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From the late Cretaceous to the early Tertiary period, the Tethys seawater repeatedly invaded the Shaqa sub-basin and
entered the Kuqa sub-basin through the Awati straight. At the same time, as a result of tectonic and paleoenvironmental
conditions, many sequences of thick strata of evaporites, especially in its two largest sub-basins of Kuqa in the north and
Shaqa in the southwest have been deposited. Therefore, the western Tarim Basin has been considered to be a favorable
location to prospect for ancient potash deposits. In order to clearly distinguish between a marine or a continental origin,
and also to study the evaporite facies (i.e., late vs. early stage), we analyzed the late stages of evaporites of gypsum and
salt minerals and measured chlorine isotope values in halite, sulfur isotopes in gypsum and oxygen isotopes in crystalline
water of gypsum. The results showed that the sulfur isotope composition of gypsum can be used to distinguish between a
marine and continental origin and chlorine isotopes of salt and oxygen isotopes of crystalline water in gypsum can be used
to judge the sedimentary stage. Based on these results, we conclude that the late Cretaceous halite deposited in the Kashi
Depression of the southwestern Tarim Basin have a marine origin and represent a later stage of marine evaporite sequence
compared to other evaporites in the regions. Hence, the Kashi Depression should be considered as a promising area for
finding new sylvinite deposits.
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tary facies and stage of salt rock deposited at different
times and in different areas in order to evaluate the po-
tential of potash deposits in the western Tarim Basin.

According to statistics for world potash deposits, 90
percent of large-scale ancient potash deposits were formed
in marine strata or marine basins because sea water is a
major factor in the formation of potassium deposits in
nature. Moreover, potassium does not precipitate until the
end of the sedimentary stage in which sylvinite or
carnallite minerals separate out from highly concentrated
brine. Therefore, the marine environment accumulates
much larger potash deposits than is possible in the conti-
nental facies. Wide and thick strata of ancient salt rock
were deposited from repetitive invasion of sea water into
the Tarim Basin (Hao et al., 1988). Thus, if we can clearly
determine the sedimentary facies of ancient salt rock in
space and time, and find the section or strata correspond-
ing to the late stages of salt rock deposition, it will be
possible to evaluate the conditions of potash deposit for-
mation in the western Tarim Basin.

In general, the Br × 103/Cl ratio of salt rock, has long
been used to help define the sedimentary stage of the origi-
nal brines from which salt rocks deposited during evapo-
ration (Bloch and Schnerb, 1953; McCaffrey et al., 1987).
For marine salts, with high contents of bromine, it is a
useful index of the stage of salt rock deposition, but for
continental or mixed origin salt rocks with low contents

INTRODUCTION

The Tarim Basin, the largest basin in China, contains
a wealth of mineral resources. It not only stores many
kinds of metal resources but also nonmetal resources such
as ancient salt rock. Many scientists think that it is also a
promising area in which to find large ancient potash de-
posits, but as yet, potash deposit exploration-oriented re-
search work has not made great progress. Many questions,
such as whether the deposits represent a marine or conti-
nental facies and the sedimentary stage of the salt rocks,
are unanswered. The geological setting of the basin and
the characteristics of its sedimentary facies are the key
factors in deciding whether the basin likely accumulates
potash deposits because only sea water can provide
enough potassium to produce a huge potash deposit dur-
ing persistent and continuous evaporation. In addition,
the brine must have evaporated to reach the late stage of
sylvinite precipitation and must have continued to con-
centrate the salts for a long time. Overall, the geological
characteristics of the Tarim Basin suggest it is a prospec-
tive area in which to find potash deposits (Zhen et al.,
1974). Hence, it is necessary to determine the sedimen-
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of bromine, such as those in the Tarim Basin (Tan et al.,
2005), its application is more difficult. Hence, this paper,
examines the isotopic composition of ancient salt rock in
an attempt to examine whether new indexes can be used
to study potash deposits and then be utilized to prospect
for new potash deposits in the western Tarim Basin.

Firstly, according to research results for sulfur of Cre-
taceous Maha Sarakham gypsum in the Khorat Plateau of
northeastern Thailand, the δ34S values of marine gypsum
are >15‰, while mixed facies (marine and continental)
have values between 10‰ and 15‰ and continental facies
are <10‰ (Wedepohl, 1978; Mekhtieva, 1980). Since the
Cretaceous to the Present, we know that the secular vari-
ations in δ34S values in seawater all are >16‰ and changes
between 16 to 22‰ (Paytan et al., 1998, 2004). There-
fore, the composition of sulfur isotopes in gypsum should
mainly be determined by the source. This can be utilized
to discriminate marine evaporites from continental ones.

Secondly, there are two main types of chlorine iso-
topic fractionations in nature: (1) Different rates of 35Cl
vs. 37Cl diffusion results from their mass difference. For
example, during diffusion, 35Cl diffuses more quickly than
37Cl resulting in a lower δ37Cl in the direction of diffu-
sion (Philips and Bentley, 1987); (2) With respect to 35Cl,
37Cl always preferably enters solid salt sediments due to
the fact that chemical binding energy of 37Cl is stronger

than that of 35Cl during the process of brine evaporation
and salt precipitation. Therefore, late stage salt minerals
have smaller or more negative δ37Cl values. According
to research on evaporating experiments for salt lake brines
in the Qaidam Basin, China (Liu et al., 1997; Xiao et al.,
1999), the ratio of 37Cl/35Cl becomes lower in residual
brine and the δ37Cl values become more negative for salts
precipitating from brine after continued evaporation and
condensation. Eggenkamp and Kreulen (1995) studied
chlorine isotope fractionation between NaCl, KCl, and
MgCl2·6H2O and their saturated solutions. The results
showed that δ37Cl of the precipitate decreased systemati-
cally during the main phase of halite crystallization, which
was also tested by a core from the upper Zechstein salt
formation. Generally, the sequence of δ37Cl values in salt
rock is halite > sylvite > carnallite. Hence, δ37Cl in salts
can be used as an indicator of evaporation stage.

Finally, Li and Han (1995) carried out research on the
distribution of oxygen isotopes of crystalline water in
gypsum through experiments of 25°C isothermal evapo-
ration of sea water from the South China Sea. The results
showed that the value of δ18O increased correspondingly
with the process of evaporation from 22.8‰ in gypsum
at the beginning of precipitation to 28.6‰ at the end of
gypsum precipitation. In the end stage of carnallite pre-
cipitation, the value of δ18O increased to 32.7‰. So the

Fig. 1.  Map of salt mineral sections surveyed in the field (� Name of salt mineral sections: 1 Kuyake I; 2 Kuyake II; 3 Duwa; 4
Kuluoger; 5 Shaman; 6 Yingjisha; 7 Tashimilike; 8 Kuoshitashi; 9 Maerkanqiati; 10 Aoyikumu; 11 Wukeshalu; 12 Wulukeqiati;
13 Yanshan; 14 Tagelake; 15 Baozidun; 16 Yanshankou; 17 Yanshuigou; 18 Misikantake; 19 Qerqi; 20 Hongshan; 21 Wenbashi;
22 Dawanqi; 23 Tuzimaza; 24 Kumushibulake; 25 Kangcunxi; 26 Basijiqike; 27 Tuzimaza; 28 Luntai; 29 Yangxia).
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value of δ18O can also be used as a test for the evaporat-
ing concentration of the original brine from which the
halite was formed.

GEOLOGICAL SETTING

The Tarim Basin, located in Xinjiang province (Fig.
1), is the largest deposit basin in China with an area of
about 560,000 km2. From the late Triassic to the early
Miocene, two large sub-basins developed: the Kuqa sub-
basin at the foot of the Tianshan Mountains in the north
and the Shaqa sub-basin at the foot of the Kunlun Moun-
tains in the southwestern Tarim Basin (Fig. 2). During
the late Cretaceous to the early Tertiary, the Tethys
seawater repeatedly flooded into the Shaqa and the Kuqa
sub-basins through the Awati strait (Guo, 1991; Hao et
al., 1988). At the same time the tectonic activity (such as
the Yanshan movement) caused the basin to be alternately
raised and lowered and to break up into a series of
subdepressions, such as the Kashi, Awati, Baicheng and

Yangxia depressions (Cai et al., 2001) (Fig. 2). The sub-
sequent influx of seawater into many closed or half-closed
basins, lagoons and salt lakes led to the region becoming
an important salt rock deposit. Those are preserved as
thick sequences of salt rock developed in Tertiary (E1-
N1) strata (Xiaokuzibai formation, E2x; Awate formation,
E3a; Kangcun formation, N1k) throughout the middle and
western regions of the Kuqa sub-basin, as well as late
Cretaceous (K2) strata (Tuyiluoke formation, K2t) and late
Tertiary strata (Anjvan formation, N1a) in the western
Shaqa sub-basin, such as the Kashi depression (Table 1).
The adjacent Tadzhiki Basin, to the west of the Tarim
Basin, has already been shown to contain a potash de-
posit formed during the Jurassic to Cretaceous periods.
Both the western Tarim Basin and Tadzhiki Basins have
similar geological characteristics and paleo-enviromental
conditions since the Mesozoic, as they were connected
by the Tethys (Qian et al., 1994). Hence, the western Tarim
Basin likely contains the geological conditions necessary
to yield potash deposits: (1) repeated seawater influx to

Fig. 2.  Tectonic units in the Tarim Basin.

Kuqa sub basin Shaqa sub basin

Age Formation Lithology Age Formation Lithology

Tertiary Kuqa(N2k) sandstone Tertiary Atushi (N2a) mudstone, sandy mudstone
Kangcun(N1k) halite, gypsum Anjvan (N1a) gypsum, halite
Jidike(N1j) mudstone, gypsum Bashibulake (E3b) sandy claystone
Awate(E3a) halite, gypsum Wulagen (E2w) gypsum
Xiaokuzibai(E2x) silty limestone, gypsum Kalataer (E2k) sandy limestone
Talake(E1t) limestone, gypsum Qimugen (E1-2q) silty limestone

Aertashi (E1a) limestone, gypsum
Cretaceous Tuyiluoke (K2t) halite, gypsum

Table 1.  Schematic stratigraphic logs of Kuqa and Shaqa sub-basin
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allow for thick formations of salt rock; (2) several sepa-
rate depressions and marginal fault basins to provide
favorable tectonic conditions for the preservation of pot-
ash deposits; (3) long-periods of arid paleoclimate to pro-
vide a sustainable evaporative environment for salt pre-
cipitation. These observations suggest that the Kuqa and
Shaqa sub-basins are promising areas in which to find
ancient potash deposits.

SAMPLE COLLECTION AND MEASUREMENTS

Since 2002, we have carried out 5 field surveys on
nearly 30 sections of ancient evaporites (particularly hal-
ite deposits) in the western Tarim Basin (Fig. 1) and col-
lected about 300 gypsum and halite samples from the

Awati depression (E3a), Baicheng depression (E3a),
Yangxia depression (N1j) in the Kuqa sub-basin and the
Kashi depression (K2t, N1a) in the Shaqa sub-basin (Fig.
2).

Before analysis of the samples, we carefully picked
pure halite and gypsum crystals under a microscope. We
then determined the chlorine isotope composition and Br–

and Cl– concentrations of halite, the sulfur isotope com-
position of gypsum and the oxygen isotope composition
of crystalline water. The analytical methods are as fol-
lows:

a) Br– and Cl– concentrations in the halite: firstly the
pure halite samples were dissolved in distilled pure wa-
ter and then chloramines T was utilized as an oxidant and
fluorescein as a chromogenic reagent. In the weak acid

Table 2.  The analytical results of δ37Cl, Br × 103/Cl, δ34S, δ18O of salt rock, gypsum and crystalline water
in the western Tarim Basin

*Data of marine sulfate-sulfur isotopes from Paytan et al. (1998, 2004).

Tectonic units Salt mineral section Formation (time) Geochemical characteristics

Salt rock
δ 37Cl

Salt rock
Br × 103/Cl

Gypsum
δ 34S (‰)

Crystalline water
δ 18O (‰)

Kuqa sub-basin Tuzimaza Awate (E3a) 1.3 0.002
Dawanqi 2.1 0.003
Charqi 0.6 0.007
Misikantake 0.8 0
Yanshuigou 3.3 0
Yanshankou 0.9 0.004 9.3
Yanshankouxi 1.9 0.006 12.4
Baozidun 0.9 0
Tagelake 0.9 0.001 10.8 18.9
Yanshan 0.4 0
Nan Qa 11.8 23.2
Tuziluoke Kangcun (N1k) 12.2

12.1
11.9

Yangxia 10.9
12.6 27.1

Weidong 12.3 21.6
12.3

Shaqa sub-basin Wulukeqiati Anjvan (N1a) –0.3 0.004 14.6 14.2
Kuoshitashi Tuyiluoke (K2t) 0 0.006 20.1 18.1

20.0
Wukeshaluxi –0.9 0.012 19.3
Wukeshuludong –1.2 0.044 19.7 29.7

19.3
Tashimilike –0.6 0.020 19.9 26.1

19.9
Shaman-upper 18.5 22.7
Shaman-middle 18.4
Shaman-lower 18.4
Kuyakexi Xiaohaizi (C2x) –0.5 0.008
Kuyakedong –0.7 0.025

Marine sulfate* Cretaceous 16.0~20.7
Cenozoic 17.5~22.0
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solution, there is a chemical reaction between Br and
fluorescein to yield strong absorption at 510 nm wave-
length that was measured using a spectrophotometer
(VIS7200 type). The Cl content of the halite was deter-
mined by the AgNO3 method of titration. The precision
of the Br– and Cl– analysis was about 1%.

b) Chlorine isotope measurement: The fractionation
of chlorine isotopes in nature is relatively small because
chlorine generally forms electrostatic bonds and does not
exhibit changes in valence state. The range of chlorine
isotope compositions (δ37Cl values) in natural samples is
only about 15‰ (Coplen et al., 2002). Therefore, the ana-
lytical errors can mask the geological information re-
corded by chlorine isotopes if the experimental precision
is not high. In order to avoid any potential contamination
during our analytical procedure, we carefully picked out
pure particles of salt minerals under a microscope and
then dissolved them (the Cl– content is about 10 mg/mL)
with high-purity water produced by sub-boiling distilla-
tion. Secondly, we passed the sample solution through a
Ba-resin column to remove interfering SO4

2–, followed
by passage through an H-resin column to remove cations
and convert the Cl– into HCl. Finally, the pure HCl solu-
tion was passed through a Cs-resin to produce a CsCl
solution. The CsCl solution was then used for the mass
spectrometry analysis. The mass spectrometry analysis
is basically the same as that reported by Xiao and Zhang
(1992); Xiao et al. (1995) and Vengosh et al. (1989): A
VG 354 thermal ionization mass spectrometer was used
for chlorine isotope measurements. The single tantalum
filament heated at a current of 3.0 A for 1 h in a vacuum
system, was first treated with a graphite slurry of 3 µL to
coat the center of the filament. The sample solution, about
10 µg Cl as CsCl, was loaded when the graphite was near
to dryness and then dried by passing a current of 1.0 A
through the filament for 5 min. The sample was then
loaded into the mass spectrometer for automatic analysis
(Table 2). The isotope standard is the secondary isotopic
reference material of GSB-01-1630-2003 NaCl offered
by Xiao et al. (2002a). An average value of 0.319256 ±
0.000045 (2σ, n = 14) of the 37Cl/35Cl ratio was obtained
through repeated analysis under the same condition as the
sample analysis. The δ37Cl values are calculated from the
following formula:

δ37Cl = [(37Cl/35Cl)sample – (37Cl/35Cl)standard]
× 1000/(37Cl/35Cl)standard,

where (37Cl/35Cl)standard = 0.319256 ± 0.000045.
c) Sulfur isotope measurement (Holser and Kaplan,

1966): Pure gypsum crystals were picked under a micro-
scope and then rinsed quickly with pure water. After dry-
ing and grinding, the powder was melted to form BaSO4
through adding carbonate and zinc oxide. After that, the

BaSO4 was converted into SO2 gas by adding V2O5 at
temperatures of 1050°C. The gas was then directly guided
into a mass spectrometer (MAT251) to measure the δ34S
value. The precision of the whole analytical procedure
was 0.2‰. The values of δ34S were calculated from the
following formula:

δ34S = [(34S/32S)sample – (34S/32S)standard]
× 1000/(34S/32S)standard

where (34S/32S)standard = 0.0450045 ± 0.0000093 (the in-
ternational standard value of CDT).

d) Oxygen isotope measurement of crystalline water
in gypsum: Pure and primary sedimentary gypsum crys-
tals (CaSO4·2H2O > 95%) deposited in or near to the hal-
ite strata were picked, mainly from the Kashi depression
(K2t) in the Shaqa sub-basin, the Awati depression (E3s),
and the Yangxia Depression (N1j) in the Kuqa sub-basin.
The samples were dried first at low temperatures (less
than 60°C) for about 24 hours in order to completely re-
move surface adsorptive water and then quickly dehy-
drated to release all the crystalline water at more than
600°C. The dehydrated water was reacted with hydrochlo-
ride guanidine and turned into CO2. The CO2 was directly
guided into a mass spectrometer (MAT251) to measure
the δ18O value (Table 2) (Zhang et al., 1990). The preci-
sion of the whole procedure is about 0.05‰.

RESULTS AND DISCUSSIONS

Characteristics of sulfur isotope distributions and indi-
cations for facies of evaporite deposits

From the sulfur isotope results (Table 2), the δ34S val-
ues in gypsum all showed low and positive values (Fig.
3). The values center around 10 to 20‰ and the highest
value is only 20.1‰, suggesting that the deposition of
sulfides within sediments of these basins was not impor-
tant (Makhnach et al., 2000). During the Cretaceous, the
secular variations in δ34S in seawater changed between
16 and 22‰. Therefore, the distribution of sulfur should
mainly be determined by the source of sulfur. The late
Cretaceous strata named Tuyiluoke Formation (K2t) in
the Kashi depression clearly has higher values (ranging
from 15‰ to 20‰ and the average value is 18‰) than
those in the Tertiary strata in the Kashi or Kuqa depres-
sion and also very close to the values of the Cretaceous
sea water sulfate (18‰). In the Tertiary strata of the Kashi
depression, the values of δ34S in the Anjvan Formation
(N1a) are less than 15‰ but more than 10‰, which sug-
gests that the sulfate source was the product of continen-
tal or mixed-water precipitation because these values are
much lower than those for Tertiary seawater. The lower
bromine content of halite or the ratio of Br × 103/Cl in
the Anjvan Formation also confirms the character of non-
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marine sedimentary facies. In the Kuqa sub-basin, all
values of δ34S in gypsum are lower than 15‰ and close
to the values of Tertiary gypsum in the Kashi depression,
which again suggests that the origin of sulfur in the salt
rock is mixed continental and marine water. The average
value of δ34S is 12.5‰ in the Awati depression of west-
ern and 12.1‰ in the Yangxia depression of the eastern
Kuqa sub-basin, respectively. Hence, the late Cretaceous
salt rock represents a marine-sourced deposit while the
early Tertiary salt rocks either in the Shaqa sub-basin or
the Kuqa sub-basin have had a strong influence of local
continentally derived sulfur. While the sea water had ini-
tially flooded into the Kuqa sub-basin and brought much
salt source, more fresh water from a continental source
in the Tianshan Mountain later mixed with sea water and
completely changed the original salts sedimentary envi-
ronment into a continental environment. From the point
of view of lithofacies-paleogeography, the Kashi depres-
sion is adjacent to the Middle Asia potash deposit basin
and becomes a channel of the Tethyan sea water influx or
outflow. The origin of the brines from which the
evaporative sediments have formed, was therefore mainly

34S(‰)

34SCDT(‰) 34SCDT(‰)

37Cl(‰)

37Cl
Fig. 3.  Sulfur isotope distribution in gypsum in salt sections in
the western Tarim Basin (sample 1–11 from the Tertiary strata
(E3a) in the Kuqa sub-basin; Sample 12–20 from the late Cre-
taceous strata (K2t) and sample 22 from the Tertiary strata (N1a)
in the Shaqa sub-basin; data 23–27 is the marine sulfate-sulfur
isotope from the Cretaceous to Tertiary (Paytan et al., 1998,
2004).

Fig. 4.  Chlorine isotope distribution in ancient halite in the
western Tarim Basin (sample 1–10 from the Kuqa sub-basin
and 11–17 from the Shaqa sub-basin).

marine-sourced, but the Kuqa sub-basin developed inland
and a smaller amount of sea water had flooded into it
mixed with more like continental water. So the sedimen-
tary facies was more like a continental or mixed deposit.
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Chlorine isotope distribution in salt rock and sedimen-
tary stage

We analyzed chlorine isotope compositions in salt rock
samples from 15 sections in the Kuqa and Shaqa sub-ba-
sin. The results showed that the δ37Cl values of the salt
rock are a valid index to indicate whether the potash de-
posits are located in regions with low Br background con-
tents, such as the Tarim Basin.

The δ37Cl values (Fig. 4) show that all values of sam-
ples from the Shaqa sub-basin are clearly negative (the
range is –1.2‰ to 0‰, average value is –0.6‰) and, sam-
ples from the Kuqa sub-basin are positive (the range is
0.4‰ to 3.3‰, average value is 1.3‰). In the Shaqa sub-
basin, Br × 103/Cl ratios (Fig. 5) in salt rock lie in the
range 0.004 to 0.044 (average 0.017) and in the Kuqa sub-
basin the ratios are between 0 and 0.005 (average 0.001)
in salt rock samples. Although the Br × 103/Cl ratios are
very low, they are generally higher in the Shaqa sub-ba-
sin than in the Kuqa sub-basin, indicating that the more
negative the δ37Cl value, the higher the Br × 103/Cl ratio
is in salt rocks. This is particularly evident for salt rock
samples from the Kashi depression of the Wukeshalu salt
section (Fig. 1) in the western Shaqa sub-basin, where
the Br × 103/Cl ratios (0.044) are the highest (Fig. 5) in
the Tarim Basin, and the δ37Cl values in this section are
the most negative (–1.2‰) (Fig. 4). The highest value of
the Br × 103/Cl ratio in all samples is only 0.044 (gener-
ally they are less than 0.010), which is nearly 10 times
lower than the early precipitation salts from seawater
(generally it is > 0.01) (Fig. 5) (McCaffrey et al., 1987).
Overall, the Br × 103/Cl ratio is generally 10 times lower
for salt rock samples from the Shaqa sub-basin and 100,
or even 1000 times lower from the Kuqa sub-basin than
that of precipitation salts from seawater (0.110~1.030).
Thus it can be seen that the phenomenon of huge thick
salt strata deposit with evidently low Br × 103/Cl ratio
cannot be explained by a common model of marine sedi-
ment. Besides, due to high errors and difficulties to mea-
sure extra low content of Br (generally about 10–6) in salt
rock samples, there appeared to be some disagreement in
the fluctuations of δ37Cl value and Br × 103/Cl ratios. It
will thus be difficult to find a geochemical distribution
rule for salt rock formation and obtain reliable evidences
if we follow usual procedures and depend on the Br ×
103/Cl ratio to guide us in locating potash deposits. Our
research results showed that only those samples with the
Br × 103/Cl ratios higher than 0.010 had a clear correla-
tion with δ37Cl values (Table 2). As for why the Br × 103/
Cl ratios are so low in these deposits despite sulfur iso-
tope evidence for a marine origin of the Cretaceous
sediments, is unclear at the present time. We suggest that
the Br concentration in ancient Tethyan water could have
been low because many Tethyan water sourced salt rock
sections have low Br content (e.g., Liu et al., 1997). Fur-

thermore, diagenesis and recrystallization may also re-
sult in bromine concentrations decreasing in the salt rock.

From the characteristics of δ37Cl values and compa-
rable relation with Br × 103/Cl ratios, we know that the
δ37Cl values of salt rocks are clearly more negative in the

37Cl

Fig. 5.  Br × 103/Cl ratios in ancient halite in the western Tarim
Basin (sample 1–10 from the Kuqa sub-basin and 11–17 from
the Shaqa sub-basin; 18 is the point of the start precipitation
of salts from seawater).
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Shaqa sub-basin than in the Kuqa sub-basin, supporting
the S-isotope results in that they both suggest a higher
proportion of marine water in the Shaqa sub basin. We
conclude that the primitive brine that formed the salt rock
in the Shaqa sub-basin was more concentrated than that
in the Kuqa sub-basin. Besides, there may also have been
more fresh water added to seawater in the Kuqa sub-ba-
sin, which possibly made the value of chlorine more posi-
tive (e.g., Xiao et al., 2002b). For example, analyses of
the Pacific water and Changjiang estuary mixed fresh and
brine water show that the δ37Cl value of the former sam-
ple is more negative than the latter, whose values range
from about –0.5 to 0.6‰ (average 0‰) and 0.5 to 0.9‰
(average 0.6‰), respectively (Xiao et al., 2002b). More-
over, the δ37Cl values are the lowest for salt rock sam-
ples from the Kashi depression of the western Shaqa sub-

basin, suggesting that the amount of sea water for the
original brine was very high. Analyses of δ37Cl values of
the world sylvite and salt deposits (Sun et al., 1998) show
that δ37Cl values are commonly less than –0.3‰ for salt
samples collected from above or below the potash strata
and less than –0.6‰ for sylvite or less than –1.0‰ for
carnallite. This suggests that the Kashi depression of the
western Shaqa sub-basin is a promising section for pot-
ash deposit formation, which is also verified by geologi-
cal research. In the five sections of salt rock deposits in
the Kashi Depression we studied, the highest δ37Cl value
is –0.3‰, the lowest value is –1.2‰ and average is
–0.7‰. Therefore, we believe that this salt was more
likely precipitated during the later stage of evaporation,
possibly during the stage of potash deposit. Hence, it
should be possible to find potash deposits in the Kashi
depression.

Oxygen isotope distribution of crystalline water in gyp-
sum and indication on concentration of original brine

The δ18O values of crystalline water in gypsum in the
western Tarim Basin of Tuyiluoke formation (K2t) in the
Kashi depression are higher (ranging from 22.7‰ to
29.7‰, average 24.1‰) than those in the Awati depres-
sion (ranging from 18.9‰ to 23.2‰) and the Yangxia
depression (21.6‰ to 27.1‰) (Table 2, Fig. 6). Hence,
like the δ37Cl, the δ18O values in these salt sections or
formations also confirm that the salt rock deposited in
the Kashi depression was the late stage of mineral pre-
cipitation.

CONCLUSIONS

1) Sulfur isotope compositions of gypsum samples
collected from the western Tarim Basin suggest that the
late Cretaceous salt rock deposited in strata of the
Tuyiluoke formation (K2t) was deposited in a full marine
facies. By contrast, the Tertiary salt rocks in the Shaqa or
the Kuqa sub-basin were closer to continental or mixed
sea water/fresh water facies in terms of their depositional
environment.

2) The chlorine isotope compositions (δ37Cl) of hal-
ite and oxygen isotope compositions (δ18O) of gypsum
crystalline water are better proxies to evaluate the sedi-
mentary stage of the ancient salt minerals. In agreement
with the Br × 103/Cl ratio of halite, we can confirm that
the late Cretaceous salt rock in strata of the Tuyiluoke
formation was (K2t) deposited later than other salt rocks,
such as those deposited in the Awati depression in the
western, the Baicheng depression in the middle and the
Yangxia depression in the eastern Kuqa sub-basin. More-
over, in some areas of salt rock deposition, such as the
Wukeshalu salt section in the Kashi depression, the origi-
nal brine from which the wide and thick halite was formed

Fig. 6.  Oxygen isotope compositions in crystalline water of
gypsum in the Tarim Basin (sample 1–4 from Awate Formation
(N1k) in the Kuqa sub-basin; sample 9 from the strata of Anjvan
Formation (N1a) and 5–8 from the Tuyiluoke Formation(K2t)
in the Shaqa sub-basin).

18O (‰)

18OSMOW (‰)
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had possibly reached the late stage of sylvite precipita-
tion.

3) From the prospective of space and time, the Kashi
depression in the western Tarim Basin is the most
favorable area to include potash deposits, and the late
Cretaceous strata of the Tuyiluoke formation (K2t) is the
most promising strata in which to find potash deposits.
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