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Abstract The variegated shale from the Gaolishan Formation in the Chaohu area, Anhui Province,
China, effectively records the palaeoenvironmental evolution of the Early Carboniferous, providing
valuable insights into the mechanisms of environmental evolution during this period. Based on field
investigations and sample collection, X-ray fluorescence spectrometer and magnetic susceptibility meter
were used to test the samples, obtaining elemental geochemical and magnetic susceptibility data, further
exploring the sedimentary source rock properties as well as palaeoenvironmental and palaeoclimate changes
during the depositional period of Gaolishan Formation. The results show that: (1) Major elements are
predominantly Si, Al and Fe. The large ion lithophile elements ( LILE), such as Ba, Sr and Cs, and
the transition elements, such as Cu, Zn, Crand V, are typically characterized by depletion compared to
PAAS, while the high field strength elements ( HFSE) such as Nb, Nd, Th, Zr and Hf are signifi-
cantly enriched. The enrichment of P, Ba, Mn and redox-sensitive elements Co, Cr, Ni and V in the
lower section suggests the increase of paleoproductivity and the change of redox conditions. (2) The shale
tectonic setting reflects the characteristics of the passive continental margin, which has undergone signi-
ficant sedimentary recycling. The parent rocks are mainly ancient upper crustal felsic rocks, and granite
may also exist. (3) The palaeoclimate of the study area changed from relatively warm and humid in the
early period to relatively mild and humid in the middle period, and then to relatively warmer and more
humid in the late period. The redox environment transitioned from weak reduction-weak oxidation to
oxidation, and the water depth changed from deep to shallow. The study area was characterized by a
marine-continental transitional face with brackish water environment, and the salinity was relatively higher
in the later stages. (4) This area may contain two stratigraphic units of particular environmental signi-
ficance. The GLS—4 unit represents an extremely humid and hot climate, along with a relatively deep-
water high-salinity environment, which may be influenced by diagenesis activities. The GLS—24 unit may
record unique geological events or significant environmental upheavals. Both of them require further investi-
gation. The results may deepen the understanding of the palaeoclimate, palaeoenvironment and their evo-
lution mechanisms of the Gaolishan Formation shale in Chaohu area, and provide a more detailed record
for understanding the complex climate and environmental evolution process across the Carboniferous.

Key words shale, palaeoenvironment, geochemical characteristics, Gaolishan Formation, Chao-
hu area
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Fig. 1 Tectonic sketch map of Chaohu area, Anhui Province (A, modified from Sui, 2017) and sampling position

in the Carboniferous Gaolishan Formation (B)
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Table 1  Major element contents (wt.% ) of shale samples from the Carboniferous Gaolishan Formation
in Chaohu area, Anhui Province
MW AT RERAIE/ m Sio, AL 0, Fe,0, K,0 MgO Ca0 Na, 0 Si0,+Al,0;+Fe, 0,
GLS-1 0.5 45.64 15.18 16.71 3.83 0.91 0.72 0.24 77.53
GLS-2 1.0 58.19 15.89 7.26 1.84 0.58 1.36 0.23 81.34
GLS-3 1.5 48.49 14.45 15.69 3.87 0.93 0.75 0.24 78.63
GLS-4 2.0 60.81 14.38 6.47 1.11 0.39 0.58 0.17 81.66
GLS-5 2.7 57.41 17.13 7.59 3.23 1.03 0.73 0.25 82.13
GLS-6 3.0 58.61 16.72 6.80 3.24 1.07 0.70 0.25 82.13
GLS-7 3.4 59.56 17.00 4.99 3.56 1.18 0.73 0.25 81.55
GLS-8 4.0 60.25 15.90 5.40 3.64 1.22 0.86 0.26 81.55
GLS-9 4.5 58.95 15.47 7.81 3.61 1.13 0.73 0.26 82.23
GLS-10 5.0 58.47 16.60 6.53 3.90 1.20 0.74 0.26 81.60
GLS-11 5.5 63.58 14.46 4.58 3.17 1.03 0.70 0.25 82.62
GLS-12 6.1 57.00 17.31 7.19 4.26 1.20 0.65 0.26 81.50
GLS-13 6.5 55.04 17.50 9.62 4.25 1.19 0.69 0.26 82.16
GLS- 14 7.0 54.14 16.89 9.47 4.31 1.17 0.65 0.25 80.50
GLS-15 7.6 61.28 15.64 4.09 3.71 1.20 0.61 0.24 81.01
GLS-16 8.0 51.26 19.08 9.51 3.95 1.17 0.94 0.25 79.85
GLS-17 8.6 59.51 15.41 8.21 4.04 1.25 0.63 0.25 83.13
GLS- 18 9.0 63.01 14.27 5.64 3.36 1.08 0.64 0.26 82.92
GLS-19 9.4 54.02 16.85 9.83 5.01 1.48 1.35 0.38 80.70
GLS-20 10.0 57.04 17.01 6.23 5.26 1.61 0.62 0.33 80.28
GLS-21 10.3 52.81 16.57 13.24 5.12 1.44 0.59 0.32 82.62
GLS-22 10.5 57.29 16.82 7.02 5.14 1.58 0.70 0.39 81.13
GLS-23 10.8 56.72 15.51 9.92 4.79 1.44 0.83 0.32 82.15
GLS-24 11.0 54.75 18.44 6.53 4.45 1.28 0.70 0.35 79.72
GLS-25 11.2 50.27 17.11 16.49 4.13 1.03 0.71 0.25 83.87
GLS-26 11.5 55.25 17.84 8.59 3.00 0.90 1.46 0.22 81.68
GLS-27 11.8 58.40 16.97 8.29 1.22 0.35 0.49 0.21 83.66
GLS-28 12.0 59.30 16.56 5.74 1.81 0.54 0.57 0.22 81.60
GLS-29 12.5 56.93 18.19 7.68 1.24 0.35 0.89 0.21 82.80

0.39%, K,0, MgO. CaO. Na,O % & &4, ol
AE5 K. Mg, Ca, Na %5648 T HR T 5 MBS
RUAR IR 8 3 R A

3.2 WETERFIE
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WA an 3% 2 . DL b it oo R i & A 5K
THREA D E LR (EF) #7Hm. AT
T BRTC 2 R U5 22 52 0 2 % 45 R 2w, % >R ]
AURRHEA R TR & R A% (EF) XHIURR Y 9 oc
HHATHRAE (Tribovillard et al.,2006) , ZAS W58 R B
WA AR EF = (X/AD) 4/ (X/AD) s

(Taylor and McLennan, 1985), H i X F1 Al FEI/R
TR, (X/AD) o 17 )5 Ry 17 R A 00 19
V2 X/AL . 3 EF > 1, W0 ER X X T
PAAS (Ja Kl B R MW ) & 45 34
EF <1, MICE X HxX =8,

o 20000, AR RE TR A JCK Ba, Sr,
Cs F Pshu BE R, XS T PAAS Wl 5 #i; i
BHOLR Cu, Zn Bl FH#, Cr, VR THES
wAE, WAORZEMITTRAMERE., B, d¥E
BILRMAKE TRATTRU T IO L. MYt R
Nb, Nd, Th, Zr, Hf B8 & 4%; BA &A™ 145
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Table 2 Trace element concentration (wg/g) of shale samples from the Carboniferous Gaolishan Formation

in Chaohu area, Anhui Province

WSS FERAALE/m Ba Sr Cs Nb Nd Th Zr Hf Co Cr Ni Zn v Cu p Mn
GLS- 1 0.5 1604 43 5 16 73 22 141 6 28 84 56 84 144 30 1559 13612
GLS-2 1.0 212 64 7 19 36 14 521 5 11 90 58 49 116 25 423 893
GLS-3 1.5 1289 24 5 19 53 24 169 6 24 83 48 62 138 8 1140 10209
GLS-4 2.0 403 260 7 14 59 13 409 5 32 230 88 75 84 9 749 2594
GLS-5 2.7 157 83 6 29 34 18 357 5 79 101 47 77 154 20 592 332
GLS-6 3.0 185 39 6 27 30 18 325 5 34 98 38 63 148 27 460 308
GLS-7 3.4 187 72 7 26 32 15 328 5 18 91 33 47 135 24 397 226
GLS-8 4.0 201 62 7 24 42 15 324 5 39 86 47 45 127 30 417 541
GLS-9 45 170 42 6 24 46 16 282 5 46 87 52 68 135 33 686 382
GLS- 10 5.0 161 40 6 2 42 16 256 5 20 88 44 46 124 26 587 180
GLS- 11 5.5 169 29 7 24 34 14 339 5 11 78 31 34 112 11 322 386
GLS- 12 6.1 104 24 7 18 37 13 261 5 11 97 33 36 117 11 407 91
GLS- 13 6.5 135 30 6 19 41 16 202 5 12 97 30 36 112 7 450 422
GLS- 14 7.0 342 27 6 18 38 16 232 5 18 85 44 44 114 14 569 4285
GLS- 15 7.6 134 13 8 19 26 9 358 4 9 76 22 29 96 17 322 162
GLS- 16 8.0 417 38 6 18 36 17 162 5 15 104 41 59 141 17 545 2949
GLS- 17 8.6 174 24 7 20 34 17 227 5 18 8 37 39 115 7 289 980
GLS- 18 9.0 105 38 7 23 45 15 338 5 16 79 40 33 12 22 611 173
GLS- 19 9.4 155 71 6 29 90 22 246 5 15 92 46 48 127 12 1956 90
GLS-20 10.0 174 24 7 20 27 15 261 5 15 88 39 37 99 26 242 91
GLS-21 10.3 136 23 6 19 50 23 220 6 16 93 41 39 113 7 292 102
GLS-22 10.5 149 22 7 28 44 15 189 5 26 101 50 44 105 32 393 180
GLS-23 10.8 126 21 6 22 45 19 185 5 14 83 40 39 106 8 1272 104
GLS-24 11.0 355 1869 7 29 320 22 400 5 14 115 52 46 119 40 1633 76
GLS-25 11.2 133 71 5 20 89 23 172 6 19 9 54 51 147 13 628 168
GLS-26 11.5 156 43 6 19 27 15 315 5 22 116 52 43 125 41 322 210
GLS-27 11.8 114 52 7 21 35 15 89 6 7 137 26 15 151 9 286 67
GLS-28 12.0 135 88 7 23 29 13 815 6 10 118 34 24 128 24 392 70
GLS-29 12.5 131 52 7 22 35 16 860 6 7 124 19 17 160 11 291 105

PAAS 650 200 15 19.05 32 146 210 5 23 110 55 85 150 50 700 850
B B 4 R AR 0.50 0.62 0.50 1.32 1.65 1.32 1.84 120 1.05 1.05 0.90 0.63 0.95 0.44 1.04 1.98

REXH P, Ba, Mn7E GLS-1, GLS-3, GLS-4
SR RS, B UK TR Co, Cry
Ni, VFEBUs T BORDU B 4

3.3 HMLEYFE

2 TP A A A 0 B 3 iR o IR T
TG AL XUt ARk Y Bl 7E 16.8 X 107° ~ 187.2 %
10°m’/ kg Z[a], F¥{H K 33.7x10° m’/keg; &
W0 B Ak R xhf A8 L E I AE 16. 1x107° ~ 185. 1

10° m*/ kg Z 6], F3E K 33.1x10° m’/ kg,
b2 i KA Fe /M AH 25 300, A b AIROM T o
Al AR & TR R B R, A B AR O A
B — PR o A ot v A0 A 23 5 IR Ak 30 2 AR
F R AR A B, AW I A BE B A B A A
[t B WA R AE B AE bR o AL, AR AR
2 A HEAC R AR, b GLS—4 B 5 W WGk 3 = %
EE, mik 187.2x 10 m’/kg, T WE{E N GLS
24 FESY, WEALE AR/ R 59.2x107° m*/ kg,
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Fig. 2 Enrichment characteristics of selected trace elements of
shale from the Carboniferous Gaolishan Formation in Chaohu

area, Anhui Province
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Fig. 3 Magnetic susceptibility curve of the Carboniferous

Gaolishan Formation in Chaohu area, Anhui Province
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Th/Sc 5 Zr/Sc 5823 K2 U TR 43 18 717G
W E R & LK f# (McLennan et al.,1993), FLL
FIW TR WAL 27 8o A2 A R e . TTRUE 1Y
Th/ Sc {8 s BEWTIR IX B A 1 AR S AE 28 D5 3 10
WAEH R UL Th Se Bl % KT 1.0, HAZH
B b Rl B JE 4L (Girty et al., 19945 7 5%
& 2021), BFREIX LA Th/Se {HA T 1.13~2.23
ZH CFEE 1.57), Ry F20oR A s 21 B
Rl SEHE IS 3 Ze/ S B ) BE & ORI 1 o403t A5 4 1Y
AR . PO o Th/Se 5 Zr/ Se 1L
IEASGEH S e LR ) 22 B A K O s
L B R = STV S U NP K | T i o i 2
(K 4-C), Hiaw e, KU m W2 E o s R
an T T UURERRE R, Bom IR A 4 oy, D
Bl AL, HAR G R B8R 58I PAAS FI UCC,
PR, A5 DX B L 20 D0 2 A2 B S B B Y
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Fig. 4 Discrimination diagrams of tectonic setting (A, B) and provenance characteristics (C, D) for shale samples from the Car-

boniferous Gaolishan Formation in Chaohu area, Anhui Province ( base images A —D modified from Bhatia and Crook, 1986;

Roser and Korsch, 1986; Floyd and Leveridge, 1987; McLennan et al., 1993)
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Table 3 Comparative analysis of depositional environment index for shales from the Carboniferous Gaolishan Formation

in Chaohu area,

Anhui Province

W IR G — i IS o k3 Rl % ‘
B FfEZ Rb/Sr Mg/Ca Ga/Rb K,0/ALO, Ni/Co Cen,n 100 % MgO/ALO, Rb/K Zr/Al Rb/K /107 m®-kg™ SRS
R X 1 A%
b LIS
Bt 10.8~12.5 1.25 0.84 0.28 0.15 312 -0.25 4.21 0.0045 0.0063 0.0045 38.86 TRABHR X A v
il| R A X AR
2K 85
AR R =BT AR 73
B AfLIBE
7t 2.0~10.8 6.19 1.46 0.12 0.25 2.19  -0.19 7.6 0.0054 0.0031 0.0054 22.99 TRAAR A R A R
1 R A R Y
PR FBE
AE R A58 B 1 /A
B 32.49 5 34 J5— 55 Ak BR
Bf 0~2.0 3.07 0.76 0.16 0.18 3.01 -0.06 4.7 0.0056 0.0039 0.0056 (S TR AR AR R 5 %
I GLS-4 J5) R B AR X A Y
K F 85

T PR B o B — B BOZ WS b 89T 21

wAE, BB T REAE T2 {E Y 32,5107 m’/ kg,
AT A 7 B T R K o RS B S A PP S M
ME, Brecll ves i fe R F 9 E Rk, Brie T
Z, BB, SR 5 M BRI 22 45 b B

BRI 1 B B BAR S B i . I B B A X R
TR0 I i B A A T 182 34 1 oty Ak 9 A s 4 A )
Fo i ZERIIE, BB 1 o s Ak R e T fE ik
23 T HABR R AR, e sCa s . 4
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e A ISR, 25 AR VE 2 iR,
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AR A R0 SR 58 A Rl U Y B AR A
(B4, 2024), GLS-4 kb KAH — J i A fig
e R R s B T Y gL, (HL
TG B T T A, A R] RE 2 BB I s i
EM .
4.2.2 HENEFRRFE

DU V., Mo, Ni, Co, Cr, Zn, Ce %
TR T 3R X T AR B B8 Y A A v B A B A Y iR
N, I HBCEER R P ILT A RS, REIEEL
WP ARAFDIBIC %, HoE R ERTTRIETIRY i)
i B (R AT DL A 0 AR I K M B AR A A R 2
(Tribovillard et al., 2006; B 77 A4, 2021), XL
AR [ U T RAE W FUKMER TP RS, T EE
AT WA 5 A ME T AN 25 DI K rpopT AT
(BRA5 44, 2024) , AL AGIE R BUROT R & =
1) 22 57 AT A0 A % TR AT S 38 it 2% A ) AN [ g iy, G
B AR TR AR U T R Y AR R B AL
T AR I BUROT R BRI T B A DU ARG
B (EEE, 2023), 76N Z 1 29517 ki
VRS 52w R T I A B (AR R SR, 2009) o Al
Ti U R EER AR BEALN, HH5 V. Mo, Ni,
Co, Cr, Zn 5 AL FITi JTRIATH G4, 45
RKU, AV A TR Y AFEW] A G, T Ti
FIV. Mo &R P4 AH M (MR B R 4390
0.637 1 0.496) , £/RJCRZ | 1 kI8 1 52
Wi, ANREAE A LR PR3 14 S8 AL I8 S5 F T 5 b o JT R
FUfE Ni/ Co Flfli 57 5 45 %0 (Ce,,,,,) T LUK Sz
ORI K AR (1 S A SR JE AR B . o Tk JRUER B2 b Co
e Ni flideid e, i iR Y Ni/ Co {ELIE R,
HH Ni/Co>7.0 R B a3 H, 5.0~7.0 F7 4K
WHE, <5.0 WA AL B (4 4 48, 2024),
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Ce Y& 4, R /R BRE . B0 H KRR, T
Ce,m<=0. 1 Jy Ce By MBI S0, A Ml
KRG (FETERE SR, 2004) . £ b, L
Cogry Nigey Crpp. Zng. . Ni/Co, Ce,,, B %ZH I
B AL I R ER B

% 4 TR, BB L Cop . Ni. Cryr.

R4 RYENEREBWLARERLZTE
HRTEEETHE
Table 4 Average enrichment values of redox-sensitive
elements of shales from the Carboniferous Gaolishan

Formation in Chaohu area, Anhui Province

J2 B 1R/ m Cogp Nigg Cryp Ingg
MEs 10.8~12.5 0.62 0.77 1.16 0.41
e 2.0~10.8 1.14 0.83 0.94 0.61
=l 0~2.0 1.32 1.44 1.41 1.01

Zng, Y BRI THE SEARAE, B R R B EIR IR N
1.32, 1.44, 1.41, 1.01, [& B, Cou. Nig.
Cryp . Zng BHERBAB BT 2B B IS0/ 19
B, IR AR T DX S L 2 S R T R IR B 1 3 S A
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A, FALE JFERE D SR BB T A B B T 0 LA
AL S, HLB B AP s
4.2.3 HIKREFLME

B F 2 % Rb. K 22 S 530 Rb B )
PR R HHE R, IR/ KA W R 18 7 K I8 2
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i, MUTEUS S Ze STR M2 AL TR I
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BrEdE, 2021 fafEidE, 2024), {HE X 5Rb/K
AR, (K 5) F, Rb/K, Zt/ Al {HHEA
REA AR, (HAE GLS-4 27 4b i Bl
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NG AR A (1994) KA R0 T4 i & —
AKBEIL R M BEFRMEHEE . HIL, F98 XKk
AR AR B o K A O 3 Bk AL 2E RRAE 25 A A0 AT
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