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Abstract: A thick layer of mirabilite was deposited in the lower part of the potassium-bearing strata of the Mahai
Salt Lake in the Qaidam Basin. Unlike potassium salts, which usually formed in dry and hot climate, mirabilite is
mostly formed under extremely cold conditions. Therefore, the study of the sedimentary characteristics and genesis
of thick-layer mirabilite is of great significance for understanding the evolution of ancient environments and their im-
pact on potassium salt mineralization. The article takes the stratigraphic profile of thick-layer mirabilite developed
in the Mahai mining area of the Qaidam Basin as the research object, through systematic sampling, thin section
identification, chemical composition, mineral type, and sulfur isotope analysis were carried out to study the changes
in the chemical composition, mineral type, and sulfur isotope of the profile. The results show that the salt minerals

in this section are main stone salt, gypsum, mirabilite, and glauberite, the maximum deposition age of the mirabilite
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layer is 275.3 + 47.9 ka BP, the research section shows the characteristic of evolution from thick-layer pure mirab-
ilite to gypsum-bearing stone salt from bottom to top. The lower part is mirabilite layer, and glauberite appears in
the middle and lower parts. The highest content of stone salt is in the middle and upper parts, while the content of
stone salt in the upper part relatively decreases and the content of gypsum increases. Correspondingly, the content
of potassium, magnesium, and calcium in the chemical composition of sediments steadily increases, while the over-
all content of sulfate ions and sodium decreases. During the period of thick-layer mirabilite deposition, Mahai Salt
Lake was in a continuously dry and cold climate, which was beneficial to the continuous enrichment and increase of
potassium and magnesium in the brine of the salt lake, which laid a foundation for the formation of solid potassium
ore through local enrichment.
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Fig. 2 Profile of P02 and P03 in the study area of Mahai Basin
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Fig. 3 Histogram of profile in Mahai study area of Qaidam
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Fig. 4 Salt-bearing stratigraphic profile and main salt minerals in Mahai study area of Qaidam Basin
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a—P03 section; b—P02 section; ¢—PO01 section; d—Dblock mirabilite, embedded with a small amount of stone salt crystals; e—massive mirabilite

partially dehydrated on the surface, mixed with fine stone salt particles; f—lump stone salt with a small amount of anhydrous mirabilite on the surface;
g—anhydrous mirabilite is distributed in the shape of shell; h—a large number of single stone salt crystals, mixed with mudstone and clay, etc. ;
i—lump stone salt, mixed with clay silt and a small amount of gypsum; Gp—gypsum; Ha—stone salt; Mb—mirabilite; Td—anhydrous mirabilite;
Cr—clay ; St—siltstone
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Fig. 5 Observation pictures of salt minerals in profile P02 under orthogonal polarizing microscope
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a—mirabilite was surrounded by harbor-like erosion; b—mirabilite had local erosion, c—rhombic plate-like glauberite had a particle size of

about 0. 6 mm; Mir—mirabilite ; Glb—glauberite
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Fig. 6 Scanning electron microscopic characteristics of anhydrous mirabilite and glauberite in P02 profile
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a—chrysanthemum-shaped glauberite; b—spherical thenardite and acicular glauberite; ¢c—spherical thenardite and striped glauberite adsorbed on it;

d—Dblock glauberite and filamentous glauberite; e—rhombic glauberite with needle and filamentous glauberite; f—layered and striped glauberite ;

Th—thenardite; H—stone salt; Glb—glauberite
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Table 1 Content statistics of major elements (ions) of P01, P02 and P03 sections

b J T TR(ET) Na* K" Ca®* Mg?* cr S0%
FHIE 28.48 0.11 1. 69 0.15 45. 46 4.10

PO1 SN 43.17 0.40 3.80 0.51 68. 16 9.20
f/IME 10. 20 0.04 0.13 0.02 17.00 0.30
XM 31.67 0.05 1.34 0.08 33.99 24.90
P02 S ENE] 38.36 0.71 5.78 0.85 61.70 70. 60
/M 4.36 0.01 0.09 0.01 1.61 0.20

I 20.91 0.16 1.33 0.30 33.19 3.81

P03 SN 42.50 0.59 5.17 0.95 66. 40 12.24
/M 1.17 0.06 0.33 0.06 1.66 0.79
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Table 2 Results of semi-quantitative analysis of XRD mineral assemblage in P01 profile of Mahai Salt Lake
i R /m fiih 13 AH KA Hafi FA [
H1 0.1 46 23 10 22
H2 0.2 44 17 18 20
H3 0.3 47 11 18 24
H4 0.4 63 8 16 14
H5 0.5 47 7 32 14
H6 0.6 48 14 19 20
H7 0.7 17 12 25 14 3 21 9
H8 0.8 13 10 27 14 3 24 10
H9 0.9 14 8 42 12 17 8
H10 1.0 52 8 26 14
H11 1.2 50 8 30 12
H12 1.4 55 9 19 17
H13 1.6 54 8 22 15
H14 1.8 60 6 19 16
H15 2.0 52 17 13 19
H16 2.2 71 3 10 15
H17 2.4 83 3 14
H18 2.6 90 10
H19 2.8 97 3

(3) , HohIRE 6. 4~4.0 m Z 8] (G /K TR N 12
SRR R e AT Y TR 5.6~4.2 m 2
[EFFAE /DA T 4.2 m A E A K ASEEEY
AN, ez I A I =/, PO3 Al POL il
I HR T Y ) iz ,6.7~4.7 m &b &0
WA HB A (E4), WHFEKHH P X S 2k
AT 4 R 5 AR 2 O A s R AR — B
3.4 BEMRARKREERER

LT 5T X 25 2 0 IR #8132 2 A 4 2 A
(Na,S0, + 10 H,0) , JC /K - il ( Na,S0, ) . £5 2% fif
[ CaNa,( SO,),] A% (CaSO, - 2 H,0), TfH& %

JZ 8¥S HIE B R 11, 10%0 ~ 12. 72%0, 2 1 18 55 )2
&S HIE FEI A 13. 67%0 ~ 14. 09%0, AR 75 il AH
BYEEA I LI, i R e 1S HIE Flh
10. 79%0~13. 40%0( 3% 3) , ML F & v 2 B S [
B, R TR, TN R RZ, HEE
Rl BT ol EL SR AR AN K,

AR N 28 R A Y 6%S BB Y B 7E 19%0 ~
24. 3% 0], KELH 21%0( B4, 2018) , Tii ki
AF R 50 v %) R R A I 37 3R 4L AR Ak B K, A R ST
7R 78 i Bl 32 BAH U0 R M 2, 7S H ar A T
10%0 ~ 17%olt} | B [F1437 22 2H B2 1T 378 9% 7K B T 7K 3 [
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Table 3 Results of semi-quantitative analysis of XRD mineral assemblage and sulfur isotopic composition in P02 profile
of Mahai Salt Lake

%' RIE/m £t e Jr AT Yayss T WA dAnf UK B 8%
H-1 0.2 11 21 23 45

H-2 0.4 28 16 22 34

H-3 0.6 60 12 28 10.79
H-4 0.8 71 12 17

H-5 1.0 50 5 19 27

H-6 1.2 54 4 20 22

H-7 1.4 52 7 17 20 5 12. 46
H-8 1.6 59 5 15 21

H-9 1.8 67 3 14 16

H-10 2.0 58 3 17 20 2

H-11 2.2 60 4 4 12 21

H-12 2.4 69 3 14 13

H-13 2.6 72 3 9 15 13.40
H-14 2.8 97 3

H-15 3.0 95 5

H-16 3.2 78 2 6 14

H-17 3.4 63 4 18 15 12.47
H-18 3.6 68 3 8 21

H-19 3.8 92 3 6

H-20 4.0 81 7 12

H-21 4.2 72 2 5 15 6

H-22 4.3 27 3 29 3 16 22 13.65
H-23 4.4 25 3 42 21

H-24 4.5 57 3 16 14

H-25 4.6 57 6 12 11 14

H-26 4.7 61 3 20 8 8 13.97
H-27 4.8 48 4 18 16 14

H-28 4.9 70 1 19 7 4

H-29 5.0 54 23 23 14.09
H-30 5.1 59 15 17 10

H-31 5.2 34 26 32 7

H-32 5.3 54 25 14 7

H-33 5.4 69 31

H-34 5.5 4 20 75

H-35 5.6 13 68 19 11.92
H-36 5.7 16 7 77 12.72
H-37 5.8 16 84

H-38 5.9 17 5 10 68

H-39 6.0 6 88 11.53
H-40 6.1 8 92

H-41 6.2 5 95 11.10
H-42 6.3 11 89

H-43 6.4 20 80

VE Y45 5 (Tabakh et al. , 1998, 1999) . FfifFL4ik
RIS E AR A8 84S BUE AT 11. 3%0~13. 4%0
Z AN (BB 5E, 1993), REEARKARIA 7K 8*S $UfH
T 17. 3%0~19. 9%o 2 [] 3 BRI 2 i 7K 67 i fl
TE 11. 5%o b F 50052 8l (B 5 W4, 2009) |, T AR i
MG I R A E 87'S BUEAT T 26. 1%0 ~ 37. 5%

Z 8] (Shi et al. , 2005) , SRR RO R ARLAY R R
F2 B TR R AN A Y B R R Rk ) < K 1
WRIFAIZRAE S SO & ik b (B3 4, 2009)
2 T 3 O S TR B S R R (B a1 7 AT
T DXL )57 2% (-5 %o I A A A AR 7 e AN S e ko
RN 5 9 ORI KA AR K
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Table 4 Results of semi-quantitative analysis of XRD mineral assemblage in P03 profile of Mahai Salt Lake
ErRes L/ m £ P JifrAa A AT H=f1 Garilka) 12 e)
™) 0.3 2 38 10 24 5
2 0.6 26 12 33 15 14
H3 0.8 36 15 13 21 14
Hed 1.0 39 12 16 19 15
o5 1.2 16 12 13 46 14
H-6 1.5 35 20 11 21 13
7 1.7 38 13 15 18 16
H-8 1.9 51 10 17 16 7
H-9 2.1 33 7 31 13 15
H-10 2.3 69 12 19
Holl 2.5 93 4 4
12 2.8 3 41 13 26 17
Ho13 3.0 15 14 41 16 13
Hol4 3.2 15 20 28 21 16
H15 3.4 4 27 18 34 17
H-16 3.6 40 14 18 12 15
Ho17 3.8 65 6 29
H-18 4.1 6 17 5 27 29 15
H-19 4.4 55 8 19 18
H-20 4.7 36 9 16 20 19
Ho21 5.0 6 8 4 23 13 3 30 13
2 5.3 5 5 2 48 2 2
.23 5.6 6 5 2 50 2 21
Hooa 5.9 5 12 4 17 18 3 29 12
Ho25 6.2 3 13 5 8 19 4 35 13
Ho26 6.5 90 10
Ho27 6.7 55 10 5 24 6
Ho28 6.9 41 4 54
H-29 7.1 79 6 15
H-30 7.3 84 4 12
Ho31 7.5 73 4 23
H-32 7.7 50 12 38
H-33 7.9 95 5
Ho34 8.1 79 6 15
H-35 8.3 77 11 12

AWK IFRFE KRR 7 A5 5 R 6 (. MISS, H i TR R G A BB 28085 1F (i 22 25 )
T 10%0~15%e 2 [0) BB A A AR XTEE T FE TSRS & B, AR E T e o th e 22
ORI R TR JR | B £ 2 W A T
B RGN — SR, TR AR 4 B

KRB LR,
3.5 U-ThiMELEE 4.1 TEHHIMIREFE
750 ka LUK,y A A Bl % £ 1 1) A AL A 5 i T3 F M 5 S8 TR R 4 1) LA R G Z s B —

FURIFZ I (Huang et al. , 1993) . #IRMAEE P02 EAHMME, SEEMER MM F+E 520
T 2 A U A R AR O 275, 3+ JRAR (RS, 1993)
47.9 ka BP (% 5), HE KUIBAER T IH)E T PO1 . PO2FIPO3 ) i A Mg™ FIK™  Na* FICl™ |
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Fig. 7 Scatter diagram of the relationship between 6S value
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and SO} content in thick-layer mirabilite in Mahai study area
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F10.08% HASE A , 3%)Z CI7 Na® & il
IR T AR RS RIIREG , A vE
VIR, 6.4~5.3 m 1 SO FHGET R, 5
PEIRIA C1 3 Ak AR A, i Bt e B B A 3 T B A
A GBI FZN TR, 5.3~4.3 m &b Ca™ &%
RO, R SO FEAXTE/D, Ca™ ke S SO
ST R IRER D

PO2 T 238 4 36 B JE A0 A Mo iR 4l
B, TR A B A D g R R A R
Kb A, ' afF, FELRTYE A
R AE(AR3) U A S bl ) AR R A

*5 SEHRYPRIALCHFRNHMENESER
Table 5 U series dating results of profiles P02 in Mahai Salt Lake
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Fig. 8 Distribution characteristics of major elements in PO1 section of Mahai Salt Lake
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Fig. 9 Distribution characteristics of major elements in P02 section of Mahai Salt Lake
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Fig. 10  Distribution characteristics of major elements in P03 section of Mahai Salt Lake
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