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Abstract: Based on element composition and stable isotope analysis of high salinity salt springs in the Nangqian
basin, the paper mainly studies sources of salt materials and their formation conditions of the springs. The results
show that the average salinity of the springs in the Nangqian Basin is 254.6 g/L, with a higher salinity in the east
than in the west of the basin. The hydrochemical types of the springs are all sulfate type with neutral pH value.
Chemical elements in the springs can be divided into three groups: Na'-Cl-K'-Br’, B**-Li"-SO} -HCO; and
Ca?*-Mg*". High salinity and element geochemical characteristics indicate that salt strata are under the Nanggian

Basin, which can provide rich salt materials for the springs. We concluded that the salts in the springs come
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mainly from dissolution of underground halite and a small amount of limestone and gypsum rock. The boron

isotope 6''B values in the springs range from 3.55%o to 35.49% with a gradual decrease from northwest to

southeast, which shows that the underground salt strata had formed in continental environments combining with

the data of Br content. There is an inverse relationship between 6''B values and boron content in springs with a

two-end-members: high boron content versus low §''B value and low boron content versus high 6''B value,

meanwhile, another inverse relationship between 6''B and pH values was also discovered. Regional geological

studies lead to the conclusion that the large amount of igneous rocks exposed in the Duolunduo area may be an

important source of the boron in the springs. According to the comprehensive and comparative study, the

following four factors are essential conditions for salt-spring formation in the Nangqian Basin: 1) the saliferous

strata are the source of salt materials in the springs; 2) stable rainfall offers sustained water source for the spring;

3) widely distributed faults supply channels for groundwater migration; 4) large topographic altitude differences

provide a stronger hydraulic gradient for groundwater flow.
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Fig. 2 Geological sketch and sampling sites of salt springs in Nangqian Basin
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Table 1 Sampling sites

R LY
KRR N32°12'15.1", E96°26'09.4"
H N32°15'58.8", E96°27'00.7"
4 HE N32°08'38.7", E96°28'28.2"
EZESN N32°04'48.5", E96°56'14.7"
ML N31°56'02.6", E96°36'07.9"
R N32°26'43.1", E95°50'51.9"
AES N32°03'47.9", E95°39'41.1"
Eolig] N32°32'00.2", E95°43'43.1"
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Table 2 Analytical methods and precision
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Fig. 3 The spatial distribution of elements and salinities in salt springs of the Nangqian Basin
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Table 3 Hydrochemical characteristics and o"'B values of salt springs in the Nangqian Basin
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VA 40.60 5.52 86.29 5.25 32.06 0.09 3.28 7.16 i 2 0 . 74
G IR 12.96 4.85 164.32 24.45 22.76 0.03 1.88 7.27 i R A I 7
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Fig. 7 The variation of boron isotope in salt springs (%o)
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BER R AL, AH LA R 3R (B A0 2 X e IR
{8 o 3t % X AR A [ 457 2 A S R vl REAT A, —
ST AR SRAETE AT R VS U T 1 )2 A AR T A R
J5, qn: WRUE T A B R aga, ik A A el e A
RAARAR; R M T 3 b %) b 5 9 RL AT DA KB,
X T i EE ks, HERE L, A EE
(1989) X} 5 i 5 i A 2 of B i AR AL HEA TS
KIAEL A —EE = ks eSS DS B
REAE R A TS RS R 378%10°~688%10°° 1
F 6"B A AL G H—-10.3%0 ~ —16.3%0, F-HIE
“—12.6%o(Chaussidon et al., 1992), DX M, Z4¢
Z R AT AR UE Tl v i B i R AR 0 [
(-

4 Gk

AT e 8 ANER IR I K AL A4 RRAE A [+
LR HIRIL A FRAE AT T W12 09, 50 LAT 25
o

(WBEFER R T LR R, P32 254.6 g/L, &
RA R AEER R 150 gL, REHEZ LR
294 g/L, FEZS [A) B A0 AV B A& W i, KAk
SRR RRER A pH A8 I A 6.84~7.75, F
Wl N 7.17, Sk,

(2)ER SR A R B LA K £ SR 0 R M BR Ak 2 R W 42
s b N SRR, AR ERIRK T o' B (AR
AEIEFEIAE+3.55%0 ~ +35.49%02 1], WALV [f1] g 75 %
AR, 3 H+16.92%0, FE/NTFHEIK 39.5%0, [F]
WL SR Br 7 Eb /N T A 2R A R 0 A, Ul
AF XS5l T J2 A i A A A

(3) 38 1 XA 5 X R SR K AL 22 R A B & B AR
WIOLE KK =2 sOF -B*-HCO,; -Li;
Na'-ClI'-K"-Br; Ca*-Mg”"., 7E Piper FIHHHE T
Ay AEEIE Cl %UGAT Na %ioc, Na™f PHE 7B Ry
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EE

H=tt&

90%LA I, CI' (5 BB+ St i 95%LA b, Rt
AR SR B R AR IR A, VAR RO A,
HUGEA Dt R o

(4) % e 7 b £R SR 0 00 % o 5 0 RD 67 2 ALk
B e R, R & B K 0B EimcAMIE B
o ' BAHM G, 454 H b A HEWTE B $hiR
ATRE S KA R IR A G, eAh, #IR0 pH B
GRS el R RS ) il = S 38

(5) 38 2L AF T B 25 H 8 TR SR 1Y S5t P
AR ORI T & £h b )2 A 3 SRR T ER VR
QX P FRE W R TR it o 3 SR AR T KR OFE e
DX AT Y B A A R SR AR T KR T, @R
B 1T 8 22 R AR SR AR L T 8 T

BUf . Bt B A A& AR AT 8l AR R
BRI A SARA Y 35 5 F WA b B A F B AR
R E B FIE I A A B A 2 ] AR T 0y A
!
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