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Abstract: Lithium-potassium ores are mainly distributed in Qinghai, Tibet, Lop Nur salt lake and western Sichuan,

but it is expensive and difficult to develop these ores to meet the needs of industrial development. The exploration
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of Jitai basin in Jiangxi Province shows that the concentration of lithium chloride in brine exceeds 600 mg/L, and
the content of potassium chloride is close to 1%, which is close to or even higher than the industrial grade with high
comprehensive utilization value. On the basis of previous studies, the authors studied mineralogy, petrology, geo-
chemistry and fluid inclusions and made water-rock reaction simulation experiments by high-pressure autoclave on
Mesozoic igneous rocks in Jitai basin so as to study the effects of time, temperature and fluid composition on the wa-
ter-rock reaction of igneous rocks and explore its indicative significance to the source and mechanism of lithium-po-
tassium rich brine. The following main results were preliminarily obtained: The brine in Jitai basin is characterized
by high lithium and low magnesium, indicating that the brine in Jitai basin is affected by volcanic activity; The
magma in the study area was differentiated in different degrees with strong igneous alteration, which reveals that the
igneous rock was greatly replaced by hydrothermal fluid and provided material source for lithium-potassium rich
brine mineralization; Temperature is the main control factor of the leaching capability of fluid to elements and high-
salinity fluid is the main transport carrier of ore-forming elements; The Mg/Li ratio in the brine of surface origin is
mainly controlled by the original rock composition. Water-rock reaction is an important process of brine formation,
and surface evaporation and concentration constitute the main mechanism of brine mineralization.

Key words: Jitai basin; Cretaceous; water-rock reaction; lithium-potassium rich brine; origin of mineral-bearing
brine
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Fig. 3 Distribution of Mesozoic igneous rocks in Jitai basin and its periphery ( modified after Zhou et al. , 2006)
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Table 1 Sampling sites of some igneous rocks in Jitai basin
FES i G EeyEIE syt FEM i 5 VAN EerSIE Syt
JXWT-1 N27°42.589" E114°19. 673’ ViAsEa JXLA-7 N27°16.550" E115 52. 025’ FiasEa
JIXWT-2 N27°42.083' E114°17.614’ ViAsEa JXLA-8 N27°10.507" E115°52.936' FiasEa
JXWT-3 N27°40.936" E114°17.253’ FiaEEa JXLA-9 N27°11.346" E115°52. 637" £ Tk
JXYS-1 N27°39.197' E114°31.483’ ViAsEa JXLA-10 N27°11.782" E115°53.543' A
JXYS-2 N27°39.197' E114°31. 483’ FiAEba JXHP-1 N27°11.393" E115°42.209' sk
JXSZ-1 N27°31.780" E114°38.375’ ViAsE JXXB-1 N26°42.129' E115°49.753' A
IXSZ4 N27°32.222" E114°37.234’ riAsEe IXXB-2 N26°42.628' E115°50.768' A6
JXSZ-5 N27°32.222" E114°37.234’ Ak JXXG-1 N26°14.176' E115°18. 143’ sk
JXJJ-2 N27°36.088" E114°59.241' FiAsEa IXXG-2 N26°18.415" E115°14.445' FiaEb =
IXJJ-3 N27°36.088' E114°59.241’ ViAsEa JXHY-1 N26°7.740" E114°28. 480’ FiasEa
JXLT-1 N27°33. 115" E115°04. 550" ViAsEa JXSD-1 N26°4. 018" E114°50. 722’ A
JXJA-1 N27°04.561" E114°55. 466 EqTwE JXXD-1 N26°12. 843" E114°45.893' A
JXTH-1 N26°42.810" E114°45.777" ZibE JXXD-2 N26°12.843" E114°45.893' sk
JXTH-2 N26°50.163" E114°42.732' Eq ) JXJS-1 N26°15.514' E114°37.176' Aok
JXLA-1 N27°27.251" E115°50. 484’ e JXJGS-1 N26°27.610" E114°9. 490’ Fiaska
JXLA-2 N27°27.251" E115°50. 484’ FiAsEa JXJGS-2 N26°15.772" E114°13.071’ A
JXLA-3 N27°27.251" E115°50. 484’ ViasE JXJGS-5 N26°17. 644" E114°7.368’ A
JIXLA4 N27°32. 883" E115°50.937’ ik JXJGS-6 N26°10.031' E114°18.577' A6
JXLA-5 N27°32.883" E115°50.937’ 1o JXJGS-8 N26°5.623" E114°15.280" Ak
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Table 2 Chemical composition of lithium-potassium rich brine water from Jitai basin
Cp/(geL° 1) Cp/(mg+ L™
F5 FEaS [ AC Y
Na* Ca®* Mg+ cl- S03- K* B* Lit St Br~
1 7K8001 1.20 117 4.58 1.11 194 1.07 585 <10 102.0 102 7.92
2 7ZK8101 1.20 120 4.86 1.14 192 1.75 546 <10 99.3 101 7.62
3 7K8102 1.20 113 4.17 0.80 190 1.46 562 <10 78.6 102 5.58
4 7K8201 1.20 120 4.67 1.10 199 1.17 545 <10 106.0 110 7.71
5 7K8202 1.20 121 4.87 1.13 199 0.98 555 10.5 104.0 109 7.24
6 7K8401 1.20 118 4.64 1.11 193 1.17 531 <10 98.3 100 7.73
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Fig. 4 Field Ca~d) and microscopic (e ~h, crossed nicols) photographs of igneous rocks in and around Jitai basin,
Jiangxi province
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a—muscovite granite; b—Dbiotite granite; c—plagiogranite; d—almond-like basalt; e—snow grain structure of muscovite granite; f—biotite granite;
g—plagiogranite; h—almond-like basalt; Q—quartz; Ab—albit; Pl—plagioclase; Ms—muscovite; Bt—biotite; Chl—chlorite; Cal—calcite
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Table 3 Main elements of Cretaceous igneous rock in Jitai basin
FES Y05 HAKM SIo, TiO, Al,O; TFe,0;  MnO MgO Ca0 Na, O K,0 P,0; LOI g
JXYS-1 FiAEEe 72.92 0.01 15.95 0.48 0.11 0.06 0.15 5.72 3.17 0.35 0.84 99.76
JXJJ-3 FiAEE 73.55 0.15 14.39 1.43 0.07 0.19 0.36 3.64 4.94 0.16 1.01 99.89
JXWT-3 VAR R 66.47 0.61 15.15 3.98 0.10 1.77 3.28 2.74 3.69 0.24 1.40 99.43
JXXD-1 iAsba 73.60 0.04 14. 66 1.20 0.08 0.12 0.45 4.13 5.00 0.01 0.82 100. 11
JXXG-1 VAR R 72.08 0.13 15.33 1.53 0.09 0.25 0.65 4.21 4.86 0.37 1.06 100. 56
JXLA-3 e 63.42 0.21 20. 16 1.41 0.05 0.36 1.20 7.09 5.02 0.16 1.54 100. 62
JXLA-10 PR R 70.33 0.28 15.14 2.13 0.05 0.49 1.60 3.42 4.14 0.18 1.76 99.52
JXJGS-1 VAR R 71.30 0.22 14.59 1.96 0.08 0.37 1.06 3.10 5.74 0.21 0.70 99.33
JXJGS-5 e A 70.78 0.46 14.10 3.05 0.10 0.70 1.36 3.31 4.62 0.28 0.77 99.53
JXJGS-6 VAR k= 65.84 0.77 14.51 5.18 0.10 1.64 3.21 2.73 3.89 0.25 1.33 99.45
JXTH-1 Ziale 46.89 2.53 15.25 12.08 0.18 6.56 8.01 3.16 2.07 0.65 2.00 99.38
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Fig. 5 Fluid inclusions of quartz in granite
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Fig. 6 Histogram of fluid inclusions of quartz in granite
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Table 4 The water-rock reaction simulation experiment with time variable
Cy/Cmg L™
B = PR BEC /A

Cal* K* Mg2+ G2+ Li* q2- Br-
JXTH-1 ZA 0.5 150 0.5 118.866  28.594 0.523 7.988 0.046 1.608 -
IXTH-1 X4 0.5 150 1.0 102.029  25.983 1.668 7.741 0.042 1.500 0.507
JXTH-1 2 0.5 150 2.0 >125.519  33.496 0. 506 9.967 0.079 1.921 0.419
IXTH-1 X 0.5 150 3.0 73.114  19.657 0. 680 6.419 0.035 1.228 0.548
JXTH-1 LA 0.5 150 4.0 >126.534  27.041 0.301 9.320 0.048 1.912 0. 607
JXTH-1 XA 0.5 200 1.0 86.204  30.349 2.523 6.701 0.064 52.356 0.524
JXTH-1 ZRE 0.5 200 2.0 100.087  33.396 0. 504 9.182 0.081 15.674 -
JXTH-1 LA 0.5 200 3.0 96.013  35.088 0.783 8.718 0.080 27.712 -
JXTH-1 LA 0.5 200 4.0 114.698  54.672 2.591 9.068 0.132 17.894 0.526
JXTH-1  Xl# 0.5 200 5.0 92.185  35.939 0.778 9.429 0.086 15.659 -
JXTH-1 LA 0.5 200 6.0 108.009  41.708 0.430 9.879 0.112 16. 784 0.507
JXTH-1 K& 0.5 300 1.0 53.047  30.155 0.240 3.603 0.093 17.992 -
JXTH-1 TSy 0.5 300 2.0 5.539 15.515 0.079 0. 880 0.050 17.002 -
JXTH-1 X 0.5 300 3.0 92.730  58.450 0.083 6.265 0.196 8.558 -
JXTH-1 ZH 0.5 300 4.0 84.051 49,951 0.415 5.655 0.171 6.698 -
XTH-1 XA 0.5 300 5.0 60.560  74.149 0.061 4.568 0.197 17.255 -
JXTH-1 T 0.5 300 6.0 67.132  39.141 2.941 4,605 0.227 18. 604 -
XTH-1 XA 0.5 400 1.0 7.578 11.063 0.025 0.332 0.053 11.108 -
JXTH-1 ZH 0.5 400 2.0 23.499 56.947 0.14 1.093 0.204 17.118 -
XTH-1  ZR# 0.5 400 3.0 12.370  33.566 0.054 0.365 0.106 10.711 -
XTH-1 X 0.5 400 4.0 2.676 18.797 0.033 0.091 0.047 20.331 -
JXTH-1 XA 0.5 400 5.0 2.308 28.205 0.161 0.065 0. 060 21.827 -
IXTH-1  Zub 0.5 400 6.0 3.348 66. 564 0.058 0.156 0.190 19.456 -
JXXD-1  feidst 0.5 150 0.5 30. 160 7.841 0.082 0.224 - 0.579 0.490
JIXXD-1  fE# 0.5 150 1.0 28.470 8.048 0.049 0.275 - 0.582 0. 487
JIXXD-1  fERd# 0.5 150 2.0 39.370 9.761 0.050 0.620 0.024 0.672 0.470
JXXD-1  fE# 0.5 150 3.0 35.505 14.209 0.051 0.843 0.026 0.688 0.425
JXXD-1  fERd% 0.5 150 4.0 38.038  11.317 0.039 0.392 0.033 0.663 0.392
JIXXD-1  fERd# 0.5 150 5.0 44.267  16.677 0.062 0.456 0.028 0.861 0.628
JIXXD-1  JeRd 0.5 150 6.0 21.659 3.874 0.032 0.250 - 0.962 0.492
JXXD-1  fERH 0.5 200 0.5 27.220  10.812 0.022 0.180 0.039 0.501 0.492
JXXD-1  fERd# 0.5 200 1.0 24.740 9.623 0.017 0.172 0.038 0.472 0.424
JIXXD-1  fEkd# 0.5 200 2.0 29.730  16.841 0.030 0.601 0.072 0.582 0.393
JXXD-1  fERd# 0.5 200 3.0 27.240  14.213 0.029 0.226 0.051 0.500 0.412
IXXD-1  fERd# 0.5 200 4.0 24.249  11.317 1.501 0.224 0.024 2.133 0.392
JXXD-1  feRd# 0.5 200 5.0 21.823 11.312 0.026 0.182 0.025 0.615 0.471
JXXD-1  feRd 0.5 200 6.0 22.102  13.977 0.024 0.181 0.045 0.392 0.480
He - S SR TR B CRRD

25, R4 A5 K S AR 2RO, VLT AT B LA AR A A 36 R 250°C 4 BRI i,
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Table 5 The water-rock reaction simulation experiment with temperature variable
Cy/Cmg L)
FE il Fagis RN &/ °C I )/ h

Li* Na* Mg** Ca’* K* §2-
JXYS-1 Fiaska H,0 200 6 0.044 8.032 - - 0.579 0.054
JXYS-1 VA k= H,0 250 5 0.087 27.929 - 0.047 1.570 0.143
JXYS-1 aAskS H,0 300 4 0.040 73.469 - 0.025 0.559 0.092
JXYS-1 aAskES H,0 350 3 0.055 7.728 - - 0.656 0.033
JXYS-1 sk H,0 400 2 0.077 17.560 0.023 1.949 2.631 0.076
JXXB-2 Te H,0 200 6 0.006 51.584 - 0.134 2.008 0.092
JXXB-2 Vidsk H,0 250 5 - 10.943 - 0.134 0.565 0.062
JXXB-2 ViaARE= H,0 300 4 0.004 4.930 - 0.007 0.747 0.054
JXXB-2 1o H,0 350 3 0.004 8.901 - 0.386 0.953 0.099
IXXB-2 1o H,0 400 2 0.055 11.340 - 0.070 0.729 0.241
JXSD-1 piaska H,0 200 6 0.005 7.844 - 0.955 0.686 0.061
JXSD-1 Ak H,0 250 5 0.005 5.638 0.005 0.466 1.315 0.087
JXSD-1 sk H,0 300 4 0.006 12.865 - 0.085 1.619 0.059
JXSD-1 Ak H,0 350 3 0.010 9.708 \ 0.051 0.965 0.057
JXSD-1 Te A H,0 400 2 - 3.399 - 0.158 0.522 0.075
JXJGS-8 A b H,0 200 6 0.017 15.021 - - 0.547 0.088
JXJGS-8 A b H,0 250 5 0.005 6.274 - - 0.904 0.045
JXJGS-8 Ak H,0 300 4 3\ 4.957 - 0.015 0.299 0.048
JXJGS-8 Ak H,0 350 3 0.008 3.128 - 0.683 0.638 0.113
JXJGS-8 Ak H,0 400 2 0.011 8.423 0.027 1.089 1.948 0.097
JXTH-2 [T ) H,0 200 6 0.021 33.483 - 0.285 1.246 0.050
JXTH-2 ZRE H,0 250 5 0.012 19.548 - 0.459 2.004 0.054
JXTH-2 Zikyy H,0 300 4 0.019 85.507 - 0.205 7.211 0.087
JXTH-2 ZulH H,0 350 3 0.015 19.775 - 0.436 5.899 0.071
JXTH-2 Zk H,0 400 2 0.068 38.352 0.996 2.869 7.347 1.012

R6 RERNPTEMNK-BRNELLEER
Table 6 The water-rock reaction simulation experiment with the fluid composition
il Tk NHC%M\?&/ I/ i /h BT e+ L7)
(mol * L) Lit K* Mg“ Ca* Q2+

JXYS-1 A b 0.5 200 6 0.885 11.121 - 0.302 -
JXYS-1 Fiasks 0.5 250 5 0.903 7.836 - 1.799 116. 833
JXYS-1 AL 0.5 300 4 0.850 10.753 - 0.401 -
JXYS-1 A b 0.5 350 3 1.636 14.653 - 2.385 50.871
JXYS-1 ARk 0.5 400 2 0.044 - - 1.744 0.023
JXYS-1 1e b 7 1.0 200 6 0.764 7.796 - - -
JXYS-1 XA 1.0 250 5 0.626 11.511 - 5.054 0. 105
JXYS-1 ViAsEa 1.0 300 4 0.781 12.517 - 0.077 -
JXYS-1 1A 1.0 350 3 3.525 39.446 0.214 0.779 -
JXYS-1 1o 1.0 400 2 3.373 24.344 0.102 1.224 -
JXXB-2 Te A 0.5 200 6 0.238 11.103 - 7.957 0.045
JXXB-2 1o 0.5 250 5 0.398 17.098 - 3.054 85.917
IXXB-2 ke 0.5 300 4 0.798 28.085 - 0.329 -
JXXB-2 ke 0.5 350 3 0.172 12.024 - 0.244 79. 460
JXXB-2 Fraska 0.5 400 2 0.128 14.795 - 0.318 -
JXXB-2 Ak 1.0 200 6 1.305 46.030 - 4.455 0.030
JXXB-2 Ak 1.0 250 5 0.761 34.981 - 2.999 0.040
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Continued Table 6
b sy Nadl ‘J@?@i‘i_‘f)ﬁ/ /O it il /b BT/ (mge 171
(mol= L77) Li* K* Mg?* Ca2* S+
JXXB-2 Ak 1.0 300 4 0.748 67.553 - 0.101 -
JXXB-2 ARk 1.0 350 3 0.101 11.643 - 0.852 -
JXXB-2 Ak 1.0 400 2 0.002 - - 0.852 -
JXSD-1 iAsE 0.5 200 6 0.367 18.255 - 11.347 44.681
JXSD-1 Fiaska 0.5 250 5 0.223 23.001 - 14.286 217.978
JXSD-1 Fiaska 0.5 300 4 0. 160 13.189 0.663 1.298 161.456
JXSD-1 A6 b 0.5 350 3 0.076 12.627 - 0.508 85.169
JXSD-1 Fiaska 0.5 400 2 - - 3.702 10.070 9.277
JXSD-1 bk 1.0 200 6 0.131 11.869 - 18.324 0.115
JXSD-1 A6 1.0 250 5 0.063 8.656 - 4,277 0.090
JXSD-1 sk 1.0 300 4 0.074 9.339 - 0.203 0.013
JXSD-1 ANES 1.0 350 3 0.042 8.662 - . -
JXSD-1 sk 1.0 400 2 0.008 0.096 - 0.034 -
JXTH-2 LA 0.5 200 6 0.242 60. 609 0.088 113.392 158.952
JXTH-2 Eqie s 0.5 250 5 0.406 46. 862 0.048 106. 894 365.281
JXTH-2 A 0.5 300 4 0.112 4.026 AN 23.281 168.058
JXTH-2 ZRH 0.5 350 3 0.025 7.193 - 0.389 28.205
JXTH-2 ZkH 0.5 400 2 0.029 0.525 - 1.776 43.239
JXTH-2 LR 1.0 200 6 0.183 13.821 - 253.971 1.875
JXTH-2 LA 1.0 250 5 0.400 28.396 - 98.219 1.572
JXTH-2 ETRa 1.0 300 4 0. 160 12.439 - 9.754 0.438
JXTH-2 Eyie sy 1.0 350 3 0. 065 9.152 - 0.532 0.062
JXTH-2 LA 1.0 400 2 0.008 - - 0.490 -
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Fig. 7 (Na,0 +K,0) - Si0, relation diagram (a, modified from Middlemost, 1994) and K,O - SiO, relation diagram
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B HGBEE BRI, AR i A K A K Mg/ Li
FFE(Risacher et al. , 2003; X374, 2007; X
A, 2016), A4 Mg/Li {8 = IR 7] g 5 6% A0,
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A, Mg/ Li {H 52 2] (1) 5% W 2 /N5 i Bl A il B2 16 T
e, Mg/ Li {150 35 B AIG, #9020 0 B dl 2 4 il K — 5
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Table 7 Calculation of filtration capacity of fluid for each element
Femgis AP BUAIKEE/Cmol « L= WEL/C WH/h  n(K*) n(Li*)  a(Sr*)  a(Na*)  a(Mg*) Mg/ Li
IXTH2  ZiRH 0.0 200 6 14.56 281.05 0.66 286.70 1.35 12.57
XTH2  Zulh 0.0 250 5 14.54 99.72 0.55 103.93 0.28 7.33
XTH2  Zilh 0.0 300 4 117.17 353.52 1.84 1017.89 0.34 2.53
IXTH2  ZRH 0.0 350 3 45.07 131.22 1.01 110.68 0.10 2.01
JXTH2 XA 0.0 400 2 8.53 90. 40 0.88 32.62 0.01 0.24
IXTH2  ZilA 0.5 200 6 1.29 3.96 5.76 - 0.01 9.88
JXTH-2 Ll 0.5 250 5 1.59 5.56 5.09 - 0.01 6.16
IXTH2 A 0.5 300 4 1.98 7.76 4.23 - 0.01 2.43
IXTH2  Zis 0.5 350 3 2.89 11.08 3.93 - 0.01 1.47
IXTH2  Zis 0.5 400 2 9.04 32.68 1.86 - 0.01 0.51
JXXB2 KA 0.0 200 6 5.89 5.27 - 50. 68 - -
JXXB2 KA 0.0 250 5 1.36 0.89 26.97 4.26 - -
JXXB2  Thid 0.0 300 4 0.91 0.77 25.35 7.54 - -
IXXB-2  FhixE 0.0 350 3 6.68 6.59 - 48.76 - -
IXXB-2  Ahix A 0.0 400 2 0.05 0.02 11.06 0.23 0.04 0.30
JXXB2  fEAE 0.5 200 6 1.50 1.40 2.10 - - -
IXXB-2  fEiXF 0.5 250 5 0.40 0.22 12.60 - - -
JXXB2  fERAE 0.5 300 4 1.09 1.02 1.58 - - -
IXXB-2  FEixE 0.5 350 3 0.25 0.33 10. 10 - - -
JXXB2  FEix% 0.5 400 2 0.18 0.26 8.36 - - -
JXXB2  fEAE 1.0 200 6 79.36 91.53 - - - -
IXXB-2  EiXEH 1.0 250 5 154.6 277.30 - - - -
IXXB2  EiXS 1.0 300 4 0.09 0.25 13.17 - - -
IXXB2  EiF 1.0 350 3 6.62 17.31 8.23 - - -
IXXB-2  fEiH 1.0 400 2 2.06 2.17 0.81 - - -
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Fig. 12 Mg/Li relationship in autoclave water-rock

reaction
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