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An analysis of fluid inclusion homogenization temperature of halite from
Bieletan salt playa lake in Qinghai and its geological significance
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Abstract

Bieletan area is located in the westernmost part of the Qarhan Salt Lake, with the most important sedi-

ments being halite and the main sylvite minerals being polyhalite, carnallite and sylvite. This paper has studied

the temperature for the formation of mineral salts in Bieletan section in the hope that it might provide a basis for

understanding the formation conditions of potash salt. The distribution characteristics of homogenization temper-

atures of halite in Bieletan area exhibit three or two temperature sections, which are respectively low-tempera-

ture section, medium-temperature section and high-temperature section. In the low-temperature section, the

temperature change range is 19.5~49.3 C, which constitute the brine temperature range in which most salt

minerals should be crystallized. In the middle-temperature section, the temperature change range is 50.1~99.3
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C, which correspond to the highest temperature reached by the brine at the bottom of the salt lake. In the
high-temperature section, the change range is 100.3 ~195.6C, which seem to be the reflection of the solar
pond event. The paleotemperature calculated by the deposited salt mineral assemblage or relevant parameters in
the lower convection of the solar pond can only be used as the brine temperature during its formation, but it can-
not represent the air temperature at that moment. The existence of both high-temperature fluid inclusions and
medium or low-temperature fluid inclusions in a sample might have been caused by inclusions which were
formed in the lower part of the solar pond convection belt and in the central part of the solar pond non-convection
belt. There probably occurred 6 solar pond events in shallow parts above 18m of Bieletan area, and the appropri-
ate positions (serial numbers) are 0.40~1.00 m (Sg) , 1.70~2.90 m (Ss5), 7.90~8 .10 m (S;), 9.90~
10.10 m (S;) , 10.80~11 .00 m (S;), and 16.39~16 .63 m (S;). Among these events, the 6th solar pond
event S¢ might be the reflection of the flood that happened in Qarhan area in 1989.
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1 S, KClI NaCl MgCl,
Table 1 The full-hole KCI NaCl and MgCl, content along S, line of the test area
w B %
m KCl NaCl MgCl,
2T1-C 14.62 6.08 0.42 2.05 88.70 31.12 62.87 7.84 0.67 4.66
S2T3-D 22.41 9.50 0.19 2.05 89.96 2.47 50.20 13.76 0.41 5.96
S2T4-B 8.00 4.94 0.80 2.41 90.09 36.54 68.34 8.90 2.04 4.87
S2T5-C 14.02 10.07 0.36 2.45 91.35 18.9 67.08 8.98 0.67 5.45
2.24 62.12 5.24
2
Table 2 Distribution and characteristics of samples
m m
1 S2T1-CL1 0.00~0.20 17 S2T3-DL23 12.19~12.49
2 S2T1-CL3 0.40~0.60 18 S2T3-DL27 14.39~14.59
3 S2T1-CLS 0.80~1.00 19 S2T3-DL31 16.39~16.63
4 S2T1-CL7 1.20~1.40 20 S2T3-DL33 17.88~18.38
5 S2T1-CL9 1.60—1.80 21 S2T4-BL3 0.40~0.60
6 S2T1-CL17 3.40~3.60 22 S2T4-BLS 0.80~1.00
7 S2T3-DL1 0.40~0.60 23 S2T4-BL9 1.70~1.90
8 S2T3-DL3 1.80~2.00 24 S2T4-BL11 2.10~2.30
9 S2T3-DLS 2.70~2.90 25 S2T5-CL1 0.00~0.20
10 S2T3-DL7 3.80~4.00 26 S2T5-CL3 0.40~0.60
11 S2T3-DL9 4.60~4.80 27 S2T5-CLS 0.80~1.00
12 S2T3-DLI1 5.80~6.00 28 S2T5-CL7 1.20~1.40
13 S2T3-DL13 6.60~6.80 29 S2T5-CL9 1.60—1.80
14 S2T3-DLI15 7.90~8.10 30 S2T5-CL11 2.10~2.30
15 S2T3-DL19 9.90~10.10 31 S2T5-CL13 2.50~2.70
16 S2T3-DL21 10.80~11.00
1b <10% <5% 156.0C 101.6~139.9C
lc 1d S2T3-D 14 5
2X2 ;Lmz ~87 3 9 2
X 47 pm? 3 3 ty 19.5
~49.3C 19.5~49.3C
le 1f ty, 50.9~99.3C 58.1~
3.2 Iy 93.4C th 100.3 ~
Ly 2~ 5 1y 188.6C 110.8~156.8TC
3 2 0~ S2T4-B 4 2
50C 50 ~ 100C > 3 2 2 4
100C th 21.6~47.2T
S2T1-C 6 5 22.9~47.2C ty
3 1 2 53.4~98.6C 75.4~87.6C
23 L 24.3~ ty 101.2~195.6C
47.1C 31.4~46.7C 112.4~156.8C
ty, 51.9~99.3C 67.4 ~ DT5-C 7 3
84.9C th 101.5~ 3 4 2
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Fig. 1 Characteristics of halite inclusions
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Fig. 2 Homogenization temperature distribution curve of halite inclusions from drill hole S2T1-C
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Fig. 3 Homogenization temperature distribution curve of halite inclusions from drill hole S2T3-D
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Table 3 Homogenization temperature distribution and section division of the samples from every drill hole

th°C

S2T1-C S2T1-CL1 36.6~47.1 42.1 51.9~86.8 68.7 101.6
S2T1-CL3 24.3~38.6 31.4 53.2~81.6 67.4 108.3~156.0 139.9
S2T1-CLS 39.7 58.6~97.3 77.4 101.5~131.2 116.6
S2T1-CL7 46.7 60.2~96.8 82.4 113.6~116.4 115
S2T1-CL9 59.8~98.7 84.8 112.5
S2T1-CL17 41.5 52.6~99.3 84.9 101.1~138.4 116.9
S2T3-D S2T3-DL1 60.3~99.3 88.1 102.3~156.0 120.2
S2T3-DL3 21.7 55.9~99.1 80.5 105.7~174.9 137.7
S2T3-DL5 55.3~97.4 79.6 104.1~133.5 115.3
S2T3-DL7 31.4~47.6 39.5 50.9~90.7 64.2 100.3~125.3 110.8
S2T3-DL9 62.1~98.4 83.4 100.5~124.6 111.1
S2T3-DL11 45.3~45.7 45.5 55.4~76.5 61.5 107.6~137.4 125.8
S2T3-DL13 28.7~48.1 40.3 140.6
S2T3-DL15 39.9 39.9 78.1~98.7 92.9 121.6~158.7 143.4
S2T3-DL19 42.3 42.3 112~188.6 156.8
S2T3-DL.21 83.6—98.8 93.4 102.4~166.2 117.6
S2T3-DL23 35.9 35.9 55.7~62.4 58.1
S2T3-DL27 49.3 49.3 54.5~90.6 70.6
S2T3-DL31 74.6~97.4 86.0 110.4~147.8 122.3
S2T3-DL33 19.5 68.1~98.1 86.9 100.3~151.4 114.2
S2T4-B S2T4-BL3 47.2 70.9~98.6 87.6 104.4~139.4 119.4
S2T4-BLS 21.6~24.2 22.9 53.4~97.0 75.4 103.1~131.5 114.3
S2T4-BL9 43.7 113.2~195.6 132.6
S2T4-BL11 58.8~98.2 83.2 101.2~136.2 112.4
S2T5-C S2T5-CL1 49.2 50.1~80.9 64.0
S2T5-CL3 38.6 57.3~96.6 77.9 101.3
S2T5-CL5 31.2 103.8~133.6 117.0
S2T5-CL7 32.1+48.7 38.3 112.3~159.7 131.8
S2T5-CL9 29.3~36.4 32.9 90.2~91.5 90.9 100.4~101.2 100.8
S2T5-CLL11 42.7 75.2 114.3~140.1 124.5
S2T5CL13 64.1~87.8 74.4 116.3~166.5 138.2
FHE X E
2
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2
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Fig. 6

Structural diagram of the solar pond
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4 S213-D t
Table 4 Homogenization temperature ¢, and salinity change of inclusions with the depth in drill hole S2T3-D
m Iy T
1 S2T3DL1 0.40~0.60 108. 14
2 S2T3DL3 1.80~2.00 118.57
3 S2T3DLS 2.70~2.90 89.51
4 S2T3DL7 3.80~4.00 61.31
5 S2T3DL9 4.60~4.80 94.49
6 S2T3DL11 5.80~6.00 73.86
7 S2T3DL13 6.60~6.80 48.49
8 S2T3DL15 7.90~8.10 115.99
9 S2T3DL19 9.90~10.10 151.80
10 S2T3DL21 10.80~11.00 105.52
11 S2T3DL23 12.19~12.49 52.58
12 S2T3DL27 14.39~14.59 69.19
13 S2T3DL31 16.39~16.63 114.26
14 S2T3DL33 17.88~18.38 90.21
w NaCl, 0~23.3% w NaCly, >23.3% 1999 2
4, FH#fH/C
40 60 80
0 T T
5k
4 F
6 I
g 8
= L
® 10
12 [
14
16 [0
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7 S
Fig. 7 Homogenization temperature changes with the depth and locations of the solar pond event
S signifying the site of the solar pond
7 12 680 3
m’s 1989 12 19.5~49.3C
103.04 km? 2000
50.1~99.3C 58.1
S ~93.4C
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5 ty 100°C
Table 5 Statistics of halite inclusions with homogenization temperatures ¢, higher than 100 ‘C
th 100C
m
%  ty T C
1 S2T1-C S2T1CL1 0~0.20 15 1 6.7 101.6 101.6
2 S2T1CL3  0.40~0.60 16 10 62.5 108.3~156 139.93
3 S2TICLS  0.80~1.00 21 11 52.38 101.5~131.2  116.56
4 S2TICL7  1.20~1.40 25 2 8 113.6~116.4 115
5 S2TICL9  1.60~1.80 24 1 4.2 112.5 112.5
6 S2T1CL17  3.40~3.60 23 11 47.83 101.1~138.4  116.92
7 S2T3-D S2T3DL1 0.40~0.60 16 10 62.5 102.3~156 120.2
8 S2T3DL3  1.80~2.00 18 13 72.22 105.7~174.9 137.74
9 S2T3DLS  2.70~2.90 18 5 27.78 104.1~133.5 115.26
10 S2T3DL7  3.80~4.00 20 3 15 100.3~125.3  110.77
11 S2T3DL9  4.60~4.80 15 6 40 100.5~124.6  111.13
12 S2T3DL11  5.80~6.00 13 3 23.08 107.6~137.4  125.83
13 S2T3DL13  6.60~6.80 12 1 8.33 140.6 140.6
14 S2T3DL1S  7.90~8.10 13 7 53.85 121.6~158.7  143.39
15 S2T3DL19 9.90~10.10 23 22 95.65 112~188.6 156.78
16 S2T3DL21 10.80~11.00 16 8 50 102.4~166.2 117.61
17 S2T3DL31 16.39~16.63 18 14 77.78 110.4~147.8 122.34
18 S2T3DL33 17.88~18.38 21 5 23.81 100.3~151.4  114.22
19 S2T4-B S2T4BL3  0.40~0.60 20 12 60 104.4~139.4  119.37
20 S2T4BLS  0.80~1.00 23 11 47.83 103.1~131.5 114.33
21 S2T4BL9  1.70~1.90 21 20 95.24 113.2~195.6  132.58
22 S2T4BL1T  2.10~2.30 20 12 60 101.2~136.2  112.35
23 S2T5-C S2TS5CL3  0.40~0.60 7 1 14.29 101.3 101.3
24 S2TSCLS  0.80~1.00 15 14 93.33 103.8~133.6  117.03
25 S2TS5CL7  1.20~1.40 19 7 36.84 112.3~159.7  131.79
26 S2T5CL9  1.60~1.80 6 2 33.33  100.4~101.2  100.8
27 S2TS5CL11 2.10~2.30 10 8 80 114.3~140.1 124.51
28 S2TSCL13  2.50~2.70 10 7 70 116.3~166.5 138.16
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Fig. 8 The location of the solar pond event in Bieletan area
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