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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED UNITS

Multiply By To Obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
acre 0.4047 hectare
square mile (mi%) 2.590 square kilometer
gallon (gal) 3.785 liter
acre-foot (acre-ft) 1,233 cubic meter
foot per mile (ft/mi) 0.1894 meter per kilometer
cubic foot per second per mile ((ft%/s)/mi) 0.01760  cubic meter per second per kilometer
pound (Ib) 0.4536 kilogram
curie (Ci) 3.7x1010 becquerel
picocurie per milliliter (pCi/mL) 0.037 becquerel per milliliter
picocurie per liter (pCi/L) 0.037 becquerel per liter

For temperature, degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) by using the formula
°F = (1.8)(°C)+32.

Sea level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived
from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level
Datum of 1929.

Abbreviated units used in report: pg/L (microgram per liter), mg/L (milligram per liter), and ppm (parts per million).
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Sedimentary Interbeds

The sedimentary interbeds are similar to the
surficial deposits. They are made up of allu-
vium and lakebed deposits that contain a large
component of eolian dust or loess (Nace and
others, 1956, p. 183). Detrital anhydrite may
be present in the eolian dust and caliche is
widely distributed in the sedimentary layers
(Wood and Low, 1988, p. D10). Fossil shells
have been observed locally in interbed
sediments (Nace and others, 1956, p. 184).

A summary of bulk mineralogy for
sedimentary interbeds at the RWMC, Test
Reactor Area (TRA), Idaho Chemical
Processing Plant (ICPP), and TAN was
presented by Bartholomay (1990, table 3). The
mineralogical data used for that summary were
taken from Barraclough and others (1976,
table A-V, p. 123-124), Rightmire (1984, table
5, p. 17), Rightmire and Lewis (1987b, table 7,
p. 35), Bartholomay and others (1989, table
11, p. 30), and Bartholomay (1990, table 2,

p. 9). Quartz made up about 20 to 40 percent
of the samples and was the most abundant
mineral. Total feldspar made up about 10 to 30
percent of the samples. Thirteen samples of
sedimentary-interbed material from wells near
the ICPP, RWMC, and TRA contained 18
percent plagioclase and 13 percent potassium
feldspar (Bartholomay and others, 1989, table
12, p. 31). Total clay minerals made up about
10 to 20 percent of the samples. The clay
minerals identified in the samples were—in
order of decreasing abundance—illite,
smectite, mixed-layer clays, kaolinite, and
chlorite (Bartholomay and others, 1989, table
13, p. 32; Bartholomay, 1990, table 2, p. 9).
Detrital mica was not observed in the samples.
Pyroxene made up about 10 to 20 percent of
the samples, except at TAN, where it was not
present. Dolomite and olivine were present in
some samples. Calcite was the predominant
mineral in interbed samples from TAN
(Bartholomay, 1990, table 2, p. 9).

Rightmire (1984, p. 20-21) and Rightmire
and Lewis (1987b, p. 28-33) observed that clay
minerals—especially illite—are mostly detrital
and that grains commonly have reddish
coatings of ferric oxyhydroxides (FeOOH).
Rightmire and Lewis (1987b, p. 36) observed
the weathering of olivine to form FeOOH.

Basalt

The basalt flows that make up a large part
of the material underlying the eastern Snake
River Plain are remarkably uniform in miner-
alogical composition (Rightmire and Lewis,
1987b, p. 10; Lanphere and others, 1993, p. 4;
Lanphere and others, 1994, p. 4). The differ-
ences in megascopic properties such as
texture, color, and density are due largely to
differences in emplacement and solidification
(Nace and others, 1956, p. 97; Wood and Low,
1988, p. D7). Nace and others (1956, p. 97)
concluded that the basalt flows were derived
from a common magma reservoir; however, in
a study of the subsurface at the INEL,
Lanphere and others (1993, p. 8) concluded
that more than one source of magma may have
contributed to the accumulation of basalt
flows.

The relative abundances of minerals in
basalt samples from TAN Corehole-1 and the
NPR Test well (fig. 1) were determined by
X-ray diffraction for this study (tables 1-2). In
addition, the mineralogy of five samples from
TAN Corehole-1 was determined by a 500-
point-count thin-section analysis (table 1). The
minerals identified by X-ray diffraction analy-
sis were—in order of decreasing abundance—
plagioclase feldspar, pyroxene, olivine, ilmen-
ite, hematite, and magnetite. The samples from
TAN Corehole-1 at depths below land surface
of 184, 187, and 236 ft had mineralogies con-
sistent with those of the X-ray samples. The
approximate abundances were plagioclase, 35
to 40 percent; pyroxene, 15 to 20 percent;
olivine, 5 to 10 percent; combined ilmenite
and magnetite, 0 to 10 percent; and hematite,



Table 1—Bulk mineralogy of basalt samples by X-ray diffraction analysis and thin-section analysis for TAN
Corehole-1

[Bulk analyses (by X-ray diffraction): dom indicates mineral is dominant; maj indicates mineral is major in
abundance; min indicates mineral is present in a minor amount; tr indicates mineral is present in a trace
amount; poss indicates mineral is possibly present; ND indicates not detected. Percents from thin-section
analyses determined by a 500-point count. Opaques: includes magnetite and ilmenite; NA indicates the
determination is not appropriate for the type of analytical method. Thin sections were not made for
samples from 204, 227, and 254 feet below land surface]

Interval Bulk analyses
sa:(rg:d Opaques
below .
land Pclzllagsl: ] Pyroxene Olivine Hematite llmenite ’(1;(:::11 Magnetite Glas‘s Vesicles

surface) feldspar (X-ray) section) (X-ray) matrix
184 38 20 9 2 NA 12 NA 9 11
187 35 14 7 5 NA 3 NA 1 26
204 dom maj maj min maj NA poss ND ND
227 dom maj maj min min NA poss ND ND
236 38 17 11 1 NA 7 NA 10 15
245 38 3 2 2 NA ND NA 32 23
245 dom maj min min min NA poss ND ND
254 dom maj maj poss ND NA poss ND . ND
279 dom maj min tr min NA poss ND ND
279 31 2 6 2 NA 1 NA 45 14

Table 2—Bulk mineralogy of basalt samples by X-ray diffraction analysis for the NPR Test well

[Bulk analyses (by X-ray diffraction): dom indicates mineral is dominant; maj indicates mineral is major in
abundance; min indicates mineral is present in a minor amount; tr indicates mineral is present in a trace
amount; poss indicates mineral is possibly present; ND indicates not detected]

Bulk analyses

Interval sampled

(feet below land Pl:f:legli;)csgzrse Pyroxene Olivine Hematite Ilmenite Magnetite
surface)

35 dom maj tr tr min poss
121 dom maj min ND tr ND
218 dom maj min ND min ND
323 dom maj min ND ND ND
435 dom maj maj min tr ND
521 dom dom maj min ND min
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less than 5 percent. An additional 10 percent of
the samples were finely crystalline matrix or
glass and about 10 to 25 percent were vesicles.
The thin-section samples from 245 and 279 ft
below land surface contained less than 5 per-
cent pyroxene and 30 to 45 percent matrix or
glass. Other minerals were present in about the
same proportions as the shallower samples. X-
ray analyses of the samples from 245 and 279
ft indicated that pyroxene was the second most
abundant mineral, which implies that pyroxene
is present in the matrix in a cryptocrystalline
form. Nace and others (1956, p. 100) observed
a similar basalt mineralogy. One sample was
about 80 percent finely crystalline groundmass
and contained about 40 percent plagioclase
and about 40 percent mixed pyroxene min-
erals. Wood and Low (1988, p. D7) also noted
that the matrix generally has a mineralogy
similar to the more coarsely crystalline part of
the basalt. The larger phenocrysts were olivine
and plagioclase and the smaller ones were
olivine, labradorite (a form of plagioclase),
clinopyroxene, ilmenite, magnetite, apatite,
and glass. Lanphere and others (1993, p. 19)
and Lanphere and others (1994, p. 22) used
petrographic analysis to identify an identical
mineral assemblage and a bimodal crystal-size
distribution. Overall, the groundmass and glass
made up about 20 percent of the rock and
voids made up about 15 to 40 percent (Wood
and Low, 1988, p. D7-D8). The molar compo-
sition of minerals in one basalt sample was as
follows (Wood and Low, 1988, p. D8): olivine
(0.43 magnesium and 0.57 iron); pyroxene
(0.34 calcium, 0.39 magnesium, and 0.27
iron); and labradorite (0.5 calcium and 0.5
sodium).

Fractures and exposed vesicles near basalt-
sediment interfaces are usually filled with
detrital sediments (Wood and Low, 1988, p.
D8). Particle orientation indicated that much
of the fill material in RWMC samples was
derived from water-borne sedimentation
(Rightmire, 1984, p. 32). Secondary mineral-
ization was observed by Wood and Low (1988,

11

p. D8) in vesicular basalt. Secondary chlorite,
illite, smectite, calcite, and quartz were present
in an outcrop sample.

The mineralogy of vesicle filling and frac-
ture filling in basalt from TAN Corehole-1 was
determined by X-ray diffraction analysis (table
3). The fill material was predominantly clay
and quartz with some feldspar, calcite, and
pyroxene. The clay minerals included illite,
kaolinite, mixed layer, smectite, and chlorite.
Illite was the most abundant clay mineral in
the fracture and vesicle fillings.

Thin-section analyses of RWMC samples
summarized by Rightmire (1984, p, 25-28, 32)
indicated that minimal alteration of basalt min-
erals had occurred; however, chemical precipi-
tates of silica and carbonate, and iron-oxyhy-
droxide rinds were sometimes present. The
TAN Corehole-1 thin sections analyzed during
this study consistently had iron stains coating
the olivine phenocrysts. The iron coating—
probably iron oxyhydroxide—made up about 2
percent of the samples. Rightmire and Lewis
(1987a, p. 59-70) observed authigenic clay
minerals, iron oxyhydroxides, calcite, silica,
and possibly zeolites as weathering products or
chemical precipitates that formed in place.
Nace and others (1956, p. 94-98) also noted
iron- and calcite-rich deposits associated with
the basalt. Lanphere and others (1993, p. 20)
noted that alteration of basalt minerals was
minor in the samples they examined and was
limited to weathering of olivine crystals and
matrix glass.

General Considerations

The concentrations of naturally occurring
inorganic constituents in ground water are
controlled by the type, abundance, and
reaction rates of minerals in the aquifer. The
ability of water, especially water enriched with
carbon dioxide (CO2), to dissolve minerals
was unequivocally demonstrated by experi-
mentation in 1848 (Rogers and Rogers, 1848,



Table 3—Mineralogy of bulk and clay samples by X-ray diffraction analysis for vesicle filling and fracture filling in
basalt from TAN Corehole-1

[Sample identifier: -1 indicates vesicle filling in basalt; -F indicates fracture filling in basalt. Bulk analyses:----12----,
number is the sum of percents of plagioclase and potassium feldspar. Clay analyses: dom indicates mineral is
dominant; maj indicates mineral is major in abundance; min indicates mineral is present in a minor amount; tr
indicates mineral is present in a trace amount; poss indicates mineral is possibly present; ND indicates not detected]

Bulk analyses (in percent mineral abundance)

% 30 2 § @
identifier g g g & gz, % 8 ‘5 8 g 3

s 4
TAN-CRH-F 184 14 - 12---- 74 0 0 0 0
TAN-CRH-I 187 36 19 9 0 17 0 19 0
TAN-CRH-F 204 8 ----8---- 0 0 0 84 0
TAN-CRH-I 221 7 ----6---- 0 0 0 87 0
TAN-CRH-F 236 8 ----8---- 0 0 0 83 0
TAN-CRH-F 245 15 ----11---- 6 0 0 68 0
TAN-CRH-F 279 12 ----9---- 10 0 0 69 0

Clay analyses (by abundance category)
Other minerals
3 -
=5
identifier 'g g ,—g é § = 3 (E) 3 E 8

=
TAN-CRH-F 184 ND ND ND ND ND min min dom
TAN-CRH-I 187 ND ND  dom ND ND min tr ND
TAN-CRH-F 204 poss  ND min dom ND ND ND ND
TAN-CRH-I 2271 poss poss min dom  ND ND ND ND
TAN-CRH-F 236 dom dom  maj min ND ND ND ND
TAN-CRH-F 245 min min dom  poss  poss r ND ND
TAN-CRH-F 254 maj maj maj  poss  poss ND ND ND

12



p- 401-405). Rogers and Rogers (1848) con-
ducted tests on a variety of powdered rocks,
minerals, organic compounds, and manmade
materials and determined that up to 1 percent
of the total mass was removed from the solid
phase in as little as 48 hours. Additional early
evidence establishing the solubility of minerals
in water was summarized by Clarke (1924, p.
481-486). Nearly all minerals react with
ground water to some extent; however, min-
erals that react slowly have less effect on the
chemical composition of ground water than do
minerals that react rapidly (Chapelle, 1983,

p- 546). Goldich (1938) studied the weathering
of igneous and metamorphic rocks and pro-
posed a silicate mineral-stability series asso-
ciated with rock weathering. He attributed the
differences in mineral stability to the changing
equilibrium conditions during formation of the
minerals (such as changing temperature and
pressure in a magma), which were described
by Bowen (1922). Goldich (1938, p. 56) sug-
gested that equilibrium conditions at the time
of silicate-mineral formation are significantly
different from surface conditions and that this
is the reason for mineral weathering and the
variability in rates of mineral weathering. For
example, plagioclase is less stable under sur-
face conditions than potassium feldspar, which
in turn is less stable than crystalline quartz
(Goldich, 1938, p. 56).

Garrels (1976, p. 76-78), on the basis of
normative mineral calculations, inferred a
““rank list’ of minerals and their relative rates
of reaction.” This list is in general agreement
with Goldich’s (1938, p. 56) stability series.
The stability of other minerals, such as calcite,
is influenced more by changes in the concen-
tration of dissolved CO, than by changes in
ambient conditions. This is because the min-
erals formed at surface or near-surface
conditions of temperature and pressure, and
did not crystallize from a cooling magma.

The relative abundance of minerals in an
aquifer also has an effect on water chemistry.
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For example, Garrels (1976, p. 77) concluded
that the rate of alteration of hornblende in a
rhyolite is greater than that of plagioclase feld-
spar (on the basis of normative mineral calcu-
lations), even though the calculations indicated
that plagioclase makes a larger contribution of
ions to the reconstructed water chemistry.
These observations and the fact that the pre-
dominant mineral in the rhyolite is plagioclase
indicate that dissolution of minerals that con-
stitute a large percentage of the parent material
(but are less reactive) can contribute to water
chemistry. Therefore, in this report, it is
assumed that Snake River Plain aquifer water
chemistry is dominated by the faster reacting,
more abundant minerals and that the effects of
slow-reacting minerals are negligible.

The order of crystallization of minerals in
basalt from the Snake River Plain aquifer
system was summarized by Nace and others
(1956, p. 101). Magnetite crystallizes first,
followed by olivine, plagioclase, and simultan-
eous crystallization of titanaugite and ilmenite.
On the basis of the findings of Goldich (1938),
Nace (1956), and Garrels (1976), the stability
of minerals in the Snake River Plain aquifer
systemn basalts, in order of increasing stability,
is magnetite, olivine, plagioclase, titanaugite
and ilmenite. Titanaugite is a titanium-rich
clinopyroxene mineral. Although magnetite
and ilmenite are unstable minerals, the abun-
dances are small relative to olivine, plagio-
clase, and pyroxene. As a result, magnetite and
ilmenite do not impact Snake River Plain
aquifer water chemistry as much as the other
minerals.

lon Distribution

The distribution of major ions in ground
water is partially controlled by the solubilities
of minerals in the aquifer and by the ground-
water flow system. Concentrations of solutes
in ground water generally increase in the
direction of ground-water flow until equilib-



rium between the solid, liquid, and gaseous
phases is established. Once equilibrium is
established, concentrations remain relatively
constant until the equilibrium of the system is
disrupted by other factors such as microbial
activity, industrial or agricultural waste dis-
posal, a change in mineralogy, or mixing with
water from another source. A comparison of
mean concentrations along the generalized
direction of ground-water flow in the eastern
Snake River Plain aquifer (fig. 5), for calcium,
magnesium, sodium, potassium, bicarbonate,
chloride, sulfate, and silica is shown in table 4.
The report by Knobel and others (1992)
summarizes chemical data from selected sites
at or near the INEL. The column with sample
size of 22 to 24 presents the mean concentra-
tion of each constituent for all samples regard-
less of proximity to potential waste-disposal
areas. This data grouping reflects the influence
of waste disposal at the INEL on natural water

chemistry. The column with sample size of 5
presents the mean concentration of each
constituent for samples far enough away from
waste-disposal sites to minimize influence
from those sites. This data grouping more
closely represents natural water chemistry. The
report by Wood and Low (1988) summarizes
chemical data from sites throughout the
eastern Snake River Plain aquifer. The mean
concentrations should be larger than the mean
concentrations for natural water at the INEL
because most samples summarized by Wood
and Low (1988) were downgradient of the
INEL. The reports by Bartholomay and others
(1992, 1993, 1994a) summarize data from sites
exclusively downgradient from the INEL.

The smallest mean concentrations of the
constituents in table 4 are generally from sites
at the INEL not affected by waste disposal
(Knobel and others, 1992, n = 5). The mean

Table 4—Comparison of mean concentrations of selected constituents in the generalized direction of ground-water

flow, eastemn Snake River Plain aquifer, Idaho

[Authors: complete bibliographic citations are given in the section of this report on “selected references™
Wood and Low (1988, table 9); Bartholomay and others (1992, tables 2 and 11; 1993, tables 2 and 13;
1994a, tables 2 and 12); Knobel and others (1992, tables 3 and 5-6). Abbreviation: n =, sample size

equals. Units are milligrams per liter]

Report
Bartholomay and Wood and Low  Knobel and others  Knobel and others
Constituent c;;h;;s 1(;3325 (1988) (1992) (1992)

n’=59 n=424 n=22to024 n=5
Calcium 50 51 43 40
Magnesium 20 18 16 15
Sodium 33 26 21 12
Potassium 4.6 40 33 2.6
Bicarbonate 216 220 168 177
Chloride 38 28 35 14
Sulfate 48 41 30 21
Silica 34 31 28 29
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Figure 6. Major-ion composition of water from selected wells and Webb Spring on or near the

Idaho National Engineering Laboratory, Idaho.
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Figure 7. Major-ion composition of water from wells at the Test Area North, Idaho National
Engineering Laboratory, Idaho.
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Figure 8. Major-ion composition of water from wells at the Radioactive Waste Management
Complex, Idaho National Engineering Laboratory, Idaho.
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bicarbonate when compared with other water
samples considered in this report. The effect
was most pronounced at the TAN Disposal
well and generally decreased with distance
from the well (Knobel and others, 1992, fig. 3).
The differences in water chemistry at TAN are
attributed to the injection of aqueous waste
into the aquifer at the TAN Disposal well.

The hydrochemical facies of water samples
from wells at the RWMC (fig. 8) were gen-
erally similar to those unaffected by waste
disposal (fig. 6). Water samples from wells 88,
89, and 120, however, were slightly enriched
with sodium plus potassium; those from wells
88 and 89 also were enriched with chloride.

Thermodynamic Considerations

Chemical equilibrium is attained when a
chemical system, under constant pressure and
temperature conditions, is at its smallest pos-
sible energy level. This occurs when the free
energy of the system is zero. Chemical systems
tend to give off energy by means of chemical
reaction until equilibrium is achieved.

The deviation of a system from equilibrium
can be expressed by determining the saturation
index (SI) of a water that has a given chemical
composition with respect to a mineral. SI is
defined as follows:

IAP
SI=1log - (D
where JAP = ion activity product,

and
K = the equilibrium constant for the reaction.

An SI of zero indicates that the water is in
equilibrium with respect to a reaction. A nega-
tive SI indicates that the water is undersat-
urated, and a positive SI indicates that the
water is supersaturated. Saturation indices for
analyses of the 22 samples reported by Knobel
and others (1992, tables 5, 6) that were
considered in this report were determined by
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the computer program WATEQF (Plummer
and others, 1978).

Saturation indices for analyses of water
samples with respect to selected minerals that
are present in the Snake River Plain aquifer or
that might potentially be precipitated from
aqueous solution are shown for carbonate,
sulfate, and silicate minerals on figures 9-11,
respectively. Maximum, minimum, and
median saturation indices were plotted for
each of several minerals for each of three data
groupings: (1) wells at TAN, (2) wells at the
RWMC, and (3) selected wells on or near the
INEL. Uncertainties associated with the cal-
culation of saturation indices largely result
from uncertainties inherent in the thermody-
namic constant —free energy of formation
(AGys)—of the various solid and dissolved
phases. The solid phases shown on figures
9-11 have AG;s values that are well established
and should not add significant uncertainty to
the calculated saturation indices. The variabil-
ity of the ranges of data shown on figures 9-11
resulted from two principal sources: (1) natural
or induced variations in water chemistry at the
multiple sample points, and (2) any analytical
error associated with the water-sample
analyses.

The median SI values for the carbonate
minerals aragonite, calcite, and dolomite (fig.
9) indicate that the Snake River Plain aquifer
water samples were supersaturated with
respect to these minerals; therefore, precipita-
tion of the minerals is the only thermodynamic
possibility. Conversely, median SI values with
respect to the carbonate minerals magnesite,
strontionite, and witherite (fig. 9) indicate
undersaturation; therefore, dissolution of
these minerals is the only thermodynamic
possibility. The median SI values with respect
to fluorite (fig. 10), the sulfate minerals
anhydrite, celestite, and gypsum (fig. 10), and
the silicate minerals diopside, clinoenstatite,
and olivine (fig. 11) indicate undersaturation
and, hence, dissolution of these minerals if
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Figure 9. Saturation indices for Snake River Plain aquifer water samples from seven wells at
TAN, eight wells at the RWMC, and seven selected wells at sites on or near the Idaho
National Engineering Laboratory, Idaho with respect to selected carbonate minerals.
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SATURATION INDICES
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Figure 10. Saturation indices for Snake River Plain aquifer water samples from seven wells at
TAN, eight wells at the RWMC, and seven selected wells at sites on or near the Idaho .
National Engineering Laboratory, Idaho with respect to selected sulfate minerals and fluorite.
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Figure 11. Saturation indices for Snake River Plain aquifer water samples from seven wells at
TAN, eight wells at the RWMC, and seven selected wells at sites on or near the Idaho
National Engineering Laboratory, Idaho with respect to selected silicate minerals.
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present in the aquifer. The sulfate mineral
barite (fig. 10) is thermodynamically stable in
association with water from wells near TAN
but unstable to metastable with respect to
water from the other wells sampled. Median SI
values with respect to crystalline quartz and
cryptocrystalline chalcedony (fig. 11) indicate
that they are stable in the solid phase. The
median SI values with respect to amorphous
silica glass (fig. 11) indicate that it is unstable
in the solid phase; however, it is near equili-
brium and the lack of stability is less certain.

The minerals discussed above dissolve con-
gruently and the calculated SI values are
reliable because they are based on well-known
thermodynamic data. Complex aluminosilicate
minerals, such as the feldspar minerals, dis-
solve incongruently and form residual clay
minerals. The solid-phase thermodynamic data
for such reactions are not well known and cal-
culated SI values are less reliable predictors of
mineral stability. In addition, dissolved alumi-
num concentrations are required to calculate SI
values, and aluminum is difficult to measure in
water samples because of its chemical affinity
for colloidal material and the small concentra-
tions at which it exists. In order to avoid these
difficulties, the stability of aluminosilicate
minerals commonly is evaluated by plotting
water chemistry data on diagrams depicting
the stability fields of the solid phases in a given
chemical system. For example, in the system
microcline-muscovite-gibbsite-kaolinite, log;o
[K*]/[H*] is plotted as a function of log,,
[Si(OH),] (the brackets indicate ion activity).
This technique avoids the analytical problems
associated with measuring aluminum concen-
trations. Water-chemistry data for samples
from wells at TAN, wells at RWMC, and
selected wells and a spring on or near the
INEL were superposed on stability diagrams
(figs. 12-14) for the potassium system. All the
data plot in the kaolinite stability field, which
indicates that microcline, muscovite, and
gibbsite are unstable solid phases and would
react with water to form kaolinite.

In a similar fashion, log,o[Ca*?]/[H*]? is
plotted as a function of log, [ Si(OH),] in
figures 15-17 and log;o[Na*]/[H*] is plotted as
a function of log;([Si(OH),] in figures 18-20.
Figures 15-17 indicate that for water associ-
ated with anorthite, calcium montmorillonite is
the stable solid phase. Similarly, figures 18-20
indicate that for water associated with albite,
kaolinite and sodium montmorillonite are the
stable solid phases.

The actual chemical composition of plagio-
clase in the Snake River Plain aquifer system
lies between the end-member compositions for
albite and anorthite; hence, the phase bound-
aries involving plagioclase in figures 15-20
should be considered approximate. A similar
uncertainty in the phase boundaries involving
potassium minerals is effected in figures
12-14. Because of the uncertainties associated
with aluminosilicate mineral stability dia-
grams, conclusions about water equilib<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>