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Calculation of ore-forming material balance and material source of Li-B
rich brines in Mami Co Lake, Tibet

ZHENG Hao, ZHAO HaiXiang and TAN HongBing
(School of Earth Science and Engineering, Hohai University, Nanjing 211100, Jiangsu, China)

Abstract

Mami Co Salt Lake is one of the super-large lithium ore salt lakes developed in Tibet. However, there are
still disputes about the sources of Li in this area. In this study, we systematically collected several samples from
Mami Co Salt Lake water and surrounding recharge water bodies and analyzed major element characteristics. A
variety of hydrochemical methods are used for discussion, and the salt evolution sequence of salt lake water,
river water and geothermal water evaporation simulation process is studied at the same time. The results show
that the main ions in the river water and spring water in the study area are controlled by the weathering of
rocks in the basin, in which carbonate and evaporate minerals contribute the most, followed by silicate minerals.
Through quantitative calculation of Li and B balance, we found that the current proved resource reserves of
the salt lake cannot be reached only by the input of river water and spring water, indicating that there is another
important recharge source of Li and B in Mami Co Salt Lake. Due to the strong hydrothermal activity in the
northern Tibetan plateau where the salt lake is located during the geological history, geothermal water contributes to
salt lake resources. We select the most Li-rich geothermal water in Tibet to mix with rivers and springs in the
study area in a certain proportion, and simulate the evaporation process by PHREEQC software. It is found that

there is big overlap in the aspect of evolution sequence between the mixed water body and salt lake water. The
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salt evolution sequence of the mixed water body composed of river water and spring water is very different

from that of salt lake water. It shows that Mami Co Salt Lake in the study area is not only supplied by sur-

rounding rivers and springs, but also by geothermal water.

Key words: geochemistry, lithium resources, hydrochemistry, source, evaporation simulation, Mami Co Salt
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Fig.1 Structural sketch of Tibet (a) and geological sketch of Mami Co Salt Lake area (b) (modified by Liu et al., 2005; Chen et al., 2005)
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Table 1 Hydrochemical compositions (p(B)/mg/L) of Mami Co Salt Lake and surrounding water

e A pH TDS Na* K Mg?* Ca® cr SO, (HCO, Lit B
1 8.73 97.92 2490697 4567.00 2739.42  209.66 5163122 1343884 115349  617.02  412.15
2 Wik 8.71 99.04 2603036 4749.75 284636  215.40 62028.85 1299850 1113.19  612.63  360.32
3% 8.90 106.70  30200.00 5600.00 3390.00  233.00 53100.00 14100.00  67.00  740.00  448.15
4% 8.90 96.80  27200.00 5190.00 3120.00  232.00 48100.00 12700.00 104.00  680.00  398.15
FHE 8.81 100.12 2708433 5026.69 3023.95 222.52 | 53715.02 13309.34 609.42 66242  404.69

5 9.73 0.62 61.72 8.87 16.91 4230 66.07 4320  240.87 1.97 3.65

6 9.58 0.18 5.90 1.00 2.80 36.85 3.81 20.67 96.68 0.02 0.19

7 9.84 0.13 4.84 0.84 2.56 26.07 3.52 14.55 81.82 0.03 0.13

8 9.47 0.27 27.38 6.91 8.28 3237 15.17 23.95 136.34 0.41 0.72

9% . 8.18 0.19 9.50 1.40 13.10 45.90 6.66 2230  181.00 0.03 0.26

10% e 8.10 0.25 3.90 0.93 7.91 52.00 3.10 2480  159.00 0.01 0.12

1% 8.05 0.17 6.13 0.94 9.00 49.40 3.41 1690  179.00  0.004 0.16

12% 7.77 0.16 2.83 5.20 7.10 41.30 2.01 65.70 79.60  0.0044 0.07

13* 8.01 0.33 61.20 12.10 10.40 44.80 87.10 4440  157.00 1.63 7.27

14% 8.36 0.21 34.70 6.20 14.40 50.00 36.50 4020  196.00 0.47 3.20

FHIE 8.71 0.25 21.81 4.44 9.25 42.10 22.74 31.67 150.73 0.46 1.58

15 9.10 0.28 2421 4.06 7.93 20.47 12.06 2286  125.51 0.50 0.94

16% RIK 8.32 0.45 89.10 12.20 29.70 39.10 88.60 91.60  223.00 1.18 3.42

17% 8.34 0.67 164.00  20.80 30.20 4170 228.00  121.00  206.00 2.85 5.25

FEME 8.59 0.47 92.44 12.35 22.61 33.76 109.55 78.49 184.84 1.51 3.20

T "R BUI R IR TR A7 5545, 20225 TDS LA /L
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mg/L,F1 p(B3) g 1.17 mg/L ; 57K fF- 1 p(Lit) Hy
1.51 mg/L, F# p(Li*) 4 3.20 mg/L.
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K2 p(LiT) L p(B¥) (H: i p(LiT) 29 4 0.002~
0.023 mg/L, p(B*)#J 4 0.001~0.201 mg/L) , [Al ¥ &
T[] Ak P 6 b IXC 114 20 25 0 38 - 441 19 p(Lit) L p(B3Y)
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Fig. 2 Comparison of boron and lithium ion concentrations between Mami Co Salt Lake and major salt lakes in northern Tibet
(Mami Co® is the sample collected in this paper; The data of Zabuyechakanan lake is quoted from Wang (2015); The data of Lago Co Salt Lake
is from this sampling; Other salt lake data are quoted from Zheng et al.(2002 )
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Table 2 Hydrochemical types of Mami Co Salt Lake

) R 2250 "
il IRACF R
Knl Kn2 Kn3 Kn4
1 0.080 1.267 28.551 1.807  BRERENTY
2 0.074 1.179  26.876 1.697  BRFRENTAY
3 0.080 1.014 25344  2.001  FRERENWR
4 0.095 0.992 22.987 2208  GRERANI I

Lake water
K

o River water
SRK

Spring water

WK RRE i =2k K
Fig. 3 Three line diagram of Mami Co Salt Lake water sample

HCO, /i b, HAvkE 5 Nar+K- 5 HCO, (5l K,
N R 32 25 % A RV TR ER B 0 IR A 35 ik 1 35 W 42
K, EE KA FEEAN HCO, (CI)-Na* (Ca2") Y,
7 e ZE TR E (& 3) vhal LA R K 5K ke A
BB S HUAVAR I SRS 5 i KT K, 16 B TR]
IKZ B IRIK—E AN o
4.2 BFFRIESH

Pearson AH J&PE 70 AT X F 8 K AR & - 2 18] 1Y
AR 2 EAYVE A (Sehnaz et al., 2020), %3
G T K B SR K & B A OGP R B, TR KA
o1, TDS 5 Na* \Mg* \ClI" \HCO, .Li* £ 8 iH & & AH
K, BB IX 5 Fh S T A K 98 fLE  Na®
K"\ CI" 5 Li* B #0A i A AH G B Lit B 5
X 3 FES ORI AH AL s Mg2 5 HCO, BIAHIE R BN
0.909(p < 0.01 ) RO H i 35 , Ui Mg? 52 ik PR 3k
WP K o 76 SR KER & Nat (K5 TDS A
Nk B3 LA X 2 Pl R B R K T
Li* . B* 5 CI" . 3 A 3¢ (A 3¢ &R 500 510 0.997 .
0.968,p <0.05) , UL S/K 1Y Lit B> 7] BEK I T 28
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Table 3 Ion correlation coefficients of river water and spring water
B8 KM TDS Na* K* Mg Ca?* cr SO;” HCO; Li* B
TDS 1
Na* 0.804** 1
K* 0.631 0.904%** 1
Mg 0.655* 0.660* 0.52 1
Ca? Wk 0.122 0.111 0.05 0.569 1
{nl7]
CIr 0.720* 0.969%* 0.894%* 0.583 0.172 1
SO§7 0.304 0.386 0.637* 0.359 0.227 0.426 1
HCO, 0.680* 0.608 0.341 0.909%* 0.608 0.528 0.028 1
Li* 0.888** 0.966** 0.854%* 0.611 0.077 0.949%* 0.407 0.579 1
B** 0.556 0.909%* 0.873** 0.502 0.217 0.975%* 0.424 0.437 0.858** 1
TDS 1
Na' 1.000* 1
K* 0.998* 1.000* 1
Mg? 0.839 0.855 0.868 1
Ca? sk 0.886 0.899 0.91 0.996 1
IR 7]
Cr 0.996 0.992 0.989 0.784 0.838 1
SOii 0.955 0.964 0.971 0.962 0.983 0.923 1
HCO, 0.725 0.746 0.763 0.983 0.962 0.657 0.896 1
Li’ 0.986 0.981 0.975 0.737 0.796 0.997* 0.893 0.601 1
B 0.988 0.992 0.995 0.914 0.947 0.968* 0.99 0.824 0.948 1

7R p<0.05; “F* 7K IR p<0.01,

KA

FII I Gibbs 0] LA S5 B JRR KA 46 19 K Ak 2
T8 b 3 A7 B WE AP A B 28 28 19 95 il (Gibbs , 1970; I
[IJH%5,2022), & 4a b AT LIE 28845 MEH &

S SRR AR T /KR i 5 Tl K R R AR i I e A

AR XI5 A, sz e 7 Y] 7K ) B 21 43 BRI T
B A WA R 5 SR KR b 32 2296 4 Na'/(Na'+
Ca?)HE £k, K i Na* & it KT Ca?, U W] SR 7K ) 32
B 4y bR SZ KA A MNA 32 B AR R A s

TEWEFE A SR SRR 53 R A, e 4% 4 53 1Y
T S H ) O ZR R S B FRATT T AR KA i
Py 5T AT ek R (ZF RS, 2021) SR ROK HE R
W75 w7 T0) A ROK & R 2 R, N B8 & (HAR G
eVt Toalk Ab X PR 5 M 5 /0 DAL IR i 40 i Of D
T NG S o o] LLZ WS o FEHEBR N3 sh 1)
A R P NG S S B 7 e mb e DA e
FH I BT , AR P Bk fh 24 4 R Y 22 55 38 1T LUK
TSR T 0 R R TR ER A1) R R R W N 2K Kk 5
fift (5K SCZ%, 20165 Zhang et al., 2019), | 1 2& & i
T 4 B 1 4 43 1 He 1 O 2R 0 1 M A B B T Y
KV o

XFT 7R ) CIR, 7RI A HAD S AL ALK
W5 ARG OLT , 322 i 28 & WAL bk g S A 5 i
Na A X 52 2%, BE A 28 & A R IE i i, A7 e
RERRER T M 0% A o I Sa v Al LB HT 7K 5 SR K
FE S AR IS AE SR y(Na )y (CI) e 121 R 7,
T L 2R I HS A 4 i A DG P (AT 7K R?2=0.9725 SR 7K R?=
0.999) , 13 W 7K 1A Hh ) Nat 35 %52 ok 6 J2 25 & A i I
fif AN A REFRER WA R OB o

& 5b 1 y(Ca2*+Mg2")/y(HCO, +S0; ) L 25 fk
R KR K KR A S P58 7E 1 1 26 B RIZER
BRHT , 7 L B R O 5 R F8 /R T 7E T
RN L R B AR . T RER S 28
PRAE 11 R UL SO, R T AT B IR IS A SN i A7
A PR . T AR R P R ER T
JLP AR A SO, -, VLW H Y SO, FE7E
fit§ (Na,SO, - 10H,0 ) By A itk A

R HCO, 2 KR CO, 250
VS IR WL, — M A ik TR k28 XUAE A 3 1 ML X HC O,
T AR, R R IR R ER 2 R HLIX HCO; & i
DUAR /&7 5 1 D38 T B9 X K M v B 7 R L
HCO, %, UK AR i HCO, T B MR ER T )
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Table 5 Chemical composition of Semi geothermal water

p(B)/mg/L

Na’ K Mg* Ca*

£, 2K Hh FR oK 976.00 139.20 0.04 1.55

2

cr so;” HCO, Li‘ B
869.82 97.30 1145.86 44.79 626.60
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