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Geochemistry of Targejia hot spring type cesium deposit in Tibet
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Abstract

The Targejia hot spring geyserite cesium deposit, located in Ang Ren County of Xigaze district in Tibet, re-
mains very active now. This geyserite cesium deposit is rare in size in China, whose cesium reserves have reached
the superlarge grade. This paper has studied geochemical characteristes of gas, water and sinter, and the result
suggests that the CO%3~ -Na type water is the main kind of water in this ore district. Nevertheless, the SOj -Na
water mass (pH=4) also exists. In the CO3 -Na type water, the content of Cs" is (6626 ~7395) X 10 ?, and
the mineralization intensity is (1168.6~1284.9) X 10 %. In the SOj -Na type water, the content of Cs" is
1422x 107, and the mineralization intensity is 471.4 X 10 %. The Fe-Mn-Al, Cr-Zr and Th-U geochemical
graphs imply that hot water is the main genetic factor, whereas the biological effect also exerts its role. Al/Fe,
Si/Al, 2 REE, > LREE/>HREE, Lag,./Cegue, Ew/Eu™ and U/ Th ratios of the 2nd and 5th stages of this
deposit are all different from those of the other stages. This indicates that hot water served as the main source of
cesium during the 2nd and 5th stages, while the country rock only provided a little ore-forming material.
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Fig. 1 Sketch geological map of the Targejia geothermal field modified after Zheng et al. 1995
distribution of the sinter inferred by this paper
1—Quaternary loose-sediments 2—Tertiary conglomerate 3—Cretaceous sandstone and argillite 4—]Jurassic sandstone 5—Spring
6—Fault or inferred fault 7—ILake 8—Main fountain 9—Sampling location of hot spring and its serial number 10—Sinter

11—Distribution of sinter of 5 stages and its serial number
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Table 1 Chemical composition of hydrothermal stream in
Targejia after Zhao et al. 2002

wp %

C He Ar O, N, CH, QO

1999-8-26 82 0.3840 0.10 0.64 10.25 0.26 86.31
2000-7-27 82 0.3698 0.27 2.75 21.94 0.33 71.53
2000-7-27 85 0.2646 0.31 4.13 19.06 0.24 74.59
2006a 2006b
1.2
2
1 1
DZ T0064.51-93 F~ Cl° SOp
1.1 DZ T0064.49-93 CO?~ HCO;
1 DZ T0064.28-93 Li* Na* K'
! wie 0.2646 % =0.3830 % o 20 joPMS DZ T02232001  Rb
wy 0.1 % ~0.31 % wo,  0.64 % —4.13% 1 Bl Sot MET.
weo,  71.53 % ~86.31 % 2
2

Table 2 Analytical results of water and related parameters for the Targejia cesuim deposit

8-3-11 8-2-7 8-9-1 8-3-13 8-3-12 8-2-4 8-2-6 8-2-5
8-3-11-1 8-2-7-1 8-9-1 8-3-13-1  8-3-12-1 8-2-4-1 8-2-6-1 8-2-5-1  T-SWI30 T-SW137
T 14.5 15.5 15 15 14.5 14 12.5 14
C 87 89 50 85 82 87 15 14 15 85 84
pH 8.5 8.5 4.0 8.5 8.5 8.5 8.0 8.0 7.0 8.5 8.2
op pg 17!
F 22.5 24.6 2.3 25.3 26.1 24.1 0.4 0.9
cl 149 158 21.4 160 164 156 1.7 4.7 183
SO~ 79.1 81.6 377 86.3 86.1 80.3 12.3 10.8
CO3~ 240 237 - 142 228 143 - -
HCO; 170 171 - 367 209 341 54 62 654.4
Li* 5.9 6.8 0.6 6.9 7.0 6.5 0.02 0.16 5.3
Na* 457 435 56.5 440 444 418 8.4 13.8 411.3
K* 51.5 42.6 8.0 44 .4 44.5 40.2 0.8 1.5 40.2
Mgt 1.0 - 1.1 - - - 1.9 1.7 0.26
Ca®™* 10.9 4.8 3.1 6.0 4.5 6.9 18.6 16.9 6.2
o 18 1!
Rb' 628 718 82.7 693 722 628 4.14 18.4 631 615 630
Cs' 6797 7244 1422 6996 7359 6626 20.5 168 1280 3850 5863
1194.3 1168.6  471.4 1284.9  1221.3 1223.3  98.5 112.5
mg 1!
Mg" C2°  0.09 0.35 0.1 0.1
Na* C2"  41.9 90.6 18.2 73.3 98.7 60.6 0.5 0.8
a 6.6 6.4 9.3 6.3 6.3 6.5 4.3 5.2

1995 1995 2002
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82~89C
50T pH 8.5 50T
pH = 4.0 8-3-11-
1 82-7-1 83-13-1 8-3-12-1 82-4-1
Na" OB Cl™ CO3
HCO5 OB
Cl-Na pH 4.0 8-9-
1 CO3~ HCO; Na® Cs* ClI”
SO;~
SO,-Na
2005
CO;-Na SO;”-Na
1998
H,S SO,-Na
H,S pH
1998 Cs"
6 626~7 359 pg | Cs"
1422 pg 1 Cs 0.5 mg |
Cs
pH 8
Mg " Ca*' o
Cs"*
168 pg 1
Cs" 20.5 pg 1
Li" Rb" Cs'
Cs" 4400 pg | 1
168.6 mg 1~1284.9 mg |
471.4 mg 1
Mg?" Ca* Na* Ca?* CIF
1986
2
Cl F
2
DZ T0223-200 ICP-MS

SiO;

1999 2004

Fe-Mn-Al U-Th Zr-Cr

51
3
2.1
2.1.1 SiO;-ALO;
w SO,
91 % ~98.8 % 2004
w SiO, 96.41 % ~97.29 %
1997 w SiO,
80.01 % ~91.8 %
pH
8.5 SiO,
w AlLOs 0.03
% ~8.14 % Si Al
3 1
12.40 ~ 1 158.68 586.5 2
9.86~1926.13 1123.6 3 10.39
~1 918.08 713.9 4 6.42~578.82
93.8 5 374.56 ~2 834.03
1290.0 25 Si Al
Si Al
AlLO; 2004
2.1.2 AbLO;-Fe,O5
Al Fe ALO; ALO;+ Fe, O3
Al
Fe 0.5-~0.9 <0.4 Murray
et al. 1991 1994
Al Fe 3 1
0.20~0.89 0.43 2 0.05~
0.90 0.33 3 0.04~0.90
0.46 4 0.17~0.87 0.72 5
0.03~0.22 0.11

- Al Fe
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3
Table 3 Geochemical parameters of Targejia geyserite
1 2 3 4 5
3 3 6 7 32
10%a BP 40.3~20.2 9.9 3.9~2.5 1.7~0.4
we 107° 2296.0 2581.7 2214.4 2038.0 3282.3
w MnO w TiO,
0.14~0.18 0.18~0.19 0.13~0.19 0.06~0.16 0.02~0.27
0.16 0.18 0.15 0.12 0.10
WAl WFe
0.20~0.89 0.05~0.90 0.04~0.90 0.17~0.87 0.03~0.22
0.43 0.33 0.46 0.72 0.11
wWs WAl
12.40~1 158.68 9.86~1926.13 10.39~1 918.08 6.42~578.82 374.56~2 834.03
586.5 1123.6 713.9 93.8 1290.0
wy Wy
3.17—5.10 2.58~4.42 0.39~3.59 1.97~3.87 0.85—~4.02
3.97 3.64 2.67 3.03 2.43
Wy WTth
0.13~0.29 0.42~0.65 0.15~0.20 0.16—~0.24 0.40~5.00
0.20 0.51 0.18 0.19 0.86
SREE 10 ¢
5.47~55.89 3.96~20.72 11.14~105.32 18.25~183.56 0.65~17.28
24.64 10.37 45.74 79.49 2.77
SLREE ZHREE
4.79~5.40 2.82~3.81 2.36~4.70 2.17~5.27 2.00~4.24
5.07 3.37 3.79 4.02 3.19
La Ce
1.18~1.27 1.18~1.26 1.10~1.34 1.18~1.32 1.10~2.27
1.23 1.23 1.18 1.23 1.27
Eu Eu
0.86~1.03 1.22~1.75 0.93~1.40 0.85~1.08 1.10~2.63
0.93 1.51 1.09 0.98 1.64
Ce Ce
0.83~0.85 0.82~0.84 0.81~0.89 0.81~0.85 0.57~0.91
0.84 0.83 0.85 0.83 0.85
0.1—-0.7 2.1.4 Fe-Mn-Al
Al Fe Fe Mn
25 Al Fe Al
AL Oy 1990 1994b 2004 Al
2.1.3 MnO-TiO, Fe+ Mn+ Al 0.01
MnO TiO, 0.60 Adachi 1986 Yamamoto
Adachi et al. 1986 Bostrom et al. 1973 1987
MnO TiO, < Fe-Mn-Al
0.5 MnO TiO, >0.5 Fe-Mn-Al
MnO TiO, 1998
0.10~0.18 3
MnO TiO, 0.1~0.2 Fe-Mn-Al 2 2 1-3
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biological and other non-hydrothermal sediment region

Puk PR X
hydrothermal sediment region
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geyserite region of Targejia

©
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2 5 Fe-Mn-Al Adachi et al. 1986 Zhou et al. 1994a 2004
a e 1 5
Fig. 2 Fe-Mn-Al diagram of geyserite from Targejia after Adachi et al. 1986 Zhou et al. 1994a Lv et al. 2004

Figs. a to e are stage 1 to 5 respectively in Targejia geyserite |~ Biological and other non-hydrothermal sediment region
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Cr-Zr  U-Th 1990 2004 > REE< 50
34 x10°° > REE
Cr Zr NASC
Cr-Zr > REE
Cr Zr 3 U-Th 3 1 >'REE 5.47 X
U Th 107 6~55.89 <10 24.64x10°% 2
U Th=1 3.96 X107 9~20.72x10°°
4 10.37x10°¢ 3 11.14 x
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Fig. 3 Cr-Zr diagram of Targejia geyserite after

Lu et al. 2004
I —Trend line of modern hydrothermal sediments [ —Trend line
[l —Con-

centration region of modern metal-bearing hydatogen sediments [V —

and concentrationregion of modern hydatogen sediments

Geyserite region of Targejia

VI—
Fig. 4 U-Th diagram of Targejia geyserite after Bostrom
1984 Lu et al. 2004
| —Galpagos hydrothermal sediment region [ —Amphitritrite
[l —Hydrothermal sediment region of Pacific middle ridge [V—Com-
mon deep sea sediment region V—Old hydrothermal sediment re-

gion V[—Geyserite region of Targejia
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Fig. 5 NASC normalized REE patterns of the first stage

of Targejia geyserite
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Fig. 6 NASC normalized REE patterns of the second stage

of Targejia geyserite
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Fig. 7 NASC normalized REE patterns of the third stage

of Targejia geyserite
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Fig. 8 NASC normalized REE patterns of the fourth stage

of Targejia geyserite
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Fig. 9 NASC normalized REE patterns of the fifth stage

of Targejia geyserite
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1 5 1.23—>1.23—
1.18—1.23—>1.27 La Ce
1.18~1.27 3
La Ce
2
Eu Eu”
Eu
2004
Eu Eu* 0.70~1.04 1996
Eu 1996
Eu 2004
Eu Eu”
3 18 Eu Eu” 11
7 2002
Eu Eu”
Eu Eu”
3 1
0.86~1.03 0.93 2
1.22~1.75 1.51 3
0.93~1.40 1.09 4
0.85~1.08 0.98 5
1.10~2.63 1.64 25
- Eu
Ca
Ce Cedt et
Mn**
Ce
Ce 2004
1995 Murray 1991
Ce Ce” Shimizu
1977 Ce Ce”
Ce Ce”
1997
2005 Ce
Ce” Ce Ce”

0.57~0.91 0.83~0.85
Murray 1991 Ce
Ce” Ce Ce”
2.2.3 V.Y U Th Cs
VY
Murray et al. 1991 2004
vV Y ~4.3 VY
~5.8 ~1.34
VY
3 1 3.17~5.10
3.97 2 2.58~4.42
3.64 3 0.39~3.59
2.67 4 1.97~3.87
3.03 5 0.85~4.02
2.43 12
U Th
2004
U Th
3 1 0.13~0.29
0.2 2 0.42~0.65
0.51 3 0.15~0.20
0.18 4 0.16~0.24
0.19 5 0.40~5.0
0.86 25 0.51
0.86 2
Cs
3 Cs
5 Cs wp 1076 2 296.0
2581.7 2214.4 2038.0 3282.3 25
Cs 5
Cs
Cs OCs™ OH"
OCs™ Cs Cs
1995
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1 CO,
86.31 % CO,
pH = 8.5 SO; -Na
pH =4.0 CO% -Na ot 6626 pg 1~
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mg |

71.53 % ~
CO3 ™ -Na

2 w S0, 80.01 % ~
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