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Paleogeographic evolution of the Late Ordovician-Early Silurian in Upper
and Middle Yangtze regions and depositional model of shale

Sun Shasha'?,Rui Yun®,Dong Dazhong”, Shi Zhensheng”, Bai Wenhua®,Ma Chao”,
Zhang Leifu®, Wu Jin®,Chang Yan®

(1. Shandong University , Jinan ,Shandong 250061 , China; 2. Research Institute of Petroleum Exploration and Development ,PetroChina ,
Langfang , Hebet 065007 , China; 3. Zhejiang Oilfield Branch Company Lid. ,PetroChina ,Hangzhou , Zhejiang 310023 , China)

Abstract; We studied the shale deposited during the Late Ordovician-Early Silurian in Upper and Middle Yangtze regions
to investigate the link between paleogeographic evolution and marine shale deposition in southern China. The graptolite-
bearing shales from 24 shale gas wells that can be used to stratigraphic division are the focus of the study. Combined with
the outcrop data from the GBDB database and previous data, we proposed the classification scheme in the facies-sub-fa-
cles-micro-facies sequence ,that is three sedimentary facies ( continental shelf,tidal-flat and delta) ,including eight sub-fa-
cies and several micro-facies,according to the characteristics of sediments, sedimentary setting, geo-chemical parameters
and logging data. It’ s made certain that during the Late Ordovician-Early Silurian,the Upper and Middle Yangtze regions
were in a restricted low-energy epicontinental shallow sea environment surrounded by paleo-uplifts,,and the favorable se-
dimentary facies zones for shale reservoirs therein were the restricted deep shelf facies. The lithofacies paleogeographic
framework of the Katian, Hirnantian , Rhuddanian , Aeronian stages in a row for the study area was reconstructed by taking
the sedimentary facies profile/wells covering the whole region as controlling points,employing the “favorable facies” ap-
proach and taking chronostratigraphic “stage” as the research unit, and thus the boundaries of paleo-uplifts during va-

rious stages can be predicted effectively. The thicknesses of graptolite-bearing shale intervals were accurately measured by
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taking the “stage” as the ruler,and the temporal-spatial distribution of sedimentary systems and shale distribution pattern

in each stage were summarized. The results suggest that the distribution of black shales is controlled by global sea-level

rise ,regional tectonic movement and plaeogeographic framework , while the thickness of black shales is apparently con-

trolled by the pattern of alternating uplifts and depressions. The depositional model is a type of “one depression entrapped

by two uplifts” ,with the shale gas enrichment area located within the depression restricted by two uplifts on both sides.

Graptolite-bearing shale intervals are absent to various extents at the regions near the uplifts. Such regions as well as up-

lifts should therefore be undesirable in terms of shale gas exploration and development.

Key words: graptolite, alternating uplift and depression, lithofacies paleogeographic evolution, depositional model of

shale gas, Late Ordovician-Early Silurian, Upper and Middle Yangtze regions
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Fig. 1 The basin pattern of “three uplifis-one depression” in the Ordovician-Silurian, Upper and Middle

Yangtze regions and locations of its key profiles
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Fig. 2 Sedimentary facies markers of the Wufeng-Longmaxi Fms shales in Upper and Middle Yangtze regions
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Fig. 6 Sedimentary lithofacies paleogeography of the lower Wufeng Formation in the Late Katian of the

Late Ordovician in Upper and Middle Yangtze regions
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Fig. 7 Lithofacies paleogeography of the Early Hirnantian of the Late Ordovician in Upper and Middle Yangtze regions
CHRERPYACT 25 i A SCRR 8,21 ] iR BEAK T R SCRR L8 |, 8 rh Pl db % R R 2 22 Bty B e 19 Sk (41 ],
EL T — #2452 LK o ke 19 SOk 18 1, 0 #5218 80di8 % ke 2k AT | 19 GBDB 5l A SCiik [ 8,59 1)



1098 M5 KRR b iR

539 &

WA S AR, R 3 A a4 OB
VI I A TR 52 5 T R S L 2 (R 3t
TR BB AR TR R 5 6 I , FRGia iy Il , S 8
R @B R, A AR T P 2, iR SR
W, WD R I B B 0T, WL A7 2 I RS B AT
52,32 m, PR R DL, AR IR O T VL 2 N
JRR s @I IRy T, T HE Bl AR SR URL, il
TR TG0 L 35 TR R D8 K e e b TR B —{
PR— UK — 5 % 7 5 22 T8 e, ™ R Kk L 5
/i A

B G Kt WO A 5T AR AR A AR T Y0 AR A TR, 4
i THASEAHAN B X, 7 3 e e QI K A +
TIPTS5 WAt | B AT ) IRk b A R
O BT T A TR R R T @4 8 IR
L SR B ERE i KB KA G, 7 AR K A
Wi )£ 3 Hirnantia SR s @ U JA , TUBUTF K43
HWAKHBIK o FRIPH A 40 J101 H R WU 47 2 U AR, 7]
e TE M s T R s RS

TRAK Bl AR & B 8 % bk e 4R DL A 5 ey D I e K
o+ TR, S S L 0 S b A e b FE—
AR X, T KGR e, AR R B,
JIEE N211 035 07 2 % IR K A + 85 R 5,
R AT ) U 35 5 U2 o o B 4 R R
W% WX2 SR L AR 2 DT RUR R R . (15— 1R
S BE B WX2 JF AR 1) 50km &b By WX FF 1 B L 1R
5% I TG 249 A DL WL 55 195 J2 AR, 38 2 Ak T i o B
N T

TSR VG /K T e A X 3 BT Lt o S0 K R oK,
R I A T, R R X L R S £, LR
ikl BRI BN (B 7) o W2 5 AR
JER/IN, 0.2 ~1 m ARG 1 m; B I 2 AR
A 1] 9 K DX A, 5 UKD & 350 1 o 4 X
BJE LG8 115 m" ™ = 4 0 K 1 3 S ) 1R Ak B W
F R RE S50 8 m 15,76 m!™ | Ay 5 T e o
DX Ry e A S U K 5 T ) b 1), 0L
H R RE BTN, — BN T 1 my

3.3 BEEXEBHERH

A A R xR e SR AL R B LM2 -
LS S 47 DU B, P LW 3840 5 o B R 2 (B 8
TR E . R ITERSE N &P T
fREEAL DU LM2—LM4 28 47 51, 2 ) K R B
T, KT B g /K W B, LMS 26 A7 DU DR Tz 1L
o I E & A SR, B BT 2 BRI 1 BT

VET R, KR 200 m, 2B IE R, HEZ 5 A UK
B A K AR PR A3 T B A B, A Bk A
AE L IR WA K BRI R R R T R K
Rl AR LA B = FmAH (& 8)

TSR A1 4% A X, 11U e R A 42 o i 8 3
B ADUESA T2 5 B v R R v g e ] 2 Sk TR AR
PR, KB RIS + B + e A DR, iRk A%
IR o BEBIAR A T RIE AR X, AR KR A A
MURTUA B IG O, 7T 0 K B AR 5 )5 FR B K i
WA PROKBEMIA EE LT 2 Mo MaE OF 85
T+ DTS T DU S K BEIA ; @& Il +
IR 0L 5, A Ue B K B AR . /K B A AH 2
Ko A, I Rh 2 A AL 6 o0 R B Tk N —55
JI—7 o BOKBEMIA X & 2 P MG O s
B v, o An T e —aF, S8 B o R 2, S 8 it IR
IKBEHNAR ; @5 R T 0T 2, 4340 ) AR ML DX, 8 Joit i
BBy 22, SR ik 8 B IR K B 0 AR . T = A N A
X AR TR MRS AL, & B BRI + b
VIS .

EPFR IR LM2—LM4 A7 U M ERPE KR
G A T AR R MR/ (BR T i, RTTRER RN ) o BEE IX
W, e R 2 5 R AR T 06 21 B I 4 B R ik,
WI2—LMS 25 f7 47 A3 7 [d) 78 B ke g X PN 3] 0id 1
FEID1 B LMI—LM3 %5 47 50, JEUt K BH 3T
KRR RSB 2 AWK TR
KR R A WDS R Bk WE
(2 -3)—LM3 24 5%, PR X WD3 (4
A TTEERE 3,18 m) il WD4 (247 T2 TEREF 3,18 m)
FERE R X A ) WD2 H: (2B A DA 8.6 m) |
ZD1 (A VAR 7. 74 m) G 1B its )R B 2R
W (0 A FR, &89 2 A R B8 UE B R e 4D
(K 4), GPHmei, iz, LMS 44T Z DU,
TS Ty 5/ A R A S e 9 /K W 0 2 0 S S G e
0 B R R AE e /N LA TR T —45 . ¥ rh keIt
LmmgniR, JALHEE—RL—, 1 % LIl RE
L AR TH SR LM2—LMS 2547 5L 4Bk

EARZ 5 #40 Jp DR TR R R
TR TE T R e R R A e R
TOC >0.5% 1R P HIEE TOC > 1% B A4 51 4 &
JECY TOC >2 % & A5 HLT 0L T P
TURIRRES IMI—LM4 % 4 50U BB NS AT i
T, R AR Z . & 8 Al WLE PHEY (LM2—LMS ) 01
JEJER 5 ~ 50 m; 5 3T [ R AT BB PR B DU R R
W, 10 ~ 20 m G JEEFE 80K X8 o0 A TR - )



%56 4]

PGS, S v L 1471 M DX L g T — T 5 B vl e P A % U DU 1099

383

/\ A
[ome] o] [ av) NN 0] M ] [ ] [ ]

TR i

i HOBEAN  BAMTE  BREH KRR
FOL/E PG B RAE(m) B E

)
] L= ] ]
GHITE R

Ml R
Fubs JL B 4B 2 (m)

—
, =

==

AMRL RFEERIUS RIS BRE R BRI R RIE A

oK it =vip V| LR
= = = E

JRRED e
BRBUA

K8 b A7 1 DX R B R P A A B
Fig. 8 Lithofacies paleogeography of the Rhuddanian of the Early Silurian in Upper and Middle Yangtze regions

( FZEH0 58 e B S BITHIS 1 B GBDB B, =M% 1 SCik[ 13 ].)

M GRBE — 2K RE — ARIE 3 AN K MR ol ), 5
JE29 30 ~40 m MRG0 8 B Fr A AR L 1A R R
e Y 2 B R R S 1 R i S TR
T R AT 7 1) — B, AR 5 32 T W I R A S0 VL K T
AT R BR , B T IO P i B DR L, 5 H
BB — T T BR A A A5 U T RDE [ A — 2

3.4 BEEBRES

IR B MR LA 2k T I — K T X
T TRZ L op | 1B B b— )1 PG R A SR
B+ A BRI 2R P R T TR A b B + /NI
B AR AL BF— 455 )1 X % B A Bl 41 + T R s
R X R e TR A BB+ DA, T
BAUUP  EBEATELURGH D FE & B B A R

WK, A ) EASRP S , A B K BIAR 5 B
R = AR, AR S S i 5 s By
W, AR HOK PR E RIS . A1 A A i
DAL PR LUK R 2 5 /NI A B D 45 00 e
B o ZIE S B AR T AR - 1 T B
1 BURR R ER 7 15 3L K I B A K B A7 £ 7y
BRGS0 o VRK Il AR B 65 P 5 D8R, YA K B8R
A58 ) AL S5 /b IX (K19) , & & 2 Fia A
A ORBUKE + K + FBUE + B BUls 2,
B BUR I EZS , AR B BEHIAR s @Ry Ab BT + ¢
A RD v + 5 U Jo UL, Ay ik Y0 S5 R K i A AR
PRI BB A £ o A AT DA S i e I et e Joi e 7K
B, AT B R £R 0 20 22, Jm F DL OB ) 10 O
PGy PR A Sk (TR B A, et R D B U



1100 £ 5 KRR R

%39 &

-l
)

Ny

~

il

Ceg) [an] [ox] [N
s WREEMEIE  ABIREN oK i PRI il =MW K bRk flitag WEE R
WM (M) FRAAREER
JELJE(m)
— A L ) B S
iz R R AR A TUE RTINS ﬁ%lﬁ am L3 R IFEG IR Xy 2= WA H
J& BB 2 (m) JRIUE BRI bR

KO 477 XA B R B A A ot B
Fig. 9 Lithofacies paleogeography of the Aeronian of the Early Silurian in Upper and Middle Yangtze regions

(=AM Ck[ 13 ] 0)

Se KA, KB KA 2 ROK IR 2B, 1B
REBY B LR 2 TR TR S (X AR P e R i — R i —K
T (TR E 50 ~ 304 m) DL K23 ] —im 2 — Aty
(FUAIELRE 100 ~400 m) , JIZRJLAR IR0 1 A1 R
kb X g B 8 21 055 JEE B R 40 ~ 50 m, JE B A 25 1
K, TR B — R A DL IR )7 A K TR X,
4 FHIEH—Ip DR A TR
35 T H X T2 — T TR T LB
R FERT PR I B AR AT B (D EOh X ) 5 A
Mo SR . B A —IR B R ROK A E A AL
ATUAEEIE RGN . Il Fg iy o BT, BEaR
X Bili e R M A TROK X ek, — T, B T L8 X 9k

/RN N R TR e WA o = N R A | I
BRI R 55— 7T, AR IR BE 88 Bk
2, FEEEIZKEIRAL R B KRS 25 5, 1 ok ik
TEFRA . RIZKWEFRY RS, B2 T
AVSETRIRAE AR 7 R TV IS M A T AR i A R
W8, T A W R B3 BT, A R T2 ST
MIRAE . AW AP S L0 YR 2 SR g8
DR 2RI IS, T8 B A ML A SR T IO DL 9 Jo 55 Jo 7T
U B R TR D I DU (8] 10a) o i 5 0, 48k
VK IE S 5 B0 P 1 KR T % 50 ~ 100 m, BF5T
DRI AR, DUV 9 B 2 KR BE T, K
ROK R RS FE DL Zh W BE R 5 (H i T 24 R e T 2
R4, ok e 4 DL st B A S B R P AR DR T, TB B
FEA5E I Ve K A I 5 K e & (B 10b)



o6 1] PNGBTR A5 4T X L e — L R B T e B A R DA DT AR =L 1101
b3
wD2JE  ZD2Jf e
WD1JF | WD5Jf A R 1R Lﬁi LD} Tl J1019F
A B |

0 200 km
[

5&5\3

R K

#E
.

iE
WD2Jf i ] £
WDI1JE | WD5JEZD2J &JIl TR TgﬁT LDUJE I J101Jf m i o B R ﬁf IR R
‘ T EI'L E m %
[ PRI g ¢
BEK WP
BRI

PR YAk R R
wo2gk  zDo w A R

WD1J} | WD5JF A fH R KTﬁ LDUJF  Hi J1014F
‘ ‘ |¥ [1- | ®ame [ | mnamar

: B
] ‘
] s A e v [ =] mwms
i ~ A4A
o M) GCNES - :
& e RIFTUH BRI
K b 15 S 4755 R E AR (WE4)
wD2Jf  ZD2d (ﬂ% — e % RS
WDI1J| WD‘SﬂT‘ /R‘JII AL TKET LD1Jf ﬁ|’ﬂl7’ J1014F

L
ET T W
< — — ]

BTRBIR T4

4 ML
ABIRI BB (WF2WF3) i s

K10 o 477 X TG — e TR 2H 2B A DU R A MR — 1 OB s R
Fig. 10 Schematic diagram showing the formative environment of graptolite-bearing shales in the Wufeng-Longmaxi
Formations and the depositional model of “two uplifts-one depression” for the Wufeng-Longmaxi shales in
Upper and Middle Yangtze regions
a —d. F IR ; e. F T (0L B

AP R A — 5 PRI DI TR R, BRI 1 PR (]
Tt B e 5t Rl Ak 2 4h 71 Ab, Ho Al v FEL I 2 i
QN G B e T G 0 S 1% I T ) 9 S P [ S A 3
KB o I A [ 1B, KK 3R )2 R A TP
B, AT SR TR R W g AR T R R R AL
TS A dife ST, HH B K T AR e AR R K BB 3R 5, O
T A LR B S50 0T ey | 5 Jor T T e B S S
SR (| 100) o ZEPHIRR, W7 0 1 TF ik
T, IREEW, WE-F- T T B, REIRBE N0 2, £ 0
Lo BE A TR e AR ) A 0 e, KR R T ALk AR
RT3 BB IR I8 IR BT B SOk D R A
BES iR A v (18 10d) o

T TR A U A e SR AR R U K

FUUR 2245 T 2 BRIV LT X0 i 2 3l A
LA SR 3 BRI R o 4RI LT R DA ek
Yy s LA, DX SeoA) i o Bl B A e O DR I - 34
AR TE] 4 vt BARS S L P 7K AR I T BRI AR 2 ) 2 i
B B3R 55

1) 2Bk m_EJ+-5URE

TP R DAL, 02T B B TR A2 - T R
M52 /)N, 52 ik W 8 11 AR 5K, AR DAy s PAT i P 1Y)
MR SRR ORI RS 2 )5, AUt
R , VK TH R, BRI K R b T), A R MU i
o MUEAY) T M e L0 BEUR SR K Y)
TR S W) A5 o VRIS, AR A PRI B AR A5 2R )
RABEGEEH, DL IR 00 T m i 3t R 4 Jo Al 5 L



1102 M5 KRR b iR

539 &

WK S )W E T, A B AR AE 4R A TR A
TROK XK R S B S B L MR B BT N
MR 4 2 T HBIX )2 UL LM1—LM4 SR 7K i B 2
BT, A SR O B A LR T B
LM1—LM4 BB 505 B 1 TS 2 G4 R
ARUTRRER G o Bl 35 W 42 905 P ok 1) T 0, ¥k 38
it BB RE 9 4 55 AN T SE , 7E A LT R H IX LR LMS
L TUA IS B0 TR B2 R BB S B A
B R R WK R B s BR L B T T 2%
18 W, R 050 3 AR AT, Il VR SIS B 2 o K O e
AR, AR T A BB AT, DR A WL = 1)
R WTREAR

2) XA 552 3

M T MR Bk 5 4 T B el 48 7 4% R R ARORHA THIR
Wi , B AT R 7 . 7R 22 % &5 W399 B, I 4 35T
BRI, A ) T2 R BV K OB B R AR S 1)
B, DX 3 38 22 ) AR s S R G 1) 2R L i
[ R A .

3) Tl H A

P SR T A — A A% SR , o TR BT
BUG FIA M, FIAb 18 200k B RV JE R i 22K T ek
R LB, BELRR AN A R S AL 5 5 HL AT 22 14 77 1l
TR SR I8 A3t 203 0 , A ) T T JR AR B R 9 ) A T A
Ry PR AR B i BR R R BE S o A LR B
RS, TR 10 T 2R PG 1] T B X R v AT
U R TUA TR (R0 1 X)) R e
LRI 50 T 7K T A A 33X 19 A A 7B e T 2 45 Bl i
TUATURRIX (WD 1 1X) 31 Hh e 0/ 89 F 3 ok
TR R T MR =2 b K7 TUE UK (I
BEFIEE ) 32 11 o e 0 4 o B 22 () ) e, )|
FHb AT C T & 1 TSI T A B e i
U1 =2 PR, o R T R X = W ol — 117 Y, e —
S0 A ) BTV A% 5 Gy e Ak 5 K T B X B A A (A5 3
O HBIX B A PR TUA LT SE R . 1 SCLE L AR
W Hb 2 VR AT B RS AR S R B, 1R
DX 9 BBl P — it WR2—LM4 28 47 07 5 B s v, L 28 Gt
REAEAE" HSEAWFRTUR I,
I DX B30T DX SR R R R AN, B,
TR AR TT R BRI I8 B 28 41 TUH KRB KA
SRR IX

5 4Eip

1) 371 i DX D g Lt 30— A B i 4

Wb = S 2 T A T e = A U 3 FRUTARAR 8
FICRREAR LA B AR R 9 Z2 R0 oA o 12 X AL T ke
P R By Jr BIR AR R i 22 v T R A5 . FL v, A /K Bl b 4 A
Jas PR TR K i B AR 2 A4, B fi J2= D0 AR A A
R B A o

2) YUY, 52 M B I Y o R SOk R
[ G G N o 77 o R N R O P S A R
o, B T OO I v o BT 5 R e
32 UK 5 B0 10T B 52 0, T0AR P oK 2 00 3
BRIZVE K o b w4 e S — & P 300, 52 ok 1T
Tl S S50 9 - 1L TR AR S B IR AR TR i, TR IE
WA Uk E A Mo A i A E R ORI R
B—h B AR N BREA IS, &P
W —IRBE , 3200 T RS R, TR K IR BB A 5

3) BETURRE ZAE T ki b XA
B S MBS SRy 3 FHPER o BRI b T ok
BUR SRR i R A, DX M 3 o 2l B 4 e DO DL
W, I — SR I 50 vty 2t AR R BEL B K A R T AR
TR P s B AR AT . PR DU R ] 8 s2 45 T
W — S ARTRIAR Jey , DOV 30 P g Sl — U1 Y .
UK IR ™ BT Je i, o T — M7 22 vy S i P e
XA R AE AR R B R, ANH T T R IF &,
PUAESARML T A T DX 1 RERETT 8 2 28 A1 DUA K A 5T
RAEBIFER X

B AXH AT HE B E R HLEAE
B L e B B E AR B O B LR A Y R
URKEFH NI KR R PRI o o R A
£ F R BT R AR 4 UL R R B B i B R R R e
Taur RE AFEBHEEASELFETRATE
KoLl B, R PHIEE LML LD
BE 5 BTk AR 18 4 4 GBDB %k 48 B F bty 45 § Ao
e, RAFRLEZRB N ERE LA, Eilb—
FREJE!

2 % x #

[1] Zou Caineng,Dong Dazhong, Wang Yuman, et al. Shale gas in China;
Characteristics , challenges and prospects ( 11 ) [ J]. Petroleum Explo-
ration and Development,2016,43 (2) :182 — 196.

(2] oalissfo. eb ety s AT [ M. bt b2 i, 1955.
Liu Hongyun. Atlas of palacogeography of China[ M. Beijing: Sci-
ence Press, 1955.

(3] BREZ,ZER4E, MR, 55, A8 e X0 S B T vt ot 240 1] e HC a3
FJ]. )22 473,1981,5(3) :165 - 170.

Mu Enzhi,Li Jijin, Ge Meiyu, et al. The Late Ordovician palaeogeo-



5 6 1]

£\ NG 77 o N e

|52
HH

oy b BRI AL S TCE TR L 1103

[10]

[11]

[12]

[13]

graphical map in Central China and its synopsis[ J]. Journal of Stra-
tigraphy, 1981 ,5(3) :165 - 170.

SR v [ e T VSR AR AR S R UM L AU R AR
£t,1984.

Guan Shicong. Change of Chinese land and sea: Marine sedimentary
facies and petroleum[ M ]. Beijing:Science Press,1984.

EWBL R A M. Jeat A R, 1985,
Wang Hongzhen. Atlas of the paleogeography of China[ M]. Beijing:
China Cartographic Publishing House,1985.

XUSEFR, VREAR. [ 7 A AR T B R AR [ M. e st B2 R
41,1994

Liu Baojun, Xu Xiaosong. Paleogeographic atlas of Lithofacies in
South China[ M]. Beijing: Science Press,1994.

NI R, R, A5 o O b R R A o
[J]. 24,2001 ,3(4) 10 - 24.

Feng Zengzhao ,Peng Yongmin, Jin Zhenkui, et al. Lithofacies palaeo-
graphy of the Middle and Late Ordovician in South China[ J]. Journal
of Paleogeography,2001,3(4) ;10 —24.

Chen Xu, Rong Jiayu, Li Yue,et al. Facies patterns and geography of
the Yangtze region,South China,through the Ordovician and Silurian
transition [ J ].
2004,204(3) :353 -372.

kA BREEEE, T . b E 7R )E Sl B [
AU B A, 2009.

Ma Yongsheng, Chen Hongde, Wang Guoli. Paleogeography and se-

Palaeogeography, Palaeoclimatology, Palaeoecology,

M. b

quence stratigraphy of South China [ M ]. Beijing: Science Press,
2009.

AL, BRESE VPRI, 45 rh L35 T b DX B B S A o st 2
B BT ST ]l b 24,2014, 16 (4) 1427 —440.
Mou Chuanlong, Ge Xiangying, Xu Xiaosong, et al. Lithofacies palaeo-
geography of the Late Ordovician and its petroleum geological signi-
ficance in Middle-Upper Yangtze region[ J]. Journal of Palaeogeogra-
phy,2014,16(4) :427 —440.

BT, AR e, JE RS, A T T A L B T L ekt 6 ) — o e
DUBUE BCE AR B ()] DU, 2014,32(1) .8 ~ 18.

Ge Xiangying, Mou Chuanlong, Zhou Kenken, et al. Sedimentary fa-
cies and lithofacies paleogeography in the Late Katian-Hirnantian of
Late Ordovician in Hunan Province[ J]. Acta Sedimentologica Sini-
ca,2014,32(1) .8 -18.

2T, B E, B, 5. B L T KR A AU IR A DUBUER
S5 BRI ] M4, 2011 ,85(4) 526 - 532.

Mou Chuanlong, Zhou Kenken, Liang Weiwei, et al. Early Paleozoic
sedimentary environment of hydrocarbon source rocks in the Middle-
Upper Yangtzeregion and petroleum and gas exploration [ J ]. Acta
Geologica Sinica,2011,85(4) :526 —532.

SRR AL e, RS G5 B — R AT L g P 0 AR R
R RS A S e —— vty A= ARG 0T A o — M AR [T
UURHZ:4R ,2016,35(3) 1449 —459.

Zhou Kenken,Mou Chuanlong, Ge Xiangying, et al. Lithofaciespaleo-

geography of the South China in Early Paleozoic and its reflection on

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

key geological problems [ J]. Acta Sedimentologica Sinica, 2016,
35(3) .449 -459.

AT, TIRT, BV, 45 Al BT Al VR S BUE S 5
A AR R )], MR ,2016,35(1) :10 - 19.

Mou Chuanlong, Wang Qiyu, Wang Xiuping, et al. Astudy of lithofa-
cies-palaeogeography as a gudie to geological survey of shale gas[ J].
Geological Bulletin of China,2016,35(1) :10 - 19.

20, EFV, ERF,H BB TGS HEA T B
DU SUA SR AR R R [T 2441, 2016, 18(3)
457 —4472.

Mou Chuanlong, Wang Xiuping, Wang Qiyu, et al. Relationship be-
tween sedimentary facies and shale gas geological conditions of the
Lower Silurian Longmaxi Formation in southern Sichuan Basin and its
adjacent areas[ 7. Journal of Palacogeography 201618 (3) :457 —
472.

FEEWE,ERL, ZEHOR A U R 5 N S e S
HIZF HUBHHELT ] R T0E,2015,35(3) 112 -21.

Wang Yuman, Dong Dazhong,Li Xinjing, et al. Stratigrapic sequence
and sedimentary characteristics of Lower Silurian Longmaxi Formation
in the Sichuan Basin and its peripheral areas[ J]. Natural Gas Indus-
try,2015,35(3) .12 -21.

Zou Caineng, Dong Dazhong, Wang Yuman et al. Shale gas in China:
Characteristics, challenges and prospects ( 1 ) [ J]. Petroleum Explo-
ration and Development,2015,42(6) 753 —767.

SRIF T, A28, T, A DO A S SR X[ BB 5 LA — T
EHEG e DR AR A R UTRRIE [T ] £ 24, 2017,
38(2):160 —174.

Nie Haikuan, Jin Zhijun, Ma Xin, et al. Graptolites zone and sedimen-
tary characteristics of Upper Ordovician Wufeng Formation-Lower Si-
lurian Longmaxi Formation in Sichuan Basin and its adgacent areas
[J]. Acta Petrolei Sinica,2017,38(2) :160 —174.

RN, B, R, h BT I R S PR AL 5 0T
AAIIBIT )]l BEAR ,2013,15(5) 1645 - 656.

Zheng Herong, Gao Bo, Peng Yongmin, et al. Sedimentary evolution
and shale gas exploration direction of the Lower Silurian in Middle-
Upper Yangtze area[ J]. Journal of Palaeogeography,2013,15(5):
645 - 656.

BEEEE BRTE , PN, 4. R GBDB 46 5 GIS 4R 2 il %5
KEEE W MR [T]. o i 324 ,2016,18 (1) 115 - 125.

Fan Junxuan, Chen Qing, Sun Dongsheng, et al. Making high-resolu-
tion palaeogeographic maps based on GBDB databse and GIS tech-
nique[ J]. Journal of Palacography,2016,18(1) ;115 —4125.
SRIRI, SESEHT, BT A Tg L R e L 1 J2= 1 A ) 23 A Ay
PR E [ J]. Blef 4 ,2016,61(18) :2053 —2063.

Zhang Linna, Fan Junxuan, Chen Qing. Geographic distribution and
palaeogeographic reconstruction of the Upper Ordovician Guanyin-
giao Bed in South China [ J]. China Science Bulletin, 2016,
61(18) :2053 —2063.

ZE— L, SR, WAk, A5 AR X R B R R ETUR R T
JERTFELT ] KRS HERF,2012,23(2) :299 -306.



1104

1l 5 KRR

539 &

[23]

[25]

[26]

[27]

[28]

[32]

Li Yifan, Fan Tailiang, Gao Zhigian, et al. Sequence stratigraphy of
Silurian black shale and its distribution in the southeast area of
Chongqing[ J]. Natural Gas Geoscience,2012,23(2) :299 -306.
T, e, gEse, 45 )1 RS b X LA — i Th R A1 02 22 T b
J2 B FERHg 2 I [T ] AlaAdR ,2015,36(8) 1915 - 925.
Wang Tong, Yang Keming, Xiong Liang, et al. Shale sequence stratig-
raphy of Wufeng-Longmaxi Formation in southern Sichuan and their
control on reservoirs| J |. Acta Petrolei Sinica,2015,36(8):915 —
925.

7. v P 5 R MR FEEAR I S 5 (B ) (M. Jbat:
J H AT, 2004,

Ma Li. Tectonic andmarine petroleum geology of South China: Volume
1[ M. Beijing: Geological Publishing House,2004.

LI SR, A PRZE 45, TP I B e AR T B BE [ T ). 7 3
A ,2004,6(2) 1127 - 139.

Feng Zengzhao ,Peng Yongmin, Jin Zhenkui, et al. Lithofacies palaeo-
geography of the Late Ordovician in China[ J]. Journal of Palaeogeog-
raphy,2004,6(2) ;127 - 139.

JBE. 1 b1 MR g b B i — RS B TR IE S
FORE AL D] ALt b BTRE B, 2015.

Zhou Kenken. Middle Ordovician-Early Silurian lithofacies paleogeog-
raphy of Middle-Upper Yangtze and its southeastern margin[ D] . Bei-
jing: Chinese Academy of Geological Sciences,2015.

FROCH. R P B0 R - SR R AL RI5r[T]. R
T HH7*,1999,15(1) .1 -12.

Su Wenbo. On the Ordovician-Silurian boundary at the viewpoint of
sequence stratigraphy [ J ]. Geology and Mineral Resources of South
China,1999,15(1) .1 - 12.

SR04 T AR T XA B R T TR A R U OB AR B L
AREXID]. ALt o E M BRAA (e ) ,2012.

Guo Ling. Sedimentary characteristics of Silurian Longmaxi black
shale and its significance for shale gas in southeast of Chongqing
[ D]. Beijing: China University of Geosciences ( Beijing) ,2012.
BRI, s A BESE AT, 4. 4 X SR Bl 40 A i A T o 194 2
JREABIFE[T]. HbJR 2247 ,2000,24(3) (173 - 175.

Chen Xu,Rong Jiayu, Fan Junxuan, et al. Biostratigraphy of the Hir-
nantian substage in the Yangtze region[ J]. Journal of Stratigraphy,
2000,24(3) ;173 —175.

R, AR, 2R AR, A5 U)ol X A B A A T 3 [T ]
r HE A4 ,2004,6 (1) ;20 —29.

Guo Yinghai, Li Zhuangfu, Li Dahua, et al. Lithofacies paleogeogra-
phy of the Early Silurian in Sichuan area[ J]. Journal of Palacogeog-
raphy,2004,6 (1) :20 —-29.

ARA e, TR, B, . E UA SRE PR SR (—)
[J]. AR 5 & ,2015,42(6) 689 - 701.

Zou Caineng, Dong Dazhong, Wang Yuman, et al. Shale gas in China:
Characteristics , challenges and prospects ( 1 ) [ J]. Petroleum Explo-
ration and Development,2015,42(6) :689 —701.

25, Ak o R A O P — B 20 2 A DU A R R A
W EL[ T ], HhEREF S ,1992,17(3) 1261 —269.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Li Zhiming, Quan Qiugi. Lithofacies types and tectonic palaeogeogra-
phy of Ordovician and Silurian graptolite-bearing strata in South Chi-
na[ J]. Earth Science—Journal of China University of Geosciences,
1992,17(3) :261 —269.

B, BEAE ST Skt al, 46, FZ MOk SR R TUA e T
a5 XA RIS I E (1] HJZ 224 35,2015,39(4) 1351 - 358.
Chen Xu,Fan Junxuan, Zhang Yuandong, et al. Subdivision and de-
lineation of the Wufeng and Longmaxi black shales in the subsurface
areas of the Yangtze platform [ J]. Journal of Stratigraphy, 2015,
39(4):351 -358.

HRPRAS. BT H X T FE R GE A oyl FHL % s SO IO 0 3
HrID]. BB ARIIRA,2013.

Deng Qingjie. The research of lithofacies palaeogeographic characte-
ristics and shale gas resource potential of the Lower Cambrian series
in the Upper Yangtze region[ D]. Wuhan: Yangize University,2013.
FUER A, B R E U T HIK R R - KB R SR
IR PRFELT].  E R R4 ,2009,39(3) 285 -
299.

Yan Detian, Chen Daizhao, Wang Qingchen, et al. Geochemical re-
search across the Ordovician-Silurian boundary on the Yangtze plat-
form, South China[ J]. Scientia Sinica Terrae,2009,39 (3) :285 -
299.

EAKRI, SRR R B L 45, o T g 7 A A R R I T
HTHERE (=) < 77 DU DI 9 AR R R R OB B K 1 R 3
R LT WA AT ,2009,14(2) <1 - 19.

Liang Digang, Guo Tonglou, Bian Lizeng, et al. Some progresses on
studies of hydrocarbon generation and accumulation in marine sedi-
mentary regions , Southern China ( Part 3) ; Controlling factors on the
sedimentary facies and development of Palaeozoic marine source rocks
[J]. Marine Origin Petroleum Geology,2009,14(2) :1 -19.

P, M. Bergstrm Stig. WP FAFFE AV A3 [ 4 o4 2 (= B
HELJ]. M2 44R5,2008,32(1) : 1 - 14

Chen Xu, Stig M B. Ordovician study in hundred years: From British
series to international standard [ J]. Journal of Stratigraphy, 2008,
32(1):1-14.

HFa. PSSR AF 2 mg 2B )] 122 5
7,2005,29(2) : 160 - 164.

Rong Jiayu. Areappraisal of the Silurian GSSPs[ J]. Journal of Stra-
tigraphy,2005,29(2) :160 - 164.

71, 2550, R. Ettensohn Frank , %5, AE 5 TLlg 2 — Jp TR 4
ROCE RIS AT B E R R R (], Mk E i
Ji K224 ) ,2007,32(6) :819 —4827.

Su Wenbo, Li Zhiming, Fank R E et al. Distribution of black shale in
the Wufeng-Longmaxi Formations ( Ordovician-Silurian ) , South Chi-
na:Major controlling factors and implications [ J ]. Earth Science—
Journal of China University of Geosciences,2007,32(6) :819 —827.
o, BRIl , BB, 55 BB - S B 22 a2 Bl Rl AR ST
WSS A7 [T ], A E R Bk RR 27, 2011,41(10) - 1407 —
41415.

Rong Jiayu,Chen Xu,Wang Yi,et al. Northward expansion of Central



5 6 1]

£\ NG 77 o N e

|52
HH

oy b BRI AL S TCE TR L 1105

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Guizhou Oldland through the Ordovician and Silurian transition ; Evi-
dence and implications (in Chinese) [ J]. Scientia Sinica Terrae,
2011,41(10) :1407 - 1415.

SRS, AL VIO, 45 AR P B T AR R S A
20 L] AR 57 % ,2014,41(5) 1623 - 632.

Zhou Kenken,Mou Chuanlong, Xu Xiaosong, et al. Early Silurian pa-
leogeography and source-reservoir-cap rocks of the Middle-Upper
Yangtze region in South China[ J]. Petroleum Exploration and Deve-
lopment 2014 ,41(5) :623 —4632.

T, TRATRT T, A DU A B i X 2 - T Th B2
TEAH TUE A AR AR IR RRAE [T ] £l 5 R AA < 5, 2018,
39(3) .485 -497.

Wang Chao,Zhang Baiqiao, Shu Zhiguo, et al. Lithofacies types and
reservoir characteristics of marine shales of the Wufeng Formation-
Longmaxi Formation in Fuling area, the Sichuan Basin[ J]. Oil & Gas
Geology ,2018,39(3) :485 -497.

JAE B, AL TE, 5ok, S5 W VE AL e Ll R W X M Th 35 26 ) 45
ZRAWIORM L —E B2 TR I i ik ds (V]
UIRZA 4R ,2014,32(3) 1468 —477.

Zhou Kenken,Mou Chuanlong, Liang Wei, et al. Tide-dominated del-
taic deposits in Longmaxi Formation, Longshan-Yongshun regions,
Northwestern Hunan: The initial sedimentary responses to outset of
“Xuefeng Uplit” [ J]. Acta Sedimentologica Sinica,2014,32(3):
468 -4717.

FLLE SR, G0, S5 VU1 34 TS DU LW 2 A T i3
RO TUEEYHZFE S LT ]. M= 272%35,2015,39(3)
289 —4293.

Wang Hongyan, Guo Wei, Liang Feng, et al. Biostratigraphy charac-
teristics and scientific meaning of the Wufeng and Longmaxi Forma-
tion black shales at well Wei 202 of the Weiyuan shale gas field, Si-
chuan Basin[ J]. Journal of Stratigraphy,2015,39(3) ;289 —293.
PR, F 2L FESCAE, S IR X T — T R A TUR B A
X BDUBEAE )] . KIA R Tl ,2017,37(7) 220 - 26.

Liang Feng, Wang Hongyan, Bai Wenhua, et al. Graptolite correla-
tion and sedimentary characteristics of Wufeng-Longmaxi shale in
southern Sichuan Basin[ J]. Natural Gas Industry,2017,37(7) :
20 -26.

BRZ. R HWETUET]. AR, 1954,2(2) 153 - 170.

Mu Enzhi. On the Wufengshale [ J]. Acta Palaeontologica Sinica,
1954,2(2) ;153 - 170.

B, £ E A TR LRI R 2 R [ T]. )=
%,1991,15(2) :109 - 114.

Cheng Hanjun, Wang Yuzhong. A discussion on the genesis of the
Wufengian desalinated sea in the Upper Yangize Seal J]. Journal of
Stratigraphy,1991,15(2) :109 - 114.

WRAB. & A BT BE St [T, A 9024k, 1990,29(5) : 507 -
526.

Chen Xu. Graptolite depth zonation[ J]. Acta Palaeontologica Sinica,
1990,29(5) :507 —526.

ST, T dor, 2R A5 . P R Oy BN - R R e A S

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

SRR LM . 5 5 R, 1993.

Zhou Mingkui, Wang Ruzhi, Li Zhiming. Lithofacies paleogeography
and mineralization [ M ]. Beijing: Geological Publishing House,
1993.

AR, RULE, BRI, . b b4 1 e fi i B R 000 (R -
HREAQVIBZF R R SR [T]. &A%k, 2011,
27(8):2299 -2317.

Huang Fuxi, Chen Hongde, Hou Mingcai, et al. Filling process and
evolution model of sedimentary sequence of Middle-Upper Yangtze
craton in Caledonian ( Cambrian-Silurian) [ J]. Acta Petrologica Sini-
ca,2011,27(8) ;2299 -2317.

AT, ERESE, JA B, A5 1) 1 GG L g 0 T A oL e P
[J]. P E 5 ,2015,42(1) 192 - 198.

Mou Chuanlong, Ge Xiangying,Zhou Kenken, et al. Lithofacies paleo-
geography in Late Ordovician Wufeng Age in southeastern Sichuan
[J]. Geology in China,2015,42(1) :192 - 198.

WRAR, A% 0, B0, 56 )1 T — G-I DX R g L e S L 40 5
i IR A AR M B[ T ] o Hh P24 4R, 2014, 16 (5) 1641
4654.

Chen Chao,Mou Chuanlong, Liang Wei, et al. Lithofacies palaeogeog-
raphy of theEarly Katian and Late Katian of Late Ordovician in sou-
thern Sichuan-northern Guizhou Provinces[ J]. Journal of Palaeogeog-
raphy,2014,16(5) :641 —654.

FENS, Bk, SRR E R E X RS R T]. )2
27kik,2017,41(2) - 119 - 133.

Tang Peng, Huang Bing, Wu Rongchang, et al. On the Upper Ordovi-
cian Daduhe Formation of the Upper Yangtze region[ J]. Journal of
Stratigraphy,2017 ,41(2) ;119 - 133.

Mol B, &GS, 4. BT IR - B R 22 SRS T b
A S T[], Bl 2001 ,46 (12) ;1052 - 1056.

Chen Xu, Rong Jiayu, Zhou Zhiyi, et al. The central Guizhou and
Yichang uplifts, Upper Yangtze region,between Ordovician and Silu-
rian[ J]. Chinese Science Bulletin,2001,46(12) :1052 - 1056.
ESE 5ot 2N S ve I e Y N RO R R e '
DURRIBr I ATFE ()] #)2 2742k ,2011,35(4) 361 - 367.

Wang Yi,Fan Juanxuan,Zhang Yuandong, et al. On the Ordovician-
Silurian depositional hiatus at Taiyanghe , Enshi, Hubei Province[ J].
Journal of Stratigraphy,2011,35(4) :361 -367.

oA R, A R R B L S R SR ——afs
LB R TRV )15 30 (1. BRI, 199913 (2) «
390 -393.

Rong Jiayu,Zhan Renbin. Ordovician-Silurian Brachiopod fauna turn-
over in South China[ J]. Geoscience,1999,13(2) :390 -393.
B, UK AR KA = T4ELT]. P EBE kR,
2014,44(3) :377 —4404.

Rong Jiayu, Huang Bing. Study of mass extinction over the past thiry
years: A synopsis [ J ]. Scientia Sinica Terrae,2014,44 (3).377 -
4404.

XUFS, VRN , Aile, 45 vb L4 7 W B M e e 002 A oL o
[J]. pHRER R i ( B SRR ,2012,39 (1) :32 -439.



1106

1l 5 KRR

539 &

[60]

[61]

[62]

[63]

[64]

[66]

Liu Wei, Xu Xiaosong, Yu Qian, et al. Lithofacies palacogeography of
the Late Ordovician Hirnantian in the Middle-Upper Yangtze region
of China[ J]. Journal of Chengdu University of Technology ( Natural
Science Edition) ,2012,39(1) :32 -39.

T, b1 i DX B B T e R S0 AR T B D ] AR
JILHRBE T R 2 ,2016.

Wang Yuanchong. Lithofacies paleogeography in Hirnantian Stage of
Late Ordovician in Upper Yangtze region [ D ]. Chengdu; Chengdu
Science and Tectonology University,2016.

ZE, A, kb bl 4. AR R R - A5 B 2 2 S IR R SR o ke
WAL ]. B ARk 2008, 18 (11) 11264 — 1270.

Li Yue, Wang Jianpo, Zhang Yuanyuan, et al. Perspective of carbo-
nates during the Ordovician-Silurian transition in South China;Impli-
cations of their palaeoclimate response [ J]. Progression on Natural
Sciences,2008,18(11) ;1264 - 1270.

XUH VRO 0, . R g T b B 4 TG 2 T T A
BA S ERET]. DU fr 5, 2010,30(3) :65 - 70.

Liu Wei, Xu Xiaosong, Feng Xintao, et al. Radiolarian siliceous rocks
and palaeoenvironmental reconstrution for the Upper Ordovician
Wufeng Formation in the Middle-Upper Yangtze area[ J]. Sedimenta-
ry Geology and Tethyan Geology,2010,30(3) :65 —470.

B, 22 500, % KT IUE I 211 g - e
BAAEYHIZ[)]. HZ5 24,2017 ,41(2) 1142 - 152.

Luo Chao,Wang Lansheng, Shi Xuewen, et al. Biostratigraphy of the
Wufeng to Longmaxi Formation at well Ning 211 of Changning shale
gas field[ J]. Journal of Stratigraphy,2017,41(2) :142 - 152.
P, X, G. Percival lan, . AR | 477 DX i T8 By L i
FrDL SRR 2 i AE [ T]. P )24 R B2, 2010,40 (9)
1154 - 1163.

Zhan Renbin, Liu Jianbo,Ian G P, et al. Biodiversification of Late Or-
dovician Hirnantia Fauna on the Upper Yangtze Platform,South Chi-
na[ J]. Science China:Earth Science,2010,40(9) :1154 —1163.
oA, BB, 0, &5 SN R BT A b R - A R A
LHEFANR[T]. Hb)Z2247R,2010,34(4) :337 - 348.

Rong Jiayu, Chen Xu,Zhan Renbin, et al. Newobservation on Ordovi-
cian-Silurian boundary strata of southern Tongzi County, northern
Guizhou , Southwest China [ J ]. Journal of Stratigraphy, 2010,
34(4).337 -348.

BRIE, Fhcd e , UL, S R TR il ORI IR [T ). )22
Z4i4:,1990,14(2) .81 - 116.

Chen Xu, Xu Juntao,Cheng Hanjun,et al. Discussion on Hannan old
land and DabaMountain uplift [ J ]. Journal of Stratigraphy, 1990,
14(2) .81 - 116.

SC¥e R, HEE T 47 T b X5 B 22 A A B il b ST
FAPRFFELT]. AR5 77 % ,2002,29(6) : 11 - 14.

Wen Ling, Hu Shuyi, Tian Haiqin. Lithofacies paleogeography and
petroleum geology of the Silurian in Yangtze area[ J]. Petroleum Ex-

ploration and Development,2002,29(6) ;11 - 14.

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

SRR VRN, XIS, A6 L T X R B i - LR
A B AL S RO GUA IR AT ] DIBUS 4R35 i 5, 2013
33(2):17 -24.

Zhang Haiquan, Xu Xiaosong, Liu Wei, et al. Late Ordovician-Early
Silurian sedimentary facies and palaecogeographic evolution and its
bearings on the black shales in the Middle-Upper Yangtze area[ J].
Sedimentary Geology and Tethyan Gelogy,2013,33(2) .17 -24.
FEEW, EAr, TiR05, & WIEmK T EAIER R ED
BRI S BE DR AR [ ] RN TR T ,2016,27(3)
423 -432.

Wang Yuman, Huang Jinliang, Wang Shufang, et al. Dissection of two
calibrated areas of the Silurian Longmaxi Formation, Changning and
Jiaoshiba, Sichuan Basin[ J]. Natural Gas Industry,2016,27 (3):
423 -432.

TERKRI, BRIEAE R, 45, o 1 g 5 ¥ A A R 5 B T
B (—) B 7 DU DX AR B 1 20 A [ ] VAR <
b 5T ,2008,13(2) .1 - 16.

Liang Digang, Guo Tonglou, Chen Jianping, et al. Someprogresses on
studies of hydrocarbon generation and accumulation in marine sedi-
mentary regions, southern China ( Part 1) : Distribution of four suits of
regional marine source rocks[ J]. Marine Origin Petroleum Geology,
2008,13(2) ;1 - 16.

#HIE, e W], TR, . P E BT XNl AR S U S UOR AL
FAERAFAELT]. Al 5 KR M BT, 2010,31(3) : 288 - 299,
308.

Dong Dazhong, Cheng Keming, Wang Yuman, et al. Forming condi-
tions and characteristics of shale gas in the Lower Paleozoic of the
Upper Yangtze region, China[ J]. Oil & Gas Geology,2010,31(3):
288 -299,308.

Hoaa, BRH - A, ek B XRER (224850
) B A2 R[] AR, 1984,23(6) 1672 - 694.
Rong Jiayu, Johnson M E, Yang Xuechang. Early Silurian ( Lan-
dovery) sea-level changes in the Upper Yangtze region of centraland
southwestern China[ J]. Acta Palacontologica Sinica, 1984 ,23(6) :
672 - 694.

AR , 2558, XS/ B AR A Ay BT 7 8 el ) T g Sh iR 4 I
M ZAEMELT ] iAo AR 24, 2015,32(1) 1105 - 4113.

Ni Chao,Li Yue, Deng Xiaijie. Biodiversity of the “Lungmachi For-
mation” limestones at the Xiangshuyuan section, Shigian, NE
Guizhou Province,SW China[ J]. Acta Micropalaeontolgocia Sinica,
2015,32(1) ;105 —113.

Boucot A J,Chen Xu ,Scotese C R. Correlation between geologically
marked climatic changes and extinction[ J]. Earth Science Frontiers,
1997,4(3 -4).:123 - 128

Chen Xu,Fan Junxuan, Wang Wenhui, et al. Stage-progressive distri-
bution pattern of the Lungmachi black graptolitic shales from Guizhou
to Chongqing, Central China [ J]. Science China Earth Sciences,
2017,47(6) ;1133 —1146.

(%% F %)



