2022 4 5 A HooEk ¢ R May 2022
% 43 % 5f 3 11: 338-346 Acta Geoscientica Sinica Vol.43 No.3: 338-346

www.cagsbulletin.com

0 38 5 3 It B0 B2 1 iz L A 4 o
S0 B D R TR AE TR B R

g 20w EY, HF Y, g Y, frakg Y, £9e 2

1) SRR 2= B A 7 IR T, E AR BRI SO A S SRR B 9080 =, kT 100037;
2)TT AL TR, TT AL A S M DGR BRI R R SE IR =, WA K 050031;
)iy b Hh BT R F b IR AF = 2= e, Wb A 4K 050031;
HF WP PTIEA R AR, HiFME4A 817000

7 OE: DA T AGA ARG AL B A A P, T XL AR B4 e [ A T A [ e Ak
TR CREBITIE T4E, AMIEAE ML T R B A SRR IR . A S W] B T DXL ™ B B B B AR A o7
[F (A B ER A ) B R B FNRAE R, TR T Wi %€ | REIS T FB AN X S 2oy dh 7 8 45 20 B D ik A,
IRV TE R T RRSE T A SR B o AT A B (D) AR A R rh a3 Al 7E 70-79 BhHRZk, DUSIA: S Az S AU
WAE, HUATE B, FAERME AR RR, 4R RDIR . LR R R RS S8, 5 A s AR 1Y
B A R RJRA B A B BREMBHIR ., 26K A Z 0 MTE 67-70 BIRL, SIERVIR . B RLR . 2SR,
SAE. Rxa. SaihSr il QM atUE 72 iR&E o, 2 AE-E AR TR, S5t
KA AR A . KERBEASET YA, (MR AR 1 2% pa A AR R 437 L IR AT RE D AE S T8, TR
SN A KRS, WK R T B AR R 4, BT X R R E KL Mot A B R EE S i K 5 A BRAUL i R Ca®t
Y B R B ) K R ARG B AAE R, TR T & R A i R R B % o A B R . R R B e B
IKAE ) AR e BB e g hoL I BB AR D, S22 R AR, (AR X PG ILERIR L T Sk Bk A A
G () EEAE % g A Y IRAE AL, T AR A [V A 2

KBEIR): CHUFERT, RSN AL RS, B, WAEARE, B

& 435 P578.32; P571 RAFRERS: A doi: 10.3975/cagsh.2022.022401

Occurrence Characteristics and Genetic Study of Potassium Salt Minerals in
Low Grade Solid Potassium Ore in the North Section of Mahai Salt Lake

LONG Peng-yu'#% ZHAO Yan-jun”, HU Yu-fei®", DU Jiang-min® ¥, HE Ji-hui¥, WANG Zhao-xu* > ¥

1) MNR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources,
Chinese Academy of Geological Sciences, Beijing 100037,
2) Hebei Key Laboratory of Strategic Critical Mineral Resources, Hebei GEO University, Shijiazhuang, Hebei 050031,
3) College of Earth Sciences, Hebei GEO University, Shijiazhuang, Hebei 050031;
4) Qinghai Zhonghang Resources Co., Ltd., Delingha, Qinghai 817000

Abstract: The Mahai Salt Lake is located in the Saishiteng Sag in the north-central part of the Qaidam Basin.
The large-scale solid-liquid conversion mining of Holocene solid potash in the northern section of the mining area
has been operating stably for nearly ten years, providing important potash fertilizer production. This paper intends
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to ascertain the types and occurrence characteristics of low-grade solid potash minerals at the current stage in the
northern section of the Mahai mining area, and carry out analysis and testing work such as mineral thin slice
identification, energy spectrum scanning electron microscopy and X-ray powder crystal diffraction, which are
suitable for water-soluble mining, providing a basis for sustainable development. The research found that:
(1) Polyhalite is concentrated near the 70-79 exploration line, with primary and epigenetic metasomatic genesis
occurring, and the former dominates. The primary polyhalite is flake, fibrous, granular, fibrous radial and
petal-like aggregates; the metasomatic polyhalites are disseminated and felt-like with the appearance of gypsum.
(2) Carnallite is mostly distributed near the 67—70 exploration line, and it is molten, other-shaped granular, and
crack-shaped. Symbiosis with salt, polyhalite, sylvine and other minerals. (3) Sylvine is only concentrated in the
72 exploration line. It is a euhedral-subhedral cubic monomer, which is symbiotic with minerals such as carnallite,
polyhalite, and bischofit. (4) According to the analysis of the occurrence characteristics of polyhalite in the Mahai
Salt Lake, the cause of deposition may be the cold and dry climate, which reduces the water supply in the basin,
thereby causing the shrinking and concentration of lake water. The K*- and Mg?*-rich magnesium sulfate subtype
brine in the southeastern part of the mining area is mixed and doped with the Ca?*-rich chloride-type brine of the
Niulang Zhinu Lake, forming a potassium—-magnesium—calcium sulfate-type polyhalite potassium salt mineral.
In the process of high-salinity chloride brine migration and penetration to the southeast concentration center,
the water evaporated and concentrated to form chloride-based carnallite, potash, and other minerals to the
northwest of the study area. (5) It is necessary to formulate a corresponding solid-liquid conversion plan based on
the occurrence characteristics of polyhalite.

Key words: Mahai Salt Lake; low grade solid potassium salt; potash minerals; occurrence characteristics; causes
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a—petal shaped polyhalite; b—fibrous radial polyhalite; c—polyhalite forms by replacement with bassanite;

d—polyhalite forms by replacement with bassanite halite; e—carnallite occurs in halite caves; f-carnallite occurs in halite caves;
g-carnallite is symbiotic with polyhalite; h—-gypsum, bassanite; H-halite; Pol-polyhalite; Bas—bassanite; Car—carnallite; Gy—gypsum.
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Fig. 3 Microscopic features of mineral thin slices
(e isin plane polarized light; a, b, c, d, fand g are in perpendicular polarized light)
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Fig. 4 Characteristics of mineral scanning electron microscopy
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Table 1 Drillholes XRD result /%

GERE A WE/m ki ek #OER P it 2 5 WE/m ko ek #aH
ZK8-3 H-1 0.28 5% ZK9-36 H-13 4.00 4% 2%
ZK8-3 H-2 0.53 6% ZK9-36 H-14 4.30 3%

ZK8-3 H-3 0.78 6% ZK9-36 H-18 5.8 1%
ZK8-3 H-4 1.00 11% ZK9-36 H-19 6.00 1%
ZK8-3 H-5 1.25 20% 6% ZK9-36 H-20 6.27 1%
ZK8-3 H-6 1.50 10% ZK13-8 H-1 0.10 25%

ZK8-3 H-8 1.93 4% ZK13-8 H-2 0.35 15%

ZK8-3 H-9 2.15 1% 1% ZK13-8 H-3 0.60 4% 2%

ZK8-3 H-10 2.35 2% ZK13-8 H-4 0.85 4% 3%

ZK8-3 H-11 2.60 2% ZK13-8 H-5 1.10 8%

ZK8-3 H-12 2.85 2% ZK13-8 H-10 2.30 2%

ZK8-3 H-14 3.45 5% ZK13-8 H-11 2.55 8%

ZK8-3 H-15 3.75 3% ZK13-8 H-13 3.05 3% 3%

ZK8-3 H-17 4.30 3% ZK13-8 H-14 3.29 2%

ZK8-3 H-18 4.55 2% ZK13-8 H-17 4.00 9% 8%

ZK8-3 H-19 4.76 3% ZK13-8 H-18 4.12 4% 3%

ZK8-3 H-25 8.15 3% ZK13-8 H-19 4.30 3% 4%

ZK8-3 H-27 8.62 1% ZK13-8 H-20 4.55 2%

ZK8-3 H-28 8.90 3% ZK13-8 H-21 4.80 2%

ZK8-3 H-29 9.12 2% ZK13-8 H-22 5.00 6%

ZK8-30 H-1 0.21 1% ZK13-8 H-24 5.46 2%

ZK8-30 H-2 0.56 15% ZK13-14 H-1 0.22 14% 3%
ZK8-30 H-3 0.80 5% ZK13-14 H-3 0.71 7%

ZK8-30 H-4 1.05 8% ZK13-14 H-4 0.96 1% 1%
ZK8-30 H-5 1.32 9% 1% ZK13-14 H-5 1.20 9%

ZK8-30 H-9 2.25 7% ZK13-14 H-6 1.50 7%

ZK8-30 H-10 2.47 7% ZK13-14 H-7 1.75 2%

ZK8-30 H-11 2.75 1% ZK13-14 H-8 2.00 5%

ZK8-30 H-13 3.26 1% ZK13-14 H-9 2.20 4%

ZK8-30 H-14 3.66 1% ZK13-14 H-10 2.40 4%

ZK8-30 H-35 8.80 7% ZK13-14 H-11 2.61 11%

ZK9-17 H-1 0.24 10% ZK13-14 H-12 2.82 13%

ZK9-17 H-2 0.54 9% ZK13-14 H-13 3.00 11%

ZK9-17 H-3 0.90 4% ZK13-14 H-14 3.23 7%

ZK9-17 H-5 1.50 9% ZK13-14 H-15 3.48 4%

ZK9-17 H-6 1.77 14% ZK13-14 H-16 3.68 7%

ZK9-17 H-7 2.00 10% ZK13-14 H-18 4.20 23%

ZK9-17 H-8 2.36 7% ZK17-2 H-1 0.15 7%

ZK9-17 H-9 2.61 8% ZK17-2 H-2 0.35 18%

ZK9-17 H-10 3.00 5% ZK17-2 H-3 0.54 5%

ZK9-17 H-12 3.51 11% ZK17-2 H-4 0.79 6%

ZK9-17 H-13 3.75 22% ZK17-2 H-5 1.04 4%

ZK9-17 H-14 3.95 19% ZK17-2 H-6 1.33 2%

ZK9-17 H-15 4.20 9% ZK17-2 H-7 1.49 6%

ZK9-17 H-16 4.45 8% ZK17-2 H-8 1.74 3% 2%

ZK9-17 H-21 5.55 6% ZK17-2 H-9 1.99 10%

ZK9-36 H-6 1.80 19% 3% ZK17-2 H-11 2.55 17%

ZK9-36 H-7 2.10 7% ZK17-2 H-12 2.80 2%

ZK9-36 H-8 2.36 9% ZK17-2 H-23 5.33 2%

ZK9-36 H-9 2.74 9% 2% ZK17-2 H-27 6.50 1%

ZK9-36 H-10 3.00 3% 5% ZK17-2 H-30 7.34 1%

ZK9-36 H-11 3.30 4% 8% ZK17-2 H-32 7.74 3%

ZK9-36 H-12 3.60 11% 2% ZK17-2 H-39 9.28 3%
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JEYIE], DEORAEAE A R AR s aE o Ja A A AR
WZpk A, SA8E . FKAaFEE gt 22
RAMEABEBREYERER, 2RPRAOKKASA
B PBKAEHEES, A8 RERREH .
Ih I F I S AL 2 D T B R DOk Y
5 YT I I8 20 I 52 e (BB 2 55, 1992), Z AR
132 B0yl b Vg 43 b VY R AR A9V VL. VIS A4 1 s

FrebAs) s e 5 = R AAIE UK TR, FFRrgia Tt

b AR W AL A I RZ I AR N, AR BT R
W, TR s gy, A5 R\l E R
AR, B R T ARMBE hEE RSP, T
Fogz b, AR AR BT, A 4
IR ER I 56 42 4> BB ST o F DAY F M A T RN 4
S, WIKE B AR IR 4, LT KR T
MEFREE o B ST A, by BT OR 4 LR B A - ¢
FE, i 5835 R 23 Hh o & AR B B R BT, 6
WAWH T LR IX S8, 1990; BUBIRSE, 1992; K
F0E, 2006; ] IR4E, 2016)., ThifE i X B U075 &)
e RET, I RVE IR, AR AT X
RETREET, RETFH XA a-RhKRES R
M ESHEE N R AT SR, EEEDEHC
HAL R K. Mg Y B R R I A 1 K (BT 1R 4%,
1992), WX PGACEB . VG RE &84 51 527 v K F s £
CaCl, BURIG IR KK 42, —HIR G B 41E 4 T4
IEE, TERUE  Ca®t By S Ak W B i K (BT 12 4

1993), WX Jb R, 7H A A A o (R 5 4,
1997), {5 8 7K A & [ 1< 7K i) 28 5% 0 98 08y 1) 32
XU [ K AR S OIS VS AL S KT Mg R R
B KK EEB, BT YT (EHRN
%, 1997; 15 AL, 2006; K EIEE, 2014; %R, 2015),
T AR ) 2 R U ANV A, A A S T I P b
MR T & 24 kA A b2 . 24w A B UTRNFE T
KW SO, K i el < K AR BIEh 4, 78252 T i
A V1S 00 TR V. Y 1 /K 0 ¥ 1) SR A 0 AR i 7K i
fbo MEFEIKARE, R T7EKk . W, Aotk A
PAER DU E AN T 50, Xk K AE [0 ik
AP EB R, BEAZEL | VRAR(E T BT G
KA. BAEhEERRRT Y, Stk A A SRR AR
Wi A AT S B KR — 25 28 R VR AR TE Y, LA A
P 2% 1 A 227N

T4 A% SHET wIa, 52 ML E
G K BRI/, V008 o 18 HL AR 22, 4
SR T RE IS /INB AR AT IE, R SE Rk T AR, 42
FKEE TR ROR

5 4

(1) D XL TR B 67-79 BIHR& 2 B 4 n |2
RN A KA AR
Fepd A EEAE R AE T0-79 £k, St AP o
1E 67-70 4k, PO R TE 72 46,

()4 7 % BB IS R R BE SR, R4t
WA LARA R, AR YRR kR 24k
SRR G  AEMERES R S A ER . s PdtA:
WD E s i Ao JE A S AR, SR YRR B A
BEMEHIR, JomiaRIERR . gk . 284
W, H5ash. KA. Ay witd, sath
EAE-EAES TR, Sk, ek, K
BNy YA,

(3)3H Ao % B AR ) ) R AF R AR EA T 20 A, B0 26
INH, 32 BHTHR DIk Z WA 538 s isg ), B
KA M A E KT, Mg™ BB R BE I 78 i /K 5 75 L
VIR E A Cat AL R K K & A B A,
FEAE A i TR R R, FEF R IX
70-79 WIRLR T ERWE VR FIE K T & A2 1k A 1 A R
2o mE R K K AR WA R
BTt amaa s,

(4)s BEARYE AL 0 A B IRAE R, SRIUER X 1
I T KA it

Bft: b mAERE LT HETFET F
o RALF A 5 5T RA TR AR R . B AE
MR REABETGR AN, ftifat ey
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