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Abstract

The Jingxing area in Hebei Province is rich in typical “North China type” weathered crustal sedimen-
tary bauxite resources, but the detailed mineralization patterns and mechanisms of these resources
have not yet been fully elucidated. This paper takes the typical bauxite deposit in this area as the re-
search object. Through systematic field investigations, observation of drill core samples, and com-
bined with X-ray diffraction (XRD), electron probe microanalysis (EPMA), X-ray fluorescence spec-
troscopy (XRF), and inductively coupled plasma mass spectrometry (ICP-MS) and other analytical
methods, a comprehensive study was conducted on the mineralogical and geochemical characteristics
of the ore. The results show that: (1) The ore body is lens-shaped and layered in its occurrence, and
the ore minerals are mainly one water-alumina stone, with dense blocky and earthy structures. (2)
Comprehensive geochemical evidence indicates that this deposit was formed during a strong redoxic
weathering process under an oxidized environment: the major element data reveal the nature of the
weathering, the rightward trend of the trace element spider plot provides confirmation, and the sig-
nificant enrichment of light rare earth elements (XREE > 300 ppm) and the abnormal characteristics
of &ce (1.13) and 6ku (0.56) directly indicate the oxidized mineralization environment. (3) The Sr/Cu
ratio (0.96-35.37) and the chemical alteration index (CIA, 85~99) indicate that it formed under a trop-
ical-subtropical warm and humid climate background; the V/Cr ratio (1.43~3.66) and the Ni/Co ratio
(mean 3.33) suggest that the main ore-forming process occurred in an oxidized environment, with
intermittent periods of reduced oxygen content as a transition; the Sr/Ba ratio (0.36~4.04) indicates
that the environmental dominance during the ore-forming period was mainly terrestrial. (4) The ma-
terial source of bauxite mainly consists of the weathering products of granitic acidic rocks. The min-
eralization process is controlled by the ancient Karstification of Ordovician limestone and the Creta-
ceous marine invasion events. It forms through sedimentary fractionation in a lagoon environment.
In summary, the bauxite in Jingshen area of Hebei Province is a typical sedimentary-type deposit. Its
formation is closely related to the “Shanxi-style iron ore” and the “iron ore-alumina ore-clay rock”
vertical sequence that coexists with refractory clay.
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Figure 1. Regional structural geological map (adapted from Weibenzan ef al., 2025 [13]). 1-New Series; 2-Updated Series;
3-Lower Permian Shanxi Formation; 4-Upper Carboniferous Taiyuan Formation; 5-Middle Carboniferous Benxi Formation;
6-Middle Ordovician Fengfeng Formation Stage II; 7-Middle Ordovician Fengfeng Formation Stage I; 8-Middle Ordovician
Majiagou Formation Stage III; 9-Middle Ordovician Majiagou Formation Stage II; 10-Lower Ordovician Majiagou For-
mation Stage 1; 11-Measured fault; 12-Postulated fault; 13-Stratigraphic occurrence; 14-Study area

B 1. XEaEithRE(SIBRARSE, 2025 [13]). 1-2#4%; 2-B#%; 3-28RATHWUANR; 4-ARALEKR
H; S-ARRPRAERE; 6-RGFRPGIEIEETER; 7-RFRPGIEIEE—FR; 8-BIRPHEIZINEZE; 9-B
MBATGDIGETE; 10-RERPRDZINE—ER; 11-SONETE; 12-HEUEE; 13-#E~IK; 14-HRE
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Table 1. Summary of geological characteristics of Bauxite Deposits in the Jingxing Region
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Figure 2. Macro photograph of the sample
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Figure 3. X-ray diffraction pattern of sample X from the Jingxing area
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Figure 4. Electron probe microanalysis results for samples from the Jingxing Region
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Table 2. Major element analysis results of Jingxing bauxite Mine (%)

22 HREBAITT ETEXETHER %)

JESTE R #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11

AlLO3 40.48 29.89  40.46 23.88 3186  27.94 24.57 36.18 33.69 26.9 27.62
SiO2 46.52 3397  46.67 65.37 33.23 32.24 64.79 3343 54.16 56.04 61.06

Fe20s3 1.66 33.02 0.93 2.88 31.61 34.68 1.34 26.93 23 8.84 227
MgO 0.42 0.66 0.23 233 0.71 1.03 0.99 0.44 0.611 0.83 1.09
CaO 0.19 0.07 0.16 0.20 0.30 0.39 0.25 0.22 0.28 0.61 0.38
K20 0.33 1.56 / 3.83 0.84 2.01 2.9 0.67 1.07 1.22 2.21
MnO / 0.003 0.056 0.01 0.04 0.06 0.005 0.05 0.006 0.003 0.004
TiO2 2.26 1.25 1.35 0.95 0.99 1.13 0.96 1.41 1.43 0.99 0.923
P20s 0.12 0.09 0.081 0.06 0.15 0.17 0.10 0.285 0.11 0.07 0.05
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A/S 0.87 0.88 0.87 0.37 0.96 0.87 0.38 1.08 0.62 0.48 0.45

ICV 0.12 1.23 0.07 0.44 1.08 1.41 0.27 0.82 0.17 0.47 0.25

CIA 98.90 94.43 99.79 85.44 97.43 93.29 88.03 98.19 96.28 94.94 91.94
4.2. WETE

ICP-MS 7M1 45 (% 3)&7r, J6& Zr. V. Sr. Li M Ba fFEME B B & F HAb T &, Hk Cr. Nis
Cu. Rb Hl Pb [P S5 E tHAH X 5 e

MITE D ARHERE, K& FEALRQLILE) 2 EE E4E, BN RIS BT+ Pb & &
B T (12,5 x 10°°), 2P EARE; J0E Sr(MFEHME: 375 x 107 ) {UAE#S FE i3 i T3
1B, HARFE 5 451 Ba b5 ME : 425 x 1070 A FEaISIC T HME, &b T 580K %798 70 3 (HFSE)
Wi s 4, Bl HFSE U3 Zr. Hf. Nb. Th)& &35 m TS, A8 10 KAk & ERE.
Ji 465 bR R v A ek R PRI (1] 5), A4 S I A T 35 o

Table 3. Trace element analysis results of bauxite in Jingxing Region (107°)

F 3. HRMXELT HMEBLESNERA10)

FEah s #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11
Li 313.85 11445 13835 942 19695 13485 995 35236 16.09 41.05 3557
Be 3.60 3.54 1.63 2.84 8.24 7.57 200 1037 171 1.55 1.65
Sc 728 1240 738 6.48 1003 1150  4.85 1546  8.13 5.72 5.44
\% 222.19 24132 149.82 240.54 133.18 248.08 131.80 233.68 132.57 14220 154.46
Cr 8521 13342 6888 6565 9291 12234 5686 78.86 64.52 5535  56.63
Co 8.45 6.60 9.14 1130 47.07 83.07 476 2562  5.62 3.15 2.17
Ni 5729 3401 1495 2958 10649 120.01 1324 8578 2231 2517 15.70
Cu 61.58 27.16 1209 6157 7654 10651 2273 1612 787 4136 1840
Zn 1404 11145 781 3153 4856 4733 4142 3682  9.68  20.63  18.53
Ga 1937 3060 1808 1194 2602 3384 1198 2354 1389 1674 11.79
Rb 1237 5343 144  80.13 2088 3074 11468 2091 3569 4471  81.69
Sr 127.84 12605 32.00 5936 281.04 210.19 71.55 57025 103.33 7458  59.26
Y 2370 33.09 1607 3076 4055 5692 4562 3451 1850 1218  13.45
Zr 702.68 28239 42979 257.12 267.58 41377 221.13 389.76 30527 229.70 236.97
Nb 13.66 2776 2957 1794 3007 6444 1673 3979 2213 1499  15.17
In 0.15 0.22 0.11 0.10 0.15 0.14 0.08 0.16 0.06 0.06 0.08
Mo 0.31 0.89 0.56 2.16 1.18 2.48 0.28 190 096 8.17 1.18
cd 0.58 0.30 0.41 0.37 0.31 0.51 0.20 0.42 0.29 0.34 0.24
Cs 186  4.93 0.11 8.63 2.15 2.84 7.80 1.55 3.13 4.26 9.58
Ba 31.61 18220 5859 14455 9692 192.80 198.75 10442 7547 11970 109.91
Hf 1859 753 1105  6.34 6.93 9.75 586 1001 791 6.36 6.28
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Ta 0.45 1.95 1.35 1.17 2.05 4.02 1.15 2.69 1.23 0.97 1.02
Pb 47.33 82.01 2439 2943 2574 11099 2837  28.67 35.04 83.06  32.09
Bi 1.44 0.74 0.64 0.53 0.77 0.70 0.44 1.03 0.65 0.43 0.45
Th 31.72  23.64 17.85 15.84 2150  31.19 15.82  30.93 19.96 9.38 14.47
U 19.46 9.74 11.54 6.79 7.20 12.18 4.20 11.97 7.24 10.88 5.49
V/Cr 2.61 1.81 2.18 3.66 1.43 2.03 232 2.96 2.05 2.57 2.73
Ni/Co 6.78 5.16 1.64 2.62 2.26 1.44 2.78 3.35 3.97 7.99 7.23
Sr/Cu 2.08 4.64 2.65 0.96 3.67 1.97 3.15 35.37 13.13 1.80 3.22
Sr/Ba 4.04 0.69 0.55 0.41 2.90 1.09 0.36 5.46 1.37 0.62 0.54
1000
#1 #2 A—H3 #4
——H#5 ——H6 —v—HT7 ——H#8
*—H9 —e—H#10 ——#11
100 |-
=
=
4o
E 10 |
~
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CsRbBaTh U NbTa LaCe Sr NdSmZr Hf EuGdTb Dy Y Ho ErTmYb Lu
Figure 5. Trace element primitive mantle spider diagram for the study area
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FrREth DA L R I B B3 IR LT R E AR RRIECR 4). HM LIt 3R 1S B (SREE) B S (T3
N 327.38 ppm, Hx A 663.16 ppm), L T AR LT KT, R R B EEKEER LR
JHBE 1. = LREE/HREE HUAH DL R R A L ARAEL AR > 1 (] 6), 2IH TRZINEM - &%, La/Yby
PUAf BB Bt 1 5284 L (LREE) N #B 7> TEAZ B, mitb{ER B LREE 58%15014, La A% Sm BE & 4.
Gdn/Ybn HAE 2 7R MG - (HREE) /MBAT NI REES 4, Ui/, M L R MR 16]. W& 2
A DL H Lan/Yb HUAE G Bl 7E 3.39~24.56 2 [A], Z250FF it I EUAE > 10, Gdn/Yb BUAE FE Bl E 0.96~3.01,
SN 173, 0 RATE AU AR LR LR SRR N R LR B R R T E A
to FEA AT S B R R R, BRI R IR R .
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Figure 6. Standardized distribution pattern of rare earth elements in chondritic meteorites

B 6. B RIKRRAREN S HEXE

Table 4. Analysis results of rare earth elements in bauxite from Jingxing Region (107°)

4. FREMEBLTHLETESRER10)

Fedmdis  #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11
La 39.13 10041 1946 7028 5346 4741 12731 6939 7250  29.05 3823
Ce 87.19 19730 5895 163.61 161.96 94.03 264.68 13737 154.63 57.77  73.05
Pr 6.85 1897 393 1675 1151 1134 3142 1238 1249 5.6l 7.49
Nd 2138 6568 1581  69.57 5026 5025 122.66 42.54 4468 1863  24.15
Sm 3.60 7.76 321 1114 1361 1180 21.13  7.05 5.84 2.76 3.36
Eu 0.67 1.31 0.58 2.02 2.69 2.23 3.42 1.28 0.96 0.50 0.61
Gd 3.83 7.56 3.06 9.49 1399 1120 1696 736 5.14 231 291
Tb 0.62 1.06 0.45 1.16 2.02 2.08 2.08 1.19 0.62 0.34 0.42
Dy 4.01 6.36 2.68 589 1092 1385 10.16  7.52 3.32 2.12 2.56

FEmms  #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11
Ho 0.87 1.38 0.55 1.15 2.06 2.93 1.88 1.55 0.67 0.46 0.54
Er 2.57 4.09 1.57 3.13 5.46 8.62 5.10 4.49 1.98 1.40 1.61
Tm 0.42 0.63 0.24 0.43 0.81 1.39 0.71 0.71 0.30 0.22 0.25
Yb 2.84 426 1.60 2.68 527 9.42 4.55 4.85 1.99 1.51 1.64
Lu 0.41 0.63 0.22 0.38 0.75 1.34 0.63 0.68 0.29 0.22 0.24
Sc 728 1240 738 6.48 1003 1150 485 1546  8.13 5.72 5.44
Y 2370  33.09 1607 3076  40.55 5692 4562 3451 1850  12.18  13.45
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>REE 205.37 462.89 13576 39492 38535 33631 663.16 34833 332.04 140.8 175.95
>LREE  158.82 39143 101.94 33337 29349 217.06 570.62 270.01 291.1 11432 146.89
YHREE  46.55 71.46 33.82 61.55 91.86 11925 9254 78.32 40.94 26.48 29.06

L/H 3.41 5.48 3.01 5.42 3.19 1.82 6.17 3.45 7.11 4.32 5.05
Lan/Ybn 9.29 15.89 8.20 17.68 6.84 3.39 18.86 9.65 24.56 12.97 15.72
Gdn/Ybn 1.09 1.43 1.55 2.86 2.14 0.96 3.01 1.23 2.08 1.24 1.43

OFu 0.55 0.52 0.56 0.59 0.59 0.58 0.54 0.54 0.52 0.59 0.58

oce 1.18 1.02 1.54 1.11 1.50 0.95 0.98 1.05 1.14 1.02 0.98

i TG B A (REE Patterns) & 7 5 L HUER A2 AT S s Bt IR (R B4R AR [ 17] [18]. HHIE 6
ATLAE Y, FrAFEREBARRIH T REA S, PrafEm 2 LREE E4. HREE P i /15
A((La/Ybn > 1), KA EFE+ LREE A% T HREE #2154, Eu BorHE AR

5. W R EHE
5.1. RREHIBKIE
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Figure 7. Diagrammatic representation of rock type discrimination in the Benxi formation source area. (a) ®REE-
La/Yb diagram (base map adapted from [21]); (b) La/Sc-Th/Co diagram (base map adapted from [22])
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Table 6. Discrimination criteria for trace elements in ancient salinity (1076) [27] [28]
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Figure 8. V/Cr-Sr/Ba plot for bauxite in the Jingxing area
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Figure 9. Bauxite mineralization model diagram (Modified from Zhang Liang, 2012 [31])
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