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INTRODUCTION

The purpose of this work is to update geothermal resource 
databases compiled by workers in the Utah Geological Sur-
vey (Blackett and Wakefield, 2002) and the Idaho Depart-
ment of Water Resources (IDWR, 2001) for hot springs in 
northern Utah and southeastern Idaho. This project veri-
fies the existence and locations of hot springs, provides 
chemical composition data, performs geothermetic analy-
ses on spring waters, and places the springs into a basic 
structural context.

The study area occupies the northeastern corner of the 
Basin and Range Province and extends from central Box 
Elder County, UT, to the East Bear Lake Fault in Bear Lake 
County, ID (figure 1). Four undergraduate students from 
Utah State University, University of British Columbia, Wes-
leyan University, and East Los Angeles Community College 
(some funded through the Southern California Earthquake 
Center’s [SCEC] Summer Undergraduate Research Experi-
ence [SURE] program) visited springs in the existing data-
base that were within 1.5 miles of a known fault. Initially, 
we intended to survey 27 springs, but in the course of 
three months of field work we found 60 springs total. 

REGIONAL GEOLOGY

The region consists of an eastward thinning wedge of Neo-
proterozoic, Paleozoic, and Mesozoic strata, including ma-
rine and continental deposits, deposited on Archean and 
Proterozoic basement (Camilleri and others, 1997; Stokes, 
1986). This wedge was deformed by east-northeast-verg-
ing folds and thrust faults within the Sevier orogenic belt 
from the Jurassic to early Tertiary, with thrust sheets, like 
the Willard thrust sheet, moving as much as 50 km east-
ward (figure 2; Camilleri and others, 1997). This was fol-
lowed by at least two episodes of extension that began as 
early as 21 Ma, the first characterized by low-angle normal 
faults and the second by regularly-spaced, north-south-
trending, steeply-dipping, planar and listric normal faults 
typical of today’s active Basin and Range Province (figure 
2; Evans and Oaks, 1996; Janecke and others, 2003; Stokes, 
1986). Granitic intrusions began to form in western Utah 
during the Jurassic, and additional intrusions formed dur-
ing the Quaternary, with the most recent volcanic activity 
in western Utah occurring during the Holocene (Stokes, 
1986).

Most geothermal systems in the Basin and Range Province 
derive their heat from the deep circulation of groundwa-
ter, rather than cooling of igneous bodies (Wisian and 
Blackwell, 2004). The systems tend to be convective, with 
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EXECUTIVE SUMMARY

Thermal springs in northern Utah and southeastern Idaho mostly lie near active or inactive Basin and Range nor-
mal faults. They are dynamic systems, and the character of some has changed drastically since work as early as 
the 1980’s (Blackett and Wakefield, 2002; IDWR, 2001). We examined and sampled 60 thermal springs and most 
samples met criteria for cation geothermometers, or mathematical-geochemical tools used to estimate the maxi-
mum temperature of hydrothermal reservoirs. Of the 60 springs, 51 met criteria for the Na-K-Ca geothermometer 
and the remaining nine springs did not meet the criteria for the K-Mg, Na-K, Na-K-Ca, or Na-K-Ca-Mg cation geo-
thermometers used in this project (Fournier and Truesdell, 1973; Fournier and Potter, 1979; Giggenbach, 1988). 
Of those 51 springs, only one is considered to be in partial equilibrium with the thermal reservoir, and estimates 
a reservoir temperature of 79°C (Giggenbach, 1988). Though the majority of springs exhibit a chemical signature 
of having mixed with shallow groundwater (Giggenbach, 1988), the Na-K-Ca geothermometer gives the most reli-
able results for springs in northern Utah and southeastern Idaho, but only for springs with surface temperatures 
exceeding 30°C and with greater than 1000 ppm total dissolved solids (TDS). Geothermometer results for these 
springs yield reservoir temperature estimates between 193 and 249°C.
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Figure 1. Physiographic map of study region, with faults, important mountain ranges, and visited and sampled springs 
indicated. Numbers near springs represent spring feature identification. Not all springs could be measured because they 
did not exist or no source could be found. Twenty-seven springs were initially planned to be visited and 60 were measured. 
Political boundaries and county seats provided by the Utah SGID (http://gis.utah.gov/) and IDWR (http://www.idwr.
idaho.gov/GeographicInfo/GISdata/gis_data.htm).

Figure 2. Simplified late Eocene-Oligocene tectonic model for the Sevier orogenic wedge (modified from Camilleri and 
others, 1997). W-X = Archean to Lower Proterozoic basement rocks; Z = Neoproterozoic sedimentary and metasedimen-
tary rocks; Pz = Paleozoic sedimentary and metasedimentary rocks; Mz = Mesozoic sedimentary rocks and synorogenic 
deposits; and Cz = post-thrust Cenozoic deposits. MCD = Manning Canyon decollement; CTS = central thrust system; and 
ETS = eastern thrust system. NSF = normal fault system.

http://gis.utah.gov/
http://www.idwr.idaho.gov/GeographicInfo/GISdata/gis_data.htm
http://www.idwr.idaho.gov/GeographicInfo/GISdata/gis_data.htm
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groundwater descending, remaining at the bottom of 
the system for some length of time, and then rising rap-
idly enough to retain some of the reservoir temperature 
and chemical properties through permeable fracture and 
fault systems (McKenna and Blackwell, 2004; Wisian and 
Blackwell, 2004).

METHODS

Springs were located using the geothermal resource data-
bases compiled by the Utah Geological Survey (UGS) and 
the Idaho Department of Water Resouces (IDWR) (Black-
ett and Wakefield, 2002; IDWR, 2001) using GISRoam for 
the iPad2, developed by Cogent3D, and updated digitally 
in the field using GISRoam. The data was later reduced 
using Microsoft Excel and Esri ArcGIS 10 software.

Water samples were collected in plastic tubes using stan-
dard sampling techniques. Temperature, pH, electrical 
conductivity, and total dissolved solids were measured 
directly in the field using a three-foot temperature probe 
and the Omega products PHH-5012, CDH-5021, and TDH-
5031, respectively. The samples were sealed and refriger-
ated until they could be delivered to the Utah State Uni-
versity Analytical Laboratories (USUAL) within 48 hours 
of collection. USUAL analyzed water samples for salinity, 
chloride, and concentrations of Al, As, B, Ba, Ca, Cd, Co, Cr, 
Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Se, Si, Sr, and Zn. Ion 
balance could not be determined because the analysis per-
formed by USUAL did not determine the concentrations of 
anions, and only determined the amount of the elemental 
components (H, S, etc.) of ions in the water.

GEOTHERMOMETRY

Geothermometers are mathematical-geochemical tools 
that estimate the maximum reservoir (equilibrium) tem-
peratures of geothermally-heated waters. Geothermom-
eters are often used in the exploration of geothermal 
resources. Cation geothermometers take advantage of 
specific mineral-solute reactions and assume that heated 
waters rise rapidly through the subsurface and are slow 
to re-equilibrate at cooler temperatures, virtually locking 
in the chemical signature of hot waters, and that there is 
negligible mixing with shallow groundwater (Karingithi, 
2009).

The study area (figure 1) hosts a number of mapped faults 
that exhibit normal offset during the Quaternary. Though 
most visited hot springs are not spatially associated with 
these mapped Quaternary faults, most springs do occur on 
or near mountain fronts and older faults, suggesting bur-
ied Basin and Range faults may serve as highly permeable 
conduits for rapid fluid flow from geothermal reservoirs 

to the surface. This rapid flow would permit spring water 
to remain somewhat in equilibrium with reservoir water, 
thereby allowing the use of certain appropriate geother-
mometers.

The cation geothermometers used to estimate maxi-
mum reservoir temperature were compiled by Karingithi 
(2009). Geothermometers used in this study include: K-Mg 
(Giggenbach, 1988), Na-K (Fournier and Potter, 1979; 
Giggenbach, 1988), Na-K-Ca (Fournier and Truesdell, 
1973), and the Mg correction for the Na-K-Ca geother-
mometer (Fournier and Potter, 1979), referred to in this 
work as the Na-K-Ca-Mg geothermometer. These geother-
mometers are reproduced in Appendix C. Inconsistencies 
can exist because of the assumption that water-mineral re-
actions occur with end-member minerals, which is rarely 
the case in natural systems, and sometimes the presence 
of specific minerals (Fournier, 1989). Under ideal condi-
tions, cation geothermometers have an error of ± 5-10˚C, 
and commonly have an error greater than 20°C (Fournier, 
1989).

The K-Mg geothermometer is based on relationships that 
adjust rapidly and attain equilibrium values at low tem-
peratures, so it is unsuitable for waters that yield equilib-
rium temperatures less than 100˚C (Giggenbach, 1988; 
Karingithi, 2009).

The Na-K geothermometer gives poor results, tending to 
overestimate reservoir temperature below 100˚C and is 
unsuitable for waters that contain high concentrations of 
Ca (Fournier and Potter, 1979; Giggenbach, 1988; Karin-
githi, 2009). This geothermometer should only be used 
if waters indicate reservoir temperatures greater than 
100˚C, contain low Ca (the value of log10(√Ca/Na) +2.06 
is negative), and are near-neutral pH chloride waters (Kar-
ingithi, 2009).

The Na-K-Ca geothermometer is a more robust geother-
mometer developed for application to waters with high 
concentrations of Ca, and gives less erroneous results 
than the Na-K geothermometer for low-temperature geo-
thermal waters (Fournier and Truesdell, 1973; Karingithi, 
2009). This geothermometer should only be used if log10 
(√Ca/Na) +2.06 is positive (Karingithi, 2009).

The Mg correction to the Na-K-Ca geothermometer (the 
Na-K-Ca-Mg geothermometer) is used to correct for solu-
tions that contain high dissolved Mg, because they are sa-
line, or because the reservoir temperature is greater than 
180˚C (Fournier and Potter, 1979; Karingithi, 2009). The 
correction is not applied if the Na-K-Ca temperature is less 
than 70˚C, if 100 x Mg / (Mg + Ca + K) is greater than 50, or 
if the correction is negative (Karingithi, 2009).

The Na-K-Ca-Mg geothermometer is the preferred geo-
thermometer because it isn’t as strongly influenced by 
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high Ca content, isn’t as likely to overestimate equilibrium 
temperatures of low-temperature reservoirs like the Na-K 
geothermometer is liable to do, and corrects for the in-
fluence of high magnesium concentrations that make the 
Na-K-Ca geothermometer less reliable. Geothermometers 
were used preferentially in the following order (if one was 
invalid, the next was used): Na-K-Ca-Mg, Na-K-Ca, Na-K, 
K-Mg. If the K-Mg did not fit conditions properly, then no 
geothermometer was used.

As additional criteria to determine geothermometer va-
lidity, Giggenbach (1988) proposed a ternary diagram to 
graphically determine the maturity of geothermally-heat-
ed waters (figure 3). If waters do not plot in the “fully” or 
“partly equilibrated” area, they are not in equilibrium with 
the geothermal reservoir and hence are not good indica-
tors of reservoir conditions. Fournier (1989) cautioned 
when using this method to determine geothermometer 
validity, as low salinity or high acidity in the water could 
cause the system to become depleted in sodium and potas-
sium because of the weathering of feldspars, and inundat-
ed with magnesium because of rapid interactions between 
wall rock and relatively cold, non-saline water. For this 
reason, springs were categorized as “Non-Saline” (TDS < 
1000 ppm), “Slightly Saline” (TDS 1000-3000 ppm), and 
“Saline” (TDS > 3000 ppm).

RESULTS

Twenty-seven springs were visited based on locations 
from prior databases (Blackett and Wakefield, 2002; 

IDWR, 2001), plus an additional 33 springs not previ-
ously listed. Some springs reported in the previous data-
base did not exist, no source of water could be found, or 
springs were unreachable (figure 1). In some locations, 
several springs were found where only one was expected, 
and some were dried up. One landowner claimed that his 
hot spring dried up after the 1959 Hebgen Lake earth-
quake and then became active again after the 1975 Malad 
earthquake. Some hot springs are adjacent to cold springs, 
such as the Crystal Hot Springs resort that has both a hot 
and a cold spring within 10 meters of each other. A few 
springs, such as those at Maple Grove Hot Springs, also ex-
hibit mineralization of travertine. Many springs were on 
or near (within 10 km) Quaternary faults. Those that were 
not were within the same distance of mountain fronts and 
geologic contacts between Quaternary units and Mesozoic 
or older units (figure 1, figure 4).

Fifty-one of the 60 springs met criteria for geothermom-
eters to estimate maximum reservoir temperature given 
by Karingithi (2009). All 51 of those springs met criteria 
for the Na-K-Ca geothermometer. Only two springs, sam-
ple 7 and sample 10, were deemed “mature” by plotting 
them on Giggenbach’s ternary diagram (figure 3; Giggen-
bach, 1988), one of which, 7, did not meet criteria for any 
of the geothermometers used in this study. Almost every 
spring had a very high √Mg value compared to Na/1000 
and K/100, had low salinity (TDS < 1000 ppm), and/or 
was acidic, indicating that these springs were strongly in-
fluenced by shallow groundwater (figure 5). Geothermom-
etry was calculated for these springs despite having failed 
the ternary diagram criteria for mature waters, though 
they may not reflect reservoir conditions.

Figure 3. Ternary diagram for evaluating Na/K and K/Mg-½ temperatures in geothermal waters (modified from Giggen-
bach, 1988). Spring samples from this project are plotted with their feature identification numbers. Red represents hot 
springs (> 30°C) and blue represents cold springs (≤ 30°C).
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Figure 4. Locations of hot springs with symbols reflecting surface temperature (color) and estimated reservoir tempera-
ture from the Na-K-Ca geothermometer (size) for springs that were measured. Numbers near springs represent spring 
feature identification. Geology and Quaternary fault data provided by USGS (Ludington and others, 2005). Political 
boundaries and county seats provided by the Utah SGID (http://gis.utah.gov/) and IDWR (http://www.idwr.idaho.gov/
GeographicInfo/GISdata/gis_data.htm).

Figure 5. Locations of hot springs with symbols reflecting spring salinity and acidity. Numbers near springs represent 
spring feature identification. Geology and Quaternary fault data provided by USGS (Ludington and others, 2005). Political 
boundaries and county seats provided by the Utah SGID (http://gis.utah.gov/) and IDWR (http://www.idwr.idaho.gov/
GeographicInfo/GISdata/gis_data.htm).

http://gis.utah.gov/
http://www.idwr.idaho.gov/GeographicInfo/GISdata/gis_data.htm
http://www.idwr.idaho.gov/GeographicInfo/GISdata/gis_data.htm
http://gis.utah.gov/
http://www.idwr.idaho.gov/GeographicInfo/GISdata/gis_data.htm
http://www.idwr.idaho.gov/GeographicInfo/GISdata/gis_data.htm
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Sample 10, which plots in the “partly equilibrated” area 
of Giggenbach’s ternary diagram (figure 3), had a surface 
temperature of only 18.3°C, is non-saline (TDS 470 ppm), 
is slightly basic (pH 7.6), and yields a reservoir tempera-
ture of 79°C.

Of the 51 springs for which geothermometery was calcu-
lated, 29 are cold springs, with surface temperatures less 
than or equal to 30˚C, 22 are hot springs, with surface tem-
peratures greater than 30˚C, 29 are non-saline, with TDS 
less than 1000 ppm, and 22 are slightly saline, with TDS 
between 1000 and 3000 ppm (table 1). Hot and slightly sa-
line waters tended to yield higher reservoir temperatures, 
generally 200–250˚C (table 1, figure 6). Cold and non-sa-
line waters tended to yield colder reservoir temperatures, 
generally 50–100˚C, but with a very wide range of results 
(table 1, figure 6). Acidic and warm springs exhibited less 
scatter or variability in geothermometer results than basic 
and cold springs (figure 6). The results of other geother-
mometers, though invalid or unused, are presented in 
table 2. 

DISCUSSION

It is likely that these springs are associated with Basin 
and Range-style normal faulting and that these springs sit 
on or near both buried and exposed faults that separate 
structural horsts and grabens. Some springs have dried up 
since the databases were originally made, and the number 
of additional springs at sites where only one spring was 
expected is surprising. In the past 50 or so years, these 
springs have exhibited a large amount of variability, dry-
ing out, springing anew, and changing temperature. Hot 
spring systems can be discrete, as exemplified by Crystal 
Hot Springs, where a hot spring and a cold spring exist 
within 10 m of one another. Perhaps the reason for both 
of these phenomena is because these are fault-related 
systems. As a fault slips or creeps, conduits of flow may 
change dramatically, especially during seismic events. 
Another possibility, not exclusive to the other, is that as 
waters flow upward, the change in local temperature and 
pressure permits mineralization, which would also influ-
ence the shape, size, and continuity of flow conduits.

While 51 springs were validated by at least one geother-
mometer, only two were deemed to be mature, or in equi-
librium with their geothermal reservoir, by the graphical 
Giggenbach ternary diagram method (figure 3), most hav-
ing been acidic, non-saline, and/or inundated with mag-
nesium, indicating mixture with shallow groundwater 
(Giggenbach, 1988).

The scatter and low reservoir temperature estimates in 
cold, non-saline springs (surface temperatures less than 
or equal to 30˚C and TDS less than or equal to 1000 ppm) 
could be because these springs are primarily ground-

water discharge that did not circulate into a geothermal 
system before rising to the surface. However, their reser-
voirs could also have merely been more removed from the 
source of heat or the waters had risen more slowly to the 
surface than warm springs, mixing with shallower waters 
and losing their equilibrium with the geothermal reser-
voir. Whether or not these cold, non-saline springs came 
from a geothermal reservoir at all cannot be answered 
within the scope of this project, and thus their geother-
mometer results cannot be considered reliable.

The Na-K-Ca-Mg geothermometer often gave negative 
correction values, to the degree of resulting in impossi-

Spring Type Count
Min 
(°C)

Max 
(°C)

Range  
(°C)

Mean  
(°C)

Cold and Non-Saline 27 33 327 294 92

Cold and Slightly 
Saline 2 213 257 44 235

Hot and Non-Saline 2 72 79 6 76

Hot and Slightly 
Saline 20 193 249 55 220

Overall 51 33 327 294 147

Table 1. Surface temperature and salinity of springs com-
pared to estimated reservoir temperature using geother-
mometry calculations for the Na-K-Ca geothermometer. 
“Cold” springs have surface temperatures below or equal 
to 30˚C and “Hot” springs above 30˚C; “Non-Saline” springs 
have total dissolved solids less than or equal to 1000 ppm, 
and “Slightly Saline” springs between 1000 and 3000 ppm.

Geothermometer Source Min Max Range Mean

K-Mg Giggenbach, 
1988 39 42 3 40

Na-K Fournier and 
Potter, 1979 65 765 700 336

Na-K Giggenbach, 
1988 86 693 607 338

Na-K-Ca Fournier and 
Truesdell, 1973 33 327 294 147

Na-K-Ca-Mg Fournier and 
Potter, 1979 -479 327 806 126

Table 2. Geothermometer results (reservoir temperature 
in ˚C) for the 51 of 60 springs sampled that met criteria for 
any of the geothermometers used in this study, whether or 
not the geothermometers presented were valid.



H
ydrogeochem

istry, geotherm
om

etry, and structural setting of therm
al springs in northern U

tah and southeastern Idaho
7

Figure 6. Plots of geothermometer-calculated temperature against surface measurements of temperature, salinity, and acidity.
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bly cold reservoirs. The Na-K geothermometers grossly 
overestimated many reservoir temperatures, giving re-
sults only possible within the Earth’s mantle. The K-Mg 
geothermometer yielded cold results, perhaps reasonable 
for some springs, but some even colder than the measured 
surface temperature. The Na-K-Ca geothermometer seems 
to be the most reliable geothermometer for warm springs 
at sites studied in northern Utah and southern Idaho, but 
only for springs warmer than 30°C at the surface and that 
have at least 1000 ppm total dissolved solids. Even so, 
these results are dubious at best, as most of these springs 
carry a chemical signature that suggests mixing with shal-
low groundwater and hence are not representative of con-
ditions at depth (figure 3; Giggenbach, 1988).

CONCLUSIONS AND DELIVERABLES

The database of springs visited during this project ac-
companies this report as a Microsoft Excel file and is titled 
“GeothermalUSU.xlsx.” There are four spreadsheets in this 
file: “Samples,” “Metadata_Samples,” “VisitedSprings,” and 
“Metadata_VisitedSprings.” “Samples” is the database gen-
erated over the course of this project and “VisitedSprings” 
are springs from the original databases that were visited. 
The Metadata spreadsheets describe the meaning of each 
of the attributes, and “Metadata_Samples” is reproduced 
in Appendix A. An ArcGIS shapefile titled “GeothermalU-
SU” and a Google Earth shapefile titled “GeothermalUSU.
kmz,” which were created from the “Samples” spreadsheet 
in “GeothermalUSU.xlsx” also accompany this report.

Hot springs seem to be associated with Basin and Range 
extension, but not necessarily with mapped Quaterna-
ry faults, and are concentrated at or near horst-graben 
boundaries. Hot springs are also dynamic systems that 
can change significantly over time, drying up to make old 
springs vanish or upwelling to create new springs. Closely 
spaced springs cannot always be expected to be similar, as 
is the case with Crystal Hot Springs, with a hot spring ad-
jacent to a cold spring.

Only two of the 60 sampled springs were considered ma-
ture using the Giggenbach ternary diagram method (figure 
3). The Na-K-Ca-Mg geothermometer was not valid for any 
of the springs, and the K-Mg and Na-K geothermometers 
yielded obviously erroneous results. The Na-K-Ca geother-
mometer yielded the most consistent, trustworthy results 
of the cation geothermometers used in this study, but only 
for springs with surface temperatures greater than 30°C 
and containing at least 1000 ppm total dissolved solids. 
Hot, slightly saline (surface temperature greater than 
30°C and TDS 1000-3000 ppm) springs yielded reservoir 
temperature estimates between 193 and 249°C. However, 
most of these springs seem to have mixed with shallow 
groundwater, making them unfit for the Na-K-Ca geother-

mometer. The one spring that both met criteria for the Na-
K-Ca geothermometer and is partly equilibrated with the 
reservoir at depth yields a temperature estimate of 79°C.

FUTURE WORK

Water maturation for stable isotopes is dependent on the 
isotopic fractionation that occurs during exchange be-
tween groundwater and rock minerals and during evapo-
ration and condensation of geothermal waters (Domenico 
and Schwartz, 1990; Karingithi, 2009). A high-temper-
ature exchange of 18O from reservoir rocks to reservoir 
water causes an enrichment in δ18O, or the 18O/16O ratio in 
the water as compared to a standard (figure 7; Domenico 
and Schwartz, 1990). This enrichment is proportional to 
the difference in original δ18O between the water and rock, 
temperature, and the time of contact, and is inversely pro-
portional to the water-rock ratio (Domenico and Schwartz, 
1990). Similar relationships have been observed in hydro-
gen and carbon isotopes (Karingithi, 2009). As these in-
teractions are temperature-dependent, they can and have 
been used as geothermometers.

Closer inspection of geologic maps near the springs will 
help confirm if springs are associated with faults, deter-
mine the typical type of fault with which springs are asso-
ciated, and the ages of faults along which springs are likely 
to appear.

Small seismic and resistivity geophysical surveys could 
also help to gain a better understanding of hydrothermal 
flow along fault zones and help confirm association with 
faults.

More correspondence with local communities will also 
help locate additional hot springs, as will remotely analyz-
ing thermal imagery, such as Band 8 from the ASTER satel-
lite mission.

Figure 7. Deviations in isotopic composition away from the 
meteoric water line (from Domenico and Schwartz, 1990).
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Appendix C: Geothermometers 
Na‐K (Fournier and Potter, 1979): 

1217
log�� �NaK � � 1�4�31

� 273 

 

Na‐K (Giggenbach, 1988): 
1390

log�� �NaK � � 1�7�
� 273 

 

K‐Mg (Giggenbach, 1988): 
4410

14 � log�� �K
�

Mg�
� 273 

 

Na‐K‐Ca (Fournier and Truesdell, 1973): 

� � 4
3when	 log�� �

√Ca
Na � � 1	���	���������	����������� � 100�� 

� � 1
3when	 log�� �

√Ca
Na � � 1	��	���������	�����������	���	� � 4

3 �� � 100�� 
1647

log�� �NaK � � � � �log�� �√CaNa � � 2�06� � 2�47
� 273 

 

Mg Correction to Na‐K‐Ca (Fournier and Potter, 1979): 

R � Mg
Mg � Ca � K � 100 

 

If R > 50, then 0. 

If 0.5 < R < 5, then: 

�1�03 � �9�97 � log���R� � 14��0� � log���R�� � 36711 � log���R�
�

NaKCa � 1�67 � 107 � log���R��
NaKCa�  

Otherwise: 

10�66 � 4�741� � R � 32���7� log���R�� � 1�032 � 10� � log���R�
�

NaKCa � 1�96� � 107 � log���R�
�

R� � 1�60� � 107 � log���R�
�

NaKCa�  
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