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SUMMARY OF COMPILED FLUID
GEOCHEMISTRY WITH DEPTH
ANALYSES IN THE GREAT BASIN
AND ADJOINING REGIONS

by Stefan M. Kirby

ABSTRACT

Fluid chemistry at depth places important constraints on
deep-seated geothermal resource development. This da-
tabase presents a compilation of published major ion fluid
chemistry for samples of known depth from sources that
include oil and gas exploration and development, stan-
dard groundwater samples collected from water wells,
and samples associated with geothermal power explora-
tion and development. The samples are from the lower 48
states west of 100 degrees latitude. The electrolytic charge
balance of all samples was checked and only samples with
an electrolytic charge balance within plus or minus 10
percent were retained in the compiled dataset. Geochemi-
cal samples were grouped into nine units based on the
calculated water type. There is broad overlap between
water chemistry at depth from samples in the Great Basin
area and adjoining areas in the western U.S. Below 2000
meters most samples have sodium water types and Na-Cl
water type comprises most of the samples at depth. Other
sodium water types (including Na-HCO, and Na-SO,) and
Ca-Cl make up much of the remainder of samples from
depths greater than 2000 meters. Solute concentrations
for samples from the Great Basin area are slightly more
dilute than those from adjoining areas. These data pro-
vide baseline chemistry for various depth intervals across
a range of geologic settings that are relevant to potential
deep geothermal exploration and development.

INTRODUCTION

Fluid chemistry at depth places important constraints on
deep-seated geothermal resource development. Complete
and geochemically charge-balanced samples of known
depth greater than 500 meters are generally rare. This da-
tabase presents a compilation of existing major ion fluid
chemistry for samples of known depth from sources that
include oil and gas exploration and development, stan-
dard groundwater samples collected from water wells,
and samples associated with geothermal power explo-

ration and development. The data compiled from these
sources span a variety of geologic and thermal settings
and are meant to provide a broad background of potential
fluid chemistry at various depths that are relevant to deep
geothermal exploration, reservoir modeling, system engi-
neering, and development.

BACKGROUND

This report presents a compiled dataset of published geo-
chemical data collected from known depths west of 100
degrees longitude in the lower 48 states (figure 1). The
dataset includes fluid geochemical measurements collect-
ed from the oil and gas industry during exploration and
development drilling and production, fluid samples from
the geothermal power industry, and more typical ground-
water samples from water wells. Measurements from four
primary sources are compiled in this dataset, including 1)
the national Produced Waters database (Breit, 2002), 2)
the National Water Information System (NWIS) database
(U.S. Geological Survey, 2012), 3) the Great Basin geother-
mal geochemical database (Nevada Bureau of Mines and
Geology, 2006), and 4) the database of geothermal geo-
chemical samples included in Clark and others (2010). All
measurements compiled from these data sources include
basic location and depth information and concentrations
of the major solutes. Most samples from these datasets
were collected from depths of less than 250 meters. In
order to focus on chemistry trends at significant depth,
only samples from depths greater than 250 meters below
land surface are retained in the compiled dataset.

Each compiled sample includes measured solute con-
centrations of calcium, magnesium, sodium, potassium,
chloride, bicarbonate, and sulfate. A limited subset of the
data also includes pH and/or temperature measurements.
Many samples do not include temperature or pH mea-
surements, and these data are largely incomplete. Specific
conductance data are lacking from the produced waters
database (Breit, 2002) and are incomplete in the other
sources, and are not included in the compiled data.
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The electrolytic charge balance of all samples was checked
using standard techniques where the molar charge
equivalent of dissolved solutes was calculated using the
AquaChem software. The charge balance was calculated
as the percent difference between the sum of the anion
and sum of the cation charge equivalents. Samples with an
electrolytic charge balance within plus or minus 10 per-
cent were retained in the compiled dataset. This is greater
than the more typical value of plus or minus 5 percent
used for most water samples to include as many poten-
tially valid samples as possible.

The sources from which the data are compiled overlap in
part, and duplicate measurements were removed from the
initial compilation based on location and depth. Each anal-
ysis included in the final database contains a unique loca-
tion and depth. The samples are divided by location into
two groups, Great Basin area samples and all other sam-
ples, based on the geographic extent of data in the Great
Basin geothermal geochemical database (Nevada Bureau
of Mines and Geology, 2006). This extent corresponds
to the Great Basin area and includes samples within ap-
proximately 150 kilometers of the hydrographic boundary
of the Great Basin (figure 1). The sources from which the
data are compiled contain incomplete and complicated in-
formation for the geologic unit from which a sample was
obtained, and no lithology information is included with
samples in the compiled dataset.

Geochemical samples were subdivided based on calcu-
lated water type or hydrochemical facies. Water type was
calculated for all samples using AquaChem geochemical
software following standard methodologies for hydro-
chemical facies delineation similar to those presented by
Kehew (2000). Water type is only stated with respect to
the greatest relative concentration of cation and anion.
This yields 12 possible water types that include Na-Cl, Na-
HCO,, Na-S0,, Ca-C], Ca-HCO,, Ca-SO,, Mg-Cl, Mg-HCO,, Mg-
S0, K-Cl, K-HCO,, and K-SO,. No samples in the compiled
dataset have potassium as the dominant cation and water
type is therefore limited to the nine chemistry types ex-
cluding potassium.

DATA SUMMARY

The compiled dataset of geochemistry with depth includes
a total of 7485 samples (table 1). Of the total number of
samples, 5255 are from the national Produced Waters da-
tabase (Breit, 2002), 2049 are from the NWIS database
(U.S. Geological Survey, 2012), 107 are from the Great
Basin geochemical database (Nevada Bureau of Mines and
Geology, 2006), and 74 are from the database of geother-
mal geochemical samples (Clark and others, 2010). Within

Table 1. Compiled dataset of solute chemistry with depth.

the total data set 336 measurements are from the Great
Basin area.

The location of the compiled samples is shown in figure
1. Most samples of significant depths (greater than 2000
meters) are from oil and gas fields of the Rocky Moun-
tains and west Texas. Away from these areas most samples
come from depths of less than 1000 meters. Samples from
the Great Basin area are located primarily along the mar-
gin of the province and are generally from depths of less
than 1000 meters.

Depth of measurement ranges between 250 and 6433 me-
ters with a median of 1807 meters for the entire database.
Within the Great Basin area depth of measurement ranges
between 250 and 4337 meters; most of these measure-
ments are taken from samples collected within 500 me-
ters of the land surface, and the median depth of samples
from the Great Basin area is 351 meters. The total number
of samples from depths greater than 2000 meters is 2266,
and 22 of these samples are from the Great Basin.

Figure 2 shows depth versus chloride concentration for all
water types. Samples are symbolized based on water type,
and all samples from the Great Basin area are differentiat-
ed. Chloride concentration generally increases with depth
across the data set although high concentrations of chlo-
ride exist at all depths. Water types that include calcium or
magnesium as the dominant cation occur primarily within
1000 meters of the land surface. Magnesium water types
are generally uncommon and primarily occur at shallow
depths less than 500 meters. Below 1000 meters most
samples have sodium water types, and Na-Cl water type
comprises most of the samples at depth. Other sodium
water types (including Na-HCO, and Na-S0O,) and Ca-Cl or
Ca-HCO, make up much of the remainder of samples from
depths greater than 1000 meters. There is general over-
lap of water type and chloride concentration with depth
among samples collected in the Great Basin area and sam-
ples collected elsewhere.

To quantify chemistry trends with depth in figure 2, sim-
ple descriptive statistics were calculated for each water
type and solute for a series of depth intervals (tables 2 and
3). Statistical summaries were computed using the R sta-
tistical software (R Development Core Team, 2012). Depth
intervals examined include 250 to 500 meters followed by
500-meter intervals from 500 to 5000-meter depths, and
lastly all samples of more than 5000 meters in depth. Sta-
tistics were calculated separately for each depth interval
for all samples together and for samples from the Great
Basin area. Table 2 presents the number of occurrences
and the relative frequency of water types (e.g. Na-Cl) as
percent of total measurements for a given depth interval.
These data are used to plot the frequency as percent of the
various water types for each depth interval for all samples
and samples from the Great Basin area (figure 3).
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Table 2. Water type frequency of occurrence by depth interval.

All samples
Ca-Cl Ca-HCO; Ca-SO, Mg-Cl Mg-HCO, Mg-SO, Na-Cl Na-HCO; Na-SO,

Depth1 N2 n Freq’ n Freq n Freq n Freq n Freq n Freq n Freq n Freq n Freq
250-500 1649 18 1.1% 304 18.4% 87 5.3% 7 0.4% 31 1.9% 9 0.5% 319 19.3% 669 40.6% 205 12.4%
500-1000 1158 11 0.9% 54 4.7% 66 5.7% -- - 7 0.6% 8 0.7% 460 39.7% 310 26.8% 242 20.9%
1000-1500 1194 20 1.7% 12 1.0% 42 3.5% 1 0.1% 5 0.4% -- -- 787 65.9% 157 13.1% 170 14.2%
1500-2000 1240 15 1.2% 6 0.5% 18 1.5% 1 0.1% -- -- -- - 898 72.4% 142 11.5% 160 12.9%
2000-2500 1045 20 1.9% 4 0.4% 19 1.8% 1 0.1% - - - - 820 78.5% 64 6.1% 118 11.3%
2500-3000 641 9 1.4% 1 0.2% 8 1.2% -- -- -- -- -- - 516 80.5% 35 5.5% 71 11.1%
3000-3500 329 10 3.0% -- -- 1 0.3% -- -- -- -- -- - 280 85.1% 9 2.7% 29 8.8%
3500-4000 139 17 12.2% - -- 1 0.7% -- -- -- -- -- - 112 80.6% 2 1.4% 7 5.0%
4000-4500 39 4 10.3% - -- -- -- -- -- -- -- -- - 32 82.1% 2 5.1% 1 2.6%
4500-5000 32 -- - - -- -- -- -- -- -- -- - - 32 100.0% -- -- -- --
>5000 19 1 5.3% - -- -- -- -- -- -- -- - - 14 73.7% 4 21.1% -- --
Great Basin area samples

Ca-Cl Ca-HCO, Ca-SO, Mg-Cl Mg-HCO, Mg-SO, Na-Cl Na-HCO, Na-SO,

Depth1 N2 n? Freq’ n Freq n Freq n Freq n Freq n Freq n Freq n Freq n Freq
250-500 240 4 1.7% 90 37.5% 8 3.3% -- -- 7 2.9% 2 0.8% 56 23.3% 57 23.8% 16 6.7%
500-1000 41 -- - 9 22.0% 1 2.4% -- -- -- -- 1 2.4% 14 34.1% 15 36.6% 1 2.4%
1000-1500 18 -- - 3 16.7% - -- -- -- 3 16.7% -- - 3 16.7% 9 50.0% -- --
1500-2000 17 -- - 4 235% - -- -- -- -- -- - - 9 52.9% 3 17.6% 1 5.9%
2000-2500 6 -- - 1 16.7% 1 16.7% -- -- -- -- - - 5 83.3% -- -- -- --
2500-3000 8 1 12.5% - - -- -- -- -- -- -- - - 2 25.0% 3 37.5% 1 12.5%
3000-3500 1 -- - - -- -- -- -- -- -- -- - - 1 100.0% -- -- -- --
3500-4000 4 -- - - -- -- -- -- -- -- -- - - 2 50.0% 1 25.0% 1 25.0%
4000-4500 3 -- - - -- -- -- -- -- -- -- - - 3 100.0% -- -- -- --
4500-5000 -- -- - - - -- -- -- -- -- -- - - -- -- -- -- -- --
>5000 - -- - -- -- -- -- -- -- -- -- -- - -- - -- -- -- --

suo1ba.1 buruiolpp pup uisbg 3pa.n ay3 ul sasAjpup yidap yam L13s1wayo0ab pinjf pajiduios Jo Lipwwing

! Depth interval in meters

? Total number of samples for a given depth interval, -- indicates no occurrences
* Number of occurrences of given water type

* Frequency in percent of total water type occurrences for a given depth interval
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Table 3. Summary statistics for solute concentrations by depth intervals.

All samples Great Basin area samples
Solute Depth® n’ Min 25° Median  Mean 75 Max n’ Min 25° Median®  Mean 75 Max
Ca 250-500 1649 0.04 8.60 28.00 92.11 63.00 7448.00 240 0.70 23.00 42.50 83.59 70.19 1700.00
500-1000 1158 0.50 15.00 47.00 478.06 253.25 62208.00 41 0.80 12.00 28.00 109.53 55.94 1889.00
1000-1500 1194 0.80 22.00 159.00 1735.92 773.50 42112.00 18 0.80 11.28 39.50 516.00 77.00 6773.00
1500-2000 1240 0.80 27.00 188.50 2028.24 1113.00 38000.00 17 5.80 28.10 41.95 50.71 74.32 130.00

2000-2500 1045 1.00 72.00 388.00 1950.65 2000.00 32000.00 6 33.96 78.49 110.37  108.25  122.97 199.77
2500-3000 641 1.00 81.00 352.00 2550.61 1665.00 65582.00 8 9.65 20.23 32.96 392.06 77.56 2794.00
3000-3500 329 8.00 114.00 591.00 4646.54 2368.00 55104.00 1 - - 25.00 - - -
3500-4000 139 5.00 162.90 1440.00 5239.84 5999.00 43056.00 4 6.09 54.77 120.40 169.10 234.73 429.51
4000-4500 39 6.00 371.50 1465.00 433146 5926.00 28100.00 3 27.00 78.43 129.85  268.28  388.93 648.00
4500-5000 32 15.00 32.00 94.00 539.38 326.25 5080.00 - - - - - - -

>5000 19 7.00 67.00 996.00 2593.26 2425.00 17253.00 - - - - - - -

Na 250-500 1649 1.00 45.00 160.00 724.04 450.00  99885.90 240 1.20 19.00 51.70  1318.87 215.25  99885.90
500-1000 1158 1.10 270.00 932,50 4704.91 2937.00 146770.00 41 6.60 39.90 82.00 2793.52 479.45 55716.00
1000-1500 1194 1.60 1340.00 3099.00 12043.23 9333.25 124529.00 18 18.00 32.97 114.00 2875.50 797.50  36925.00
1500-2000 1240 0.40 2098.50 4218.00 15815.09 12884.75 118001.00 17 6.50 64.93 338.61 578.38 1138.70  2070.00

2000-2500 1045 2.00 2611.00 6144.00 20534.96 21172.00 124491.00 6 16.00 113.37 1058.79 994.53 1867.87  1897.83
2500-3000 641 59.93 2491.00 7937.00 21465.09 30902.00 130631.00 8 59.93 388.81 78297 1601.18 1630.47  6492.58
3000-3500 329 264.00 3771.00 8788.00 21128.93 30911.00 119460.00 1 - - 2549.00 - - -
3500-4000 139 163.00 3889.50 10488.00 21297.31 29367.00 99666.00 4 163.00 425.02 4950.81 7260.74 11786.54 18978.32
4000-4500 39 370.00 4565.50 10243.00 15710.08 16247.50 78000.00 3 370.00 3023.00 5676.00 4878.73 7133.09  8590.19
4500-5000 32 571.00 2913.75 3420.00 7650.47 6884.25 62935.00 - - - - - - -

>5000 19 1355.00 3740.00 18752.00 32001.11 37850.50 115841.00 - - - - - - -

Mg 250-500 1649  0.00 1.80 7.30 38.28 21.00 8000.00 240  0.00 4.40 12.00 66.93 22.25 8000.00
500-1000 1158 0.01 3.60 19.00 222.91 70.00 18454.00 41 0.02 0.91 6.39 32.27 17.00 599.00
1000-1500 1194 0.02 9.00 39.00 493.96 210.50  11165.00 18 0.02 3.10 11.00 74.00 40.49 872.00
1500-2000 1240 0.00 10.00 43.00 447.93 211.25  14600.00 17 0.00 1.00 19.18 19.64 30.00 59.00
2000-2500 1045 0.10 20.00 70.00 374.29 428.00 9960.00 6 1.00 3.92 6.39 20.27 26.20 71.92
2500-3000 641 0.01 20.00 104.00 441.21 412.00  25772.00 8 0.01 1.60 7.35 45.88 16.73 309.00
3000-3500 329 1.00 18.00 91.00 690.18 627.00 9150.00 1 - - 6.00 - - -
3500-4000 139 0.41 24.00 182.00 671.94 1087.00  5040.00 4 0.41 20.35 34.98 29.08 43.70 45.95
4000-4500 39 0.00 55.50 326.00 786.31 896.50 4394.00 3 0.00 3.00 5.99 21.00 31.50 57.00
4500-5000 32 3.00 6.75 19.50 81.66 76.25 518.00 - - - - - - -
>5000 19 1.00 8.50 104.00 575.47 467.50 6542.00 - - - - - - -

K 250-500 1649 0.04 2.00 3.60 22.37 7.60 13000.00 240  0.50 2.40 5.40 91.77 9.99 13000.00
500-1000 1158 0.10 5.00 13.00 94.51 49.94 7960.00 41 1.00 3.60 6.90 73.47 33.30 1830.00
1000-1500 1194 0.70 13.00 36.00 293.04 132.25 6900.00 18 1.10 3.83 8.45 46.49 20.75 505.00
1500-2000 1240 0.60 18.00 52.00 371.95 200.00  17500.00 17 2.70 4.89 16.38 38.28 56.14 245.00

2000-2500 1045 1.00 35.00 95.00 516.11 419.00 9000.00 6 2.80 19.98 140.34  157.62  217.25 439.50
2500-3000 641 1.30 43.00 230.00 722.73 784.00 9080.00 8 4.89 33.75 70.82 78.98 97.34 220.00
3000-3500 329 3.00 65.00 192.00 1005.74  900.00  10100.00 1 - - 25.00 - - -
3500-4000 139 9.00 83.00 250.00 1044.24  812.50  11000.00 4 17.08  33.52 254.23  655.79  876.50 2097.60
4000-4500 39 7.00 100.00  400.00 517.37 598.00 4400.00 3 26.00 113.00 200.00 238.48 344.72 489.44
4500-5000 32 4.00 10.00 85.00 255.38 264.00 1852.00 - - - - - - -

>5000 19 17.00 36.50 213.00 523.63 985.00 1857.00 - - - - - - -

cl 250-500 1649 0.50 12.00 43.00 922.94 189.00  180000.00 240 1.20 11.80 36.08 2195.73 172.50 180000.00
500-1000 1158 0.60 70.00 371.00 7546.22 3122.50 231485.00 41 1.90 10.99 32.00 4227.79 227.74  91000.00
1000-1500 1194 0.80 592,50 3511.50 21565.01 13760.75 217968.00 18 2.00 9.99 16.50 5071.77 120.00  71873.00
1500-2000 1240 0.50 1300.00 5050.00 27819.92 19700.00 237245.00 17 4.30 13.00 34161 701.21 93593 3500.00

2000-2500 1045 1.00 2620.00 9000.00 34866.32 36500.00 225351.00 6 18.00 201.02 1792.95 1564.55 2871.72  2881.71
2500-3000 641 4.99  2450.00 9200.00 37492.69 54300.00 240236.00 8 4.99 107.74 57834 1658.26 1522.51  8800.00
3000-3500 329 30.00 3750.00 12000.00 41687.57 54000.00 244228.00 1 - - 2760.00 - - -
3500-4000 139  79.51 5290.00 20500.00 43630.86 56350.00 205000.00 4 79.51 231.38 3587.06 8555.71 11911.39 26969.19
4000-4500 39 280.00 6800.00 25300.00 32829.86 37950.00 185000.00 3 405.00 2292.50 4180.00 5190.82 7583.72 10987.45
4500-5000 32 750.00 3307.50 4525.00 11706.78 8700.00 104000.00 - - - - - - -

>5000 19 600.00 4900.00 33800.00 54467.53 68300.00 182783.00 - - - - - - -
S04 250-500 1649 0.10 16.00 66.00 297.48 250.00  10050.00 240 0.30 16.00 36.48 210.63  110.50 6300.00
500-1000 1158 0.20 32.00 230.00 966.92  1187.50  12500.00 41 7.89 22.00 44.00 209.12  155.82 2225.00
1000-1500 1194 1.00 74.00 559.50  1540.91 2179.25  14000.00 18 11.00 9175 14991  302.98 284.75 2650.00
1500-2000 1240 0.80 140.00 704.00 1403.44 1852.50 14600.00 17 0.80 1.20 59.00 90.03 68.00 424.52

2000-2500 1045 0.50 170.00  895.00 1611.55 2350.00 15000.00 6 0.50 58.68 85.40 99.69 111.37 257.00

2500-3000 641 2.00 450.00 1300.00 2246.19 3136.00 12500.00 8 9.99 67.20 333.38 1824.21 1192.42 10987.45
3000-3500 329 1.00 270.00 937.00 1881.32  2440.00 14970.00 1 - - 155.00 -
4
3

66.00 180.56 1008.35 2867.99 3695.78  9389.27

3500-4000 139 4.00 233.50 731.00 1137.57 1517.00  9400.00

4000-4500 39 13.00 323.00 1050.00 1470.28 1860.50  8500.00 64.00 1430.40 2796.81 2520.27 3748.40 4700.00

4500-5000 32 73.00 32450 426.00 960.25  1643.75  3550.00 - - - - - - -

>5000 19 87.00 22350 560.00 1044.89 1425.00  3900.00 - - - - - - -
HCO3 250-500 1649  3.00 150.00  220.00 457.13 500.00  29400.00 240 3.00 150.00 190.00 249.20 258.25 2252.43

500-1000 1158 18.00 217.25 570.50  1000.15 1342.00 9206.48 41 4395 130.00 193.00 491.25 264.70 9206.48
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Table 3. continued

1000-1500 1194 12.00 390.00 1000.00 1236.65 1706.00 17200.00 18 115.00 194.60 310.00 584.68  856.00 1818.00
1500-2000 1240 1.00 354.00 916.00 1337.04 1809.00 14700.00 17 132.85 286.00 440.00 535.88 579.34 1780.00
2000-2500 1045 12.00 329.00 746.00 1113.23 1573.00 39300.00 6 143.84 283.86 516.91 448.20 598.07 680.22
2500-3000 641 18.00 334.00 675.00 914.65 1171.00 7076.00 8 27.37 189.03 252.71 695.10 725.75 3096.46
3000-3500 329 27.00 281.00 610.00 1007.33 1476.00 11590.00 1 - - 1964.00 - - -
3500-4000 139 7.00 287.00 545.00 855.75 1044.42 5514.00 4 224.00 820.13 2157.54 2133.63 3471.04 3995.44
4000-4500 39 51.00 458.50 708.00 1860.01 2319.69 9516.00 3 378.00 1337.69 2297.38 2384.13 3387.19 4477.00
4500-5000 32 5.00 770.25 1140.50 1409.75 1574.00 6137.00 - - - - - - -
>5000 19 34.00 338.00 1110.00 1735.42 2598.50 5978.00 - - - - - -- -

! Depth interval in meters

> Number of occurrences, -- indicates no measurements in a given depth range

* percentiles calculated using the R statistical software

* Median values for depth intervals with 1 measurement are the actual measurement
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Figure 3. Frequency of water type by depth interval.
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For all samples sodium water types comprise most of the
water types at all depths, and at depths greater than 1000
meters more than 50 percent of all water types are Na-Cl.
Na-Cl water types increase in frequency with depth and
comprise between 70 and 100 percent of all water types at
depths greater than 2500 meters for all samples. Na-HCO,
and Na-SO, water types combine to comprise between 47
and 53 percent of water types; as depth increases the fre-
quency of these water types decreases to a combined total
of 6 percent at depths of 3500 to 4500 meters. Calcium
water types (Ca-HCO,, Ca-S0,, and Ca-Cl) combine to com-
prise 24 percent of samples in the 250 to 500-meter depth
interval. Ca-HCO, water type is 18 percent of total sam-
ples at these depths, with its frequency decreasing rap-
idly below 500 meters to less than 1 percent of samples
to depths of 3000 meters. Ca-Cl water type is generally 1
percent of samples, but between 3500 and 4500 meters
this water type accounts for 10 to 12 percent of samples.
Magnesium water types combined (Mg-Cl, Mg-HCO,, Mg-
SO,) are generally less than 1 percent in the upper 2500
meters, and magnesium water types are absent altogether
below 2500 meters.

Water type frequency patterns for samples in the Great
Basin area are broadly similar to those described above.
A greater percentage of samples in the upper 2500 meters
are calcium bicarbonate water types, ranging from 17 to
38 percent of samples for depths less than 2500 meters.
Sodium water types again dominate samples at depth in-
tervals greater than 2000 meters, and Na-Cl water type is
between 25 and 100 percent of samples at depths greater
than 2000 meters.

Figure 4 shows median values of solute concentration rel-
ative to depth intervals. For all samples, median concen-
trations of all solutes increase rapidly with depth to 1500
meters. Below 1500 meters the rate of concentration in-
crease is lower. The greatest median concentrations of so-
dium and chloride are 18,750 mg/L and 33,800 mg/L and
occur in the greater than 5000 meter depth interval. For
depth intervals between 2000 and 5000 meters, sodium
and chloride have median concentrations ranging from
6100 to 10,500 mg/L and from 9000 to 25,300 mg/L, re-
spectively.

Median values of concentrations for solutes in the Great
Basin area are generally lower than those of all samples
for a given depth interval (figure 4). The median concen-
tration of calcium in the Great Basin area ranges between
28 and 43 mg/L for depth intervals less than 2000 me-
ters. For depth intervals greater than 2000 meters median
calcium concentrations range between 25 and 130 mg/L.
The median concentration of sodium ranges between 51
and 339 mg/L for depth intervals less than 2000 meters
in the Great Basin area. Below this depth median sodium
concentration ranges from 783 mg/L at the 2500 to 3000-
meter depth interval to 5676 mg/L at the 4000 to 4500-
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meter depth interval. Median magnesium concentrations
in the Great Basin area range from 6 to 20 mg/L in the
upper 2000 meters; at depths greater than 2000 meters
most depth intervals have median concentrations of less
than 10 mg/L. The largest median magnesium concen-
tration is 35 mg/L at the 4000 to 4500-meter depth in-
terval. Median potassium concentrations range from 5 to
16 mg/L for depth intervals less than 2000 meters in the
Great Basin area. Median concentration of potassium for
depth intervals between 2000 and 4500 meters ranges
from 25 to 254 mg/L. Concentrations of the chloride anion
in the Great Basin area range between 17 and 342 mg/L
for depth intervals less than 2000 meters. At depth inter-
vals greater than 2000 meters median chloride concentra-
tions range from 578 to 4180 mg/L. The median sulfate
concentration in the Great Basin area ranges from 37 to
150 mg/L for depth intervals less than 2000 meters. At
depths greater than 2000 meters sulfate has median con-
centrations between 85 and 2796 mg/L. The median bi-
carbonate concentration in the Great Basin area ranges
from 190 to 440 mg/L for depth intervals less than 2000
meters. Below 2000 meters median bicarbonate concen-
trations range from 517 to 2297 mg/L.

DISCUSSION

The compiled dataset presented here is clustered in its
geographic extent. This leaves large areas with no or few
samples at a given depth and likely skews results relative
to locations having significant data. Most samples from
depths greater than 1000 meters are from the oil and gas
industry and are necessarily located in producing oil and
gas basins. These settings have unique geochemistry rela-
tive to other areas and their inclusion here may also af-
fect these results. The incomplete nature of field param-
eters of pH and temperature included in this dataset also
raises the potential for error. Samples that were collected
from deep, warm locations may have re-equilibrated due
to changes in mineral solubility resulting from large tem-
perature changes.

Based on the compiled geochemical data, fluid chemistry
is generally dominated by sodium water types, in particu-
lar Na-Cl water types, which comprise most of the samples
particularly below 2000 meters in depth. Other sodium
water types, including Na-HCO, and Na-SO,, comprise
lesser but important fractions of total water types for a
given depth interval. At shallow depths less than 2000
meters, Ca-HCO, and Ca-SO, water types comprise impor-
tant fractions of the dataset, particularly in the Great Basin
area. Mg water types are rare across all depth intervals.

Previous work on deep fluid geochemistry has found dom-
inant chemistries of Ca-Na-Cl (Moller and others, 1997;
Stober and Bucher, 1999; Stober and Bucher, 2005) and
Na-ClI (Stober and Bucher, 2004; Bucher and Stober, 2010)



Summary of compiled fluid geochemistry with depth analyses in the Great Basin and adjoining regions
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Figure 4. Median solute concentrations by depth intervals.
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brines at depths greater than several thousand meters.
The concentrations of these brines are within an order of
magnitude of the calculated median solute concentrations
for comparable depth intervals from the entire compiled
dataset, and are generally higher than samples from cor-
responding depths in the Great Basin area. As such, the
sample data presented in the compiled dataset are likely
a reasonable estimate of fluid geochemistry at various
depths despite the limitations of geographic and geologic
setting previously discussed.
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