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Fig.1  Study area location, well distribution and lithological profile
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Table 1 Main elements in coal-measure shale, lower Taiyuan Formation, Linxing area (%)

BEG S TOC S P,0, Fe,0, Sio, ALO, MgO Ca0 Na,0 K,0 CaO/(MgO+AL,0,)
Vi-1 0.41 0.40 0.13 1.72 63.13 24.71 0.14 0.10 0.21 5.63 0.03
V12 1.12 0.37 0.16 5.41 60.48 20.93 0.86 0.77 0.30 3.50 0.04
V1-3 1.48 1.68 0.13 13.28 58.98 16.34 0.35 0.42 0.24 1.78 0.07
V-1 2.42 0.32 0.14 1.97 58.49 26.87 0.23 0.20 0.13 2.00 0.03
V5-3 3.61 0.12 0.12 1.61 62.69 20.42 0.39 0.37 0.20 4.07 0.05
V10-1 3.05 0.07 0.06 0.99 61.21 21.54 0.17 0.14 0.13 2.00 0.04
V16-2 1.85 1.21 0.09 5.07 61.47 22.83 0.31 0.11 0.28 2.76 0.02
V17-1 1.55 1.20 0.11 9.07 61.86 20.96 0.83 0.88 0.36 3.17 0.05
V20-1 4.00 0.29 0.05 2.60 59.80 24.09 0.42 0.47 0.53 5.14 0.05
V20-2 493 0.19 0.12 1.55 61.41 20.49 0.33 0.34 0.16 3.39 0.05
V20-22 1.81 0.02 0.03 0.61 62.84 17.57 0.24 0.11 0.24 1.89 0.03
V21-1 0.61 0.39 0.17 1.70 61.53 20.14 0.20 0.34 0.11 3.52 0.08
V22-1 1.82 0.31 0.06 2.00 63.08 15.90 0.29 0.12 0.18 1.60 0.03
V27-1 1.03 0.20 0.16 2.41 63.48 21.87 0.46 0.39 0.29 5.10 0.04
V28-2 4.07 0.05 0.04 0.86 57.84 28.96 0.13 0.11 0.18 5.48 0.01
V33-1 2.60 0.38 0.10 3.53 58.90 26.59 0.79 0.19 0.15 5.30 0.01
V36-1 2.39 0.35 0.13 6.49 59.14 20.77 0.82 0.79 0.21 3.12 0.05
V36-11 3.08 0.03 0.04 1.17 62.19 23.05 0.18 0.14 0.13 2.02 0.03

(154> J& T DX 38 (B 7% £ 0.029%0~0.41%) , B A7
3AVFE S B A (1.21%~1.68% )
32 EERENH

FHRICE T BRI IX K IFE T B R e it
FHHFEE RS M Si0, . ALO,  Fe,0, 1 K,0, 4 F a7 Y
RIS 82.9%~95.2% (% 1), Hir,Si0, & i
BT 57.8%~63.5% , -3 61.0%; ALO, & 1
W2, H AT 15.9%~29.0% , -3 1 22.1%; Fe,0, )
AR, & BN T 0.6%~10.3%, V-1 1 3.5%;
K,O B &8N T 1.6%~5.6%, FY N 3.4%, BT %
4Py, RIFALT B R P vTA T 3 A D H Y Na,0
(HFEANT 0.1%~0.5%,F34 0.2%) MO (F &
T 0.1%~0.9% , “F-31 4 0.4%) . CaO (& A T 0.1%~
0.8%, “F-34°4 0.3%) . TiO,( & EA T 0.7%~1.8%, *F-
¥ 1.2%) F1 PO, (& A F 0.03%~0.16%, -3
0.10%) .
33 WELESH

TR Hras R o (R 2) A KRR T
BUE R TUAR LiL Co Ml Cu B R SR sh i ok,
B i B KA FN e/ IMELAH 22 40 45 A L RO NiZn
Mo 1 Cd, e KA 5 e /MEAH 22 10~40 15 ; BRI Cs
FHE, fe KAH S e /MEAH 22 5~10 £ ; Be .V . Cr. Ga,
Ge.Rb.Sr.Zr.Nb.Sn.Ba.Tl.W.Ta.Ph.Bi fl U & &
BRE K AE S d5/IMEAH 2 1~51i% .

PERFE ORI T BeE R e iAot R S
SR GUAPHEATXT L, A5 B IXCOR R ZH T B R e
TUA MR TR B ERE . 455 Bon 19T X K
T BUR R PR TLA T Ga HE Bi Zr ,Pb A1 Th & 4 ;
Cr.Co.Cu.Zn.Rb.Sr.Mo.Sn.Ba.Ta . NiflCd = ifH
o HA TR BRI A TR F R
34 I ITEMIKUEFIFE

W X R AT B R Ve v a T i - S
(SREE) 43 i 75 97.10~535.27 pgflg Z 8] , X1 K
27742 pglg, & Kbk b 5E™ 5 1734 % i (SREE=
146.4 pg/g) 1 194, B - DUA 1.4 65, R
REE & &£ f¢#1F . HE M + 0% Z b LREE/HREE
(L/H) } 9.56~33.68, -2 {H & 16.09, b I #h7¢ 1/H
FE1E (9.5) K, Lay/Luy 4 1.80~3.27, ¥ KT 1, 6Ce st
F0.88~1.13, F-#J{H 4 0.98; 6Eu 7 T 0.62~1.11, °F
YIE M 0.89(F3),

4 ST

41 HMEENEHE

WFFE X R 52 T B 2 Ul D0 v et oo 22 K
PR WR(£2),WIVATHITE (Ca) H AT
20.55~30.35 nglg, V- ¥{H K 24.7 pelg, KT LHL5E
(17.5 pg/g® ) TP U (19 ng/e™) hEM & i, 5
A3 DI HEAR IR BT B A, B R
SRS Tl B A7 (30 pg/g) s
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®2 IEMHRXKRAETEREREITUE RRET RS (ng/g)

Table 2 Trace elements in coal-measure shale, lower Taiyuan Formation, Linxing area (pg/g)

v/
EEE RS Li v Cr Co Ni Ga Sr Zr St/Ba 86U (VeND St/Cu V/Cr  Ni/Co Th-Hf Th/U
+N1
Vi-1 45.81 6745 4421 085 545 2580 153.06 18492 079 086 093 8522 153 643 397 446
V12 16.62 108.08  57.53 17.99 2244 2362 51287 36930  1.08 081 083 4162 1.88 125 899 491

VI-3 26.33 95.35 5586 22.00 30.01 2289 258.38 328.59 0.66 090  0.76 12,51 1.71 1.36 1.75 4.10

V4-1 52.50 147.33 79.87 1679  62.84  26.66 169.32 231.52 0.32 0.79 0.70 16.12 1.84 3.74 6.69 5.11

V5-3 49.72 116.79 5377 1854 3352 2398 154.35 183.80 0.34 0.81 0.78 4.92 2.17 1.81 9.98 4.94

V10-1 55.18 127.33 66.01 11.86 4580 2336 233.89 257.36 1.13 0.89 0.74  20.78 1.93 3.86 3.72 4.19
V16-2 47.38 108.73 60.85 21.57 3139  25.06 153.21 276.82 0.40 0.85 0.78 6.31 1.79 1.46 7.12 4.52
V17-1 39.51 138.82 73.87 2832 38.68  24.86 190.76 269.31 0.36 0.85 0.78 15.75 1.88 1.37 6.46 4.47

V20-1 51.17 94.47 49.45 16.30 3375 2448 99.35 173.53 0.28 0.89 0.74 2.51 1.91 2.07 4.56 4.16

V20-2 50.53 90.89 43.68 1390  29.05 2433 101.46 194.35 0.27 0.85 0.76 3.51 2.08 2.09 9.46 4.52

V20-22 42.41 152.52 82.98 1938  64.02  23.03 175.30 172.67 0.49 0.86 0.70 13.13 1.84 3.30 6.87 4.39

V21-1 20.15 82.28 33.66 6.73 25.01 21.92 807.03 78.34 2.14 1.06 0.77 89.11 2.44 3.72 3.77 2.96

V22-1 88.52 100.92 67.41 1222 23.69 2055 82.17 290.71 0.26 0.91 0.81 3.15 1.50 1.94 5.35 3.96

V27-1 21.85 72.64 39.79 3.81 791 23.23 132.23 240.58 0.32 0.84 0.90 6.30 1.83 2.08 19.19  4.65

V28-2 41.88 59.64 34.44 5.82 16.31 26.40 201.45 95.38 0.90 0.88 0.79 9.44 1.73 2.80 1048  4.26

V33-1 117.16 97.57 66.60 8.64 28.37  27.16 63.28 457.44 0.17 0.82 0.77 5.82 1.46 3.28 7.11 4.83

V36-1 36.12 128.93 54.11 9.27 26.46 2351 139.72 168.96 0.36 0.86 0.83 4.14 2.38 2.85 1449 438

V36-11 45.88 132.30 76.31 11.65 18.28 2231 122.40 367.88 0.37 0.92 0.88 4.51 1.73 1.57 8.12 3.88

®3 IR KXFEATREREREPHLTEZIRSTEIE (ne/g)

Table 3 Rare earth elements in coal-measure shale, lower Taiyuan Formation, Linxing area (pg/g)

RS La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yh Lu Y
Vi-1 23.89 4420 455 1412 221 0.35 1.79 0.31 2.02 0.41 1.31 0.22 1.49 0.23 10.71
Vi-2 13691 26637 2413 7932 1091 2.20 6.91 0.77 3.48 0.59 1.66 0.25 1.55 024 1386
Vi-3 47.89 9520 1070 39.69  6.50 1.32 5.23 0.72 4.10 0.76 2.20 0.34 2.22 0.34 19.20
V4-1 5540 119.62 1190  40.71 6.34 1.00 4.56 0.72 4.15 0.79 2.44 0.41 2.64 0.40 19.25
V5-3 70.62 13886 1525  50.16  8.82 1.46 6.74 1.05 6.00 1.08 3.15 0.49 3.11 046 2637
V10-1 5154 10413 11.87 3954  7.34 1.28 5.97 0.94 5.30 0.98 291 0.47 3.09 047 2421
V16-2 7846 15720 1637 5744  8.73 1.70 6.46 0.91 5.20 0.97 2.77 0.42 2.66 0.41 24.37
V17-1 61.82 12526 1335 4738 793 1.70 6.92 0.99 5.63 1.04 3.00 0.46 3.03 047 2727
V20-1 4836 9399 1052 3776 6.23 1.21 5.04 0.75 4.42 0.84 2.42 0.37 2.45 037 2097
V20-2 6040 12290 13.16 4654 778 1.46 6.19 0.89 5.01 0.91 2.61 0.39 2.48 038  23.80

V20-22 4888 10178 10.19 3321 5.07 0.95 3.87 0.59 3.65 0.73 224 0.36 2.40 0.37 18.75
V21-1 3483 6926 737 2434 418 0.74 3.02 0.47 2.60 0.48 1.42 0.22 1.37 020 1218
V22-1 5210 100.82  11.98 4049  7.50 1.18 5.91 0.97 5.77 111 3.47 0.60 3.97 0.60 2534
V27-1 70.62 17794 1801  63.02  11.37 1.35 7.95 1.17 5.94 1.00 2.79 0.44 2.64 037 2230
V28-2 69.25  148.63 1513 5454  8.89 1.70 6.23 0.78 3.90 0.68 1.91 0.28 1.80 0.29 17.11
V33-1 59.10 10194 1036 3227 529 0.76 4.36 0.76 4.64 0.88 2.61 0.41 2.60 040 2169
V36-1 91.87 15260  14.05  44.91 6.10 1.25 4.56 0.64 372 0.70 2.05 0.31 1.90 0.28 16.38

V36-11 79.99 178.95 15.80 51.17 8.31 1.42 5.95 0.86 4.59 0.83 2.37 0.36 2.19 0.32 19.21
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Enrichment Characteristics and Genetic Analysis of the Strategic
Metal Element Gallium in Coal-measure Shale, Lower Taiyuan
Formation, Linxing Area
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Abstract: Gallium is enriched in the coal-measure shale of the lower Taiyuan Formation in the Linxing area of the Or-
dos Basin, with an average content of 24.7 pg/g, but is lower in the northern and southwestern regions of the study ar-
ea adjacent to the Zijinshan rock mass. The gallium in the coal-measure shale in the study area mainly occurs in ka-
olinite in the form of isomorphic replacement of aluminum. Alkaline feldspar in the clasts is another significant source
of gallium. Elemental geochemical analysis indicates that the granite series of the Yinshan orogenic belt was the main
source of gallium-rich shale. The Caledonian North China Craton uplifted slowly and steadily over a long period of
time, providing a favorable environment for weathered source rocks to develop gallium-rich provenances. Weathering
and depositional conditions are the main conditions for gallium enrichment in shale: a warm, humid climate with in-
termittent periods of dry, hot climate, together with a predominantly freshwater anoxic reducing sedimentary environ-
ment. During diagenesis, the thermal evolution of organic matter in the coal measures released a large amount of organic
acid, which dissolved the alkaline feldspar debris and released the gallium contained in it, thus further increasing the
gallium content. The tightness of the coal-shale-sandstone system in the coal measures did not allow diagenetic-type
enrichment of gallium to continue. The enrichment of gallium in the mud shale in the study area is predominantly ter-
rigenous. Diagenesis and re-formation promoted further gallium enrichment to some extent. The heat generated during
emplacement of the rock mass stimulated migration of the low-melting-point gallium, resulting in lower gallium con-
tent near the Zijinshan rock mass.

Key words: Linxing area; coal-measure shale; lower Taiyuan Formation; gallium; enrichment properties; genetic

analysis



