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AR 2H CR DL T50)

5510 J2: ORI EIUE, R R FIRE N
1 ~2 mm ¥ REZ, F&JFEATIA 3 ~4 mm. §i T
A UL B SO AR | R AR R D B 2T (5] 3a,
CD-10 #£ i 45 ) o F= 2 f1 Pernerograptus revolutus
gracilentus, Demirastrites magnificus, Rastrites gui-
zhouensis 55, HbJZJER 3.80 m,

559 2 B AZ AT A . B Ah ORI
B JOKFSUZBORFE . HUZRJEEE 0.20 m.

55 8 2 BEMZ IR E, K PFBUR LT .
FEEEAT Oktavites communis juvenis, Monograptus xi-
zangensis % . HW)ZEE 1.15m,

55 7 2 OB AL BT A, B 0.9 m
Wb Je AT — 2R 10 em WU o T72%E A Demirastrites
triangulatus, Petalolithus minor, Normalograptus cra-

ssus %5, HJZEE 2.20 m,
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Fig. 1 Location maps of the Chadi section and the Banpo section
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a. FITER K A | ERERALANES 2 ~ 4 R R AL0)Z FER b, (A
WRALHE 2 JZ RALTEs o A AIRALESE 5 =T AT7 IR 8 e R Ak
415 1~ 4 ZRE

2 Zedbi AR SR
Fig. 2 Stratigraphic boundary and typical marker bed of Chadi

section

556 )2 SR EIRIR T U, TR RIS
7~10 cm )2 A o P2 A Petalolithus palmeus,
Corongraptus gregarius, Coronograptus cyphus 55 .
HZREHE 1.10 m

555 )7 BOHER GBI BeE . K
SURKRE (Kl 2¢), i B onmie i & 505 4 JZW i
WD, Y BT SRy b BRI B £ . R4 Glyp-
tograptus clavatus, Petalolithus palmeus, Lituigraptus
convolutus %, HZEFF 0.85 m,

55 4 )2 R EIRIR U, TG — 2R 2
10 em WYBRFTIE &, T T2 3 ~ 5 cm 24K e
Fro TEWERTT, ko A1 e 5t 28 R o3 A T e ot i o3
JEL B, PRFRAYHEHE 25% ~ 35% 0], (J&] 3a, CD-4
ms) o IRESEEEA Akidograptus ascensus, Metabolo-
graptus wangjiawanensis 55 ; T ¥ ;= % f1 Parakido-
graptus acuminatus; Normalograptus scalaris; ™'
7= 241 Cystograptus vesiculosus, Normalograptus
similis %5 372841 Coronograptus cyphus 55, Hi=
JELEE 5.05 m.

53 2 KBEWERM IS . WA T2
W e Bt A, BORE 5 5, o3 TR B,
JRtRERAE B AR, A B 9 22, (A FRM B2 25%.
WA, P22 Metabolograptus persculptus,
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Metabolograptus ojsuensis, Metabolograptus extraor-
dinarius, Normalograptus xainzaensis %5 . )2 &%
0.85 m,

552 2 k. 2R 0.25 m,
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5 12 B P 20K 8 o A e A Wy R
e (18] 2a) o BPAMNEARHIE Jy SR £0 R RD Bié
HHRE OISR e TS AL O e
s LR KR TR/ AT, A 2,
EYIN A ER DS (R S M T E R e S
F e MGk, BERGEE YR A .
ZJERE 1.45 m,
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2 3 ) 7 e ) B AR R SR, S
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M s IR SRR, R, A FE
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A= AR EH CR LTS

5 8 2 IR ORI SRS, K E8U=IK
s, KA K . BT s ERCHE 09,
PRERIM L2 65%; BRI R 25%, FE A5,
KA Fz B BB 502 10%([&] 3b, BP-12 #f
i) . A TEABER, 778 A Okwavites spiralis,
Oktavites communis rostratus, Demirastrites triangu-
latus, Demirastrites magnificus, Pribylograptus acu-
minatus, Monograptus cf. halli, Monograptus rhyncho-
phorus, Diplograptus changningensis, Streptograptus
cf. nanshanensis,Streptograptus crisptus,Streptograptus
linearis, Rastrites guizhouensis densus, Rastrites urceo-
lus, Climacograptus divaricatus %, H)ZJ/EF 8.8 m,

55 7 2 VKO B IRER TR ZAA D e, Je S
Frm EIbm, KT A S0 W s R RS
T YHEFR ST LT 60%, By ib it 220 U f IR A
Yo, KA B, ERRmBT S b . AR5 40%
(1€l 3b, BP-9-4 kit s5) o F=2E41 Pristiograptus sichu-
anensis, Demirastrites triangulatus, Demirastrites
decipiens valens, Pernerograptus galaensis, Pernero-
graptus qijiangensis, Monograptus gemmatus, Mono-
graptus capillaris, Monograptus cf. halli, Monogra-
ptus rhynchophorus, Lituigraptus convolutus, Rastrites
linggispinus %5 . M)Z)RRE 6.3 m,
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5 R RN . R R B R PR A T
PREIM L) 50%, EZERUIR RO, KO A,
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Fig. 3 Lithostratigraphic column and the representative lithologic thin sections of the Chadi section (a) and the Banpo section (b)

B8 UIRBUN L 45%, BRITIRBUN L 5%, 7=
%11 Demirastrites triangulatus, Monograptus cf. halli,
Rectograptus gaoluoensis, Normalograptus xainza-
ensis, Normalograptus scalaris &, WZEE 54m,

55 5 )2 WAL T S L0408 (i & Bk By b B dle &
AN IR A BB, B AR 12 em, iR
R S BL2E A Lituirgraptus convolutus F1 Petalolithus
folium tornquisti. HWZJEE 0.6 m.

55 4 2 RO b e, KARTE A K 7
WA SRR T BT R, B R AR R 60%,
YRR 802 25%, Rl IR IS E 2o A0 KA.
Bk, e B, A T KA B TR - ke A IR
kL, = BE 5 AR (F 3b, BP-6-0 £ ). 722N

Rastrites guizhouensis densus, Climacograptus scalaris,

Demirastrites  denticulatus, Oktavites gansuensis,
Pernerograptus qgijiangensis %5, H1)Z/EE 8.8 m,

553 )2 KRALUZRER T . SUZ A6
kb ot 5 B OJE TR AR 4c) o W R BR B
R Bm) b, 2970 35%, 105305 W 4 R b 4%
i VAR R R AR B2 15%, A9 . KA b iR,
BB FOREGER IR, PSR S FEUR A
FEH . PR Pristiograptus concinnus, Climacogra-
ptus scalaris, Rastrites guizhouensis densus %5, HiJZ
JEJE 8.6 m.

55 2 2 KA BTllea, SRR Iom b A
2, WAL R 2045 (0 R TR 36 0 W) IR TR I £
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a. BTk M A IR B2 LR b, A RIR AL 12, WAL K
EAEEEARBR BT A ¢ AZFINFZLSE 3 )2, BUZIRIEMT AR BT e s £
FACRI AR 1 ~ 4 ZH)Z

K4 Pl s
Fig. 4 Outcrop photos of the Banpo section

Pl =, 2978 70%, 32025 15 WA 1) A9 0 48 5L 4 18 44
LY 15%, £ FAT 2 U A - BLRURL, R =
REE R, W2 5B SUZRSE H e BT
SR 15%(F 3b, BP-2 B o B HHEE, &
%41 Demirastrites magnificus, Rastrites distans, Diplo-
graptus changningensis, Monograptus rhynchophorus,
Streptograptus runcinatus, Euclimacograptus hasta-
tus % . HZJEFE 5.1 m.

5512 KOEWE e, R s
W2 o 8RSk KT 5 v o (5 (5] 4a, b)), B8 T 5 K
PR, WA R B AT IR R RS 70%, il s
T WA P 3 120 0 o 01 18 A AR B2 25%, A7 BT
AT R FPIRAIURL, R BER ROIR, P02 5 RTEL
JEZEH ", W A FR 73 202 5% (5] 3b, BP-1 4% ik
). PP Demirastrites triangulatus, Demirastrites
magnificus, Monograptus gemmatus, Monograptus
yichangensis, Rastrites distans, Rectograptus abbre-
viatus, Oktavites spiralis, Pristiograptus sichuanensis,
Pernerograptus raphidos %5 . HJZ/EE 11 m,

R

2 T HINFZE A W = R o

N T RGERT G L BT AR, X 2% )
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A T A AT T RS ANE SR AE, T80 28
A MR 23l WAL 5, 6. 7R 2k b i) T SR BE A
918 1, % 5E th 29 &, 123 b, #L T 6 MEA .
AR X ey A e F T b 1 B, S E 4R
Metabolograptus persculptus 17 ({~ FINF 26 1 £ 4
W, JREETFR R1 %) | Akidograptus ascensus i ({7 Fl
My 4H%f 2 26 f1 47, 16 FR R2 77 ). Parakidograptus
acuminatus 7 (= FIBF L2 3 SE A4, T AR R34
Cystograptus vesiculosus s ({“FINF 415G 4 SE£A0H, 7
X R4 7). Coronograptus cyphus s ([~ F# 4156 5
ZE A1, T AR RS H ) Fl Demirastrites triangulatus
(AR 6 2E A0, PR R6 )

2 3l T R Sk B B AR VE TS, (HL 28 4
FERDL R, Jm A=, 762 11 22 52 B iR ik
FR I3 A, B B0 R4S SR JIEE O WA, T LAY T ) A 4
MU AE NI R ZECEEA Y R T RIE . R
862 1, Yt 25 &, 111 Fh, B2 T 4 MEAT,
539N Demirastrites triangulatus 5 ({~ FIA 241 %65 6
ZE {1, T FK R6 Y ), Lituigraptus convolutus y (1
MM A5 78 404, @ P RT 4 ), Stimulograptus
sedgwickii 7 ({ZFIBF A5 8 ZE AT, PR RS 47 ) Al
Spirograptus guerichi i ({"FIBFALEE 9 2B A7, AR
RO ).

PR SE A A A A R EA 20T

R1 77 (B 7): 7= s i, LASE 3 )2 L
Metabolograptus persculptus Elles and Wood (Jift %]
) B APRE(E 5b) . BAKRKY) 27 mm, 4
HRASHI, Y229 1 mm, [a] F3 983 2 ~ 2.3 mm, BT
TPAT, ARG O 200, fE5E 1/2, W5
LGRS . izl N LY & F A Metabolograptus
ojsuensis Koren' and Mikhailova, Metabolograptus
extraordinarius Sobolevskaya, Normalograptus xain-
zaensis Mu and Ni, Diplograptus parallelus Li,
Climacograptus disparatus Huang %% .

R2 707 (& 7): 7= T 2 &) T, LLER 4 J2 87
Akidograptus ascensus Davies([7] FARZEAT) 1 B AR
&K 50) 0 BARGI/N, HEE K 4 mm, GHmdH],
R 5 — X B 4E AR 9E 0.3 mm, [1] LB Wi v, %
i A 2 WAk A A Rl B i Akidograptus cuneatus
Chaletzkaya, Avitograptus avitus Davies, Metabolo-
graptus wangjiawanensis %

R34 (B 7): 7= T A&, LL2s 4 2 T
Parakidograptus acuminatus Nicholson (42 HI| 1R 2&
) E I AARE & 5d) o EAEKL 18 mm, fh%iEdk
H, 18] b = ROR I Y 1.5 mm, 5 2 DA



ABRF: ABRLUELAHRZAZEG A AHALL A&

a. Metalograptus ojsuensis Koren' and Mikhaylova in Apollonov et al. 1980, £ i CD-3; b. Metabolograptus persculptus Elles and Wood 1907, £ i

J5. CD-3; c. Akidograptus ascensus Davies 1929, ¥ i J5 CD-4; d. Parakidograptus acuminatus Nicholson 1867, #f it s, CD-4; e. Cystograptus

vesiculosus Nicholson 1868, i 5 CD-4; f. Cystograptus ancestralis Storch 1972, ¥ 45 CD-4; g. Demirastrites triangulatus Harkness 1851, FE & 1
CD-7; h. Rastrites guizhouensis Mu 2002, ¥ i 15, CD-10; i. Coronograptus cyphus Lapworth 1876, £ s5 CD-10

K5 Zesimlmas B0 A
Fig. 5 Graptolites photos form the Chadi section

MEE 1A AE A R, B G AR B m) I
A K, AT RN THEE A U B B A U2 ), ]
gemg i, O%oF, ol AW E AR M
Normalograptus scalaris Hisinger, Climacograptus cf.
premedius Waern, Climacograptus minutus Carruthers,
Cystograptus ancestralis Storch, Glyptograptus comp-
lanatus Fang %5 .

R4 ( 7): 7= T A i), LLEs 4 2 il
Cystograptus vesiculosus Nicholson (fll 9% 98 % 1 ) 1
PR (K 5e) o HEEHR K 21 mm, 582 4 mm,
ERE G N/ S ERZ S 7 N ON =31 = K= 2 NI

R, HERE 12, D58, HEFEMY e, 78 10 mm A
10~ 8 MMM . A IR BRI 28 A0 @ A6l & . Norma-
lograptus similis Chen and Lin, Akidograptus longus
Huang and Lu, Hercograptus cf. introversus Melchin,
Rectograptus bellulus obtusatus 1i %5 .

RS 47 (K] 7): 7= TASHL B, 55 4 )2 25
6 JZ2 B Coronograptus cyphus Lapworth (il 5 et 26
) (E 51 EAKY 46 mm, 5828 H. ) 35 0025 i,
JRE A, M4 O 2R, A NIE I T A
Coronograptus gregarius Lapworth, Dimorphograptus
cf. elongatus Lapworth, Huttagraptus solidus Storch,
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a. Euclimacograptus Riva 1989, #f i s BP-3; b.Normalograptus sp., £ i3 BP-6; c. Glyptograptus sp., £ i 15, BP-7-0; d. Demirastrites magnificus
Pribyl and Munch 1942, ¥ 55 BP-0; e. Rastrites peregrinus Barrande 1850, £ 5 s BP-9-1; f, n, o. Stimulograptus sedgwickii Portlock 1843, £ ff i
BP-9-1, BP-11, BP-12; g. Rastrites distans Lapworth 1876; h. Spirograptus guerichi Loydell et al. 1993, £ 55 BP-9-2; i. Monograptus yichangensis Ni
1987, #£ i #5 BP-0-7; j. Demirastrites triangulatus Harkness 1851, Ff fi &5 BP-2-1; k. Spirograptus guerichi Loydell et al. 1993, ¥ it 55 BP-12;
1. Rastrites distans abbreviatus Lapworth 1876, ¥£ i £ BP-2-1; m. Oktavites gracilis Wang 1978, ¥ il &5 BP-6-1; p. Petalolithus sp., ¥ i 5 BP-7-1;
q. Pribylograptus argutus Lapworth 1876, £ 5. BP-7-3; r. Pernerograptus Pribyl 1941, #£ /i £ BP-9-2; s. Demirastrites triangulatus, ¥ i 15, BP-0-0;
t. Spirograptus guerichi Loydell et al. 1993, £ & 25 BP-9-2; u. Lituigraptus convolutus Hisinger 1837, ¥ 5 BP-7-3; v. Pernerograptus qijiangensis Ye
1978, ¥£ & 45 BP-8-1; w. Monograptus gemmatus Barrande 1850, ¥ & 5 BP-9; x. Pristiograptus sp., ¥ & &5 BP-1; y. Pristiograptus sichuanensis Ye
1978, ¥ 5. BP-0-4; z. Monograptus xizangensis Mu and Ni 1975, ¥ i 55, BP-6

Ko uilmasr oA
Fig. 6 Graptolites photos form the Banpo section

Pristiograptus concinnus Lapworth, Glyptograptus Pribyl and Munch, Demirastrites major Elles and
clavatus Ye, Petalolithus palmeus Barrande M

R6 i (18] 7, 8): 2l 51 1h0 A1~ 51 1o P49 4 L

Wood, Atavograptus pristinus Hutt, Cystograptus penna
Hopkinson, Glyptograptus lanpherei Churkin and

VA Demirastrites triangulatus Harkness( = ff| 2 {0 2&
O ME I AR (8 5g, 6)) 0 FEASHLE T, Z4 A
TH T~ 10 BRXA T . FE A A 0, R
BOH, WA R T 907, SR 1/3, RERMIAE 0 =
I, ARdila) T2 /NEAR, 10 mm WA 9 A . £
Bt B ) s A0 =E 5, A % A Demirastrites decipiens
valens Pribyl and Munch, Demirastrites magnificus
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Carter, Huttagraptus praestrachani Hutt and Rickards,
Metaclimacograptus tongziensus Chen and Lin 55, |
1 LA O A 55, B R — i AR
P& o TE3H 1, Demirastrites triangulatus 1 ¥ T
55 1 JREERIRRES 7.7 m b, FFAE5E 12255 8 )2
FRRGZE B (5] 8) o FEH A1 o Fl N A HiE 1 28 0 )
P, BRI 73 R A 8 I Monograptus
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gemmatus Barrande(|¥| 6w), Monograptus yichangen-
sis Ni([&] 6i1), Monograptus cf. halli Barrande, Mono-
graptus enshiensis Mu et al; >} #.%E 1 J& ) Demira-
strites cf. denticulatus Tornquist, Demirastrites deci-
piens Tornquist, Demirastrites magnificus Pribyl
and Munch; %€ £ J& ) Rastrites distans Lapworth
(I#l 6g), Rastrites distans abbreviatus Lapworth, Ras-
trites guizhouensis densus Li &

R7 4 (K 8): 77 T2yl m, LSS 5 28 i
B Lituigraptus convolutus Hisinger "N #5 id5 (] 6u) .
SE AR AN 5 i, AR IR, R ] A R
Z WA 173, R P HAR A . LA AR #EA
R7 A4, % ik B EEE A Petalolithus folium cf.
tornquisti Boucek and Pribyl, Petalolithus conicus
Boucek and Pribyl, Pribylograptus argutus Lapworth
(&l 6q), Pernerograptus galaensis Lapworth, Monogra
ptus gemmatus Barrande([¥] 6w), Diplograptus chan-
gningensis Ye, Pristiograptus atavus Li UL ) Rastrites
urceolus Richter 4§ .

R8 47 (1] 8): j= F2FI 1T, LISH 7 J= _LASH B
FEIC B2 Stimulograptus sedgwickii Portlock A
PR (18] 6f) o ZE A7 A Hy B30 B4 fR M A5 20 A, 28 A B
L A PO 1 0 2 A L S Y
M, EA IR -PAT TEORT %, 280
PRI, e (R 2 1 2, MO ARt T 2B A R Y
JEMZHh (& 6n, 0) o ZEATES 8 2 EARHF I
(1 8), [FIRfiE B T %4 Rastrites peregrinus Bar-
rande([&] 6¢), Rastrites approximatus Perner Hl Okta-
vites spiralis contortus Geinitz &

RO 47 (K 8): y=F 23 H 1, 47 kA Spirogra-
ptus guerichi Loydell et al 4% H 27 85 5¢ 2 A1 1 B &
R FI TS 8 JZ IR (K] 6h) . AN M By Spirogra-
ptus guerichi Loydell et al MK, & 15 mm A4,
5 8 ~ 12 mm, {H & A7 ik 2| Spirograptus turriculatus
Barrande i) K/IN, THA 4~ 6 AN, £ A R K% 12
et i, MoAE AR, #E D, B Ffil, BP-9-2 HUAE
i HETIUA A 30°(&] 6h) . 7EILZ EHIBL T R6 47 4
FR 2= IVAIZE A Demirastrites cf. denticulatus Tornquist,
Oktavites spiralis Geinitz, Diplograptus changningensis
Ye Fl Rastrites guizhouensis densus Li. % HEL T
%A1 Climacograptus divaricatus Ge, Rastrites urceo-
lus, Pristiograptus atavus, Streptograptus crispus
Lapworth, Streptograptus linearis Chen #l1 Oktavites

communis rostratus Elles and Wood %,

3 3 i

30 CHNHEEREYHER TR

KTATFR AT AT B A2 T 2R S8 i 41 B
SR AR S TG e 1982 AR
VIR R 2 AR AT ST, RGEREE T 417
FKAATTIAT T E . WP AR LT T
VA S THT it e W) 7K 3 7K P2 ) R G ) > 35 R L
TR R 3, S a HARRI ) B0 A SR SE T 8
MEEAW, AN L5302 Climacograptus normalis-
Climacograptus miserabilis 7 , Orthograptus vesicu-
losus 7t , Pristiograptus gregarius 1y , Oktavites com-
munis 5 , Monograptus sedgwickii i , Spirograptus
turriculatus iy , Streptograptus crispus i, Monocli-
macis griestoniensis minuta 1ty . WX E 5 H
19411962 4£ 2% WA 5 BT AR A5 1Y 28 1 417 % 1L, 45t
M) 7K 34 7K J2 3] 1T 5 IS 0 Monoclimacis griestoni-
ensis minuta W KECG &8 R 58RI Monoclimacis
griestoniensis 5 F 24" AR HRAS T Akido-
graptus sp., It H. R & B Glyptograptus persculptus,
PRl LG 28 2 ARG 2 A T A B iznly KRB
ZIETE, 54 E 1 e SR A LM2 47 2 LM4 i
HoJZEXE R, HAS TR ERBGEERAY . ZHZES
T FERB S hWZ B, HoR W Oktavites spiralis
H I, 25 % LY Streptograptus crispus-Monocli-
macis griestoniensis minuta iy B % 5 B 4 K & 1Y
LMY/N1 Spirograptus turriculatus T RE N, e
TR AT B R HLR

ORI AT T SR AERT AT HER 1, 2
17 T A R sE A, TR0 R AR SR EF T T
B, B KSR A AR5 R 11 A,
MY FEANFERES. AR B35 Glyptogrsptus
persculptus 75 , Akidograptus-Diplograptus modestus
W1, Orthograptus vesiculosus 77, Pristiograptus cyphus/
Pristiograptus leei tff , Demirastrites triangulatus-
Pristiograptus gregarious W, Demirastrites convo-
lutus i , Monograptus sedgwickii i , Spirograptus
turriculatus #i , Streptograptus crispus iy , Mono-

climacis griestoniensis i , Oktavites spiralis 7 "',

ZHANG Z5" R Py | b X 94T 1 S 408
I8, EALEIRNFH A E B T 57 HIX LMI ~
LM7 X REE) 7 A0, BHR B2 51 Metabo-
lograptus persculptus i , Akidograptus ascensus i ,
Parakidograptus acuminatus % , Cystograptus vesicu-
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losus it , Coronograptus cyphus y , Demirastrites tri-
angulatus 7, Lintuigraptus convolutus . T &R
WA S TR A AR G4 OC R, I
REE R I R R Metabolograptus extraordinarius T
FE, P U s 5T AR B B R SR i OC A A
A fy e K S F Y HEAT T R R, DR AN IE T R
L e, #8287 H Metabolograptus extraordin-
arius & Oktavites spiralis W T A £ A 75, HZ 0
FH R T R A G 1 A8 22 R 81 B T e e T
SERE R 2 Ah, AR E AR b 2D T
VUi R e ST X A XS e AR

BN BIOFTE B A E T R I XA R 41 AR )
HJZE 5 R BRHE R R . AT LSR5
SRANTE, TG, TEASHE T SS 3 )2 AR A TH Meta-
bolograptus extraordinarius tbA B & & T Metabo-
lograptus persculptus 15 307 E, I3 H R 2 )2
WA Feh o2 A BRI 42, Toik gl o AR PR 1k
A E B, R 5 3 )2 T #R8 A A Metabolograptus
persculptus 1% , FFIA A 2% Hb 3] a7 JES 35 Bk < 3 )2 1T Rk
B K T €A A TP R i DX b ]
FIE A, AR AR T R L XYL
RE AT b A XA kg B ) e AR o 2R 7R
5 B & Y Stimulograptus sedgwickii Ty
F1 Spirograptus guerichi i 54 HiIX LM8 Fl LM9
A R A AT L, A TE T X OR 1L X SR B 5
G ar B 2 27 AR, A BTk — 28 o R
HEAEYHZ S5 T HIX IR L FR
32 HEASCAMAMEEMXER

KT I R R R R B OC R, PR AR
AT | Al AR FER M e v 2 0 IR 0 B F
98, KB IR HARTE I 8 B e Bk B S e R
(] 3 3 A AE— AT A S, TRIA X — K AR
S KT AR AT, 22 P iE )
il . SALTZMAN 4% 5 HOLLAND %™ 3 i
BRI AL RSNy, A BRI 46, 7 X BLA R il
(AR 3 ven 4 BE ML IX., & 2 /N DK B IE O T I 4
Pk, BEE VK BER AW E T, I ST 2Bk
VT BT R ARAN (7] 1l DX g DX Sl PR o b S5 25
b B 0 52 M B80T [) — I SN [ e DX 22 2
AR —E 22 Sk, BREAFR XSt | 3 BRAF X
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X5 LV b X 2B A PR AR L R, R
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O, MR B 2R A S5 BN  Z [R] y RE
efih, A=W )2t Diplograptus bohemicus “Hf 3 &
Glyptograptus persculptus 7 . ZHANG %11 5@ 1 %f
Pl 4 1L ) T Y 25 5, & AE T 2R A 5 A A
A Z A KA, T IR0 = Tl 2R 20 T ™ =t
H Symphysops sp.fll Pseudampyxina sp., ¥& 7~ H TR
F gl A, A4 FAERG ML X 1Y Nankinolithus 75 |
B M 2T R 4 RS B U AR T b R R Metabolog-
raptus extraordinarius 7, ¥z I Metabolograptus pers-
culptus i & Demirastrites triangulatus i W AL A1 15
A= . FANG 2581 it f] i 7K 387K BE BRI ik A
i T i ZR A VR R AR =k 2| i /2 28 . By
RS, Fon HOUR T rh e L 9 7R R LIS ioR
LA T BT Metabolograptus extraordinarius
Wi Ml Metabolograptus ojsuensis 7 , Ui BH TR [B] W 4%
WTHHrERE] Metabolograptus extraordinarius 75 .
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A, AT UL XAk e (] 2a, b ), i 2R 2H B4k
o rp IR 5 8 S5 A e A e e 4 e e, 5 ER AL
R e A 38 ™t Hh 3R o 5 o A B A 3
oA A T2 TS N S8, X
YRS B AR b 2 2R 2 A R A R AE B TR
oA, 55 1 R TERE T AT AR B B AR Ak
A YN J7 A ORL AT A B B gk JoRs (14 3, #F4
M CD-1) . R¥EAPERHE . 0 2= R AE F i A= 04k
AT T EFDURRARFINAR &, TA Ry 2 b ) T e 25 4 A
RIGREMIAR o 28 2 J2 a8l WUk 5E (] 2b), &
W 2R A 5 A L Z A A AT AR5 T, 1560]
2, DX 1 BB 5 T 1 P BT AR M J2 2k
R RAFEIRFAR . 26 3 AR K R A D T
Je e, BEAM 0 o e 1 L2 K (5, TR R )ZE B, T AR
AT WL A . TENTREE LTS 5 em Z L BYf7
B P21 Metabolograptus persculptus, 5% W12 JZ T
R B Bl 20 TOURR 940 v e 401, O ELBIR 2 17 KU 3 ot
IR R A A B, SR A A
FHH, BFSE XA AR I S o 5 28 0 T Pty ik, 5
Bk 55 KB EINR . 56 4 )20 b4
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r B WAL R Lo e TR A O A, RIS IX A
6 DL B T P g 7K A8 Y O 8 W 7 i 2 st 3R, LR e
T B BIAR % 28 g AR Pl X e B T2 T B
7 W B Bl T i e 0 = LR R, UK R e &
B I T R P AR A R R, G2 5 T BIFSE X AE KU
) by 45 TR R T K, K DR I R A AR
AR, DU th KA SR AR PR A S K 6 ZH
BEAN, AR N T M AR i 2 W e T ok i 7
HIR AR /N FE R T T s FK 3 284K

5 A5 A [] 8 0 L 2 43 DX 7 /N X
&I T VL Hiranatian magna HACF M0 “ B rE e DL 5
WIRE” , DA Ay VG L S22/ N X 2 R R o) T S
23 b ) T 3 2R TR 2 ORCSR A B B MR AR S
BT, AR BB R DL S IR, I
e IR E KA 7S ISR 18] . AHAEA R 4R
FKAER] T b A 43 F Metabolograptus persculptus,
Dl WS ) 1A 52 RUA R e £ e e 3] P g ) 4
555 TR 20 M DX — 2, ASALEE R R T
I UL TR RIK SR A Sy ), 7 L2 ) IR P
EREEN T EE AW e R . I, W=/
DXCH 4 2 DR A IR ] 1 A28 7 ) )2 /8 X,
B it e b 2/ N DA 24 ] BRI DY b2/ N X LA B
R A A PR T 2 TR B R R S WUk e
THI BRS04t A A AR, B T F e IX
THiR T 32 AR itk A B AR I 1] 55 ) PHIs 3hah &
N A it ) R o3 bl DX AT RIS 2 B T A L JR R
il AN R AR DT ARBR AR, B2 T8 (5252 Wi W T L d K AR
SRR X

£ LR, 2 b ) Th 3 2R 2 5 R 4H = 11
XA TEIC R T R R DR oA 1A S S - T
TR, A XA EE B R NS, B
DR AT R, 12 DS RI U KB o, 28 DK A bR
IR, TR B FIFr 2 SR R
33 CHMMASEERALEMHMENIERERS

RILFAR PR

XS R T X R B 20— B L 0 R )2
N ) T SR P R M o AR IR ST BT S i, Ik
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T IS A 2252 9) o A PG

MM A 54 Hb X e SR A 2 A L
331 #Hdan

ZX Hu T R1 47 A Metabolograptus persculptus
Elles and Wood (FiftZI| v [B] 26 47 ) 47 Ak A1 18 A AR AR,
58X LMI 47 i85 1 B A1 Normalogra-
ptus persculptus Elles and Wood N AH [ ¥ FH, 18 [F
— A R, AR EL T LM A T A
[ g sk [/ A0tk A, £045 Metabolograptus extraordina-

rius. Paraorthograptus sp. il Climacograptus % %,

R1 47 N Ad WAL TS, I B M Metabolograptus
extraordinarius X £1 16 Metabolograptus persculptus
7 B, JC kST Metabolograptus extraordina-
rius i o [RI Metabolograptus persculptus i 1£ 25 1
T PP R M2 2 AL AT LU 477 X LM iy 32 )
e, HE A5 T IX LM A S 2 2401, H
HRETCIEE o

332 &H-

ZX M HIE R2 47 LASE 4 )2 B Akidograptus
ascensus([0]_ FAZEA) N IRA, X — LY HZ 73
P TE BRIz R0, Intewg | MY SOl | gk
PRI, 2% BARAE | PEARAED, M T b,
ARIX R2 547 IX LM2 4 i KA IX 5 2 — S 1
Akidograptus ascensus Z AV ZWIER B4 5T,
4 Normalograptus normalis , Normalograptus ajjeri 55,

ZEHuE R3 Y LASE 4 )2 T30 Parakidograptus
acuminatus(JSH) U ZE A7) 1 B bR, [ I 3
f) Cystograptus ancestralis Storch, /£ 547 X LM3
SE AT TR Y ML Sy, AL RE X 2 IR A B A
R3-R4 ZE A7 RS- U BRI 205 A AR X7
A K IEH £ A MW A, i Normalograptus sca-
laris. Normalograptus longispinus. Climacograptus
cf. premedius Waern, Climacograptus minutus %

ZXHuEHIT R4 Wi b1 Cystograptus vesiculosus
(i %L AR 1.87 m. LM4 e T A
AR Z A K B A a8, g det | vy ekt
2B, AR X R4 H & A B Neodiplograptus lau-
tus . Atavograptus atavus. Dimorphograptus elongatus
cracentus fLATE T HUIX LM4 )32 BB, T
Hercograptus cf. introversus. Rectograptus bellulus
obtusatus. Huttagraptus billegravensis. Rhaphido-
graptus toernquisti Ml Paramplexograptus paucis-
pinus NAXFRA

ZK M RS W7 Coronograptus cyphus (il 15 F
AT IEMRIL 3.48 m. 547 T HIX LMS5 47—
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Fig. 9 Graptolite zones comparison between the Renheqiao Formation and the Longmaxi Formation

W2, B I E R 2 e PR AR EA
JE B Z ik, i Coronograptus sp., Coronograptus
gregarius, Dimorphograptus cf. elongatus #1 Rha-
phidograptus sinicus 559, 1% HREBNHH LA
Coronograptus cyphus b ARNL T4 Demirastrites
triangulatus 2. 1, {24 V) Pristiograptus sp., Coro-
nograptus sp., Huttagraptus sp. LR VERSIEYE IR S
TR R AR AR, L RS AR WA AR %A1 Y Ry
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PRLEA JE AR B, WNASHB T Petalolithus cf.
ovatus, Petalolithus elacatus, Petalolithus folium,
Rastrites cf. phleoides FIl Rastrites guizhouensis 55 .
YA RTEY FIX LM6 4 B A e, (0= B R4y
SRR TR SR . BR T AR R AR RS
A1 2R ZAb, AKX R6 R A (0 1 18 A7 2 B ) Thi
HES VL 9 241 Pernerograptus qijiangensis. V4 ji,
PAZE Monograptus xizangensis . [B] B A0 2E A .45 W
P Rastrites distans abbreviatus . % 20 2 A oith
WA Demirastrites decipiens valens . FHBECEL
Oktavites gracilis FH| 4 F| WL 2 41 Pribylograptus
acuminatus “EW) &

HY T2 TR LR, PRI O AN R T A A
Demirastrites triangulatus B P &, 10 1) 1 52 i 51
1Y Monograptus yichangensis, Monograptus gemmatus,

Pernerograptus raphidos 1 Pristiograptus sichuanen-

sis AL, FEAR LR T8 731X LM6 R AT L,



AERE: ABHRLREAR R EZEG R PR AL LA E

PR35 1T R6 17 M7 §-H X LM6 Al i EA TR L,
1M LM6 7 IR EERT S 1Al PR35 )
R6 A B A] ] T S —E K, P AR R Y
LATRewE T . AR, 1 HLIX LM6 A AR MAL
AT IEE A Rastrites approximatus Perner’” ' ** 7
e 398 ) T H PR, 7E RS A Ak A7 LA _E VB i
FHLIX3EH H LT LM 9 47 1Y Oktavites spiralis TEAS
DX AR, i RG 4 EMH 2 R 717 .

2 R7 7 LA Lituirgraptus convolutus 1 ¥
FtnidR o % AR R D A TS Pribylograptus
A Rastrites J&, UL B R .5 A1 Monograptus
gemmatus 5, 5 F X LM7 4 B A HEAH ) A
AT . AKX R7 W K WA RE AR
Petalolithus 75 ¥ b X 38 & 90 78 3% B B IS
LM6 A0 12414

RS 7 L B A 7 )2 13 20 0 2 G HLofl
A Stimulograptus sedgwickii NI, 51 FHuIX
KEBFHTR X —FE, torir A At a1y
B LAY ZE AT Rastrites peregrinus F1 Oktavites spiralis

9, 12,20, 41-42
COHIOVtuS[ ]o

334 451 H-

R9 47l kA Spirograptus guerichi T BRAV X
NP TSRS 8 JZ2EHR . 1 M X LM 4 R 4§41
A A 1A, (R F A BIRE A8 Oktavites
F Torquigraptus planus VIS LMS8 7 3ERR 2 G A AL
AFECHARE A Stimulograptus sedgwickii 21>+
A XY RO #72E A R T FE IR B ZE A Stimulogra-
ptus sedgwickii F, W) 5 0575t fa) b X LAAE A 16 AH W)
&, IR 2E 1 )8 Pristiograptus 15 26 A1 J& Strep-
tograptus N EP, W I T HUE AT B Rastrites 1
REE A @ Oktavites .

25 b, 2% b ) TR T A A DR AR R AF . AR
WA FINF AL S 19 9 DN 2E A EWHF R1 ~ R, fig
X R T4 T 3 X e TR A 2 A4 LM ~ LM9,
Ay () — B B [l DX %o EE B TR M A RS ] R R
R ST A8 DU A 25 R AT AR LA B R TU S A
PRALRL TR T, R LTI A

4 45iE
(1BFE K S A b, T S 0 5

B T ML, T EOKR T 2R S AR AL = ) A
TEHUZ IR, KB —JREZ) 25 em (97 AL 7E,
ST AR A Ak ELOR L DY B 2N XA G T
T S D OB S a]- 5 i e b 2= /N X5

(2) VL PG ¢ L it o)t XA RS 20 b )22 1 01 8 2K
b FwE BRI, BT m o PR a2 4,
PO T ERES R N ERS 9N EAW, BRI
AR IR R ke BBy Metabolograptus persculptus Hy
(R1), & F} B Akidograptus ascensus 7 (R2) . Para-
kidograptus acuminatus # (R3). Cystograptus vesi-
culosus 7 (R4) . Coronograptus cyphus i (RS), &
BBy Demirastrites triangulatus i (R6), Lituigraptus
convolutus 5 (R7), Stimulograptus sedgwickii 77 (R8)
FRES B B Spirograptus guerichi 47 (R9), 43 5] % i
5 Hb DX ST A o 2 A A ) L )E HESE LML ~
LM9 A7

HarRFR: FAEEFARA B R,

The authors declare that no competing interests exist.

S 3k:

(1] EBS, 22700, PR, 55, 5 B A Rkl B iR MCa A i

1], H AR, 2016, 18(2): 185-196.
WANG H H, LI J H, SUN W T, et al. Global Palaeo-plate recon-
struction and lithofacies Palaecogeography in the Silurian[J]. Journ-
al of Palacogeography (Chinese Edition), 2016, 18(2): 185-196.
(in Chinese with English abstract)

[2] ZOU C N, DONG D Z, WANG S J, et al. Geological characterist-
ics and resource potential of shale gas in China[J]. Petroleum Ex-
ploration and Development, 2010, 37(6): 641-653.

[3] LUCIC D, BOSWORTH W. Regional geology and petroleum sys-
tems of the main reservoirs and source rocks of north Africa and
the middle east, the geology of the Arab world: An overview[M].
Cham: Springer Geology. 2019.

[4] ALBRIKI K, WANG F Y, LI M J, et al. Silurian hot shale occur-
rence and distribution, organofacies, thermal maturation, and petro-
leum generation in Ghadames Basin, North Africa[J]. Journal of
African Earth Sciences, 2022, 189: 104497.

[5] ZEW, B0 28, SR, )1 AR Bl X g iR A SR 2B A S UTRER

BRRER ()] BEAROR S TR, 2018, 18(12): 16-23.
LI G, ZHAO D F, GUO Y H. The relationship between graptolite
of Longmaxi shale and sedimentary environment in southeastern
Sichuan[J]. Science Technology and Engineering, 2018, 18(12):
16-23. (in Chinese with English abstract)

[6] KHAN M Z, FENG Q L, ZHANG K, et al. Biogenic silica and or-
ganic carbon fluxes provide evidence of enhanced marine pro-
ductivity in the Upper Ordovician-Lower Silurian of South
China[J]. Palacogeography, Palacoclimatology, Palaecoecology,
2019, 534: 109278.

(7] . AR g X 02—l TR A PR R R A 2 R 5
BT E SEPLTIBESE [D]. 3B B R 2 (R0, 2019.

Guo W. Geochemical Characteristics and Organic Matter enrich-
ment mechanism: A case study of Wufeng-Longmaxi Black Shales

in southeast of Chongqing[D]. Wuhan: China University of
269


https://doi.org/10.1016/S1876-3804(11)60001-3
https://doi.org/10.1016/S1876-3804(11)60001-3
https://doi.org/10.1016/S1876-3804(11)60001-3
https://doi.org/10.1016/j.jafrearsci.2022.104497
https://doi.org/10.1016/j.jafrearsci.2022.104497

R #EAR

20254 544 % 41

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

Geosciences (Wuhan), 2019. (in Chinese with English abstract)
A, W RH, S5, A5 TR b X A2 g VR 2 R U
A HUBUREE SSR LY AT (9], AT AR Yo7l 2023, 40(4):
317-326.

YE M M, PAN A Y, ZHANG Y, et al. Organic matter composi-
tion and hydrocarbon biogenic analysis on the black shale of the
Wufeng—Longmaxi Formations in Fuling area[J]. Acta Micropalae-
ontologica Sinica, 2023, 40(4): 317-326. (in Chinese with English
abstract)

SEEEHT, MELCHIN M J, BRI, 45 A8 B F -5 B A e iR 4 R
CEATCENAEYHZS (7], T ERA: HERkEE, 2012, 42(1):
130-139.

FAN J X, MELCHIN M J, CHEN X, et al. Biostratigraphy of black
graptolite shale in Longmaxi Formation of Ordovician-Silurian in
South China[J]. Scientia Sinica (Terrae), 2012, 42(1): 130-139.
(in Chinese)

BRIW, SEAEET, sk, 5. FRA KO R R A TR e T
;X AR5 B [0]. MR8, 2015, 39(4): 351-358.
CHEN X, FAN J X, ZHANG Y D, et al. Subdivision and delin-
eation of the Wufeng and Lungmachi black shales in the subsur-
face areas of the Yangtze platform[J]. Journal of Stratigraphy, 2015,
39(4): 351-358. (in Chinese with English abstract)

FANG X, MA X, LI W J, et al. Biostratigraphical constraints on
the disconformity within the Upper Ordovician in the Baoshan and
Mangshi regions, western Yunnan Province, China[J]. Lethaia,
2018, 51(2): 312-323.

FLLE, TEIRAE, PNBVS. 101 S S S8 2% R B 2R T JE R R
To TR GUE R Y2 MOCRE SR Z FHIE (0] A iR ST,
2021, 48(5): 879-890.

WANG H Y, SHI Z S, SUN S S. Biostratigraphy and reservoir
characteristics of the Ordovician Wufeng-Silurian Longmaxi shale
in the Sichuan Basin and surrounding areas, China[J]. Petroleum
Exploration and Development, 2021, 48(5): 879-890. (in Chinese
with English abstract)

TEUEIE, BRI, 2R, 45, T PRI i f Th lde2ll— e T
L JZ R S X SUR S IT L AR ] )R A0,
2022,46(3):271-285.

NIE H K, CHEN Q, LI S Z, et al. Stratigraphic characteristics of
Wufeng Formation-Lungmachi Formation in Guanyingiao section
of Qijiang, Chongqing, China and their implications for shale gas
exploration and development[J]. Journal of Stratigraphy, 2022,
46(3): 271-285. (in Chinese with English abstract)

ARARE, BAE, TR, A RIS AL REIREBTBE U [0].
RIKK T, 2016, 36(1): 1-10.

ZOU C N, ZHAO Q, ZHANG G S, et al. Energy revolution: From
a fossil energy era to a new energy era[J]. Natural Gas Industry,
2016, 36(1): 1-10. (in Chinese with English abstract)

. VYLK AR TUE U ZAHE [C/EA: SRMAE
JR M SRR IR T AR SR [ IHRRHANTE 1: [ IR
A1, 2017, 168: 13.

Li Y. Shale Gas Reservoir Characteristics of Xiarenheqiao Forma-
tion in Western Yunnan [C]//Anon. Yunnan Exploration & Devel-

opment (Ltd) of Coalbed Gas Resource. [S.L.]: [S.n.], 2017, 168:

270

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

13. (in Chinese with English abstract)

METCALFE I. Gondwana dispersion and Asian accretion: Tecton-
ic and Palaeogeographic evolution of eastern Tethys[J]. Journal of
Asian Earth Sciences, 2013, 66: 1-33.

SR TR, R DM (M. JERT: H T A,
1990.

Yunnan Provincial Bureau of Geology and Mineral Resources. Re-
gional Geology of Yunnan Province [M]. Beijing: Geological Pub-
lishing House, 1990. (in Chinese)

5y v, BRBERL, 5PN, 45, 2 PURSA G B AR (7). A,
1982,21(1): 119-132.

NIY N, CHENTE, CAICY, et al. The Silurian rocks in western
Yunnan([J]. Acta Palaecontologica Sinica, 1982, 21(1): 119-132. (in
Chinese with English abstract)

ZHANG Y, WANG Y, ZHAN R. Ordovician and Silurian Strati-
graphy and Palacontology of Yunnan, Southwest China[M]. Sci-
ence Press, 2014.

JvA S VR PV b X R P AR DB b R TR AR AE RS ST (D).
JHR: BUARER TR, 2017.

SU K Y. Study on characteristics of stratum and sedimentary of Or-
dovician sedimentary strata in wandian area of facies west
Yunnan[D]. Chengdu: Chengdu University of Technology, 2017.
(in Chinese with English abstract)

A FEH)RE 2. 2 )R S UCA ARSI g P E R S
F [M]. Jtst: Blf AL, 1962.

Compilation of Academic Reports of the National Stratigraphic
Conference: Silurian System of China [M]. Beijing: Science Press,
1962. (in Chinese)

THHE . A B I A o R X DX )2 R (SR A
M) IM]. AEaT: Hus iRt 1966.

YIN Z X. China During the Silurian period, regional stratigraphic
chart of southwestern China (Yunnan Volume) [M]. Beijing: Geo-
logical Press, 1966.(in Chinese)

VI, BEELET, BRE, 5. 18T P is s Y BEME (9], P E Rk Gl
BRBLE), 2014, 44(5): 842-850.

CHEN X, FAN J X, CHEN Q, et al. On the stages of Guangxi
movement[J]. Scientia Sinica (Terrae), 2014, 44(5). 842-850. (in
Chinese with English abstract)

SALTZMAN M R, YOUNG S A. Long-lived glaciation in the Late
Ordovician? Isotopic and sequence-stratigraphic evidence from
western Laurentia[J]. 2005, 33(2): 109-112.

HOLLAND S M, PATZKOWSKY M E. Sequence architecture of
the Bighorn dolomite, Wyoming, USA: Transition to the late Or-
dovician icehouse[J]. 2012, 82(8): 599-615.

PRIE, BEEERT, 305, 45, v IX R B R R T IR A B8 2 1 0T
0B B a0 A AR (0], P R 2R Gl R R 22, 2017,
47(6): 720-732.

CHEN X, FAN J X, WANG W H, et al. Stage-progressive distribu-
tion pattern of the Lungmachi black graptolitic shales from
Guizhou to Chongging, Central China[J]. Scientia Sinica (Terrae),
2017, 47(6): 720-732. (in Chinese with English abstract)

B, I se R, WHZ K, S5 VE PG 0 () Y LR AR RAE
Z [1]. #2225, 2014, 38(2): 161-169.


https://doi.org/10.1360/zd-2012-42-1-130
https://doi.org/10.1360/zd-2012-42-1-130
https://doi.org/10.1360/zd-2012-42-1-130
https://doi.org/10.1360/zd-2012-42-1-130
https://doi.org/10.1360/zd-2012-42-1-130
https://doi.org/10.1360/zd-2012-42-1-130
https://doi.org/10.1360/zd-2012-42-1-130
https://doi.org/10.1360/zd-2012-42-1-130
https://doi.org/10.1111/let.12255
https://doi.org/10.1016/j.jseaes.2012.12.020
https://doi.org/10.1016/j.jseaes.2012.12.020
https://doi.org/10.1360/N072016-00186
https://doi.org/10.1360/N072016-00186
https://doi.org/10.1360/N072016-00186
https://doi.org/10.1360/N072016-00186
https://doi.org/10.1360/N072016-00186
https://doi.org/10.1360/N072016-00186
https://doi.org/10.1360/N072016-00186
https://doi.org/10.1360/N072016-00186
https://doi.org/10.1360/N072016-00186

R

ARRIBLR R A ZEG AR AL D 2 HHE

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

LYU Y, SHAN K Q, XIE Y Q, et al. Ordovician-Silurian se-
quences in Luxi(Mangshi), western Yunnan, SW China[J]. Journ-
al of Stratigraphy, 2014, 38(2): 161-169. (in Chinese with English
abstract)

CHEN X, CHEN Q, AUNG K P, et al. Latest Ordovician grap-
tolites from the Mandalay Region, Myanmar[J]. Palacoworld, 2020,
29(1): 47-65.

CHEN X, RONG J Y, FAN J X, et al. The global boundary strato-
type section and point (GSSP) for the base of the hirnantian stage
(the uppermost of the Ordovician system)[J]. Episodes, 2006,
29(3): 183-196.

STORCH P, SCHONLAUB H P. Ordovician-Silurian boundary
graptolites of the southern Alps, Austria[J]. Bulletin of Geosciences,
2012: 755-766.

CHEN X, FAN J X, MELCHIN M J, et al. Hirnantian (latest Or-
dovician) graptolites from the Upper Yangtze region, China[J]. Pa-
lacontology, 2005, 48(2): 235-280.

CHEN X, RONG J Y, MITCHELL C E, et al. Late Ordovician to
earliest Silurian graptolite and brachiopod biozonation from the
Yangtze region, South China, with a global correlation[J]. 2000,
137(6): 623-650.

STORCH P. Graptolites from the rhuddanian-aeronian boundary
interval (Silurian), Prague synform, Czech republic[J]. Bulletin of
Geosciences, 2015: 841-891.

B, BRIE, 225607, . AR 1 g —p iR
U R 4350 LG (0], #2448, 2020, 44(1): 1-11.
WU X J, CHEN Q, LI G F, et al. Stratigraphic subdivision and cor-
relation of the Wufeng and Lungmachi black shales from Xike-1
drillcore in northern Guizhou Province, South China[J]. Journal of
Stratigraphy, 2020, 44(1): 1-11. (in Chinese with English abstract)
Tk, 2R, 2R R, AF. VLR AP R R M 2B A S AR
I3 5 Z R [CYMk4 . 22253 b at: HE b 52
43,2013,

FENG H Z, LI M, LI L X, et al. Biostratigraphy and diversity
changes of early Ordovician graptolites in the Jiangnan slope
area[C]//Anon. National Stratigraphic Conference. Beijing: Chinese
Geological Society, 2013. (in Chinese )

B RN T E B R B A ] H AW, 1979,
18(1): 92-121.

XIA G S. Lower Silurian graptolites of Wuwei, Anhui Province[J].
Acta Palacontologica Sinica, 1979, 18(1): 92-121. (in Chinese
with English abstract)

[37]

[38]

[39]

[40]

[41]

[42]

TEWIX, BREELL, T, 4. PR R R AT B T et
JERLLRI T [J]. HJZZARE, 2004, 28(1): 1-17.

WANG X F, CHEN X H, WANG C S, et al. Ordovician to the
Lowest Silurian chronostratigraphic subdivision in China[J]. Journ-
al of Stratigraphy, 2004, 28(1): 1-17. (in Chinese with English ab-
stract)

XA, 475 RE, W05, 55 AR A G i T2 e B
B ETUE ST RN [J]. SOPTRHOE R, 2023, 42(1):
253-263.

LIU Y S, JINJ N, PAN R F, et al. Preservation condition evalu-
ation of normal pressure shale gas in the Wufeng and Longmaxi
Formations of basin margin transition zone, Southeast
Chonggqing[J]. Bulletin of Geological Science and Technology,
2023, 42(1): 253-263. (in Chinese with English abstract)

TN, #H, HAL o h X RS- TR RS A
B TUE R AR BTk e AR R (1], SRR AR, 2022,
41(3): 108-121.

WANG C, DONG T, JIANG 8§, et al. Vertical heterogeneity and
the main controlling factors of the Upper Ordovician-Lower Siluri-
an Wufeng-Longmaxi shales in the Middle Yangtze region[J]. Bul-
letin of Geological Science and Technology, 2022, 41(3): 108-121.
(in Chinese with English abstract)

BRATL, BRFLL, EALw, 5. FIRBS TEA - N AR S iR
HREE REAAAFRAE S B (0], s TR E 4R, 2020,
39(2): 43-53.

CAI Q S, CHEN X H, WANG C 8, et al. Occurrence characterist-
ics and depositional model of graptolites from the black shale in the
Upper Ordovician Wufeng Formation and Lower Silurian Long-
maxi Formation[J]. Bulletin of Geological Science and Technology,
2020, 39(2): 43-53. (in Chinese with English abstract)

B, T2, 500 . RTIUE ST 211 gl -—Je 1
BAEYIZ 0] WZSARE, 2017, 41(2): 142-152.

LUO C, WANG L S, SHI X W, et al. Biostratigraphy of the
Waufeng to Longmaxi Formation at Well Ning 211 of Changning
shale gas field[J]. Journal of Stratigraphy, 2017, 41(2): 142-152.
(in Chinese with English abstract)

BALER, S8, WRrb B, &5 D01 sc RS & ke g — e HiR A
RO TUARAYHZIT S [1]. #E%24E, 2013, 37(4): 513-520.
FANJ X, WU L, CHEN Z Y, et al. Biostratigraphy of the Wufeng-
lungmachi black shales at Qilin, Xingwen County, Sichuan
Province[J]. Journal of Stratigraphy, 2013, 37(4): 513-520. (in
Chinese with English abstract)

271


https://doi.org/10.1016/j.palwor.2019.09.003
https://doi.org/10.18814/epiiugs/2006/v29i3/004
https://doi.org/10.1111/j.1475-4983.2005.00453.x
https://doi.org/10.1111/j.1475-4983.2005.00453.x

R BRI 20054 a4l 4

Summary for “JELPG {7 L1 X BLFH 2R 22535 0 R AN 4L A A Y2

Graptolite Biostratigraphy of the Ordovician to Silurian Renheqiao
Formation in the Baoshan region, southern Yunnan, China

ZHENG Shucan' , FENG Qinglai”" , LONG Jingjie>® , TAO Zhenpeng'

1. School of Architectural Engineering of Huanggang Normal University, Huanggang Hubei 438000, China;
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Abstract: The Ordovician to Silurian Renheqiao Formation, characterized by a sequence of well-preserved black
shales, is extensively developed in the Baoshan region, southwestern Yunnan Province, China. [Objective] The
primary goal of this study is to establish a graptolite biostratigraphic framework for the Renheqiao Formation. To
achieve this, the research focuses on the Banpo and Chadi sections in Shidian County, Baoshan City, Yunnan
Province, which are critical outcrops for biostratigraphic analysis in the area. [Methods] A combination of high-
resolution biostratigraphic and lithologic records was conducted to precisely define the stratigraphy and identify key
biozones within the formation. [Results] The Renheqiao Formation in the study area is approximately 71.6 meters
thick, with a about 25 cm of paleo-weathering crust at the base. It unconformably overlies the Pupiao Formation,
indicating that the study area was subaerially exposed during the Late Ordovician. Based on detailed fieldwork and
high-resolution surveys, a total of nine graptolite zones were identified, spanning from the upper Hirnantian in the
Ordovician to the Silurian Llandovery Telychian stage. These identified graptolite zones are in ascending order as
follows: the Metabolograptus persculptus zone (R1), Akidograptus ascensus zone (R2), Parakidograptus
acuminatus zone (R3), Cystograptus vesiculosus zone (R4), Coronograptus cyphus zone (RS), Demirastrites
triangulatus zone (R6), Lituigraptus convolutus zone (R7), Stimulograptus sedgwickii zone (R8), and Spirograptus
guerichi zone (R9). [Conclusion] The nine graptolite zones of the Renheqiao Formation in the Baoshan region
correlate well with those of the Longmaxi Formation (LM1-LM9) in the Yangtze region. This correlation not only
strengthens the regional stratigraphic framework but also provides a solid basis for future shale gas exploration and
assessment in the Baoshan region.

Key words: Ordovician-Silurian; Renheqiao Formation; graptolite biostratigraphy; Longmaxi Formation;

Baoshan region, southern Yunnan
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