SRR 2025 4F 5525 4% 45 12 ) By R 5 T # ISSN 1671—1815 fre
- " 2025, 25(12) ; 04864 -17 Science Technology and Engineering CN 11—4688/T Ch-. :

DOI; 10. 12404/j. issn. 1671-1815. 2403344

SRR MR, W)Y, SO, S IR R P E X A A R RS T e R R AL AR BRI [T ], B EOR 5 TR, 2025, 25(12)
4864-4880.
Chen Yang, Zeng Guanghua, Wen Ling, et al. Geochemical characteristics of elements in laterite weathering crust of basalt in northwest Hain-

an Island[ J]. Science Technology and Engineering, 2025, 25(12) : 4864-4880.
BEBALB IR TEXMLTH
LR MBKH FIFEAR

F«iﬁﬂ 1,2’ %:3[“2',11191,3, i;é\l,3* , izr_g I,4’ 97'%& & 1.3 #iﬁ;l%l’s
(1. Mg B VIR SRR T SCIR 2, W 5702065 2. MR f{iiﬂzfﬁﬂm&% i 1T 570206
3. VR LR AT BE , W 5702065 4. =K SCHLT TREHBSREER B, — W 572022; 5. ¥R HLTT)R, 1§10 570206)

i B ZREoTARAINGETESTARBRANER FTAENRFNETAH RELFT THEALBLRGEHE S
P RHESZIATRAEL LWL AR @, 384 B3 @R FETWHGEMEALL pH.Eh oA E F X% T
(CEC) 47, B RBFHH L, B @ P A E W EB AL ERNE, Bh B HE LB R ELALEGH Fe,0,
(17.0% ~41.6% ) #2A1,0, (15. 3% ~28.4% ) , 54k Si0, (10. 6% ~43. 6% ) 25k, , L3 B Fo %A% E 4940 4R B 35 5 (CIA) 42
FH(F399.3), Bk T HRAH @R T HHRAEA T E Fe Ao AL Si 4952 AL F RALVE A, B2 P4 AR AN,
AR @éxi/‘/e%ky «Hé/\%' |EX AT RERSGHER, TH%EETEFY Sc.CufeZn £ @ P HRERERS,VF Ni o
MNEBBREMARN EZTE, GHEAF(HFSE) B3 @ PERRARZENKRERES, BT RBEBRBEL F T Fe 221
Fe(OH)3éé%;éxé§£ RETMH AL ARE G HE, Cr £ EHPARET KRG Cr,0, B X AL, FEEARETRIHEE, Mo Co
AT 769 Mo = Co™ " MR AL, = F 6% £ b TRALT A P4 Mo’ F= Co™ " W) R AE 55085, U EHAE RN
A UO, M XIUE IS &, B B2 U AR U0,C0, 4 UOZ' B X AL, 5 E4TH 52 & b R Akt SAAH 69 B AE
AR, EAREUNABREEAFTRALTARY UGFANTH S EHRERL L BT Al 499 kK Fo Fe £ 5K AR
BTG EENH, XS TARBRL LR Fe e Al I G £ 0, A8 TIARESHHALFFoBLF T EL LA
RAC = M8y 27, A )6 B 75 R T Z A R R ARG

el Ha B Ek; ARG TRE; L ERFNFETA

bR RYS P512.1°3 P595; SCRARARRS A

Geochemical Characteristics of Elements in Laterite Weathering
Crust of Basalt in Northwest Hainan Island

CHEN Yang'?, ZENG Guang-hua'®, WEN Ling'”" , XU Guo-qiang'*, LIANG Ding-yong'”*, DU Juan'”’
(1. The Key Laboratory of Marine Geological Resources and Environment of Hainan Pruvm(,e, Haikou 570206, thna;
2. Marine Geological Survey of Hainan Province, Haikou 570206, China; 3. Hainan Geological Survey, Haikou 570206, China;
4. Sanya Hydrogeological and Engineering Geological Survey Institute, Sanya 572022, China; 5. Hainan Geological Bureau, Haikou 570206, China)

[ Abstract] Basalt laterite weathering profile is very suitable for studying the geochemical behavior of elements under extreme
weathering. A laterite weathering profile developed on the Middle Pleistocene Duowen Formation basalt in Lingao County, northwestern
Hainan TIsland was reported. Detailed analysis of main-trace elements, pH, Eh and cation exchange capacity (CEC) were carried out
on 84 profile samples. The migration and redistribution behavior of elements in the profile was studied by mass balance calculation.
The laterite weathering profile of Lingao in Hainan Island has high Fe,0,(17.0% ~41.6% ) and Al,0,(15.3% ~28.4% ), low SiO,
(10.6% ~43.6% ), and very high chemical index of alteration (CIA) (average 99.3). Tt reflects that the weathering profile has
experienced strong chemical weathering with Fe and Al enrichment, and desiliconization under exireme weathering conditions. The
mass balance calculation results show that alkali metals and alkaline earth metals are mostly lost along the whole pofile with a high
degree. Among the transition metals, Sc, Cu and Zn are leached to a high degree in the section, V and Ni are enriched in the top and

IV layer of the saprolite, respectively, and high field strength element ( HFSE) are leached with different degrees in the profile.
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Among the redox sensitive elements, Fe mainly precipitates and accumulates in the form of Fe (OH), at the top of the saprolite. Cr
exists as water-insoluble Cr, 0, in the profile and is enriched at the top of the saprolite. Mn and Co exist in the form of soluble Mn®*
and Co™*
accumulates in the form of UO, at the bottom of the saprolite, while U in other layers exists in the form of soluble UO,CO; and UO;".

, and their enrichment is caused by the dissolution of oxides containing Mn** and Co>* during weathering. U precipitates and

The enrichment behavior is related to the adsorption of iron hydroxide in the profile. The slight enrichment of uranium throughout the
profile may be due to groundwater introduction. It is found that the formation of ferrite laterite in Lingao section should be caused by the
obvious leaching of Al and the enrichment of Fe at the top of the saprolite, while the ferrite laterite in Wenchang section is the product
of both Fe and Al enrichment, which is helpful to understand the difference between the laterite weathering products of basalt in

northeast and northwest Hainan Island, and has certain indicative significance for the development and utilization of mineral resources

in the future.
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Fig. 2 Layering and sampling diagram of laterite

weathering profile in Lingao
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Distribution map of Cenozoic volcanic rocks in northern Hainan and sampling location ( modified according to ref. [28])
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Table 1 Major elements and trace elements concentrations and chemical properties of samples in Lingao laterite weathering profile

Tt T K 5 B % M ICHE/ (pgg™") e e

%% em  Si0, Ti0, ALO;Fe,03 MnO MgO CaO Na,0 K,0 P05 LOI Li Be Sc V. CGr Co Ni Cu Zn Ga As Rb St Y Zr Nb Ba Hf Ta Th U pH Ehs o CRC/
mV (mmol-kg ")

PI-HI 5 23.0 3.63 16.1 33.5 0.48 0.05 <0.01 0.02 0.07 0.33 142 9.33 1.75 26.4 489 755 162 139 98 122 32.1 16.3 6.48 6.29 12.5 254 63.8 193 7.69 13.20 7.99 2.94 5.76 330 153
PI-H2 10 354 4.55 153 25.1 0.38 0.12 0.020.02 0.11 0.23 12.7 12.00 1.19 19.4 379 537 99 128 70 118 27.2 10.2 9.70 9.28 16.4 303 67.2 132 8.54 4.97 871 2.70 582 304 173
PI-H3 15 36.8 4.69 153 244 0.40 0.11 0.01 0.02 0.11 0.20 12.0 13.80 1.18 21.0 337 470 95 116 54 99 26.3 11.7 9.48 8.61 148 306 189 131 857 0.85 811 2.44 568 325 161
PI-H4 20 36.4 470 16.0 243 0.39 0.11 <0.01 0.02 0.10 0.20 12.0 12.10 1.06 20.6 350 508 95 130 63 108 27.4 10.6 9.47 8.67 146 309 24.9 133 880 2.36 8.76 2.59 5.67 355 163
PI-HS 25 351 4.69 16.9 242 0.40 0.11 <0.01 0.03 0.10 0.20 12.4 12.50 1.16 20.5 377 541 103 142 68 120 30.5 13.710.40 9.33 16.1 345 62.3 141 9.90 3.92 9.79 2.90 5.78 325 84
PI-H6 30 33.2 4.54 16.8 24.7 0.42 0.09 <0.01 0.02 0.09 0.20 12.7 10.70 1.07 17.2 356 522 102 131 64 112 28.1 11.7 9.24 8.66 15.0 301 67.6 143 8.70 3.94 8.65 2.67 588 384 169
PI-H7 35 327 4.56 17.8 24.4 0.40 0.09 <0.01 0.03 0.09 0.19 12.6 11.20 1.04 20.3 364 525 105 141 69 116 30.3 14.1 9.83 9.23 18.0 305 58.8 131 892 3.55 9.59 2.96 5.98 354 169
PI-H8 40 27.1 3.93 17.4 29.4 0.44 0.07 <0.01 0.02 0.08 0.26 13.4 9.21 1.22 22.5 400 645 124 137 80 114 31.0 16.1 8.16 810 13.9 273 61.8 171 8.07 3.64 857 2.86 592 357 178
PI-H9 45 27.5 4.07 17.6 28.8 0.43 0.07 <0.01 0.03 0.08 0.26 13.5 8.98 1.18 18.6 389 621 118 135 79 115 30.7 16.5 8.19 7.79 145 278 550 164 8.17 3.25 8.80 2.96 5.80 340 174
PI-HIO 50 24.9 3.81 17.3 30.8 0.45 0.06 <0.01 0.02 0.07 0.29 13.6 1210 1.73 25.5 435 689 125 131 79 108 32.0 15.8 7.96 6.92 13.5 272 39.7 168 7.88 2.26 7.96 2.99 5.83 349 146
PI-HIT 55 326 4.72 18.3 30.5 0.37 0.10 <0.01 0.03 0.09 0.20 13.1 870 1.02 157 351 481 102 144 70 115 29.9 15.210.10 8.84 152 316 37.5 151 9.35 2.35 9.58 3.05 5.56 364 173
PI-HI2 60 23.3 3.75 17.3 31.8 0.48 0.06 0.020.01 0.07 0.31 14.1 7.46 1.33 19.8 417 690 140 135 88 123 31.8 21.6 7.28 7.80 13.6 272 60.4 193 8.09 3.54 9.11 3.44 5.44 310 138
PI-HI3 65 22.1 3.50 17.4 33.2 0.51 0.08 0.030.04 0.09 0.31 144 7.99 1.38 24.2 440 720 154 136 93 120 33.0 22.7 8.62 9.17 151 272 60.4 277 825 3.43 9.34 3.64 508 322 144
PI-HI4 70 15.1 3.04 16.5 38.8 0.44 0.05 <0.01 0.02 0.05 0.41 15.2 4.89 1.59 24.8 493 866 143 124 102 115 33.8 26.6 532 5.26 12.5 217 48.9 236 6.50 2.95 7.63 3.92 5.36 343 132
PI-HI5 75 11.7 2.76 16.0 41.6 0.40 0.04 <0.01 0.01 0.04 0.48 15.8 3.93 1.72 28.6 536 900 145 127 116 119 36.9 29.7 3.55 4.08 11.8 219 46.2 246 6.53 2.89 7.52 4.07 5.29 343 134
PI-HI6 80 13.4 2.83 16.7 39.2 0.59 0.05 <0.01 0.02 0.04 0.44 153 4.88 1.60 19.6 501 779 201 130 117 121 36.0 30.6 4.18 5.00 12.1 256 52.6 379 7.66 3.09 7.74 3.88 5.28 314 131
PI-HI7 85 10.7 2.60 16.7 40.2 0.49 0.05 0.01 0.02 0.06 0.49 16.2 3.95 1.54 20.1 492 748 193 119 120 117 358 30.7 4.77 7.06 10.9 205 44.7 288 6.17 2.76 7.14 3.64 5.23 329 129
PI-HIS 90 10.7 2.64 16.2 40.9 0.45 0.05 <0.01 0.04 0.04 0.50 16.1 3.46 1.62 19.1 528 858 180 125 120 117 36.8 34.1 3.53 5.02 10.6 209 44.6 273 6.27 2.81 6.96 3.71 5.28 341 126
PI-HI9 95 10.7 2.66 16.2 40.9 0.43 0.02 <0.01 0.03 0.03 0.48 159 2.98 1.57 12.9 514 838 177 121 119 116 356 31.8 2.63 3.94 9.7 211 43.9 217 6.27 2.73 6.48 3.64 5.35 346 125
PI-H20 100 10.6 2.71 16.2 41.6 0.41 0.02 <0.01 0.01 0.03 0.53 15.8 2.91 1.55 29.1 519 78 171 120 121 116 357 29.0 2.42 3.93 10.3 201 44.2 200 6.07 2.57 7.12 3.73 5.32 345 122
PI-H21 105 11.5 2.73 159 41.1 0.41 0.02 <0.01 0.01 0.03 0.49 16.3 3.18 1.51 15.6 498 787 168 123 118 114 34.6 24.7 2.62 4.09 10.0 208 43.8 205 6.18 2.56 6.37 3.56 5.45 334 125
PI-H22 110 25.0 4.08 19.3 31.2 0.22 0.06 <0.01 0.02 0.06 0.21 16.2 3.02 1.52 23.4 497 746 209 122 123 114 34.1 259 2.27 4.35 9.7 192 41.5 261 5.8 2.43 6.65 3.55 5.42 349 127
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T E A SRR T B K /NAT L Eh kA i )
ALY Eh Y5 22 ~ 384 mV, SFE1 (270 =
119) mV, MEIE FoRFE, R MEREZ 1 1
A ERey Eh SR AR 2, H M 340 cm [ T, Eh
LURIBEAR , I — ELARFFIRAL, 25 207 Eh 3408 53 5]
e HHER (341 £22) mV, ERFJZH T 2 (337 +
11) mV, I/2(307 +61) mV, [JZ(242 +141) mV,
IVJZ(47 +73) mV,EXHL)Z 282 mV,

FITHE B CEC AT 56.5 ~ 194 mmol/kg, 1
(120 £30.2) mmol/kg, JFBNEK, Gk E A 2T
BAETEE LA BRE, + 52T (157
24.8) mmol/kg, 5k R JZ 1 JZ2F ¥ (130 =
5.95) mmol/kg, 1 JZF (111 £29. 6) mmol/kg, Il
JZ¥F 17 (100 £ 17.4) mmol/kg, IV /2 (118 +
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Fig. 3 Variation diagram of major elements concentrations across the Lingao laterite weathering profile
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