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The sedimentary characteristics and hydrocarbon potential of
Meso—Neoproterozoic source rocks in North China Platform
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Abstract: With the continuous discoveries of commercial Proterozoic primary reservoirs in recent years, Proterozoic strata have
gradually become the focus of oil and gas exploration. Yanshan area of North China Platform is one of the most developed regions

of the Meso—Neoproterozoic stratum in China, and the thickness of the Meso—Neoproterozoic can reach 9553 m. Although oil and
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gas shows such as oil seedlings were discovered long ago, the exploration breakthrough of oil and gas has not been made so far. In
order to carry out targeted oil and gas investigation and exploration, it is of great significance to select the favorable source rock for
oil and gas exploration from the Meso— Neoproterozoic sedimentary strata. Based on the analysis of sedimentary characteristics of
dark mudstone and microbial carbonate rocks of Meso—Proterozoic in North China Platform, the hydrocarbon generating potential
was preliminarily evaluated. The average values of TOC for thick dark mudstones or shales developed in Chuanliggou Formation,
Honghongzhuang Formation and Xiamaling Formation are 0.89%, 2.54% and 2.82%, respectively, and the average values of Ro are
2.03%,1.05% and 0.63%, respectively. Microbial carbonate rocks are widely developed in Gaoyuzhuang Formation, Wumishan
Formation and Tieling Formation, rich in microbial community and other organic matter residues, in which high quality source rock
with TOC > 0.2% are developed.

Key words: North China platform; Meso— Neoproterozoic; dark mudstone and shale; microbial carbonate rock; hydrocarbon
generation potential; oil and gas geological survey
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Fig.1 Paleogeography of Mesoproterozoic in North China Platform (after Wang Hongzhen et al., 1985)
1—Clastic rocks and mudstones in the epicontinental sea;2—Clastic rocks in the epicontinental sea;3—Argillaceous clastic rocks in the epicontinental

sea; 4— Carbonate rocks in the littoral environment; 5— Clastic rocks in shallow sea; 6— Clastic flysch sequence in the lower part of shallow sea;

7—Intermediate—basic and ntermediate—acid volcaniclastic flysch sequence in the bathyal environment ; 8—The base volcanic eruption in the bathyal

environment

http://geochina.cgs.gov.cn 1 EMTT, 2021, 48(5)



5484 55 5 K SCHE AT AL 5 TR BT SR I URURHIE S A i ) 1513

A& H HEM TR
ERE | MELE
A <520 Ma—{  (1372+18) Ma
e E | KR WLE FE= (1380+36) Ma (Su et al., 2010)
> Y ) 1000 Ma () } (1379+12) Ma
T ok B 1400 Ma 2)—| > ) (1366£9) Ma (#kELZ, 2008
HETFETH (1384+1.4) Ma
205 A?A7 © (139241.0) Ma(Zhang et al.,2015)
S
F 4
HOKEHE E : 1470 Ma (2)— {(1437121) Ma ol 20100
77z (144321) Ma
L0
R VA
T {(1483i13) Ma (1 etal, 2014)
757 (1487+16) Ma
s | ExlaE LIS
i
yAwA
a7 (1559+12) Ma ¢ s pr
" L @{(156015) 2 (b, 2010)
- /é/
¥ | & 2955
L 1520 Ma (?)— .
B =72 @ (1577+12) Ma (Tian etal., 2015)
i BEE B4
3. A 1540 Ma (2)—
& (1625£6) Ma (FEFASE, 1991)
= 0{(1522123) Ma (Luetal, 2008)
(1626+9) Ma (mthE%, 2008a)
I
s O (1637+15) Ma (BKASLIZE, 2013)
VS
== 1600 Ma (?)—
K ig s Fr=ero® o{lszlilz) Ma (Fh&—%, 2013)
- w. Y 1634+7) Ma (RI#FEE, 2019)
K ——1640 Ma (2)— 5,
------- (1638+14) Ma (FHRELZ, 2009)
i (1634£9) Ma (3244, 2013)
£ 5 2H
E
1650 Ma (?)—|@ (1657+17) Ma (EE#BZ, 2014)
N
(1669+20) Ma (Lietal, 2013)
— 1660 Ma (?) o{(1673110) Ma (ZH34%, 2010
g% TRHBE-RTH AI (1731+4) Ma (Peng et al, 2012)

L
] s
B o
s 4] 13

E4ds B4+ =

M
B EBE: =
1 B 12 t
s [l g ocom

[ 2 At & ool 12 3 81 B AR PR
1=K 2R IR 53— i s 4RI A 25 S— A o R A 6— M I [ 25 5 T— U0 s 8— MDA 9— 0 5 10— s 11—k
VA 12— R A 13— R 5 14— 05 15— B2 40 5 16— R 45717
Fig.2 Stratigraphic sequence and age restriction of Proterozoic in North China Platform
1—Limestone ; 2—Marlite ; 3—Dolomite ; 4—limy dolomite ; 5—Dolomitic limestone ; 6—Silty dolomite; 7— Shale; 8—Silty shale; 9—Sandstone; 10—
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Conglomerate; 11—Volcanic rock ; 12—Granite ; 13—Gneiss ; 14—Asphaltene contents ; 15—Stromatolite ; 16—Chert band

Rodinia 1 i 13t 2 o 9 B B BAT O AL v Lo by = A s e 9 T
i - UBUE A ) S BT ALK ROL SRR SR DL

4/
A L T M B L T B B A K FHIE
SR A A7 RS LR B0 oG K e 3 ML M I B T B — 96
TR T 5 e B S T 2 BF A T A

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(5)



Pl 3 A b 5 LU DO TT o S (e A KRR E
a— IS TR B SR 2B B Tl LTI b— RIS VI 2L MISS Mgt , I B3 ; c— B WA AL B €2 TR P Bk s Sl It B3 5
UK RIS A DTS, RIS o— T IS ZH IR A I TUE ALK E I 5 f, g— F ISP 2 5 W vF Lk E o
Fig.3 Characteristics of Meso—Neoproterozoic dark mudstone and shale in the Yanshan area, North China Platform.
a—Grayish black mudstone with siltstone lens in Chuanlinggou Formation, Kuancheng area of Hebei Province; b—Microbial induced sedimentary
struture in Chuanlinggou Formation, Kuancheng area of Hebei Province; c—The sand veins in Chuanlinggou Formation, Kuancheng area of Hebei
Province; d—Dark muddy—shale in Hongshuizhuang Formation, Jixian area of Tianjin city; e—Dark muddy—shale in Xiamaling Formation,
Zhangjiakou area of Hebei Province; f, g—The asphalt layer and nodule in Xiamaling Formation, Zhangjiakou area of Hebei Province

X SE R S AR IR R I R H R E A Y
R AR 3, AR T Y & BRI 152k 16 3 B
WA PLBRAE . SR BR b e h TEAH
WAEWEERE , RS2 0 BER A BUR A Y
IR AR, oA e T2 55k L2 ARG 21 e
N AR RIS . Thonilr A
JEW LIRS A iR o & R R m A Ay =

ol R e TR R B
3.1 BRekEnEs
TEPEDCH TR ZR iR L e 322
PITTRUA A G B e T TR E B3I NEN, 77
TR HR Y A S K PR AR SR ZH 1R,
FRIBTA A SRR ER IR T, AR N2
Wade v, LA BRI A K S R EEIT

http://geochina.cgs.gov.cn 1 EMTT, 2021, 48(5)



55488 2 5

SRICTE A AU 65 Th—Br Tl SR IRCA DUBRRHIE S AR AR T ) 1515

R T 2 2 A ER e Y A R A3 2 T
S LT O # % 45, 1989) o Hald Ve 2 bk 3
H—EME A KGRI A MBREATUS, FEE
BB HE A, AL X3S — A F e A AR AT s
FITTRUZ BE (8] 3a) (R 1245 ,1994) . HRIAIA4L
BLOr AR FAEALREIT Mo X, [ b 1) RS VR A
P FEH]EL | D4R — A DURUR BE B Kk (#4°K F 500
m), 5 NRE ML LU FEA L FHR)Z A
oA Z B R A fh o BRI YA 2 2 TR
TR T T B, D 5 e 2 R AT RLUb SO B 5 g e
AR E KESUZ R b S LA TR RS, 2
DL ILCAAE 38, I Sy R A VR 2 T2 2 T KA
AR K A58 (EARSE,2004) o 53044 21 %
A TR AN PR (] 3b) |, D ke 1 1)
TSR HRAE , B IA &AL R SR SR AT B e 1717 2%
P2 kI B (T 3¢) , 3 RE 3519 BH I BR 0 321
WIREVE REAS 7™ A 3 & A AL T R TR (5
#H,2007 ; LIRSS 45, 2008b 5 172 A% ,2009) .

PR 2R IR PG S T 1934 4F T, 1k i
SR EHA AR Z R BRI TUE " . K A
TP AAEAEAC R LB X, PO PO TR B L 4P
eI —HF , TUBBEE N 100 ~ 170 m, & & H0H A6
5 RIS AT RS ok I A2 oh 3 G 1 o R
(FMILZS,2000) o AR L FEARICAHE L b X =22 h
—ERATUAF A= AN ENERIEHTUR, FEN
BeTUARE AN, LR ERERD AL
L iR A B R H oA . BOTUAE KL EE
RBIEARAPHIZAL AR T HK A TR AR B
TRETHA , v RETCA TR A Ny s ROK 1 PR 5
(E13d) . WF5ER, Bk R4 8 68 T KER /3T
T A B BT, LR Bt A 7 K Pk #)
W 2 — i KO Al O R e] L R R A Y
T (P E B4, 2013 TEPLIH A2 At ,2014)

T IS AL R A DAARRE TS A oh 3 Hedr g it
7 91% B0 15 7%, BRIRER A 7 2% S /D Bk i
S5 W LR TR BETE IR 43 e L b IX Y 40 E 100 ~
300 m, & BT PR 24 W E A LURZ B (F AL
U 1 25 O 2K, 19935 5 AN AF L 20025 5K K B 4
2007) . N HUS 2 b E AR MG ML IX A3 AG T, TR
PUdL e R R IL— By e JRE R, R
JERIKIE 600 m, 5 FARERIGAH I FEK il 2

EATARES A, T S04 RS o 4
= Y S AN (e SN = L= R )
EFANNS S ENIE = WARGES FaEd 5=l i S e
TUA (B 3e) Je ik B ie s, AT Uy o, e ] Ul O
HELEI AT (K 3f.g), AT EEA K
7 (KIKBAE, 2007) o T SHUA 2 TR b 2 BE AR 21 i
T ER VP TRUAE D T SRR Y 52 4 DURRE A1
F I BTN R AT, AR SR U
BORIER JF S5 A T IRAMRRE DR, A A R 2
(Kl 3e). HFE20 20 60 -4, ©FF T SIS 4H &3
T FEE T AR BT IE LA R
1M H & B 3 A 5 B2 53 A — 30, IRl
TR A, J5 2 B L R U BB A i
U, BT R IR Z (EAL I RIZEANR, 1993),
3.2 WAEYMRERE S

TR AR R R A E BRI A ™ b A o E
(AL, VAR IR Eh I BT I i 24 A Bk <o
TR 1 70% GBS SCRYAF, 2014) . Aedbth &5 bl
Rk E BRI A TR, & TR
25 A LA TR th A bR 5 e AR R R T
Ko BT —A e BB R, JCER 43 b DX Ay B
W5, KB T BB T KRN LIRIEHKIR L A
FRH)ZE . T ERIRER A A — B RRER R ER 2
A AT R R AF i S 2 i B i T H S
S5 RS A YL RE P R E RIS
A5 322438 QU JFE AWML 8. Btk
A IR B PriRIR 2 A TR
BAT oz 4 5 JH By 5 R iyl B £ %7 4t (Haddad and
Mancini, 2013) , Z< PEAF A W7 b X ool 5t L 3% &
(2= %, 2006) | L4 SR 0 T H 58 (Wright
and Racey, 2009) \F[ 2 Eh 75 b3l -RPr g — 12
4t (Schroder et al., 2005) M4 % 5o 30130 H 25 253 1 1
RS — N A 55 (Kenter et al., 2004) DL K /7 [ 4&
ACE vV A B e RS R LA (R A,
1998) 4 A M FIHb X AN ]2 R

fedbib & HoR T B R E A Yk IR £
o, AR A IR TR (TR TUE W e ) 2 e S
WEM BN, MAEY ST EENMAEY
() AHOC AR 3, 2R B i AL i 3R IS kB A
F B RS o WU YRR IS BR 0y A a1 QY
1% 3l R AR R ) g A 7 AR & Y A AL B AR

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(5)



1516

.

P 4 glig1 L X Ty SR E IRRIRER ok B AR
a— F SIS TIRE)Z A1, LR E 1 b, c—BRIGHARIRSZ A1, KRS 3 d—25 3R DR PR RS2 A0, AL B P s e— R IR RS2
AL ALSTEDS ; £ TR =B 20 TR s g—m TR U B A T LA
Fig.4 Characteristics of Meso—Proterozoic microbial carbonate in the Yanshan area, North China Platform.
a—Stromatolite in the top of Xiamaling Formation, Zhangjiakou area of Hebei province; b,c—Columnar stromatolite in Tieling Formation, Jixian of
Tianjin city; d—Microdigitate stromatolites in Wumishan Formation, Changping of Beijing city; e—Biolaminites in Wumishan Formation, Yanqing of
Beijing city; f—Stromatolite in the third member of Gaoyuzhuang Formation, Xinglong area of Hebei province; g—Thrombolite in the fourth member
of Gaoyuzhuang Formation, Pingquan area of Hebei Province
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Fig.5 Organic matter rich in microbial carbonate of Meso—Proterozoic Gaoyuzhuang Formation
a—Spherical bacterial community in the microbialite of the fourth member of Gaoyuzhuang Formation, Kuancheng area of Hebei province; b—The

fluorescence photo of “picture a”, organic matter residue visible; c—Spherical bacterial community in the microbialite of the fourth member of

Gaoyuzhuang Formation, Yanqing of Beijing; d—The fluorescence photo of “picture ¢”, organic matter residue visible
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HE5THIEA, TSI AR mAIR SRR
MBI, X ] BB 5 T SIS 4L 1 & B i =F
B IS BRI I B O

o TR 55 2K Ll 2 RNk 2 SRV T2 1Y)
REREL A, = TRl R £ %5 TOC % &4 0.12%~
0.48% , F-HI{HZ) R 0.26% ; 55 1% LT AL IR R £h A TOC
B 0.06%~0.27% , FIIME L H9 0.15% ; R 20
iz £ 5 TOC V- $49 {H 7T 3K 3] 29 0.31% (X 5 48 45,
2000; EAEE, 2004; IV 5 FEGE, 2016) . B4 %)
TIACF R AT o P BB A iR ] — B
SUZE AT AT AT AL, X P A A 94 1) TOC
{HH 0.15%~0.31% , K/ EELE 0.21% LA o Xt
TFRRERER 75 A HLSE & s P EAN 23R 43, B AR
WA G—hnife, B [ Py R Wb iR R A A i A
BT BRAEZ /N T 0.2% 7] A1 (Hunt 1972 ;{57 5%
1 X1 75 73, 19825 Tissot and welte,1984; [ A8 ¥,
1985) , & T 41 5 k104 413843 12 BE Y B R £h 5 E
RBVEIRARAE . AT 38 o PR AR S 5
— R A IR ER A e R A ELA T AR
SUERRHEE R, B DI A s R IR A T IR
(B AT RE A (438805, 2019) o IR, Ao oo oy
R 75 1 TOC & & > 0.2% M0 A W A J2 AT VR il
SR R IR A5 2 o A ML A 85 I A I 2%
o o L ) A A AL A FR bR, IR R bR A
FUIA R 1 L 2 TR S5 BT AL ST 1 A AL R
o AR SRR IR A5 TR S 5 R 50l 3 2R TR
st PR A D SRS, S SR AR (R B[R] T
S TR Y B R (BT T MR B, 1995 4 5
85, 2015) o HRUA VA ZH U6 T T A0 R B A N B
Ro (HIE N 1.54%~3.01%, F-¥I{H M 2.03%, 40 T
AR BB, & T A0, O e K R
Ve TUHPGH AL R, Ro EI{E 214 1.05% , Je L
A TR e I B TR IR AR BT
(AFFRAE, 2015; 52 3CHASE, 2017) . FAEIE HLIX R
WA ZH A BT Y Ro fHAY M 0.5%~0.7% , Zb TR 25
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B, FTLAZIX R Sy 20 IR i 20 iV g SR ALL T
FERIAT G (7 855, 20025 5K K 5 4, 2007 ; X144,
20115 FAEFRSE, 2013) . X FikiREL A ARt &
WG A T SRk L BRI Kk R R
IR T R i R B X Sl R AR A S
SR I A ST R Ro (ELE LR 1.20%~2.3%, J& T
T (FMK R FE8RE, 2016) . JEwE M5, 46
Hiu 15 8 1L Ml X —B7 Ty BRI A R R KT
50x 10" t/km’ A T AL M I 16%10* km?, B R 2N
1227.01x10°t, 4= i H 0 941.01x10°t, B B 47 B
T3 BRRARAE, 2013 EI54F, 2019)

4.2 HFTHRRIREESFHRE

TR 22 PRI 2 B, ol o AU sk g sk
A S IR AL — A BB B, R IR
2z 55 RS m KT SR WA RRE , e
T HE T LR E A A R A R RS N —
X, Tl T (1.6~1.0 Ga) &b T Hb 5 7 & F
KRR A 14 GOE (Great Oxidation Event, K%,
A F) 5 NOE (Neoproterozoic Oxygenation Event,
oo h R EALF ) Z 18], o AR LA AR
hBRALEL” () = R R TR R A A
EBRERER , o2 R )R a1 9 KA i U A Bk
A TR 2 M 4R R A 7k AP 43 2R3 (Canfield,
1998; Anbar and Knoll, 2002) . 1E & 1 T i A Gk
ARSI IR R ZO6A 1E IR 2 UE
YIS 7 WA BILA T AR K AR T AN 25 g o SR AR o) i
A B R AR . UL, R o d AR R
BLTT R AE B b0 T 3 2 i A v 2R
58, IR AR5 A A oo BUE U YR ki
AR A I A T 125 R 1042 ¢ 0 2 (s e A
2008a) .

FHEE A, Hroe i AR IR B A R A
PEFh K 2 WA E A HUT TR, HABE TR R B £ 1)k
H T EAZAY . 1554 sh HEE (2 580 Ma) Z il
(A rpon AR S W A R E R 20T TP R SR
A o X oo AT S0 A v AR Y bR A
RO R W, i R TR 5 A AL A Ay 205
W AN TR A DR AR S K A AR ok T RIS, PR A R
s ORI AS 1) B S bt ( EAEMRAE, 2013) , X 1] fiE
SE VTR MUY BT 1 A 4 32 B 1 40 TR 45 i A%
W, 5 B R AR R R B A O, R R

JUT AR PR e AN [ T B R R T 1) —
AT ERAIE

Tl SRR A AL, 2 H AT HEA -
Kt E W IR AL, ol R A &
AT 8 M B P R I8 S0 9el OxfE LRAT
Qi AR AR L3 Bhafi R R e 6 2l L5k 2 A
T AR LA A6 T2 B T 3t Bl ) e J 22 301 ol 452, G L
Sl S A G AR R T LAOR B Tk il
AU, X AT BB A BN I 2 . {HRE
HHUBE R DU, rhocly SR IiUa Al Rt — Db
St R A IR AR SR ORIl U, PRt , B
filigte L L3t DX AR 2 h—Br ety S SR A A BB
B  (BAE PO SRR IR X, AL
JRBE I B 2t A AR TR, AU A ety R i i
JEA E i T A SR 2T 1]

5 4t i

(1) AEAb b A 1 M X AR 04 98 41 rp 3 | K
IR SR FE A R 3 ER e TTA 3104
5 € 6 125 19 A HLA 7 & TOC ~F- 244 43 51 hy
0.89% .2.54% .2.82% , 1k | b 48 K DL 0, A AL
J5T 1 58 JT AR B 5 22 Ro {E 43 51l 2 2.03% . 1.05% .
0.63%.

(2) A iR 5k A A A e Ll b X P B T oy
SRR R R A )2 e R E L RS TR F
Wil 5gkisdi It £ 5, BARBFENZ 2k
RIZRE JEEJE R LI T S5 8, AR AR R LR
11 TOC > 0.2% ML B IR IS 2 B, e ooy S
BRIA)Z

(3) gt i A2 VORI |, B S A T
SHRAN , LA R AR e A SRR AT [
B, HOB oG AR R R A AR R A K
- Ko A= R AL R AE DS T 2 B 196 A L S
SR i TSR BRI AT SRR 1 e B
Jo B W AN A S A
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