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ABSTRACT 

The work carried out during the project period of the 

geothermal training programme is described . Field work 

involved collection of samples of aqueous solutions from well 
SN-2 in the Seltjarnarnes geothermal area, well H-l in the 

Reykjanes Isafjardardjup geothermal area, and from hot 

springs in the Borgarfjordur and Reykjanes Isafjardardjup 
geothermal areas. Steam and gas samples were collected from 

fumaroles G-27 and G-19, and the new well KG-24 in the Krafla 
geothermal area . 

Laboratory work involved analysis of selected samples for pH, 

CO2 , H2S , Cl , Si02 1 AI, Fe, and Mn by the methods used at the 

National Energy Authority of Iceland. 

Mineral Equilibria calculations were carried out for selected 

low and high temperature geothermal fluids using the WATCH1 

and WATCH3 computer programs, to obtain the temperatures at 

which the geothermal fluids were in equil i brium with the 

various expected alteration minerals . out of 17 geothermal 

fluids for which the calculations were performed , 9 gave 

equilibrium temperatures within 10"C of the "expected" 

reservoir temperature , and 15 were within 20·C . The two for 

which the calculated temperatures differed from the expected 

reservoir temperatures by more than 20·C were high salinity 

fluids in open reservoirs. 

There are however some differences between the results 

obtained using the WATCH program and those given by Reed and 

Spycher (1984) using the SOLVEQ program. 

It is expected that this approach will give more accurate 

predictions when better thermodynamic data become available , 

particula rly for aluminium aqueous species, and for clay 

minerals. 

Cold waters which have never been in equilibrium with the 

surrounding rocks are easily recognised by the complete lack 

of equilibrium among the minerals . 

ii 



LIST OP CONTBNTS 

Page 
ABSTRACT ••••••••.•••••••••••••••••••••••••• •• •••••••••• • • i i 

LIST OF TABLES .. • ..••.••..•..•• • .••.••.• • .. • .•..•...• •. .• iv 

LIST OF FIGURES ..... • .. • ...... . .. • ........ .... .......•.•• v 

1. INTRODUC'l'ION. . . • • • • • . • • . . • • • • • • • • • • • . . • . . • . • • • • . . • • . • 1 

2. COLLECTION OF GEOTHERMAL FLUID SAMPLES FOR CHEMICAL 

ANALYSIS .••.. ••••• •• •• ••••.•..•••••••••.•....•..•.•.. 2 

2.1 Introduction . . ................ .. .......... .... ... 2 

2.2 Field Work........ . ...... . .............. . .. . ..... 2 

3. CHEMICAL ANALYSIS OF GEOTHERMAL WATER SAMPLES .•....•. 4 
3.1 Introduction ..................................... 4 

3.2 Laboratory Work .................................. 4 

3.3 Results of Chemical Analysis ....... . .....•....... 5 

4. MINERAL EQUILIBRIA CALCULATIONS FOR ASSESSMENT OF 

RESERVOIR TEMPERATURES AND/OR MIXING PROCESSES IN 

SELECTED HIGH AND LOW TEMPERATURE GEOTHERMAL AREAS IN 

ICELAND .••.•••••••..•....•........... ••••... ... '.... . . 6 

4.1 Introduction ... • .•..••••.. •• ............. •. . ...• . 6 

4.2 Theory of Complete Mineral Equilibria 

Geothermometry .................. . .............. .. 8 

4.3 Water Chemistry Data .••...•.. • .. . •....•..•..•.••. 9 

4.4 Results of WATCHl and WATCH3 Computat ions ..•...•. 9 

4.5 Discussion . .. ...... .... ..................... . .. .. 12 

5. SUMMARY AND CONCLUSIONS .•••. . ••• . •.... .•..•.. • ....... 18 

ACKN'OWLEDGEMENTS •••••• • •••••••••••••••••••••••••••••••••• 19 

REFERENCES ••••••••••••••••••••••••••••••••••••••••••••• •• 20 

TABLES AND FIGURES .•..•••.. •. •.... • ........•..•.••.•..•.. 23 

Hi 



LIST OF TABLES 

Page 
1 . Results of chemical analyses of selected aqueous 

qeothermal s amples .•• •.• • .••..• • .. • • .••.....• . ••.• .. • . 23 

2 . Results of complete chemical analyses of some of the 

samples in table 1 •• .. • ..••. • •.. • .. • .. •..• . • .. • . • .. • .. 24 

3. Summary of analytical methods used •..•. •• . • ..•.••.•..• 25 

4. Chemical composition of water and steam from selected 
wet-steam wells in Iceland • ••• • ••• • • •• •• • • • • • •• •• • • •• • . 26 

5. Physical data on drill holes . ••••• . ••.•.•••••.•.•••.•. 27 

6 . Example of a printout from the WATCHl program ..• . .• . .. 28-

7 . Example of a printout from the WATCH3 program •..•...•• 36 

8. summary of the results of mineral eq~ilibria calculations 

usi ng the WATCHl and WATCH3 computer programs . .. • .. •.. 43 

iv 



LIST OF FIGURES 

Page 

1. Map of Iceland showinq localities from which 

samples were collected, analysed or interpreted ....•. 44 

2. Plot of Log(Q/K) versus temperature for a geothermal 

fluid at eguilibrium •••••.•••• •• •••.••.••.•.. • . •• .•••• 45 

3. Plot of Log(Q/K} versus temperature for a geothermal 

fluid mixed with highly dilute water .. •. . ••.. . •..• .••. 46 

4. Plot of Log(Q/K) versus temperature for a geothermal 

fluid that has boiled • .• •.••.•• ..•.. ... ...•....•...... 47 

5. Mineral equilibrium diagram for Seltjarnarnes well 2 .. 48 

6 . Mineral equilibrium diagram for Svartsengi well 4 ..... 49 

7. Comparison between mineral equilibria diagrams from 

the SOLVEQ and WATCH programs for Reykjanes well 8 .... 50 

8. comparison between mineral equilibria diagrams from 

the SOLVEQ and WATCH programs for Hveragerdi well 4 ... 51 

9. CODlparison between mineral equilibria diagrams from 

the SOLVEQ and WATCH programs for Namafjall well 8 .... 52 

v 



1. INTRODUCTION 

Geochemistry has uses in both the exploration and 

exploitation stages of geothermal energy development. During 
the exploration stages, analysis of the 'chemical composition 

of hot springs and fumaroles can be used to infer the 

subsurface temperatures of the geothermal system, and hence 

the feasibility of exploitation of the system. The chemistry 
of the _fluids also gives an indication of possible scaling 

and/or corrosion problems that may arise during exploitation. 
After exploitation is under way, monitoring of the chemistry 
of the well discharge fluids with time gives early 
indications of possible inflow of calder waters into the 

aquifer which may lead to the cooling of the system. 

In order for predictions based on the chemistry of the fluids 
to be reliable, great diligence has to be excercised during 
collection and analysis of the geothermal samples. Subsequent 

interpretation is made easier by the use of computer 
programs, which allow for the evaluation of the distribution 
of aqueous species in solution at the high temperatures and 

pressures existing at depth, taking into account the sampling 
conditions and the various processes that may take place 

during the ascent of the fluids from the reservoir to the 

surface. 

During the geothermal training program, the author had 

experience of applying the methods in use at the National 

Energy Authority of Iceland for collecting geothermal samples 

from springs, fumaroles and wells from both high and low 

temperature geothermal areas in Iceland . Analysis of selected 

chemical constituents was also carried out for various 
geothermal fluids. The WATCH computer program of Arnorsson et 

al (1982) was used to test the applicability of a proposed 

new approach to geothermometry which takes into account the 

attainment of overall chemical equilibrium between the 

geothermal fluid and all the possible mineral phases (Reed 

and Spycher, 1984). 
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2. COLLBCTION OF GBOTBERKAL FLUID SAMPLES FOR CHEMICAL 

ANALYSIS 

2.1 Introduction 

Geothermal fluid samples for chemical analysis consist of 

aqueous solutions (water samples), steam (NaOH-collected 

condensate with gas), and gas samples (non-condensable gases, 

mainly C02 and H2S). In low temperature geothermal areas, 
samples predominantly consist of aqueous solutions, although 

gases may also be sampled from hotsprings and geothermal 

wells: while in high temperature geothermal areas, aqueous 
solutions, steam, and gases are important in wells and 

hotsprings: in fumaroles, there may only be steam and gases 
that are available for collection. 

Proper practice in the collection and preservation of samples 

is necessary to allow for appropriate interpretation of the 

resulting analytical data . 

2.2 Field Work 

During the Geothermal Training Programme practice in the 

collection of geothermal fluids was undertaken in three low 

temperature geothermal fields, and one high temperature 

geothermal field . Well samples in low temperature areas were 

collected from Seltjarnarnes well 2 and from Reykjanes, 

Isafjardardjup well 1. Low temperature hot spring samples were 

collected from England in the Borgarfjordur area, and from 

Reykjanes Isafjardardjup area. High temperature fluids were 

collected from both mixed water-steam wells and fumaro!es in 

the Krafla geothermal field. The locations of these areas are 

shown in figure 1 . The procedures used are those employed at 

the Icelandic National Energy Authority as described by 

Armannsson, (1985) . Four samples were collected from each low 

temperature site as follows: 

1. A raw untreated (Ru) sample portion in a 250ml glass tube 

for pH and C02 determination 
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2. A filtered untreated (Fu) sample portion in a SOOml 

plastic bottle for the determination of anions. 
3. A filtered acidified (Fa) sample portion in a 100-SOOml 
plastic bottle for the determination of cations. 

4. A filtered diluted (Fd) sample portion in a 100ml plastic 

bottle for the determination of dissolved silica. 

In some instances, a lOOml sample was collected, to which was 

added 1 or 2 pellets of solid NaOH for the determination of 

silica, C02 and H2S for comparison with the results of the 

methods above. In most cases, each type of sample was 
collected in duplicate. 

In the high temperature field in Krafla, two fumaroles, G-27 

and G-l9, as well as the new well KG-24 were sampled. Four 

sample portions were collected from each of the fumaroles as 

follows: 

1. A steam sample portion (Rb) obtained by bubbling the 

fumarole discharge into an air-free flask containing 40% NaOH 

solution . 

2. A condensate sample portion (Ruv), collected into a gas 
tube. 

3. A noncondensable gases fraction (Run), collected into a 

gas tube. 

4. A steam condensate sample portion collected into a 

McCartney bottle for the determination of the isotopic 

composition of the condensate (Rui). 

Both steam and water fractions were sampled from the well. 

The samples collected from the steam fraction were Rb, RUv, 

and Run. From the water fraction were collected the Fu, Fa, 

Fd,and Fp portions. The latter was a filtered sample, to 

which was added zinc acetate to precipitate out reduced 

suI fur species from solution to stop their oxidation to 

sulfate. The sample was used for the determination of sulfate 

in solution. 
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3. CBEKICAL ANALYSIS OF GBOTRBRMAL WATBR SAMPLBS 

3.1 Introduction 

Complete analyses of sampled qeothermal fluids is necessary 

for the calculation of qeothermometer temperatures, and to 
assess how close the samples are to attaining equilibrium 

with minerals which may cause scaling problems during the 

exploitation of the geothermal field. An assessment of 

potential corrosion problems and an indication of the 

hydrological conditions of the field can also be obtained 

through careful interpretation of the analytical data. 

Methods that are both highly accurate and precise are 

therefore required for the ensuing interpretation to be 

valid . 

3.2 Laboratory Work 

During the Geothermal Training Programme, analyses of 

selected aqueous solutions for selected species - pH, and 

concentrations of C02' H2S, Cl, Si02 , AI, Fe, and Mn - were 

carried out using the methods employed at the National Energy 

Authority. The methods of analysis of pH, C02' H2S, Cl, and 

Si02 are described by Armannsson (1985). Analysis of Al was 

done by determination of the fluorescence of the lumogallion 

complex (Hydes and Liss,1976) . Iron was determined 

spectrophotometrically after complexation with 2 , 4,6 

tripyridy1 - 1,3,5 triazine (TPTZ) (Grasshoff et al, 1983) . 

Manganese was also determined spectrophotometrically after 

complexation with formaldoxime (Grasshoff et aI, 1983) . 

The determination of pH, C02' and H2S in the fumarole and 

well sample s was carried out in the Krafla Power Station 

field laboratory. Analyses were carried out as soon as 

possible after sampling, not later than the next day. 
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3.3 Results of Chemical Analysis 

The results of the laboratory analyses are summarised in 
Table 1 . The complete results of analyses carried out by the 
laboratory staff of the National Energy .Authority on the same 
samples are given in Table 2. The methods are summarised in 

Table 3 . 
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4. MINERAL EQUILIBRIA CALCULATIONS FOR THE ASSESSMENT OF 

RESERVOIR TEMPERATURES AND/OR MIXING PROCESSES IN SELECTED 

HIGH AND LOW TEMPERATURE GEOTHERMAL WATERS IN ICELAND 

4 . 1 Introduction 

Among the main applications of the study of the chemistry of 

geothermal waters is the prediction of subsurface 

temperatures during exploration (i.e. before drilling 

starts), and the prediction of possible problems associated 

with scaling and corrosion during the exploitation of the 

geothermal field . As the reservoir is exploited, an influx of 

calder waters from the surroundings may lead to a decrease in 

the temperature of the geothermal system, which can be 

foretold by comparing changes in the reservoir temperatures 

indicated by the various chemical geothermorneters . 

Chemical geothermometers have been developed for use in the 

prediction of reservoir temperatures under different 

conditions (Fournier and Rowe, 1966: Fournier and Truesdell, 

1973 ; Fournier, 1979; Fournier and Potter, 1982: Arnorsson, 
1975; Arnorsson et aI, 1983b). However, the use of these 

geothermometers has often required prior knowledge of the 

conditions of the geothermal field, such as subsurface 

geology. When applied simultaneously, the various 

geothermometers frequently yield appreciably different values 

for reservoir temperatures in the same field . It is clearly 

desirable to have a geothermometer which can give reliable 

indications of subsurface temperatures during the exploration 

and exploitation stages of geothermal investigations. 

It has been proposed (Reed and Spycher. 1984) that by 

determining all the mineral phases that can be in equilibrium 

with a given geothermal fluid at a given temperature, the 

most probable reservoir temperature can be determined. This 

is the temperature at which the maximum number of mineral 

phases are in equilibrium with each other and with the 

geothermal fluid constituents. By definition, at equilibrium, 
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Ok = Kk, where Ok is the activity quotient for the aqueous 

species arising from the dissolution of the mineral,k, and Kk 

is the equilibrium constant for the dissolution reaction: ie . 

i 
Kk - Daivi,k/ftk. 

in which ai is the activity and "ik is the stoichiometric 
coefficient of species i in the equilibrium mass action 

expression for mineral k, written for the mineral dissolving 

(ie. mineral on the left hand side and aqueous components on 

the right hand side), and ak is the activity of mineral k. 

Similarly, 

Since at equilibrium Qk = Kk' log(Q/K) = 0 at the equilibrium 
temperature. 

In a plot of log(Q/K) versus temperature, all minerals in 

equilibrium with the solution will converge to a value of 

zero at the same temperature. Geothermal fluids in which 

there is mixing of solutions of different composition will 

show either (a) a shift in the positions at which the 

minerals are apparently in equilibrium to lower log(Q/K) 

values if the solutions that mix with the geothermal 

fluid are very dilute or (b) a complete lack of any 

identifiable equilibrium temperature if the solution mixing 

with the geothermal fluid is not dilute, or if the unmixed 

geothermal fluid is boiling. 

Results of chemical analyses of selected geothermal waters 

from high and low temperature fields in Iceland have been 

used ~o calculate possible equilibrium temperatures and/or 

mixing indications of the fluids using the WATCH mineral 

equilibria programme of Arnorsson et aI, (1982). The results 

of some of these computations have been compared to the 

published results of computations for the same samples 

obtained using the SOLVEQ programme (Reed and Spycher, 1984). 
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The aim of this work was to investigate the applicability of 

this concept of "complete mineral equilibria" in the 

determination of reservoir temperatures using chemical 

analytical data from both high and low temperature geothermal 
fields in Iceland. 

4.2 Theory of Complete Mineral Equilibria Geothermometry 

Reed and Spycher (1984) have proposed that by determining all 
the mineral phases that are in equilibrium with a given 

geothermal fluid at a given temperature, the most probable 

reservoir temperature can be determined . This is the 

temper.ature at which the maximum number of mineral phases are 

in equilibrium with the geothermal fluid, and with each 

other. As can be shown from considerations of the phase rule, 

the maximum number of mineral phases which can coexist in 

equilibrium is about 10 - 12 (see for example Arnorsson et 

aI, 1982). In practice there are usually 5 - 6 minerals that 

coexist, say in a hand specimen. since it is not known a 

priori which phases actually exist in a given geothermal 

system, the calculations are performed for as many 

"realistic" minerals as possible: the existing assemblages 

will be in equilibrium, while others will not be. 

In a plot of log(Q/K) versus temperature, geothermal fluids 

in which there is mixing of solutions of different 

compositions will show either (a) a shift in the positions at 

which the minerals are apparently in equilibrium to negative 

values of log(Q/K) if the solutions that mix with the 

geothermal fluid are very dilute, or (b) a complete lack of 

any identifiable equilibrium temperature if the solution that 

is mixing with the geotherrnal fluid is not dilute . 

Further, if the geothermal fluid is boiling prior to 
sampling, there is an unsystematic dispersion of the log(Q/K) 

plots, since the loss of gases (including H20 vapour) will 

lead to (a) a simple concentration of elements in the 

residual aqueous solution (b) a change in the gas content of 
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the aqueous solution, which may lead to precipitation or 

dissolution of some mineral phases but not others (c) a 
change in the pH of the aqueous solution, which may also lead 
to dissolution or precipitation of some mineral phases but 
not others. These factors lead to complex changes in the 

apparent temperatures at which the various minerals are in 
equilibrium with the geothermal fluid. 

Examples of expected plots of log (Q/K) versus temperature at 
equilibrium, after mixing, and after boiling are shown in 
Figures 2, 3, and 4. 

4.3 water Chemistry Data 

Most of the data used in these computations was taken from 

Arnorsson et al (1983a). Additional data were obtained from 
the samples collected during the training programme, or 

supplied by Dr. Halldor Arrnannsson, from analyses carried out 

in the laboratory of the INEA, Drkustofnun. All the data used 
are presented in Tables 1 to 3. The sample locations are 
shown in Figure 1. 

The wet-steam well data was interpreted using the WATCH1 
programme, while the hot springs and hot water wells data was 
interpreted using the WATCH3 program of Arnorsson et al 

(1982) . 

4.4 Results of WATCHl and WATC.H3 Computations 

Examples of outputs from the WATCH1 and WATCH3 programs are 

given in Tables Sand 6. The programs are used to calculate 

the equilibrium constants at a desired temperature, mostly 

using data from Helgeson (1969) and Helgeson et al (1978) 

(Arnorsson et aI, 1982) . Where thermodynamic data are 
available only at 2S·C, equilibria at elevated temperatures 

have been predicted by the methods of Helgeson (1967). 
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Examples of mineral equilibria diagrams (log (Q/K) versus 

temperature) obtained for the above data are presented in 

Figures 5 and 6. According to the WATCH program 

computations, the minerals attain equilibrium over a range of 
temperatures, rather than at one specific temperature , or a 

narrow temperature interval as indicated in the figures in 

Reed and Spycher (1984). The range of equilibrium 

temperatures, arbitrarily defined as the temperature interval 

over which at least two minerals attain equilibrium within 4 

Co of each other , are presented in table 7. Table 7 also 

shows the temperature range over which most minerals appear 

to reach equilibrium (cluster equilibrium temperature), and 
the optimum equilibrium temperature, defined as the 

temperature at which the highest number of expected minerals 

are in equilibrium with the aqueous solution, and with each 

other. The measured temperature , and the chalcedony and/or 

quartz equilibrium temperatures , as well as the NaK 

temperature , are also presented for comparison. 

The calculated equilibrium temperature for Reykholt well 1 is 

in excellent agreement with the measured downhole 

temperature . For this sample, the calculated equilibrium 

temperature of 135°C is only 2 Co off the measured downhole 

temperature of l33 "C. The differences between calculated 

equilibria temperatures and measured downhole temperatures 

then vary from 7 to 8 Co in Urridavatn well 8 and Krafla well 

9 to 46 Co for Reykjanes well 8. The calculated temperatures 

can be too low, as at the Svartsengi well 4, Reykjanes well 

8, Hveragerdi well 4 , or Urridavatn well 8 areas , but they 

are more typically higher than the measured temperatures. Two 

of the samples used by Reed and Spycher (1984) to support 

their proposed approach to geothermometry - Reykjanes well 8 

and Hveragerdi well 4 - give calculated equilibrium 

temperatures with the WATCH program, that are 46 and 15°C too 

low, respectively, compared to the measured downhole 

temperatures . 

The third , Namafjall well 8 gives a calculated temperature 

that is in very good agreement with the estimated reservoir 
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temperature at the time of sampling. Figures 7, 8,and 9 show 

comparisons between the plots given in Reed and Spycher 

(1984) from calculations with the SOLVEQ program, and those 

obtained in this study using the WATCH1 program. 
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4.5 Discussion 

Measured temperatures do not necessarily show the reservoir 
temperatures within 1 or 2 degrees. There may be several 
feeding aquifers at different temperatures within a well. 
Also, temperature logging in wells is usually carried out 

shortly after drilling, when the effects of disturbances due 
to drilling might not have worn off, and may still be having 

an effect on the temperature distribution in the well. 
Temperature logs made long after drilling also indicate 
hybrid quasi-steady state temperatures, in cases where there 
are several aquifers feeding the well. The question therefore 
arises as to what should constitute an acceptable estimate of 
the temperature of the reservoir , since in the case of a 

multiple feed aquifers of different temperatures, such a 

temperature does not exist: it would be asking too much to 
expect a geothermometer to give the temperatures of all the 

individual aquifers. In the exploration stages, the aim of 

estimating reservoir temperatures is to give an indication as 

to what uses a particular geothermal field should be put to, 
e.g. whether it can be used for the generation of 

electricity, or not. In such instances, and considering the 
uncertainties mentioned above, a temperature estimate that is 
within 10 to 20·C may be acceptable . 

The calculated equilibrium temperatures for Svartsengi and 

Reykjanes are unreasonably low. Both of these areas have very 

open systems, and fluid flow is probably fast . They are 

saline,' (sea water), and it is conceivable that the fast 

inflow of sea water does not allow for attainment of chemical 

equilibrium , even though the waters get heated to high 

temperatures . The WATCH program may also not adequately 
account for the thermodynamics of aqueous species at these 

high temperatures and high salinities . 

The measured temperature at Reykjabol (152 -C) may be slightly 
lower than the true reservoir temperatures as i t was measured 
soon after drilling (Benedikt steingrirnsson and Halldor 
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Armannsson , personal communication), and the calculated 

optimum equilibrium temperature of 161 *C i s very reasonable . 

It is conceivable that a trickle of cooler aquifer mixes with 

the warmer aquifer and cools it : this cooler flow may be 

responsible for the value of 126 · C obtained. 

The aquifer in well 9 at Krafla was originally at 300'C , but 

later cooled down . The temperature of 240·C was a compromise 
based on several measurements : it is conceivable that the 
hotter' water did not lose all its imprints. The calculated 
value of 248 · C therefore seems to be very good (Halldor 
Armannsson , personal communication). 

The temperature data presented for well 7 at Krafla by 

Arnorsson et al (1983a) were measured soon after dri lling. 

There is , for example, no longer any flow at 160 · C, and the 
deepest aquifer has been completely blocked off (no effect on 
the flow). On the other hand , the equilibrium temperature at 
1700m depths is approximately 32S · C. It has been estimated 

that i n 1979, when the sample was collected, the flow from 
the upper zone (206 · C) contributed about 40% to the total 

flow, while the flow from the lower zone (32S · C) contributed 
approximately 60% to the total flow (Halldor Armannsson, 
personal communication) . Thus a temperature of approximately 

277 · C would be expected from the mixture, and the calculated 

temperature of 27S·C is in excellent accord with this . 

During the magmatic activities at Krafla in April and 
September of 1977 , there was a southward flow of magma which 

affected the Namafjall field severely , where wells 4 and 8 
are situated : well 4 actually erupted some magma . The area 

was extensivelY fractured, and a large amount of cold 
groundwater entered the geothermal system. It was difficult 
to obtain temperature data from these wells, but one profile 
obtained for well 4 in 1984 shows an infl ow temperature of 

180·C (Halldor Armannsson and Benedikt steingrirnsson, 

personal communication). The samples referred to in Arnorsson 

et al (1983a) were collected in 1979, but the temperature 
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data listed were obtained before 1977 (Halldor Armannsson, 
personal communication). The calculated equilibrium 
temperature value of 18S·C for well 4 is therefore very 

reasonable, and the temperature of 160·C for well 8 (which 
was always cooler than well 4 (Halldor Armanns son, personal 
communication» is probably close to the reservoir 
temperature at the time the samples were collected. 

The Seltjarnarnes well 2 draws from relatively shallow 
depths, and conventional geothermometers suggest temperatures 

higher than those measured, with the waters probably coming 

from a hotter, deeper aquifer. Well 4, which is adjacent to 
well 2, draws from a deeper aquifer at 120·C, which is the 
primary reservoir water. There are indications that the two 

wells are hydrologically connected (Tulinius et aI, 1987). 

The calculated values of l34·C and l38·C are therefore within 
20·C of the deep reservoir water; the calculated 94 ·C 
temperature probably reflects water that has mixed with 
cooler, shallow water. 

The temperature of 82·C calculated for England, 

Borgarfjordur, is a little lower than the measured 

temperature of 9l·C. This can, however be taken to be a 

strong indication that temperatures substantially higher than 

the measured surface temperatures are unlikely to exist in 

the reservoir. The same argument probably applies for the 

calculated equilibrium 

Isafjardardjup spring: 

to 

temperature of 90·C for the Reykjanes, 

the highest temperatures obtained in 

(lSm away from) the spring that was borehole 2 adjacent 

sampled, was 94.S·C 

decreased to 92 · C. 

at a depth of 240m, after which it 

The calculated equilibrium temperature for Urridavatn well 8 

is 84·C, compared to a measured temperature of 77·C. This is 
considered to be reasonable enough, considering the 
uncertainties mentioned earlier . The sample from well 4 was 

collected from an artesian flow at a temperature of 60.2·C. 

This probably contained a considerable amount of a cooler 
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component from the lake (Benjaminsson and Gislason, 1986). 

When the well is pumped, the temperature of the flow 

increases to 64-6S · C, which is probably close to the 

temperature of the main aquifer. The similarity between the 
range and cluster equilibrium temperatures for well 4 and 8 
at Urridavatn suggests that the two wells probably draw 

fluids from the same aquifers, but in different proportions. 

In the IRDP well, the main flow is 47·C, but a deeper one at 
78·C has also been observed. The calculated value of 6S·C is 
somewhat high, since the contribution from the lower aquifer 

is not likely to be large enough to cause such a large 
difference in temperature . 

As expected, the cold spring at Borgarfjordur did not 

indicate any minerals to be in equilibrium with one another. 

If the 17 other samples are considered in light of the 
information discussed above, it is seen that there are 9 
samples for which the optimum equilibrium temperature is 

within 10·C of the expected reservoir temperature, and 15 
samples for which the optimum temperature is within 20·C of 

the expected reservoir temperature. Two samples out of 17 

have calculated equilibrium temperatures differing from the 
expected reservoir temperatures by more than 20·C. These are 

the high temperature, highly saline waters in open reservoirs 

for which either equilibrium is not attained in the 

reservoir, or the WATCH program calculations do not 

adequately model . 

The computations assume an equilibrium situation. Such 
equilibrium is only established where waters have been at the 

high reservoir temperatures for sufficiently long periods of 
time for water-rock reactions to have attained equilibrium at 

one temperature. This condition is violated in cases where 

waters come from different aquifers at different 
temperatures . This is the case with the discharges from 

Reykjanes well 8, in which aquifer temperatures range from 
274 · to 292·C. Equilibrium might also not be attained in 

15 



flowing systems, when there is relatively rapid movement of 
waters through aquifers as probably happens during 

exploitation of geothermal systems . Further, during ascent of 
geothermal fluids, some minerals may be precipitated from 
solution (as is observed at Krafla, Svartsengi and 

Hveragerdi, where calcite scaling frequently causes blocking 

of wells), while other minerals may be dissolved from the 
wall rocks into solution. 

There are considerable uncertainties in the available 
thermodynamic data, especially for aqueous species of 
aluminium. This means that calculated equilibrium constants 
may not be very accurate, particularly at temperatures above 
200·C (Arnorsson et aI, 1982) . Thermodynamic data for some 

solid solution minerals are currently not available . 
According to Reed and Spycher (1984) this introduces only 
small errors if end-member data are used instead of the 
actual solid solutions. However, for minerals with a very low 

slope in 10g(Q/K) versus temperature curve, small shifts in 

the value of log(Q/K) can result in large shifts in the 

intersection temperatures. 

The WATCH program recalculates the deep water composition by 
assuming adiabatic steam loss. This assumption is probably 

true for low temperature systems in which boiling starts near 

the surface, but it may be less valid in the case of high 

temperature systems where there may be a continuous steam 

loss as the solution rises to the surface. 

The mineral phases that are taken into consideration in the 

WATCH program calculations are those that are commonly 

observed in drill holes in Icelandic geothermal systems. As 

mentioned above, solid solutions and interlayering of clay 

minerals has not been taken into consideration. For accurate 

simulation of the geothermal system, the real conditions at 

depth must be portrayed as closely as possible, and these 

minerals need to be taken into account. 

16 



The quality of the chemical analyses is assumed to be very 

high. However, inaccuracies i n the analyses, particularly for 
the gases could cause a wide scatter in the calculated 
equilibrium temperatures. 

17 



5 . SUMMARY AND CONCLUSIONS 

During the geothermal training program period, experience in 

collecting samples from hotsprings, fumaro!es, and wells from 

both high temperature and low temperature geothermal areas i n 

Iceland following the methods used at the National Energy 

Authority of Iceland was gai ned. Analysis of pH, C02' H2S , 
Cl, 5102 , AI , Fe, and Mn was also carried out on selected 

geothermal samples . 

Calculations were made to verify the new approach to 

geothermometry proposed by Reed and Spycher (1984), in which 

the total equilibrium of the water-rock system is examined, 

using computations with the WATCH programme of Arnorsson et 

al (1982). These computations showed that the approach can be 
used to give an indication of the reservoir temperature to 

within 20·C, particularly for relatively dilute waters. 

Calculated equilibrium temperatures for high temperature , 

high salinity fluids vary from the expected reservoir 

temperatures by more than 20·C. Thermodynamic data of better 

quality , and a better undersatanding of the processes which 

take place during the generation and subsequent ascent of the 

geothermal fluid are needed before this approach to 

geothermometry can be applied with confidence to all types of 

geothermal fluids . Waters in which equilibrium is not 

approached at all (as for example river waters) can be 

distinguished by a complete lack of equilibrium. 

18 
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Table 1. Results of chemical analyses of selected aqueous 

geothermal samples. 

Spl No. Locality T/"C pH/T ' C CO2 H2S Cl Si02 Ai Fe Mn 

ppm ppm ppm ppm ppm ppm ppm 

880072 Seltjarnarnes well 2, 80m 31 8.85/18.5 23 0.02 1417 8 0.164 0.445 <0.00002 

880073 " • • 570m 78 8.45/20.8 11 0.01 1527 48 0.137 0.066 0.00002 , 
880074 " • " , 725m 77 8.18/21. 2 9 0.01 1395 147 0.278 0.237 <0.00002 

880075 Borgarfjordur, cold spring 3.8 8.10/20.3 25 0.02 8 18 0.048 0.010 0.011 

880076 England, hot spring 91.1 9.24/21. 3 51 0.24 19 167 0.031 0.014 0.009 

889015 Thorlakshofn, groundwater 

mixed with 1/2 sea water 27 8.09/22 . 0 16.1 <0.03 10066 23.4 0.022 0.131 0.402 

'" 889034 Reykjavik, cold groundwater 16 8.05/23 . 3 177 <0.03 387 21. 4 0 . 095 0.069 0.122 

'" 889035 Reykjavik, cold lake 19 9.44/23 . 4 88.7 <0.03 418 18.2 0.058 0.131 0.108 

880079 Urridavatn well 8 77 9.82/23.6 10.8 0.06 46.3 66.3 0.138 0.007 0.004 

880080 Urridavatn well 4 60 9.81/23.7 21.0 0.07 29 . 0 54.4 0.106 0.023 0.016 

880081 IRDP well, Areyjar 43 9.64/23.8 5.6 <0.03 70.5 59.3 0.036 0.002 0.005 

881003 G-27 fumarole, Krafla 
steam fraction 93 nd 40860 792 nd nd nd nd nd 
condensate fraction 93 4.70/19.2 936 15.4 1.6 nd nd nd nd 

881004 G-19 fumarole, Krafla 
steam fraction 94.8 nd 8427 234 nd nd nd nd nd 
condensate fraction 94.8 4.50/21.6 630 44.6 0.4 nd nd nd nd 

881005 KG-24 well, Krafla 
steam fraction 130 nd 1251 123 nd nd nd nd nd 
condensate fraction 130 4.65/22.2 415 88.9 nd nd nd nd nd 
water fraction 130 9.31/20.5 33.8 12.3 nd 298 nd nd nd 

Note: "nd" denotes "not determined" 



Table 2. Results of c o mplete chemical a nal yses of s ome of the 
.a.ple. in Ta ble 1. Re.ult. for .aMp le 60 Mere takan 
froM Arnor •• on et al ('983_ ) 

Spl . Te .. p. P"/T·C Re.ist. Si02 Ma K e. " CO2 SO, H" Cl F AI F. 'n TOS 
No. /"e sa.1I/·C ••• • •• ••• • •• ••• • •• • •• • •• • •• • •• • •• • •• • •• • •• 
880072 nd 8.85/19 3990/21.2 41.3 568.9 7.3 277 0.27 23 192.4 <0.01 1216 0 .473 0 .1 64 0.445 <0.00002 2327.4 

880073 nd 8 . 45/21 4270/21 . 1 92.3 595.6 14 .5 324.7 0.28 11 221.7 <0.01 1321 0 .549 0.137 0.066 0.00002 2582.3 

to 880074 nd 8.18/21 3850/21 . 1 85.9 537.2 10 . 1 285.4 0.22 • 203 . 2 <0 . 01 1167 0 . 527 0 . 278 0.237 <0.00002 2298 . 7 .. 
880075 3.8 8.10/20 90 . 0/20 .9 15.8 9. , 0.34 5.87 2.12 25 '.8 <0. 01 8.' 0.081 0.048 0.010 0.011 71.4 

880076 91.1 9.27/20 344/20.8 164 .6 73.8 2.5 2.30 0.04 51 55.6 0.24 18 .0 1.113 0.031 0.014 0.009 368 . 9 

880079 77.2 9.82/23.6 367/21.5 66.3 70.7 1.22 7.29 0 10.8 55.2 0.06 46.3 0 .697 0 . 138 0.007 0.004 258 . 6 

880080 60.2 9.81/23.7 268/2 1 .3 54.4 53 . 6 0.78 4.15 0.009 21.0 25.9 0.07 29.0 0.467 0 .1 06 ' 0 . 023 0.016 163 .1 

580051 42.8 9.64/23.8 598/21.3 59.3 94.9 1. 21 31.9 0 5.6 138 . 1 <0.03 70.5 2.056 0.036 0.002 0.0005 403.6 

60 84 9.07/11 nd 70.9 184.2 4.34 67.6 0.094 9.0 42.1 <0.01 390 . 2 0.23 0.02 0 .017 nd 965 



Table 3. Summary of analytical methods 

pH pH-meter 

LC02 Titration with O.lN HCl usinq pH-meter 

LH2S Titration with Hq(CH3COO)2 usinq dithizone as indicator 

Cl Mohr titration 

5i02 Spectrophotometric on yellow silicomolybdate complex 

Al Fluorimetric on pink lumogallion complex 

Fe Spectrophotometric on pink TPTZ complex 

Mn Spectrophotometric on red-brown formaldoxime complex 
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Table 4. Chemical composition of water and stea~ fro~ selected wat-stea~ wells In Icatand (fro. Arnorsson et at 1983.). 

Concentrations ara In pp • • Sample numbars correspond to locality numbers shown in figUre 1. 

Svartaengi Reykjanea Reyk holt Reykjabol Hveragerdl 

well 4 well 8 well 1 well 1 well 4 

S.~ple Mo . 

Water sample (ppm) 

pH/·C 
SI02 

• 
H. , 
C. 
HO 

F. 
At 

SC02 
S04 
J! H2S 
Cl 

TOS 

Condensate (ppm) 
C02 
H2S 

Gas w/condensate (volX) 

08 

7.53/20 
534.6 
8.65 

8037 
1245 
1343 

1.68 
0.196 
0.01 

32 . 6 
40 .5 
0 . 16 

17010 
0 . 16 

27470 

722 

18 . 8 

C02 97 . 7 
H2S 
H2 
CH4 

" 

0 .8 
O. , 
O. , 

I.] 

l ga./kg condensate/· C 0 .67/20 
sa~pling pressure/bars 3.8 
Disch . Enth . MJ/Kg 1.028 
Mas. fl ow kg/s. 40 

09 

6 .38/20 
631.1 

8.72 
11150 

1720 
1705 
1.44 

0.329 
0.07 

63.1 
28.4 

2.21 
22835 

0.21 
39124 

584 
65.6 

96.2 
2 . 9 
0 . 2 
O. , 

0 . 6 

2.63/20 
20 . 0 
1. 151 

50 

28 

9 . 30/20 
179.8 

0 . 35 
109 . 7 

5 . 54 
2.68 

0.055 
0.010 
0.17 

30.4 

72.6 
1.04 

77.7 
2.69 
555 

12] 

7 . 80 

18.0 
0 . 4 
0 . 4 
D.] 

80 . 9 
1 .92/20 

2 . 0 
0.559 

8 

]0 

9.28/20 

252 . 8 
0 .65 

102 . 2 
6 . 21 
1.28 

0 . 048 
0.007 
0.42 
54 . 3 
70 .7 
4.09 

41.6 
1.86 

569 

242 
10.3 

33.2 
0.6 

0 . 4 
D. ] 

65 . 5 
3.85/20 

4 . 0 
0 . 628 

'0 

32 

8 .82/20 
281.0 

0 . 62 
153.3 
13.4 
1. 73 

0 . 002 
0 . 008 
0 . 14 
74.2 
43.7 
19.2 
109 . 5 
1.82 

765 

627 
84 . 5 

84.5 
3 . 0 
2 . 8 
0 . 4 
9.4 

1 . 06/20 
6 . 8 

0.782 
80 

Krafla 

we II 9 

4. 

9 . 02/22 

575.5 
0 . 71 

193 . 9 
29 . 0 
2.54 
0.064 
0 . 020 
0.12 

100. 0 

194.5 
36.2 
28.0 
0.87 

1237 

553 

' 08 

88.6 
5 .0 

3.4 
O. , 

2 . 6 
2.08/20 
7.9 
0 . 962 

40 

Krafla 

we II 7 

49 

8.52/20 
766 . 8 
1.50 

193 .0 
36.0 

1 .90 
0 . 067 
8.78 
0 . 21 

186 . 6 

143.0 
22.2 
52.0 

1 . 03 
1389 

14680 

38' 

2 . 5 
O. , 

0 . 7 
8.50/20 

5.5 
1 .602 

12 

Ma.afjall Mamaflall 

well 4 well 8 

51 

9.33/22 
442.8 

1.48 
158 .6 
25 . 5 
2.81 
0.046 
0.007 
0 . 10 

70 . 7 

42 . 2 
109 . 2 
16.3 
0.68 
1003 

'90 
258 

27 . 2 
10.4 
48.6 
2 . 3 

11. 5 
0 .86/20 

8 . 6 
1.117 

40 

52 

8.20{22 
446.3 

1.66 
154 . 8 

24 . 0 
4 . 52 
0.085 

0.019 
0 . 10 

88.2 
48.7 
132.6 

16.6 
0 .43 
902 

172 
277 

36.8 
17.0 
37.4 
2.9 
5 . 9 

6.25/20 
9 . 8 

. 1 . 092 
45 
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Table 5. Physical data on drillholes (modified from Arnorsson et aI, 1983a, unless otherwise indicated). 

sample 
No. 

08 

09 

28 

30 

32 

48 

49 

51 

52 

72) 
73) 
74) 

79 

80 

81 

Location 

Svartsengi,4 

Reykjanes,8 

Reykholt,l 

Reykjabol,l 

Hveragerdi,4 

Krafla,9 

Krafla,7 

Namafjall,4 

Namafjall,8 

Seltjarnarnes,2 

Urridavatn,8 

Urridavatn,4 

IRDP 

a Tomasson et aI, 1977 

b Benjaminsson, 1984 

Depth 
(meters) 

1703 

1756 

752 

820 

692 

1263 

2165 

1136 

1283 

856 

1066 

1136 · 

1919 

c Benjaminsson et aI, 1982 

Discharge 
(kg/sec) 

40 

50 

8 

10 

80 

40 

8 

40 

45 

5 

d Benedikt Steimgrimsson, pers . comm. 

Fluid inflow depth/temp . 
(meters) (· .C) 

1090/243, 1180,1255,1365,1565/242. 

1010/274, 1155/279, 1235,1280/280 
1510/284, 1650 , 1660/288, 1705,1740/292. 

745/133. 

773/152. 

630,660,670/181. 

1226/240 . 

825,1163/206, 1700/325. 

640,1040/180. 

850,1000/160. 

80/31,580/78, 760/77 a 

700,870/77 b. 

200,450/64 c . 

517-628/47(main) , 1710/78 d. 



Table 6. Example of a printout from the WATCHl program 

llHU Gtolberui TraiDinc Pro.ralle 

::::: : ::::: ::::::::::::::::::::::::::::::::::: ::::::: ::==:::=:=::=::=:::==:::::::::::: : ::: ::: : ::::::: : : : : : : : : :::::: 

08 

PROGRAM VITCRI. 

iATIi SAHPLI IPPMI 

PRIOlG.G 
SIOl 
NA 
I 
CA 
MG 
COl 
SDI 
H2S 
CL 
I 
DISS,SOLIDS 
AL 
8 
II 
NH3 

1.13/10.0 
531.60 

8031.00 
1115.00 
1313.00 

1.610 
n.60 
10.50 

.16 
ITOIO.OO 

.16 
lIno.OO 

.0100 
8.1500 

.1960 

.0000 

IONIC STIINGTH , .19691 

OIIP iATEI IPPMI 

SIOl 130 .Il 
NA 6165.91 
I 1001.51 
CA 1010.11 
MG 1.303 
SDI n.51 
CL 11683.81 
I . 11 
DlSU. !!IOD.30 
AL .0563 
8 6.9585 
Fi .15!I 

SVlrtlehli Veil 4 

SIIAM SAMPLE 

GAS IVOL.il illlllNCI TIMP. DIGmS C 111.0 IAIBITRARYI 
COl 91.10 
R1S .80 SAMPLING PIISSURI BARS ABS. 1.8 
HI .10 DISCHARGI INTRALPT MIOUL/IG 1.016 ICALCULITiDI 
01 .01 DlSGRliGI IG/SIC. 10.0 
CHI .10 
11 I. 30 MIASURIO TIMPIIATURI DIGIIIS C m.o 

ilSISTIVITY/TIMP. OHMM/OIG.C .0/ .0 
IH/TiKP. MV/OlG .C .0001 .0 

LITiiB GAS Pli IG 
CONOlNSATI/DIG.C .6l/Z0.0 KEASURBO OOVNHOLE THMP, FLUID UIFL.OV 

OIGillS C/HITIiS DiPTH IMiIiRSI 

CONOINSATI IPPMI 
PRIDIG.C 
COl 
HIS 
NA 

.001 .0 
!lUO 
18.80 

.00 

1090.0 
1180.0 
Im.o 
1365.0 
1565.0 

.0 

.0 

.0 
CONOlNSITi 11TH NlOH IIPRI .0 
COl 111.00 .0 
R1S 18 .10 .0 

IONIC BI>INCI : CATIONS IMOL.BQ . I .mum 
AN [ONS I'OL.IQ.I .1I951!10 
D[FFERHNCH III -1.10 

OIIP STIAM IPP'I 

COl liT .16 COl .00 
Rl9 3.i0 HIS .00 
RI .01 HI .00 
01 .01 01 .00 
CHI .09 CHI .00 
NZ 1.98 NI .00 
NHI .00 NHI .00 

H20 lil 
BOILING PORTION 

28 

W.O 1090.0 
111.0 1180.0 
111.0 I!IU 
!\Z.O 1355.0 
m.o 1565.0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

.0 .0 

GAS PRISSURiS IBAiS ABS.I 

COl .3811-01 
Rl9 .114i-01 
HI .301i-01 
01 .160i-05 
CBI .1151-01 
NZ . !!DI-03 
NH3 .0001.00 
HID .14Ii.01 
TOm . 341i.01 

.00 

.00 



Table 6 . (continued) 

::::::::: ::::::::: : : ::::::: ::: : : : : : : ::::::::: :: :::::::::: :::::: : : ::::::::::: :::::::::::::::::::::::::::: ::::: : : : : :: 

ICTUlI! COIFFICliNli IN DIiP VATiR 
HI .&30 ISOI· .531 Flft .106 FiCU .l8I 
OR· .m ,. .m Flu l .010 ALl" .020 
S3SIOI - .m CL- . lll noat .111 WIHH .on 
USI OI-- .on MAl .II! fl(01)3 - .111 ALIOS)!I .538 
mOI- .111 It .Ill f81011l- - .Oll ALIOS)I - .m 
Heol · .111 CAtt .101 PlORH .013 usot • .m 
COI-- . 073 liCit .1 51 fllOH111 .m AI.I'OI)I- .501 
11- .m CARCOl f .557 "10111- .531 AtFff .091 

.-- .085 HGRCOll .111 FlSOt. .511 ALnl .538 
ISOI- .501 CAORt .551 netH .083 ALP!- .501 
SOI- - .m HGOHI .511 FiCL!1 .511 m5 -- .013 
NASOI - .538 NB4. .111 FiCLI- .l8I ILFI- -- .003 

CHIHlGAL COHPONIN!S IN om Vim IPPH AND LOG KOLI) 
HIIAC!.I .00 -5.151 KGtt 1.22 -I.m fllOl)3 .15 -5.8iO 
OR- .11 -1.190 NACL 1555.10 -I. 515 flIOHII- .11 -5.811 
RU IOI 686.50 -1.116 ICL 115.35 -1.810 net • .00 -1.833 
RlSIOI- • 71 -5 . 108 NASOI- 6.1l ·I.m fiCL! .00 -11.008 . 
R!SIOI- - .00 -10.0Il ISOI - I.Il -1.516 PlCLIf .00 -1I.m 
MARlSlOI .18 -5.01l mOl 11.!1 -3.118 FiCL!! .00 -18.110 
mOl 39 .16 -3 . 191 HGSOI .09 -1 .111 fiCLI .00 -19.m 
iZBOI- .01 -I. III CACOI .O! -1.055 fiCU - .00 -!O.III 
I!COI 103.51 -I.m KCCOI .00 -9.11! mOl .00 - 1I . lI\ 
RCOI - 1.31 -1.985 CI.ICQ1. 11.11 -U80 FlS04. .00 -10 .011 
COI -- .00 -8.51! IICICOl. .01 -1. 085 ALII I .00 -11.151 
8!S UO -1.916 CAOlt .11 -5. lll ALOHIt .00 -1l.1II 
is- .10 -5.111 IICOBI .01 -6.ll! ALIOH)!! .00 -1.011 
S- - .00 -1l .1I0 WltOB .00 .000 ALI Oll1 .11 -5.681 
mOl .00 - I! . !IO NBH .00 .000 ALl 0111- .00 -I. !I! 
RSol - .H -1.111 Flff .00 -8.101 ALSOI! .00 -!l.llO 
SOI- - 1l.1l -1.819 fEtH .00 -!I. 110 ALISOII!- .00 -lUll 
Rf .01 -1.001 nORI .00 -1.110 ALP .. .00 -11.111 
f- .11 -5.111 flIORI! .00 -9.155 ALP!. .00 -15.!55 
CL- II I85.!7 - .115 F810HII- .00 -10.951 ILPI .00 -1 5.115 
NA I 5B5! .59 - .191 flIORII -- .00 -11.113 ILFI - .00 -11.951 
I1 939.90 -1.619 FiIOH)1I .00 -II.HI 1LF5 -- .00 -!1.119 
CAll 1058 .39 -1.118 FIIORI!I .00 -I.I!O IL'S -- - .00 -!5.m 

101lC SIIIIGIH , .mu IONIC ULINCI : CIIIOIS IHOL .IQ.) .13I9mO 
mONS IKOL.IQ . ) .m!lm 
DIffIiiICI II1 -1.11 

CHIKICIL GIOIHIIKOKIIIIS OiGIIIS C IDDOII DiCiiiS IiLYII , 1.11 

QUlm m.1 
CMALCIDON' 991 .1 
III 111.1 

OIIOIIION 10llllllL liOLIS) : ii m, - .114 II CBI, -.51D IH SI, - .451 iI IHI' 99.999 

LOG SOLUBILITI mDuers 01 HIIIiALS 11 Dill VIlli 
liOl. CALC . IBOl. GALC. TIOI. GALC. 

ADULAiU -11.1ll -11.186 ALBITE LOW -11.918 -lUll AlALCIKi - I !.5!4 -11.111 
INHYDIITI -1.951 -1.6iO CILCIIi ·IUI5 -I1.!!! CRlLGIDOn -1.011 -I.II! 
KG-CHLOilll -IUIO -Hi.m fLUOllIi -10.111 -13.m GOiTHIIi !.ilt - .195 
UUHONTlli -H.m -!l.OlI H1CIOcLIII -15.1!i -11.386 HIGNilITi -If.m -!1.6I! 
CI-HONIKO!. -11.615 -19.511 I-HONlHOl. -34.035 -35.110 HO-MOmO!. -Il.!!! -11. 11 8 
" ·KOiTHOl. -11.101 -It .115 KUSCOilll -11.853 -1 5.m PIIHNIIi -31.010 -3 1.111 
IliHROTIII -15 .519 -lUll llilll -11.011 -Io.m QUAil! -1.110 -! . II! 
"filllTi -!I.IOI -ll.09I ' OLLASlOI III I.I1! 6.100 !01S1II -lUll -It .1!! 
!PIDOTl -11.!l5 -H.m K!BCASIII -30.0!0 -6D.m 
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Table 6 . (continued) 

UMU Geot.erl.1 Trainin, PrO'f.lle 
SAHPLI , 01 

DIiP illii COOLID ID !50.0 DIDiIIl C. 

::: ::::::::::::::::::::::::::::: ::: ::::: ::::::::::::::::: : : :::::: : :::: ::::::::::::::::::::: : : : : :::: : : :::;::: ::::::: 

ACIIVIII COIFFICII'II I. D88P 'A181 
1I .625 1104· .531 rlu .091 Fie Lt .m 
OR- .m P- .m FlHt .011 ALtft .011 
Hli1D4- .m CL- .m PIOHI .511 'LOH" . Oil 
m104-- .016 'Ai .m PI(OIII- .511 ALIOHj!I .510 
mOI- .410 1+ .m PiIORI4-- .• 011 1L101j4- .m 
HCOI- .m CA" .099 nOHtl .011 ALlOh .199 
COI-- .061 KCH .144 Pi(OIIZ+ .530 IL(IOIII- .m 
HI- .m CAlCOlt .549 PI(OHI4- .530 AL, .. .016 
s-- . 011 KGReOl • . .411 fES04+ .511 ALPZ. .530 
HI04 - .199 CADAt .549 FEGLH .011 ILP4 - .199 
S04 -- .051 MGOYI .564 PICL!I .511 ILPS-- .068 
NII04- .530 Vih .410 PiCU - .m ILFi-- - .OO! 

CiiUCIL COlP<l,ms 11 DIiP IITIi IPP! liD LOO lOLI I 
HI IICI.I .00 -5.804 KCH 1.11 -4.!8) PiIOHj) .Il -5. !I1 
DR - . I1 -4.908 MACL 1158 .6! - I. 51! PBIOlj4- .10 -5.191 
HUIOI m.4i -!.116 ICL 118.75 -!.163 neL' .00 -I.II! 
RlS104- .76 -5.100 usa.- s .01 -U9! PiCL! .00 -I I. !!i 
HUla,-· .00 -I. !!i lSot- US -4.m ne!. •• .00 -II,Ot! 
UHlSlot .91 -5.011 CU04 11.49 -1.111 FlCL1t .00 -1I.m 
81801 IUS -1.11! IDS04 .09 -!.Ill PiCLI .00 -1I.m 
mOI- .05 -i.09! CACOI .10 -1.010 PiCL4- .00 -!1.009 
H!COI !OUI -!.414 IDCOI .00 -9.851 m04 .00 -11.996 
8COI- 5.89 -4.015 CARCOli I!.I! -UTI mOll .00 -!o.m 
COI -- . 00 -1.551 KGHG03 • .01 -T.09! 4LHt .00 -!o.m 
lIS 1.61 -1.915 eAOHt .51 -5.031 ALORtt .00 -Il.m 
Hi- .11 -5.145 KGOHf .01 -s . 151 IL(Ollll .00 -1 .1lI 
1-- .00 -11.i1i mOl .00 .000 ILIOHII .11 -5.181 
mOl .00 -I!.III MYt f .00 .000 IL(0811 - .00 -8.861 
RS04- .40 -un Flu .00 -1.035 ALSOC. .00 -11.951 
904 -- 11. " -1.911 FlU' .00 -!l.818 ILU041!- .00 -!I.!!! 
IP .O! -5.911 nORt .00 -, .II! !LF" .00 -11.I!1 
F- . 11 -5. !4! Fi(OII! .00 -10.011 ALrH .00 -15. m 
CL- 11555.81 - .451 Pi(OIII- .00 -11.101 ILFl .00 -11 .081 
ill 51T! .T7 -.m Pi(ORI4-- .00 -11.196 ILF4- .00 -11.135 
1I m.80 -I.m PI(ORI" .00 -15.171 ALP5 -- .00 -!1.311 
CAIt ' 1051.0! -I. 511 FIIOHI! I .00 -9.109 IL"--- .00 -!UI I 

IONIC STIINDII , .moo 10'IC IALI'CI : CATlON9 (IOL.IQ.I .1!I!1I50 
mOii (!OL.IQ.I .35455910 
omiiim (11 -T.iI 

OllOmo" POTiNIIIL (VOLIs( : iH HIS, -.461 iH CII , - .511 IH R2, -.410 IR MRl' 91.991 

LOG 10LUHlLITT PIOOUCTS OP Klums 11 01lP nm 
1101. CILe. IIOR. CILC. liOI. cm. 

10ULliII -14.40! -14.405 ILHITi LOW -Il.m -1l . 341 mLCI!1 -11. 511 -11.195 
AiilOllTi -1 .106 -I.ll! CALeITi - 11.m -11.101 cmClooM! -1.995 -!.Hi 
RG -CHLOllTi -81.886 -11.001 FLUORITI -10.151 -Il. HI GOiTHlTi !.Ill -.m 
LAUIIOIITtTl -IUT! -1!.1l1 RICiOCLll1 -is.OIl -14.405 MAGNITITB -16.930 -!I. 115 
CA-MONTHOI!. -1!.599 -10.585 1-10"'01. -11.914 -15.9i6 IG-ROIIHOR. -11.100 -lUll 
'HONIROI. -34.151 -ILl!! IUSCOVITI -11.843 -15.115 FiiHVlTR -IT.m -34.160 
PIIHIOTlTI -!1.010 -11.111 PTiITi -41.15 1 -60 .m QUAm -1. 105 -! . 146 
VAlIUUI -11.549 -U.III WOLLIiTONITI 1. 484 U80 !OUITi -IT .951 -14.115 
iP!non -IT .191 -11.I!T mcum -14.586 -10.195 
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Table 6. (continued) 

UNU Geot~er •• 1 Trainihl Prolr.'le 
SAHPLi , 08 

om mu COOLIO TO 100.0 OIGmS C. 

:: ::::::::::::::: : : : : :::::::: ::::::::::::::::::: ::::::: :::::::: : ::::::: : : : ::::::::::::::::::: :::: : : :::::: : ::::: ' 

ICIIVII! COIPPICIINIS IN OIIP IIIII 
8. .658 IS04- .513 Flft .131 PICL' .521 
08 - .501 p. .501 VI .. I .m ALuf .m 
83S104- .521 CL· .486 nOBf .561 UOR .. .m 
8IS104 -· .m NI! .m PI{ORI3 - .561 IL{OHI!' .513 
H!B03- .463 I. .486 PI{OHI4-· .11! AL(OHI4- .141 
IC03- .521 CAtt .m PIOR .. .1I! ILS04+ .545 
C03-- .099 KCH .181 PI(OII!' .513 IL(S041!- .545 
8S - .501 CAHC03t .591 PI(ORI4- .513 ALVH .1!! 
S·- .11 ! HGNCa31 .m PESOh .5&1 Im. .513 
IS04 - .545 CAOnt .591 FBCLtt .m IL14 - .545 
S04-· .081 HGORI .604 nCUt .m 1LF5- · .099 
NIS04- .513 NHB .463 PBCL4 - .511 ALF6- · · .001 

CHIHICIL COnONiNIS IN om IIIBI (PPH INO LOG HOLII 
8. IICI.I .00 -5.511 MGtt 1. IB ·un Fi(OHIJ .03 -6.613 
ON- .0& -5.m NlCL 1031.31 -1.153 PI(OHI4- .01 -1.10& 
ml04 686.69 -!.14& ICL 66.11 -3.011 PICL. .11 -5. !61 
RlS104 - .14 -5.lIl NIS04 - 6.00 -4.291 P1CL! .00 -10.811 
I!SI04-· .00 -10. I!! IS04- L3! -4.610 FBCL .. .00 -16.OZZ 
NIH3S104 .81 -5.m CIS04 14.81 -3.m FlCL!' .00 -16.614 
R3B03 39.1! ·l.m HGS04 . 14 -6.011 P1CL3 .00 -11.896 
HZBO)· .03 -6.314 CIG03 .05 -6 .m PICL4- .00 -11 . 118 
R!C03 103.11 -1.185 HGCOl .00 -9 .861 FiS04 .00 -9.011 
ICOl - 9.46 -3.810 CIHeol! ll.69 ·l .m FlS04+ .00 -18 .m 
COl-- .00 -8.m KGHC03+ .01 -1.039 ALtU .00 -11.813 
HIS 3.54 -3.984 CAGet . 10 -5.163 WIRff .00 -14.688 
HS · .16 -5.110 IIGaHI .00 -1.180 AL(OBI!! .00 -1.404 
S·· .00 -11.115 N8401 .00 .000 IL{ORI3 .11 -5.690 
mOl .00 -11.465 MHO .00 .000 IL(0114- .00 -8. 14 I 
IISO! · . I1 -5.655 FRtt .04 .& . 151 ALsott .00 -18.!!1 
sot · . 11.59 -] .818 FUH .00 - \9 .184 1I,1'011!- .00 -10 . T!I 

" .01 · 5,112 FHOIII .01 -1.059 UF" .00 - It . IBt ,- .I! -5.115 FH(onl2 .00 -8.911 Al.FZt .00 . , l. 261 

CL· 130!1.10 •. 135 Fi(OHI3- .00 -II.!TI ILP! .00 -11.018 
NI! 6058.9Z · .519 PI(OHII·· .00 -11.m ALF!· .00 -16.460 
I. 965.61 • J.601 PI(OHI" ,00 -13.460 1LF5-· .00 -19.159 
CAIt 1061.01 .1. 51! Fi(OHI!' .00 -B.193 ALP6- · · .00 ·It.OlI 

ION IC STiENGIR , .3B1I9 IONIC BILINCB : CIIIONS (HOL.8Q,1 ,31161150 
INIONS (HOL .IQ.I .mmlo 
OIPPlIINCI (11 · !.40 

OIlOIIION FOTHNTIIL IVOLISI : 8H H!S, - .361 IH Ci4, '. 4Zl li n, '. 40! BH NH3, 99 .991 

LOG SOLUBlLlT! FBOOUCTS OP MlNBilLS IN om VlTBI 
IIOR. GlLC. TlOR. GlLC. TlOI . GlLC. 

ADULARIA ·\4,116 -IU03 1LB1I8 LOI - lUll ·13.!10 INILCIKI -11.648 -11.091 
ANKTDRlfE ·UO! .7.3!0 CALCITE -11.5Z6 -11.109 CHALC8DONf ·I.m -1.146 
IIG -CKLORlTH ·B1.685 -89.134 FLUORin -lUll -13.459 COHTHITII - .350 -1.614 
LAUKONTtTB -11.601 ·!I.m IIICROCLrMR -15.613 -14 .303 IIACNKTITI -11.553 -1 I. 1lZ 
CA -IIOIITIIOR. -73.343 -61.068 I-IIONTIIOR. -34.619 -3Z.m IIG-IIOIITIIOI. -1 I.! 94 -66 .m 
NI ·HONlNOI. -31.901 -31.611 KUSGOYITI -li.Ol1 -11.1Z4 FiBRilTi -36.015 -34.115 
PYiINollIi -48.II! -55.318 PYim -16.611 -66.014 QUIiTZ · 1.lIO -1.146 
MAIRAUfI! ·n.m ·!t.m 10LLISIONIIi 8.381 6.155 ZOIiIT8 -36.171 -34.8B5 
iFlOOTi -31.193 · !6.m HliCISIIi -5B.IOI -66.OH 

31 



Table 6. (continued) 

UNU Geotberl,l Traininc Progra •• e 
SlHPLi , 08 

OIiP VIm COOLiO 10 150,0 OiGiiiS C, 

::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::: : ::::::::::: 

AC!lVITY COIFFlCliNTS IN OiiP VATIR 
Ht .681 1804-
OB· ,541 F-
RJSIO(- ,5&6 CL-
HZSIO(-- ,156 NIt 
H2803 - ,506 11 
HC03- .566 CAtt 
CO] ·· ,130 MGtt 
HS - ,541 CIBC031 
S-- ,1(( "GHC03. 
HSO( - ,582 CIOH. 
S04·· .116 HGOHt 
NASO(- ,609 NH(' 

,so! 
,5(1 

,m 
,566 
,528 
, 113 
,m 
,625 
,566 
,625 
,631 
,506 

CBmCIL CO"PONBNIS IN Olip VATII IPP" INO LOG HOLII 
8. IICT,I 
OB­
BlSIO( 
mIO( ­
H2S ID( -­
NAHlSI04 
H3803 
H2B03-
B2C03 
HC03· 
C03--
H2S 
HS-
S --
mOl 
HSO(­
SO(--
HF 
F-
CL-
NA' 
It 
CAff 

,00 -5,m 
,01 -6.035 

611.09 -!.I t6 
,H -5,333 
,00 -10,314 
,61 -5.118 

39 ,18 -3,191 
,01 -I,m 

102,15 -1,(86 
15,60 -3,m 

,00 -1.915 
3, U -3.!89 
,30 -5.0(3 
,00 -\(,131 
,00 -13,039 
,09 -6,on 

18.35 -3,119 
,01 -6,159 
,11 -5.IS! 

1318(,11 -,m 
615U3 - ,513 
98!.OI -1.600 

1066.01 -1.515 

MGH 
NACL 
ICL 
NASOI ­
ISOI­
CASO( 
"GSO( 
CACO] 
"GC03 
CAKC03 t 
HGKGOl f 
CAOHI 
MGORt 
NHI08 
MUtt 
PBI. 
FItH 
fROHt 
PIIOBII 
PlloHl3-
FII0811-­
P810HIII 
Pl1081" 

1.18 
19(.51 

35,16 
5,31 
!.65 

11.19 
,10 
,03 
,00 

18,13 
,01 
,01 
,00 
,00 
,00 
,01 
,00 
,00 
,00 
,00 
,00 
,00 
,00 

nu 
'BtH 
PBOHt 
FE10813-
FIIOHII -­
nOHH 
PIIOBI2. 
Fl10811-
nSOh 
nCLH 
P8CLl. 
PICL(-

-U18 
-I. B61 
-3,318 
-(,350 
-1.108 
-1.085 
-6,OH 
-6,199 
-9,851 
-3,556 
-6.911 
-6,561 
·8,126 

,000 
,000 

-5,881 
-19.511 
-I. 618 

-10,509 
-11.111 
-10,6J! 
-11.101 
-1 1.011 

,113 
,011 
,598 
,598 
, \(( 

,I H 
,so! 
,609 
,598 
,I H 
,598 
,566 

PII0813 
FlloBII­
PICL. 
mi.2 
nCLH 
PBCUt 
PICL3 
PICLI­
FiSOI 
mOll 
ALtH 
ALOHH 
ALloHI2. 
ALIOMI3 
ALloHII­
ALSOIl 
ILISO(I!­
Al.FtI 
UFt. 
ILF3 
ILF(-
1LF5 -­
ALP6---

FKCL+ 
ALtlf 
ALOBIt 
ALIOHI!' 
ALIOHII ­
ALSOh 
ILISOIJ!­
ALFH 
UF2t 
ALPI ­
ILP5 -­
ALP6- --

,5&6 
,011 
,156 
,609 
,m 
,582 
,m 
,156 
,609 
,582 
, !l0 
,011 

,00 -9,811 
,00 -10,885 
,11 -5,828 
,00 -13.611 
,00 -16,161 
,00 -11.319 
,00 -18,102 
,00 -10,133 
,00 -8,193 
,00 -11,815 
,00 -13,163 
,00 -9,m 
,01 -6,162 
,15 -5,1!( 

,00 -7.611 
,00 -1 5.193 
,00 -11.531 
,00 -11.(01 
,00 -10,961 
,00 -I!.089 
,00 -ll.m 
,00 -11,011 
,00 -21 ,331 

IONIC SIRINGIH, ,31618 IONIC BALANCI: cmONS I"OL,8Q,1 ,31630230 
ANIONS IMOL.iQ, I ,31258310 
OIPPillNC8 III -1.31 

OIlOAIION POT8N!IlL IVOLISI : 

LOG SOLUIILITI PIOOUCIS OP MINlRALS IN om VIlli 

ADULARIA 
ANilOllli 
"G-CHLORITI 
LAUHONTIIi 
CA·IIONTKOK. 
NA·KONTIIOR. 
PliIHOIIII 
iAlillll1 
IPlDOII 

1101, GALC, 
-15,664 -11.131 
-1.366 -6,993 

-8G,DU -93,25! 
-75,403 -11,151 
-16,836 -56,80( 
·36,953 -!i,GU 
-11.605 -82,!69 
-13. 9GI -Zl , m 
-39,719 -40,340 

1101, 
ILBITI LOi -15,061 
CALCIII -10,399 
FLUOllli -IG,561 
"ICiOCLINi -16,131 
I-MONI"OR, -36,801 
MUSCOVITI -18,991 
P!8I11 -III.UO 
iOLLISTONIII 9,469 
MIICASIII -90,165 

32 

GALC, 
-13.113 
-11.169 
-13.115 
- IU3I 
-19, 111 
·13.468 
-90,319 

6,195 
-90,319 

AVlLCIHI 
CHALCIOONI 
GOITHIlI 
MAGN8IIII 
IIG·IIONTIIOI. 
PRIHNIII 
QUAiIZ 
!OISIII 

I8OR, 
-11.168 
-3,191 
-1.669 

-75,189 
-11,111 
-35,m 
-!.683 

-35,101 

GALC, 
- ll.m 
-3,116 
-I.BOI 

-18.845 
-59,389 
-35,536 
-1,1(6 

-35,155 



Table 6. (continued) 

UNU Geo t ~!r.a l frainiD' Pro(ra •• e 
ilNlLI , 01 

DIiP VATU COOLID TO 100.0 OiCiii! C. 

::::: :::: ::::::::::::::::::: ::::::: : : ::::::::::::: : ::::::::: : : ::::::: ::::::::: :::::::::::::::: : :::::::::::::::::::. 

ACTUITI COIFFlCIHNTi IN OIiP VATIi 
HI .116 !S04 · .115 Flff .m neL. .105 
OH - .588 ,- .588 FltH .068 ALu, .061 
H3S104· .605 CL- .561 FlOH' . ill U,oHH .195 
H29104· · .195 NIl .105 FiIOHII- .134 11.101121 .115 
1110l- .549 I1 .519 FiI0114-- .lIl ILIOHI4- .IZO 
ICOl- .105 CAt. .lll FlOK .. .l8l ALS04 t . lID 
COl-- .111 tlCH .110 FiIOHIZI .145 ILUOIII- .110 
HS- .588 GlHCOIl .159 '110114- .115 AtP .. .I l! 
S-- . 111 IClCOIl .105 mOl! . ill ILFZI .115 
iS04- .110 CIOil .159 FleLt f .18l ILPI- .610 
SOI-- .ISI HGORt .110 PiCLZI . ill II.PS-- .II! 
NASOI- .115 MHtt .549 'ICL4 - .105 ILFI--- .01 9 

CIEIICIL COIPOMIM!S IM OllP VI!Ii (PPI INO LOG 10L!1 
HI (lC!.1 .01 -5.ISI "CH I.!! -1.111 FilOll3 .00 -13.011 
01 - .00 -U!l ilCL 151 .11 -I . lOT FlIOI(4- .00 -11.191 
IISl04 111.55 -1.111 ICL 10. 07 -3.570 neLt .07 -1.089 
mlol- .21 -5.111 US04- 1.41 ·1.117 PiCLI .00 -17.307 
118101-- .00 -1D.m ISOI- 1.05 -1.119 FleL .. .00 -lUll 
iARlSIOI .34 -5.511 m04 I. JI -1.111 FlCLlf .00 -11.190 
IlBOI 39.19 -1 . 191 MGSDt .01 -1.151 neL3 .00 -19.114 
11101- .01 -UI I CAeO] .01 -1.116 Flel,4 · .00 -11.195 
neOJ 101.33 -1.411 ICCOI .00 -I. SO! mOl .00 -B.416 
HCOI- !l.1 I -I.UI CARCOl f Il.!l -1.!l1 Flsa •• .00 -19.531 
COl-- .00 -1.144 tlCHCOH .01 -U39 UHf .00 -10.191 
lIS 3.5l -1.1B5 CAOh .00 -1.411 aLOHu .00 -I.!II 
IS- .I! -5.UI MG08f .00 -1.089 ILIOIIZl .04 -1.134 
S-- .00 -15.l1l 1840H .00 .000 ILIOlll .11 -5.131 
mOl .00 -1l.105 Nat. .00 .000 11.101(4- .00 -I.m 
RS04- .03 -1.515 flU .11 -5.191 ILSOI! .00 -11.111 
S04- - 11. 51 -uu nUt .00 -19.511 II.IS0411- .00 -14.541 
RF .00 -1.813 nOHt .00 -!.341 Al., .. .00 -1.111 
F- .11 -5.111 FIIOHII .00 -11.340 ALFZt .00 -B . ill 
CL- 13l!1.11 -. III FIIOHII- .00 -IUI5 II.Pl .00 -1.911 
III 1Z15.34 - .513 FII0114 -- .00 -11.460 II.PI- .00 -11.700 
I1 190.11 -1.591 PI(ORI" .00 -15.151 1LF5-- .00 -11.191 
eAU 1D11.51 -1.513 11101111 .00 -13.331 ILFI--- .00 -10.404 

IOM IC SliIMC!H , .mu 10MIC BILIICI : ClTIOMS (MOL .IQ.I .35146830 
ANION! (MOL.IQ.I .l!mIlO 
OIFFIHiNCI I11 -1.11 

OI IOI!ION P07IN!IIL IYOL!S I : II m, - • lIB IH CH4, - .145 IR HZ , - .313 IH MRl , 99.919 

LOC SOLUBI LIII PiOOUCIS OF MIMlilLS I1 DIIP lllli 
1I0i. mc. 1I0i. CALC . IIOR. CILC. 

IDULIiIl -11.111 -ILlI5 ILBlTI LOI -11.415 -11.101 IHILCIKI -1l.199 -1 0.911 
IiHIDilTl -5.101 -1.114 ClLCITI ·I.m -10. 115 CBILCIOOiT -1.111 -1.111 
MC-CILORlTI -10.301 -11.500 FLIlOIlTl -10.558 -1l .01l COITHITH -4.114 -I.m 
LAUltONTlTK -11.111 -11.101 ItICROCLINI -11.518 -11.115 "AeNnlTl -1T.l01 -31.131 
CA-IIONTItOR. -B5.55I -n.1IB I-MOI!IOI. -1I.m -14.1O! MC-MONIIOi. -11.70B -50.318 
II-MORIIOB . -11.610 -11.519 MUSCOYITi -11.151 -11.915 FIIHNITI -31.na -36.111 
FYiIHO!ITI -TT.BOS - IOB.1lI PYRITH -111.011 -111.111 QUIRTZ -3.0T8 -I.IIS 
VlIRUIII -IUIO -11.601 10LLISTORIli 10.814 S.I\! !OISITi -35.813 -35 .511 
iFlOOII -11.103 -44.593 mculTI -113.515 -113 .111 
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Table 6. (continued ) 

UNU Ctot~er •• 1 Ttlinin. Protr •• lt 
SAHPLi , 01 

om 11111 COOLiD TO 10. 0 OiCillS C. 

:::::::::::::::::::::::::::::::::::::::::::::::: :::::::::: :::: : : :: ::::::::::::::: ::: :::::::::: : : :::::::::::: : ::::: 

ICTINITI COllllCIlIIS II OIIP I111I 
HI .131 1S01-
OH- .619 F-
RlSIOI- .m CI.-
IISIOI -- .119 I1I 
m03- .m 11 
RCO)- .535 CAtt 
C03 ·· .199 MClt 
Hi - . 619 ClHC031 
S.. . ZII KGIC031 
HSOI- .119 CIOII 
SDI.. .111 KGOII 
IISOI - .111 IIII 

.m 

.619 

.m 

.m 

. to! 

.111 

.301 

.186 

.135 

.m 

.m 

.513 

CRlKICIL COKPomlS IN OiBF Villi IPFH lID LOG KOLI) 
RI (lCT.) 
01-
HlSIOI 
miDI-
129101 .. 
NU3SIOI 
m03 
m03 -
I2C03 
RC03-
C03 .. 
RZS 
HS-
S .. 
mOl 
HSOI-
SDI .. 
I1 ,-
CL-
I1I 
II 
CUt 

.01 -5.m 

.00 -1.1i3 
681. BI -2.115 

.01 -1.111 

.00 -11.115 

.11 -5.916 
39." -3.111 

.01 - 6, m 
10!.!1 -1.111 
!!.Il -3.3\! 

.00 -1.101 
1.1! -3.1Il 

.11 -5.116 

.00 -1t.l13 

.00 - ll .1!! 

.01 -I. I!! 
II.I! -3.5!I 

.00 -1.311 

.11 -5.m 
13591.55 -.111 
llIl.IO -.551 
9!5.ID -1.5!I 

1016.01 -1.511 

MCH 
UCL 
ICL 
USOI­
ISOI ­
CIIOI 
KOSOI 
CAeD] 
KGCOl 
CAKCOl. 
IIGHCOH 
CAOYI 
KCOH! 
IIIOH 
NIl! 
Flu 
nH' 
PIORI 
"ION)I 
18101)3-
1810HII .. 
11101)" 
IlIOH)I! 

\.19 
Il\." 

ID. !! 
UI 
\.13 
1.11 

.03 

.01 

.00 
1.11 

.01 

.00 

.00 

.00 

.00 

.11 

.00 

.00 

.00 

.00 

.00 

. 00 

.00 

FIll 
nUt 

no .. 
"IOR)3-
IlIOH)I .. 
nOR .. 
FIIOR)II 
1110111-
mOl! 
nCLli 
FEeLZ, 
liCLI -

-1 .!It 
-1.141 
-3.131 
-1.5t! 
-I. III 
- t.3i6 
-1.561 
-1.111 

-lUll 
-1.181 
-1.951 
-1.151 

-10.160 
.000 
.000 

-5.590 
-11.113 
-9.31D 

-11.585 
-11.llt 
-19. \8Z 
-11.580 
-15.110 

.118 

.OB! 

.m 

.m 

. lit 

.11& 

.m 

.m 

.611 

. lit 

.m 

.135 

FIIOI)1 
FlIOR)' ­
neLI 
flCLI 
nCLlt 
flCU! 
11CL3 
IiCLI­
FIIOI 
FIIOl! 
ALlft 
&LOaH 
ILIOI)U 
ILIOI)1 
ILloRII­
!LSOl! 
ILISOI)I ­
ALVIi 
ALPZt 
!L1l 
ILFI-
1L15 .. 
ILII .. -

neLl 
UUt 
AI.OBB 
!L10B)l! 
ILIOR)I­
ALS04+ 
!LISOI)I­
ALP" 
HUt 
ILFI­
ILFl .. 
!LU .. -

.135 

.011 

.111 

.m 
.119 
.119 
.119 
.119 
.171 
.119 
.\99 
.0!8 

.00 -16.311 

.00 -11 .!05 

.01 -1.101 

.00 -11.191 

.00 -11.111 

.00 -1!.I78 

.00 -10.851 

.00 -13.011 

.00 -8.m 

.00 -10.311 

.00 -1.513 

.01 -1.59\ 

.01 -1.\63 

.01 -I.m 

.00 -!.I51 

.00 -9.101 

.00 -1 \.9!5 

.01 -1.319 

.01 -I.m 

.00 -I.on 

.00 -Io.m 

.00 -11.501 

.00 -11.661 

IONIC SmNGI!, .39811 101lC BlLlICI: CIIIOiS IKOL.IQ. J .35Ium 
ANlOIS IMOL.IQ.) .11110130 
omiiiiCi 11) -1.01 

OIlDITIOW POliiTlIL IVOLTS) : 

LOG SOLUBILITY PIODUCTS OF KlliilLS IN DIiP mu 

IDULliII 
INRIDllil 
KG-mOllTi 
LAUKONTITI 
CI-Komol. 
II-KOMIKOI. 
PlIIHOTlTI 
"1111111 
iPlDOII 

nOI. GlLC. 
-19.661 -11.119 
-!.!it ·I.m 
-!l.m -105.181 
-3D.lII -U.I!! 

-IO!.lii ·31.119 
-lUll -11. 598 

-115.035 -131 .118 
-11.511 -lUll 
-I!.I19 -lUll 

TiDI. mc. 
ILBIIi LOW - \8 .115 -13.051 
CILe ITI -1.110 -10.513 
ILUOIITI -10.131 -13.031 
KICiOCLIII -11.116 -11.111 
I-KOII"OI. -50.11 1 - 11.ill 
KUSCOVlli -15.00! -9.911 
PlUII -\85.595 -135.110 
lOLLISIOilli 1I.6Ol I. m 
KIICISlli -111.111 -135.110 

34 

mLeni 
CBlLCiDOiI 
GOiIHlII 
KIGNiTIIi 
KG-KOITMOI. 
PiiHMIIi 
QUIlT! 
1018111 

1101. 
-11.183 
-3.191 
-I.m 

-H.m 
-101.111 
-39.110 
-3.611 

-3I.m 

CILe. 
·10.911 
-1.115 

-10.'01 
-IU51 
-38.180 
-lUll 
-1.115 

-31.m 



Table 6. (continued) 

UWU Ceothtul Tr &iDinj Pro,nlle 
81HPLI , 01 

01iP Villi COOLIO TO .0 olcml C. 

: : : :::::::::::::::::::::::::::::::::: :::::::::::::: ::::::::::::::::::::: : : : ::::::: :::::::::::::::::::::::: : : :: : : 

ACmlT! COiF1(C(iN!S IN Oilp vml 
HI .Hi ISOI- .m PIu .159 neLt .146 
01- .130 P- .130 FlH. .095 UHt .015 
HlSI OI- .611 CL- .611 nOKf .611 ALoal' .!l0 
H!9101 -- .210 NAI .616 PI(OH)I- .612 ILIOH)21 .m 
R2BOl- .195 " .114 FI(OH)I -- .m 1L(01)1- .610 
RCOl- .146 eAu .259 FiOHII .m 1Li01l .610 
COl -- .210 KCH .311 PI(OI)21 .611 ILISOI)I- .610 
HS - .630 CABC03f .691 FI(OHII- .681 ALP .. .210 
S -- . m IIGHCOl' .616 mOll .611 ILPlI .m 
HSOI- .660 CAOI. .615 PlCLH .m ILII- .610 
SOI-- .Ill KCOBt .!05 PiCUI .612 ILP5 -- .210 
NISOI- .m NRh .595 flCLI - .616 ml--- .011 

CliNICIL CONPOMlMn I1 01iP mu (PPI lID LOC lOLl ) 
HI IICT.) .00 -5.515 NCH 1.10 -UT! FiIOH)1 .00 -10.310 
OH- .00 -1.1 tI MlCL 59.01 -2.m fIIOH)I- .00 -n.m 
HISIOI m . ol -1.115 ICL 5. T! -1.115 PlCU .00 .1.1!5 
IISIOI' .01 ·Utl ilSOI· 1. 1l ·1. TU PlCU .00 ·1t.1IO 
lIS 101 .. .00 ·IUB! ISOI· .10 ·5.m nCLH .00 -10.101 
NUISIOI .01 ·1.511 CASOI I. 10 ·1.191 fBCLt+ .00 ·10.151 
IlBOl II.7! -3.1 fI MGS04 .01 -1.016 FBCLl .00 ·H . 5O' 
11803 · .01 -1.815 eACOl .00 -1.1i5 flCLI · .00 -15 .!00 
IICOI 20l.U ·1.181 HCCOI .00 ·IO .HI m Ol .00 ·1 .121 
HCOI · IUI -1.212 CAKCOlt 1.61 ·1.181 FIS04 f .00 ·!I.511 
COl .. .00 ·1.111 IIGKe03, .01 ·1.011 ALlft .00 ·1.191 
128 1.12 -I. BI! CAOB. .00 -IO.!!! ALOM .. .00 -1.1!I 
HS · .08 ·5.190 HCOBI .00 -11.911 ILIOH)II .00 ·I.m 
S .. .00 ·11.081 HHIOH .00 .000 IL(OH)I .00 ·1.381 
mOl .00 ·11.151 NHII .00 .000 IL(OBII· .00 -11.10! 
RSOI· .00 ·1.151 Flu . 11 ·5.555 ALSot, .00 ·I . II! 
SDI .. 21.11 ·3.511 nit. .00 ·10.182 IL(SOI)2· .00 -11.510 
Hf .00 ·1.101 nOMI .00 ·10.&16 AI ,PH .06 · 5.111 ,. .09 · 5.111 IB(OH)2 .00 -11.501 ALFZf .01 ·1.151 
CL· 13i15 .It - .115 Fi(OI)3' .00 ·!I . 141 Ufl . 00 · 1.116 . 
Nil 1112.31 ·.552 Fi(OHII" .00 · IUII ILII· .00 ·10.111 

" m.15 · 1.593 Fi(OH)II .00 · 18.111 m5 .. .00 · 11.151 
eAu 1011.52 · 1.510 FI(OI)!1 .00 · 18 . 511 ILI6 .. • .00 ·18.511 

101lC STIINcrl , . toOl! IONIC ilLlNCI : CIIIONS (HOL.lQ.) .15BI0l!0 
ANIONS (KOL.lQ.) .31602530 
DlmiiNCI (I) ·1.06 

011011101 POTINTIIL (VOLIS) : iI m, - .014 IH CHI, •• 112 18 HT, - .Ht 11 181, I!.III 

LOC SOLUBILITI PRODUCTS OF K1NiiILS 11 om ilTU 
1E01. CALC . 1101. CIII: . 1101. CALC. 

10ULAiII ·23.116 ·11.101 ILiIll LOW -11.001 -13.011 INILCIII ·11.310 -Io.all 
ANHfOl1Tl ·4.511 ·6.4IB CALCITi -1.311 ·10.610 CHALCiOONl ·3.111 ·1.115 
HC ·CHLOIIII ·BB.li! ·116.111 ILUOiITi -11.3!1 · 11.115 CORIHITI ·I.m ·11.323 
LIUIOillTi -1t.801 ·22 .151 IICIOCLINI ·15.513 ·II.IO! MACNIITITI -11.111 · 53.110 
CI·HOIINOi. ·121.263 ·11.312 I-MONTII01. ·61.001 ·IUIl IIC·ROllfIlOt. -121.611 ·!I.m 
IIA-IfONTII01. ·60.111 ·I.m MUSCOVITE ·30.011 -1.112 PiiHIITI ·13.631 ·11.153 
PliIROII!l · 15! .116 ·161.611 PliITl · 211.117 ·151.601 QUIRTZ ·4.182 -2. I 15 
iIIU1IT1 ·11.511 ·11 .151 V1lLLmOVITI 15.011 6.m 10lsm ·11.763 ·IUIl 
iPloon -54.210 · 55.411 IAiCISIII ·100.020 ·151.601 
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Table 7. Example of a printout from the WATCH3 program 

IJNU Geolhru! Trai.illC Pr~,r& •• e 

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

OIl 

PiOGlla iITCHI, 

'ITII SlaPLi IPpal 

PI/OlG,C 
SIOI 
NI 
I 
Cl 
aG 
r~1 

S04 
ilS 
CL 
F 
OISs.sOLIOS 
IL 
R 
rE 
NRl 

" 

1,45{ZI.0 
n,lO 

595.10 
14.50 

l!4,10 
,110 

11.00 
!ll.l0 

,10 
IlZI,OO 

,55 
I5HI,OO 

, III 0 
,0000 
,om 
,0000 
0,00 

10llC STIRIGTI , .051ll 

OEiP ilTil IPPKI 

SIOI n,lI 
NI 595.&0 
I 11.50 
Cl lIl.TO 
KC .ZIO 
SOl 111.10 
CL mO.1! 
r ,55 
DlSU, 15I!.00 
IL .IlIO 
5 .0000 
rs ,om 

aeltjarnarne. lell In-2 510. deptb 

nil! SAaPLi 

GIS I iOUI 
GOI 
i!S 
AI 
01 
CRI 
IT 

LITIIS GIS PII IG 
COlDIISITI/OIG,C 

CONOiNsm IPpal 
PR/ OiG,C 
coz 
R2S 
lA 

mmNGi IIKP, OlGlEES C 

SlaPLlIG PIiSSUI! BIIS IBS. 
DISCRIIG! BNTHILPT aJOUL/IG 
DiSCHliGI WSiC. 

.C ICKAI 

. ., 

allSUIID TIaPillTUII DECRtES C .n 
RBSISTlVITT/TiKP. ORK,/ore.r U;C .O;ZI.I 
IR/TUP. KV/DEC.r. ,QCOf.O 

ailSUIIO OOiNROLi TIKP. WilD liFlt< 
DIGinS C/KUtRS uEPrR 1"F.iH.S ) 

.0 .0 .0 
,0 .0 ,r: 
.0 .0 •• 
,0 .0 .0 
.0 .0 .0 

' .0 .0 ., 
.0 ,0 . . ' 
.0 .0 .r-

GONDilSIII iIIH NIDI IPPKI 
GOI 

.0 

.0 
,0 
.0 

.0 . ., 
ilS .0 .0 .0 

10llC IILlNCi : CIIIOlS IKOL.EQ.I .0IJ7m! 
1NI0~S 1K0L.iQ.1 ,011460\0 
OlrrlllNCI II1 .1! 

OliP STIIK IPPKI GAS PRES3URF.S IBARS ASS. \ 

GOI 11.00 GOI .00 COl .llIH4 

RIS ,10 iZS ,DD R!S .1031-" 
HI .00 RI ,00 H! ,DOQE_OO 

O! .00 01 ,00 O! ,CG6i.O~ 

CRI .00 CR4 ,00 r,H4 , ~ CDEfCO 

NZ ,00 NZ .00 " .con~.IHI 

NU ,00 NRl .00 NHl .'.C08'00 
RIO .I O~ ftO! 

TOIIL . :1l5i+~1 

RIO II1 .00 
BOILIMG POBTION .00 
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Table 7. (continued) 

::: : : : : ::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::: 

ICTfVITI COlfFICl!MIS IM DIiP VAIi! 
H' .129 ISO'· .SOO FEu .m Hel,' .111 
OH· .180 F· .110 Flu. .112 ALH. .19, 
RlSIO.· .185 CL· .771 FiOA. ;196 UOMH . '11 
11110'·· .115 NI! .115 FiIOHI3· .196 ILIORI1. .ltfr 
m03· .m u .771 FlIOHI' ·· .101 ILIORII· .al 
Rr~3· .m CAtt .m nOR.' .'01 ALSO •• .191 
C03·· .m NCH .163 FlIORIII .900 ILISOII!· .nl 
HS· .110 . CAKCOl. .105 FiIOIIl · .800 ur •• .11\ 
s·· .m HGRCOl! .m mo •• .116 ALFZt .800 
Ksn4· .191 eAOH. .805 neLH .'01 AI.Ft- ,191 
S04-- .311 NGORt .1 10 'ICLU .116 ms·· .m 
mo.· .100 Nil! .168 FiCL'· .185 m6··· .m 

cmlCIL COIPONms IN om Vllil I PPI !NO LOC 10LiI 
K'"CI.I .00 ·1.m "CH .21 · 5.061 FlIORI3 .on ·U.I 
OH· .ll , '.711 NlCL 7.61 ·3.115 FIIOill· .00 ·8.4;0 
H'SIO' 111.11 ·1.137 ICL .05 .1. 115 FICL. .01 .1.!30 
HISIO'· 5.1 5 ·I.m NlSO.· S.II ·1.117 rICL! .00 ·11.1:6 
mID.·· .00 ·1.553 ISO'· .10 ·5.m neL' f .00 -21 ,27~ 
N113S10' I.ZI .1.'" CISO' 16.30 ·1.1 11 FlCLI. .00 ·a.m 
HnO] .00 .000 KOSO' .35 ·\.538 FEr.I.l .00 -24.Ul 
RaOl- .00 .000 CACOl .11 ·5.051 fEeLt· .00 · ZLH l 
HlC03 .IS ·1.814 IGCOI .00 ·8.419 FiSO' .01 -1. 346 
He03 · 11.00 ·3.711 CARCOH I.11 ·I.m FnDt. .00 -:0.755 
r.o3·- .0' ., .159 IGlCOl! .00 ·1.115 AL.H .00 ·11.111 
RIS .01 ·I .m CAOHt .Il ·5 .6'0 AI.OHH .00 -12.731 
H'· .01 ·5 .571 NCOR. .00 ·1. SlI ALIOH!2. .00 ·I.m 
I .. .00 ·11.1I! MH'OH .00 .000 ILIORII .01 oS. n4 

Risot .00 ·1 1.163 NU. .00 .000 ILIOHI. · .3 i ·1 .• 11 

RSO'· .00 .1.5!7 Flit . O' ·6.166 ALSoe. .00 ·1; ,n; 

so ... ISl.5' ·1.796 nB. .00 ·!!.m AI.ISOII!· .00 ·IR .'m 
Rr .CO ·s.m FiOR. .01 · 6.11B ALFH .r.B . i ~. Ha 

f· .55 ·1.539 FiIORII .00 ·1. I 11 ALFI. .OC · I: .m 

r.L· 1316.21 .1. ,lO rIIORI1· .00 ·11. 031 ALFl . r.n - t L:i4~ 

NI! 590.1! ·1.590 fII ORII .. .00 ·16 .196 ALrI· .00 -15.(00 

I! IUO .1.1l7 r£lORIII .00 · 16.001 ALr5 .. .00 - 13.4r.~ 

CAH · m.l! ·LIlO rlIOIII. .00 ·1 I. III m6 .. • .00 · Zl.lGf 

10HC STiENGI! , .omo IONIC BILINCI : CATIONS II0L.aQ.1 .0'095061 
mOMS IHOUQ.I .0'061199 
OIFFlBINCI I1I .az 

CiillCIL CIOIRallOlllliS DICIIIS C 1000lT OiCiEas IILVIM , 1.61 

DUm! 11 .. 1 
eRALtEDONT 101.0 
UI 11 .7 

orl CATI ON POIENIIAL I YOLIS I BR HIS, •. 366 ER CH', 99.991 aR HZ, n.m EH NR:i : 33.111 

LOG SOLUBILITT PRODucn OF KTNiilLS TM OIlP mli 
IIOR. eALe. !IOi. elLe. TiO'. r. :I.:; , 

.lDl1URU ·11. III ·11.111 ILIITI LO' · 16.'" ·15.511 INILtlli ·13.111 -lLg~ 

INRIOiITI ·5.611 ·5.701 CALtTII · 9.156 · 9.059 eRILGiDO!! ·Z .83i: -~x ~ 

IG·CRLOHITI ·Io.m · 8I.151 FLUORTTB ·10.516 ·11.191 GOETRm · •. m - ~. ~ l;: 

LIIIIORTT!i ·17.133 ·I .. m NleiOeLU! ·IS.550 ·17.111 HAGNalT!i -a. i:j .. r' " 
-~.' . J '" 

eA·IomoR. · 85.301 ·n.m ' · IONTIOR. ·.1.511 ·Il.m IC·HONTNOI . · 16.1&1 -A5.(~~ . 

R!-HONlIOi. · ... m · H.70! IUSCOVITI · 11.090 · 11.595 mAIm ·36.111 ·l ~, .]:~ 

HIP.ROTtH ·n.m ·!I.m FlRITI ·1I6.m ·111.001 QUAR!! -3.nR; -: .~ ~ ' 

mmm ·1I.£8I ·I'.m VCLLASIORlTI 10.197 9.515 10[SI!I · 35.860 ., r · . 
-~'. _ " J 

'moon ·Il.m ·37 .176 !AlCISm ·m.m ·a .. OD7 
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Table 7. (cont inued) 

uwu G""U~rlll TniJlina: Pro,r ... ,. DKEP IIATHR CooLiD TO 200.0 DECRiES C. 
SAKPLE , 013 
:::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::: ::: ::::::::::::::::::::: 

ACTlVITT COEFFICIENTS IN om mu 
H. ,181 1501 · ,115 rI++ ,m FECL' ... 

• ' ~O 

OH· ,m F· ,m rBHt ,Ill AI,tU .iH 
HlilOI · ,m CL· ,11 1 FIOR. ,110 ALORB . ~ I ~ 
RlSIOI·· ,m RAt ,m FE!OHI3· ,110 A~[OAIZI .1H 
HaD)· ,103 It ,11 I Fil0RI!·· ,301 ALIOHII· . ill 
A1':03- ,m CH+ ,m FBOH. t ,301 ALS04+ , i 3 J 
C03· · ,m HCH ,m FilORII. ,715 ALl 5011 I · ,133 
Ri· ,m cm03. ,m FBIORI(· ,715 ALFH ,m 
i·· ,301 ftGHr~3. ,m m Oll ,110 ALPI. ,145 
HSOI· ,.133 CAOHt ,m FiCI." , 301 ml· ,131 
RiH-- .Z83 IIGOKI .157 r.:cUt ,110 1\.F5 .. ,m 
NAS04- ,745 MBet ,103 FECLI· ,m ALPI .. · ,064 

'HEAICAL COKPOREITS IN DEEP VATiE IPPA AND LOG KOLEI 
H. IACT, I ,00 ·1,061 KCH ,16 ·5,113 FEIORI3 ,01 ." !I!-
OH· 1.53 ·4.015 NACL 10,18 ·3,m FiIOHII· ,13 - :',915 
HISIOI I(UI ·I,m ICL ,11 ·5 ,m FECL' ,00 · 10,1\3 
miDI· 3.10 ·1,116 NASOI · Iz.o8 ·3.!1I FEcr,~ ,co · 15 .90Z 
HZSIOI .. ,00 ·1,113 liOI· 1.07 ·5,101 FRCI,H ,00 -2:,~Z~ 

m3SI01 ,85 ·5, II1 CASOI IIl.Ol · 1,893 nCI,:' ,00 -ZLlR9 
uno] ,00 ,000 "!lS04 ,51 ·5, l6l nr:r,] .OD ·~Ll.l4 

RZBOJ- ,00 .. ,000 CACOJ ,n ·5,113 PlCI,I· .no · ~~.5U 

RZCO] 1,69 .4.ZZ6 KGC03 ,00 ·9, III mOl ,00 ·11.111 
RC03 · 4.38 ·4.1(1 CIHCOI. II,ZI ·1,953 mOll .no -ZZ . ll3 
r.Ol- - ,00 .1. 385 IfCHCOlf ,00 ·7.980 UHf ,00 ·i:I,70l 
~~s ,01 ·5,988 CIOH. 1.61 ·1.516 ALonu ,00 · ll-alI 
HS · ,06 ·5,m MGOn. ,01 ·6,310 "L(OH1Zt ,00 -8 .106 
5· · ,00 ·13.5ZT IRlOH ,00 ,000 ILIOHII .36 · 5.m 
KZ30~ ,00 ·IU64 NRt. ,00 ,000 ILIOHII· ,01 ·I.m 
un4- ,09 ·1,037 nu ,00 ·9,917 ALS04+ ,00 -,1.540 
SOl .. 81,90 ·3,639 nUt ,00 ·15,118 ILliOIII· ,00 -c.'.54~ 

Hr ,00 ·I,m HORf ,00 ·9,053 ALFH ,00 -IR.04~ 

F· ,55 · 1.511 FEIOHII ,00 ·9,m ALFZt ,00 -16.01\4 

rL· 1308,55 ·1. 133 FIIOHII· ,00 · 10,115 ILF3 ,00 ·IURI 
Ut 585,11 ·1.591 FBIOHII .. ,00 ·11.918 ILFI · .00 ·11.510 
I. 11.08 ·3,1I1 IEIOHIII ,00 · 11.Z18 !LP5 .. .00 -~O.3~6 

CUf 167,57 ·1,175 I8(ORIZ' ,00 · 10,751 ILI6 .. • ,00 ·zt, Hr, 

IONIC IIBINGT! , . ,01611 IONIC BILINCB : CATIONS IHO L,BQ, j ,03931881 
1NI0Ni IKOL,IQ,I ,03811161 
DIFFERENCE III ,88 

OIIDITION POTBNTIlL (VOLTSI : BH Hli ' · ,505 BI CHI, 99,m IR HI, 99,999 EH NRI' 39, 919 

WO iOLUHILITT PRODUCTS OF KINBilLS IN om VITiB 
IIOR, CALl:. nOR. mc, TEOR. r.~;.r. . 

"nUl,ARI A ·11,176 ·11. 198 ILBlT! LOW ·IUlI ·15,610 INILCIKI -11 . &4 ~ - i ~ .eH 
A~R'iI'i'tTE · 1.TOl ·I,m CILClTE ·11.\Z6 ·U,58Z CHlLCIDON! -2. ~17 -~ .;:& 

IhH':H LOR I Ti ·11.685 '10,91 I FLUOIIT! ·Io,m ·11,013 GOITHIIi - ,35n - \'~H 

I.AUKONTITK ·11.601 ·11.811 AIGHOCLlNl ·15,613 ·11.198 KAGNETITE -~ 1 .5S:i -Z~. i,O 

CA -1I0NTKOR. -7 3.3U ;90,588 R·KONTMOR. ·31,661 ·11,553 KG · KONTKOJl. -H.7H - ~:.51; 

Nl -KONTIIOR. ·31,901 ·45,695 IIUSCOVln ·18,011 '19,981 PREHlllfE -35.09:, ·:lLDC 

PYRRROIITB ·18,181 ·71.001 PYiIli ·76.611 ·IOO,m QUARTZ ~ ", . 
- ~. ~ .\1 -z.~ :~ 

'IATUITTI ·13.301 ·11,8Z1 VOLLAiTONllE 8,387 1.613 ZOliI!i AlL lii -:C :¥.~ 
mOOT! · 31.193 ·31,957 AARClsm ·58,UI ·100,350 
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Tabl e 7 . (continued) 
J 

mill r.~(It~etlll Tnininl Ptolru'e 01iP um coom TO 151 .0 OlCiilS C. 
SiMPLI , 013 
:::::::::::: : : :::::::::::::: : ::::::::::::::::::::: :: :::::::::::::::::: :::::::: ::::::::::::::: ::::::::::::::::: 

mum COiFFlCliNlS 11 01lP um 
R' .110 1S01- .m Flu .315 neLt .m 
OR- .151 F- .m fltH .151 UHf , 151 
RlS 101- .163 CL- .151 nOR. .111 AWRlt .m 
K:5104-- .313 NAI .163 FIIORIS- .171 ILIORI2I .111 
mos- .711 If .751 FIIORII-- .m ALIORII- .169 
RCOS - .163 CH. .315 flOHH .m . ALS04t .1" 
COS -- .355 KGH .m FlIOII!' .111 ILISOII!- .169 
IS- .m CIRCOS. .715 FlIOIII- .111 A~fH .373 
S- - .m KCBCOlt .m rESOI! .171 ALFZt .m 
RSOI - .m eAOHI .715 neL" .m ALFI- .169 
:;n~ .. .311 KGORI .189 nCL21 .171 m 5-- .m 
NASOI- .111 Ill! . III FICLI- ,m 1LF6--- ,018 

mr.ICIL CORPOIIITS IN om VlTii IPPR liD LOG ROLII 
r.. IIC1.1 .00 -1. m IICtt . 18 -5.1)5 FiIORIS .01 -6.m 
OR- ,11 -ioW NACL 11.50 -1.605 FilORII- ,~8 ·;,:11 
HUIOI II!.OI -!.13O ICL .10 -5.m FHCLt .OC -7.513 
m lOI - 1.61 -lollS NASOI- 10.51 -1.054 neL: .00 -lUll 
R!SIOI-- .00 -7.771 ISOI- .83 -5,!09 nCLl1 ,00 ·:il.SSi 
IlAR1SI04 1.13 -5.011 rouoe nUl -3.0!! FIr. t,Z t . IlII ·:u;n 
RlJ;l)] ,00 .000 RCSOI ,19 -5,310 nr.Ll ,on -:l.ann 
R,aOl- .ID .000 ClCOI . 83 -5.071 FECLI- .CO -:6.1 10 

RZCOl I. 95 -1.50! RCCOI ,DO -8.196 rESOI ,00 ·J.l Cl 
RCOI- 7.51 -3.106 CARC03+ 8.67 -1.067 rESOI! ,00 ·~Q . Hl 

1':03-- .01 -6.731 ICRCOl! .00 -7.810 UHI ,00 ·19.:: ~ 

H:S .O! -6.161 CAoai .19 -5.0G! ALORB .00 -13.566 
RS- .01 -5.m IGOR. .00 -1.975 ALIOII!' .cc -1 .191 
5-- .00 -13.111 IHIOI .00 ,000 ILl Dill .:4 -5,517 
HISOI .00 -15,113 IHI! .00 .000 ILIOHII- ,19 -5,1ll 

BSOI- .O! -H,701 Flu .01 -6.m ALSOl! ,00 ·; L lll 

~Ol -- I~Q.94 -!.900 FEUt .00 -!Ul1 AL{SOOj, · .00 · tG,3 ~n 

RF ,00 -7.111 FEORt ,O! -1.101 A[,FH .00 - ILj,S3 

F- .55 -1.510 FIIOHI! .00 -7. 519 ILfl. ,OC -11.716 

CL· 131!.O1 -1.1l! FIIOIII- .00 -9, liD ALPI ,00 -15.001 

NI! 587.65 -1.593 FIIOHII- - .00 -11.189 ILFI- .00 -11.90: 

I. 11.30 -3.110 FIIOHIII .00 -15,5!5 1LF5-- ,CO -19 ,m 

GAu !12.50 -3.15! FiIOHIZ' ,00 -10 .010 ILFI--- ,00 -j,3,8:D 

10BIC STlilGTI , .OUl7 10llC HlLINCI : CIIIONS I"OL.IQ,I .0101307! 
ANlOlS I"OL,IQ, I .03978118 
011FiiBNCI I11 ,87 

011011101 POTiNTUJ, IVOLTSI : iR m, - .130 ER CII, 99.919 IH H!, 99,919 ER IHI' !I.m 

WG SOLIIBILIT! PRODUCTS OF H1NiiALS IN om VlTii 
TEOR, CAI,C, TEOI, elLC. lEOR, (I.r,c, 

10llLIHIA -15,111 -11.111 IL8m LOV -15.017 -15.109 !MILeI"1 ·r2. Hft ·r2.1iS 

INRTOIIIi -I.m -5.130 CILeIli -10.399 ' -9 ,718 CULCiDONf · j,,4n ·!.830 

'G-r,HI~Rm -80 ,017 ·1%,511 FLUOiITl -10,561 -11.888 GOiTRIIR ·:: ,6'9 -I.W 

LAUKONTln -!S.1Ol -11,105 RICIOCLIIi -11,731 -17.111 "IGNEmi ·:5, 1~ ' -a ,Hi 

CA·IIONTKOR. -16,136 -1&.991 I · IIOIITIIOR, -31.107 -IS ,771 KG·KONTKOR. ·a,m ·~9,W, 

1I.1.·IIONTIIOR. -11.m ' -1l,1!! RUSCOVIIi -18.991 -19.351 PRIHNITi ·3$,R:R ·l3..a; 
PliRHOTlli -71.105 -71,763 PlHITi -111.170 -103.199 QUIRT! ·2.6~ j ·,, 836 

VAlRll11i -Z3.901 -ZI ,705 IOLLI510l1ll 9.m 1.947 1.018111 -35.107 ·Jel14 

"Iooli -1I.m -55.m mculTI -90.715 -103,199 
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Table 7. (continued) 

UNII Geolhnal Tnininc Pro(u •• e 
SAKPI.i , D13 

om Villi COOLiO 10 100.0 OIORiiS , . 

::;:: ::::::::::::::: : : ::::::::::::::::: :::::::::::: ::::: : : : : ::::::::::: : : ::::::::::::: ::::::::: ::::::::: :: : : 

Ar.IIVIII COIFFICIINIS IN OIEP VAlli 
Ht .831 1501 · .m FElt .m FICLt ,a~ 

OR · .783 F· .783 ntH . 191 AL ++ + .19~ 
H3Sro4 · .181 CL· .117 FROHt .m AWHH .4:1 
N!SIOI .. .m MAt .188 FIIORI3 · .m ALIORl!t .80! 
R~B03- .171 It .111 FIIORII .. .1\3 ALIORII · .134 
RC03· .188 CAH .m FROMH .1\3 ALSOl t .191 
COl .. .103 HGH .m PBIORlTt .80! ALl SOli!· .UI 
RS · .783 CARWl! . 808 FlIORII· .801 AL~H .HI 
S .. • I I! MGRC03t .188 FiSOlt .198 ALFi: + .80! 
RSOI· . .191 CADHt .808 FECLt f .113 AI,Ft· .79( 
SOl .. .391 HGORf .m FtCL2+ .198 m5 .. .101 
NASOI· .801 NU. .171 FiCLI· .188 ALPI .. · .130 

CNiMICAL COMPONms IN om VIlli IPPM ANO LOG mil 
Rt IACI.I .00 ·1.m MCH .!I ·5.011 FlIORII .00 -8.89, 
OR· ,)! ·1.111 iACL !.51 · 1.8!! FiIORII · .00 ·8 .113 
RI!lOI 11(,11 ·!.m ICL ,05 ·1.111 FECLt .01 .1.!3I 
R1S101· 5.15 ·1.167 NASOl · 8,11 · 1.161 FBCL! .00 • U, ~O1 
N!S IOI .. .00 ·1.553 1501· ,60 · 5.35! FiCLtt .00 ·!(. 305 
MAN1SI01 1.19 ·\.961 mOl 81.75 · 1.1 !6 FF.Cr,Zt · DO . :~. 412 
R~nol ,00 ,ODD KOSOI .IS · 5.5JR FRCI.] .OD ·24 , 11)~ 
R4R03 - .00 .000 CAr.D3 ,89 ·\'05! Fml · ." ·;:1 .509 
R!C03 ,11 ·1.813 MOC03 ,00 · 8, liD FESOI .01 ·1.m 
NC03 · 11.01 ·3.113 CARC03 t 1.66 · 1.331 PESOlt .CO · 10.111 
C03 .. ,01 ·6 ,151 MONCOl! .00 · 1.813 ALH+ · DO · l1.~Ht 

N2S ,01 ·6,528 CAOR' . 13 · 5.650 ALOHH .00 -n.TU 
RS · .09 ·5 .519 MGORt ,00 • !.511 ALIORI2t .00 ·8.601 
5 .. ,00 ·13,918 NRIOR .00 .000 ALIORII . .C9 ·5 .9lJ 
Ra04 ,00 ·IT ,001 NNIt .00 .000 ALIONI!· .11 · 5.lOS 
R'Ol · ,00 ·1.511 FEu .01 ·6 . 111 ALSOh .~!l -1:. Sq 
S04 · - 153,13 ·1 .191 FBu, .00 ·!T .m A[,[SOIiZ · · fltl -JR. H~ 
RF .00 ·i.m FRORf .03 · 1.123 A[,FH · on -H .1t3 
F· .55 ·1.539 FlIORII .00 ·8 .131 ALFZt · ~ r. -11.~4 Q 

r.L· 1311.31 · 1.130 FRIORII · ,00 · 11.080 ALFl · ' 0 -i4 .3Z6 
RIt 590,83 ·1.590 FRIONI! .. .00 · IUll ILFI · .00 · 11.111 
It 11.30 ·3'.131 FIIORI" ,00 · 11.031 ALPs .. · cc -13. :n 
CAlf m.1I ., . 110 Fl IORI!! .00 ·11.111 ALPI .. · .00 -Zl .'lfi 

IONIC SIRINGTi , ,01919 101lC BILINGI : CATIONS IMOL .EQ. I .Ol09ll,B 
INIONS IMOUQ, I ,0lOmll 
OIFFBRBNCB III .n 

OIlOmO! POTBNTlIL I VOLTS I : IH HIS ' • ,365 BN CRI' 99,999 BR H,' 99.999 iN NH1 , !i.m 

wo SOLUBILITI PROOUCIS OF MIRRRI LS IM om VAIn 
TiOR. CALC . TiOR. CALe , TEaR. CoAl,f: . 

AntlLARIA · ll.m · \1.438 ILBII! LOV · 11.185 · 15.585 ANALCIK! ·1l.199 -1:. g j 
ANNYORII! · 5.601 · 5,199 CALCITE ·9,138 · 9.011 cmr.BOONl -~,~4; -, . ~:~ 

RO· 'NLIlR IT! ·80.301 · BI.891 FLUORlTB · 10,53B · II.IB6 flQRTKITt -L6H -1.~4; 

I,AUlloIITln ·21. 18! - ~L6\( MICROCLINB ·18 .598 ·11.1lB MAG\:m Tt - ~g . lli ~ - ~ :U&4 

Cl · IIOIITIIOR. -85 , 55~ ·81.101 I-KOIITKOR. ·11.118 ·" .502 IIG-IIOIITIIOR. -R&.1C; - ~~. Jr. ~ 

MA-IIONTKOR. ·Il.m ·11.119 KUSCOVITI ·11.151 · 18, 513 PRBRRm -l &. ~'1;' • .13 .m 
HRRHOllTi ·99.801 ·95 . \3J PlRIIi · 111,012 · \ZI.IOI QUARTZ -L Og; -z . ~ j: 
'mulTI ' 11."0 · !1.611 VOLLASTORIli 10.m 9,531 ZOIStTK - l ~, Sl: -.H, H.' 

IPIOOTi · 13.103 ·IT,m KAiClSIT! · \z3.515 ·I!I.IO\ 
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Table 7. (continued) 

UNU Ceot~er •• 1 Trai,ial PrO,t.lle 
SlNPLI ,m 

DiIP um COOLiD TO 50,0 Dmi!! , . 

:::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::: 

ICIIVITT rolFF!C!iH!S IN DIiP VIlli 
R' ,m ISOI- _120 FlU , 169 FEGL. . ~O1 
OR- .m P- _m FlUt ·,230 ALtu . Z311 
Rl!I04 - ,801 CL- ,m PIORf ,Ill ALORu . IS! 
R!!lOI-- ,m III .807 FlIOR)3- ,m ILIORI!' .82D 
m03- ,711 11 _m FIIORII-- ,m ILIORII- .~ I: 
IC03- .AOl CUt ,169 FlOR" ,m ALSOCt .sn 
'03-- ,44( NGII ,SOl ' PIIOR)Z' ,m ILI!OIlZ- ,8" 
H!- .102 ClHro31 ,825 PIIOH 11- ,120 AI,FH ,m 
8-- , ISO tGHC<l31 ,801 FBSOh ,m UF2+ .HO 
R!Ol- ,ill CAOHt .1:5 FBCL" ,ISO ALFC· ,m 
sOl-- ,130 IIGOMt ,829 flCLZ. ,816 1I.F5-- .HI 
NASOI- ,820 NHH ,191 flCLI- ,801 ILFS--- ,m 

CH!tICIL COMPONiNTS Ii DiIP um !FP! IND LOO HOLi) 
H'IICT , I ,DD -7.911 "GH ,\4 -1.998 PII OHP ,00 ·11.],) 
OH- ,11 .. 5,Z01 IICL \.99 -1.461 PIIDRlI- ,00 ·l l.cge 
H4SIDI \1\.31 -2,813 ICL ,03 -I, III FiCL. ,00 -1.lH 
135101- 5, \I -1.111 US04- 5,51 -1.131 Fi".Z , 00 ·'L2a 
HZSIOI-- ,00 -7.115 1501- ,31 -5.519 fRCI,*, ,DO -2:,191 
UR3!I04 \,11 -U\4 CAlOI 5U9 -l.311 FECLlt ,OD ·:4.0:S 
UAO] ,DD .000 IIGS04 .11 -5.m HCLl ,on ·2',Slif 
R:B03 - ,DO ,ODD Clro3 .95 -5,021 F8eLI- ,DD -11.&51 
R2ro3 ,Z5 -5,m tOro3 .00 -1,159 FIIOI ,01 -1.196 
HC03- IUT -!.6Il CAHC03+ 1_68 -4.T18 nSOH ,DO · ~L:47 

r.o3-- ,11 -5,121 IIGHCO)' ,00 -!.8\l Al.Ht ,00 -15,911 
HZ! ,01 -i,8ID CAOHt .03 -6.333 A!.ORH .00 -IZ,1 19 
RS- ,D! -5,556 "GOBt ,DD -8,\16 ILIORIZ' ,DO -&.161 
S-- ,DD -11.031 mOH ,OD ,ODD ILIORI3 ,03 -6.18: 
HtS04 ,DD -19.281 MRII ,DD ,ODD ILIOHII- ,11 ·s.ni 
RSOI- ,DD -8,113 F&H ,05 -6.011 ALSOI. ,DO ·ILli:R 
SOl-- IlUi .. 1,135 UHt ,DD -23.033 ILISOII!- ,00 ·1i.5~4 

RP ,00 -9,2\5 PiOH. ,01 -6,819 ALFH ,00 ·j3.810 

r- ,SS -I,m FilORIZ ,DD -9,391 ILFZ' ,00 -13.003 

'L- 1319.61 -\.119 FilOHI3- ,DO -13,155 ALF3 ,CO - lUll 

NIl m,1l -I. 588 FiIORJI-- ,DO -18,912 ALrt- ,DO · 15.i91 
11 11.31 -3,135 r810HIII ,DD -1l,!05 1LF5-- .00 -\H,m 
CAu 30&.98 -2.111 PiIOBlZ' _00 -13,m ILFI--- ,00 ·:t.6Di 

10nc mum, _05011 10llC BALlNCi : ClTIDMS IMOL.iQ,) ,01\S3m 
IIIDNS (KOL,iQ,) ,01122131 
DlFFiiilCi III ,15 

OllOlTIOl POTiNllIL IYOLTSI IR AZS' -,311 IS CHI, 99.999 IH 12, 99,m 18 MRl , 99.111 

1.oG SOLUBlLITT PIODueTS OP ftlMiiI\,8 IN DiiP um 
liOR, mc, TRO!, CALe, HIlR . r.W:. 

AnULIRII -19.611 -11,116 IL8IT! LOW -18,115 -15,511 INlLelME ·\4.8;] -I!. III 

INATOIITI -1.9&6 -5,515 elLCIT! -8,120 -8,121 eRALeiOOMT -3.291 · t.Rll 
1I1l·r.MI.ORtTl -I!, m -88,1l1 FLUOHITI -10,131 -11.111 nonRITP -I,m ·sx. 
1,AIJIIONTITI -30,2\3 -!I.515 HlelOCI,m -!\.1I6 -11.116 IIAliNUI T~ -lU5l ·1~.~~~ 

r.A·KONTIIOR. -10\.361 -l6.5ZI i-MONTHOI, -50, III -10,511 MO-MONTHOl, -IO!,ZII · n.~n 

MA-HONTtOR, -19.911 -38,lIS MU!eOVITi -25,DDZ -1l,581 PREHNIT! -39, ZID -31. :~! 

PTRRROTIT! -111,035 -115,186 PlilT! -185,595 -111.138 QUIlT! -3,11\ .~.~jj 

'1II111Ti -26.535 -21,5IS WOLLI!TONIT! 12.603 10,650 !OISITI · )7.U1 ·~4.R~4 

EPlDOTi -11.139 -10-131 !lieASm -151,512 -II\.13I 
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Table 7. (continUed) 

UNU (jeothual Traillill, Pro,ra'le 
SlNPLI , 011 

01iP lAm COOLIO 10 .0 OiCms c. 

::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::: 

ICIIVIII COIFFICIINII IN OBIP VllBi 
NI .850 1501- .825 FEu .411 FECLI .R i] 
OH- .808 F- .801 ntH • III ALIH .241 
H3SIOI - .813 CL- .803 FIaR! .m ALIlHH .410 
1,9[04-- .110 MAl .813 FlIOHI3- .m ILIOHJ!I .8Z~ 
&'103· .m 11 .103 FiIOiJl-- . III ILIOHII - .m 
HC03- .813 CAll .411 FIOill .IIl 1!,S01l .811 
C03-- .m IICII .511 FII ORi!I .825 ILISOIII- .113 
HS- .101 CIHCOl! .130 FlIOHJI - .m AL~++ .410 
5-- .163 IIOBCOH .813 FlSOH .• a ALf2. .m 
HSOI - .111 CAORt .R30 FECI,H .463 AI.f. - .AlA 
sn4 -- .443 /lGOR' .m nCL2+ .m AI.FS-- .451 
NASOI- .m MHII .m FICLI- . III ILFI--- .161 

mmAL COIFONINTS IN om VIlli I PPI ANa LOG lOLl I 
RI IICI.I .00 -1.905 IICu , ~1 -I. 957 FlIOI13 .00 -11.103 
OR- .01 -5.921 NICL .11 -4.821 FIIOII4- .00 -11.011 
115101 141.73 -1.131 ICL .01 -i.m mu .00 -'.61~ 
139101- 1.&4 -4.3U WASOI- 3.31 -1.551 Fml .00 ~31. 1 n 
H:8I01-- .00 -7.411 ISOI- .10 -5.m FF-CI.II .00 - Z~.I&~ 

mlSl" LII -1.190 CASOI 31.34 -3.550 FBr.LII .00 .:6.:R7 
nl~Ol .GO .000 mol .05 -I.m nr.I.] .nr. ·,9.047 
RiRO]- .00 .000 CACOl 1.01 -I. !!4 FICLI - .00 ·=z.u; 
mm .05 -1.011 IGC03 .00 -7.m PiSOI .D! -1.1 II 
lC03 - 13.11 -U44 CARCOH .40 -5.m PES04. .00 -,LIU 
C43-- .41 -5.120 KCRCOH .00 -7.119 ALH+ .00 -I L 5011 
H,S .00 -7.121 CADRt .00 -I.m ALORH .to -11.511 
IS- .O! -5.511 "COlt .00 -9 .11 1 ALIOIIZl .00 - !'s!R 
s-- .00 -13.915 mOl .00 .000 ILIOI13 .01 -I .m 
mOl .00 -u.m NUt .00 .000 ILIOIII- .11 -5.m· 
HSOI- .00 -1O.ISi nu .01 -5.m ALSO I! .00 -is. le, 
504-- 191.11 -1.100 nu. .00' -11.334 ILIS04lZ- .00 -1'. Hi3 
Hf .00 -1O .m FEORI .00 -I. 5Z4 A[.FH .00 -J"H? 
f- . 55 -1.539 FEIOIII .00 -11.000 ALFZt .00 -1 1.11~ 

r.1.- 1310.35 -1. 429 FlIOIIl- .00 -11.411 ILF3 .CO ·12.4" 

MII 594.31 -I. Si! FIIOIII-- . 00 -!!.I09 !LPI- .00 - lU7~ 

11 11.43 -3.m FlIOII" .00 -I!.III !LP5-- . 00 -Ji .Si4 

Gin m.1l -1.101 FIIONIZI .00 - IS.1I4 !LP!--- .00 -tl.IRO 

10liC mUCIH , .05153 IONIC ilLlNCI : CIIIOlS INOUQ.I .04115931 
INIOIS IIOL .IQ.I .0415i1Z9 
OIFFiBINCI III .10 

OIlDATlOM POmTllL IVOLTSI 1I HZS, -.m II m, 99.999 II 11' 99.999 ER NR~: 9L3H 

LOG SOLUIILIII PEOOUCIS OF KlilEIL! IN OllP Villi 
TEOR. mc. 1i0R. mc. IIOR. tur., 

10Ul.AiII -13.m -17.401 ILBITI IAlI -Z,,008 -15 .513 INALCINI - J7.HO -1 i., j~: 

INRYOIITI -4.511 -5.411 CILCITi -1.318 -1.189 CI ILCIOONl -3.1:1 -Z.8.li 

KC-r.RLORITi -I!.lll -93.144 FLUORITi -11.323 -11.681 Gomm -8. ::~ -R. 1 n& 

LIUKOllITi -34.801 -14.514 I(ICROCI,rllE -15 .573 -17.401 flAGNUIU ·U.14G ·]:.SH 

r.&·1(0.1"OR . -U4.Z!l -II.!Z4 ' -IOlIHOI . -11.001 -3U!1 MG-IfONTIIOR. ·1 2; . GS 4 -10.!8l 

NA-f(ONTlfOR. -IO.HI -31.311 IUSCOVITE -30.014 -1 i.U8 FRiRNlTi -U .Ul -3U47 

FlRRHOllTi -1 5I.m -131.991 PIRlIE -131.981 -III.19! QUIRTZ -4.3~Z ·Ull 

vmlml -ZL515 -14.511 VOLLISIOIIII 15.039 11.55i !01S1li -41.'163 ·:5.S; C 
ifioon -54.130 . '-14.153 KAlCISIII -100.010 -II!.799 

42 



hbLe 8. Su •• ary of r •• uLt. of .in.raL equilibrla caLculations using the WATCH1 and WATCH3 co~puter progra.a 
Sa.pl. Locality ..... ur.d t •• p. Chalced tellp. Quartz t •• p. ..IC ta.p. Rang. equi I. tellp. Clu.t.r .qui L • tellp. B.n .qul L. temp 
'0. ·c ·C ·C ·C ·C ·C ·C 

05 Svartsengi ,4 '42 n. '34 '44 "4 >250 '.4 '50 "4 

O. Reykjane.,8 274 - 292 n. '47 ... ..4 '5' '01 '7Z '46 

'8 Reykholt,1 .33 '34 156 '35 55 ,.,50 13' "'50 .35 

30 ReykjaboL,l 15' 157 178 15. 106 ,.ZOO • '3 -188 1Z6/161 

3' Hveragerdi ,4 '5' .6. •• 0 157 104 '34 . ,. . .66 '66 

48 ICrafta,9 '40 n. '46 234 • 4' "250 219 -Z50 '48 

4' ICrafta,7 Z06 . 325 n. '65 '51 134 ,.350 '17 301 '75 

51 NamafjaL l ,4 .80 n. '.4 251 113 '88 138 '15 . 85 

52 MamafjaL t ,8 160(est. ) n. 220 247 87 300 14. 226 . 60 

60 Isafja rdard,Sp. 54' 85 .10 8' 10 ,.,50 57 9Z .0 

... 7Z Seltj.,Z, 

'" 
80. II 5. 85 52 6' ". 6' .7 .4 

73 SeLtj.,Z, 570111 78 10' 125 53 9Z .66 ., 134 134 

74 SeLtj .,Z, 725m 77 .8 122 6' 77 >ZOO .8 138 138 

75 8orgarfjord.,co td 3.8 .. 51 "' 10 .40 10 ,. none 

76 England, hot •• 128 150 104 59 -167 8. 117 8' 

7. urridavatn,8 77 60 86 66 3. >ZOO 4. 87 84 

80 Urridavatn,4 64 50 76 58 38 >ZOO 43 88 42 

8. (IIDP 47/78 6' 87 52 , . ,.,00 44 67 65 

Note: ? denotes temperature. mea.ured at the surface 

na denotes "not applicable" 
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Figure 1 . Map of Iceland showing localities from which samples 

were collected, analysed or interpreted . Samples 

designated with N (e . g. N73) were collected by the 

National Energy Authority in 1988 . Other samples are 

from Arnorsson et al (1983a) . 
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Figure 2. Plot of Log(Q/K) versus temperature for a geothermal 

fluid at equilibrium at 250·C (Reed and Spycher, 

1984) • 

45 



5 
~ 

3 

L 2 
0 
G e 
Q -I 
I 
K 

-2 

-3 
-~ 

-5 

-

~ 50 lee 150 

TEHPERATlJlE 

200 

DEG .C. 
250 

Figure 3. Plot of Log(Q/K) versus temperature for a geothermal 

fluid mixed with highly dilute water (Reed and 
Spycher, 1984). 
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Figure 4. Plot of Log(QjK) versus temperature for a geothcl 'mal 

fluid that has boiled (Reed and Spycher. 1984). 
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Figure 5. Mineral equilibrium diagram for sample from 

Seljarnarnes well 2 at 570m depth , All likely 

primary and secondary minerals have been included. 
Calculated on WATCH3, 
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Figure 6. Mineral equilibrium diagram for Svartsengi Well 4. 

All likely primary and secondary minerals have been 

included. Calculated on WATCHl. 
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Figure 8. Comparison between mineral equilibria diagrams from 

the SOLVEQ (upper figure) and WATCH (lower figure) 
programs for Hveragerdi well 4. 
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