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Abstract: The Qaidam Basin represents an important provenance for potassium salt in China and in the world. So far, studies have
mostly focused on potassium salt in shallow subsurface salt lakes, whereas little has been reported about potassium salt in deep clas-
tic pores. In the present study, the spatial-temporal evolutions involved in the metallogenesis of potassium salt in the Qaidam Basin
are summarized within the context of the Kunteyi Sag as an example. A “double-layered potassium salt” model consisting of inter-
crystalline brine in the Q,_,, salt-lake facies chemical salt crystal fissures underlain by the Q ,; alluvial-proluvial gravel pore brine is
established after investigating the local geology, paleo-environment, and brine reservoir distribution in the study area. The genesis
of this “double-layered potassium salt” model and the internal connections between the overlying and underlying brine layers are
explored by comparing the ionic contents in these layers through mathematical and geochemical approaches such as cluster analysis,
characteristic coefficient, piper trilinear nomograph, and hydrogen and oxygen isotopes. The results indicate that within the Qaidam
Basin, the brine in the “double-layered potassium salt” unexceptionally comprises salt rock lixiviation water from a continental sed-
imentary background. The overlying intercrystalline brine suggests more of salt rock dissolution, although lixiviation may have also

played a role; the underlying gravel pore brine points more toward rock salt dissolution. The overlying intercrystalline brine seems to
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originate from the deep evolution of the underlying gravel pore brine,, whereas the underlying gravel pore brine appears to be succes-
sive from the deep paleo-salt rock layers and the overlying intercrystalline layer. The oilfield water in the Neogene anticlinal struc-
tures surrounding the Kunteyi Sag also shows a close genetic connection with the “double-layered potassium salt” brine.

Keywords: Qaidam Basin; potash deposit; intercrystalline brine; gravel pores brine; hydrochemical characteristics; Kunteyi De-

pression
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Fig.1 Geological sketch map of Kunteyi Depression
(1 lake water; 2 Neogene; 3 lacustrine deposit of middle-lower Pleistocene; 4 chemical deposition
of upper Pleistocene; 5 chemical deposition of Holocene; 6 basement fault; 7 fault; 8 fault of remote

sensing interpretation; 9 anticline; 10 syncline; 11 drill number and TDS; 12 concentration direction)
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Fig.2 Profile schematic diagram of Kunteyi Depression
(1 sandy gravel; 2 silt-bearing halite; 3 clay-bearing halite; 4 ooze-bearing mirabilite halite ;
5 mud and sand bearing halite; 6 early Pleistocene; 7 mirabilite-bearing silt halite; 8 clay-bearing silt;
9 gypsum-bearing ooze; 10 halite-bearing clay; 11 mirabilite-bearing clay; 12 middle Pleistocene-Holocene )
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Tab.3 Hydrogen and oxygen isotopic compositions of brine from Kunteyi Depression
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Fig.7 Metallogenic conventional diagram of Kunteyi Depression

(1 gravel pore brine; 2 chemical salt intercrystalline brine; 3 lacustrine sediment; 4 oilfield brine;
5 migration direction of water; 6 bedrock fissure; 7 material exchange; 8 fault; 9 early Pleistocene;
10 middle Pleistocene- Holocene; 11 meteoric water; 12 evaporation)

FRIGE L IR 4 K

75 Cl/Br=Na/Br [, EEFHKIMBE N L R 2 50K 553 K S8 3 AR i K G i 05 B 07, TR K Ry
T RILEMAAT 531, X UL B BRI M1 T K Y T RS AR O R R SRR MK NS 5. 58 TR
TE B 25 A — 50, T BAE R 3 rp T 2 i KR i 2 B AR B A R I etk G R EINZ 2 i K TR A T A1 46
(AR 5 B2 K ) CL/Br {EA BRI 20 AT S L, BORAR b R SC &, (H AR ZKO02 Fidh ZK02 1y CV/Br {6 A
TR A I, Ul Il 2678 A0 AV i ok R ZKO02 A ZKO2 A3 BRI .

TE AR OL 2 A B (1] 6) Hh, B il 8] KRR R 4R (R A 1 TG 8D B3RS, 2 LRI
FHE I8 ) et 7K ALAAR R UER R I U A 320 e o B ™, DR LA, T T i 5, A5 T il T 7K 9 5
ZLETHRA BT KB (B P IREE , 28 Rt/ Wk T s ik i H, SR 8D BRI g, Mt
FCH I 4] B K Y SD RS, 2% S04 I 133 m DAY Y b ] 5 K T G Il K ATR A 55, TR 6
AR 1 P A 55 R R e o 110 i 7K 2 B 3 60 A T 94 3 0 7K AR, A58 I 111 ot 7K 3R B i R Rk
A FH K PRI A ] 3G K TR 45 A, 220 288 e W 4 102 A4 A DR R I K. T 5 22, B ARRAR IMTBE T
£ 1 7K D5 A S T S SRR i PR G s P A AL 20 O F T SRR SR M —i (I 7)), Horh R = 3k
FIK BRTR ., 280 28 S e 4 1 17 ST TR g B h™ , BTG o 1L A G PR R B, DR /K T 0 L e S 8
HILZE AR AR R 2 T AR A S8 ORISR, AR D 547 AL B pa K

5 &t

1) BRI R A B ER AT RIEAT ™ RUZ e 2 Ay o e SR T — 3 1 ot ] i 7K, )2 S 7 B
BRA LB K. B2 ] K B A R SR AR 4 2 S D A 2 S R 2R RS A R AR T2
BT LB B K A7 L RO FL B BE R4 BB A7 35 B PR

2) BRAFMRIMIBE i _E R ZE KR TR DU R Ui i s 7K, 22900 B T A 3, B2 kAOk
VR ORI AR BUA TRAR 5 2 LU SR 0] 2 B AR M. b J2 P K AT 3 XU A B B K B T
A R AT OB JB b K AR

3) )2 A KRB 2RI LB K — 2D AR, T AR AR ALBR K 5 L2 SRR
MRS RIIE PSS

4) BARAR M6 A BAT TR CaCl AR AE A3 BRI SR PE TR R 2 LT, 2 b R 2 sk A= 20 A, IR 7



256 J. Lake Sci. (#4:#3),2020,32(1)

HCRPRLRE EARE B SR s K B AL, bR R KA R b i KA SRR
B BN B BB IPA TUE FON GREAR AT 09 4 A 3R SR BT K AR o s R R A R AR AR
BB BB AR S R, B AR R KA B 8RR AR

6 &%k

[ 1] Yuan JQ, Huo CY, Cai KQ. The high mountain-deep basin saline environment—a new genetic model of salt deposits. Geo-
logical Review, 1983, 29(2) : 159-165. DOI: 10.16509/j.georeview.1983.02.008.[ = WL.5%, F&KE, 25w, iR
AR PR ——— R BT Y G B I HBTRTT, 1983, 29(2) ¢ 159-165. ]

[ 2] Zhang Y, Gao DL, Ren QH et al. Permeability of unconfined aquifer under the Dayantan mine area near the Kunty Salt
Lake in the Qaidam Basin. Arid Zone Reserach, 2017, 34(1) ; 36-42. DOI.10.13866/j.azr.2017.01.05. [ #K%, BEiZRMk,
FEAE A SRR G B R I R XK S K 2 BB aE . TAXHESE, 2017, 34(1) : 36-42.]

[ 3] Yang XM, Liu WY, Han FQ et al. Application of Nuclear Magnetic Resonance (NMR) technology to study the space dis-
tribution features of underground brine from playa lakes: a case study of Kunteyi Playa Lake. J Lake Sct, 2018, 30(1) :
220-233. DOI:; 10.18307/2018.0122.[ #f&4h , XISCE, HhRIE . M REILIRBEAR 737 T Eh 8 4t X T pa 7k s
[8] 3 A IR —— LA B R T 5001 9. iiaRk2%, 2018, 30(1) : 220-233. DOI: 10.18307/2018.0122. ]

[ 4] Yuan XL, Sheng JC, Zhang XY et al. Influence of shallow reservoir upon the components of brines in the Kunteyi Playa.
Hydrogeology & Engineering Geology, 2018, 45(2) ; 13-20. [ Z/Nlg, M4 B, K6 E 5. BAHMRER WIS 1k 2%}
B K2 B 2. K SCHE BT T AR BT, 2018, 45(2) @ 13-20. ]

[ 5] LiFJ, Meng LN, Fang CG et al. Palaeogeographic evolution of the Paleogene and Neogene in north margin of Qaidam Ba-
sin. Journal of Palaeogeography, 2012, 14(5) ; 596-606. DOI; 10.7605/¢dIxb.2012.05.005. [ Z= RS, #2008, J5HIKI
A SERARAAL GO IR 2 — R At b B L. b BEA A, 2012, 14(5) ¢ 596-606. ]

[ 6] Liu WG, Xiao YK, Han FQ et al. Characteristics of chlorine isotopes in salt lakes of Kunteyi and their significance of pa-
leoclimate. Oceanologia et Limnologia Sinica, 1998, (4): 431-435. DOI; 10.1088/0256-307X/15/12/024.[ XI| L[,
H L, R AE. R AR SR 07 SR AR Bl U R W5 T9H , 1998, (4) : 431-435.]

[ 7] Zeng FM, Xiang SY. Magnetic susceptibility of Kunteyi Salt Lake during the Late Quaternary and Its Paleoclimatic Signifi-
cance. Journal of Salt Lake Research, 2017, 25(1) : 1-7. [ 77 W}, [MRIC. SeIKA G R AR ER IRE (LR R0 Sty
AR BT, 2017, 25(1) : 1-7.]

[ 8] Han FQ, Huang Q, Wang KJ et al. Study of geochemical evolution and palaeoclimatic fluctuation of Kunteyi salt lake in
the Qaidam Basin, Qinghai. Oceanologia et Limnologia Sinica, 1995, (5): 502-508. [ ## X\, #ML, T iR, L4k
ARG R R ER W) A R Al 2 L Sl U AL IS, 1995, (5) : 502-508. ]

[ 9] Ren QH, Gao DL, Zhang Y et al. The geochemistry characteristics analysis of brine in Kunty Salt Lake, Qaidam Basin.
Journal of Salt Lake Research, 2018, 26(2) : 34-42. DOI; 10.12119/j.yhyj.201802005. [ {52, EAmk, okask. sk
TR B AR ER W R WD X /K MR AL SF AR 34T SRMIRFSE, 2018, 26(2) ; 34-42.]

[10] Li YW. The geochemical characteristics and origin of the potassium-rich brine from Kunteyi salt lake in the Qaidam Basin
[ Dissertation ] . Xining: University of Chinese Academy of Sciences( Qinghai Institute of Salt Lakes, CAS), 2018.[ 2= %
3C. SRR B R KR W 40 R K IR A2 A BRI [ 24683 ] 7T o R B K (o R A B T i
FHWIBT) , 2018.]

[11] Zhu JR, Zhang ZH, Dong SF et al. The law of precipitation of mineral salts about the brine of Kunteyi Salt Lake by natural
eaporation and its mathematical model. Journal of Salt and Chemical Industry, 2011, 40(4) ; 39-42. [R5, skiE7%2,
AR AE. BRI ITIN K HARZE R AT A B B Ny Rl ST, 2011, 40(4) ; 39-42. ]

[12] LiQ, Li YJ, Yang QQ et al. Depositional system and seismic response of subsurface brines reservoirs in western Qaidam
Basin, China. Acta Geologica Sinica, 2014, 88(S1) . 425-426.

[13] Li HP, Zheng MP, Liu Y et al. Logging response characteristics for pore brine potassium reservoir in the east of Qaidam
Basin. Acta Geologica Sinica, 2014, 88(S1) ; 220-221.

[14] Li HP, Zheng MP, Hou XH et al. Hydrochemistry characteristics and origin of new brine sandy gravel in early Pleistocene
of Heibei concave in Qaidam Basin. Earth Science-Journal of China University of Geosciences, 2014, 39(10) . 1433-1442.
DOIL: 10.3799/dqkx.2014.125. [ Z=b3t: | SRARF-, BRHRAEAE. SR AR AL Ml 1 53T th 3T AU RV IR)Z s K K AL 24 5 AE



X %R A K BT Ab G AR W 18 6 B AT 3R A AR X AR AR, ) 257

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

SR R (RS A ) |, 2014, 39(10) ¢ 1433-1442. ]

Qin YP, Hou XH, Zheng MP et al. Magnetostratigraphy of Liang-ZK02 borehole in Dalangtan, Qaidam Basin and its pa-
leoenvironmental significance. Geological Review, 2012, 58(3) : 553-564. DOI. 10.16509/].georeview.2012.03.017.[ %
KM, ARHRAE , HSARF-45 . SRR G R TR M SE-ZK02 AL 0 P J2 B HO BRI AF A M BTIR 3T, 2012, 58(3) .
553-564. ]

Hou XH, Zheng MP, Zhang CJ et al. Sedimentary characteristics and paleoenvironmental of Dalangtan Salt Lake in western
Qaidam Basin, since 140 kaBP. Acta Geoscientica Sinica, 2010, 84(11) ; 1623-1630.[ {ZERR1E, L4, KR4, 48
RGP ARSI 140 ka DUKTUBURRE 55 BREE. #5254, 2010, 84(11) : 1623-1630. ]

Zheng MP, Zhang XF, Hou XH et al. Geological environments of the late Cenozoic lakes and salt-forming and oil-gas pool-
forming actions in the Tibetan Plateau. Acta Geoscientica Sinica, 2013, 34(2): 129-138. DOI; 10.3975/cagsb.2013.02.
O1. [ASZF-, KK, BERRAEAE. 55 9600 SR BT A= AQ WA o BT BRI 55 nih Gt/ . b Bk, 2013, 34(2) .
129-138. ]

Zheng MP, Hou XH, Yu CQ et al. The leading role of salt formation theory in the breakthrough and important progress in
potash deposit prospecting. Acta Geoscientica Sinica, 2015, 36(2) ; 129-139. DOI; 10.3975/cagsh.2015.02.01. [ ¥4,
ekt TR, MR AE T SUR A T B U, RREHE, 2015, 36(2) ; 129-130.]

Li CG. Study on the application of integrated data image processing technology of energy spectrum logging, remote sensing
and geoscience exploration in the exploration of potassium salt in Kunteyi salt lake, Qinghai//China Geophysical Society,
American Computer Society for Geosciences. Abstracts of papers from the International Symposium on the Application of
Computers in Geosciences, 1991. [ ZF 5 [E. BERGINH: R IER W55 L5 G BRI G BEEOR7E 5 1 R AR IR 51 4 41
Bl v S FHBIFSE// v [ bR B 2 SR T 1 M A TS 2. THEEMILAE Mg v (8 0 P R B i 8 208 SOl
A, 1991, ]

Zheng MP, Yuan HR, Zhang YS et al. Regional distribution and prospects of potash in China. Acta Geologica Sinica,
2010, 84(11): 1523-1553.[ JR&4m-F, REGHK, TKoR LS. of [ A0 £ X B0 A0 55 $R 80 5. Mo =24, 2010, 84
(11): 1523-1553.]

Li YW, Li JS, Fan QS et al. Origin of deep intercrystalline brine from Dayantan mine area in Qaidam Basin. Journal of
Salt Lake Research, 2019, 27(1) . 82-88. DOI; 10.12119/j.yhyj.201901009.[ 2= 3¢, Z=# 7%, B4, SLk AR 4
IR HED X TR KA ) s K BRG] ERWIATSE, 2019, 27(1) ; 82-88. ]

Wang ML, Yang ZC, Liu CL et al eds. Potash deposits and their exploration prospects of saline lakes of the northern Qaid-
am Basin. Beijing: Geological Press, 1997: 65. [ F3H )1, B BR, XIS, SebAR AL FRER 800 R B &
RSt dbst: MR, 1997: 65. ]

Walter L. Br-Cl-Na systematics in Illinois basin fluids: constraints on fluid origin and evolution. Geology, 1990, 18 315-
318. DOI; 10.1130/0091-7613(1990)0182.3.CO;2.

Jensen GKS, Rostron BJ, Duke MJM et al. Bromine and stable isotopic profiles of formation waters from potash mine-
shafts, Saskatchewan, Canada. Journal of Geochemical Exploration, 2005, 89(1). DOIL: 10.1016/j.gexplo.2005.11.071.
Chen YH. sequence of salt separation and regularity of some trace elements distribution during isothermal evaporation
(25°C) of the Huanghai sea water. Acta Geologica Sinica, 1983, (4): 379-395. [ JFARAE. TR /K 25°C HH IR 28 & AOAT
I B BB TR A A B MU, 1983, (4) : 379-395. ]

Wang RJ. Three-line diagram and its hydrogeological interpretation. Engineering Survey, 1983, (6): 6-11. [ EHgA. =
2RI S HOK SCHUL U RE. T REEh%E, 1983, (6): 6-11.]

Mahmoud AA, Rushdi JT. Hydrochemical characteristics of Sabkha Brines, evaporite crystallization and microbial activity
in Al-Kharrar Sabkha and their implication on future infrastructures in Rabigh Area, Red Sea coastal plain of Saudi Arabia.
Environmental Earth Sciences, 2017, 76(10) : 1-18. DOI; 10.1007/s12665-017-6686-6.

Valiashko MG eds. Geochemical laws of the formation of potash deposits. Beijing: China Industry Press, 1965; 55-57.
[ Valiashko MG. #RER PRIE WA IR AL 2. dbat: i Tk kL, 1965 55-57.]

Li WX, Zhang XY, Miao WL et al. Hydrochemical characteristics of oilfield waters in Lenghu No.3 structure area of north
edge of Qaidam Basin. Journal of Salt Lake Research, 2016, 24(2) ; 12-18.[ ZELEE, KIHE, M DR 4. Sk K EH
e8] = SR il KK AL 2R AE. FhiIESY, 2016, 24(2) : 12-18.]

Shi GC, Zhang XY, Li YS et al. Hydrochemical components and their distribution characteristics of oilfield waters in No.4



258

[31]

[34]

[35]

[36]

[37]

J. Lake Sei. (:#a#+5),2020,32(1)

Structure of Lenghu, Qaidam Basin. Journal of Salt Lake Research, 2016, 24(2) ; 19-25.[ AL, 5KV E, 22Kk 555
SRR AL 25 v W) DU e ik FE KR A2 0 B LA AR R AIE. ShiIBE 5T, 2016, 24(2) : 19-25.]

Hay WW, Migdisov A, Balukhovsky AN et al. Evaporites and the salinity of the ocean during the phaneroxoic: implica-
tions for climate, ocean circulation and life. Palaeogeogr, Palaeoclimatol, Palaeoecol, 2006, 240, 3-46. DOI. 10.1016/
j.palaeo.2006.03.044.

Zhou X, Li CJ. Hydrogeochemistry of deep formation brines in the central Sichuan Basin, China. Journal of Hydrology,
1992, 138(1) . 1-15. DOI: 10.1016/0022-1694(92)90152-L.

Yin F. A study of the hydrochemistry of the subsurface brines in the southwestern Sichuan Basin [ Dissertation |. Beijing;
China University of Geosciences, 2016.[ F*3E. IUJ1| 4 V4 Rt X b F i KR A2 AT [ 2 3C ] . dbat: b b
K2, 2016. ]

Fontes JC, Matray JM. Geochemistry and origin of formation brines from the Paris Basin, France: 2. saline solutions asso-
ciated with oil fields. Chemical Geology, 1993, 109(1/2/3/4) . 149-175. DOI. 10.1016/0009-2541(93)90068-T.

Fan QS, Ma HZ, Tan HB et al. Characteristics and origin of brines in western Qaidam basin. Geochimica, 2007, 36(6) .
601-611. [ BT, Thifp M, TRETECAE. SEK AR Sl P38 s ACRHIE SO R . HbBR 1B, 2007, 36(6) : 601-611.]
Lin YT, He JQ, Wang TD et al. Geochemical characteristics of potassium rich brine in middle Triassic Chengdu salt basin
of Sichuan Basin and its prospects for brine tapping. Geology of Chemical Minerals, 2002, (2) . 72-84. [ MHREE, fi4:
K, EHT A PO £ 40 h =B G AR A o #4  7K kA 2 R AE A - A T R TSR 5. LD 7 Hu 5T, 2002,
(2). 72-84.]

Han JJ, Zhou X, Jiang CL et al. Hydrochemical characteristics, origin and evolution of the subsurface brines in western
Qaidam Basin. Geoscience, 2013, 27(6) ; 1454-1464. [ FhEA, FII, 2K Ip5F. SER RGP T 0 AR b2 s
ARSI L. BACHBT, 2013, 27(6) : 1454-1464. ]



