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Hydrochemistry Characteristics and Origin of New Brine Sandy Gravel in

Early Pleistocene of Heibei Concave in Qaidam Basin
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Abstract: Confined water in deep sandy gravel layer is newly-discovered large-scale pore brines in Heibei concave in the western Qaidam
basin, which poses as an alternative area for potash development due to the following features: medium to strong water yield property,
closeness to the surface with water level ranging from 8 to 24 m, high degree of mineralization, high KCI content fit for commercial de-
velopment, and small salt buildup when mined. The statistical results show that concentration changes of TDS, ClI~, Na™, Cs*,
B, 0, Ca?"y Mg? , Sr", NO; , and Rb" in the brine are small with even distribution. On the contrary, concentration changes of
SO, are big with uneven distribution; concentration changes of Br—, 17, Li”, K™ and uniform degree fall in the range in-between
those of the two above-mentioned groups of elements; Na' , Cl™, Ca®" and Sr*" , TDS show normal negatively skewed peak distribu-
tion, K7, SO,* , Li” show non-normal positively skewed peak distribution. In component clustering analysis diagram, K™, SO,*”,

Li" fall into a sub-class, whereas CI~ , TDS and Na' fall into another sub-class The ion content change curve shows that content of
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Na® and CI~ share the same change trend with that of mineralization degree and B, O; in the pore brine from east to west. Composi-

tions of K, SO,*" , Mg*" are consistent, with the same change trend with that of Li" . Ratio of Cy,/C¢ in pore brine is 0.85—0.96,

and bromine chloride coefficient is 0.01—0.34, similar to those of salt karst filter brine. It finds two laws of salting, namely, magnesi-

um sulfate and chloride in the metastable phase diagram (25 °C) of the quaternary system of Na™ , K*, Mg*" //Cl™ -H, O and quinary

system of Na', K", Mg*" //Cl", SO,* -H, O, which might hav

tary formation and pore water in the sandy gravel.

e formed due to interaction of intercrystalline brine in the sedimen-

Key words: Heibei concave; brine; hydrochemical composition; hydrochemical type; metastable phase diagram; sand and gravel.
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Fig.1 Early pleistocene of quaternary pore brine reservoir distribution map in western Qaidam
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Table 1 The survey area stratum
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b b ARV — 2200 AR 8 T IE 84010
T A DAL B i K B A 1 78 S R AECCL) g
ZRB(CO FIERAZE(COHWFE 3.4 C, EH/h
FKHEF , v] #5320 an R 51 .
UL C, HZT 0.5 A1 M FL AT RIS 3 4R
£ T B 1) 2 . 3 26 B L B i K A B A A R B S
[F] 43 A5 A 58 4 35 &) AR T 5 TDS.CL™ Fl Na™ /)
C, fHIEF /N, T B TATTLE 0k K 0 e B A AR R
JE B IE BEAR /N, Ay AR Y 5).CsT B, Oy Ca’
Mg”" .Sr" NO, Rb" iy C, {5 K Fai# . H554
FE 0.5 AR . R BIK SE 5T 1 B 76 i K h A R
JE SRR BN R, 43 A 85180, 1Y C (E
%%@%ﬁt%%fﬁk#ﬂéﬁﬁf%% Ve R R
MR Br 1\ LiT K" B RN T & 2.
A'ﬁﬂﬁﬁﬁ%% C,HRKT 1 MANRA 1
AN SO AT LA 5T DX FLBR %1 7K 2 00 19 4 A
AAXT LY A 1 5] (3K 32 #, 1987 F B E R X1 AR
1996).
MK 3 AT LLE . LBk K H, KT LSO
Li" \Br' A I" 24 EA S A, Hp KT .SO,* (Li*
S0 i e WA, T R OE i I 2L B Ry B e IR 04
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Table 3 Pore brine distribution list in the research area
Ay Cy C, Ce A
K 0.88 2.37 5.42 Al I A 1F i g e A
Na* 0.16 —2.39 7.77 25 1 Al o 0 2
Ca?™ 0.41 —1.50 1.46 E 75 0 75 e 74
Mg? ™+ 0.42 —0.40 —0.42 TF 285 B i A 0 25
Cl™ 0.15 —3.44 12.88 i*ﬁﬂﬁmﬂ@‘t
80,2 1.99 2.88 7.24 3R 1F 45 1F 1 125 e 25
Lit 0.79 2.33 5.37 4E 1E 25 1E 1R 25 e 2
B O3 0.39 0.33 —1.87 TE 5 1E i 1K 4 25
Rb* 0.50 0.87 —0.05 TE 785 1 i {1 e 25
Cs™ 0.37 0.18 —2.13 E 25 1F i I e 2
Sr2t 0.43 —1.24 1.23 TE 25 i e e 25
Br 0.56 —1.12 —0.69 I & AR 0 A
I~ 0.70 —0.55 —1.54  AEIESEMIKES
NO; ~ 0.44 0.44 —0.71 E 25 1F i I e 24
GyEy 0.02 —2.17 7.15 TE 25 97 i 5 D 2
pH fH 0.02 —0.53 —0.25 E 25 97 i I 0 245
BALE(TDS)  0.16 —2.88 10.20 TF 75 17 M 125 0 2

7 :Cl- <Na' = TDS<(Cs" <<B, 03 < Ca?*'
NO; = <<Rb" . <<Br~ <<I" <Li" <K' .<<SO.?".

< Mg?" <Srf <
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the research area
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422 EBERBRSBESWEFME T X IR
IYBRAETIGERRE (B 3, K .SO,* Li R
H—2 L RE R Mg* BN —2K.Cl . TDS. Na™ %
N—WZ,Ca®" . Sr*t \Br .B,0; B Hh—W .
423 BFTUHME MNHTFSEBMMLE O
AT DLE L Gom B, TS (2 ZK10 L) B AR R
ZKO1 fL) - PP /R 4 L I AT 3 50 km JE Y, Na ™ |
Clo it e, e 58 L. B. O, M
AR AL KT (SO, (Mg =R 43 & i ik —
A BERHRAME, =F 5 LT 52k #Om .
Ca®" .Sr*" A fk B A A,

AU R IR S R B C /CofH 0.85~

0.97 7R R 0.01 ~0.34. 558 ZRE{E N 0.03 ~
2.27, ZHUNT 2. BB R L 0.31~9.45.
4.3 HERMWEHHE

R KK AL 2 B RV e T E B F Na™
Ca"" . Mg" . K" fl 2 % Bl B F Cl" . SO,* .
HCO, .CO,” W& & & B AAH B /R, st & 1t
AN TR) 9 7K A 2 25 R0 19 1 7K LA A R 1 3 B 8 - 2 A
FK R R R ARG 2 EBALFAL N, 7T LLE
7 7K03. % ZK05 .3 ZK07 I ZK02 FLAE & 4 5
B IR R N Na® (KT Mg //Cl -H, O. 1fif
ZKOL fLAE b F 2 & -1k R H: Na® LK,
Mg®" //Cl" .SO,” -H,O0.
4.3.1 Nat K" Mg*//ClI"-H,0 M Tk & fr#a18
B K ZKO03. 4 ZKO5., % ZK07 FiIH ZKo2 fLEE
M4 T (25 CHNat LK Mg® //Cl-H,O 4 5t &
ANFaAE R R4,/ 5 K K0 T A Xk
B CBEARAG AR G XL B A R A XL R

F4 K" . Na® Mg //CI"-H,0(25 C )N tHEEH

Table 4 K7, Na®, Mg®" //Cl”-H,O 25 °C of interface stability phase diagram index
s . KA 53 (V) AH %0
KCI NaCl MgCl, KCI NaCl MgCl
1 % 7ZK03Do1 0.31 17.36 1.53 1.588 90.531 7.881
2 7 ZK03D02 0.21 9.7 0.88 1.873 90.248 7.878
3 7 ZK03D03 0.32 20.45 1.60 1.423 91.509 7.068
4 % ZK05D01 0.54 21.39 1.83 2.254 90.118 7.628
5 # 7ZK05D02 0.53 21.53 1.81 2.208 90.222 7.570
6 7 ZK05D03 0.51 21.57 1.79 2.142 90.426 7.432
7 7 ZK05D04 0.52 21.72 1.80 2.155 90.395 7.450
8 7 ZK07D03 0.18 23.88 0.59 0.733 96.907 2.359
9 # ZK07D04 0.18 24.37 0.58 0.703 96.985 2.312
10 2 7ZK07D05 0.16 24.5 0.55 0.637 97.165 2.198
11 72 7ZK07D06 0.13 24.34 0.51 0.517 97.457 2.026
12 B 7ZK02S(D Qo1 0.42 20.55 1.96 1.824 89.698 8.478
13 M ZK02S(IDDo1 0.42 20.80 1.98 1.808 89.726 8.466
14 ZK02S(1D D02 0.41 20.21 1.88 1.807 89.923 8.269
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B
Table 5 K", Na', Mg®" //Cl -H,O (25 °C) of interface sta-
bility phase diagram index table in the research area

BT &g/ AR B0

E s RS y -
"” K+ Mg SO~ 2K+ Mgt SO, 2

1 % 7ZKO01D05  9.44 8.73  26.47 15.98 47.55 36.47
2 #7ZK01D011 11.40  7.26  33.34 18.42 37.74 43.85

K6 K" .Na" . Mg’ //Cl” .SO,%> -H, 025 C)EAFatd &
Fig.6 K©, Na®, Mg>"//Cl", SO, -H,O (25 C) of

interface stability phase diagram

i 7K 2 A Ry B — A A AL
4.3.2 Nat K* Mg*//Cl” .SO,> -H,0 Atk &

NREE HE ZKol LML F (25 C)Na'
K" Mg’ //Cl" .SO,* -H,0 Ttk &AM E
(5.8 6) 412 X 7K J3 A1 T 3CH B AL DXk, B e
T P4 i X, S s 7K S TR Ay B — i R 5 1 7.

5 WMHETTE

(D BF 52 DX AL B 1 7K B 581 43 A 45 2R R
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NO;~ Rb™ 75 g 7K 1 i v B2 (B AR, 728 A0 2 /D
A BIA) UL )2 FLBR i K AR R ok — #hik 8] T
— A Br (T VLT VKT AR R R TR
YIS EE/NF R . UL )i K 5 B )2 2 R R
T —E R A 4. SO, 7 28 Ak I B R, 2 A W
ANEE ST R LR 1 7K AR B 43 Hh B 5 (B K R AR
TAR R BT A Bl SO, b,

Moy K'.SO,* (Li" BIEES . H 52 IE W
IR ;Na [ Cl \Ca?' \Sr*" \TDS B IEA A, H
S0 00 e DA LA R e T b L KT LSO (LT
BB N—TZ,Cl \TDS\Na" B — K. & T
oAt 2 R Rk S b B Gk B A PE &
A LCFRBTJR 45 1 LRI 50 km JEEI P, Na® L Cl™
A ESHAA R, BATS TDS. B, O, 175 i %
HFLKT . SO (Mg?™ = Fhdl o & i — 3, A8 4k
AR, = RS LiT (28 Tk 5 A0 ] i 28 A
AN TR) A A1 B 350 BH A ) T, — & K R ok R 5 B R
BE A ] i KA G, b D) 7K 5 LR e K 22 ] B
A IRVE . 2 LB KB A B SR R A R
(NaCD A5 . 7K — R 1 v DB A FH 38 5 2 i K 9 4k B
B A T

(OARIEFR 2 7T LUE 1, A R BT R 0B 5 L
ARBCrn/Cafli 0.85~0.96, 14k 8] 15 7K 1 (0.92)
P30 0 T A 1 2B K {E (0. 78) 5 TR A R B
0.01~0.34 AR B 238 T T & 1] 1 7K (E (0.1) » S (A
T TR LR i KA (0.31) , [F) I 5 b 25 7 0k ik
M S R BRI G R BB R M E R B(Cn/Car s
JEE JR W BE L) B 388 v AR 3 3 R IR A R T £
(% Na 1fi B {2 ke /> CL, g K H i C, /Coy CBE IR M JEE
) ([Br JX1000)/[Cl 1M R ¥ BA KK
EMEY Cu/CaZh 0.86~0.87, ([Br 1X1000)/
[Cl" A 0.33 B, Mg UTAL K 7K 524 Cn/CofE N
0.87~0.99 8 & &= A1 ([Br~ ] X< 1 000)/[Cl" J{H K
0.33E T /A, U S 2 ER i BB i 7K 2 Cna/C o fH /D
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JEAR.

M 2 A UL, i BOAE BB &R L 100 X
[SO.2 J/2[Cl Ml N 0.39~1.18, 1% {H A% T & 1]
B K AE (10.67) , 328 5 T 14 38 24 B 1< 7K {H (0.08) . Bt it
VEM FEE R AAER IR EE T G AE AR S — Fh BR
BEAG b o J5 DA PR B, HCAEDBR /N F 5 IX LB i K 2
T3 T B R AR 1 3 JEAE T, 5 35 R A &R B T 4 TR
B K AE s BT P PR 25 T R B LT R AL i XA i
AWK, U I A 1T 55 T e B L R AL T

(3)Na' . K", Mg*" //Cl"-H,O It Itk &
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RA KA B v ) — 10 8k A 2 b R B LR i KRR
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