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Abstract

With the intensification of global resource competition, mineral resources have become increasingly
important. Mastering the resource status of various minerals helps to gain an advantageous position
in the international resource game and ensure national resource security. Aluminum metal has the
characteristics of low density, good electrical conductivity, and strong corrosion resistance, and can
even be widely used in the aerospace field. In China, bauxite mines are mainly concentrated in Shanxi
Province and Henan Province. The investigation and research on aluminum-bearing rock series in
Hebei Province are relatively weak. Even if bauxite resources are discovered, they are only in the
research stage, which greatly limits the prospecting, exploration, and development and utilization of
bauxite resources in Hebei Province as a whole. In response to this situation, this paper conducts re-
search on the aluminum-bearing rock series of the Benxi Formation in the Zhaogezhuang area of Tang-
shan, eastern Hebei. This thesis mainly measures the major and trace elements through X-ray diffrac-
tion experiment (XRF) and inductively coupled plasma mass spectrometry analysis technology (ICP-
MS), and the following conclusions are obtained: (1) Through the X-ray diffraction experiment (XRF),
it is known that the main mineral components of the aluminum-bearing rock series in this area are
quartz, kaolinite, illite, and titanium minerals. (2) From the triangular diagram of major elements
Al203-S102-Fe20s, it can be seen that the aluminum-bearing rock series of the Benxi Formation in
the Zhaogezhuang area of Tangshan, eastern Hebeli, is mainly composed of argillaceous kaolinite
formed by kaolinization. (3) According to the samples, the total amount of rare earth elements in
the Zhaogezhuang area of Tangshan, eastern Hebei, varies greatly. Light rare earth elements are
more enriched than heavy rare earth elements, and heavy rare earth elements show partial deple-
tion. There is a relatively slight positive §Ce anomaly and a relatively obvious negative §Eu anomaly.
(4) Comprehensive analysis based on the (La/Yb)n-YREE diagram, Eu/Eu*-TiOz/Al203 diagram, Th-
Hf-Co diagram, and Zr-Cr-Ga diagram shows that the ore-forming materials of the aluminum-bearing
rock series of the Benxi Formation in the Zhaogezhuang area are mainly derived from the weathering
of intermediate - acid granite. (5) From the ratios of Sr/Ba, Sr/Cu, U/Th, V/Cr, and Ni/Co, it can be
concluded that the ore-forming environment of the aluminum-bearing rock series of the Benxi For-
mation in the Zhaogezhuang area is mainly a humid climate, a continental deposit from an oxygen-
rich environment, and finally the aluminum-bearing rock series of the Benxi Formation in the
Zhaogezhuang area of Tangshan, eastern Hebei, was formed.
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Figure 1. X-ray diffraction pattern
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Table 1. Determination results of major elements in bauxite from Zhaojiazhuang area, Tangshan, Jidong (unit: wt%)
F 1L EFRBELREEMXEIT FTETRNELER(EL: wi%)

ES T RS 1 2 3 4 5 6 7 8 9 10
AlOs  22.65 2138 2330 37.70 2472 3819 2315 2293 2180 48.76
SiO2 65.77 6439 6227 4514 5735 4503 5870 6335 64.65 39.03
Fe20s  0.868 2.38 2.32 0.921 6.58  0.595 5.72 2.73 2.96 0.796
TiO2 0.69 1.44 1.34 1.67 1.44 1.22 1.25 0.90 1.13 2.68
—— CaO 0.19 0.30 0.24 0.13 0.15 0.17 0.35 0.19 0.12 0.05

MgO 0.63 0.64 0.89 0.24 0.29 0.18 0.85 2.23 0.97 0.001
K20 2.17 0.80 2.76 0.36 1.25 0.17 2.95 3.66 2.28 0.17
Na2O 0.34 0.20 0.00 0.05 0.04 0.02 0.13 0.21 0.16 0.04
MnO 0.01 0.01 0.02 0.01 0.03 0.02 0.02 0.01 0.02 0.01
P20s 0.075 0.064 0.056 0.107 0.111 0.034 0.063 0.0564 0.0565 0.0625
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Figure 2. Graphitic representation of bauxite classification in terms of SiOz-Al203-Fe203
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Figure 3. Diagram of lateritization degree of bauxite Al203-Fe203-SiO2
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Ga. Y. Ta fll Pb {4 &4 5k 5.8~538 ug/g 2 I8]. 0.97~4.28 uglg 2 [f]. 8.15~69.36 ug/g 2 ], 6.9~102.09
ug/g 2 [al. 9.36~30.8 ug/g . [d]. 12.47~52.1ug/g 2 [A]. 0.27~1.8 ug/g 2 [A]. 9.83~51.5ug/g X [d], V3514
3504 169.919 ug/g. 2.287 ug/g. 28.29 ug/g. 36.6 ug/g. 24.03 ug/g. 23.8ug/g. 0.716 ug/g 1 23.23 ug/g.
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Table 2. Determination results of trace elements in bauxite from Zhaogezhuang area, Tangshan, eastern Hebei (unit: wt%)

#2 BREABELURSEMXBIT HMETRMNESRERM: wik)

R 1 2 3 4 5 6 7 8 9 10
Li 11.3 396 75 538 5.8 177 77 69.78 16.6 33271
Be 2.63 2.35 2.43 3.66 4.28 1.07 2.05 2.31 1.33 0.76
Sc 11.8 11.7 13 11.9 19.4 10 15.2 15.21 4.12 5.49
\% 104 199 175 136 136 69.1 228 14163  129.27  232.49
Cr 49 75.8 56.7 81.4 140 23.4 84.8 97.75  81.67 8255
Co 1.52 13.2 6.61 4.8 26.3 2.58 5.17 10.55 1.44 6.07
Ni 7.68 44.6 25.1 71.2 45 11.2 19.8 35.63 9.92 31.12
Cu 21.1 423 234 8.15 35.9 9.32 17.4 69.36 11.5 44.48
Zn 14.3 63.4 315 14.1 87.7 6.9 261  102.09 1249 7.46
Ga 25 22.6 24.6 30.8 31.6 28.7 25.3 20.42 9.36 21.93
Rb 121 44.8 147 16.3 63.5 11.6 163 9235  68.85 4.16
Sr 103 50.9 83.6 201 93.9 13.2 67.9 5498 4543 3507
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=
Y 34.7 20.3 29.5 12.7 521 8.84 231 25.28 19.02 12.47
Zr 232 320 278 415 662 500 299 221.7 515.56  700.88
Nb 19 20.5 21.9 51.3 27.9 259 22.8 15.51 16.8 8.13
Cs 9.04 6.3 114 1.04 3.17 2.09 12.2 7.13 5.1 0.35
Ba 281 95.4 185 31.8 146 21.9 294 332.07  229.17 9.96
Hf 8.8 9.84 8.58 13.6 19.4 15.3 9.2 5.66 12.52 18.28
Ta 1.8 0.65 0.513 0.354 0.531 0.55 0.315 1.09 1.09 0.27
Pb 26 221 13 247 515 205 16 24.94 23.77 9.83
Th 204 17.8 17.2 26.9 28.5 14.6 20.9 14.56 14.23 17.53
U 5.39 5.09 411 141 7.84 6.7 3.93 3.47 3.51 13.35

Sr/Cu 4.88 1.20 3.57 24.66 2.62 1.42 3.90 0.79 3.95 0.79
Sr/Ba 0.37 0.53 0.45 6.32 0.64 0.60 0.23 0.17 0.20 3.52
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Figure 4. Spider diagram of trace elements in the upper crust of rock samples from the aluminum-bearing rock series in
Zhaogezhuang area, Tangshan
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JuFEI M 0.567~0.644, “FIJ{EN 0.565, RIAHEN Eu Hi7% . WRIER L oRE 5B LRI Eu
RO IR “V 7 RS, R R R AR R — 3 (B DA R R AR AR T E R, X RIS
W EAFAERAR—NEZ, EAANRREEPELS].

Table 3. Determination results of rare earth elements in bauxite in the Zhaogezhuang area, Tangshan, eastern Hebei (unit:

wit%)

3 HFEELURSEMXBETHLETRNESEREAM: wid)

FEm S 1 2 3 4 5 6 7 8 9 10
La 66.60 3740 5370  46.90  87.00 5.82 3480  49.88  34.28 6.98

Ce 121.00 70.60 8580 10500 153.00 11.80 5810 111.30 6942  20.81

Pr 13.10 6.94 9.43 8.57 16.10 0.91 6.30 13.82 7.70 1.61

Nd 4860 2460 3210 2930  57.80 3.13 2290 5693  26.07 5.84
Sm 9.2 4.37 5.23 4.3 10.6 0725 412 9.94 4.58 1.2

Eu 1.36 0.80 0.99 0.66 2.19 0.13 0.80 1.79 0.84 0.29

Gd 8.24 417 4.88 3.32 11.10 1.04 3.90 7.66 3.90 1.58
Tb 1.31 0.66 0.87 0.45 1.80 0.18 0.66 0.98 0.55 0.31
Dy 7.25 4.03 5.46 2.73 10.20 1.52 4.33 5.03 3.17 2.13
Ho 1.34 0.77 1.08 0.50 1.94 0.29 0.87 0.99 0.65 0.46

Er 3.98 2.36 3.36 1.69 5.71 1.02 2.82 2.84 1.92 1.32
Tm 0.77 0.45 0.67 0.33 1.10 0.18 0.56 0.43 0.29 0.21
Yb 3.58 2.29 3.2 1.88 5.07 11 2.87 2.9 1.99 1.42

Lu 0.55 0.36 0.49 0.29 0.75 0.18 0.43 0.43 0.30 0.21

SREE 33338 1918  249.76 23052 43586 46.865 181.76 30541 1788  62.33

LREE 259.86 14471 187.25 19473 326.69 22515 127.02 24366 142.89  36.73
HREE 7352 4709 6251 3579  109.17 2435 5474 6175 3591 25.6
L/H 3.53 3.07 3.00 5.44 2.99 0.92 2.32 3.95 3.98 1.43
(La/Yb)N 1254 1101 1131 1682 1157 3.57 8.17 11.60 1161 3.31
(Gd/Yb)N 1.86 1.47 1.23 1.43 1.77 0.76 1.10 2.13 1.58 0.90
(La/Sm)N 4.55 5.38 6.46 6.86 5.16 5.05 5.31 3.16 4.71 3.66
5Ce 0.93 0.98 0.85 1.17 0.92 1.11 0.88 1.00 0.99 1.44
SEU 0.47 0.57 0.59 0.52 0.61 0.46 0.60 0.60 0.59 0.64

5. ¥IBRXkR

JRAT AT LAy AP e R T BEA AL ™9, — 5T S OAR A 14 s 1 AT
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NI AFERPIERKE SR, 4L AAS B AL 215 5 W] REAF T 22 5 . HERR RN 3R 1L
A% HE ML X AR A 55 B 2R IR 4 T SR I 7 5 S B 2L

AT Zr/Sc-Thise —JulElfig (1l 5) T BLRISK I AR B 118X 2% HE ML IX AR5 B oA R I RCE 2
JECE AL 2 2 el sV B Y, XA Zr TR FEAAETRENET AT, Th TR
FERRIES TR 4RI Sc TURAEFENES T 70 ) &= SR IURF R [16] . BEE TR INHEAT, DRI IR E A
PRS2 AWIE S, MEKBCE TS, AR Zr/Sc 34 KT ThiSc BEARGRFFAAR[17]. KILE R
X M X AR A &5 A0 A 2 B A2 U o042 8l 1T AR O A0 o 1Y) 22 i e s 1 S 30

10
o7
= 1r
F
. o JHIRALEHX
ZRA REBEAEGEER
0.1 L L
1 10 100 1000
7r/Sc

Figure 5. Zr/Sc-Th/Sc diagram of the aluminum-bearing rock series in the Benxi Formation in the Zhaogezhuang area, eastern
Hebei
B 5 EANESEMXAZAESEER Zr/Sc-Th/Sc EfE

AR B SCRTANSE AR b X AR 2 B 4528 3 80 0 TR IR 2 eI A Y, sl FIH R MEn R+
o TR AE A P R P A BN RS B R 2, AT R TR IR, HEB Rl VR AE . T
X R, @A AR I E R G R I ,  REHET IR X KBRS, BETTAR R A
BER.

B0 3 B 0 B A SO FH 3 4500 5% X AR AL 54528 R ALOs AT TiO, 7] LU R Fe /R JUR B
MR, AL Ti&EroR, HIERL. #z . ERdEPBREE, FIE%. FE4E[18], X4 ALOJTiO,
<10 I, YU BES ATREKR B EREE R A - 24 ALOSITIO, ELE>20 I, RS ATAE R K IR A [19]. FEAM
HHEHLIX AR SR A &R ALOs F TiO, (I L E BUE VG 14.84~32.82, ~“F-34{E K 21.75, 45K Z % AlOs
Al TiOz ME KT 20, MK — fUR] DAHE B 3 2 00X 5% FE X AR 20 25 45 2 5% 6 0 Ui 40 o Skt 2 K o
JRPIIRIX .

R FH Bl AN e 2% AU ) T DA TAR S DU 2R Y AT SR BRI 4y . X R A E TR
FEAN RS A E SRR F], ARHE X — S 70 2R 70 3R A O R BRI AR B SR T B AR .
BEX Eu S HAT DUSOSIUE X E B [20] [21], _E3bAE Eu 5% —fh 0.66, Z 4 Eu 58— 0.9~1.03.
R H Eu/Eu*-TiO2/AlO0s MR (1 6(a))rT LA SRFIWT A (5 R, o LUK ILRE S A7k T BHbaem b7,
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FAAERR I i S AE R BN, XN Rl W FORIE B Fe iR 5%, FRAAE T & S MR .
HRHE La/Sc-Th/Co KfigE (K 6(b)) Tl LUK ISR B LR 25 ML X AR AL 5 e vk T e SRS 2 18],
A AR R RIE T RIS A b M4 Th-Hf-Co = IR 6(c)), wIHIRE S, A1 AT AR ARIRE il BAK
FERRKIERNE, HFAAELBNAICE S5TRE . IRYE(La/Yb)n-YREE BIfE(14] 6(d)), wT LA LA 2 4kt
mn TEAEAE REA SUTRUA I X, Gl X — 70 Bo A U W AR & M AR A 5 0 e R iR X R 2
&AL A SUTRE T . KIEBT LR R R 0 — RS A B LR s XA AL 5 s R )
JRRIRTF HIRVEAE B 4 o

100
0.12 o RMA X
RBRAETHEAER
0.10 F
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Figure 6. Discrimination diagram of aluminum-bearing rock series in Benxi Formation in Zhaogezhuang area, Tangshan. (a)
Eu/Eu*-TiO2/Al203 diagram [22] [23]; (b) La/Sc-Th/Co diagram [24]; (c) Th-Hf-Co diagram [25]; (d) (La/Yb)n-Y REE dia-
gram [26]

E 6. BULREEMXARASIRERFIFER. (2) EWEU*-TiO/ALOs ElfE[22] [23]; (b) La/Sc-Th/Co EfE[24]; (c)
Th-Hf-Co E##[25]; (d) La/Yb)n-YREE ElfZ[26]

6. TEAIFEE
FETCR MERL AU, R ARG oo R W RS AR, BRI AR 70 R A 5 AR,
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IR B T R AR - e R R R /R TR IR 55 X W I R YR A 5 [27] [28]
6.1. sgPkHE

TETCRHIR 2 Sty Ba 5 Ga yo 3 SRR /AR UURRERES, TERFAHIASE , B TEUM B 1R A28
KILAA TR DIKERE, STHE LY. BREMENURSERM, SEEEmHETASE TITRE
f. TEHEREAS BT, WK S BUKICA, WK Ba? 2> 5K 11 SO% 454, K BaSOa HIVA R HAK
B RYTTE, BZRKFH) Ba2 IR R %, {H Sr*EIARSYIE R 4k ST R 2RI . fERAIREE T,
T A LRSS, 7RIS ISR A 5 TR UL 22 T0E, DR 5 2 ARG 2 b i N if,
fEAFI K AR K T 8U29]. S HRTARIBE AR, 24 SriBa > 1 B4R/~ A AHTTRIAEE: 2 Sr/Ba< 1
I TR IS AL TR AU [30]; 45 F40 %> Sr/Ba IMEAE 0.6~1.0 BN RUKAH, /N T 0.6 I ARURIK
ARG 3 MR R BIE R W iZX L8 Sr/Ba 2L IEEl N 0.17~6.32 ppm, H1E N 1.31ppm, 4 5
FEfbE 10 SRR 5 Sr/Ba I EL(E 2> 8 6.32 F1 3.52, ARFE 4 S HE S 10 5 FF S TR HA B R A A TR
W, HARFEMBMEDN 0.39, HME/NT 0.6, AFRILREEFIVRRE ISR R AEUTRR A, 4% Fn] n 5L
S LB & X AR ZH 5 B R AR AR TR R 3, 56 T Rt DXt O 8 5% W R 3 2 LB %
i X AR B4R E RTEDUAR I R v 2 S22 A e 50 5 I ot 2 EL AR TR A B

Ga Jua A KW RE A 5T, Ga Ju R AE KGRI K IE S TUA H RN E 5 4 Ga [ 5>20 x 1076 ppm
R BRI 2 Ga 7 &<15 x 107 ppm o NI EE; AT I R RN I AR . 3R
JE L FEH X AR ZE B AR B R Ga I HUE TS LA 9.36~31.6 x 1076 ppm,  #F & AH —AMFEA Ga 1)
&8 49.36x10%ppm, H4 Ga S EHAT 20 x 1078 ppm. I IR 2 A] A HLBE 2R 1L b X AR
HE A RV AR AT, HARAE S22 SR 52w B H I SR I AR ORI 55

6.2. HEESRY

MEITGEST Sr 5 Cu A ST SRIAEA R, XZBN Cu fEA—MsRIBEc R, HAEKAE
HAAE TS 5 SR A B VI OC . TEIRBRIRIE A, KR Cu 18 H 2IABEARE, MELURE
DUBEs METRAMGERMET, HTmEMARIER, KT R Cu it T i, 48U Cu JuK
T, SEAT AN, 4 Sr/Cu < 10 BFYTAREREE NIRIE S %: 24 Sr/Cu > 10 B TR N %
RS A%[32] [33]s ZIX AR LA SrICu AL I 0.79~24.66, HMH N 4.77. HHILW LUK IS AR FE
LB 5 FE I X AR VR 2H B 45 28 R UTAR R IASE ORI U3 3, AELERES Sr/Cu B I =y 1 R R 2 R Dk =2
WK, BUE Sr )& B AR A B T B A%

6.3. HEMNTEFM

BT A I S 2 A FRD A3 38 5 A P AR o B 52 SR JOIR 34 1 R e 3R B L UL RAE T AR W)
VORI AR R 26 A . AR SR I TR E 24 U V. Cry Co. Ni fil Mo S5fETR, XEH
AT REETTRARNIAE R 53, WEAE A, JFH—BREDR, R A ETR, feiiR
ORI A JRARIE %, R AT DAE 050 i OB AR AL - I IR B4R AR [34] . 456 BT AR ER & 0BTk
N VICr. Ni/Co Jz UITh HE R HC AR FEM S, Th M U Joa M EMERTE R JFE RS A1, (AFE
EACRE T AR K. FERAEMET T, Th REE=0M—MNESHA SR, U AR, U ERE
JORZE T NIEDA, BAETIK, MERMIRE TRICVIEANT, S TK, bl U EEEEF T RS
B MAERMIRET, JFARYT U S EMANER. B TXWMTR ek 225, HAH Umh
EEARL I 40 iy B 24858 A S AL JRUIR AR [35] - ARFE AT A RIBIE 7T A B4 UITh>1.25, RIS L I8,
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2 UITh FBUETE L 0.75~1.25, RICATVAM IS IEREL, 24 UTh<0.75, REAMANIAEL. % VICr<
2 A1 Ni/Co < 5 I S BIUTAR I Ak T & A TR IR B ;. 24 2 < VICr < 4.25 FI1 5 < Ni/Co < 7 I 15t BT AR EA
BERTVRMUIURRAEL; 24 VICr > 4.25 F1 Ni/Co > 7 IR BN EIAEE . $dlE#R 9 U/Th, V/Cr Al Ni/Co Lt
1E A8 ALY Bl 23 51 9 0.188~0.761. 0.971~3.086. 1.711~6.889 #4{E N 0.35. 2.005. 3.031, ¥ BT
WU EAEAE, DE R IR ERE.

[FE A L ou g H Cev Bu JGERH FRE N IR A A IS S5 2 14 1A Rda R AI[36] . TEAMIAEE T, P
Vb Ce &K, SAEMABERIMIEIEHEUE Ce® B A bk Ce*, WA RILIE Ce FH . EREIMEET,
BT Ce3 ¥ 5 R SA, SRR R Ce #[37] [38]. HEAMIEET, vt Eu T
UL BB R AE, SHAWE L RFEDS A, LRERE . (HEREREE T, Eu S #EE N =M
A Eu?, BEuMRZe# ARHCASEE ST Y, SEBERRSE A Eu 5 Hi(5 Eu 53). 4 0Ce Fl SEu<1 B
NG, 5Ce Al 6BU > 1 Fon g 4E[39]. AR 1A S 0Ce AR {L TG A 0.848~1.442 ~F351H A 1.028,
FOPERG =T 1, BRI IE Ce 7% . Ce MIARLIZBNIR /N, AR ITAH 1L FEth X AR 24 545
F R TEAMN - JE MG T T . 5 oEu BRI A 0.567~0.644 ~F- 3512y 0.565 F I N B . 1)
Eu 5% . 2500 X & FEHL X AR 20 545 45 2 6Ce F1 OBu FRBE AT LUK IR, 8 LLX 5 FE b X AR 20 2
A RTINSO & SIS iR Lo R B T LUK Eu b3 2BLHIR “V7 B, R
VIR EE AR — 5
7. BE

AR SCHIE XRD A AT FHHEER (b 2% 730 B 0] 328 L X 4% FE L X AR 2H B 4528 R I AR F
A LR RFEEAT 7 00T, IR T HUBERAb 2R HE X A RS A el P R IR R~ & S, EES 3]
TULR4iL:

(1) FERF LB E X AR A & 50E R EER ARy E A R KA KR A,
BUERE™ . SRR,

(2) WFRIX ARG E RZTF V. Cr. Ga. Zr. Hf. Th. U S8 EZEE4; Li. Cs. Sc. Ni. Y &7t
AN E4E, Sr. Ba. Ta & 5#i; Be. Co. Cu. Zn. Rb. Nb. Pb jL &AM T,

(3) WHALX AR B 80 R M L e 3 A e i 2 A B e e R . et L ORI B, M
AP ENE N o

(4) BRI ARIRA TS RV BRI T R ER ML K %

(5) WHAIX AR B EE 7 R BT IS 1) R B I S, R BRI & A AR O

e HE

T AE A8 K FE b B R S SE I R TR 3 ST E b AR AL AR X A AR A R 2
FERRAT TN 7 (13000025P00B04410112E); H AR THEERHT — ko3 SR GRS AT AR S IE TN E  “ H e
X7 AR 4 20 AR SR P BE X AR A B R E 7 (ZKKJ202403-4).
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