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INTRODUCTION

This supplement to NWC TP 7019 documents what is known about the isotope
" geochemistry of groundwaters in Indian Wells and Rose Valleys, the local Sierran
groundwaters and surface waters, and thermal and nonthermal waters of the Coso Range,
based on studies by the NWC Geothermal Program Office on the groundwater hydrology
of these areas. Results of chemical studies are given in Volumes 1 and 2 of this report.
General data on the geography and geology of the study area are given in Volume 1.

Isotope geochemistry is another tool that may provide additional knowledge of
sources and flow paths of groundwater and their changes with time. Definitions and theory
are given in the following section.

ISOTOPES

"In a gross sense, atoms of an element are made up of three particles—protons,
electrons, and neutrons. The electrical charge of protons is positive, and that of electrons is
negative. Neutrons have no electrical charge. The number of protons determines what
element an atom is and gives it its atomic number. In a neutral or nonionized atom the
number of electrons equals the number of protons. The most common form of the element
carbon is given an arbitrary weight of 12.00. It consists of six protons, six electrons, and
six neutrons. Protons and neutrons each have a weight of one. Electrons are essentially
weightless. Within limits, the number of neutrons in an atom of an element may vary.
Thus, there are carbon atoms with weights of 10, 11, 12, 13, and 14. These varying
weights of carbon are called isotopes of carbon.

Water is composed of two elements, hydrogen (H) and oxygen (O) combined as
H0. There are hydrogen atoms with a weight of one (normally just called hydrogen), two
(commonly called deuterium (D)), and three (commonly called tritium (T)). Tritium is
radioactive. Hydrogen one and deuterium are stable. All hydrogen isotopes occur naturally.
Oxygen has isotopes with weights of 15, 16, 17, 18, and 19. Oxygen 16, 17, and 18 are
stable and occur naturally. Hydrogen, deuterium, and oxygen 16 and 18 are the isotopes
used in this study. The isotope ratios were determined by the U.S. Geological Survey; by
the Geology and Geophysics Department, University of Utah for the Eastern Kern County
Resource Conservation District (EKCRCD); and by the Stable Isotope Laboratory,
Southern Methodist University, for the California Energy Company.

PREVIOUS STUDIES

The first significant study of isotope geochemistry of the area was done by the U.S.
Geological Survey partially supported with Navy funds. Fournier and Thompson (1980)
published the study as an open-file report. Fournier and Thompson sampled thermal and
nonthermal waters from the Coso Range, Dirty Socks Hot Spring, and springs, wells, and
surface waters from Rose Valley, and from Big Pine Meadow north to Wild Rose Ranch
(formerly the Sam Lewis Ranch) in the Sierra. Waters were also sampled from selected
wells at-NWC. Fournier and Thompson concluded that the recharge of the Coso
Geothermal Field is derived from the portion of the Sierra Nevada generally to the west of
the Coso Range.
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The EKCRCD supported the geochemical and isotope studies of waters of Indian
Wells Valley conducted by the Department of Geology and Geophysics, University of -
Utah. With EKCRCD permission, the results of the geochemical studies were included
with the results of Navy studies in Volumes 1 and 2 of this technical report. The results of
the isotope studies were presented to the EKCRCD by Bowman (1988) in an unpublished
report.” Bowman reported on surface waters and well and spring waters from the Sierra
from Nine Mile Canyon to Freeman Canyon and from various wells in the Indian Wells
Valley. One well was sampled in Searles Valley. Bowman concluded that without seasonal
sampling of precipitation at selected sites in the Sierra and Indian Wells Valley, and without
better knowledge of the depths from which various wells were producing, it was not
possible to identify specific areas of recharge for individual wells in Indian Wells Valley.
However, he noted that a geothermal component is present in the Red Hill-Little Lake-
Lumber Mill-Brown Road waters (warm springs occur in Little Lake).

As part of their continuing studies of the Coso Geothermal Field, California Energy
Company, the operator of the field, has had isotope determinations made on 23 water
samples from 16 wells. The California Energy Company has given the Navy permission to
utilize its data in this study. ,

Williams and McKibbin (1990), using the data of the California Energy Company
and new data, have written a voluminous paper in which they interpret all chemical and
isotopic data available on the Coso Geothermal Field. They preferred to conclude that the
recharge of the Coso Geothermal system could be rainfall and snowfall in the Coso and -
Argus Ranges. They also noted that the pattern "could indicate recharge from any nearby
region of similar overall elevation." Thus, their data were not absolutely definitive as to the
area of recharge for the Coso Geothermal Field. They also concluded that the oxygen
isotope ratios indicated "a high degree of water-rock interaction at high temperatures and
moderate water/rock ratios." They postulate leakage of geothermal fluids into Coso Wash
in the vicinity of the resort area (see page 34 Volume 1). Sulfur isotopes are concordant
with those of the granitic Sierran host rocks and indicate little if any sedimentary
contribution. They noted that "oxidized and reduced sulfur are far from equilibrium at
reservoir conditions. This implies very recent mixing and/or disequilibrium production near
to or within the reservoir." They also conclude that carbon isotope ratios are concordant
with gases of igneous or clastic sedimentary rocks but that there is no significant
contribution of organic or marine carbonate carbon. They noted that there are two areas
with steam caps; and from chemical data, concluded that there are regional differences in
ggf source rocks and that convective mixing is slower than the processes creating the

erences.

Buchanan (1989) proposed a theory, based on isotopic evidence, that recharge of
geothermal systems in Utah and Nevada comes from "Paleo-fluid (Pleistocene - 8000 to
12000 years before present) recharge”; this theory is difficult to reconcile with the pattern
of pluvial events that have affected this region.

The purpose of this supplement to NWC TP 7019 is to review available data and to
determine what we have learned from isotopic data to date that may be of local significance.

* Bowman, J. R. 1988. Stable Isotope Analysis of Ground Waters of Indian Wells Valley and Vicinity
- Preliminary Results. Unpublished Report to EKCRD. 7 p.
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DISCUSSION

Fournier and Thompson (1980) give a good but simple discussion of isotopic
fractionation in waters.

The concentrations of the stable isotopes of oxygen and hydrogen in
water are generally expressed in terms of 5180 and 8D, where

(180/160) sample — (180/160) standard

3180 = (180/160) standard x 1000 @
and _
(D/H) sample — (D/H) standard
8D = “="=""(D/H) standard x 1000 @

and the standard is usually mean ocean water (SMOW). Craig (1961) found

that on a plot of 8D vs 3180, meteoric waters from throughout the world lie
close to a straight line given by the equation,

- 8D = 85180 + 10 3

This straight-line relationship comes about because ocean water is the
source of most of the water vapor that precipitates over landmasses.* When
ocean water evaporates, the lighter isotopes of oxygen and hydrogen are
preferentially partitioned into the vapor phase. Because the reservoir of
ocean water is very large compared to the amount of water vapor in the
atmosphere at any given moment, and because most rain water eventually
returns to the ocean, the isotopic composition of the ocean remains relatively
constant. Over long periods of time, however, there are small but significant
changes in the isotopic composition of ocean water as the amount of water
tied up in polar ice caps changes. When and where the water vapor
condenses and precipitates, the heavier isotopes in the vapor partition
preferentlally into liquid droplets (rain) and ice (snow). This leaves the

remaining vapor relatively depleted in D and 180 so that the last rain that
falls from a given initial quantity of vapor will be isotopically lighter than
the first rain that falls from that vapor. The partitioning or fractionation of
light and heavy isotopes between vapor and liquid is also temperature
dependent: the lower the temperature of the reaction, the greater the
fractionation. The processes that control the concentrations of stable
isotopes in precipitation are presented by Dansgaard (1953, 1964), Ehhalt
and others (1963), Friedman and others (1964), Craig and Gordon (1965),
and Stewart and Friedman (1975). The net result of these processes is that
rain water falling from a given storm becomes isotopically lighter as the
storm moves inland, and rain (or snow) that forms at colder temperatures
(high elevations and latitudes closer to the poles) is lighter than rain that
forms at higher temperatures. Although the isotopic composition of rain that
falls in a given region will be different for each storm, the average over a

* This assumption could easily founder, however, on the problems of "lake effects™ given major stands
of water in the San Joaquin Valley, either fresh or saline, and major stands of water in the basins east of the
Sierra during the past 14 identified pluvial events (Whelan footnote).
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long period of time remains relatively constant. The isotopic composition of
ground water reflects that average.

Smith and others (1979) measured the deuterium concentrations in rain
and snow at 26 stations in California and Nevada during the exceptionally
wet 1968-69 season.” They showed that the winter precipitation upon the
Sierra Nevada was isotopically slightly lighter than the summer and fall
precipitation on the nearby Mojave Desert. Most of the Sierra ground water
recharge comes from winter storms moving generally from west to east.**
These winter storms drop most of their moisture before reaching the Coso
Range. In contrast, most of the Coso Range recharge is from large, but
infrequent tropical storms that come from the south. On the basis of these
data, we expected the isotopic composition of the normal, non-thermal
ground water in the vicinity of the Coso geothermal field to be different
from the isotopic composition of nearby Sierran waters. The purpose of the
present study was to determine if variations in isotopic composition of
ground waters in the region around Coso indicate whether the recharge for
the Coso geothermal system comes from precipitation on the Sierra Nevada
or from local precipitation at Coso. '

More detailed explanations are given by Faure (1986, Chapter 2), O'Neil; Cole and
Ohmoto; Gregory and Criss; and Sheppard (all 1986). .

Fournier and Thompson (1980) sampled waters of the Sierra, Rose Valley, and
thermal and nonthermal waters of the Coso Range in addition to some miscellaneous
waters. At that time there were only two sites at which Coso reservoir waters could be
sampled: well Coso No. 1 in the resort area (samples CF-79-1 and CF-79-2) and Coso
Geothermal Exploration Hole No. 1 (CGEH No. 1) (samples CC-77-4 and CF-78-1).

Both the waters of the Sierra and the nonthermal waters of the Coso Range have
isotope ratios, which on a plot of isotope ratios, plot close to the meteoric line (Figure 1).
The waters from each locality occupy distinct fields on the plot with no overlap. The Coso
waters have less negative 8D values and generally less negative 8180 values than do the
~ Sierran waters. ‘

Oxygen is much more abundant than is hydrogen in rock-forming minerals.
Therefore, when meteoric waters react with hot rocks, oxygen exchange dominates; and on
a standard isotope ratio plot the shift is away from the meteoric line, essentially

horizontally, with 8180 values becoming less negative. The magnitude of this horizontal

shift increases with temperature, but depends also on the 3180 value of the rocks and
residence time of water in a given reservoir (Faure 1986, pp. 450-51). The CGEH No. 1

waters are horizontally displaced toward less negative $180 values from the area containing
the Sierran waters. The deep Coso No. 1 water lies horizontally away from the Coso
nonthermal waters, which could indicate all or some local recharge. However, all four
points (the two CGEH No. 1 samples and the Coso No. 1 deep and shallow waters) lie on
a line with a positive slope of about 50 degrees. This could be an evaporative effect line
(see Figure 1). Fournier and Thompson (1980) feel that the shallow Coso No. 1 sample

* This was a westerly storm series (Whelan footnote).

- ** This assumption requires much more analysis, as the position of the Pacific High determines the
temperature of storms and their direction. Thus, some winters, especially very wet ones, present a totally

different weather pattern that would affect isotope ratios (Whelan footnote).

6
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represents the deep Coso No. 1 water affected by evaporation. The chemistry of Coso
No. 1 deep and the CGEH No. 1 samples strongly suggest that they are the same water.
Thus, Fournier and Thompson concluded: .

The 8D value of CGEH No. 1 water supports the view that recharge for
the hydrothermal system comes from the Sierra Nevada to the west and that
little or no component of the recharge comes from the Coso Range.
However, the data do not rule out the possibility that recharge is a mixture
of isotopically light Sierra water from the north with some isotopically
heavy locally derived Coso Range water. The isotopic data do show that
recharge for the CGEH No. 1 thermal water could not be from locally
derived ground water, nor could it be from Owens Lake which is
isotopically very heavy because of extensive evaporation (Friedman and
others, 1976). 5

In 1986 Rob Baskin and David Turner, both University of Utah graduate students,
sampled springs, wells, and surface waters for chemical and isotope analyses, respectively.
Unfortunately, while collecting samples independently, their sampling numbering system
became confused. Table 1 shows how their numbering systems correlate. The sample
numbers of Baskin are used on the chemical analyses published in Volume 2 of this
technical report (Appendix E). The University of Utah study was supported by the
EKCRCD. The chemical studies were incorporated into Volume 1 of this technical report.
The results of the isotope study were furnished to the EKCRCD in an unpublished report
by Dr. John R. Bowman, Professor of Geology, University of Utah. Table 1 gives the
results of his analyses. .

Baskin and Turner sampled alpine waters from the crest and eastern flank of the
Sierra from Kennedy Meadows south to Walker Well in Freeman Canyon. The overlap of
the sampling sites of Baskin and Turner and Fournier and Thompson allowed a comparison
of the results of the two laboratories. On samples run by both laboratories, the results were
nearly identical. For isotopic studies, some Navy wells were sampled for which chemical
analyses of the water were not previously published in this series. These analyses are given
in Appendix H.

The University of Utah isotopic analyses of alpine waters also fell along the meteoric
line on the standard isotope ratio plot but expanded the Sierran field considerably
(Figure 2). The Sierran field using Bowman's data now covers most of the Sierran field of
Fournier and Thompson (1980), and the field containing the nonthermal waters of the Coso
Range (Figure 2). Thus, the isotopes of hydrogen and oxygen do not uniquely define the

* recharge area of the Coso geothermal system (Figure 3). ’
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Whelan plotted 8D and 8180 of the alpine samples against the distance south of Coso
Junction (Figures 4 and 5). Values of 8D generally become less negative as one goes south

from Coso Junction. Values of 8180 behave in a similar manner. This systematic variation
is probably the result of a combination of a latitude effect and an altitude effect. The average
elevation of the Sierra increases to the north from Walker Pass. This increase in elevation

will decrease the mean air temperature, which tends to make the 8180 of the precipitation
(mainly snowfall) more negative. A good discussion of the latitude and temperature effects
is given on pages 434 and 435 of Faure (1986). In both cases it was possible to fit a linear
least squares (best fitting) line to the data with good fits. The formulas for these lines are

8D =-107.8 +0.81m

2 =0.72
3180 =-14.32 + 0.10m,
r2 = (.66,
where m = miles south of Coso Junction and

r2 = regression coefficient (0.00 = no
correlation; 1.00 = perfect correlation)

The fact that there is some scatter is not surprising. Samples were collected from
- various types of sources—springs, wells, and streams—and at different elevations relative
to the ridge line. Because of this fact, regression coefficients of 0.66 and 0.72 are
considered quite good. These regression coefficients would give correlation coefficients of
+0.81 and +0.85, respectively (a -1.00 correlation coefficient represents perfect correlation
with the line having a negative slope; a +1.00, perfect correlation with a positive slope; and
0.00, no correlation). If one makes the assumption that the recharge areas for the various
groundwater types are the Sierra—based on surface geology, regional hydrologic gradient,
and flow models—then possible areas in the Sierra can be assigned as recharge areas for
the various water types based on isotopic composition.
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TABLE 1. Hydrogen and Oxygen Isotopic Compositions of Waters,

Indian Wells Valley and Vicinity.
(Modified from Bowman, 1988)
Sample No. 3D 3180 Location
~(Turner) (Baskin)
1. wvi -109 -14.4 | Kennedy Meadows well
1b. -103 -14.0 | Kennedy Meadows surface
2. wvi1g| -101 -13.4 | Chimney Peak Forest Service Fire Station well
3. wWv2 -105 -13.6 | Genesis Minerals well from holding tank
4, WV 3 -93 -12.8 | C.F. Austin well
5b. wv4 -90 -11.0 | Hi-Peak Tungsten Mine water
6. IWV5S -94 -13.1 | Beckman Spring
7. WV 6 -104 -13.4 | Leroy Marquardt well
8. wv7 -91 -11.8 | John German well
9. wWvsg -99 -12.9 | Desert Construction well
10. -89 -12.3 | Ben Widtfeldt well
11. WV 9 -93 -11.2 | Louisiana Pacific Lumber Mill well
12. IWV 10 -83 -10.8 | Sand Canyon stream
13. wvil -89 -12.5 | Walker well, South Valley
14. WV 14 -96 -13.1 | Gene Edwards well
15. Wv 12 -97 -12.4 | Litte Lake Spring, upper
16. -113 -15.6 |L. A. aqueduct
17. -94 -10.8 | Little Lake surface, middle
18. ' -95 -11.1 | Little Lake surface, lower
19. IWV 13| -105 -14.2 | Little Lake Ranch well
20. IWV 15 -92 -12.0 | Brown Rd. turn well
21.. IWV 16 -92 -12.2 | Conrad Neal well
22. -102 -14.0 | Cerro Coso Comm. College holding tank
23. -104 -13.8 | Community well, S. Ridgecrest
24. -95 -13.5 | Griffin well, S. Ridgecrest
25. -102 -13.8 | Charles Smith well, S. Ridgecrest
26. WV 17 -84 -12.0 | Indian Wells Canyon stream
27. I\VAA -89 -12.2 | Nine Mile Canyon stream at Chimney Peak
, Meadows -
28. -94 -13.2 | Nine Mile Canyon stream
29. -88 -12.4 | Pearsonville well
30. -98 -11.5 | Brady's Restaurant well
31. -96 -13.4 | Navy well #18B
32. -97 -13.4 | Navy well #29
33. -92 -12.7 | Navy well #15
34. -99 -13.6 | Navy well #27
35. -95 -12.5 | Navy well #B4
36. -89 -12.5 | Navy well #C
37. -105 -14.5 | Well at Ridgecrest Blvd. and Jack's Ranch Rd.
38. -88 -11.4 | Well in Searles Valley

10
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The recharge area for the Rose Valley groundwaters is shown in Figure 6." The Rose
Valley recharge area would be the western side of the Sierra from about a mile south of
Little Lake to about 5 miles north of Coso Junction. This corresponds almost exactly to the
geographic limits of the valley and matches the listric fault-slump pattern geometry of the
Sierran surface.

From Red Hill in southern Rose Valley, through the springs and wells at Little Lake
to the well at Linnie Siding (the site where the lumber mill used to be) to where Brown
Road turns from north-south to east-west, the groundwaters are complex but give
characteristic modified Stiff Diagrams. Sodium is the dominant cation where carbonate-
bicarbonate and chloride are the most significant anions (see pages 32 and 33 of
Volume 1). These waters represent a mixture of alpine waters and a small amount of Coso
Geothermal brines. The Red Hill to Brown Road recharge would come from the Sierra due
west of Red Hill south to the Sierra due west of where Brown Road intersects U.S.

Highway 395 (Figure 7).

The results for the sulfate waters from two wells and the Tungsten Peak Mine are not
as definitive (Figure 8). Deuterium data give a rather limited recharge area between Short
Canyon and halfway between Noname and Sand Canyons, while oxygen isotopes would
indicate the recharge area to be from Nine Mile Canyon to south of Freeman Canyon. The
source of the sulfate is thought to be oxidation of sulfides from the high sulfide calc-silicate
hornfels in the Morris Peak-Chimney Peak area, the large pyritic breccia-pipe in upper
Sand Canyon, and the skarn of the Tungsten Peak Mine. In this case, the deuterium results
are thought to best represent the probable recharge area. The oxygen isotope ratios may be
more affected during the oxidation of sulfides than are the hydrogen isotope ratios,
although the latter may be affected some by the formation of hydroxyl during the oxidizing
processes. Chemical data on the waters of the Tungsten Peak Mine and IWV well 3 are
given on pages 30, 31, 36, and 37 of Volume 1 of this technical report; and on pages 10
through 13 of Volume 2. The other well producing sulfate waters is about 3-1/2 miles east-
northeast of IWV well 3.

Figure 9 shows possible Sierran recharge areas for the Navy Wells that were sampled
for isotope analysis and the well locations. Other data are given in Table 2.

Again the areas of recharge as determined by the isotope ratios of the two elements
vary, but do have a large area of overlap. The deuterium data, which give a recharge area
from Five Mile Canyon to Indian Wells Canyon, seems reasonable. The oxygen isotope
ratios, which give a recharge area from Five Mile Canyon to just south of Little Lake, may
show the influence of Red Hill-Brown Road waters mixing with Sierran waters.

The south Ridgecrest waters do not have isotope compositions that give reasonable
Sierran recharge areas, perhaps because of recharge from the El Paso Mountains confusing
the issue, or because of geothermal and connate fluids flowing from the Sierra (a source
south of Walker Pass or upward-dwelling local thermal zones).

* Although Figures 6 through 10 show only the eastern edge of the Sierra, recharge could occur
completely across the Sierra, and probably much of the recharge comes from west of the crest where the
amount of precipitation is greater.
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FIGURE 6. Recharge Areas, Rose Valley Groundwaters.
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