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Abstract ; The organic-rich shale in the Upper Permian Dalong Formation in southern Anhui Province is one of the major
source rocks in the Lower Yangize region and also the important shale gas exploration target in China. lts sedimentary
environment and organic matter enrichment mechanisms were studied through organic geochemical tests and elemental
geochemical analyses on samples from Well Gangdi-1 in the area. Results show that the shale was deposited in a warm
and humid paleoclimate in which biotic productivity was high and sedimentary rate was relatively fast. The sedimentation
experienced an environmental transition from an overall dysoxic-anaerobic setting with regional rising sea level that
enhanced sediment retention during the early and middle stages to an oxydic setting with falling regional sea level

(accompanied by regional volcanic hydrothermal activities at the end of the Permian) that reduced sediment retention
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during the later stage. In other words,the Dalong Formation shale ,rather than a child of a single factor,is the result of a
mutual configuration and coupling of multiple factors such as paleoclimate, paleoredox, biotic productivity, and
sedimentary rate. The rising regional sea level during the early sedimentary stage took with it abundant nutrients from
deep up to the surface, leading to bacteria, algae and phytoplankton booms that significantly enhanced the biotic
productivity and a dysoxic-anaerobic water body that aided in the preservation of organic matter in a partially reducing
environment. The falling sea level that formed an oxydic environment during the late stage of sedimentation was
unfavorable in terms of organic matter preservation. However, the organic matter was still well preserved when the Permian
volcanic hydrothermal activities brought in rich nutrients that promoted the mass reproduction of microorganisms ( both
the source of high biotic productivity and the reason of a rapid consumption of oxygen) ,accelerated sedimentary rate to
shorten the exposure time,and fasten the burial and preservation process of organic matter.
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Fig. 1 Tectonic location of Well Gangdi-1 in southern Anhui Province ( modified from reference[5 ])
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Fig.2 Stratigraphic column of the Upper Permian Dalong Formation in southern Anhui Province
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Table 1 TOC and major element oxide contents of the Upper Permian Dalong Formation shale samples,southern Anhui Province
REG B/ TOC/ LA &R % cu JTLEEEL
G5 m % S0, AlLO; Fe,0; FeO MgO CaO Na,0 K,0 MnO TiO, P,0s P/Ti Fe/Ti (Fe+Mn)/Ti
DL-1 984.9 3.54 47.33 15.71 2.60 0.55 1.15 10.95 1.39 2.03 0.11 0.29 0.13 69.89 0.33 12.87 13.34
DL-2 983.8 6.45 54.58 8.87 1.93 0.58 1.13 11.71 0.92 1.47 0.06 0.27 0.29 65.75 0.80 11.29 11.58
DL-3 982.0 1.8 50.20 11.67 2.21 0.67 2.04 12.51 0.80 1.08 0.08 0.22 0.25 75.40 0.82 15.53 15.99
DL-4 981.0 2.33 68.03 10.08 3.8 0.8 1.57 3.32 0.8 1.59 0.09 0.31 0.10 69.42 0.23 18.09 18.45
DL-5 979.3 2.02 56.52 13.60 2.36 0.91 2.10 9.17 0.77 1.05 0.08 0.20 0.05 78.80 0.19 19.66 20.19
DL-6 977.7 3.16 52.01 12.38 2.71 0.88 1.96 11.56 0.94 1.28 0.07 0.25 0.10 73.38 0.28 16.9%4 17.27
DL-7 975.5 4.35 57.41 13.43 4.35 0.82 1.18 5.06 1.52 2.03 0.04 0.45 0.13 65.11 0.21 13.76 13.86
DL-8 973.7 3.05 48.35 14.81 3.87 0.77 1.33 12.53 1.15 1.13 0.07 0.28 0.58 74.74 1.51 19.62 19.93
DL-9 971.7 2.67 63.41 12.46 3.65 0.77 1.29 3.84 1.49 1.8 0.03 0.45 0.15 64.35 0.24 11.76 11.85
DL-10 970.5 4.56 55.69 13.38 3.74 0.91 1.41 6.8 1.32 1.93 0.03 0.40 0.10 67.54 0.19 13.96 14.05
DL-11 967.5 3.68 51.21 16.56 5.45 1.60 1.96 4.64 1.46 2.36 0.03 0.56 0.77 69.24 1.01 15.17 15.23
DL-12 966.8 2.59 56.05 19.02 5.92 2.08 1.57 0.59 0.94 2.95 0.02 0.61 0.12 77.48 0.14 15.77 15.81
DL-13 964.0 3.20 54.35 18.99 6.20 1.51 1.61 0.8 0.90 2.80 0.02 0.63 0.09 76.42 0.10 14.50 14.53
DL-14 961.5 1.42 36.18 10.42 6.74 4.53 4.95 15.69 1.03 1.73 0.09 0.36 0.10 66.45 0.20 38.58 38.90
DL-15 959.1 3.52 57.14 9.80 6.40 2.77 3.53 7.40 0.87 1.60 0.08 0.54 0.10 68.03 0.14 20.44 20.63
DL-16 957.2 6.10 43.83 13.31 5.70 2.26 2.04 10.36 1.29 2.09 0.07 0.50 0.12 67.17 0.18 19.08 19.25
DL-17 955.6 1.19 59.88 16.84 5.00 1.61 1.55 2.34 0.96 2.12 0.04 0.37 0.09 75.51 0.17 21.23 21.36
DL-18 953.5 2.05 58.90 18.45 5.01 1.37 1.36 0.89 0.71 2.70 0.02 0.39 0.09 77.87 0.17 19.44 19.50
DL-19 950.4 3.94 52.72 19.35 6.22 1.49 1.34 1.32 0.74 2.56 0.03 0.44 0.08 78.78 0.13 21.07 21.15
DL-20 948.4 2.61 57.02 19.66 5.20 2.22 1.61 0.43 0.81 2.96 0.02 0.49 0.07 79.25 0.10 18.11 18.17
DL-21 945.9 2.81 34.38 10.64 5.33 3.16 3.14 18.52 0.82 1.62 0.11 0.43 0.16 70.51 0.28 24.04 24.37
DL-22 943.6 2.94 53.01 12.40 3.59 1.70 1.69 9.75 1.21 1.92 0.05 0.36 0.12 67.18 0.23 17.61 17.78
DL-23 941.8 1.86 57.05 17.36 5.08 1.15 1.55 2.96 1.05 2.75 0.03 0.42 0.07 72.97 0.13 17.58 17.66
DL -24 940.1 2.04 58.09 16.20 5.37 1.69 1.69 2.56 1.15 2.66 0.04 0.41 0.09 70.86 0.16 20.47 20.59
DL-25 937.8 1.70 57.76 16.55 4.66 1.56 1.64 3.45 1.20 2.53 0.04 0.42 0.10 71.23 0.17 17.72 17.85
DL-26 936.1 4.90 50.22 12.74 4.36 1.43 1.45 9.71 2.44 1.74 0.06 0.29 0.16 56.25 0.41 24.35 24.61
DL-27 934.2 1.71 56.33 15.12 4.51 1.32 1.91 5.09 1.58 2.29 0.05 0.33 0.09 66.33 0.20 21.00 21.18
DL-28 932.5 2.18 55.31 13.65 4.65 1.22 1.76 6.58 1.58 2.21 0.05 0.32 0.11 64.27 0.24 21.69 21.87
DL-29 929.5 2.89 61.97 10.82 3.77 1.22 1.22 6.28 1.17 1.87 0.03 0.22 0.08 64.82 0.27 26.94 27.10
DL-30 928.6 1.50 59.47 13.79 4.67 1.07 1.43 5.06 1.10 2.32 0.03 0.34 0.06 69.23 0.13 19.99 20.10
DL-31 920.7 1.18 60.95 15.51 4.66 2.28 1.61 1.87 1.02 2.96 0.02 0.46 0.09 70.28 0.14 18.32 18.39
DL-32 918.4 1.80 62.10 13.45 4.10 2.01 1.37 3.33 1.19 2.62 0.02 0.38 0.11 66.58 0.20 19.29 19.37
DL-33 916.7 1.24 54.33 10.92 3.28 1.84 1.33 12.16 0.95 2.09 0.06 0.28 0.09 67.03 0.25 22.59 22.87
S 2.82 54.60 14.18 4.46 1.54 1.77 6.65 1.13 2.09 0.05 0.38 0.15 70.25 0.30 19.04 19.24

71 CIA AU Z 4k A 25 458 %% ( Chemical Index of Alteration) .
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Table 2 Trace element contents and several calculated parameters of the Upper Permian Dalong Formation

shale samples in southern Anhui Province

A iR E A R/10 70 HHSH

%> A% Cr Co Ni Mo Th U U/Th V/Cr Ni/Co EFy EFy, SREE (La/Yb)y 3Ce
DL-1 444.0 69.0 106 91.4  26.5 11.3 13.9 1.23 6.43 8.62 3.97 10.99 151.12 1.18 0.87
DL-2 384.0 75.0 6.8 74.6  60.8 10.2 18.7 1.83  5.12 10.92 9.47 44.65 114.33 0.76 0.75
DL-3 306.0 61.0 6.2 45.9 4.8 6.1 8.0 1.31 5.02 7.36  3.09 2.67 87.24 1.01 0.70
DL-4 334.0 76.0 7.8 62.7 8.7 9.5 14.1 1.49 4.39 8.08 6.30 5.60 222.55 1.38 0.85
DL-5 404.0 90.0 6.2 43.7 10.0 7.6 16.6 2.18 4.49 7.07 5.48 4.79 89.71 1.06 0.86
DL-6 379.0 68.0 7.1 55.3  33.5 8.9 16.3 1.84 5.57 7.80 5.92 17.63  89.33 1.02 0.83
DL-7 491.0 94.0 11.9 108.0 35.9 12.9 13.9 1.08 5.22  9.08 4.65 17.41 131.72 1.11 0.85
DL-8 525.0 114.0 9.2 68.0  39.2 7.4 14.0 1.88 4.61 7.39  4.25 17.24 150.25 0.76 0.78
DL-9 463.0 92.0 9.5 69.2 18.1 15.8 18.1 1.14 5.03 7.28 6.52 9.46  182.88 0.93 0.86
DL-10 528.0 103.0 11.3 87.3  32.9 13.6  20.7 1.52 5.13  7.73 6.96 16.02 176.88 1.18 0.86
DL-11 447.0 98.0 13.8 107.3 33.6 14.5 31.4 2.17 4.56 7.78 8.53 13.22 288.94 1.07 0.87
DL-12 643.0 139.0 12.3 95.3 13.0 17.5 17.2 0.98 4.63 7.75 4.06 4.45 173.06 1.20 0.86
DL-13 616.0 125.0 10.4 80.9 24.4 17.4  21.6 1.24 4.93 7.78 5.12 8.37 170.82 1.07 0.87
DL-14 337.0 63.0 8.1 64.4 16.5 10.2 14.8 1.45 5.35 7.95 6.37 10.31 108.17 0.89 0.83
DL-15 355.0 85.0 8.6 64.4 8.7 13.2 15.5 1.18 4.18 7.51 7.12  5.76  128.39 0.96 0.83
DL-16 498.0 105.0 14.5 110.0 51.8 13.0 26.7 2.05 4.74 7.59 9.02 25.35 149.00 0.76 0.83
DL-17 557.0 123.0 6.5 41.4 15.8 18.2 18.8 1.03  4.53 6.37 5.01 6.11  202.41 1.32 0.88
DL-18 512.0 117.0 8.6 68.6 13.3 18.3  27.3 1.49 4.3832 7.98 6.64 4.70 192.93 0.98 0.85
DL-19 715.0 135.0 11.4 111.0 36.1 19.6  21.9 1.12 5.30 9.74 5.09 12.15 201.41 1.21 0.88
DL-20 485.0 94.0 9.6 70.0 3.5 17.4  25.6 1.47 5.16 7.29 5.86 1.17  174.30 1.25 0.95
DL-21 281.0 65.0 7.3 53.5 4.2 11.0 17.5 1.59 4.32  7.33  7.40 2.57 164.77 0.80 0.84
DL-22 290.0 155.0 7.6 55.2 10.8 11.0 16.8 1.53 1.87 7.26 6.09 5.67 116.52 1.14 0.85
DL-23 244.0 135.0 17.1 66. 1 15.7 17.4 7.1 0.41 1.81 3.87 1.84 5.89 167.34 1.06 0.88
DL-24 255.0 133.0 16.2 60.5 29.0 16.1 7.8 0.48 1.92  3.73 2.16 11.66 161.22 1.12 0.88
DL-25 243.0 174.0 15.0 61.4 10.7 16.6 5.8 0.35 1.40 4.09 1.57  4.21 171.14 1.21 0.88
DL-26 219.0 208.0 13.3 99.1 17.6 12.3 8.2 0.67 1.05 7.45 2.91 9.00 131.77 0.92 0.86
DL-27 206.0 144.0 11.8 47.6 11.3 15.6 6.5 0.42 1.43 4.03 1.94 4.87 156.38 1.22 0.87
DL-28 310.0 197.0 15.9 67.0 16.3 13.1 7.2 0.55 1.57  4.21 2.36 7.78  147.42 1.09 0.87
DL-29 227.0 143.0 10.1 59.4 19.6 9.0 7.9 0.88 1.59 5.88 3.29 11.80 124.56 1.11 0.85
DL-30 245.0 169.0 12.8 50.0 19.3 14.4 7.3 0.51 1.45  3.91 2.38  9.12  148.75 1.20 0.87
DL-31 196.0 172.0 14.7 46.6 12.5 15.8 5.9 0.38 1.14  3.17 1.72 5.25 185.43 1.29 0.90
DL-32 191.0 178.0 14.0 51.8 10.4 13.9 7.5 0.54 1.07 3.70 2.51 5.04 171.70 1.19 0.92
DL-33 145.0 132.0 11.0 37.3 4.1 10.9 4.8 0.44 1.10  3.39 1.96 2.46 129.44 1.14 0.86
SEHE 378.0 119.1  10.8  68.9  20.3 13.3 14.7 1.16 3.65 6.70 4.77 9.80 156.42 1.08 0.85

£ :8Ce = Cey/ (Lay x Pry) "2, Fhx N ARFEILFETUE (NASC) brufEfb.
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NN 2545 I 75 N 45 1 e Ve LW a1 5 9 2
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R =St A . A AP SES,,S,, S, 4l
F0.22 ~0.90,0.81 ~4.33,0. 14 ~0.28 mg/g, =I5
(S, +S,)7E1.03 ~5.23 mg/g, 1k 2. 38 mg/g,
SUHEHCHT 75 22. 01 ~122.32 mg/g, P24 79. 74 mg/g
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Fig.3 NASC-normalized rare earth element distribution
patterns of the Upper Permian Dalong Formation shale

samples in southern Anhui Province

®3 EEBX EZBRXEATTEFRABSHE TRREMANR

Table 3 Pyrolytic parameters and maceral compositions of the Upper Permian Dalong Formation shale samples,

southern Anhui Province

il WHBE (mg - g™") Tow/ (51 45)/ Hl/ Aot/ % e S

4irs S, $ $s T (mgegh) (mgeg™)) R4l SERAL BURAL HR4L

DL -1 0.90 4.33 0.28 453 5.23 122.32 73.7 0 25.0 1.3 53.7 I,
DL -5 0.37 1.61 0.14 455 1.98 79.70 92.7 0 6.7 0.7 87.0 |
DL -8 0.61 2.67 0.25 452 3.28 87.54 89.7 0 9.3 1.0 81.7 1
DL-11 0.22 0.81 0.27 455 1.03 22.01 87.7 0 10.7 1.7 78.0 I,
DL -13 0.65 2.40 0.20 454 3.05 75.00 — — — — — —
DL -18 0.41 1.52 0.16 450 1.93 74.15 86.6 3.0 9.3 1.1 80.0 1
DL -21 0.51 2.00 0.22 453 2.51 71.17 94.5 0 5.0 0.5 90.3 1
DL -23 0.29 1.19 0.18 448 1.48 63.98 90.2 0 8.4 1.4 82.5 I
DL -25 0.47 1.73 0.21 450 2.20 101.76 — — — — — —
DL -28 0.33 1.42 0.18 452 1.75 65. 14 91.8 0 7.4 0.8 85.5 1
DL -31 0.35 1.35 0.18 448 1.70 114.41 86.3 1.0 11.8 0.9 77.1 I,
SR 0.46 1.91 0.21 452 2.38 79.74 88.1 0.4 10.4 1.0 79.5
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Al,0,
Ca0" + Al,0; + Na,0 + K,0
Ao I A e S 4R FHEE R 1, B CaO ™ X456 ik
FRERA M) h i CaO, H T J7 L BEAS B 4500 2 A i
rhelERE R AR A4 I RE R Eh W AR X B i, AR UORI
P,0, EriAEA AT AR T
Ca0” = CaO - P,0, x 10/3 (3)

M m(Na,0) =m (CaO" ) i, W m (CaO" ) =
m(Na,0); 2 Z, % m (Na,0) > m (CaO" ) WY,
m(Ca0" ) =m(Ca0) . T ZHE R 3R A2, X B m
SRR ALY I BE IR AN A A S i

—MAE LT, CIA {7 T PR i 1 oy e,
X CIA (S BTV 1Y ol s . el , 24 CIA 72 50 ~
65 I, Sz AR AL 27 AL 75 56 R 19 T8 B fie; 24 CIA
TE 65 ~85 I, IeWerp 24k 27 XA 50T 1B 1 A8 <Ak 5
4 CIA 7 85 ~ 100 I, Sl Ab "2 XA F5 56T Y #GE AY
AR L BIFSE X K B4 TR Y CIA E 56. 25 ~
79.71 X8 7077 (£ 15 B 4) , RRBER B 50U DT
TR A b T 1 9 R A, X 5 AP 4R T
8 — 2 B b DX G T R R 2H IO AR IR S 00K ol 45
R—F,

CIA = x 100 (2)

3.3 KEFUEERMER

U/Th,V/Cr 1 Ni/Co 5ICEK HLAEBE 12 FH T
IR B AR B S5, L 3K 26 B AP /N S5 7K IR 11 4
U X = A N N A N R o
BT AR WS X L U AE A EF - EF P
PR A A 5 XK R 20 DA DR R K R 1 S Ak i
JEPERR . SIS N T U/ Th <0.75 #5784
fLER85,0. 75 < U/Th < 1. 25 $575 %5 @ ¥R 4%, U/Th >
1.25 F8/R IR R R B8 V/Cr <2 F8 /R E AL 3R 5%, 2 <
V/Cr <4.25 $8 R4S, V/Cr > 4. 25 35758 JE 3R
. Ni/Co <5 8/ E AL ¥R B2 ,5 < Ni/Co <7 F8 /R Z 4R,
BT, Ni/Co > 7 F8/R iR R AR . st 1 JERBELL P T
B 22 He A BE 9 U/Th, V/Cr, Ni/Co FbAH 4> I 7E
0.98 ~2.18,1.87 ~6.43,6.37 ~10.92( 3 2) , {4
A 1.49,4.77,7. 89,38 7 KB4 A BT RLUK 1A s
A TFAA - RAM L FERS (B 5,8 6) . I, K
BEd] BB 11 Bes e 9 U/Th, V/Cr,Ni/Co H(H 5>
MI7E0.35~0.88,1.05 ~1.92,3.17 ~7.45( 3 2) .15
fH05020 0.51,1. 41 ,4. 31 F5 7~ KB R HATTRUK (4
Wb TFEARAS (E 5,8 6) .
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Fig.4 Vertical variations of TOC,paleoproductivity , paleoclimate , sedimentary rate ,and hydrothermal fluid indicator for the Upper Permian

Dalong Formation shale from Well Gangdi-1,southern Anhui Province
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Fig.5 Cross plots of trace element ratios for the Upper Permian Dalong Formation shale samples in southern Anhui Province
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Dalong Formation shale from Well Gangdi-1 in southern Anhui Province
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(base map modified from reference[ 39 ] )
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