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Abstract̔The Balun Mahai Basin of Qaidam is characterised by the presence of substantial brine resources; however, further research is 

required to ascertain the genetic mechanism and potential of these resources. The present study focuses on the intercrystalline brine in the 

Balema Lake Basin, conducting geochemical research on elements and hydrogen-oxygen isotopes to systematically analyse its water 

source, solute origins, evolution process, and genesis model. The study also explores the mining potential of potassium, boron, and lithium 

elements. The results indicate that the intercrystalline brine in the northern part of the Balema Lake Basin is of the magnesium sulfate 

subtype, while the southern part predominantly features chloride water. The solutes present in the brine are primarily derived from the 

dissolution of halite, potassium salts, and gypsum. The water chemistry is controlled by a combination of evaporation, water-rock reactions, 

and cation exchange. The chloride-type water in the southern region may be influenced by deep Ca-Cl water that is known to flow along 

faults. The water chemistry characteristics indicate that the intercrystalline brine is formed by halite dissolution, with low metamorphic 

degree and poor sealing in the salt-bearing layers. Hydrogen-oxygen isotopes indicate that the primary water source of the intercrystalline 

brine is atmospheric precipitation or snowmelt from the Qilian Mountains, with the predominant recharge sources being the Yuka River 

and shallow groundwater that courses through the alluvial fan. The impact of strong evaporation and water-rock interactions on the 

formation of the brine deposits is significant. The differences in water chemistry types and spatial distribution between the northern and 

southern regions are fundamentally related to the recharge and mixing of these two sources. The genesis of the brine can be summarised 

as a dual "dissolution recharge + deep recharge" mining model. The study area has been found to have considerable potential for potassium, 

boron, and lithium resources. The drilling sites ZK7618, ZK8014, ZK8024, and ZK8431 are likely to be favourable targets for mineral 

exploration, based on the comprehensive water chemistry characteristics, salt layer thickness, regional salt formation evolution process. 

Keywords: Brine genesis; Hydrochemical characteristics; Hydrogen-oxygen isotopes; Halite dissolution; Evaporation concentration; 

Mineralization potential 
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ᵝԍ ̆ қ ̆ Ҭ ҈ ῤ
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m̆҉ץ ᶷҹҗ ̆ Ȃ № ҹ ̆ 2743~2750 

m̆ ѿ 2͘ 5 m̆ ҹ җ Ȃ ῤ ל ҹ қᵞ̆ ᵞ̆ ҉
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1  (a)J [32]̕(b)J ᵝ (1- ף

̕2-ῃ ҕ ̕3-҉ ҕ ̕4-Ҭ ҕ ̕5-Ҋ ҕ ̕6-҉ ̕7-҉

̕8-Ҋ ̕9-҉ ̕10- ̕11- ̕12- ̕13- ̕

14- ̕F1- ̆F2- ̆F3- ̆F4-‛҂ ) 

Fig.1 (a) Geologic structure schematic map of Balun Mahai Basin[32]; (b) Isopach map and sampling location of 

intergranular subsurface brine in Balun Mahai Basin 

2 ғⅎ  

20236 ̆ ᴶ ԅ ̆ Ҭ ԅ10 ᴆ Ȃ

№  1(b) ̆ ԅ Ҭ Ȃ ῃ ҕ‖

Ữ ̆ ѿ 10 mȂ ̆Ҥ ȇ № ȈҬ

ᵬ̆Ḡ № Ȃҹ ᾧῒ ᵣ ̆

ᵬץ ̆ ᾢ Ҭ ₮̆ ̆ ‪Ῥ Ȃ
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ᵝ ȁpHṿȁ ץ (TDS)̆ № ѿ ῤ Ȃ ȁ ᾝ ᾝ

Ҭ № Ҭ Ȃ ᵣ ᾣ (ICP-OES)
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2 ᴶ ȁ ᶭ ṿ ῏῏  

(a) (K++Na++Mg2+)/Clī;(b) Ca2+/SO42ī; (c) (Ca2++Mg2+-HCO3ī)/( SO42ī+ Clī -Na+); 

(d) (Ca2++Mg2+)/ ( SO4
2ī+HCO3ī) 

Fig.2 Correlation diagram of water ion ratio of intercrystalline brine in Balun Mahai Basin, brine in Kunteyi Salt 

Lake and gravel-type brine in Mahai Basin: (a) (K++Na++Mg2+)/Clī;(b) Ca2+/SO42ī; 



 (c) (Ca2++Mg2+-HCO3ī)/( SO42ī+ Clī -Na+);(d) (Ca2++Mg2+)/ (SO42ī) 

 

Ҋ Ҭ ȁ ṿ ץ Ҋ [49]Ȃ(K++Na+)/Clī ץ ∞

K+ȁNa+ Clī Һ [50-51]Ȃ ȁ ᶭ ₃Ӎ
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Ȃ ֒ ᶭ № 1:1 )Ҋץ 2b)̆ ҬCa2+
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Ȃ(Ca2++Mg2+-HCO3ī)/( SO42ī+Clī-Na+) ץ ∞ Ҋ ҬSO42ī Һ [52-53]Ȃ

Ҭ Ca2+ SO42ī №≢ (Ca2++Mg2+-HCO3ī) (SO42ī+Clī-Na+) ̆ Ҭ

SO42īῃ ̆ Ӈ ṿ ҹ1Ȃ ȁ ᶭ

№ 1:1 ( 2c)̆ ҉ Ҭ SO42īҺ Ȃ(Ca2++Mg2+)/(SO42ī) ץ

∞ Ca2+ȁMg2+ Һ ̆ ȁ ᶭ ₃Ӎ

1:1 )҉ץ 2d)̆ ȁ ᶭ ҬCa2+ȁMg2+Һ ԍ
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 [(Ca2++Mg2+)-(SO4
2ī+HCO3

ī)]/( Na++K+-Clī) ץ ∞≢ Ҋ ֜ ᵬ ̆ ҹ

Y=-X Ҋ ԅ ֜ ᵬ [54]ȂCAI ԍ№ Ҋ ֜

ᵬ [55]̆ Ὲ (1)ȁ(2) ̔ 

 
 (1) 

  
(2) 

 

3 ᴶ ȁ ᶭ ̔ 

(a) (Ca2++Mg2+)-( SO4
2ī+HCO3ī)-( Na++K+-Clī);(b)CAI1-CAI2 

Fig.3 Intercrystalline brine in Balun Mahai Basin, brine in Kunteyi Salt Lake and gravel-type brine in Mahai 

Basin̔(a) (Ca2++Mg2+)-( SO4
2ī+HCO3ī)-( Na++K+-Clī);(b)CAI1-CAI2 

 

Ҋ Ҭ K+ Na+ C̆a2+ Mg2+ C̆AI ҹ ṿ̆ ҹ ֜ ᵬ ̆

ӊ CAI ҹ ṿ̆ ҹ ֜ ᵬ Ȃ ṿ ̆ ֜

Ȃ ȁ ᶭ ₃Ӎ Y=-X ( 3a)̆

Ḇᶏԅ ȁ ᶭ ֜ ᵬ ̆ Ҋ

Na+ ԍ C̆a2+ Mg2+ ԍ ᵞ̆ ֜ №

- + +

-

Cl - K + Na
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Cl

̂ ̃

+ +

2

4 3

Cl - K + Na
CAI2 =

SO HCO

-

- -+
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⌠ԅ № ᵬ Ȃ ȁ ᶭ CAI ԍ

0( 3b)̆ Ҭ ԅ ֜ ᵬ ̆ K+ Na+

ᵞ C̆a2+ Mg2+ ԍ Ȃ № ̆ ֜ ᵬ ̆ ҍῒ

ᵣ Ҭ ῏̆ҍ╠ № Ȃ 

 

4 ᴶ ȁ ᶭ Ca-SO4-HCO3҈ᾝ  

Fig.4 Ca-SO4-HCO3 of intercrystalline brine in Balun Mahai Basin, brine  

in Kunteyi Salt Lake and gravel-type brine in Mahai 

 

Ҋ № ̆ ᵣ Ḥ [56-57]ȂCa-SO4-HCO3

҈ᾝ ץ Ҋ № ̆ Cl-SO4 Һ ̆

/ Ῥ Ȃ 4 ̆ ֒ ᶭ

№ Cl-SO4 ̆ SO4 ̆ ҹ ȁ Ȃ

№ Ca-Cl ̆ ⌠

ᵣ ̆ ҹ ᵣ ҉ ꜚ ᶫԅ Ȃ 

 

5  ᴶ (a) ֒ (b) № №  

Fig.5 Cluster analysis of basic components of (a) magnesium sulfate subtype 

 (b) chloride type intercrystalline brine in Balun Mahai Basin 

 

№ Ҋ ҬҺ № ῒ ῏ [51]Ȃ 5 ̆

֒ TDSҍClīȁNa+ ҹѿ ̆ ᵬ Һ  ̕HCO3īȁB2O3 

Li+ ҹѿ ̆ ֒ B2O3 Li+Һ ҹ ̆



̕K+ȁMg2+ȁSO42īȁBrīҍCa2+ ҹѿ ̆ ȂCa2+ Brīѿ

ԍ L̆i+ B3+ѿ ԍ [58]Ȃ BrīȁLi+ȁCa2+ȁK+ Mg2+ ҹѿ ̆

ԅ ⌠ T̕DSҍNa+ȁClī ҹѿ ̆

Һ ̕SO42īȁHCO3īȁB2O3 ҹѿ ̆ B2O3Һ ԍ

Ȃ 

҉ ̆ ᵬ ȁ ᵬ ֜ ᵬ └ԅ Һ

̆ Һ ҹ ȁ ȁᾣ ̆ ҹῖ ᶫ

ԅ Ȃ Ӟ̆ ѿ ԅ ᵬ ᴶ
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6  ᴶ ȁ ᶭ NadeficitCaexcess̓͂ [63] 

Fig.6 Nadeficit and Caexcess plot of intercrystalline brine in Balun Mahai Basin, brine  

in Kunteyi Salt Lake and gravel-type brine in Mahai Basin[63] 
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ȁ ᵝ Ҋ ῒ ΐ ӈ[56,64]Ȃ

ŭDṿҹ-41.20ă~-5.50ă̆ ṿҹ-25.92ă̆ŭ18Oṿҹ-2.00ă~6.50ă̆ ṿҹ+2.37ă( 1)Ȃ 
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Fig.7 (a) Hydrogen and oxygen isotope geochemical characteristics of intercrystalline brine in Balun Mahai 

Basin; (b) ŭD value and Cl ion; (c) ŭ18O value and Cl ion; (d) Relationship between ŭ18O and d-excess 

 

ᵝ ῃ (GMWL) ̂LMWL̃ ̆



̂ŭD=10ăÑ2ă ŭ̆D=-20ăÑ10ẵ └ ( 7a)̆ ῒ —
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8 ᴶ ɟ(Brī)Ĭ103/ɟ(Clī)ҍ ɔ(Na+)/ɔ(Clī)̓͂  

Fig.8The relationship between ɟ(Brī)Ĭ103/ɟ(Clī) and ɔ(Na+)/ɔ(Clī)  

of intercrystalline brine in Balun Mahai Basin 
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Fig.9 Schematic diagram of genetic model of intercrystalline brine in Balun Mahai Basin 
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Fig.10Contour map of ntercrystalline brine distribution about (a) ɟ(B2O3); (b) ɟ(Li); (c) ɟ(K)̕

(d)ɟ(K+)Ĭ103/ɟ(Clī);(e)ɟ(Brī)Ĭ103/ɟ(Clī);(f) ɔ(Na+)/ɔ(Clī)in Balun Mahai Basin 
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I  J [32] 

Append. Fig. I Composite column map of Quaternary stratigraphy in the Balun Mahai Basin[32] 



 

II  J ȁ ᶭ Piper҈ [40] 

Append. Fig.II Piper map of intercrystalline brine in Balun Mahai Basin, brine in Kunteyi Salt Lake and gravel-

type brine in Mahai Basin[40] 

 

III ᴶ ȁ ᶭ Gibbs[44] 

Append. Fig.III Gibbs map of intercrystalline brine in Balun Mahai Basin,  

brine in Kunteyi Salt Lake and gravel-type brine in Mahai Basin[44] 

 

IV ᴶ ȁ ᶭ [48] 

Append. Fig.IV  Water ion contribution map of intercrystalline brine in Balun Mahai Basin, brine in Kunteyi Salt 

Lake and gravel-type brine in Mahai Basin[48] 



 

 

V ᴶ ȁ ᶭ log(K+Na)ҍlogCl (a)̆logCa 

(b)ȁlogMg(c)ȁlogCl(d)ȁlogSO4(e)ȁlogHCO3(f)ȁlogB(g)ȁlogLi(h)ȁlogTDS(i)ҍlogBr῏ [59-60] 

Append. Fig.V Relationship between log(K+Na) and logCl (a)̆logCa (b)ȁlogMg(c)ȁlogCl(d)ȁlogSO4(e)ȁ

logHCO3(f)ȁlogB(g)ȁlogLi(h)ȁlogTDS(i) and logBr of ntercrystalline brine in Balun Mahai Basin, brine in 

Kunteyi Salt Lake and gravel-type brine in Mahai Basin[59-60] 
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