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Abstract: The proved boron resources in China are mainly distributed in Northeast China, Qinghai, Tibet and
some other regions. These deposits have low grade, many associated minerals, high development cost and low de-
velopment and utilization degree, and hence it is difficult for them to meet the needs of industrial development. At
present, exploration in Jiangling Depression of Jianghan Basin shows that the B,0, concentration in the brine rea-

ches 3 g/L., and the content of lithium, potassium, bromoiodide, rubidium and cesium exceeds the industrial
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grade, with high comprehensive utilization value. On the basis of previous studies, the authors studied hydrochem-
istry, isotopic geochemistry and experimental geochemistry of Cenozoic brine boron deposits in Jiangling Depression
in this paper, with the emphasis placed on the influence of paleoclimate, structure and provenance on brine miner-
alization as well as the genetic mechanism. It is preliminarily concluded that different halogen lithologies have dif-
ferent geochemical and isotopic characteristics, and basalt has experienced strong alteration, indicating that under-
ground fluid metasomatism of igneous rocks exists, and the water-rock reaction of basalt is an important material
source of boron-rich brine deposits. The fluid with a certain salinity is more conducive to the activation of boron
ions. The fluid with a high salinity is the main transport carrier of boron ore-forming elements. The evaporation and
concentration of ore-bearing water in the dry and hot paleoclimate under the supergenic environment constitute an
important process for the enrichment and mineralization of boron-rich brine.
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Fig. 1  Geographical location(a), sampling location (b) , basin filling evolution and stratigraphic histogram (c¢) of Jiangling

Depression in Jianghan Basin (modified after Wang Bijin e al. , 2006)
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Table 1 Chemical composition of boron-rich brine water from Jiangling Depression

wy/ (g L7h) wy/(mg « L)
e F&E E
K* Na* Ca® Mg cl S0% B* Li* S Br~

1 GJI-1 1,20 9.68 105.87  4.64 0.62 188.48  0.97 965. 66 104. 73 384.73 139. 92

2 GJ1-2 1.20  10.36  116.93  4.91 0.64  205.59  0.73 983.99 105.57 403. 38 128.30

3 GJI-3 1,20 10.25  109.82  5.14 0.81 193.68  0.58 927. 62 970. 44 346. 02 130. 02

4 Sj4-1 120 8.77 104.07  17.54 3.82  202.01 0. 63 588.23 165. 48 957.55 141.52

5 Sj42 1.20  7.54 103.35  16.33 3.59  201.30  0.59 651.40 185. 62 908. 57 135.01
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Fig. 2 The distribution of volcanic rocks in Jiangling Depression ( Wang Chunlian et al. , 2018)
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Fig. 3 Field outcrops and microscopic photographs of basalt in Jiangling Depression
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ARSREL, RAEGIRARI T A1k, IEAEmG; KR EEBAHA (PY) FIEA (Py) B, TASAIX 8, TEASH G,

a—red stomata almond-shaped basalt; b—dense massive basalt; c—columnar jointed basalt; d—calcite and quartz veins developed in basalt;

e—intergranular basalt, olivine subjected to intense alteration, chloritization and idinization, crossed nicols; f—basalt mainly composed of

plagioclase (P1) and pyroxene (Py), with weak alteration pairs, crossed nicols
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Table 2 Rock content analysis of basalt in Jiangling Depression

Si0, Ti0,  ALO,  TFe,0;  MnO MgO Ca0 Na, 0 K,0 P,0, Lot it

JL-1 52.04 2.00 14.00 4.24 0.21 6.32 6.37 4.25 0.82 0.20 0.89 100. 04
JL-2 51.10 1.95 13.03 5. 64 0.10 8.29 4.23 5.44 0.36 0.22 3.05 100. 14
JL-3 52.55 1.94 13.86 3.23 0.23 6.73 6. 84 3.85 0. 64 0.19 0.44 100. 23
JL-4 50.94 2.03 13.65 6.98 0.10 7.49 4.55 5.56 0.52 0.22 2.63 100. 93
JL-5 50. 86 2.26 13. 86 2.32 0.17 5.72 5.21 5.37 1.62 0.29 2.63 100. 23
JL-6 48.03 2.08 12.30 2.52 0.16 6.16 7.35 4.29 2.05 0.27 2.08 100. 66
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Table 3 The water-rock reaction simulation experiment with time variable

BTFHRE/ (mg - L™

R BTk EN Hifal/d

B K* Ca®* Mg S Br~ I
JL-1 eIk 1 - 1.19 5. 64 0.59 0.04 - -
JL-1 ZEIK 4 - 1.22 8.67 0.77 0.05 - -
JL-1 FEIIK 9 - 1.86 11.55 1.21 0.06 - -
JL-1 FEIK 16 - 2.48 14. 40 1.42 0.07 - -
JL-1 FEIRIK 25 - 2.88 17.32 1.76 0.08 - -
JL-1 ZEIRIK 36 - 3.82 19. 49 1.91 0.09 - -
JL-1 MWK 49 - 6.11 21.30 2.25 0.11 - -
JL-1 1 mol/L NaCl 1 0.08 3.09 223.00 12.30 1.25 3.23 0.16
JL-1 1 mol/L NaCl 4 0.07 3.13 242. 66 13.49 1.34 3.46 0.14
JL-1 1 mol/L NaCl 9 0.07 3.22 253.26 14.11 1.38 3.43 0.16
JL-1 1 mol/L NaCl 16 0.07 3.25 272. 11 14. 62 1.24 3.36 0.14
JL-1 1 mol/L NaCl 25 0.08 3.30 272.88 14. 46 1.41 3.06 0.16
JL-1 1 mol/L NaCl 36 0.09 7.29 284.28 18.56 1.52 3.92 -
JL-1 1 mol/L NaCl 49 0.08 10. 20 299. 04 18.79 1.58 4.67 -
JL-1 2 mol/L NaCl 1 0.23 6.62 271. 66 18.31 1.55 8.35 0.46
JL-1 2 mol/L NaCl 4 0.28 6.68 301. 85 20.25 1. 66 7.93 0.40
JL-1 2 mol/L NaCl 9 0.22 7.24 320.52 20.8] 1.72 8.58 0.43
JL-1 2 mol/L NaCl 16 0.25 8.15 321.65 20.15 1.64 7.45 0.18
JL-1 2 mol/L NaCl 25 0.38 8. 89 323.52 20. 54 1.72 8.50 0.34
JL-1 2 mol/L NaCl 36 0.28 11.39 325.65 21.53 1.78 10.27 -
JL-1 2 mol/L NaCl 49 0.28 14.15 342. 45 22.72 1.90 10. 03 -
JL-6 FEIHK 1 - 0.62 0.56 0.44 0.03 - -
JL-6 ZRIRK 4 - 0.62 0.93 0. 64 0.04 - -
JL-6 FEmK 9 - 1.64 1.65 1.16 0.06 - -
JL-6 ZRIRK 16 - 1.83 1.98 1.32 0.07 - -
JL-6 K 25 - 2.74 2.77 1.57 0.09 - -
JL-6 ZEIRR 36 - 2.91 3.28 2.25 0.11 - -
JL-6 EAEK 49 - 5.49 4.10 2.60 0.13 - -
JL-6 1 mol/L NaCl 1 0.05 1.88 18.36 6.87 0.74 2.52 0.11
JL-6 1 mol/L NaCl 4 0.05 1.90 21.38 7.77 0.81 2.16 0.12
JL-6 1 mol/L NaCl 9 0.06 2.05 22.59 7.83 0.82 2.35 0.10
JL-6 1 mol/L NaCl 16 0.05 2.08 23.49 8.13 0.84 2.25 0.11
JL-6 1 mol/L NaCl 25 0.06 2.13 24.29 8.40 0.87 3.04 0.10
JL-6 1 mol/L NaCl 36 0.06 4.28 27.16 11.44 0.96 3.03 -
JL-6 1 mol/L NaCl 49 0.06 4.58 27.87 11.53 0.98 0.16 -
JL-6 2 mol/L NaCl 1 0.22 4.38 22. 88 10.13 0.95 5.23 0.19
JL-6 2 mol/L NaCl 4 0.31 4.76 26. 65 10. 68 0.96 5.85 0.28
JL-6 2 mol/L NaCl 9 0.33 4.80 27.65 10.79 0.94 5.32 -
JL-6 2 mol/L NaCl 16 0.37 4.86 28. 88 11.34 1.01 4.86 0.34
JL-6 2 mol/L NaCl 25 0.21 4.99 30.12 11.42 1.02 5.46 0.27
JL-6 2 mol/L NaCl 36 0.23 8.15 30.75 12.16 1.08 7.13 -
JL-6 2 mol/L NaCl 49 0.23 13.29 30.27 12.22 1.09 7.55 -

T =7 B SORRT AR

Fx4 IEMEEMEK S B BEAESNER
Table 4 Strontium and boron isotope analysis of boron-rich
brine in Jiangling Depression

B9 BT YS/%s, 20 3"B/% 20 B/(mg-L7")
GJ1-1 0.710325 0.000 009 13.59  0.20 783.0
GJ1-2 0.710 334 0.000 009 13.08  0.14 821.0
GJ1-3 0.710 328 0.000 008 13.21  0.18 811.0

SJ4-1 0.706 924 0.000 010 0.21 0.13 28.8
SJ4-20.706 927 0.000 007 0.12 0.16 29.1

(O N N S

[MTBF I — 2 TR, SRR B34 ) 200 m, MNP TTZH -
LB KIS 73 A (FRIB 5, 19955 Wu et
al. , 2020) , J\W& 111 Hb DX T A1 5 4 0R 46 1955 40
LRAFE I KRR R X s, B & K
Li \Rb Sr.Zn Cu SFI0HR (HKIEH, 2003),
KREFFH NN, ER A EEZIRIXA
BRArE , T ELARC RE — BE A AR ] S E8T R
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Fig. 4 Variation diagram of B ion concentration in basalt static immersion experiment
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