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Abstract

In order to explore the geochemical behavior of uranium/thotium in salt lake’s sediments, the authors stud-
ied the concentrations of uranium and thorium in drill holes and surface sediments of the Gasikule Salt Lake lo-
cated on the western margin of Qinghai Province. The results reveal that uranium concentrations exhibit a posi-
tive correlation with thorium concentrations in sediments. With the distance from the surface brine, uranium
and thorium values of sediments increase and then decrease rapidly in horizon, deeply impacted by the supple-
mental water. Vertically, uranium concentrations in debris deposition are higher than the values of the evaporite

period. Moreover, vertical differentiation of uranium concentrations is obvious in a crystal brine layer or debris
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layer and increases with the depth. The average uranium concentration in pure salts (halite, epsomite, gypsum)
is 1.02 pg/g, which is approximately one third of that of the sediments. Therefore, two thirds of uranium in
sediments was absorbed by clay while one third of uranium was mixed with saline minerals. However, more than
90 percent of thorium in sediments was absorbed by clay while less than 10 percent of thorium was mingled with
saline minerals. Chemical sedimentary differentiation in playa such as capillary evaporation and leaching was sig-

nificant for uranium enrichment in sediments.
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Gasikule Salt Lake

MR ERENER L M ERNb
Bt ERAEWRERE. RS, YK
A 4 N EERNR: FA WY RE R
FEAREERXPAMER; RYERETB T4
RAER: ARG A ER RS NERMER
(Sawyers 1986; Bauluz et al. » 2000; Price et al. »2003;
Huang et al. » 2009; Bowen et al. s 2013: Zhang et al.
2014; RR%E,2004) . FEAFVIBIRET, JIHRB K
HETRABEEFTAR, CESENZHE—CR
B ENn A BRGTRAR NG R . BRrrEet
RERERE, EERMEG T EARNEEFER, 5
Ak oty 2 | AR AR B DDA o2 B G D 2K 4k
oAk A (RIS E B8 E, . pH EMR
BEESHORTHE NIEMBETEEBKEEEH
B & 2 — (Nesbitts 1979; Nesbitt et al., 1982;
1984; 1996; FK3CH, 2009). JHAMEH P HKHER
R, FERRTRES KAEEE. ERE
W EER . L RER A ER. B AMER
MG ST, N EEEL M.

FEREA IR B R AR A E R TR,
R EMYIRER, MAVE-F L B R LR
Y A REE TTIE . Bl AR AR X S8l I TR i Fnid
B, AL RS EE, ARrEnESR. FHYER
b, BEYHRERNRERABRREOETEN S
FEFRATH. KREEENFEEER +4 rasEk
h + 6 B, MTTEEE R 48 AR TRl 5 4.
fERAL TR, A R R S, T3 K R b B4R
AL BB RANET. Hit, &3 $iEmiik
RBP4 SR EEK. Z£1EE
RO R Hr, Bl T DA RS S B B BE A P AL A T B
Hb R KH 1, th AR R R R T A o AL B T DT
BE, #FBEFETHEENAARE L EGHE
AT, — BN 2~4 mg/L, BR SRR TR 4
MER. HFKEA R T EAE W B, R

8, X il sR iR EeRY L RS2y
RRAIRE KGR ETRE. B THREEREERE
B, ARy SBTRREE. BHTFKPaHE
BRE(—EBETF 1077 /L), EXIMHB— B AL
TE BT RO TR0, 1986) -

Ve AE0T A BT B SR Al b, 6 7% S0 e 38h 2R 59 g
KREWRY N 5H R EEVEBRITT RED
R, H, IR ARAE 5a5HmRER. s KK
SGIE TS IE SR A S R B L R B OH4E K,
2013a;2013b;2014). AXEEERH ST EER
H B8 R0 55 0 8y B DA RS FLUT B b By 3 A
RAE, P ERAARBA R MENEBAE
S, N TFTHRERSHNMESESENET
HENHEBE .
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Fig- 1 Positions of drill holes and distribution of surface sediments sampling sites (modified after Liu et al. . 2013)
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Table 1 Basic information of six drill holes in the Gasikule Salt Lake
T
HWT LI/ m &/ % EFE /A

wE Elita
ZK01 90'53'25.2" 38°07°19.4" 37.16 81.31 9
ZK02 90°53°28.1" 38°05'37.3" 46.00 %0.11 26
ZK03 90°56°30.6" 38°02'45.47 24.25 85.24 12
ZK04 90°58'06.9" 38°05°41. 5" 25.59 88.28 14
ZK05 90°59'57.4" 38°02'55. 5" 7.10 90.85 3
ZK06 90°56'18. 5" 38°05°07.6" 102. 69 83.98 53
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Table 2 Basic information of all samples from drill holes

&4 ;5= we HE/m R w(U¥ug/g w(Th)/pgle U/Th
1 0G-1-1 13.03 BOFLESHENER 1.09 0.60 1.8
2 CG-1-2 15.11 HERAE 1.58 0.43 3.66
3 0G-1-3 17.65 HEAE 4,26 1.47 2.90
4 CG-1-4 19.90 [SREV Y- 2.28 3.03 0.75

ZK01 5 CG-1-5 20.30 TaEFL 8.11 6.17 1.31
6 CG-1-6 26.97 THREGHRFE T 1.54 4.88 0.32
7 CG-1-7 28.47 L 1.10 3.24 0.34
8 CG-1-8 28.73 b 2.46 5.36 0.46
9 CG-1-9 34.23 KERETHERE 6.01 15.50 0.39
10 CG-2-1 2.53 THRERENEL 2.27 2.78 0.82
11 CG-2-2 3.15 TEELHEMFEL 1.63 2.81 0.58
12 CG-2-3 5.00 KEEFTHAE 1.35 1.23 1.10
13 CG-2-4 6.90 PRk wagoliabevi 0.7 0.63 1.13
14 CG-2-5 8.05 REHLEOH 1.41 1.28 1.10
15 CG-2-6 10.85 KEASARENERR 1.42 0.83 1.71
16 CG-2-7 13.05 [SREP L 1.33 1.07 1.24
17 CG2-8 14.90 REFHL 1.96 1.32 1.48
18 CG-2-9 16.99 KESHEMNERE 1.05 1.00 1.05
19 CG-2-10 18.38 FEAALMEL 4.04 6.01 0.67

20 CG-2-11 20.25 i 1.78 2.56 0.70
21 CG-2-12 22.61 +&H#+ 10.70 7.77 1.38
—_— 2 CG-2-13 23.74 KA L MAE® 5.19 8.00 0.65
23 CG-2-14 25.30 i 10.10 15.30 0.66
24 CG-2-15 25.90 et 4.30 9.70 0.44
25 CG-2-16 28.91 T 2.99 5.19 0.58
26 CG-2-17 0.78 i 2.17 5.10 0.43
27 CG-2-18 32.06 FeFt 2.42 8.16 0.30
28 0G-2-19 33.44 by % 4.77 7.46 0.64
29 CG-2-20 36.41 RBAAFHL 3.96 2.78 1.42
30 0G-2-21 37.65 REFL 3.57 2.11 1.69
31 0G-2-22 38.83 TBREREMEHL 3.90 1.97 1.98
32 0G-2-23 40.44 B R 1.97 2.25 0.88
33 (G224 42.42 ZEABEHENERR 0.75 0.36 2.09
34 CG-2-25 44.90 TaFEt 2.98 3.56 0.84
35 CG-2-26 45.59 KAGEELMAH 0.33 0.28 1.17
36 CG-3-1 1.35 TEREFLEAR 2.31 1.95 1.18
37 CG-32 3.43 THREF T EAL 0.42 0.34 1.22
38 CG-3-3 5.03 TROETHRAR 0.60 1.02 0.59
39 CG-3-4 7.24 TEEAEPFHLT 1.21 0.85 1.43

ZK03 40 CG-3-5 8.52 TaEFL 14.50 7.67 1.89
41 CG-3-6 11.05 +HReaft 1.77 4.80 0.37
42 CG-3-7 12.90 oy ik 6.57 18.80 0.35
43 CG-3-8 14.775 +HEFL 5.75 17.00 0.34
44 CG-3-9 16.73 buny -yt 13.40 15.70 0.85
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Count. Table 2-1
&AL e &5 & /m ¥ ftiig w{Upuglg w(Th)/pg/g U/Th
45 CG-3-10 18.45 TEAFHL 5.00 17.60 0.28
ZK03 46 0G-3-11 19.98 TRERHFL 4,80 14.90 0.32
47 0G-3-12 24.05 THEREFHL 2.17 11.50 0.19
48 CG-4-1 1.10 TEFFAR 0.49 0.76 0.64
49 CG-4-2 2.83 +eEFLEAS 1.27 0.91 1.39
50 CG-4-3 3.80 T EAR 1.46 0.71 2.07
51 CG-4-4 5.60 TEFLEAGH 0.43 0.50 0.86
52 CG-4-5 7.00 TEREF I RAR 0.62 0.36 1.74
53 CG-4-6 9.22 THEFH T EAL 1.01 0.51 1.98
54 CG-4-7 10.77 . A=Liv ey 3.26 2.01 1.62
ZK04 55 CG-4-8 13.34 HAeSEFENAH 0.30 0.25 1.19
56 CG-4-9 15.17 HAFEFEMAHE 0.91 0.67 1.36
57 CG-4-10 17.90 EAGAREANASE 0.57 0.41 1.38
58 CG-4-11 19.29 [SEEV Y- 0.81 0.45 1.8
59 0G-4-12 21.22 HERH 0.67 0.48 1.39
60 0G-4-13 23.57 HEAE 4,87 2.98 1.63
61 G-4-14 24.74 Rk R 3.74 3.44 1.09
62 CG-5-1 0.725 RBEFL 2.40 7.73 0.31
ZK05 63 CG-5-2 3.875 KReft 1.73 7.22 0.24
64 CG-5-3 7.025 KBOFL 1.92 8.03 0.24
65 $5-G01 0.73 THREFHIEAL 2.01 3.13 0.64
66 §-G02 1.93 BERAESAEEHFEL 0.45 0.28 1.60
67 S-G03 3.29 TReFHEFHFLT 3.44 2.40 1.43
68 S6-GO3 5.93 K EENENAE 2.71 1.15 2.36
69 S-G06 7.65 TAEFHRA S 0.95 0.62 1.54
70 S-GO7 8.64 ROfnt 1.30 0.78 1.67
7 S6-G08 11.25 EAGSEREROE 0.58 0.24 2.36
72 §-G09 12.79 XAaBeEAEGAR 1.10 0.36 1.96
73 S6-G10 15.08 HAa4ERENaH 0.97 0.20 4.96
74 $-G11 6.38 [SRa¥ ey 0.19 0.05 3.46
75 8,-G12 17.63 HAEEFE KA 0.33 0.13 2.57
76 S6-G13 19.20 BaEER SN A 0.28 0.08 3.53
77 S4-G14 21.15 [SEEV Y- 2.01 1.18 1.70
78 5-G15 23.11 KESEAEFH LA 2.54 1.43 1.78
ZK06 79 8-G16 24.16 KEAALHMEL 6.09 4.51 1.35
80 S6-G17 25.40 T EHEERHL 2.88 4.86 0.5¢
81 S5-G18 29.55 KEBEHETEMEMNAE 0.83 1.23 0.68
82 S6-G19 31.41 HALEEHHENE® 0.34 0.43 0.79
83 86-G20 33.85 AR ER &R ® 0.70 0.59 1.19
84 5-G21 34.73 BHEAE 0.67 0.87 0.76
85 §-G22 36.56 THAHRLMEL 8.25 2.17 3.80
86 %-G23 39.97 TEEGEMFEL 2.21 3.69 0.60
87 S-G24 41.71 THREERHEMF L 1.60 2.30 0.70
88 §-G25 43.22 R+ 2.52 9. 64 0.26
89 %-G26 44,93 TEAEERHL 8.11 10.60 0.77
90 S-G27 46.73 SRV ey 3.50 4.41 0.79
91 $-G28 49.68 HE&EH & EAE 1.56 4.26 0.37
92 8-G29 53.25 MEnHRRE 9.87 6.16 1.60
93 S6-G30 5§5.29 [SEEV YA 1.66 2.63 0.63
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Count. Table 2-2

&AL e &5 & /m ¥ ftiig w{Upuglg w(Th)/pg/g U/Th
94 S-G31 56.88 EOOHEFHL 6.16 4.46 1.38
95 S5-G32 59.94 KEBEF LNENREHE 1.61 1.83 0.88
9 86-G33 62.66 R RA 3.30 0.43 7.69
97 S6-G34 63.46 AR 4.63 0.88 5.2¢
98 S-G35 66.73 EARNE R IR 5.19 1.39 3.73
99 8-G36 68.47 FARE B P 7.49 1.24 6.04
100 8-G37 71.23 KEEHEERL 8.53 3.18 2.68
101 S-G38 69.51 KEBEEREMNALE 5.40 1.24 4,35
102 $-G39 71.80 TERBERL 2.60 6.07 0.43
103 8:-G40 73.15 TERPERL 3.35 8.50 0.3¢
104 S6-G41 75.73 RRCY L 3.41 11.40 0.30
105 S-G42 78.76 TEBTERL 3.06 9.51 0.32

K05 106 8-G43 79.99 TERPERHL 3.67 9.66 0.38
107 S-Ga4 80.31 AR RFL 4.02 7.57 0.53
108 S5-G45 82.68 TERTERL 3.81 6.56 0.58
109 85-G46 87.90 TERPERHL 4.11 13.80 0.30
110 S-G47 89.72 T EBEREL 5.44 12.30 0.44
111 S-G48 91.80 TERBERL 2.68 9.83 0.27
112 S-G49 92,14 b ick iRk e 4.19 13.20 0.32
113 S6-GS50 94.29 +EFH- 3.74 14.20 0.26
114 5-G51 96.12 R+ 11.40 11.90 0.96
115 §-G52 98.05 B|ERERT T 11.90 12.60 0.94
116 S6-GS3 100.52 BEREREHF L 15.80 9.87 1.60
117 S6-G54 102. 59 ok 6.90 11.60 0.59

BE SRR b mt HURB FE B A A & 0 H
Finnigan MAT 3 i) HR-ICP-MS (lement]) 7 #7 52
. FEARTEE 200 B SO mg RET
Teflon &I+, 4F 5 HNO; Al HF ¥# 2 d FIMA
HCIO, H— P ¥, BRTEH 5% HNO; ¥
B 50 mL, MELESIT. SHTEES
I E 2 1~ GBW RIUGRHE, M RE<5%. ¥
AT ARBISERBRREEEFEIE
(ICP-MS) 77 ¥ i il (DZ/T70223-2001) 1 Qi %
(2000

3 HELE R AT

HIThea. S8

SALUTRRAY A o A SR i i fofRe A £ A
SHRUHNERE. B BT g, Shias
ML IR, R ELFM A, BRERW
Bl 454l ZKO1~ZKO06 H25 HE v 41 43h 4%
TS (2013a; 2014).

3.1

MFE 3 UE N, £ 117 MR
F, w(UAF 0.19~15.80 pg/y, THIEEE K, T
¥R 3.37 pg/e: GUBUA TR LA T NFH &
BT, 2004) . w(U)EEAE B IKEE
e ZKo6 FL. P E B & 4 ZKo3 ., & F
4.87 pg/ g BiALUTIY w (UDF 8 K 2] & 7
Bl ZK04< ZK05< ZK02< ZK01 < ZK06 < ZK03-

HifL Ui Y w(Th) 2 A B N 0.05~18.80
pg/g FIH 4.66 ug/g, MPIBUAHF LA E
RSP A ERME. w(Th) B ME S A4 ZKo6 1L,
& K MH 2 A 75 ZK03 L, FRME R & KA ZK03
L, =B 9.34 pg/g, HALITEHY w(Th) HIK B K
R : ZK04 < ZK02 < ZK01 < ZK06 < ZK05 <
ZK03. U/ThERZHEEN 0.19~7.69, FH{E
4 1.08, U/Th S/MES TR ZK03 L, R AEH N
£ ZK06 T, S FLITARY & U/ Th 8 ARSI = BT
K. ZK05 < ZK03 < ZK02 < ZK01 < ZK04 < ZK06 .«
ALY w (U R 1w (Th) Z EFF7E B B () IE 45 55
RARE .
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3 RATEWNIN 6 MIFLIIRRAE R wlD. w(ThOF U/Th 5 TR
Table 3 Uranium concentrations, thorinm concentrations and U/Th ratios in sediments of six drill holes
v/, (Th)/ pg/, U/Th
HAHT PRI/ il i e
BME B A M BAM R B P N 1] R
ZK01 9 1.09 8.11 3.16 0.43 15.50 4.52 0.32 3.66 1.33
ZK02 26 0.33 10.70 3.04 0.28 15.30 3.90 0.30 2.09 1.03
ZKO03 12 0.42 14.50 4.87 0.34 18.80 9.34 0.19 1.89 0.75
ZK04 14 0.30 4.87 1.46 0.25 3.44 1.03 0.64 2.07 1.44
ZK0S 3 1.73 2.40 2.02 7.22 8.03 7.66 0.24 0.31 0.26
ZK06 53 0.19 15.80 3.81 0.05 14.20 4.79 0.26 7.69 1.64
® 4 RETESHRAAHTLEIETEN U.Th 20
1 U/Th B4 48R o © Y=0.8952X+1.6444
] R'=0.3455

Table 4 Uranium concentrations thorium concentrations
and U/Th ratios in saline sediments of drill holes

e A BER  BE w(BY pelg .
4= $His /m U Th
1 ZK01 S8Y-1-1 13.03 0.166 0.084 1.976
2 ZK1 SY-1-2 19.90 0.080 0.035 2.286
3 ZK02 S§Y-2-1 13.05 0.061 0.033 1.848
4 ZK02 S8Y-22 20.25 0.392 0.063 6,222
5 ZK02 SY-2.3 42.42 0.043 0.015 2.867
6 ZK02 §SY-24 45.39 0.042 ¢.302 0.139
7 ZKO03 SY-31 007 0.362 0.293 1.235
8 ZK04 SY-4-1 19.29 0.065 0.017 3.824
9 ZKO6 8Y-6-1 11.25 0.075 0.041 1.829
10 ZKO6 SY-6-2 15.08 0.090 0.028 3.214
11 ZKO06 SY-6-3 16.38 0.041 0.016 2.563
12 ZK01 XY-1-1 15.58 0.219 0.037 5.919
13 ZK01 XY-1-2 34.23 1.140 2.220 0.514
14 ZK02 XY-2-1 6.90 0.140 0.078 1.795
15 ZK02 XY-2-2 14.90 1.130 0.558 2.025
16 ZK04 XY-41 1.10 0.253 0.224 1.129
17 ZK02 SG2-1 13.05 0.677 0.371 1.825
18 ZK02 SG22 25.30 12. 600 2.170 5.806
19 ZK04 S5G4-1 17.9 1.240 0.662 1.873
20 ZK04 5G-4-2 21.22 1.600 0.642 2.492

H: F5 111 8% 12~16 AENH; 1720 ALK,

3.2 RIETHRYM. G BIFAE
VIR R RELE D, R A R HE %
PRE. &6 MHILP, XREB I A HAER L,
AE3MBRRAHRY. FEURVNE B THEA
BRAME, SECREH LB RPEREEE
OB Y BRI, XAl g R — e w. #
R w(U) wlTh) U/ Th TR 4 Bios.
AEF w(UIA 0.041~0.392 ug/g FHEHN
0.129 ug/g: w(Th)A 0.015~0.302 pg/g, FHHE

w (Th)/ug/e

18

w (U)pg/g

2 RIGEEHBSLIIRS UR Th X CREE
Fig. 2 Relationship between uranium and thorium in
sediments of the drill holes

X 0.084 pg/g: U/Th EH 0.139~6.222, FIEN
2.546. EFIFHF w (U w(Th) U/ Th P#{E 55
H0.576 pg/g-0.623 pg/g-2.276; A B Hw(U).
w(Th) U/ Th FHME 5K 4.029 pg/g-0.961 pg/
2:2.999. B, NEHZFEMEFIAE, w(D.
w(Th).U/Th HAREH K. ™H, HRPH
Y U/ Th EEAHEX, AT 0.139~6.222,F
BIMEH 2.569, TR THFLITHIAT 1.08.

4 HrEITR

4.1 #.SEFEHEELRAE

HEHAMEEE D, &M SR E
AEBEN, TR M w (U w(Th)U/ThE
I 4 3R 11 7K BE 5 32 4 40 T 201 P 3 BT S o B - AL
(it FREUAE ) BB B WIR K 7K w (UDSEH R JE X
SR AR s w(Th) 5 w(URAEL, ¥R e X E
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Fig. 3 Variation of uranium and thorium concentrations

in sediments of the drill holes with the distance from the
superficial brine

&, Bl 7 ZKO5 #5FLX . U/ThEEREBEE
%, BT ZK0s Lz 4h, L FLITARY U/ Th A4
1E%4.
4.2 WEBEHPETASE
ENMEATBRYTH s ERA B E 4 57
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