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Abstract: This paper is the result of oil and gas exploration engineering.

[Objective] Two sets of black shales occurred in the Ordovician Ningguo— Hule period in the Lower Yangzi region have some
potential for shale oil and gas resources. However, the planar extension and vertical thickness of the shale are still unclear.
Accordingly, petrographic paleogeographic studies are of greatest significance for exploring their hydrocarbon resource
prospects. [Methods] A detailed field geological survey and test analysis were carried out regarding the Ningguo— Huleian
sedimentary strata in the Lower Yangtze area. Based on the study of lithology, sedimentary structure and paleontological fossil
assemblages, we carry out the research of lithofacies paleogeography. [Results] Two types of sedimentary facies are identified:
carbonate gentle slope facies and clastic shelf facies. Carbonate gentle slope facies mainly existed in the northern and western parts
of the Lower Yangtze region, and can be further divided into shallow water gentle slope and deep water gentle slope according to
lithologic and biological characteristics. The shallow water gentle slope is dominated by biological spangled limestone, mud—crystal
limestone and argillaceous limestone, while the deep water gentle slope is dominated by nodular limestone, turtle crack biolimestone
and shale. The clastic shelf facies mainly developed in the southern and eastern parts of the Lower Yangzi region, and can be further
divided into shallow— and deep— water shelves. The main differences between the two subfacies are the increased silica content,
biota variation and higher organic matter content in the deep—water shelf. [Conclusions] The study reconstructed three stages of the
paleogeographic pattern during the Ningguo—Hule Period initially. The Hule Formation of Jixi—Jingde—Ningguo in Southern Anhui
province has large shale thickness and high organic matter abundance, which can become a critical prospective zone of Paleozoic

shale oil and gas.

Key words: shale gas; black shale; Ningguo— Hule period; lithofacies paleogeography; shale oil and gas prospect; oil and gas
exploration engineering; Lower Yangtze region

Highlights: We reconstructed the three stages of the paleogeographic pattern during the Ordovician Ningguo—Huleian period in the
Lower Yangtze region initially. The Jixi—Jingde—Ningguo area in Southern Anhui Province was considered as a critical prospective
zone of Ordovician shale oil and gas.
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Ningguo Formation, Junling section, Hule Town, Anhui Province; c—Gray—black carbonaceous mudstone with thin—lenticular limestone,
Jingningguo Formation, ZJD1, China; d—Gray—black siliceous shale, Hule Formation, Liujia section, Zhejiang Province; e—Gray—black
carbonaceous siliceous shale, Hule Formation, Changjunling section, Hule Town, Anhui Province; f—Gray—black siliceous shale with thin layer of
siliceous rock, Hule Formation, Yuandong Village, Tanshi Town, Zhejiang Province

http:/geochina.cgs.gov.cn H1[EHBJFT, 2023, 50(4)



1130 ol | Hy Jt 2023 4F
A T e P W2 | mE/m A o s s Ry
K = K
S i %
s ﬁ i é*&
[Z .
i e | 10 7
g 7 ] N4
7 15 7
— 7 %
» Bii
7 ;ﬁ'!q; 20 i
4 td
25
ik @ i
% 2 ®
" " 30
7 td
35
@ iﬁ -
& [
] 7 L]
w P | | 40
7
v 45
1 @ 7
50 v ®
7 T K
- | & | &
B 7 55 %
= @
= v ﬁ 60 7
— = B
a ' 65
i /
4 B <k £
L Baa a 70 b
=———=] f—=—=] = = =]
== = =1 [ = — 1
[= =] [= = =] = = =
KA JR K A 45 53 e A R R e A e
Limestone Nodular limestone Calcilutite Silty mudstone Mudstone
[sisiosi] [==—1=]
] == ‘ & ‘ V4 ’ \ ‘
Tk J5 T Tk B Ve R KA E-¥a) P S Joi /2 2
Siliceous shale Silicalite Argillaceous limestone  Graptolite Cephalopoda Brachiopoda

Kl 6 T 471 DX Rt AR R o TR P 51
a— WA AR P X KT [ A — 5 SR ORI AR 25 A HR I 5 b— Wi 6 LU B e 77— R D OB AR AR 25 G A IR 5
Fig.6 Sedimentary sequence of typical shallow sea shelf facies section in Lower Yangtze Region
a—Comprehensive column diagram of sedimentary facies evolution from Ningguo—Hule period in Liujia section, Tonglu County, Zhejiang Province;

b—Comprehensive column diagram of sedimentary facies evolution of Ningguo—Hule period in Huangniitang section, Changshan County, Zhejiang

Province

JEEAHXS AR, X PO 2E 57 ] BB DX DT A — 2K
M. ZIMEARE SR, 1A DU X T Ak B B2
i L — 2P MR, T R AR e DUR DX i Ak A i 9K
R MAHXTA T, B 1T RS (1519) o
TBREL . DO AR LA CRE AT 4D R B TR (R
ZBRE I A IR AR JREEEAL 6 m,
ME—ZPR—F YU TR JZAR I e UK
RIS = R 14 m (RS B
Jry DX It 5 3 A BA L 1989a) o T FEL b DX F) i 2 L2
HRIMEBEAZ R 12 m AT, DK @ —
JEJZ AR A T K 53 T A K B HE e
By B AT W 3 Sk RN I AT AR 426

WL AYHU A 50 S A= R A Pk SR R o rp 2R A
S e D EE AN 7Y il X Nt Y (o s
A FURK B 5 MAEAEAR R X UTR T 4
S0 T VB TR A e K R R, & = AR D
HNEAAE—A AR, DIRGarhR
2 JZARVE TR 7, A Lt XA e 2~3 J2 =
RS2, S 8 K IX AR, UL h
i, JE TR BRI TR K AT .

TR 25 DR DX 38 3 R 7 — 2 K € e Jo o o
T, B A, KR T R4 5UA i & il
Tk o N, R B VR DURVERAE , & B IR
TR BESIUTRR o FE 8 LU IR AT AT I — A T B A~

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(4)



1131

i ST

Il — 1 S 0 A oy e PR

P
T

TN T HIX R 2

=X
=]

504 5541

uo139Yy 9z)3uBA I9MO0T AU} UI URIIIAOPIQ J[PPIA JO porrad sng—on33uIN oy} Jo weiderp uosuedwod saroey Arejuowipas /31

A M P R D7 i — T L Bl o o XA L LB

adogs a11uad adogs ayuad QuojlsawI|
Mmo[reys 1o1em-doo  jroys 1ajem-doa( JI9YS Mo[[eys QUOISPNIAL auojspnw A)[1g  d[BYS SNODI[IS anoe) JOBID A[HIN] SUOISIWI] AJIWO[O(] dUOISIWI'] areys QUO)SAWI] IB[NPON
HENex LIS A i e 5 e & Ak g8 & U W 5 wHGEY  FNYZH X =2 Yk B
[ =i [= = el ;m‘ == [T < T<] 2 T [
7©Mm7 7®MQ_ 7ﬁ—ﬁ_m_ 7Ew_ E=—=——=1 (=1 & e | LT <] T 1 [ | m @
=== === Ls l=—=""1 LT < T<] LT 11 T 1
Bl =
—————____
3 =] | TTSiEea
/ rrom—— [ s
/ = H
’ Coc— 3
/ —= 3
/ | \
/ == .
/ ——= 3
/ == b
/ E—=—| 1
i =
/ e
" 4 ==
/ e
4 |
/ ==
/ C—
/ =
/ —
7 =
/ e
4 T
\\ —==
\ — [ 1
\ r— @
/ e
. —
§ = s SLEEE
/ | L &
i BEL [ wersyt .‘A..\., =% & /
/ — -2 -
7 = BTe !
=
! —— [~ .
4 == g ES
/ ] % o
Hlu e .
s —— 7 i /
e Y ; i
= ==
HEL wog< e /! L e
= / e
= ; , ) @ S
== / qys A e N ek
== / ¢ XL wor ey
=] / \\nm,mﬁ ~”~”~
\\\\\\\\\\ --” SHd BE%
\\\\\\\ / P I3 e~
AL g o
B = L e
£ T - < |wog =~
s = e gy
; o [
— @ > N e ________ f ===
— S0 iRy _AM WYy eyq  BWEY
— 1= <
M Hmu e % GHE YT BHE
=1 ) @ @ ¢
B AMEET R 1 [ o HEMEBEAY HENEES Y 1 [ e S 9 1 [0 I 1 i T S TR
L 9 s 4 € 4 1

http://geochina.cgs.gov.cn FPE LT, 2023, 50(4)



1132 h E5| Hy I3 2023 4F
114: 00’ l]6°l 00’ 118: 00’ 120‘I 00’ 122° 00’
-""I8 ° ° ® 0ud ap®
1B =5 A 26 4 E B R4 W 515 EAF R [[-| m‘rﬂ;| L&?@ ‘, [~ |a | E\
2 B bRk ¥ T 27 7 [ B 57 ) i 52 I 22 AR A T T ol b@% [ R\ 0 50 100 km
3 A EL Y R0 B T 28 KSF 8 b H 53 fie & 1 'l <] 5[ a] » [ ~H PR\
4 Fey £ AL L 29 K £ B W H 54 ik 15 I s T oo =8 ] F*g T\
5 A B 30 AFHF R T HE 55 T L3k e s e & 23
OFTERBUHE 31 KEAFMAE 56 % T [TAT e ~PR& T o [ B8 FF\
7 BB WE N E 32 2 BAMHIE 57 R [ [No Ao J.o [ o | o | o | o\
§ % BLHCH 33 fJ B0 K4 I [TAT > L2 e Tawd o [ =~ \
9 Fi & B B ¥ 34 5 GRS F N B | o Tsaf o [ o [ omm| o [ eoke] o [\
10 7 2 £ % B 7 35 YL 1l L5V 1497 8 0 T T =l [ el [ = [» [ = [is \
U AABEUFAE 36 g0 A Tele i tars s [a8ls o\
12 i K457 3 37 R T 3 IF 4 8 B/ T8 > T~ Ts 1= oFH a [ o [ A\
IBLFHLEFAHE 38 /R KA H [ T omd » [pral » BFpoih .gm s [ % 5 [ o\
14 7 5OHE A 1L 9 T 39 il BFFEHE e BT e ~ 5 iR
16 fLlig W AMFA T 40 T B £ 58 i / 5 = o =
30 16 4 75 i & A # 41 3l Bl 3R R 5 8 ) T o M~ =" G 3°
00" 17 KB B¢ L # T 42 5 it Bl 5K T = =i 700"
18 i b B L T 43 7 P B BR S b 1 T Hg).’l. B ol =—
19 i i Bl #) T 44 5 FHE (R B HI T X L/ =
20 A & % K 5 45 REB K HIH S, 55 =
21 5 B3l 46 BHBLHTHE LEuk, o¥Afc c
22 45 B0 % 147 B AAERME ! ]
23 T E BN HE 48 Bt B KU I %% S ] =
24 g [E ) 235 ) 49 AHEETHEHE » X ) ¢ 0¥ ¢ =
25 3 B B Sk 50 A f 2k i R =———c E
2 D O B
A c——¢ c c
™ DRa = :
i S 2 . =
Y8 5
-“D I 1 P © S o —— ¢
7 e
Ko Tzf’s 2
= & = —
30° » E 3 = | 30°
00'] SRa Z . g C C C cl c C 00"
RS 7 7 — : E =
) : c = — — & s
Ty c ¢ c ey p—— < < <
<, P
V- —_— —— 7 — %
C e ————0 oC < <
= — 2 E 5
c ¢33 —c¢——c¢c——¢——c¢c——c——c——c—— c——c—— ¢ — <
e &
= — o &
c——¢c——¢c—¢——¢c——¢c——¢c——¢c——Cc——¢c——¢ )
= —— == = N,
- = 7%
pig——————————— — ol I | 28°
00" =7/ .- =Y 00’
I I%__ e = — — ..4\..__1' Noal s ' . '
114° 00’ 116° 00’ 118° 00’ 120° 00" 122° 00"
SR K G TR G Shi K b Uiks 7K TR R pAl Lh& ) BIES S 9 H TH
A Shallow gentle slope| Deep-water Shallow shelf & Underwater low uplifi| v Collected profile [ ] Measured profile
gentle slope
WA 1 | JUE AR oo | A e R E R E [[eTel] Emks
Shale gas drilling Oz Place name Provincial boundary| Nodular limestone Micrite .nnnnn- Biolithite limestone
EENENWY: L0y 3 B L] ———] mwms U (28
AQ QAA Bioclastic li e ; = Cart shale Shale E Silty shale Shale thickness contour line

(K18 477 b X7 R A A
Fig.8 Lithofacies palacogeography of the Ningguo period in the Lower Yangtze Region

I B AR AR NI Ty T S A A TR s o
5.3 #ARAEHA

EHSR R I8 7 T 0 O R R TR 2 ) R
WE AR, BEAR A B — R — i I — & B

Wl AP RO TUR IR AN T AR iR AR

ERVIEERI T A R =N e 2l C T B N
U B TAR) Sy SR 260 35 85 TR ZS A U8 O o JRIR
PTAW A, AR =L TEW—R b —A
B—ARE L WA T EKOPIRERRTOK S I8
WIS e I e, B RO i, 5k 226

ety o B LRIBRIRER A DRI K B R 35T
B, RS MR N B A DU . TRk X Y
R FH U JREFEAR AN 2~3 m 5, 5P Ry S K e S
RGP A B B RO A , T2 L
WG L, 5 BRI EIE A ICEARL, MELLX 7. B
DAY B 2 4575 B DR T S P D TR A (5 35 E 4
AT E R B I LR TS LA = o
SFIH . WA DX AR L F T FH I ZH K
AR I (R IBAE, 1981) , 78— i —Ax b
DA T2 B ORI, b T Bk e

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(4)



- e g g - iy e v
5550 4% £ 41 7 T X IR 20 T [ — AR R o R DU A S 1133
114° 00’ 116° 00 118° 00’ 120° 00’ 122° 00’
: : = T= [
| BB = A 26 KT8 FKIEHE ) i S o S s S . w0 100k
2 0B B ¥ ¥ T 27 K55 B E W T { o [ o | oo | o [ o [ o [\ |, . [
3 4l B T R 28 KV £ 7 B F il "l I : I = [ : [ = I ; I > [ la\\
4 5 B AL ) T 29 ik £ 7% W g ) ) ° ° ° > 9
5 ) LB AR B 3 T 30 A J5 B ) 5 ) é[ﬁ 'f-lé\ 9| i AI %u %mi T @l ‘@ l q‘:;{: f 3[\\
6 KB 1L 3L H 4T = T [ = ] i T o s R\
7 18 kB e 1L ) T 32 4 25 T &R 3 T [T oMosw | 6] o [ o [ o [ o [ o \
8 3 ¥t L il 5K T 33 5 [ 4 F k) S S WA | % \*@',I A~ o] «
9 4 BH B bR X o 5 T 34 Il 22 AR 0 T | O'J‘ » [{ e o, llﬁ o T ol o T o\
10 R E BFF T 35 % H B MG Frlvds LsBay™ o [ 2 T o [ 2 N\
11 & SR T 36 4 £ 534 6 = —— = e
12 Pt it B K b4 3 T 37 YT 1y B B YR BT 5 3 T ﬁ o ° "1 o |78 o ELNOENTS
1BAEGETENE 38 Wi 223 1 AR [ koo dmea T i
14 f3 & Bk v ) m 39 s iy B iy 450 R 5% 48 ) T ° o | o 22 ° ° > ° Bk
15 B &7 W 40 R T B I I [o T " [T o yfoa [wuk a o aT o a N\
16 & B 3 ZE 4 3] 41 7 ELOKH kG ) T [T o T, o 1. wmx_319% o o Ok%o | o | o | emm | °® N\
32° | 17 &8 B I # 42 RAUI L [y ©_ov | ® s B -~ ° | 32°
00" 18 F & £ K 43 B & 13 [T o [ 1 [ o PHIH] o o LG
19 £ & K3 5 # 44 Wi a1 o [~ Fo o [ AN o [ a
20 5 [ B 3] 1L ) i 45 WL 13F [ o22l.3" [ )
21 T EEANHE 46 ZIIH o quiﬁjr—\lt
22 FE% HHE s e [ 5 |
23 FHE B XL s
R T
25 ¢ [6 B g ¥ m JQ‘A b | a
B [ o T o ]
"Ta T [~
s [ o [ o |
-~ 9
8. ° o,
- D
o [T8
P
s V/ .
2
° B} B B /|/ @
[aT o[ aTo
364 o [ o [ o [ o | oBR 55
I_lAlQlAﬂQ LPYY a0’
00 a 00
e B S e
® [ o [ o [ o ]
L aT o T aTo
® | o | o | o |
Py A 9 -~ 9
° 9 9
T
| 28°
00’
114° 00’ 116° 00 118° 00" 120° 00’ 122° 00
K G WK G R K i 4 W4 Wi 4 0 T S ) T

Shh

Wi 13 | TUR UHHE
* Shale gas drilling

eymExs  EC=Cmmmns
I““unl Bioclastic limestone T C= o] Car

Shallow gentle slope Deep-water

gentle slope

ki R KA

Provincial boundary

Fr

RRAE

shale = —] Siliccous shale

Deep-water shelf

Nodular limestone

Place name Measured profile

X

[
ARLKE Siosi | EERUH
urtle crack limestond'si__si_si | Silicalite

%]
v

Collected profile

KA

Micrite

K9 T XK A A R
Fig.9 Lithofacies palacogeography of the early Hule period in the Lower Yangtze Region

PRI e DURR X RE A R T W 2R 0 DU
ik, DURLT B R SR JTU R IR B A 0ot it
AT IRIFIUA AT LS TR AE TR B A N R,
ToIRMEY) . HTRE AL T 7 A A — BRI,
SR A RO R I —2, BAURR P I K A
B IR KB (E 10)

6 L E
TR G U A TR
B EBURLI , JRE L K, SUBTERBE N Helfg i, It

AN

1Ly

O SR 2 PR 2 A RE R ST U, 2 T T i
X g Z A Th E R R I — BRI . et
SERREE T M X TUS SER I AWIR A BN
ZHRIPNINZE ) R IR T HTHEERRY K B
() B 78 S RE S RN I E b BR AL 2 a5 2R, 5 SR 4l
UK B 0.5%~4% , V- I7E 2% A A7 CHn Al 3t 1
I8 57 B 2H U A R D, A AL S A X
B, 7E 0.2%~1% CZ 80T B A IR B 2204 350 1)
(FBHEEHSE, 2017) o SR DUAAHLUTRALIT -+
FEA o 3, T E A TR A LB AL, T B AR

ZAN

http://geochina.cgs.gov.cn FPE LT, 2023, 50(4)



1134 H | Hh J5t 2023 4
114; 00’ 116'I 00’ 118: 00’ 120°I 00’ 122° 00"
'_-~Ili9|l‘[I£I*ITI§IA|I9\
3 == A ® - ot = )
| BASREAHE 26 AFE L KEHE Froaea it et = b . w0 100km
2 8 95 5% 1% ) 27 KB 8w i i [~ T o ohz | o [ ~ [ » [\ ; ;
3 Bl T 28 AT B AR TFHE "1-1 y [ = [ o | * liﬁ [ - [ : }\
4 F6 2 B AL 29 §K £ W 7 -~ ° -~ -~ °
5 I A KB 30 1% B3 T ‘Iﬁ%'*‘_’:ﬁi Al LEe Iy
6 M EL AL 2T 31T i SHF Lol -~ === 5
(R AR | 32 A % 1 1 T ‘ N e | o I | O W AN
8 B # 33 T Q A G . Ra| o - ) -
ot ¥t £ bl % T *;ﬁﬁ?%ﬂﬁ |5— |'§ I‘.Isl Iﬁ]ﬁl | [ | | |\\
9 T FH B4 B 5 o 30 1 34 I % 4 B 1 T N o T 0 o -~ ® 7S
10 RERFFHE 35 % % B O T [ - Lo WK 5 [ e | & \
U fiG BERWE 36 475 530 3 1 T N
12 it B K 37 YLl B9 13 B T LTS T T i ] [ g [
13 AR TEHE 38 I 2 ¥ 1 BT S e | mﬁgg”{‘ﬁ‘—y—‘—?\. <l
14 £ & B A 3 i 39 1Ly £ v 30 bR 54 ) T T Ao [ a [ o [ awllit o | ams\
15 % B % # 40 R B IFI B e s I RA TR NN AN,
16 & 5 38 5 ) i 41 77 B K Eg ARG # [ aglvo [ a1 o [ oM o N\
32° 17 % A8 LA HE 42 FHUA I e e [onwis [Brass [nivealias | 320
00’ 18 Fi £ 5 8 B4 71 43 & i1 N ; oo’
21 FEEAH T 16 Z T ot Fr, | iEF. Ta
22 TEEHEE s XIS | a [0 | ~ |
%i?ﬁiﬁggﬁ Al o | o | o | a
— S L S N S
3% LREREWE : . i T e
=—Cc= ° W] o [ &
e [ [ aSRa o [ a
~Hoa e [ A
1] a1 o J
A e | a7
NA.\_' s/l
- B
[ o
~V/ .
748
oRER
30°_| . | 30°
00’ o= o fe=———r———g) ] 00’
T oWl k)] SRR 7w e s WS & s 7 ke
et Dl
=
T— [ — 1 — [ — [ 2~ [ g —C=t— o
0 T T [ [P
= ‘?A@m-_r—__.ﬂrzrt
| 28°
00’
T U T
114° 00’ 116° 00" 118° 00’ 120° 00’ 122° 00"
- Rk G35 - WIKEH VK i 4 w05 PATRE S L] ESNES ]
u Shallow gentle slope L Deep-water Deep-water shelf O % Place name v Collected profile ® Measured profile
gentle slope
WAL | T %ﬁ. . MR M wses aRaRH Zii&'z‘i
* Shale gas drilling Provincial boundary Nodular limestone (T=1—11 Marlstone EEEEEE urtle crack limestond si__sisi | Silicalite
(o T e g 5 BRI MR
u. Bioclastic li T ¢ C< Carb % shale 55; sid Siliceous shale

F s HURARE MM S i DA R
1 44.9%~83.7% , -1 68.15% (10 PEE S ) 5 T El 41
FEL TR ) & A, S0 A E 27.6%~56.6% , T3
41.6% (15 ), R 2 5 00 R 2401 & Bk (3
0L, 2016) o KA LA LS80 A 1EN 50 SR 24 R i
— AR, THE RS

AR BRI T T 55 E RN T A Al L L)
T ESCH , B U gm il R - i X AR A SR U R

K110 T 477 Hu DX SR 0 A o e 2

Fig.10 Lithofacies palacogeography of the late Hule period in the Lower Yangtze Region
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