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Abstract: This study delves into the intricate organic macerals found in ancient Precambrian-Eopaleozoic sedimentary
rocks, despite their simple biotic sources. Based on the observation and analysis of a vast array of naturally- and
artificially-matured rock samples from domestic and international locations, we classify the macerals according to four
dominant factors, namely biogenesis, origin, sedimentary transformation, and thermal maturation. The key classe

determined include vitrinite-like macerals, sapropelinites, solid bitumen, zooclasts, and inertinites. The macerals in
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low-maturity marine source rocks are chiefly composed of lamalginite, bituminite, and mineral-bituminous matrix. In
contrast, high- to over-mature marine source rocks predominantly contain in-source solid bitumens. Notably, graptolite
periderms, as significant components of organic matter, are prevalent in the shales of the Wufeng-Longmaxi formations.
We provide deeper insights into the origins of the most typical macerals prone to be overlooked previously, including
vitrinite-like maceral particles and in-source solid bitumens. The vitrinite-like maceral particles in the Precambrian rock
samples may arise from the microbial degradation of lower aquatic organisms during early diagenesis. In-source solid
bitumens form either as solid residues arising from the cracking of soluble organic matter that remained within source
rocks after primary migration or as solid-phase products during the thermal evolution of the residual kerogen of
sapropelinites after absorbing and assimilating soluble organic matter. Lastly, as indicated by integrated research on the
naturally- and artificially-matured rock samples, the preexisting organic matter in high to over mature Precambrian,
Cambrian, and Ordovician-Silurian graptolite-bearing shales in China resemble the present-day organic matter in the
Mesoproterozoic Xiamaling Formation, Cambrian Alum Shale Formation, and Ordovician graptolite-bearing Alum Shale
Formation, respectively. The reflectance of graptolite periderms, vitrinite-like maceral particles, and in-source solid
bitumens can be utilized to characterize the thermal maturity of organic matter in the Precambrian-Eopaleozoic marine
source rocks.

Key words: in-source solid bitumens, graptolite epidermis, maceral, pre-Devonian, organic petrology, marine source

rock, shale

SIAME: P9 BT T, R, AR A — R AR ARUTRVE R 24 28 R B fl [ ] i S R AR BT, 2023, 44(5) : 1084-1101.

DOL:10. 11743/0gg20230502.

LUO Qingyong, ZHONG Ningning, LI Meijun, et al. Classification, origins, and evolution of macerals in the Precambrian-Eopaleozoic

sedimentary rocks[J ]. Oil & Gas Geology,2023,44(5):1084—-1101. DOI: 10. 11743/0gg20230502.

DURBE R R BB 2 il A R ) B A, e
JERE TR B TR AE SRV ) L SR VAN AR
WL AT IR S O T S B TR
SEAE) B9 TTRR , A A — R A AU A DT RS B AR
DR TTHRAR fog B, MRS K AR AR o 3 (R SCPs E
A LR TR E Z . hIRHTE R L — R
AR A AU A AT 2, T 22 3 0 R A AL
Dy s 52 2% A LR AR Ak T v — i A B, Al 1
Iy MEE R Z AT RA TR, S0 T 2 A PR BRI G 5
P (R AL 70 B0 X R 3 ) JF DR R 9 R A
HEZT o IE PN, 7 b B B S A R P TR
IR EATAPURE RS — DR KA A 3 0
FEELE TR IR, LA T B AR — J iz .

FEl A7 2 2R AN ) T Bk e 02200 73 15 %
DURUA I 4 4 o Corick 26 98 T 3K A ot
AR DU 10 002 3 2R, TR A R R
BRI 4 S RN 75 L4 s TR A g 2
7€ R - BB & Alum GUA B 604H o 3 AL HE 2R
PR ER I BT ORL | sh A HLRE 8 ACE 1B
AL g L v b BB G R U Y
TR o3 AL A R W 2R AR A B WA L)
SR (R AMH I T A 2 h T IR AT E AL

— R AR AR A b B R, O A AR
BRI R . ARTESN, b ER L 22K
RS ARV 00 R R AR B, 52 5
AL AR, AE X G LA v i R o . X
DRARAFE B RS BUR Z bty A A B TURUE T g AR
ARG BT THFSE HCH A= R IR A # A L o
W53 1 4 K AL AL (B Bl AR TR 25 PLB A
IKAFE A PR AR IO A AL AR A B A
W) T L, B — RS DU AL FIA ML A AL
PERT, S0 4 R AN T B S AR 2 2 20 5 SR W 2 25 TN A A
PRI R R — R RO TUE AR SRR AEE
Ao AT S A R, o AR 282 03 F2 A A6
AR RIAR R Sh Y R A BRI S A
LSRR TR NN SRR AN /NN Tt € TR
W B R MR S B A i PR RO AR AR
B HURZE M T A2 SRR A A LR R e X2 i 3 R
R AT S A LR A DO S PR KR AEA L
Bio i BRlRD, HEG S TOR A B o ARE R H]
FEXPIRAL , AP AR UG — B H R B B X 4
SE SRR SR O TIE AT, HOARERE LAfwHE 4 , 101
OYRAR TR BB BRI, 04 A 7 sd Ty
ERIR 2SN TR Ei0 s e ]|



1086 £S5 KRR R

Fa4 B

RICRGTE T ENSMHTI R A AR R 51 R
i, JEAE B PO SR AR il , R TOBPERRAE (AN B |
FOLTESE ) S HAFIE (B S5 5F) , Mot A= I
DU AR AU AR T S 1 AT R —
R AARUTRA I B R R G, Wb T 2 DI
S 0 ) RSP R AR, TR 1 P e e — e
AR I A AU R o i AT

1 FES S

FE SR HARAC S X K R AT Hid 47 1
X RYEYE L BE LB 4 A 5 4R 04 — e SR 4
P LR Z 0 R Rk 2, A it 2 L S i ek
g0 —FER 20 ER A AU RN BRFE IR 20— R P 28 Alum DU
o ARWFFPRIE TG A R IR A R o8 il L
PFAL LI, A48 T DI U FER R Alum TUA
NP 25 2 Alum TUA 25 28 TR Luo 285,

JIT AR TR R AP AT R BT 1 D) R N B sl
R ZRIAE 63 ~ 1 000 wm AYIURL , 88 Jo FH3A S0 i 1F
Fr LS, w5 eE A BBt o A o WS R
MK R B A CRAIC 43606 BE Y Leica 4500P i
5% ol & Wi 4 Hilgers Technisches Biiro Fossil £ 4t 1)
Leica DM4 M B 8% [ 58 1o [ S R AR AR AL 45 KR
40. 589 %I F A1 .0. 904 % EZ A A 1. 725 %
FIELER A A 3. 080 %I 57 77 S AL BE F1 5. 360 %9k

Fra e E R K 58241 em, B 1 ~2 mm Y
R S RPN , B TR G KR
BTG WA TSRS il T B T4k B AR A LT,
K 4 WA 2 1 1 SR ML, i 16 2% 7] Merlin 3
SR L S (FE-SEM) | WRESA HLIT A4 (00
FLBREEH .

2 AR A AU R I 2k
SHHIE

FUHT , 2 VOB 0 R Bl 0 o e iR &R 2 20
T~ CAE A, A LB R TR SR IR X, 5 2L
AR RAL, TR ETEZE . AERT B 13
DX ARG M X B R G | R BT 3 5 9 % B T Al
B AR R o — i B AR A B N T AR i Y
AP A2 WSS MR ST AT L AR SR A
AR A5 BEAS 23 S S U0 S5 5 BT A58 R, 32 4
THIERL—R AR SRIT R EE

TR EEILT DM Ak B AR
USRS i e TR FE R a2 — Rk
R S AR 2 o B T S, A AR i ) S R P R T R A A
LR, OB G2 BB T WHIR AT WL 1 %254
HLBT A o iR 2 b, D4 T S iy 9 o 28— oty
A= AR A AL T ZH BT B 5 @75 TE A% S A A 43 LR LA
FeArIZ i) R R @ st 20— Fol AR R
U2 43 19 A 40 e I 32 B R AR A K AR A, (R L i A
oy AT IR o B 2%, TR L, BE 38 4y 25 IR R kg
VR WAL R IR M @ B EAR T T
A, 0 A B A TR AR o T R R A IS R
H B AR R TR A AR AE 4 B
I A T S AR T A e o AV T R 5 Sl 7 S k-
O FE VAL AR AL Sh A LI T AR A
HESEEL;ER D,

2.1 FEERA

Jsi 44 S SC, 28558 5t 20 DR HOG R R R0 T B B 20
MAS 44 AR IE I8 A 5 AH 58 5 4 (marine vitrinite ) 1
JE Wi (protobitumen ) 4152020 8B 21 2 BALFRZE
B8 o 2H O, e — s AR ) AR G, — R SRR B
WORLIR I 7t FER RO 2K B A - K 1
0, THEEES PO (B 2) 78— i, A iR 2
2% [ S

2.2 [BikR4AE

SR LR BORE AL AL, A e s — Bl AR AR
AR IR v R Ve 4 S B AR B AR I B e
RSB R ANy e (R 1) o

WEIEAR T AR AR B R b e A 2R
BEIAR E BN 224K S M B2 £ BB BOIR, e
PSR o0 A AR SORHOE T — BARMER Hy, A0 2 0%
@, R AU UL A B (I, A5 — B s
ERHOIOC(E 2, 183) 0 BATH UL TR A i 7€
e — Rt A A AR IR b (R 2R IR B
Y TR (K 2, K 3) .

Vit BUARTE RO T bR 6 K s R
TOUT NEH O AR O uH AR G, A E B R,
LD, MELLTRUA 5 DL AR O 2 BL, A I ik
JER SRS RAE (B 1)

2.2.1

2.2.2



555 1] VA IS W R et e Y AWV TR A SR T €50 8 SN S D ST 1087

ﬁ&.;;/i'(k:iﬂ
K D
e &@“?
WRE. IRA] K .
BT £ ettt
R
B A A
KN \ A
\{sﬁ“) . 29
7wk
2% 2
/

KA —

) o
A <
etk 7N

)]

A
MRS

fitt )=
I# A 7F

L

AR
> HEAfBZ
e N 5o
B T N\
EHTFRAER P
—YER
RS
eSS PR JE
. &
R VIR
gl Zz Y
v .
% ié‘dia?ﬂ%c
_ S opp
lisgreae o HLUF
AL
AL
e A
o i

R Tb

K1 AR R A AU P R S 2 P R R

Fig. 1 Genetic relationships of macerals in the Precambrian-Eopaleozoic sedimentary rocks
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Table 1 Classification of macerals in the Precambrian-Eopaleozoic sedimentary rocks
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Fig. 2 Images of typical macerals in the pre-Devonian marine shales (1)
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Fig. 3 Images of typical macerals in the pre-Devonian marine shales (2)
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Table 2 Organic matter maturity and maceral compositions of pre-Devonian marine source rocks
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Table 3 Comparison of structures and optical characteristics of non-granular graptolite, reservoir solid bitumens, in-source

solid bitumen, and vitrinite-like maceral particles’> 2"
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Fig. 5 Optical microscopy and scanning electron microscopy images of organic matter in graptolite-bearing shales from the

Wufeng—Longmaxi formations in well XY5, Xiushan, Chongqing (burial depth: 1751.95 m)
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a b KIFPAL, B8k PR 5o, BELREAL, B3 KT 15 d. B5IF4L, CQ1-6JF B 591, 16 m, FLPRIKIT 5
e. FREYEAL, ZK608 I A 838. 00 m, F LK T 11151, A BEHEAL, ZK608 I, ML 838. 00 m, FPKF 111

100 um

X

AR B R S5 1

et b

100 pm

50 um ¢ = 100 pm

BT s A2 I A0 7 A
Fig. 7 Images of reservoir solid bitumens in dolomites
a SR, Bk LA b, AT, GS1029F 3R 5 175, 6 m, U1 8 £ A — BB M DX, A IR 5. JTREAHL, GS1029F IR 5 175. 6 m, U1 i85 4
Bh—PE BRI, ARt s d. JEEJ AL, MXT2 5, B3R 4 620. 1 m, VU1 A7 B — B BRHLIX, B R0 s e. HRITRT b P, i HR0 s 1 PARIE] ¢ P, i FRot

2.4.3 IhHAh4LE

Wi At B i Ellsworth 76 & Th #1 U JC & AU Bk
P R R TE R R TR R A )Z
— B R B IR - B A SR AL, B AR L
T AROK S TR A ORI O U R Al
T (1R JE ARyl B2 A 1020925 DR b P B S F R
Wi w5 AL B I R SR S A P o AHIESE 7E BE K R

S F B U ER I ZH A Alum BUS A HE T35 7 AR
0, R R RS ER R U IR BRAR , AR 53 B R A O 25 4 38
FAR o LRI B R AL 28 4 WO R RORE
I8 B OGP RRAE 78 SR T RORE 2 Sh 41 2%
A BT 2 A T, S R B M A A T AE Ot
T, SRR A ILR AN A2, A ih S A HLBUAL
SR EN (O R 0O (8 3b,e) , RSN 2 81
LEEIE SE X (R R



1092 £S5 KRR R

Fa4 B

2.5 1ERA

15 P2 A A e il — b AR AU = P B D O
UCEE ALy, 2 B B A SR (R 1) .
6B ARTE SR 12 10, 45 1) S PR 5 (18] 36) 5 Thi A
S AL R A BORHOE T 22 A I A S m L 7 i A2 9
R A% 1) SePEAR SR, FEREAL S S SR (B AU AR g
THAM B (K 3e) o A7 s AbiE R o TAE RS
TR E RS BRI B A ERAE AR 5
N ATRIARIE R H Xy P, A SR AU i HAT SR A4 o)
St 8BRS 1 AR 55

3 AUTERA—R A AT A o A

3.1 EEERABR

TE T B2 A b, WROKR RUEE |, WA IR BH
B S G (B At IR - AE RO , AR A EIR
PR — I PR 3 T T AR — R 1 8 1 21 5 o 2
HE, SR FE R 0 5 AR M, 7RG T, BT 25861
AR BESAR— 4 1 I 7 B — A (/0O
FBE AR, 562 55 (€ 2a,d) o Sanei 55 7E
Alum TU7 s [\ B U8 2] 1 8 8,5 0 1 2 IR e e 1k
AR 55 (1) 2R B R AR Z Al A o PE L4 o Sanei
SEUE I TE B R TURRI N B B TR ) R AR
FH Chnt R b i Ji B R ™ B Ge T ) 23 i A5 2 R S 2R A 1Y
PECAL 8, X 2 K R AR W) 25 Ty oV M i 2 IR
AR AT E Y E A0, BRI AFAH
XFEE, ARG T B E B . AR R, A
Pyx T A=A A 3 e B BRI EE AR T80 °CL 3%
Ak EE 20 T A L DR, DR R R
YERIRI , RO Th AT 58 2 K o3 FVE 3R e, IR
LY RS AE I 1Y o T e BILBT A 5 SR i
WORAR T, I 247200 HL0 F1 CO,, T 2 4 14 TR 4R e
R AR B R G218 . 5590 2 R AR 5 o
ARG H T30 B o A ) R A 5 R8RSR 1Y
A AT B A YR L 7R AT RS — B AEAE )
RSk 2 o G SRS A ol SR A ) o e AT PR 82 P ] T
K, 5RO A AT SRR IO, [t R4
5 A AR N SR T2 R, DRI, A B 2 IR AT IR
SR A A ) 18 2 i B SR AR A W R H T TR I
(F D2 LU, Synnott S5 IE T 7 2 25 140 )5
B T A R R VR S BO RO T . TR
IF, R B 2H vUa OR R B RS i A

BERTTRY) N B SRR RS A7 AR B S A R 1
3.2 EiRA

P T Ve AL LUR BORE AL, B IR KR IS R
Ve LA A 2 B 2 S e AR A K A A= W 22 T g e A A
e T AR A LR A B AR A
SR P A T BT 00, U35 i S e
FAAE AR SRR 1B R £ 388 SRR X AT AL B A R A A
JH S BT 07 77 o0 S T T 2 ) e S ol A 0y o e 2 2 T
L TR B A MORL , X 5 EADEVERRIE A 1 3 A2 1l
(LR

3.3 BEREERRS

T — ik A AR IR A L B ALRE D T
N b R N SR S L o = S N R i
MTCRNAG , 7E A i v 46 B, IR0 7 h R 5 2 Al
o3 (I8, E19) o TEIR N AN K 0.9 %lits
Y1t 32 ¥ 40 Bakken 1 New Albany {34 5, 2L 7
T A3 B R YR Y AR IR 304, 1 fi4. 2, 4
325 Chn#A 3 dJE , N T2VE i T Sk 41/ F ER S
Alum BT (4 U8 04 154K 1 =4 R F0.76 % ~
0. 89 %, W PN [ R I 7 B Ry i e AR b i) R 2L
o™, 5A03E A SRIBARFE AR &1 AT
PR, RV VR P AT 7 7 75 8K S5 B T
()53 CELEE 2 A=) B DA oG, &5 T AR s
AR A P AL B BT R YR AR
TPRAT 30, X R BaE A AT 3R OFE LB
ol SAAE IR Y AR TS, R e e, REORIE T4
—WIB 5k B TR IR N I PV A BT 4 ) 11 [ A
B R s @ IR B KON R, SR TR
P AT 77 1) PR T BB 5 R 2R IR G R T RE N2
DR EE AR L A i I 1 R 5 BR W TRk T A AL
JE BT B 5 B3 BCAE 2R ™ Ta] () 5 N (AR 5 L AT
AR AT RE A JE Ve R 8 PR AN 10 7 56 I S A il ) 1%
5% B8 Yy Rk vl A HLB AT IE R (B 6) . PRI,
S PN R I 7 (R T i T 22 45 5 B8 A S 5 DN 1) 0 O
AR L b 2 DA G (518, 181 9) 5,

3.4 BEEKRTES

2 B 2 058 B RS A B S 4
W TR A 7 P8P 9) it A 2 i
S S 22 KU 4 ) R 0 0T 75
CREN R P L
H R,



F5H

P54 AR — R AR ACUTRUS B 720 28 N K ik 1093

HENGiE)Z

bl

R

Ry
d

#
=

51

PR

P

P8 I PAY T A0 77 RV S22 [ A D0 7 BT B A5 T PR AR B T A O R

Fig. 8 Relationships between kerogen and the formation and evolution of in-source solid bitumens and reservoir solid bitumens
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Table 4 Preexisting and present-day organic matter in ancient marine source rocks and their maceral compositions
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