 

CR6A-l 92 181 130 '" 153 196 120 159 158 106 1115(138) 28(20) 

CR6A-2 80 183 "0 ," 151 192 132 13' 110 123 Pl9( Pl3) 23(17) 

CR6A-3 86 190 '" "6 155 203 130 163 167 113 152(1115) 21(19) 

CR6A-4 83 18' 1>2 145 150 193 126 97 166 "' 1112(1311) 30(23) 

eR6s-1 77 183 139 "3 "8 202 11 8 155 162 113 149(142) 27(19) 
cR6a-2 80 178 ," 156 167 193 137 136 163 112 1117(1110) 28(19) 

H ," 139 "6 153 197 127 '" 185 120 1511(1119) 26(22) , • , 5 7 5 7 .. 9 6 , (5) 

-------------------------------------------------------------------------------------------------------------

TA8LE 10: Geothermometrr results for Ban Pa Pae hot s2r1n5 area (CH4) northern ThaIland 

Location Heas. NaKCa Q" CO2 H2S OaK CaM HBK HFCe) HzSOIj MCa) 6 (a) 

---------~----~-----~--~--~-~---~----------------------------------------------------------------------------
(b) (d) (b) (d) 

CHII-A 99 167 189 191 187 170 178 106 152 168(119) 30(15) 
CMiI-B 9' 170 177 177 163 173 16. 108 "3 158(166) 25( 13) 
CM4-C .. 167 176 232 192 165 279 10' 187 191(205) 55(113) 
CM'I-D 98 169 178 165 152 180 146 108 13' 152(159) 26(18) 
CM4-E 97 167 170 186 165 167 175 106 "8 160(169) 21(13) 
CM4~F 90 157 172 201 '" ," 182 105 165 166(116) 30(111) 
!;,M4-G 78 176 173 210 18' 179 225 111 168 119(190) 36(23) 
H(a) 168 177 195 17' 171 193 107 157 168(178) 
6(a) 6 6 22 15 6 " 2 18 13 (16) 

-----------------------------------------------------------~-----------------------------------------------
a • Mean and standard deviations of geothermometry resultsi b • The results do not inolude the HaKCa temperature; 
o - The results do not inolude the HaK and HaKea temperatures; d • The results do not inolude the HaKea and MgK temperatures; 
e • The temperatures are not reliable. 

w 
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1. F2o?rdinq o f &nnles. 

Cile of ~ mst 1nFOrtant thing <h1rinq =llectlon of ...... ter 

sMples is c;p:d re<Xlrd1ng. Analysis o f WAter after careful 

collection prooedlre is of little use it. ro:x'Ie kTOtJS Wlue 

the .s«rples we,..--e taken. 

I'or tiM purpo •• o t It •• pl ... 90001 r.cord ot __ ph " lt h .ultsbh to 

us •• pe~i'l torn (.,. pag.s A-4 and 5. Th. ' upper part i, t or 9.n.ra1 

inforeaUon. au~1I al n ..... b.r o! .... pl., date of coU,cUon, the lo~.tion 

Of s;s:ple. reference to geogratiUcaJ. m!lp. and brief de=ip-

tion of 9eol09icaJ. feablres : The teJTp3rature of the spring'. 

an:!. estinlat!5d or JreaSI.I.red fJ.o,.t rate is also rearrded , The 

lOom' part of the fOll1l is for re=rtlJnq all analytical 

re<lSUrate.,ts ck:r.e d1rJ.rq or shortly ntter =l1eetion. 'nUs 

part i. Ilud in connoc:t1on t o c:h .. pt .. rs C and D ot this IUlWal, 

2. Collection T<Xf'.nirue . 

For th!! cnl1ectim ot thenro.l water frcm hot. !:prfngs i1Td 

drUlroles with tat?erature la.cr than lOO·C the folla...1no;1 

are rec;.1ired, 

1. Polythene blbing l/4~. 5 ID Ion<]. 

2 , Polyth:me can, 0 , 5 - 1. 0 UterI, 

3. Polythene tunnel. 

4. MaxiJR;G the~ter. 

5. Sl;.Ut!less steel =11n<J spiral to fit l/4M wblng. 

6 . 9.lcl:et (10 l1teIlll) , 

7 , Gas sarT{l11nq b.llh (250 mll. 

8. Polyt.hene bottles tor storin9 tho S3!plcs . 

Va.r1oJ.!l t:echrli.;p.1(ls have been deYel.oped to = llec;t water f roD 

thenral spring's, in cxder to IIdnimize contll'll1natl.on t«l'll 

.:)il an::! rocks. Sprin<] with high no..- rates an::!/or wide 

basins a.re II'OSt easily ~led!::y lKXXlping up the water 

with the can. It there 15 5On:l slope \o.tIere the water can 

flew, it is II'OSt <XlnVD'lient to use the furr.el and the tllb-

1nl] (see lower part of fig , 1 and 2). In soma cases , i t 

the p:oles .ut! cnly a f~ centiJni:lters deep ~ water can 

be sudced up uslnq the gas prplin'J bulb. 

111, e=linq spiral is only r.eces.s&ry foe thIIt part of &.e 

S«IVle 'Which is stored in the <:;'35 9mF11nq wlb, latcl" used 

for det:er.ll1l".atiat of pi. ~. and "2S (see f19. 2). 'The 

=11119 spiral is IMde of ,Wl'lless steel, but roolJnq spirals 

~ of ~ M\'" been used . The latter is /'IfX fiUitable 

bec.au.$8 the ~r rel>ctS wit.'l the hyd.roCJen sulphide 9iving 

lI;w CCII'ICerItration foe SllJ:hide dlriJ'09 <!lltermination. It 

is desirable to ax>l the SlIIIPle oo..m to tI-.e storage talp:!r a

blra, where the analysis are done. If the SlI/!'9le is net 

rooled before it is stored in the gas sanpll.r.c;l b.llb, volurre 

~etJ,Cn ClLLsed by late!:' CXXlling wUl pro:ilce lQ.I pres:;ure 

1n the wlb an:! CalJse ~Jnq, D.lrin9 =llectiat the 

teperat u:re is rrec..sured using' !lWl.i,,",.l.~, thenrotrlter ard tha 

water flOol is rneasur3d or estL--.".bXl, 

] , Treatl!'t!!'\t. of ~l~s, 

It !lUst be g&ranteed during =llect:!on of sa«ples , Ulat. 

the an::ent.:'at1cl\ of tI-.e elmonu does IXlt chanS<l: \IIltU 

the analyses ara =:!.ed cut , "'e tollcdirq oaT;'CIleIlts 

often ~ ~!r"i stor~: fit, c~t.e, hydro:;en sul

ph.1c!a. ea.l.C:iun, IMC)I'lesicm, sulphate , nitrAte an:! silica. 

'this can be preventEd L'l the tollo.ting ~y: 

1. C/u'bcnate, ~lr.hlde an:! dt , 

Car.:onate and SJIFh1Ce de<;as!leS dlr1n<] stcr~ iII'd 

cl'lall9a the Ffl . To provent thb. p:u't at the S<IIIFle 

is ccoled am stoned in the 935 SJIItIlitICJ bJlb, 'lh1.3 

15 determi.'\ed • ... ithin 36 hcuro, usually the SOO!!! cwninq. 

2. &l1:Jhate. 

If the GO\CeIltrat1c:n of the h~..:!.roqel'\ $Ill;nide is high , 

the sulphide can o:tid1:.e to sulp-..-,ta. To be nIlle to 

determine sulfhate after stor.lt<]e, the sulph~a In,!st be 

preeipitated using tnCOI)COO)2 lIOl:ltion (20,889/1). 'I\.o 

1nl of t.".e solutial is ..:d:!a:I to 100 ml ot the s.:lIfple and 

stored in pJIythcnc bottle. 

W 
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Determination ot Eft IITrl carl:on.:Jtc. 

't::lta~ ca..--l:xx\at.e ls de:temined by Utrar1cn with 0.1 N fCl 

frcm pi 8. 2 to 3.8 at 20·C tut pH is I!IINl3l.lred using pi ~ter. 

'ltMI !oll.o.ri.nq tq.I1prent Nld ~UI are l'Clq.I.1.rOO tor th!.s 

rlet.er.1Mt!.on: 

1l portable plHrct~ 

2) pll electrerle 

3) saturlltad KCI soluticn 

4) three ~l be!!Xens for pi buffens 

5) 1.50 ml belliter tor S!II'tp1e 

6) SO IIll ard 100 ml volu.~~ic t'lults 

7) t..~ter 

8) 25 m1 bJrette clllllirllte:l at 0.1 ml 1!'lterval, 

b.lrette st.llnd ud cla'tp or 2.5 ml ml.cro sydzlI;e 

9) 1 ml s..":Id 5 11'1 pirettes 

la) 0.1 N Jel solution (e .g. tlt.rbol 0.1 N ICl, MercY. 9973) 

11) J>.t:p=. 0.1 N N.l(ll solutlOl\. D1s1lO1ve 4 9 NlOi 1.n 

1 lit~ of distilled wate~ 

12) Pi bJHen. ~tc bJ.ffer 6.SB, borax bJffur 

9.22 and acetc'1tc b.lffer 4.62 

13) distilled water 

~: 

1) nu the el.ect.rOC.e with KCl sowUOI\ if neccss.\rY. 

2) R1.nse the e1ecuo:le with dist.111~ water. 

3) Mjust. \:ha Fil-lT'etcr to the 6.88 pll-b..tf!er. 

4) ~k!asure ~ 9.22 and 4.62 b..tf!ers an..~ rinse the 

elect.."tda !:>atwaen llE!asururent.s with d!.stllled water. 

5) l".cMUro 100 ml (SO 1111) of ~l. usif"J the .....:.hr.ctrlc flasy.. 

and p.It into the 150 III beal:er. 

6) Determine the pt an:!. the tstparature. 

7) Adjust. the ptt carefully to correct 8.2 value usJ.nq 

0.1 N 1£1 if the ptl is hi.cJhCr thUl 8.2 but using 

0.1 N NaCH if t.'wl pfl is lQ.1er than 8.2. 

8) Titrate f:tJl'l pH 8.2 to fII 3.8 using: 0.1 N HCl. 

9) Je:ord the .!IfJ'I:llllt. nel required. 

la) Rinse the elect.ro:le with distilled water ar.d go to 

no. S. Titrate e.ldl. sarrple 1.n tlIJpliCllt.e. 
.JI'IlK:l • H • HOoo 

IJI FP'! 9)2. 1"""mI: sanpie ) - (6.9) +l.182 ppril2S + 
0.0088 ~ S1 02 ) 

The prooeO.!re in part. 1 - 4 lU'e only m."lrle alCO every t1.n'e 

Jre!l.SUrerrents are C!I.l:Tie:l Olt an:! are valid for all SlIIIples 

Re&SUred at t.'le .sarre t.1ne. 'l'ho!I .-casureme:nt. of three pi{ bJtt

ers IMkes 1t. possible to correct. for ciev1.'lUOn trem theoretical 

beh.av1c:ur of the e11!ctrtlCe. 1'1.0 m:tho:ls can be used tor U-.eso 

ccrnct:iaa. O".e involves flot.tinq rreasored values at the [.f!

bJffen agains: ri<jht. values of the !:uffers oll'Id the" use the 

!:est tit line for =ect.1n9 the !it of the 5afI\)11lls. The other 

Jrethl:d is to use bo>;) bJt!ers (6.88 ;md 9.22) .'ltd calculate 

correct pt 1UJ.."'»; : 

pt SL'tple _ 6.88 f9.22-6.88) (pll smple ...... 88) =. &il!'e 9.22 "'"' 88 m!4S. 
!reUS. • 

'itle values of the plH;uffers varle~ with ~rat'.lre. 'itle 

values 4.62, 6 . f!8 Md 9.22 are at 2O · C. It the tetrperabJre 

is different the val:.:es have to be corrected lICCOrding" to 

Uble 1. 

TABLe 1. 

~~s in fII valUe! of butf~rs wi~~ different temperatur~. 

'c Phosp,ate ,,"~ 
Buffer ~ 

0 6.984 9.464 
5 6.951 9 . 395 

10 6. 923 9 .3)2 
15 6.900 9.276 

" 61881 9.22S 
2S 6.865 9.1SO 
JO 6.853 9.139 
3S 6.8H 9.102 
J8 6.840 9.081 
40 6.838 9.068 
4S 6.83~ 9.038 
SO 6.833 9.011 

~ 

o 



" i'hcIstN~e 00= 

~ 
EUffet" ~ 

SS 6 . 834 8.985 

" 6.836 8.962 
70 6.845 8.S21 
eo 6.859 8.88S 

" 6,en 8.850 

" 6.886 8.833 

If the electrode 15 far off right values for the bJffers, 
the stArti.ng and. the er.d point of the titration !!Ust be 

corrected. 'llla new V.llues can be calculated usirlq the sail"(! 

eq.latlon as for ~r CO--"Tect1crl. In table .2 the stMting ard 

end points h~ been calculated tor few values of the ~{ 

bl!'fer 9.22. 

~ 

Values of starting a.-d end p;)lnt for ~t1trlltion. The pI 

mater 1s 3djustcd to the 6.88 butfer, and the ~Jtfer 9.22 1s 

ll"easured. 

I. MeiUUred value of ~f!a[" 9 . 22 • 

Xl. Pi at the stA.'ti."U] of CO
2 

titration . 

Ill. Pi at the en;! of ~ t1trlltia'l. 

_ ,_ _,_,_ .1!!...- _, _ --.!I- ...!!L 
e.7 7.91 4.48 9 . 24 8.21 3.77 
8 . 75 7.93 4.42 9 . 26 8.22 3.75 
8.80 7.96 4.35 9.28 8 . :n 3.72 
8.85 7.99 4.29 9 . 30 8 . 25 3.69 
B.90 8.01 ~. 22 9. 32 8.26 3.67 
8.95 8.04 4.16 9.34 8.21 3.64 
9.00 8.0B 4.09 9.36 8.28 3.62 
9.02 8.09 .. 06 9. 38 8.29 3.59 
9.04 8.10 ' .04 9.40 8.30 3.56 .. " '.il 4.01 .. " 8 . 36 3.43 
9.0B 8.12 3 . 98 9.55 8.39 3.37 
9.10 8.13 3.96 9.60 8.n 3.30 
9.12 8.14 3.93 9. 70 8.47 3.17 
9.14 8.15 3.91 '.80 8.53 3.04 
9.16 8.17 3.88 ' . 90 '.58 2.90 
9.18 8.18 3 ,85 10. 00 8.64 2.77 
9.20 8 .19 3 .83 

. 9.22 '.20 3.80 

Deter.lnatlon 0' Kz! by dithl:on. 

¥ro9en sulFhide is determined by titration with ii9!0I)aDI 2 
solut1<n . 

£q..liprent am reasents necessary tor the field I\'eIlSUrem:nt 

~t ~ sul~ are: 

1) 10 ml t;urette cal1bl:'3ted at O.OS ml. intervals, 

l::urett5 .tand am clafP or 1 ml. micro syritlge. 

21 SO rrJ. Erlenrayer tlask. 

J) 1.0 llIl, 5.0 ml and. 10 IIll pip!ltles • 

• ) 5.0 ml or la ml lMasurirlq c::yll.ncler. 

5) Glass rod 

6) Acetctla 

71 5 N NaCfl soluticn. Dissolve 200 0; N.lCt[ in 1 l!.ter 

distilled w.lter. 

8) SoUd dithl:ooe . 

9 ) 0.001:.! Hq(O[lCOOJ 2 solut1on freshly prepu-OO. 

Dissolve 0.3187 9' Hg(CH)COO)2 in 1 11ter distilled 

wate:" • 

~re: 

11 ~=ra 5 ml SN N4CI1 .vd 5 1nl i>CC!tone into SO ml 

Er1eNM,/Gr flask. 

21 )Cd 1 . 0 -.10 ml ol ~le .ard dist.illetl _tar to 

the .flask. The ~t of ..:.tple Ceperd. on tb:l 

H2S <XlfICWltr.ltial. The total ar(U"It ~le + 
distilled ·"",tel:" $ha.Jld be la mI. 

31 Md. $1"0/111 grain of soUd dithizcne. 

4) Tit:.ltc with 0.001 M Hq(OI)C'OOI2 to red enc:!p;:!1nt . 

5) ~rd loIOl.wte-of S<JJ"plc and olIlCUnt of Hg"{CI]COO)2 ,,.,... 
6) ml Hq(OI]COOI

2 
·]4 

P?I 112S • ml SlI>"1l'la 

D.lr1.ng the Utraticn. bl..3ck precipitate of 1195 forms • 

'l'ha end p;)int is (!ccic!ed Wlen the IXlI01r cha.nges (rem yeUOJ 

~ 
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Small quantities of sulphate can be dcter~ined by titra~ion 

with bariu/II pe!'chlorate, UI~ng thorin as indic<1tor-. The titration 

is carried out in 80 \ alcohol ' in the pI! r .. nse 2 . 5 to _.0. 
Before t:2e . . titeation the cations .lre remoYed by p<1ss':'ng the 

sample through an ion exchange column. Phos~hate makes the 

~ethode inaccurate but it is usually ~buent or in very low 

concentre<1tio in the:'mal waters. 

Rugents. 

1 . C""tion exchanger (Ionenaustaucher I , Mark Art o_765) 

2. 2- propanol, analytic,)~ rcagent grade. 

l. Perchlol"ic acid, sp.g:". 1.61, An.llyti c;, l real!ent gr'ld~. 

4 . RariUm perchIorat", aM.lytica1 reagent gra<.!e . 

5. Absolute ethyl alCOhol , i1naly ~ic~l I, .,')c'! nt grade. 

6 . Be r iur.l pp. :"c!1 10 r ate , O.OOS H. ' Dis~ol ve 2.0 g bari".ltl 

perehlora~e trihydr<'ltc (1.6a g bariu:n ?crchlo1'4te .. ·a ter (ree) 

io 200 11'11..0: (listille~ lO.ne!" .1:'10 .:ldd '00 m1 0: 'etr.yl alcohol. 

Adjust the pH to <lbout 3.S \.I!th pe:"ehloric -lc:'d. S"tolnd.:l::,di~e 

4seins: s"lpha~e standard. 

1 . Scd!.\lIT\ sul?hate, anoll)'ti.:al re.lgent gr.ldc. 

8. SulpMte sta r.da:"'d , 1000 ?Fm 504 . Di:;:;Iolve 1. '1796 go: lIa 2S0 4 
in 1000 11'11 o f d istillec w.ltor. 

9. Thorin, <1nalytical rp.<lgc:'l: grace. 

10. Thorill, 0.2 \. Dissolve 0 .2 go:' t he :'c"B'! nt in 100 .1 of 

d!. still.d \.late:"'. 

Aooaroltul'll 

1 . 25 ",1 byret~ e with 10:'li<: e xchanger . The botto ,n of tllp. 

byrette is stopped with g\')ss IOOO:!. (or cutton wooll. About 

I S Id of the ionic e]Cch4nger- is ill.loud in the byrette. 

2. 10 rd byrlltte, subciyi:!ed .l!: 0.02 1111 lot' Il<lrium perchlorolte. , . 
" . 

~aanetic stir!"er. 

Porc~lolin evaporating 

Procedure. 

di::hes . 

1 . fill t he ionie exch.lnao by:"eth: \.Iit h the ::;'IIlple ,lnd puss it 

through the colu::tn. r!.ll thc bYl'cttp. ,lr.olin .4nd p.:l3!l the s"""'ple 

throuch. f'..ll th~ byre~tc f e r tho third ti .. c itnd lo:t th ... sal:lple 

pas,s d r o p\olise to the 0 m')rk. Dispose the cHllcnt . 

2~ Pa ss 1 0 ml of sample (~r less ~~ount if the concentration of 

SOli is high) drop-Jise through the ionic exchllnge co1W11n to 

the porcelein evoporatin. dish. 

l. Add ~ O ml propanOl (:'4tio: s,)up l e / pro p,)nol 1/4) 

~. Add J drops of tho rin indicatcr . 

S. Titrata with bariu,n per<.:hlorate ut-ing mi.l&netic ~th'r <':I ' until 

first chanee from ye llow to pink. colour ,1prU~.lr~ . 

6. Calculations. 

Refer-enc.e. 

PP'" SOIj ~ .1 E<'I(C10~) . N 

!!Il :; .• -.pl<l 
. 96062 

fl'itz , J.S . and Y')::\.:l.":IU:"'3, S.S , t9~5. ~dr:'d lIlir/'O';itrat:'on o( 

sul;.ha.1:e. An<l~ytical che::d!;~ r~' , ycl . 27, nO. 'J , pp 1"6t-: .. e'l. 

APPENOIX 11, Basic !tatlstloal equations for two variables 

These aquatlons calculate tha ~ans and st .. ndard deviation. derived 

fro. a sat o r ungrouped data points I(%I ,YI), I • 1.2 • ... • nl . or 

grouped data point. '(XI,YI,fl), 1_ 1. 2 • ... • nl. fl denotes the 
frequency or repetition ot (xl ,Yt). 

, o 
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Standard deviation! ' .. 
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APPENDIX IV: Chemical geothermometers 

Recommended equations (or chemical s;eothermometers 

Source 

Chalcedony 
1I1~ 

(Il 
l oe _ - 273.15 

4.9! - 10,5iO, 
25 -180 (Il 

126J 
273.15 (l)- ,oe = -

5.3 1 - IOj;SiO, 
100 - 180 (Il 

Quartz 

(3) tOe :: 
1309 

5.19 - lasSiO: 
- 2i3.1!' 0-250 (1) 

11(,.1 
(4) ,oe "" 

4.90 - loSSiO, 
- 2i3.15 180-300 ()) 

I~"" 
(5)- tOe = - 273.15 

5.75 - 10,5iO: 
100 - 250 (2) 

1498 
(G)- foe ." - 273 .1 5 

5.70 - l",SiO, 
180-300 

Na- K (10"': albhc/ K - feldspar) 

(7) ,·c '" 
0.993 

9:; 

• logNa/ K 
- :m.1S 25 - 250 (Il 

J: 19 
(8) loe ., - 273 .15 250 - 350 (Il 

U;99 • ·!ogl'iaiK 

Na - K-Ca 
)647 

(9) tOe ,. - 273.15 ,,- 3.10 (l) 
2.14 .;. [agNail.:: + I.lt[olvCalNa 

Na-Li 
)000 

(lO)t t·C '" - 273.15 20-340 (4) 
IOINatLi - 0.14 

1195 
(11)1 tOC - - 273.15 20-340 (4) 

[ogNalLi - 0.39 

Concentrations are in ppm except for the Na - K - Ca geothermometcr ..... here they are in molstl. 
-After adiabatic steam loss to 100·C. 
ta - 4/3 for vCa/Na > I and I < 100ec; a • 1/3 for vCa/Na < I or 1'/1 > 100°C. 
: For Waters of low 10 moderate salinity. 
§For marine walers and brines. h may be that the laner Na- Li equation is also appropriate for waters in basahic 

rocks. 
(I) Amorsson el 01. (1983b); (2) Fournier (1977); (3) Fournier and Truesdell (1973): and (4) FouiIJac and Michard 

(1981). 


