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Abstract: Lop Nor Playa is the main salt-forming area in the Tarim Basin, which is rich in brine
resources. There is a large amount of potassium fertilizer produced from potassium-rich brine in
Lop Nor annually, which meets about half of the demands of China’s agricultural potash, along
with that produced in the Qaidam Basin. In order to investigate the distribution characteristics of
potassium-bearing minerals and the origin of potassium-bearing salts in Lop Nor Playa, mineralogy
and hydrogeochemistry studies were carried out. The results showed that there are a large number of
polyhalite layers distributed in the Luobei Depression and Xinqing Platform. Brines with high content
of K* and Mg?* have reactions with calcium sulfate minerals, generating secondary polyhalite layers.
Carnallite layers are mainly distributed in subbasins along fault zones in all three mining areas with
small size. Ca-Cl-type waters rise to the surface along fault zones and mix with ground water as soon
as they appear on the ground, forming the deposits of carnallite and bischofite after evaporation.
During the generation of potassic salts, fault zones, on the one hand, control the margin of mining
areas and the distribution of polyhalite layers. On the other hand, they act as the migration and
reaction space for salt spring water, providing large amounts of ore-forming elements such as Ca?*,
K*, and Mg?*. This study provides a theoretical basis for the exploration of potassium-rich brine in
the Lop Nor Basin.
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1. Introduction

Potash fertilizer plays a very important role in crop growth. The balance between the
supply and demand of fertilizer restricts the development of agriculture in a country [1].
China is a large agricultural country, but its dependence on foreign potash fertilizer is still
over 50%, and 80% of this is imported from Russia, Belarus, Canada, and Israel [2].

Because of the special forming conditions of evaporite, global potash deposits are
mainly distributed in closed basins in the 30-60° north latitude zone [1,3,4], such as the
Saskatchewan Basin in Canada [5-8], Salt Range Basin in Pakistan [9-11], Sakon Nakhon
Basin in Thailand [12-14], Delaware Basin in the USA [15], and some other basins in Eu-
rope [16-19]. In China, potassic salt is mostly produced from brines in the Qaidam Basin in
Qinghai province [20-24] and Lop Nor Playa in the Tarim Basin [25-31]. In addition, minor
production occurs in the Jianghan Basin [32-34], Sichuan Basin [35-38], Simao Basin [39-42],
and a few other basins [43—46]. Many studies have been carried out in the Lop Nor Playa
and fruitful results have been achieved in relation to the geochemical characteristics of
potassium-rich brines [31,43,47,48], tectonic evolution [49-51], sedimentary environment,
and climate [28,29,31,52-54].
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However, the total dissolved solids and content of potassium in brines in the min-
ing areas have decreased due to intensive industrial exploitation of brine for more than
20 years [26]. In order to determine the relationship between the potassic salts and fault
zones, geochemical research and X-ray powder diffraction were carried out over the past
three years to determine the distribution characteristics and the genesis of the polyhalite
(KyCapyMg (SO4)4:2H,0) and carnallite (KMgCls-6H,0) layers in the Lop Nor Playa. Our
study provides a new direction for further exploitation of potassium-rich brines by dissolu-
tion and transformation of potassic salts in the Lop Nor Basin.

2. Geological Setting

The Lop Nor Playa is located in the easternmost part of the Tarim Basin (Figure 1)
and belongs to the intersection of the Tarim Platform, Kunlun—Altun tectonic belt, and
Beishan tectonic belt [49,50]. The Tarim Basin experienced several uplift periods during the
Caledonian and Hercynian-Indosinian orogeny [55]. At that time, the depositional center
of the Tarim Basin was situated westward of its present position. In the Neogene, due
to the subduction of the Indian plate beneath the Eurasian plate, major faults around the
basin became reactive. The Altun sinistral strike-slip fault and Kruktag dextral strike-slip
fault produced a large displacement in this period, resulting in the Tarim Basin becoming
a rhombic basin [56]. The Tibetan Plateau, Kunlun Mountains, and Altun Mountains
were successively uplifted [57], and a large number of nappes were generated within the
basin. At this time, the depositional center migrated progressively eastward and Lop Nor
eventually became the depositional center.
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Figure 1. Location of the Lop Nor basin in China and the distribution of sampling points of this
study; (a) shows the elevation of Xin Jiang Province and the approximate location of the Lop Nor
Basin; (b) shows the sampling points along Tarim River; (c) shows the sampling points in the Lop Nor
Basin. YR—Yarkand River; BL—Boston Lake; TR—Tarim River; CR—Cherchen River; HR—Hetian

River. — shows the stream direction of Tarim River.
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Due to the tectonic movements, the Lop Nor mining areas located in the northern part
of the Lop Nor Playa became the lowest region of the whole basin. Because the northern
part has the highest content of potassium and magnesium of the whole Lop Nor Playa,
these areas are perfect for industrial exploitation. Faults developed in this area include the
Kruktag Fault, Altun Faults, Kongque River Fault, and Cherchen Fault [58]. The Kruktag
Fault controls the northern part of the Lop Nor Playa. It is a dextral strike—slip fault and is
mainly controlled by two internal faults: the Xingdi Fault and Singur Fault [59]. The Altun
Fault is a giant sinistral strike-slip fault, controlling the southern boundary of the Lop Nor
Playa. In addition, due to the NEE-trending and near-EW-trending tectonic stresses [60],
several faults developed in the mining areas (Figure 2). The Xinging Platform and Luobei
Depression are separated by the F4 fault, which is a normal fault with a strike of 30° and a
dip of about 120°. The Luobei Depression and Tenglong Platform are separated by the F6
fault. The F4 and F6 faults generated the Luobei Depression. The F1 fault (Cherchen Fault)
is a regional compressional and wrench fault. It passes through the Tenglong Platform and
divides Tenglong into two parts. The F3 fault is located in the northern part of the mining
area and represents its northern boundary [61]. Along the fault zone, there are a series of
tectonic fissures, which become the migration paths of fissure water and pore water.
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Figure 2. (a) Shows the simplified geological map of the Lop Nor basin [30,31,62-64]; (b) shows the
cross-section of A-A’ in the Lop Nor Basin. C1, C2, C3 are three deposits of carnallite layers.

The number of water reservoirs is varied in different mining areas because of the
fault distribution. According to borehole data, there are seven brine layers in the Luobei
Depression, including one phreatic layer and six confined water layers. There are two
brine layers in the Xinging Platform, both of which are confined water layers. There is one
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phreatic layer and two confined water layers in the north of the Tenglong Platform, while
only two confined water layers have developed in the south due to the influence of the
F1 fault. According to a geological survey and remote sensing images, there are a large
number of spring-point recharging mining areas along the faults. Spring water is another
important source of brines developed in the Tarim Basin, in addition to rivers [62,65].

3. Sampling and Testing
3.1. Sampling Methods

A total of 221 water samples and 256 evaporite samples were collected during a
geological survey in the Lop Nor Playa. Water sampling points were mainly distributed
along the Tarim River and boreholes, as well as fault zones around the mining areas, while
mineral samples were mainly distributed around springs and boreholes in the mining areas.

Liquid samples were collected with 500 mL sampling bottles washed three times
with water before sampling. Samples were collected in duplicate. After measuring the
temperature, water density, and pH values of brines on site, each sample bottle was quickly
sealed with tape to prevent evaporation and crystallization during storage. Because most
evaporates deliquesce easily, evaporite samples were packed in a double-layer plastic-
sealed bag after collection and kept sealed with minimum contact with air. Each sample
was about 300-500 g.

3.2. Analytical Methods
3.2.1. X-ray Powder Diffraction

Evaporite samples were cleaned with ethyl alcohol and heated in an oven at 50 °C
for 24 h. Then, samples were ground to 200 mesh. After drying, samples were sent to the
Powder Crystal Laboratory of the Research Institute of China University of Geosciences
(Beijing, China) for X-ray diffraction analysis. The measuring instrument was a Smart Lab
9 KW rotating anode ray diffractometer made by Rigaku, Japan. The anode was a Cu target,
the scanning angle was 3°-70°, and the scanning step was 8° /min. MDI Jade 6.0 software
was used for semi-quantitative analysis of the spectra.

3.2.2. Major and Trace Elements Analysis

Impurities on the surface of evaporite samples were removed with ethyl alcohol and
heating; then, samples were ground to 200 mesh. All collected liquid samples and solid
samples were sent to the National Research Centre for Geoanalysis for major and trace
element analysis. Major elements C1~, Na*, K, S0,2-, Mg2+, Ca?*, CO52~, and HCO;~
and trace elements Li*, B3, Br—, I, Rb*, Cs*, and Sr?*, as well as NO;~, were determined
in liquid samples. Na*, K*, Mg?*, Ca?*, and B*" were quantified using an inductively
coupled plasma atomic emission spectrometer (PE8300). The analytical error was less than
0.2% for Ca2* and Mg2+, less than 0.5% for Na* and K*, and less than 1% for B3*. Li*, Br—,
I, Rb*, Cs*, and Sr?* were detected using a plasma mass spectrometer (PE300Q). The
analytical error was less than 2%. C1~, CO3%2~, HCO5;~,NO; -, and SO42~ were measured
through ion chromatography, and the analytical error was less than 0.2%. The pH value
was measured using a Hana HI9126 portable pH acidity meter, and the error was less than
1%. Brine density was measured at day temperature in Lop Nor using a DMA35 portable
densitometer with a measuring accuracy better than 0.1%.

4. Results
4.1. X-ray Powder Diffraction Analysis
There is a large amount of evaporite minerals on the surfaces of Lop Nor mining areas.

Due to the different ion contents in the three mining areas, there are many differences in
the minerals in different areas (Figure 3, Table 1).
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Figure 3. Pictures of polyhalite and carnallite; (a) polyhalite, sampled in the north of the Luobei
Depression; (b) carnallite, sampled in the east part of the Tenglong Platform.

Table 1. Results of X-ray Diffraction of samples.

Mineral Number * Distribution Areas
Gypsum 53 * Tenglong mining area; Luobei Mining area; Xinging mining area
Halite 492 * Tenglong mining area; Luobei Mining area; Xinging mining area
Bischofite 4 Tenglong Mining area
Carnallite 5 Tenglong Mining area; Luobei mining area; Xinging mining area
Nitrate 1 Tenglong mining area
Magnesite 372 % Luobei mining area; Xinqing mining area
Polyhalite 5 Xinging mining area; Luobei mining area

* Data are derived from this study results and reference [63,64].

As the Luobei Depression is the concentration center of the Lop Nor Basin, there are
large amounts of minerals on the surface of the Luobei, such as gypsum (CaSO4-2H,0),
mirabilite (NaySO4-10H,0), and glauberite (Na;SO4-CaSOy) (Figure 2). From the east
and west sides to the middle, evaporite minerals gradually evolve from gypsum and
glauberite to halite (NaCl) layers. On top of the gypsum and anhydrite (CaSOy) layer,
there is a thin layer of polyhalite (KyCayMg (5O4)4-2H,0) (Figure 4a), which is located
between the F4 and F6 fault zones. The polyhalite layer is consistent with the long axis
of the strike of the Luobei Depression. On the surface of the Xinqing Platform, there
are mainly gypsum layers. However, halite layers are distributed along fault zones in
the east of the Xinqging Platform and a polyhalite layer (Figure 4b) occurs in the Xianche
spring, which is in agreement with Li Boyun'’s [64] findings. Since the Tenglong Platform
is located at the junction of the Lop Nor mining area and Beishan, the fault structures
are extremely developed. In addition to a large variety of glauberite, gypsum, and other
minerals on the surface of the Tenglong Platform, there is a halite layer near the F4 fault
and carnallite (KMgCl3.6H,0) and bischofite (MgCl,-6H,0O) layer along the F13 fault zone
(Figure 2(C3)), while in the middle and eastern parts, glauberite and other minerals are
distributed. Moreover, carnallite and bischofite deposits are distributed in the secondary
depressions around the fault zone (Figure 2(C3)). Meanwhile, there are thin layers of
carnallite that have developed in the Xinging Platform (C1) and Luobei Depression (C2),
both of which are located along fault zones.



Minerals 2023, 13, 560

6 of 16

Intensity(Counts)

a : 3 2 Q
©° o -]
) =3 & 5 =
& = = ] 3]
& - =g = 2
5
w
S A ] ° °
8 zZ = = A & g S
< ~ O 3 = 02 %o & %o %o
~ = N —~ 4 ~n O I =1 o o
5 % S < oy ;"iﬂg; z & g2g?
&= 2 @} = £ ]
o s SNE 3 3 Z
X ; > & k: = Carnallite
000 b g g oo 1)
‘ Halite - ‘ | ‘ | ‘ | Bischofite
R I R R T T T T T
i Polyhalite ‘ Rl
0 0wy | | | |
1 1 T 1 1 T T T T T T
20 30 40 50 60 70 20 30 40 50 60 70
20/(°) 20/(°)

Figure 4. XRD patterns of carnallite and polyhalite; (a) patterns of polyhalite and halite in the Lop
Nor basin, (b) patterns of carnallite bischofite and halite in the Lop Nor basin.

4.2. Characteristics of Geochemistry

By plotting all the collected liquid samples on a Piper diagram (Figure 5), it was found
that most liquid samples such as borehole brine, spring water, and underground water have
the same geochemistry characteristics. The waters collected in the Lop Nor mining areas
are mainly Na-Cl-SOy4 type. The main cation is Na™*, which accounted for about 80%-95%,
and the second is Mg?*, accounting for about 5%-20%. Ca®* is a minor cation, representing
less than 5%. Meanwhile, C1~ is the main anion, accounting for about 80%-90%, and about
10%~20% is SO4>~. However, spring water located near the F13 fault zone in the eastern
part of the Tenglong Platform has a different composition to those in the mining areas. It is
a Mg-Cl-type water, and its main cation is Mg?*, accounting for about 95%, with very little
Na*, K*, or Ca?*. The main anion in this water is C1—, accounting for about 99%, indicating
another recharge to mining areas.

In contrast to those in the Lop Nor Basin, the water geochemistry characteristics of
the Tarim River are related to sampling points, especially in the low reaches of the Tarim
River, where Na*, K*, and MgZJr increase downstream [62]. The water composition near
Taitema Lake (orange circles in Figure 5) is similar to that in the Lop Nor Basin; the water
in those areas is all Na-SOy-type water, and Taitema water has a high content of Na*, at
about 70%, as well as a high Ca?* content, which is much higher than the content found
in mining areas. The main anions are CO32~ and HCO; ™, accounting for about 30%-50%,
and they have similar contents of SO4%>~ and Cl~, accounting for about 25%-30%.

The distributions (Figure 6) of K*, Mg?*, and CI in the mining areas are quite consis-
tent. The highest values for these three ions are mainly concentrated in the middle of the
Luobei Depression. Ion content shows a decreasing trend from the Luobei Depression to
the other two platforms, but high values of ions appear near fault zones, indicating that
there are high-salinity brines recharging to mining areas along fault zones. However, the
distribution of Ca?* is different. The content of Ca®* in the water is lower than 0.25 g/L,
and the highest value appears near the F4 and F6 faults. As brines in the mining areas have
a low Ca?* content, there may be deep water supply to mining areas along faults.
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Figure 5. Piper triangle phase diagram of inflow waters of the Lop Nor Basin.
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Figure 6. Distribution of K*, Ca?t, Mg2+, and Cl~ in Lop Nor mining areas; (a) shows the distribution
of K*, (b) shows the distribution of Ca®*, (c) shows the distribution of Mg?*, and (d) shows the
distribution of Cl~ in the Lop Nor Playa. The coordinates of * are 90°53'05” E, 41°06'03” N, the
coordinates of % are 91°15'05” E, 41°03/36” N, the coordinates of % are 91°37/04” E, 41°10'03” N [66]
(Testing results of water samples are shown in Appendix A below).
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5. Discussion
5.1. Genesis of Carnallite in Lop Nor Basin

Carnallite is one of the last minerals to be formed through brine evaporation according
to recent models [48,67]. Previous studies have shown that deep source water recharge
plays an important role in the formation of carnallite [67-69]. When deep water mixes
with meteoric waters in different proportions, it forms different water types. When the
meteoric/deep source water proportion is above 83:1, the meteoric water will turn into
Na-HCO3-Cl-type water. When this proportion is below 40:1, the resulting brines turn into
Ca-Cl-type water. When the proportion is between 40:1 and 83:1, the mixing water will
turn into the Cl-5O4 type [48,67,68].

Carnallite is mainly distributed in the subbasin near the regional fault zone in the
Xinging Platform, Luobei Depression, and eastern part of the Tenglong Platform (Figure 2)
based on XRD results and former studies [64]. Many spring points are distributed along
fault zones, most of which provide seasonal supply to the Lop Nor Basin. Chemical analysis
results show that the water of springs in the east of the Tenglong Platform is Ca-Cl-type
water, while the water type of boreholes is Cl-504-type water, indicating a great difference
in Ca?" content between these two water bodies. Meanwhile, water along the fault zones
in the eastern part of the Tenglong Platform in Figure 7 falls at the junction of the carnallite
and bischofite stability field, indicating that the waters along fault zones have entered the
late stage of brine evaporation, then gradually form carnallite layers.

M g2+

>

Spring water
Borehole brine
Underground water

SO,*" 2K*

Figure 7. The phase diagram of Na*, K*, Mg2+/ /Cl~, SO42~-H,O0 five-element water-element
system in the Lop Nor Basin at 25 °C; bis, bischofite; car, carnallite; eps, epsomite; blo, bloedite; pic,
picromerite; syl, sylvite; gla, glauberite; glau, glauber salt.

As the terminal lake of the Tarim Basin, Lop Nor accepts all inflow waters of the Tarim
Basin, such as the Tarim River, Kongque River, and Cherchen River [31,62], as well as salt
spring water that rises along fault zones. Waters migrate from Big Ear Lake and rivers to
mining areas through fractures and faults. Strong evaporation occurs during the migration
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log(millimoles)

process, the salinity of water increases, and this concentration will continue even after
arriving in mining areas. Moreover, when migrating through channels of fractures and
faults, water from deep underground reacts with the surrounding rocks and carries a large
number of ore-forming materials such as CaZt, K+, Mg2+, Na*, and Cl~. Therefore, the
water type changes from Na-Cl-50O4 to Ca-Cl upon mixing with brines in the Lop Nor
Basin. During this process, the calcium content first increases and then decreases because
of the precipitation of carbonate and sulfate (Figure 8b). Halite begins to occur at the
end of the calcite stage. K* and Cl~ combine after the depletion of Ca** and Na*, and
sylvite begins to be generated but is replaced by carnallite after reacting with high-salinity
brines. For these reasons, sylvite rarely occurs in natural environments. At the end of the
process, magnesium combines with chloride to produce bischofite; however, carnallite and
bischofite usually occur along fault zones, where deep waters rise to the surface.
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Figure 8. Modeling of Tarim water and brine evolution pathway in the Lop Nor Basin by EQL/EVP
program in closed system conditions at 25 °C and Pco, of 10734, (a) Simulated evolution of Tarim
river water; (b) simulated evolution of brines at the edge of the Lop Nor basin [48].

5.2. Genesis of Polyhalite in Lop Nor Basin

Previous studies on the formation of polyhalite [70-77] showed that when brines with
high contents of potassium and magnesium encounter a large amount of calcite or gypsum
deposits, there will be a metasomatic reaction between the minerals and brines. As a result,
secondary polyhalite begins to replace calcite. Ayora [78] and Rahipmpour [73] assumed
that because of the SO42~ depletion observed during the evaporation process, it is difficult
to form primary polyhalite. However, according to previous studies [79-83], there may be
primary polyhalite at an early stage of diagenesis without the involvement of concentrated
brines. Studies on polyhalite in the Sichuan Basin and Qarhan Salt Lake [38,84-86] showed
that polyhalite layers are the result of reactions between sulfate minerals and brines carrying
potassium and magnesium.

There are several polyhalite layers and large amounts of calcite and gypsum as well
as glauberite in the central Xinging Platform and central Luobei Depression (Table 1
and Figure 2). Brines around evaporites have values of total dissolved solids ranging
from 280 g/L to 370 g/L. Plotting points in Figure 5 show that the brines near where
polyhalite was sampled are Na-Cl-SO4-type water, which has little calcium, so the calcium
in polyhalite comes from a different source.
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As the Luobei Depression is the lowest subbasin of the Lop Nor Playa, brines from
the whole Lop Nor basin will migrate to the Luobei through fractures. At the beginning
of the evaporation of Tarim River water (Figure 8a), large amounts of Ca?* are depleted,
and calcite and gypsum were generated on the surface of the Lop Nor Playa. During
the process of evaporation, residual Ca?* is combined with Na* and SO4%~, producing
glauberite during the process of halite generation. When the content of glauberite reaches
its peak, glauberite turns into polyhalite, as there is a reaction between glauberite and K*
and Mg?* in brines. Because the reaction takes time, the polyhalite layer usually generates
at a distance from the fault zones.

6. Conclusions

Lop Nor is the terminal depression of the Tarim Basin, where a potassium-rich brine
exists after concentration and abundant evaporation minerals are formed. The content of K+
in brines has decreased a lot after 20 years of exploitation. We can draw several conclusions
based on the results of the geochemistry analysis of the brines and X-ray powder diffraction
of salts:

1.  Large amounts of potassium-rich minerals exist in the Lop Nor Basin. There are
polyhalite layers in the Luobei Depression and in the central-east part of the Xin-
ging Platform. Carnallite layers are mainly distributed along fault zones. It can
relieve the short-supply status of potassium by dissolution and transformation of the
potassic salts.

2. On one hand, large-scale faults control the margin of mining areas as well as the
distribution of ore beds. On the other hand, fault zones provide channels for the
migration of brines. When brines rise up through faults, there is a reaction between the
water and wall rock, so fluids become enriched with ions such as CaZ*, K*, and Mg2+.

3.  Waters from deep underground rise and reach mining areas along fault zones. When
Ca-Cl-type brines mix with ground water, carnallite and bischofite begin to form.
Polyhalite, on the other hand, is an inevitable result of the water evolution process
for sulfate-type water. When brines with high contents of potassium and magnesium
reach a depression where there are gypsum or glauberite layers, the potassium and
magnesium react with these minerals and change them into polyhalite.
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Appendix A. Geochemical Results of Water Samples in the Lop Nor Basin

Sample TDS Na* K* Ca’>* Mg** Cl- SO42~ HCO3~ CO3*"Li B Br I Rb Cs Sr
g/L mg/L
1 478 106 005 029 018 146 162 12000 0.0 045 490 <02 <0.01 0.2 <0.01 10.00
2 064 010 001 006 003 013 019 13200 000 005 023 003 000 000 <0.001 1.35
3 060 008 001 006 003 011 017 14800 000 005 022 003 000 000 <0.001 1.22
4 062 009 001 006 003 012 018 13700 000 005 023 003 000 000 <0.001 1.32
5 069 011 001 005 003 014 020 14800 0.00 005 022 003 000 000 <0.001 1.39
6 1.00 015 0.02 009 004 019 034 16300 000 005 031 004 000 000 <0.001 2.36
7 099 020 001 007 004 027 025 15500 000 006 029 005 001 000 <0.001 178
8 136 030 002 012 010 036 046 041 000 006 041 009 002 000 <005 227
9 057 010 001 007 004 014 021 015 000 003 013 004 000 000 <005 119
10 060 012 001 007 004 014 023 015 000 004 016 004 000 000 <005 124
11 058 010 001 008 004 014 022 017 000 003 019 004 000 000 <005 124
12 082 015 001 009 004 021 031 014 000 005 036 004 000 000 <005 172
13 1720 452 023 075 062 607 501 015 000 192 2080 062 001 007 <05 2420
14 36680 7570 1350 0.10 3650 186.00 5470 219.00 86.70 24.60 101.002550 <1 207 <1 <1
15 48801 152 111 455 12500 35400 135 263.00 215.00 141.00 <10 <20 <l <1 <1 7130
16 9686 2990 0.81 056 282 4020 2240 14500 20.00 1.81 2150 <5 076 037 <0.025 21.60
17 9622 3050 074 060 246 4070 2110 8420 3710 144 1390 <5 071 029 <0.025 15.30
18 2803 860 011 073 046 1130 665 180.00 0.0 059 391 135 0.17 006 <0.005 13.00
19 2526 795 012 072 038 988 602 189.00 0.00 049 359 113 014 005 <0.002512.60
20 3056 9.67 013 068 043 1220 725 20000 000 045 335 <1 014 006 <0.005 9.75
21 36367 9630 9.69 0.12 2380 184.00 49.60 163.00 0.00 2450 8450 <20 <1 162 <1 359
22 36640 9730 1040 0.12 2400 18500 4940 17700 0.00 2520 9330 <20 <1 170 <1  3.53
23 36701 9660 10.10 0.9 2380 181.00 5520 211.00 0.00 24.60 91.90 <20 <1 165 <1 342
24 32904 9260 920 024 1820 167.00 41.50 30400 0.00 1790 6770 <20 <1 154 <1 = 4.67
25 34461 106.00 679 015 1320 17600 4240 69.10 000 1290 63.60 <20 <1 108 <1 567
26 339.09 102.00 757 0.6 1430 178.00 37.00 6150 0.00 1470 59.70 <20 <1 131 <1 494
27 38111 9560 9.61 0.03 2630 159.00 9050 7670 0.00 2030 86.60 2670 <1 139 <1 154
28 35234 110.00 8.39 0.18 1430 180.00 3940 7350 0.00 1510 60.60 <20 137 124 <1 813
29 35712 9690 824 012 2280 181.00 48.00 6460 0.00 2260 81.70 2120 117 141 <1  3.60
30 33790 93.00 778 0.4 2020 159.00 57.70 8240 0.00 1340 6190 <20 116 112 <1 538
31 36267 9560 9.70 0.8 2510 181.00 50.90 185.00 0.00 26.00 93.00 <20 1.02 164 <1 3.2
32 36872 9650 1020 0.0 2570 184.00 52.00 221.00 0.00 2270 100.002020 <1 174 <1 3.0
33 37468 102.00 1030 0.09 2490 17500 6220 19500 0.00 2430 88.60 2260 <1 175 <1 242
34 35153 90.10 8.64 021 2400 17000 58.50 8490 0.00 17.70 7340 2370 <1 159 <1 229
35 35297 9480 10.10 0.3 2420 179.00 44.60 14400 0.00 2340 92.00 <20 <1 168 <1 3.0
36 35629 103.00 9.18 0.15 19.00 187.00 37.80 155.00 0.00 1880 76.10 <20 <1 152 <1 473
37 35237 109.00 755 021 1440 181.00 40.10 108.00 0.00 1440 5210 <20 <1 118 <1 454
38 39308 9630 957 0.04 2710 160.00 100.00 7410 0.00 2120 8790 2730 <1 149 <1 <l
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Sample TDS Na* K* Ca** Mg** Cl- S04~ HCO3~ CO3>"Li B Br I Rb Cs Sr
g/L mg/L

39 35680 9830 804 011 2190 17600 5240 5450 0.00 1520 6590 21.00 <1 116 <1 218
40  359.60 9820 823 0.0 2390 170.00 59.10 6840 0.00 1650 81.00 2330 118 129 <1 206
41 35507 119.00 8.15 028 8.8 178.00 4090 64.00 0.00 1240 4450 <20 <1 125 <1 348
42 36218 105.00 928 0.1 1890 168.00 60.70 188.00 0.0 1770 7140 <20 <1 150 <1 321
43 35494 9460 834 015 2360 17600 5220 51.30 0.00 1510 6820 21.60 <1 119 <1 280
44 351.03 9390 815 021 2360 160.00 6510 67.80 0.00 1600 6890 2120 <1 122 <1 249
45  359.11 8950 895 0.09 2560 16500 69.90 6840 0.00 1880 81.60 2350 <1 139 <1 159
46 35498 91.10 871 011 2420 17000 60.80 5890 0.00 1690 59.70 2410 <1 119 <1 243
47 35620 9220 832 0.08 2300 15700 7550 101.00 0.00 1560 76.10 2150 <1 127 <1 267
48 369.42 9340 997 0.06 2750 181.00 57.30 190.00 0.00 27.00 9210 2060 112 176 <1  2.05
49 36419 9890 10.10 0.09 2290 185.00 47.00 198.00 0.0 2140 8860 <20 <1 164 <1 251
50 37120 102.00 9.34 006 2150 167.00 7120 9630 0.00 17.00 6820 <20 <1 217 <1 272
51  359.69 87.80 931 0.09 2820 169.00 6520 90.60 0.00 1890 8550 31.60 181 147 <1 257
52 38412 9660 955 0.02 2710 163.00 87.80 5450 0.00 1990 91.30 2940 1.62 147 <1  2.00
53 359.47 101.00 10.10 0.7 21.60 183.00 4340 199.00 0.00 20.00 70.00 <20 <1 173 <1  3.90
54 35749 106.00 8.77 0.7 19.00 182.00 41.50 4750 0.00 2070 7790 <20 <1 153 <1 285
55 359.24 9430 9.00 0.13 2450 166.00 6530 760 000 1390 68.30 21.80 113 130 <1 438
56  377.06 8520 1030 0.03 33.00 173.00 7530 233.00 0.00 2840 104002380 <1 200 <1 <1
57 37031 97.60 9.87 0.1 2580 18200 5470 233.00 0.00 2530 96.10 2320 <1 178 <1 3.12
58 369.57 94.60 1030 0.07 2630 179.00 59.10 199.00 0.00 2330 9340 21.10 <1 180 <1 142
59 35814 9340 1020 0.09 2500 178.00 51.20 24500 0.00 2510 111.00 <20 <1 171 <1 355
60 37224 100.00 9.02 0.04 2430 17000 68.80 8240 0.00 1750 86.10 2580 159 139 <1  2.02
61 37307 101.00 796 0.02 2440 181.00 58.60 88.10 0.00 1730 87.80 21.60 <1 137 <1 233
62 35752 9440 805 0.11 2470 173.00 5720 59.60 0.0 1630 7450 2320 <1 129 <1 206
63 35494 107.00 736 0.14 1330 133.00 94.00 13600 0.00 1240 4090 <20 <1 116 <1 460
64 35807 9260 830 0.1 2370 160.00 7330 6400 0.00 1720 76.10 2130 <1 129 <1 294
65 29679 8410 650 023 1720 140.00 48.70 62.10 000 1070 5730 <20 <1 <1 <1 638
66 36307 9380 9.83 0.1 2530 183.00 50.80 228.00 0.0 24.00 9530 <20 <1 177 <1  4.06
67 39566 11500 897 0.01 20.00 16500 86.60 7410 0.00 20.00 88.00 <20 <1 136 <1 126
68 38718 100.0010.10 0.03 2570 168.00 83.30 5580 0.0 1850 9320 2430 <1 155 <1 <1
69 34374 102.00 833 0.17 1560 171.00 46.60 41.80 0.00 11.80 49.60 <20 <1 116 <1 282
70 359.71 9710 9.66 0.15 2240 184.00 4620 200.00 0.0 2360 8410 <20 114 168 <1 588
71 37979 102.00 896 0.04 2330 173.00 7240 91.90 0.00 2330 9580 2070 1.33 151 <1  3.39
72 36278 101.00 9.42 035 2090 183.00 47.90 20500 0.00 19.60 8270 <20 <1 150 <1 462
73 35871 101.00 895 0.08 2050 185.00 43.00 180.00 0.00 1880 79.00 <20 <1 140 <1  4.08
74 37833 99.10 9.87 0.10 2520 166.00 78.00 6340 0.00 1830 87.10 2420 <1 143 <1 154
75 35621 9460 7.68 0.5 2410 173.00 56.60 7540 0.00 1570 76.60 2120 <1 116 <1 263
76 34313 91.10 822 0.4 2320 17500 4540 69.10 0.00 13.80 51.20 2040 <1 114 <1 470
77 37209 9670 991 0.06 2720 183.00 55.00 224.00 0.0 2440 9330 21.00 154 172 <1 379
78  369.78 86.80 8.62 0.10 3270 173.00 68.30 263.00 0.00 2670 122002590 <1 177 <1 219
79 40260 109.00 884 0.01 2440 167.00 9330 4820 0.00 2040 7810 <20 <1 138 <1 111
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Sample TDS Na* K* Ca** Mg** Cl- S04~ HCO3~ CO3>"Li B Br I Rb Cs Sr

g/L mg/L

80 39598 109.00 833 0.03 2280 171.00 84.70 125.00 0.00 1890 6530 <20 <1 1.28 <1 1.15

81 352.60 112.00 736  0.16 13.80 179.00 40.20 7540 0.00 13.10 56.10 <20 <1 1.12 <1 4.85

82 381.03 106.00 9.22  0.04 2270 168.00 75.00 64.00 0.00 1530 82.00 <20 <1 1.38 <1 1.42

83 346.06 102.00 8.04 0.17 1720 157.00 61.60  51.30 0.00 1210 55.60 <20 <1 1.13 <1 297

84 230.85 68.70 440 054 10.80 119.00 27.30 113.00 0.00 471 4560 <20 <1 <1 <1 12.50

85 360.39 9230 991 0.08 2540 178.00 54.50 199.00 0.00 26.00 101.0022.90 <1 1.83 <1 3.60

86 374.83 105.00 894 0.04 2240 177.00 6140 5390 0.00 2330 79.50 <20 <1 1.56 <1 1.80

87 388.08 108.00 891 0.01 2240 168.00 80.70 53.90 0.00 2220 79.10 <20 <1 1.60 <1 1.25

88 386.06 106.00 9.03 0.04 2280 171.00 77.00 189.00 0.00 16.10 83.60 <20 <1 1.29 <1 1.27

89 36825 9740 980 010 24.60 162.00 7430 50.70 0.00 19.70 77.60 2420 <1 1.40 <1 2.95

90 34522 9920 819 016 1790 164.00 5570 6590 0.00 1210 74.60 <20 <1 1.11 <1 2.24

91 35895 104.00 870 0.12 19.70 183.00 43.30 129.00 0.00 19.80 82.20 <20 <1 1.42 <1 417

92 32351 9550 6.67 023 1720 165.00 38.70 209.00 0.00 1530 62.50 <20 <1 1.11 <1 5.21

93 343.61 113.00 993 034 10.80 190.00 19.50 41.80 0.00 9.66 41.40 <20 <1 1.67 <1 9.66

94 37527 103.00 9.74 0.08 2250 173.00 6690 51.30 0.00 16.10 86.50 <20 <1 1.31 <1 1.51

95 34754 9200 778 012 2230 157.00 6820 13500 0.00 16.00 76.80 22.60 <1 1.12 <1 3.59

96 344.06 9320 828 015 2070 159.00 62.60 127.00 0.00 13.70 70.00 21.30 <1 1.10 <1 423

97 36251 98.70 927 0.08 23.00 181.00 50.20 253.00 0.00 2530 89.80 <20 <1 1.72 <l 3.88

98 362.77 100.00 9.07 0.10 21.90 186.00 4550 208.00 0.00 21.70 8590 <20 <1 1.57 <1 3.96

99 359.24 9550 946 0.09 2350 181.00 4950 193.00 0.00 2250 84.70 <20 <1 1.58 <1 3.59

100 387.30 9780 945 0.02 2720 177.00 75.60 22400 0.00 2690 8450 2090 <1 1.75 <1 2.79

101 23947 60.70 588 041 1560 113.00 43.80 80.50 0.00 11.70 51.70 <20 <1 <1 <1 10.60

102 377.33 103.00 897 0.10 2320 167.00 75.00 6150 0.00 1530 7090 <20 <1 1.29 <1 217

103 26453 8350 6.27 0.65 11.30 147.00 1570 110.00 0.00 7.44 4170 <20 <1 <1 <1 18.20

104 366.25 9530 1090 0.14 24.00 187.00 48.70 206.00 0.00 27.60 83.60 2050 <1 1.94 <1 3.58

105 35436 102.00 774 0.14 1830 166.00 60.10 79.80 0.00 16.50 63.00 <20 <1 1.11 <1 2.85

106 38494 106.00 8.65 0.03 2240 167.00 80.80 6530 0.00 19.70 73.70 <20 <1 1.40 <1 1.36

107 37644 111.00 820 0.08 17.80 170.00 69.30 5450 0.00 1270 61.50 <20 <1 1.88 <1 221

108 338.22 101.00 10.30 0.27 1730 177.00 32.10 248.00 0.00 1770 39.80 23.40 <1 1.47 <1 5.71
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