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Fig.1 Map of the Qaidam basin showing sampling sites ( cited from Chen and Brown 1986)
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Fig.2 Evaporative mineral versus depth in the upper 400 m of the core
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4 (a) (242.6m) (b) (135.25m) (¢)
(Th) (Eu) (8.95m) (d) (36.9m) (e) (160.
4m) () (121m) (g (9.7m) (h) (120. 8m)

Fig.4 Microphotograph and photos of hand specimen of evaporative minerals
(a) Blocky halite hand specimen at 242.6m (' b) Microphotograph of cubic halite at 135.25m ( c)
SEM of lenticular thenardite with needle-shaped eugsterite at 8.95m ( d) Blocky thenardite at 36.
9m (e) Glauberite hand specimen at 160.4m ( f) Microphotograph of glauberite at 121m ( g)
Polyhalite hand specimen at 9.7m ('h) Grain bloedite in 120. 8m
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400 m

Table 1 Lithology and minerals in the upper 400m sediments in the core

2.7 ~8m

8 ~14.05m
(1st)

14.05 ~
17.15m

17.15 ~20.05m
(2nd)

20.05 ~
26.85m

26.85 ~30m
(3rd)

30 ~36.3m

36.3 ~43.65 m
(4th)

43.65 ~57.05m

57.05 ~60.25m
(5th)

60.25 ~77.6m

77.6 ~90.15m
( 6th)

9.3 ~ 10. 05m
11.65m 12.5 ~12.65m
13.7~13.75m 13.9 ~14.05m

10. 8 ~ 10. 85m

18.8 ~19.25m 19.5 ~20.05m

28.8 ~28.9m 29 ~29.1m 29.2 ~
29.4m 29.5~29.8m 29.9 ~30m

32.7~32.75m 33.7

36. 8 ~ 38. 05m
38.45m 38.6 ~39.15m 40 ~40.25m
40.4 ~40.55m 41.1 ~41.24m 41.4 ~
41.45m 41.6 ~42.3m 43 ~43.05m
43.2~43.25m 43.5~43.65m

58.8 ~59.55m 59.9 ~60.25m

79.55m 79.2 ~80.35m 80.7 ~81.35m
81.5~81.75m 84.4 ~84.45m 84.75 ~

86.75m 87 ~87.15m 87.4 ~90.15m

10mm;

11.65m.

( <10mm)

<2mm

10mm;

1 ~5mm

< 10mm;

<10mmo.

< 5mm,;
6mm.

160.3 ~83.5m

74.1 ~74.75m

8mm;
10mm.

9.3 ~10.05m

17.8 ~18.6m,

34.65 ~35.9m

Ha
Ph
Th
Gy

Ha

Ha

Ha
Th

Ha
Th
Gy

Ha

Ha
Gl
Cal

Th
Eu
Gl
Ce

Gy
Ha

Th
Gy

Gy
Ha

G

Th

Gy
Ha

Ha
Gy
Eu
Gl
Ce
Ga
Mi

Gy
Ha
Cal

Th Eu
Gl Ce
Ga

Gy
Cal

Th
Gy
Eu
Cal

Q Or
Pl Ch

Am Ca
Do Ar

Q Or

Pl Ch
Ka M
Ma Ta

Q Or
Pl Ch
Ka M
Am Ca

Do Ar

Q Or
Pl Ch
Ka M
Ma Am
Ca Ar
Do

Q Or
Pl M
Ch Ka
Am
Ca Do

Q Or
Pl M
Ch Ka
Am Ca
Ar Do
Q Or
Pl Ch

Am Ta
Do Ma
Ca Do

Q Or
Pl Ch

Am Ca
Do Ar

Q Or
Pl Ch

Ta Do

Pl Ch
Ka M

Ar Do

Pl Ch
Ka M
Am Ca
Ar Do

Ma
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90.15 ~ 96.95m

96.95 ~ 100.9 m
(7th)

100.9 ~ 106.3m

106.3 ~ 108.2m
( 8th)

108.2 ~113.5m

113.5 ~ 121.7m
(9th)

121.7 ~ 130.3m

130.3 ~146.25m
( 10th)

146.25 ~182m

182 ~183.75m
(11th)

183.75 ~193.55m

193.55 ~211.85m
(12th)

211.85 ~223.6m

6

96.95m
97.95m
99.85m

2
106.85m

2
117.35m

1 5 ~cm

13

130.75m
131.65m
135.95m
139.65m
140.55m
142. 15m
146.25m

2

160.95m

2
182.

10

193.65m
194.95m
199.45m
205.95m

55 ~ 115cm

90 ~ 385c¢m

<3mm.,

96.
97.
99.

5 ~ 75¢m
97. 6 ~ 97. 65m
98. 5 ~ 99. 25m

1}

< 10mm 100. 4 ~ 100.

85m ; Ha

~N o0 ©
i

i

<10mm.

100.4 ~100.85m

103.4 ~104.95m
< 8mm

101.6 ~104.95m.

106. < S5mm; Ha

107 ~108. 15m < 10mm. Bl

110.8 ~112.25m

<3mm

. N <
8mm 117.4 ~117. 9m 118.3 ~120. Ha
55m ; : 113.5 ~ Gl
117.35m 120.8 ~121.7m Bl

113.5 ~
120.8 ~121.7m

125.9 ~127. 15m
128.7 ~128.75m < 30mm,; .

<9mm.

130. 3 ~
131. 3 ~
135. 2 ~
139. 5 ~
140. 5 ~
142. 1 ~
144. 1 ~

5 ~385cm

131 ~ 131. 05m
131. 8 ~ 132. 55m
139 ~ 139. 35m
139.8 ~ 140. 25m
141. 6 ~ 141.65m
143. 1 ~ 143.95m

Ha
< 10mm; Gl
Gy

1140.8 ~142.8m

<6mm.,

5 ~ 15em
161.9 ~161.95m

160. 9 ~ <20mm:

1 ~5mm.,

15 ~ 45em
183.2 ~183.75m

182 ~ . |

<S5Smm,

Ha

<15mm 188.6 ~189.35m.

5 ~95cm 193. 5 ~
194. 4 ~ 194. 45m 194. 8 ~
196. 4 ~ 196. 65m 198. 5 ~

201. 6 ~ 202. 15m 205 ~ <8198'§0;1~936‘;5‘;‘5
208. 8 ~209. 15m 211.4 ~ mm -Jom

5% ~10% -

< 8mm); : Ha
201.6 ~202. 15m Gl
208.8 ~209. 15m Gy

211.55 211.8 ~211.85m

N - <10mm.

Ha
Gy
Gl

Th
Gy
Eu

Ha
Gy
Cal

Th

Gy
Ha
Gl
Ga

Gy
Eu

Gy
Ha
Gl

Eu
Th

Gy
Gl
Cal
In

Th
Gy
Gl

Cal

Th
Eu

Ha
Gy
Gl

Q Or
Pl Ch
Ka M
Am Ca

Ar Do

Q Or
Pl Ch
M Am
Ca Ar

Do

Q Or
Ch Ka
M Am
Ca Ar
Do Ma

Pl Ch
Am

Q Or
Pl Ch
Am M
Ca Ar
Do Ma

Q Pl
Ch Am
M Ca
Ar Do

Q Or
Pl Ch
Am M
Ca Ar
Do Ma

Q Or
Pl Ch
M Ca
Ar Do

Q Or
Pl Ch
Am M
Ca Ar

Do

Q Or
Pl Ch
M Am
Ca Ar
Do

Q Or
Pl Ch
M Am
Ca Ar

Do
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1
9 5 ~ 115ecm 223. 6 ~ 0
223.95m 224. 1 ~ 225. 05m 225. 2 ~ Th 1?1 c;
223.6 ~229.45m 225.35m 225. 6 ~ 225. 75m 225. 9 ~ < dOmm: . Gl N
(13th) 226.15m 226. 7 ~ 227. 05m 227. 2 ~ <5 i, gy c A"
227.25m 227. 6 ~ 227. 65m 228. 3 ~ e Ba aD r
229.45m ©
Q Or
: Ha Pl Ch
229.45 ~242.3m 539 3 523; 2553‘39 75 239.3 ~ <30mm 230.3 ~230.35m 234, Gy Am M
oom : fom 4 ~234.45m; <5mm. Gl Ca Ar
Do Ma
242.3 ~242.75m Th
( L41h) 2 45¢m 242.3 ~242.75m . Ha Gy - -
Q Or
: Ha Pl Ch
242.75 ~260m - - < 6mm 246. 5 ~ 247. Gy Am M
05m 20 ~30mm 251.3 ~251.35m. Gl Ca Ar
Do Ma
Q Or
260 ~262.15m 3 5 ~55c¢m 260 ~260.05m S . E’}ll E L;
(15th) 260.4 ~260.55m 261.6 ~262. 15m i, a m
<5mm. Gy Ca Ar
Do
Ha Q Or
: Gy Pl Ch
262.15 ~274.3m - - ( <6mm) 264.2m Gl Am M
263.1 ~263.15m. In Ca Ar
Na Do
2 5 ~ 85cm 274. 3 ~ - I?l (c);
274.3 ~281.75m 275.15m 275. 3 ~ 275. 65m 275. 8 ~ < 15mm 570, | ~ 970, Ha G Am M
( 16th) 276.05m 280. 3 ~ 280. 35m 281. 1 ~ _ : e Y
28175 15m; < 8mmo. Gl Ca Ar
- fom Do Ank
:281.75 ~288m
. S~ 2sem o1 - 288.;;229;4;;117 295 ~299.6m 295 ~322975.97r~n o o
291.05m 2913 ~ 291. 35m 296. 1 ~ 55 5 331.1 ~342.95m 345 ~355.35m Ha Pl Ch
296.15m 302. 9 ~302. 95m 303.5 ~ o' 3628 - 366,95 Gy Am M
281.75 ~368.5m 303.65m 306. 4 ~ 306. 45m 306. 6 > ST 9B 8 Ih. Fom S Gl An;“ Ank
i?g'ggm i; f - g; ?2‘“ 2;3 ? ~332.75m 315 ~317.3m. 307.3 ~ (]:;‘1 Ca Ar
330 1om 3555 -355 75m 307.45m 308.2 ~308.25m 312.6 ~314.4m 313.5 ‘ Do
com : Sfom ~314.35m 343 ~344.05m; :
<6mmo.
368.5 ~368.95m Th
( 17th) 2 45¢m 368.5 ~368.95m <S5mm, Ha Gy - -
:376m 376 ~
397.15m N N e Q Or
30mm 373.9 ~376.95m  383.2 Ga Pl Ch
368.95 ~397.15m 1 Scm © 384.15~384.2m  ~386.3m 385.9 ~ 385. cj Am M
95m, 380.8 ~381.15m 382 ~ 382. N Ana Ca
05m; 1 ~5mm a Ar Do
Q Or
4 5 ~ 75em 397. 1 ~ . Th Pl Ch
397. 1(51gt3h9)9.3 ™ 397.15m 397. 5 ~ 398. 25m 398. 4 ~  <20mm: <12mm Ha Gy Am M
398.65m 398.9 ~399.35m . Gl Ana Ca
Ar Do
Q- Or- Al- Pl- Ka- Ca— Ar— Do- M- Ch- Sm— Cr— Ma-
Ta— Gy—- Cal- Ha- Th- Gl- Mi- Ba- Ce— Am- Ga— T- In—
Na- Ank- -Ana



5 (a) (3.2 m); (b) (19.4 m); (¢)

(4.8 m);(e) (135.8 m) ; (f) (261.1m); (g (163.8 m)

(136.15 m) ; (1) (39.8 m); () (16.9 m) ; (k)
(385.9 m)
Fig.5 Photos of various gypsum crystals

(25.7 m); (d)
; (h)
(4.1 m); (1)

(a) Slender gypsum at 3.2m; (b) Prismatic gypsum at 19.4m; ( ¢) Stubby gypsum at 25.7m; (d) Tabular — stubby gyp—
sum at 4. 8m; (e) Tabular gypsum at 135.8m; (f) Pyramid gypsum at 261. 1m; (g) Pedogenic gypsum at 163.8m; ( h)
Microscopy of pyramid gypsum at 136. 15m; (i) Aggregation of pyramid gypsum at 39.8m; (j) Radial gypsum aggregation

at 16.9m; (k) Gypsum twines at 4. Im; (1) Gypsum intersecting glauberite at 385.9m.

2.2 m
Na.Ca Mg K K
B( 6) Na 30% ~40%
Na $17.6 ~17.65 m 36.8 ~40.6 3
m 58.15~58.2 m 80.7 ~87.75 m 117.35 ~ 3.1

121.55 m 135. 7 ~ 140. 35 m 205 ~ 209. 2 m
262.15~262.2 m 280.35 ~280.4 m  291.55 ~

332.85 m Ca K Mg B ale-1 Br/Cl
Na ( 6). B
200 pg/g Ca Mg Na.S0}~ B
15% 8% K 2% . so;y I (Mg-Ca) C1+16 10

0.09% ~66.99%  0.46% ~61.33% Fugster  Hardie ®

17.6 ~17.65 m 58.1 ~58.15 m 120.4 ~120.45 m
141.65 ~141.7 m 208.6 ~208.65 m  291.55 ~291.6

cr

Na

S0

Ca Mg

o

Na-—
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Ca/% Mg/% K/ T Cl % SO./%

||: 0 20 0 5 E]l i: 2 |

H:
' Th

Ha
Gl.Ha,Ph

Na=-S504-Cl

Na—-504-Cl

a-Cl
Mg-504

Gy- : Ha— : Ph— ; Th— ; Bl- : Gl-
Fig.6 Relationship between the changes of actions and anions and brine types salt minerals and evaporative stages

Gy-Gypsum; Ha-Halite; Ph-Polyhalite; Th-Thenardite; Bl-Bloedite; Gl-Glauderite

) 25% o Mg X Mg
7 Na Na-Ca .Na- o
Ca 108 ~108.1 m 120.75 ~121.2 m Na-Cl
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Mg

( Eugster and Hardie 1978) »

1. Na; 2. Na{ Ca) ; 3. Na{ Ca) { Mg) ; 4. Na{ Mg); 5. Na-Ca; 6.
Na-CaH Mg) ; 7. Na-Mg Ca); 8. Na-Mg; 9. Na-Ca-Mg; 10. Ca—
(Na); 11.CaA Mg) « Na); 12. Ca-Mg~ Na); 13. Mg{ Ca) { Na) ;
14. Mg~ Na) ; 15. Ca; 16. Ca{ Mg) ; 17. Ca-Mg; 18. Mg~ Ca); 19.
Mg. 5% ~25%

Fig.7 Major cations distribution on the brine classification

( after Eugster and Hardie 1978)

1. Na; 2.NaH Ca) ; 3. Na{ Ca) { Mg) ; 4. Na{ Mg) ; 5. Na-Ca; 6.
Na-Ca{ Mg) ; 7. Na-Mg~H{ Ca); 8. Na-Mg; 9. Na-Ca-Mg; 10. Ca-
(Na); 11.CaA Mg) « Na); 12. Ca-Mg~ Na) ; 13. Mg Ca) { Na) ;
14. Mg+ Na) ; 15. Ca; 16. Ca{ Mg); 17. Ca-Mg; 18. Mg Ca);
19. Mg. lons shown in parentheses ranging from 5% to 25% .

Na-Ca-S0O, Na-SO, Na-SO,-Cl.Na-Ca-S0,-Cl
Ca-S0, Na-Mg-S0,( 6)

3.2

o Gibbs
21 . :

Ca’" +S0;” +2H,0—CaS0, * 2H,0( ) (1)
2Na* +S0; ™ —Na,S0,( ) (2)

Gibbs AG <0
AG =RTInK® + RTInJ = RTIn( K®/)) (3)

K® (25°C 1 atm)
R (R=8.314) T

J =1/ Ca®* S0 ) J =1/ Na* ?

SO;” ).

K

®>J AG>0 AG>0

K% =]

®<J AG <0

nm~12 =

2 S0%°
AG <0
(
8) -
M(H,S0,)=1.075~1.16 45°C
0.03 4
HE .
= . . FamEdh
o .
2 0.02 . .
1=
= 2
0.01-
K
r'd
0 L L
0 1 2 3 4 5
M(Na,S0,)
0.05
M(H,80,)=1.075~1.19 60°C
0.04
on FELTE
~ 0,034
@]
9
<
= 0.024
0.0] =
0
0 1 2 3 4 5
M(Na,S0,)
8 45C 60%C
Christov  Moller 2004 * )

Fig.8 Ca-brine evolution on 45°C and 60°C

( From Christov and Moller 2004)
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385.9 m 7K402 ( 1 9)
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36 39
— 7K402 320m
pH 0.75Ma 340 m 0.78 Ma( 9) .
Gibbs o
3.3.2 2.7 m 7K402 2.7 m 0.03 Ma
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g‘:_. = = = = = 1' L 27.9ka (U series)
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mE
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- Ha Hm. - 10 :
Bl-FFH LR 1 =
(EFs5 EEEE g
[ Y S 2ems
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Evaporative Minerals of the Upper 400m Sediments in a Core from
the Western Qaidam Basin Tibet

. .1 2 . .1 2 oy 1
LI Ming-hui’  YI Chaodu® FANG Xiao-min' GAO Shao-peng~ ZHANG Wei-in
( 1. Institute of Tibetan Plateau Research Chinese Academy of Sciences ITPCAS Beijing 100085;

2. The Laboratory of Continental Collision and Plateau Uplift ITPCAS Beijing 100085)

Abstract Qaidam Basin is a tectonically controlled depression on the northern margin of the Tibetan Plateau. In
2008 a long core was drilled in Qahansilatu sub-basin in the western Qaidam Basin. The sediment layers in the upper
400 m alternate between evaporative mineral layers and carbonaceous clay layers. The detailed mineralogical investi—
gation focused on evaporative minerals including halite gypsum mirabilite thenardite glauberite eugsterite
bloedite barite cesanite shortite thermonatrite gaylussite nahcolite and inderborite. Gypsum and halite make up
the majority of the evaporative minerals. Environmentally induced variations in the mineralogy and crystal habit of the
sulfates have been extensively investigated. Gypsum has prismatic and pyramid habits such as disc pyramid stubby
prismatic  slender prismatic. Visible isolated gypsum and aggregates ( rosette/radial and twins) are mostly scattered
in carbonaceous clay layers suggesting secondary gypsum well developed. Gypsum may be a precursor mineral of
glauberite and thenardite is the precursor of bloedite. As a metastable and rare mineral eugsterite does not appear in
other Tibetan areas. It forms at the expense of pre existing gypsum or thenardite in the core at an experimental temper—
ature of higher than room temperature. The presence of eugsterite indicates a warm and/or hot climate at its deposition
time. Mineralogical variations have been explained by the brine evolution of Na-C1 Na-Ca-S0O, Na-SO, Na-S0,-
Cl Na-Ca-S0,-Cl Ca-S0, and Na-Mg-SO,. For instance Na-Mg-SO, type corresponds to the bloedite while Na—
Ca-S0,-Cl type to the assemblage of halite gypsum and glauberite. The evaporative minerals and carbonaceous clay
layers alternation indicates the shift between dry and wet climate. According to the thickness eighteen evaporative
stages and/or dry climate stages were identified from 0.97 Ma to about 0. 03 Ma. The two early dry climate stages are
identified at 0.96 ~0.97 Ma and 0. 87 Ma. The other sixteen evaporative stages occurred from 0. 78 Ma to about 0. 03
Ma. The evaporate—rich stages suggested that evaporation was high and groundwater inflow was sufficient at the sub-
basin.

Key words evaporative minerals; geochemistry; halite; gypsum; Qahansilatu sub-basin, Qaidam Basin



