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Abstract: The black siliceous mudstones of the Upper Permian Dalong Formation in Sichuan basin are important target zones for shale
gas exploration. To facilitate the unconventional hydrocarbon resources exploration in this area, scanning electron microscope (SEM)
and elemental geochemistry were used to investigate organic matter types, distribution characteristics and enrichment factors in Dalong
Formation. According to SEM pictures, organic matter in the Dalong Formation can be divided into morphological organic matter,
amorphous organic matter and bitumen. Morphological organic matter is the result of selected preservation, discretely distributed in all
lithology samples; disperse organic matter, which can be seen in siliceous mudstones but rarely in siliceous limestone samples, is the
principle part of TOC (total organic carbon) of the Dalong Formation, reflecting the adsorption of clay minerals; bitumen formed from
dissolved organic matter migration and subsequent high thermal evolution, is distributed in siliceous limestone and limestone samples,

rarely in siliceous mudstone samples. Geochemical data indicate that anoxic environment is beneficial to the preservation of organic mat-
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ter, but the productivity is the main factor to control the change of content of total organic carbon (TOC). Comprehensive correlation

research shows that the sea-level rise of the Late Permian led to the increased productivity and anoxic water column in the adjacent oce-

anic basin. The high content of TOC in organic-matter-rich black siliceous mudstone is the result of sedimentary environment and min-

eral absorption, and also reflects preservation state of primary organic matter. Migration bitumen should be excluded for hydrocarbon

source rock evaluation.
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Fig.4 Disperse organic matter distribution characteristics in SEM and the graph of energy disperse spectrum
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Fig.5 Bitumen distribution characteristics in SEM and the graph of energy disperse spectrum
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A VLTS FA A OC R B . /F SEM F R4
Sy 78 SE BT & 5%, 7 BSE BN 2B A,

ML S YL H 5 F A 5w i 7E SE
2N L 5 2 (7 30).

(2) SR B DL = DTS A A AL SR 0
VoA AR A = 2 A e e O TR R L
T T MK S v R AR L A K R B > AL SE
BT TR HLBTR ROR O™ R A R (8T 400, It
TR A 803 AR P S8 T2 S0 5 i X LA DX 5K B Lo
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Table 2 EDS results of AOM in Dalong Formation, Shangsi section
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B i »M - - £ BoN
C 0 Al Si S K Ca Fe Na Mg Ti
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SS279-2  Spot3  67.76 14.45 1.56 13.19 1.99 0.61 0.44 PRI LT
SS279-2  Spotd  36.13 36.93 4.62 15.72 1.96 1.67 1.29  0.73  0.96 YR LT
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FLB A (B 5b A 5D RLK DL Fe R 11 (8 5e). BE T %K
i Wos  C B A 43 & i n] 3k 9020 Lh b A E D
& O S, LT AT SiCa S HA S B ITER (G 2).
3.2 KFEH TOC FER I MK FHFE

BAPLIR(TOC) & & i e W i B L W
SEA B DR AT B AR By I VR K AR AL O D B
BRI A 7 07 6k A BL BT DR AF B A 252 I (Pedersen
and Calvert, 1990 ; . & #1115 K 3, 2010; Schoepfer
et al.,2015; Silva and Duarte, 2015; Tessin et al.,
20155 Yan er al.,2015). SR A4 55 BF 5 v i 3 —
L faf e e 3R B PR D ol T T A B A AR A
filtn U, Mo,V 45 R i 4 J& JC R 78 18 [ 3R 58 T B
I VE I 2R A IO AR ) DT AR B LA NV
(V+ND Y LGB TE A 7] K 42 3 B8 b 28 A0 85k DA ot
K 46 7R oK K S AL 8 T 3R 85 (Jones and Man-
ning, 1994; Tribovillard et al., 2006; Ik 18 4§,
2011) .2 V/(VAND AE/N T 0.46 WK AR 4L T4
B KT 0.6 I KR AL T it S 3R B2, 7F 0,46 ~
0601 2 Y A AL R 5. NI A1 Zn ] LUREAT AL DL RE A
I BE S 1 T BILJST A0 A e R e A LB K b
JETEBE A TR 4 A B AL i iR R ok, BT
LA NI A1 Zn B9 8 4 5 A HLR DURE A B D) C R
PR AT TR R AR SR J5 25 4 T A W) A 77 ) (Piper
and Perkins, 2004 ; Tribovillard et al., 2006; 3¢ 18
SF. 201D A AR PR R TR ML S 27 F
Rl IR 520, T T R AT Rl T EAR Y T
7K (Murray and Leinen, 1996) , il A 7E W 5% 1 &g Hb
CUUARFR S I AE A 2 i oo R Ti bn L T R
K B 45 J0 R B VRS2 ) (Ma et al.,2008; 3 55 4%,
2010;Chen et al.,2012) ,A3W0F

Element,, = FElementoya — Tlow X
(Element /T pans » @b)
(D) F, Element . &=t ZAERE R 0 19 & &,
Element o 52 5255 M A% 12 0 2 19 85 55 Tl 42 5
IMAE Ti B RS &, (Element / T pans 7= J5 K7
IR KA A T iZ TR S Ti & &Y HE{H (Taylor
and Mclennan,1985).

ZEE A AR bR Ry 3 A LA R b S R TR R A
TR R A A R AR 2 O 4 B (R 2) T B EHE 15
L LB 16 J2% 18 ZhEr, I Bm 18 )2 I
A 21 AR AR IV B2k 21 2 B,

55 1B BEAS A 48 b B0 58 i AR O HL ik 3l 8¢
K, TOC 434 #E 0.33% ~5.54 % , F¥I{H N 2.53%.
FITBR Bl 9552 ) 5 Ni R (17.72~158.04 ) X 10°°,

SEHIME R 74.27 X107 Zn, E I ME R 78.96 X 1077,
AR 121,37 X 10°°, fx/INME H 13.34 X 10°°.
U Mo, Fl V., ¥ B2 AR BAR, Vo / (V. +Ni) [
EHI/NTF 0.6, AR UL T BeA 7= S B A% K A R 5
it A — AL

55 1 BY BT A FR AR AL T AR ES. TOC & it il
W TE L d s AT Ak 15.74 %, (SN 6.56 %04 7 )
IR s Niy Fl Zn, Y978 00 BEGR B 35 s 20 3o
272.94X 10 °H1 188.29 X 10 °, P & 11 % Y91 43 %
101,91 X 10 SH1 73.72X 10 ° AR AL I 5L 454 Hy Bk
AEERA, ZH N U Mo Ml V i E & 4. U
Mo, il V  E2E 4351 R 21.27X10°,76.12X10 ¢
M 611.53X10 °. V.. / (V. +Ni) Al K# 4 KT
0.6, It B A J2 A7 ML T A9 L5 11 o )% B

Sl B s fe hn B R B s . B e 2 A W
TREBH.TOC KA T 0.13% ~3.00%, F
{H R 1.89 % Ni Hl Zn (A (E G 1T B Bt 19 5 (= 16 75
W R B A 40,79 X 10 ° H1 46.21 X 10 °.
U, Mo, Fl VB A Br B AR, 7 308 50 R
7.45X10°,8.90 X 10 °,102.88 X 10 *.V,./(V, +
Ni, ) B K4 KT 0.6, 35 7R IH BB A 4b T R A
b — B A BR B

55 TV B BTG 46 b 7 i 38 38 B A ) T Y B ik
{H. 47 %, TOC ¥ 0.69% . Ni Ml Zn, F
YO8 4y 5 S 24.36 X 10 ° Fl 33.65 X 10 °, V,./
(V. +NiLOFEPRIEZ B HLZ N 0.41 F+ % 0.76 LT
B E] 0.37, 45 7~ I B Ml 2 U0 B A B8 76 R Ak 5 38 JR0Hk
A Z A1 5.

4 g

4.1 KEAFIREKIESKE

CERL -SSR AET BAH R R K
AWy 4 B K 45 35} (Feng and Algeo, 20145 Yin
et al.,2014; R ZE M E 4R, 2016) , A 24 & (Xie
et al., 2007; Algeo and Twitchett, 2010; Zhou
et al.,2016) K Ay 4 J5U PR 2 25 i 74 4 41 SIF i s
R AR AR W S 3R AR AN R G 0 B IR XUk
BN IE SN =7/} i PN CRE X (N Y S =517
A o B 243 I VE AR RS R G I D) B R
)R A AR AE A BRAR 22 vh — OK B T & B T 4R
AN i o I RS B 7/ ol F A o 7 I | SIS s =i 1
C30M/C30HP i (— B4 7 Kl P2 A AL 19 A= 9 4 35
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A2 4

B4 %1, C30M/C30 HP i 8 = 2 /% ili U5 A AL T 7 B
F D B 22 R TES A I 4R 1T 4R K % 3 i
B ZH A (Zhou er al.,2016) ;Lei et al .(2013) WTEKR
B2 — T B & B R B R S S U VR Ui s Ak
AL NN KRB R T 2 s R P A AL
DAV R UR A ML A 3 52 Bl U8 5 0 42 /)N (Shen
et al.,2013).SEM & il (¥ |y J& 5 7 A LT R A7 25 7
) 58 KA S AR R W5 R LA WL AT 4 oy B SR
BLBT R B BB RN 75 5 45 2 BA HIL ST B RAS [

REEL LB HIESA UL 22 R4 DL L I
BRIE BRI 5 U8 251k A 220K A WL 25 R B0
([l 3a F1 3b) , A5 Wy I fige 2o A v 0B 014 ML A0 2R
Yy i BR A S FRAF s BRIE R ERIE A ML 25 R0
JEEVE AT Dictyotidium (B 3¢ F1 3d) LK HiAll
BeURAL A % (JE 3e~3h) (de Leeuw et al.,2006;
Lei et al.,2013;Shen et al.,2013; Makeen et al.,
2015; B A 45, 2015) B S A VLR A JFE i
OB 55 s 8 K AR v n] DB TR L 9 /0 7 B AR
S v i) 2 5 I R] DR B B A DURR ) o e R
PEORAF ) 45

SREBCE AL i 482 A 0 IR 5 fige 0 B A
U C AT E B R IR S5 R R R
HUTA [R5 A7 32 72, SE 5 BSE K4 i 58 1 T2 51 LA K
RET 2 B 5 2 A HIL 5 1) B B2 HE 3. 9k E0A B
C TR Bt 43 BUR 5 I #E BSE B H 2 28 8 (]
4b Fl Ad) X J& K E A LT AE 45 3L s[RI BS L ALLSE,
O.Ca.Fe S50 E A7 7 35 H R BCA ML H & A K 57
Y, iR ECH ML AE SE BN 2R 8 e S (&
40, X UL B A HLBTAFAEXRT 40 1 5% Wi AN, A AL o
AR W] BE J2 W B 7E 07 9 )2 18] (Kennedy 2002; Curry et
al.»2007) 3X — L5 SR T TG %t B 1 1A
Y E H (Mayer, 1994a, 1994b; Hedges and Keil,
1995 ; Salmon ez al.,2000) . KIFVLEY) H B 90 % Y
BRGS0 B 845 A (Keil et al..1994) , i 418 5
KRR T 5 ARk 0 S A A HLT S 7000,
H KA R T A LR (TR ECH ML (Zha et al.
2014,2015). % & 43 H W 5E 46 A HL T 32 224 h AE
1.9~2.3 g+ cm * 2140, Ui BT HILBT 3 25 200R0KG
T B ¥ 254 (Bock and Mayer, 2000 ; 8588 %5 ,2011).3%
SRR W, U IR S A, B TR 0 3k
T AR, JH v — B A T LU K e B 0 i 1) T
PR LTS F 48 B 1 RUK o1 — R W e 9 36
T AL BR B 4 2 B 3 T I LA T — &8
FHESF — K7 BE 19 B 2R 40, DT 42 5 A AL o AR

PE AR {8 B B B T I 20 8 (Williams et al. 5 2005 ;
Curry et al.,2007; f5 1 K%, 2011, 2013 ; Kennedy et
al.s2014) BETE B, 2 W B A L BT & B2 4K 2 1 fn
B, YRECA L BT 30 2% 2 A8 AR (Bennett er al.,2012;
Kennedy et al.,2014).

ARSI KB R B L ARG,
X 5 P A VLA M DL K DY 1] b R S R R R i )2 Y
T 4% 23 0] P B 4R B HOR A DT 1 43 2 oL AT 2 3 42
HH I T 2 A 7 AR AR R GBS R S, 20075 K
AR, 2012 W HF A REA E CAL O.S BYFFE.
WiE WL S o IR R Sh 0 AN B8 2 R 4
WA LB AS RE ARG A A DL SR SR, - 4 S %
ZiA GkK B ERE T 1992 ZEIEHAE, 2000) , 7F
R 0 A B R TR S O AR R, R
Oy HLJT B R A L R A HLT 2 B E LBk 24 i
I 28 R A LT
42 HREEEXNEIRSHMRENZRE

AL AR — A E A W B 2 L B A AL
24y KR E AR BRI T AR DA ) R oy S
LA R 25 WA HLE A R TFE (Zonneveld
et al.,2010;Makeen ez al.,2015). £k £ 2% ¥ i# it B
A EE TR K b 27 B 5% & B K e 21 2R (5 L
TOC & 547 S48 b F1 A AL 8 J5 R 855 48 b 1 2L
AR A IE A OGP L A5 A HILBOR A 52 AR ) AR
A3 D e [ 4 i« o 2B 7 0 R A DL R A O TR AR
PR B SRR R AR IR (Ma e al., 2008 B 25 55,
2010;3254F 55,2011 Chen ez al.,2012).

Sy it — 2L BRGE T IR A LT O AE B S I 2
TR KRR 47 R 4 B BB Mo, Al Ni AR 8 iy 1
AR IR I PR BT At A 7 ) i AR EE A B 5T
BATS TOC MMM (B 7). N1 o] DL E 8 5 A PR
284 AT (Tribovillard ez al.,2006) . A
FHRAE 7R A7 0, A R e DURR A Ni & it
0 7 5 DORA T Mo 32 2 I /K Ak 27 U0 R AR A
(Piper and Perkins,2004) , 32 K -8 %) F1 A HL 5T i
LR M AN K 76 SRR AL P 58 1T LK i AR A7 31X
PR SR ARG B 8 5 A 7 ) R K A S AR i R B 1Y
fe R A8 bR R, S T U4 B0 R o 41 4% 28 AU A BT
Oy ARAS ARG K B R R b R [ 2 A
A B IR AR 0T 45 A BIL B 288 Y R AT A A O A DRIk
KA 8) AE55 T i B (REJ K 5 B . R* (Ni, ) = 0.6,
R* (Mo, = 0.7, Ut W A PL BT PR 17 52 S8 A6 8 J5E 34 45
AR 7= o U 8 )L DR SRR £ B A DRI B8 i 4R
s KA 53 LT 4 53 1 7 018 1 i) T ¥ A AL
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Jo1 iz % i A\ S B O 18 32 5 I 00 v PG AR ek
Wi . HIZ B2 TOC & &A% AT B S A L
RN BT (B8 R 3 ANPRIRIED.

T B B CaE A ML e 5 B » R* (Ni,) =
0.79 .R*(Mo,,) =0.26 , Ui, B 1 2 A HL T PR A7 32 A 7=
J3 4 W L3R R BR OB S A HLB (ML AR G
Yy BRI A RE A B Y IR = R R AR S R
I3 BILJST X 2 B A ) O e SR SR PR BT AR W X
AL FH 2R AR PR B TR 1.4 ~10.4 £ (Si-
mon et al., 1994; Harvey et al., 1995; Bastviken
et al.,2004). 11 Be b )2 DUFR T S A K AR 3R 5%, A
HLT A T4 B (8] 5 85 £ 07 90 25 & B i B b )2
TOC &t Bz A7 J1sg R, A LT S R = 2
RECA HLEE. YR BCA ML RE TOC & 3 i 5 o,
DA LB BES 4 A (] 8 Hfifal 6 ASPRAR ED.

TEH)ZE L, R? (Ni)=0.79.R* (Mo,,) =0.71
CGE MK BO A R? (Ni) =0.38,R* (Mo,,) = 0.7 (4
IV BB 48 78 3% W B A LB DR A7 5 A A IR 3R 555
A7 I3 — A G (B 7). I B U0 R A 85 U B
R KA A 7 ) e ELURG B R A A PL
5RG 20 W A EAE RS LU AR, B ik TOC & &
i A BT LA R EOR B AR A LB 35 4R
77 I FREG 8 1 R R A AL B B )
fift s Lt TOC &A1k, LU S A AL YR 0 5 R
FACE D EVRECE VL (B 8 13 4 ANPRIRED.

P EEA T, BAA BT TOC & &8, [H &
KR FFLE AL F i SR A B, A 7= ) g 45 A HLTR
TR R BB R YK R IR A A A — A A

B Z [P, TOC & 522 A8k KR A AL 8 Tt
AAFFNA 77 T3 1 23 52 W AT B BT R A
4.3 KEAFENRARER

b 5T S I 22 Uk € s DT AR 1 5 i T R
H & (Erbacher er al.,1996; Algeo et al..2010;
Feng and Algeo,2014;Tessin et al.,2015) , 1
TR R G EREE M ESRE LT EE LR
REEL A= 348 b5 M TOC & ik 51 11 7+ B A2 b
BARGF G OC R, i 4= T 1h i A2 7 I 48 bR F
TOC F ikl b It 2R 5 T FEFF 2 — BU iR 4y
3, BB i RV I TN A R S — A A RS R L
SR 7 8 AR S TOC 8 FE AR AL TR 4 1
(B 8) TS L AT AL RS 5 R I i - T S A Y
A DG 03X A H ¥ 42 5 RS 1) AR 7= 0 3G m S B S 1)
R S PR B ELAT AR B0 48 s 1 T T AR R Ry S
JEE R 250 0E B 0 TR O R I A A R AL
AT FL AL F B2 5 S d 3 5 AR 4 10 £ A OC
(Erbacher et al.,1996; F/NE %, 2012) , = KM
VY T 4 A AIG L BT LA B FE 8 2 B B )2 A7 v A
A AL BT A T

BT UL EVIE B S A R R 2 TR (&
9 KRB A= 7=y 38 2 e S IR R
FHOGIE, L7 X =& R BT R i 3
W CRFAEE,2013) , KABE I BRI E FR LR
T It AR b AR 38 0 AL DT AR W 3 A S R R )
(A1) (Lohr and Kennedy,2014) , 13X — i & N A
DINGIN=E =S5 T e/ Do T i = 3 1 {5 TR
Th HERR B B TR B ATV R G, S BRI A R
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Fig.9 Sea-level-controlled models explaining black siliceous mudstone sediments in Dalong Formation

a 11 Bt J2 UURRURR 3, ¥ 1 T 8 o 2277 0 g o KRG s LSRR WL O 5 b. T Beh 2 BUBUARE X AR 10 R M Sk, AR I 95 o £

7= S13 0 (Erbacher et al.,1996) . #6512 th [ 2 34
INIF I 18053 J2 i K SRR B AR AT e T K b R T 4R
P #l (Sephton et al.,2005; Algeo et al.,2010), I
BF (IT B N 3B 2K IR iR e O B A A U e+
FL S5 TG A= W3 B B T K S R — 2B b
AR/ R 2R Z KA T8 AR 1 B Sl A 85
(1B & B, 4 5 A S FE Z SRR 1 A BL I
5K b R 8 ) A AR R TR R A L % B
b 2 K AR R S R A HLBT R A ) R R
A 11 B JZ A AL PLOR B LB 32 (A&l 9a) . gk
AR — B RSB 5 U R R I (TT BT L 26
— YRR Y] KR 43 F FR U R B AR B A
TR T I AG A2 7 0 © 2 8 W R AR K A FR B
TR AL 2R U BR B 22 18] 8 3, i Bt )= (10T B R
.1V BO TOC 32K i 30 855 i A= 7= g 2 [ 45 11, A
BLJBE S B 32 Az 77 3 FORG L ) & B 4a ) o HOA AL
Jor iSRG R NOE B A LS U
)92 A AE AR M T8 3 (T BE L TID B B 3B) . kG
A D KA HIL BT R = ORG  8T 4 W B A Bk
O3 M o T4 R I TR 25 L IBT R BE B AR TR Y
Heki 75 (B 9b).
44 FHNEBELRBENERENNBT

TOC — B &P K A 0 0 i = 248 4
o R 7l AR A 2 3 H A AL R AR (RN R
Z,2010) JXEE TOC — T 45 b5 I AN BE HE B S L )2
TS I A v 7. DU 1 23 b 2% K B A DR T IR UK
HPRE R R BT PR A E A HL B E BT A B TOC % &
T3 K F 2% CEEMERT 6.5%0) . J2dE % M < E

SRR 2 — (45,2009 1 /NAR %, 2011).
ARG K KB A VLT (TOC) 7] 4y HIE S A
BUST R HICA HLBTR 75 55 3 IR A, % A P4l
SERBHIOAE R ERIEESAEITEA SRR R
FE M BUA VR RO S A BR T ELE A AL AR &
A HLZ LT R DS TR 2B A TE S A AL
B R BEA TOC Bk > B AR &3 4K 7R 80A AL
J R & A LT RE R A B TOC B Kk, A HLR 5
K - 45 & aT DL B 5 HE K HE R IS & 450 ~
500 °C (5 K 45,2011,2012; 88 Th 46, 2012) , X
TR A DU B A A S R 2 2R 8 B 5T A v g, i
BRE UG 7 b TOC AT LR 35 5 e Ji A A HIL TG O A7
5 8RR XS T R O AL, K R 2 % [ B 3 v VA A Bk
i £ 5 1l 2 v 5 A AE B BRI =2 A PLE 4t
B AR OB 2255, 2007 s R W45, 2012) Bk IR
b A 44 IR E BN S B R SO B s ]
AR 25 5 Bl A1 3K W 7 B 7 3 (2R E ) 5, 2000) , PR I 24
FE i G U AR AR B ZAE Y TOC 7S e E i S it oty
VEEVE I A 7 T3 KT AR 5 S0 % B8 U0 7 AE TR M A%
HA A RS BE T 8 2 O L B 8 5 A R
A BT IR AE SRR S0 A RS B T T RS R
TE I I G UR L A R TR IR A DA DL B B B
ST K TAE.

5 4t

VO 1] 5 R o 2 AN SR AL e — 2 Y
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WA G v i A ML BT X 7R 12 22 T B AR R T T
FAE A B A T S TE A H B R
3R A2 oA, 15 1 DL S e

(D A 7 B %85 (SEM) SE #il BSE E %
A LTS BE B3 B BRI 43 BT 2 A PIL BT R A 28 7 A
il (%) AR AR . A BSE EER b BT A 28 B LB 2 oy
A JE A LT B AR 25 R 1Y o AR kL
A LT s YR ECA BILBT S ARG X A AL 5 R R A
SR e SE B R R REGE, B A &
C FHIE St AL B RFAE ; BOIR U 75 42028 6 it 4 7F L 4%
Fat, SE EHME T w] Wb £ B W 11, C T 4 B
ST

(2) b BR A 27 55 2R 53 W 2 WY < B SEK 1A PR 58
THPUTORAT AH K AR 2 b T B AR S B A AL
T 5% 0 W 45 G T VR TR BIL ST, s A R ) o
JEEHRBEA TOC &b EEH K.

(3 RFEH TOC A= 7 Jy 48 b1 5 ifg - T 72 # B
FARGF AR5 OC 2R 1 7 T b T3 BUE 3R o A
e VA 4 b 2 15 K R 4 v T 5 o A 7 ) B B AR IR B
i) 32 T A
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