69k 1M AN
202341 H LU A Jan .

GEOLOGICAL REVIEW

Bt LEBEEEALEENREE
AESHREMRFEENX

JEM,HTFT, AR, R
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NERE: FRBEEIBHRG TR 2R EEZ 00, B SRRk B a R F R
BRI SOR IS T 45 . ELRT, A5 00 T3 2 DB /K PR R B2 14 43 BT 80 2 B T U024 AR iy A 0 2 e 19 PEHE DU
M HABEER,, EH GRS L Hh X 52395 20 R A8 ) R it R B 0 ) Sk R 2 A A, AR BT A0 B BE R 3 R 4K
(Septal Strength Index, SSI) SRABIRBEMFRGICHR, B RN LE 3K 2 A 3 B Ay VK IR B EAT 8 Ak 4 7,
THEBAT G SSI A3 HT 4110 16 Bk Sinoceras #1112 B Michelinoceras ¥4, RELAMHT T SSI 435315 HNERAFAE A1 PN SR 1
PR ICME . 25 R IR, SST ST 8 T I B 8] BE () B R TG, B TOUAA A1 3 A I s/, (R 55 9 i i e — 2
BOAHDCHEAR K, ATREZ B2 WIS S E AL R T 29, @ i ir 45 R BoR, S8k 1l Hh X 5 3 20 b 2L 38 1y o
1Y Sinoceras F11 Michelinoceras [f) SSI 435N 5. 564 ~ 10. 829 F1 11.432 ~ 19.532, ¥R 1A 2SR KA 53 510 128 ~
169 m F1 228 ~ 280 m, FKIHFJEL L shP A G rTREE & B B AR Z IS, WA Y B X R I —5E
25, Ak, BAENEARREF A AESEERA A2, Sk BRMARRES TS RERH, IR X FIEHI
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TR A KA TR BE AT BE R T 280 m, 32 FERT A AT IG5 RIS £
K HIA) 3k B2 Sinoceras ; Michelinoceras ; R BEGR B 250, A BIRE, WG RIEH

B Bl 20 YN 18 A B AT ) T Ay TC AT
W) BN R AL T R A (B ORAE,
2013) , A4 T Wy s T0 s 19 Sk /2 2R AE N A R A
TR AR WY AR AR X — I S S B PR ) AR 255K, PR
LI Sk R AR = AR A AR
ZREIF BB S A A0 JZ 25 8] (Crick, 1980,
1993; Kriger and Zhang Yunbai, 2009; 5K G355,
2009) , KUESEIN T PEA S RGBSR A Y 2 2%
P (Teichert et al. , 1964; Zhang Yuandong et al. |
2010; Kroger et al., 2011; Fang Xiang et al.,
2019) , BPZEIERSH, Ekck BRI ZHENE
3 90 7 35 9 SR ) | 32K T B R R S R R L L e S
Z AL 3 RIEE , Jf H BRI KBS, B2l
e ) 22 A M 2RI 2D (Kroger and Zhang
Yunbai, 2009; {5, 2013), HEZ T, #F
5 1 R R Sk 2R SE R M2 D 1 ik i R A9
5 I S A 52 555 L R L ek G B 2 e A 1) e TR

(Fang Xiang et al. , 2019) ,

r ] BB 20 B Sk AR STV A A AR PE R (AT
M, 1982; BRHLREL, 1984; 57 A%, 2005; % ¥l
45 02012) HR (HKHZR, 1962) 1L (5 A,
2015a) \ i bk (3 E 5, 1991) VL7 (% IE 4,
1986) G177 (EHUN, 1986) IHIm (HfiA HAIFF 5K
&, 1977) Z8 (P82, 1989) BEVE (HiA R,
1981) MR Fgzc )2, Hor, BT i A
FERRREL 7 M2 BT sk R RN £ 5, R
WG LLAER A (TRt H AR, 1988) FIAHE
F B R RS A (2 EMAE, 2021)
BRIk R A

Sk A A K R R i R N R E HEROK Y
B R AE 98 3 U T A iz Bl ( Flower and
Teichert, 1957) , PIULHSEREJRREE 52/l 2R K/
SRS AT ER A e — e R b Sl sk R 2R Ak
60720 K BE ) SAEAE AR (& RHEE, 1965 1%

AR SCRHE R HRFEF A Y BI H (4145 :41890845 42162003 ,41702022,41772021) , StMARHE TR (45 . B RH5 2L6E 2018-1053,
BRHGTE AA 2017-5788) , v E R e Rt b 5Ty A= A 50 B SR A= 2 R 2 2 ) G o S 0 3 PR A (452 173130) , 5
B NA B H (475 : RCID2018-21) Fl 5t A W 5T A RHIF B4 (YA YISKYII[2021]077) (AR

WA H391:2022-05-22 5 2k 8] H 4. 2022-07-29 W25 & % :2022-08-20 ; Te A4 X 7558 . Doi: 10. 16509/j. georeview. 2022. 08. 041
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JCHEFIERZEIR, 1988 TRKERAE, 1988; M EHEAE,
2006) . 40, ke 5 R bk 3 B RE 7K A2 WK T )
AR SRR, AR TR I A K AR BR s HSTIE Sk 2R
FHAE TP g 7e BT 3 WK X8k, B K228 1
HEIE SRS/ XS K I BEL I ATtz 35 <= HES)
e e NN e o N~ N A A e Y N
ATz 35 S¢S G T 1k A 2R B 2 Ak TIE
REMREE (BKok 5%, 1988; M fEHE%F, 2006) . Ut
Hh, Sk R RBH LIS R G AL T O A E
( Kréger and Zhang Yunbai, 2009) , Z3#1ix— A3k
AR AT KA BT T i G BT RS 2 4
A28l 5 DL Rl KR AE B

IR A B RSk R B Y SE AR S IR A R R
B TE/DT 1 bar (JESRHAL, 10 bar=1 MPa)
i FERBTRE R Z YK IR S22 70 ~ 90 bar, )i
RIK R ZIFE 700 ~ 900 m ( Bidder, 1962; Mutvei,
1964; Denton and Gilpin, 1966 ), #H lt Z T,
Westermann (1973) X7 ~H 47 13k 231k
AIBHATHIR M, N E M A H (Orthocerida)
S AP REARZ I BRIRE 7 150 ~ 500 m, Chen
Junyuan Fl Teichert (1987) X}ift 3000 H3k & 21k
AARA R ARSI R, Sk R S TE BB 22 A
(] R 340 32 338 A R K %, HLERBR il 35 500 m, |
PR SE5 I AR I 6 i bR AR TR T 2
—, IR E AR M SCROBCE A RSk R 2R3
YA RFIE (L EEARFIBRIE, 1987; Zhan Renbin
et al. , 2016) , 1M 38 20 (1) i PRI ML) B 7K AR R 3
WILLR 2 22 R W R L (WP R, 1985
Chen Junyuan et al. , 1991; Lindstrom et al. , 1991;
FRIBAE, 1993 ; Rong Jiayu et al. , 1999 ; J&1% B Flf
HEFS, 2000; Zhan Renbin et al. , 2016) . #R1M, X
L R C N i T S VT A N 182 & e X
TR EPE T, AR T TR A R R A
FRIERY Sk R A A B2 i RE 48 78 I K R S5 115 R o
PRI, B SEARETE R LS8 e 1 M X R B A rh R B
FIKEIRAFTERE o0 5 2 T B A DL S N 454
MRk A, ST T ANERIE S N
153K KDY R IRE (kIR K R i
RN AE RIS, T VB I Ak 1 i SR B B o 3R
PEURIZ » Denton and Brown, 1973) FI4SHE (%
WU 16 T AL /K R B 5 FRIIE, 1988) FIHEG K
F, AR R I B P 1Sk fE 2 AR AR R A5 R LA
N G B8 2R TR () K R B 4R T 15 S

1 BT 5

W S R P 40, SN ORIl T2 B AR A iz
SHRTHRES TR AR (R, 20135 BRESE,
2014) , ALAERS L B AR TN R ) A X R BA S0
MBI R (SRS, 1993 JAWTHE, 2005; FF
I, 20135 LIRS, 2014) X — YR T A AH
XF BTSSR AR A B i ALE T, 7R AL X
TR T 58 9% 1) Bk R £ A DT AR IR BE (i e 4,
2011; LR %, 2014)  WFFE XA T 5t M 44 18 X
mifRE St (K 1a), XX R L BIF5%
MR FEONERE A RO N A, Horp, %
B R T B A MER AR E M iR B IR £ A
R I — (FEHIFIRERERS , 20005 VFRUIASE,
2001) , 5 A Z T S 4 o3 A HE  S5 T R
JZ2+FE A AT e M A S B (Munnecke et al. |
2011; #Egh4E | 2013) , FIEHAMERN—EKE G
JR AR — 52 B SRR 368 990 A W B A P
Wermbcs, EHB LT (B 1b) , B R
fEME R P 1E5E H AT Sinoceras chinense Ti15:44 . It
Gh, = R RS IR A R 2R AR A
PruteErE UL, Bk = NRA 1A, PTREZIRK
WEREFRY R Z (BB TEE, 1986; 1%
Az, 1998) TUAREREE AL TR AR M L6 0 i 6 2
T (FsARpRIE, 1987) SURH A SAE (Zhan
Renbin and Jin Jisuo, 2007) “EE Iz, T A4
YRR, SR AN AR 2 A2
JE A % . Hamarodus europaeus 5 Al Protopanderodus
insculptus 17 ( £, 19865 % K, 1987; ¥ P28
45, 1987; AW, 1990) , Hol 5 A A i B bl i 5%
P —2l i B0 (Chen Xu et al. , 1995; Zhan
Renbin et al. , 2016) .

Y 6N F AN TORE AR R, JRRE
WHAT 20 ~ 35 m Z[H] (FEEMESE, 2017), —
PGP R AR AT R TR K PR DX SRR BE R, T S
B 2 A I 52 X LR #5/N (Zhan Renbin et
al., 2016) . Byt e 111 DX Rk 0 &) 1 ) 5235 40
KBHA 101 JZMBUK, EJE 25.68 m (K 1d),
B AR5 DX R Sl b 7 s 1 R A SR B 3 4]
TET 14 5 0 2 R B B30T T (R U 10 3k 2 Al A

B SORM Ik ik RRTERE TR th TAE
DRt SRR B TR (] — A A A T IS H i 2
il R sz, K 1e), 4 8 & 11 # &
DR ERS (RS, 2021), DIERHEMAA
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B 1 BAESR e Ll XSl B (a) 5 109 S0 A1 1D SRS 2 )2 2 AASFbR ™ 1 (b)) 5 SR PN R Sk 2 2644 ()
VAR 1 T B0 90 1 5 3 L 18 A M2 AR st SR AR R ()

Fig. 1 Location map of the Yaolongshan area (a) ; subhorizontal layers of the Baota( Pagoda) Formation crop out at the Jiudianya

section (b) ; the cephalopod fossils of the Baota Formation are in situ (¢) ; lithologic and hiological column of the Baota Formation

at the Jiudianya section (d)

J& Sinoceras T K FM A 11 )& Michelinoceras 5 HE %
DT, #f A8 Discoceras h 7w UL FRIEPE 2
Sl I Sk R A SRR S B A =X 5
WAL JEJE (Chen Tingen and Zou Xiping, 1984;
oGt MtR i, 1988) LWHAAML, B P&

IKEEN Sinoceras—Michelinoceras—Discoceras 4 #H
( HAEHESE, 2006) FORFIE, ANid —lgeib [X 3k R 2R
A= 2P RERS =5 T5e e L X (32 2 tH 55
2021)
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2 BETEHER

SR 3 A ) TR A B SO G Y i T e Sk R 26 Ak
A1, FHNF L 28 PEAFA SST /0T BER A K B

BALHRESE R L IX 1) R G R b i AeAs, Horb, iU B WU £ R E B AR
FE BTG S BEARAR i A A S 2R (2)E i Sinoceras HRA 16 & (8 2a—f) , EMAA HEMAAF
&5, 2021) , RHEATRRRESR L R BTV EAR R, KBRS AR Michelinoceras FrA 12 Ht (& 2g—
ARWFFEAESE I L DA B KRB AR BER k) o WFSCARA I IR LR AT, DOFAT Tre iR i R il

(h) ) (k)
[ 2 B use e 1l M X T 4 13k 2 2. Sinoceras 1 Michelinoceras

Fig. 2 Sinoceras Fl Michelinoceras from the Pagoda Formation in the

Yaolongshan area, Tongzi, northern Guizhou

J7 VIR sE R YU, MRS SST Y
IIPTESR, BT A BEFE bR A e E
B9 MNRRESEL, 200 by die /)N BE
JRE (o) FEEEFAE (R) . 5EK
(L) TR/ (o) B BE [] B
(A) B HR/ R ER (g/r) .
PREESU/ R (n/d) FREET M
B (s/d) MRE R/ 524 (d/r),
IR AR Y SRR IR B TN 4
B (1), BTA5e Rk 2K
2 14 BRI S5, 7
IKIE )T B A2 B HLA SR o A
AHIE], A28 B A G 0 R 2K P
BESR B R B A 2 URE T Tk
FEH (Mutvei, 2017), FEik, 2
A R IO AT AR [R) 445 4540 1)
Sinoceras M Michelinoceras ¥4 Fr A<
VEIBFFERT G, I M b e 6 B B )
TRAPIRSFT A SSI 43 AT B R A A1
AT o B, W OE R kO,
Westermann ( 1973) 1% 52 56 K P A~
(ORATEER N 1= s N U SN B i
DN K 4k 552 ) B BE iR B 1) o A &5
B, AW B I SR ARk
HBEE MR AR A (SR
TR B A — DI 5B R %

Hewitt and Westermann,1996) ,
3 WL
3.1 [REEEESH

K RAE R i AR AR S Y,
MG BRI F 2 e R i 2= e
PeE (Ward and Boletzky, 1984)
3k JE SR K Az 1) DY ] # K R

(a)—(f) BHMLE Sinoceras: (a) YLS-19T-400, (b) YLS-19T-514, (¢) YLS-19T-489, JIRINE ] etk AR 3 # /N T
(d) YIS-19T-554, (e) YLS-19T-430, (f) YIS-19T-509; (g)—(k) K % 7 ® 101.325 kPa (1 atm), 44ME# K
Michelinoceras: (g) YLS-19T-322, (h) YLS-197-349, (i) YLS-19T-48, (j) YLS-19T-308, p sl iy Ak i A 7 2 1) M B i

(k) YLS-19T-516, LBl A 2 ¢m; Scale bars =2 ¢m

J PRI T TR T A 1 R A
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JERIPR R BRI IR L (PR FRZRZ ) (Denton and
Brown,1973; FR¥JiE, 1988), 3k &I NI S
FEGAEYERYERE KB SA X
(Westermann, 1973; BR¥JIE, 1988), i 7K 5Z g /K
FRK R T kG 1 25 BE TR RE AR BE
XFFArFe RISk RS, F5 7R (calcareous
shell wall) FLZERTA NIRRAKL LY, THEHT U JE Y
FiK T S R il R AR ) 1 R AP T
i, PR B R b & A ()58 4 (Denton and
Brown, 1973; Westermann and Hamilton, 1985) , &
RE (siphuncle wall) [ T &Sz Ji Bl B # K & 2
Hb, IR E WAL Z (B B s e 3 e, JF
BN 2 A ZHE, PR HUGR BEAE AR K T R
PRGN G SR (BRIIE, 1988) . [, (K%
BESIR B ] e O AR A7 PRI S BRI 19 FR ] (Hewitt
and Westermann, 2010) , #H L FoeBERIRAE BE | [

BE (septum) &3k EARSEAR P B MG YRS (Hewitt
and Westermann, 2010) , KK ZHEAK L 89k
AR PR BEHR LR, 4T WA e KA IR EE I
o5 2 Jry Rk 1w A RIS (Hewitt and
Westermann, 1996) . #fi it , F@REE Sk 2 28 f0d &
JEESRARTR P 3 M A PN PR b AL, G R 2R 0 e o B JE
FEF i A2 AR 1Y pRELOC R I P E ( Westermann,
1973; BRIJIE, 1988) ,

KR SRR BE R L NSRS, 1) FRi T M RS TE
BREERE . X AR il )y T DUECR AR B BB fE =
(s ], B S BRARPRBELE K TR BT RS (BRI
7L, 1988; Hewitt and Westermann, 1996) , 2k )Z
AP TR SR To 2 AR, BT ) 2 s B
BRI BE T 52 3] i HILAWC SR B2 5 ol B JEE B kA L
SRR I (FR¥iE, 1988) , K, #R4EH
A R G G IR Y 7 A S 50 B4, Westermann

@ (b)

B3 HAARESEIRRE (a); HAAOWNIBEHSEAITE (b) (M H Westermann and Hamilton, 1985; Fang Xiang
et al. , 2017) ; FIEU Michelinoceras FIRREERCKIE (¢) . (d) , JFBRZUT AL, (HBREERIE AR A E

Fig. 3 The reconstruction of cephalopods with orthocone(a) ; the parameter map of internal structure of cephalopods with orthocone

(b) (after Westermann and Hamilton, 1985; Fang Xiang et al. , 2017) ; Enlarged view of the septa of Michelinoceras from the

Baota Formation with stable outline and thickness(c¢),(d) , although strong calcification occurs in the surrounding area
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FR1 B X EIEH PR BT SSI 5478 Sinoceras 1 Michelinoceras RIS IS HEE

Table 1 Structual parameters of cephalopods from the Upper Ordovician Baota Formation in the Yaolongshan area,

Tongzi County, northern Guizhou

B4, B 7 K L B wm | wa | wa | am | FERE| EERE
(em) | (em) | (em) (°) | (em) (m) (m)
M. huangnigangense | YLS-19T-35 0.016 | 1.252 | 21.863 | 4.967 | 0.823 | 0.101 | 0.090 | 0.724 | 0.442 343 228
M. huangnigangense | YLS-19T-36 0.016 | 1.137 | 16.037 | 5.098 | 0.812 | 0.119 | 0.100 | 0.720 | 0.450 377 251
M. huangnigangense | YLS-19T-39 0.012 | 0.799 | 17.285 | 5.284 | 0.655 | 0.116 | 0. 102 | 0.710 | 0. 365 391 261
M. huangnigangense | YLS-19T-308 | 0.017 | 1.269 | 15.778 | 5.059 | 0.705 | 0.117 | 0. 168 | 0.740 | 0.334 343 229
M. huangnigangense | YLS-19T-322 | 0.015 | 0.974 | 15.973 | 5.504 | 0.747 | 0.113 | 0. 136 | 0. 715 | 0.436 412 275
M. huangnigangense | YLS-19T-349 | 0.007 | 0.643 | 6.038 | 7.262 | 0.464 | 0.121 | 0. 181 | 0.779 | 0. 362 300 200
M. huangnigangense | YLS-19T-386 | 0.007 | 0.532 | 9.977 | 6.482 | 0.526 | 0.126 | 0.136 | 0. 687 | 0.402 349 232
M. huangnigangense | YLS-19T-507 | 0.016 | 0.833 | 19.597 | 5.095 | 0.708 | 0. 113 | 0.124 | 0.716 | 0. 431 512 341
M. huangnigangense | YLS-19T-516 | 0.014 | 0.851 | 16.092 | 5.154 | 0.833 | 0.123 | 0. 103 | 0.677 | 0.433 419 280
M. xuanxianense YLS-19T-48 0.012 | 0.807 | 9.720 | 6.606 | 0.505 | 0.122 | 0. 111 | 0.772 | 0.323 393 262
M. xuanxianense YLS-19T-307 | 0.015 | 1.009 | 19.670 | 5.279 | 0.650 | 0.121 | 0.098 | 0.650 | 0.335 385 257
M. xuanxianense YLS-19T-315 | 0.019 | 1.216 |22.380 | 5.045 | 0.764 | 0.110 | 0. 158 | 0.782 | 0.396 415 276
S. chinense YLS-19T-67 0.020 | 2.090 | 26.761 | 8.929 | 2.181 | 0.097 | 0.391 | 0.584 | 0.478 253 169
S. chinense YLS-19T-81 0.025 | 3.267 | 38.204 | 7.988 | 2.253 | 0.097 | 0.353 | 0.500 | 0.435 198 132
S. chinense YLS-19T-152 | 0.021 | 2.297 | 18.871 | 10.030 | 1.617 | 0.086 | 0.528 | 0.627 | 0.396 234 156
S. chinense YLS-19T-368 | 0.010 | 1.268 | 16.069 | 10.266 | 1.508 | 0.108 | 0.475 | 0.556 | 0. 464 207 138
S. chinense YLS-19T-400 | 0.006 | 0.885 | 8.728 | 11.731 | 1.051 | 0. 115 | 0.352 | 0.607 | 0.436 174 116
S. chinense YLS-19T-423 | 0.014 | 1.471 | 25.041 | 9.252 | 1.896 | 0.094 | 0.424 | 0.631 | 0.449 249 166
S. chinense YLS-19T-474 | 0.017 | 2.310 | 31.708 | 8.362 | 1.814 | 0.086 | 0.466 | 0.625 | 0.471 191 128
S. chinense YLS-19T-489 | 0.038 | 4.115 | 37.062 | 8.690 | 2.295 | 0.101 | 0.347 | 0.597 | 0.483 241 161
S. chinense YLS-19T-514 | 0.021 1.977 | 28.538 | 8.342 | 1.908 | 0.106 | 0.287 | 0.505 | 0.462 284 189
S. chinense YLS-19T-554 | 0.020 | 2.387 | 17.939 | 10.035 | 2.004 | 0. 100 | 0.523 | 0.587 | 0.494 217 145
S. eccentrica YLS-19T-80 0.021 | 2.726 | 23.040 | 9.031 | 2.090 | 0.095 | 0.392 | 0.625 | 0.445 204 136
S. eccentrica YLS-19T-89 0.017 | 2.010 | 18.134 | 9.955 | 1.572 | 0.095 | 0.343 | 0.731 | 0.411 228 152
S. eccentrica YLS-19T-430 | 0.014 | 2.427 | 19.510 | 10.463 | 1.683 | 0.103 | 0.377 | 0.606 | 0. 447 146 97
S. eccentrica YLS-19T-451 | 0.022 | 2.284 | 37.151 | 7.896 | 1.670 | 0.091 | 0.428 | 0.590 | 0.482 257 171
S. eccentrica YLS-19T-509 | 0.032 | 3.562 | 39.161 | 7.807 | 2.061 | 0.085 | 0.343 | 0.594 | 0.485 237 158
S. eccentrica YLS-19T-528 | 0.015 1.756 | 16.628 | 10.044 | 1.683 | 0.110 | 0.386 | 0.642 | 0.443 217 145

(1973) Ktk R BRI 5 RIBIR ML 5,
T PR RE SR BE 28U (Septal Strenth Index, SSI) HY
PRELAR; SST=0/R x1000, Hirh o 2675 i /N fi B
JREE, R B AR A4, BLAE Sk R 2R AR
RIS FEERAUL AT B, 1A SST TR 1)
RERTREE N 30 m, XN A2 TR BE 29 0y SR A IR E 1Y)
2/3 8 3/4 ( Westermann and Hamilton, 1985) ., 3k
AR T IRFRRRRER B RS, AR TT B B
P B B G 19 o ok B 490 55 i ( Westermann,
1973) . 734b, M TSk 28 0 B BE B R 2 — A
HERE BT, TvIN2E Sy RS Bk o B A i
W, A, Hewitt (1993) 44k I Bott 73k B2
0 B BE iR B R, YN AUER 1 atm 1, 14>
FALLEY SST X LI KAATREE H 26. 2 m,,

XPE TR R (K 3a) T, FRAR Y PR EE &
— AFRUERYFEIIRAL ([ 3b) , [AAG S8 AR A4 1Y) B

B AR X M EARE AR (Westermann, 1977) , i
MR AR R RS RE . R, FRRESR T &R
BN AORBEE T T A Sk R 28, 1T H 280
A T A AL A e, R, JF R
SSI S B Se S5 A0, TRtk S 45 o B 0 s A (5]
SN L P B JEL B2 T S AR AR R R A AL FE A, AN Rk
PEBR BE I ) A B 28 1 R HE R e R
(Westermann, 1977) , ItAbh, BUAF Sk B8R B R
BEJEL A I 2 B i 2k, S 3 BE 5 R BT
F—E =2 (Hewitt and Westermann, 2010), AT
Ji v B BE JEEEE A DN HORS JBE , AR T S8 TR IR D 52 H 25
e A AP TS e B BE (8] 3¢, d) AT 240
S HR A RN SST TR e /N
3.2 HEHN
EHGVEWAT G SSI b a0 3k e 26 A it
TTH5E, L6 R AR R SEIN  Tmage J F Origin 555K
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PEXE AR A BT IR S BE R B R Se i, B
KRB BT 000 N T AW R e 24 PR ke
R R SST AR, ZEE SR person 5%
FEC CF T ARAE WA S G 22 [H] 0 4 PR AR OGS
Stigler and Stephen, 1989) #17HF5%, MAH KL REL
EACEEIT 1 B 1 I, U OGRS ; AHSC R A
T T 0, FHOCHERES . AHSCHREYIE (B R
735 T A5 st 22 ] 14 TE AR SR 7R Sk

4 FIEHSL LM RIEIREE S

4.1 [RESERERY (SSI) WEMEAR

MK LR BESR B R B R BE R (SSI=0/R
x1000) FIHI, SSI FURUEHR T Fe/ N BEJRJE (o)
bR (R) W2, BAWTTRRY], WAL
RE IR SMSTIAR -5 1 B S MRS T A P Fe TE AR AH
oL, 5 B BE 95 R BCA R R FE AR (Hewitt and
Westermann, 2010), i HH SSI 0] fig 5 N & 45 #9
s PSS

WAL, RAEIEAS | 3% 3 PRI IR 0 i B 501 2% #4145
PIEREE M 2 Sk 2R Y B E R AR (B B AR,
1965; HIGUERTRZ I, 1988; KoKk, 1988;
GRFIBE AR, 2007; J5FI4AE, 2015b) . N T a7
Wb Ah sk KA A SSTIBTER R, 18
ARG THHERL b, AWF5E 53 5006 SR AEAE
WERHY &5 SST RYAHICHEREAT 108, o, AR
EESHaFEK (L) FREEREE (A) MTUHA R
N (@), WHHE RIS IRE /728 (g/r,) FREESY/
KES (n/d) FREETMEE (s/d) MARE®/ 7
(d/r)) %,
4.2 SMEBHHE (FIK . FREERIEEATR A K/N)

5 SSI KjtEX 1

LRI A Sinoceras F1 Michelinoceras B 5¢
K (L) FREEIRIE (o) FTMARAN (o) 55X F
SSI W) A0 M4 M1 (K 4) B 7R, Sinoceras Fl
Michelinoceras I)5e1 (L) 5 SSI #1H A —E EAHK
PE (Bl 4a), FEMBRA I SSITEBR K, viBIsEk R
/INTT RS R SRR B I B E R R 22— X T4t
TR REZmAVEAL e AR A K sk R 2R
e, 5ok (L) TE—ERE bR 7R
GRIRE WO (0, 2015) , PRI KA 1 B T
JE (o) R, A LUK SZ 5 IR A0 3R A8 R I e R 1Y
FOKIE ). X 5 BUACK R 1 A SL e 45 SR AR L,
RIVIR I b A Sk R 28 ) SRR B e T /N R B
BAYAE (Ward, 1982; Westermann and Hamilton,

1985) o AR, 4SS R BESG fiy,  BR e 5 3
BEZ 3G, i H S SR PR B (A) SR
AN ) BFVE R T SST (B H I b B 8] 4 ) 34
KGR (Kl 4b), Mo, FEEFERIL 22Erp, T
TN () Foelky IRER ek 2y A4 Kl
R, YT BRI e R R BB, fEKhiz
S Z BB Wl (LR 22, 1988;
H AR, 2006) , A SST{E-5 TR #2281 S 1
A (Kl 4e), Mk BRI EE = SR K
Ui PR BE SR P PR RN, A KN (@) 5
PREEMEIFE (A) FSERKE (L) BHRAMKELER
( Westermann, 1973; K 4d~e) .

Zi b, B At = 35 A 3k B 2K Sinoceras
Michelinoceras BJFNTIE BB R W, SSI H I 55¢ 1k
K (L) FIRREBEMEE (A) RIEAHDG, STUMA K/
() B, X458 R 51 ACT AL B
Kk AR AT 1O R AR IR LA 5285 ( Westermann,
1973; Westermann and Hamilton, 1985) F WLl £
RN,

4.3 NEEH (AE/ FR.IAK/ SES.RE
THEMSES/KRE) 5 SSIHHEXE
SRR N RS T, AN/ IR A ) B
BN RRRE TS [ RE S AR R 5/ 7o R RE D
BAYRRN ZER, W MIE SR, N
1M 2 T+ 9K 4K 59 7 1k BE 71 ( Westermann, 1977)
Sinoceras 1 Michelinoceras WA &R T 524k o |
HEYESAER 110 24 ; Hh Sinoceras [ BEZ5
KARIEREN 172, MHILZT Michelinoceras F£71F
B B E S, (O = E Y 1/10 ~ 175,
Sinoceras 1 A WEUK BE 1 H0m B I BRI, bR BE
M EEFEA I FRUER A BIE , {H Michelinoceras I
BE MR —LE, RE// 5 (d/r) /M 0.3
Fon Sk R 2R B % 4 1 BR BE ( Westermann and
Hamilton, 1985), Sinoceras A1 Michelinoceras )<, %
Fi/5eh8 (d/r) BRTF 0.3, R HIIEH L

Wi, Wevk BE I H08 .

Sinoceras F Michelinoceras W) N EPZ5E ¥ 5 SSI
OGP R (K 5) Bon, SST 5% \/ 584t
EEEAX (0.2<r<0.4; El 5d), (A5EE/ 5724,
R B T U | R /A 2 e AR I 8 A AH G
(Kl 5a—c), X — &5 R & B,
Michelinoceras B SSI 53 % &/52 18 MG /7214 5%
WNEREE T S EA S5 AHOCE , AT RER I R X fe /)N f
BEJELFE A AR 00 R B AR /N, X ik — 2Pk

Sinoceras
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= . 1988; kZE, 2006) (R TCEHES Y, B
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Fig. 5 The relationship between SSI and the internal structural parameters of Sinoceras and Michelinoceras
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Parameter “r” is the correlation coefficient value between abscissa and ordinate, and the solid line represents the correlation coefficient straight line

between Sinoceras, Michelinoceras and the internal structural parameters. (a) — (¢) The ratio of siphuncular to conch diameter, the ratio of septal

neck length to camera length, and the concavity of septa in camera have a very weak negative correlation with SSI. (d) The ratio of camera length

to conch diameter has a weak positive correlation with SS/

RAEFET SR HUN Y, AR EE 2wl P T i /K
LT TS, PRI B A & T J S B 58 ( Collins
and Minton, 1967; Hewitt and Westermann, 1996;
Kroger, 2013; Fang Xiang et al. , 2017, 2019) ., =k
JEEAE Ry BB 20 Ak T W T 1) B AR AT
B AR A A (R FIAE 3B JZ 08 43 A AN AN 32 3 30 55 2%
P RS T SRR A R RS2 R GRFARREFNG = 7
1997; B &ML, 2006) , o323 [ Broe ik i aE &
Z RFE K/ ( Westermann, 1973
Sanders and Landman, 1987; ¥, 1988)

K 6 g, Bdtse e il IX Sinoceras 1 SSI {H

A'5.564 ~ 10. 829, F B 8. 985 , Michelinoceras
B9 SSIAE T 3K 11.432 ~ 19.532, A%k 14.96,
R B PR B B W T . MRSk 2R
LAY SSTH 2945 F 26.2 m 1Y MR IR JE
(Hewitt, 1993) , i A UREE R0 RIBIREE ) 2/3
( Westermann and Hamilton, 1985) , iM% H Sinoceras
M IRIEIREE R 146 ~ 284 m, Xf R (RS VRBE 2
97 ~ 189 m; Michelinoceras [ 5RHIREE 4 300 ~ 512
m, XFREAAESTREZI N 200 ~ 341 m (K1) , X
—RFA UM, RES THXEEH DR
Sinoceras Fl Michelinoceras 25 H 3 F [/ — 2 M 2
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Fig. 6 Double-logarithmic plot of curvature radius of septum
(R) against septal thickness (o) of Sinoceras and
Michelinoceras (by Westermann, 1973), with SSI interval
value of 5.564 to 10.829 and 11.432 to 19.532,

respectively

B (= e L <31 = & S0 R N S Ny s =g T
RISK 22X Michelinoceras 7 g} T R IR A: A7 55 4
71, 1E Sinoceras A= 1% K3 2 T HEIR KR AT,
T B S, PR X T4 S, chinense 1 S.
eccentrica B AL B A IR E , Michelinoceras W7
NP (M. huangnigangense, M. xuanxianense) 7%
ARt EEREZESR (£ 1), WS, Chen
Junyuan (1988) XJWAUE B HiIX FIEAH Sinoceras
N Michelinoceras W) R EIRE ¥ s, W48 )
SSTAEARLE 15 KLE, FI(EDY 18.2, Wl TR
Sele i XA AR Y SST A, ik, RAEHF&#k
HAEARTRI ML 2545 T Sk LS SST {45 Jm b R R FlR
FEHLE JCE (FH40E, 1988 ; Chen Junyuan, 1988)
BRI R BN, FH ERBEEHEH DR
Sinoceras Fl Michelinoceras T&7E Wl & i 2E &4 2P
g, 0 HAEAS [A] i du b AR 36 5 K B8 7T RE AT BIr AN
], i Ja N AN [a] b 22 8] B AR 25 8 B8 A B Y 22
S

ISR IX 5L B B X S 2 ) Sk iR 2R R
T+ & i B8R IR K Bl B Sinoceras—
Michelinoceras—Disoceras 4 ¥ ¥ X ( 3 & fH & ,
2021) , WA X A B ), Sinoceras Fl

Michelinoceras V£ H AR 7, HAY KM
XFEENE A AN/ FL T oe A e B R [BDE B
S B A TR K U UK R AR SRR AR (O AR Rk AR,
2006) , LA ic sk B s, Sinoceras 1 Michelinoceras
Ve TR A DRI ISk R sh B g A #26ie, 41
151 W e A8 14 Bl ) B3 AR 1l 2 A0 TR K Bl —2F
GRS &R BRI (K 7). 1, —
88 Sinoceras 234341 16 F S WO Rl A 2R B8 v, g 20 %k
Michelinoceras W) Bt BRAE AR R 25 114 T iy 400 4t 74 2%
(B 7), XRY], EAESERENT, M EEH
HHAME LAY Sinoceras F1 Michelinoceras B4 9%
AR I 22 AL AR R R R, H = FH B2l
B A= 2590 2, 1 EL Sinoceras F1 Michelinoceras ¥
i ) %5 B 1) 15 b g 2 P ZR B G R i ki A i A 9
k(KT .
5.2 WFAMEEBERREBAEKENER

TR 2 o 30 2 0 A i AR A BRI Y T e ey 1 B
1 Z — ( Nielsen, 2004; Miller et al., 2005;
Munnecke et al. , 2010) , M FEHIH T4 1 5
IK GRS 4] (B P 20 3% L v S —dL s L5 PR
B, 1988; VL&A, 1998) , SRTTEA Mk, A
TG T FE B AR TURRINS 8 7 AR B AR s A
AR, e, Ao R R (1987) A4
FRE TR =0 L Cyclopygidae | ik 3k 2
2 Sinoceras 1 Michelinoceras L) Nz ¥ ) 5 AR TR v A
WGBTS A M DUBUK AR B ]
eI I (29 100 m) . Fortey (1997) M5
PEEH 7= R AR = i HUIR ISR A RRAE , HITTDL
BB TGN, REATREA /2 200 m, BRYY
L4 (1991) F Lindstrom 25 (1991) MG EE LK)
DUBVRAEFIAE DI AT, R KR B AT BE R T 200
m, Rong Jiayu 5% (1999) AN F#E 4 P #Y
Leangella—Foliomena Wi 2 sh W 2 A e A AE 150 ~
200 m 2 Jd], Zhan Renbin % (2016) N NAER
B G2 5 3 2 TR T 2% 30 B 1A I A 3 T 3l ) 2
i, RS RBYRPIR I TURRIN AT K IR A 2%
I 120 m, PR LA, AP (1997) 4
B I PO I M X IE L0 Sinoceras 19 SSI{EH A
29 ~ 45, JFHAIBRARGRBETE 100 ~ 200 m Z ], {H
S, BIEAREBASE (1997) KT Sinoceras B SSI {H
PSS SR TR, IR 2060 g 1 A= A8 R BE 22 7R 600
m, AR HHEN 19/ F 200 m,

A5 38 2ok X A 5T X B A Sinoceras il
Michelinoceras 1% 28 2 VR B Fl 2B A8 R B2 #F 47 = 1k 43
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Michelinoceras/y Afi [X 1,
the distribution area of Michelinoceras

Q YURAH 1 5t
sedimentary facies boundary

4 the place name

Sinoceras’y i X 1k
the distribution area of Sinoceras

- FERiRUR i
lithofacies boundary

WFFC X the study area

b 58 X
boundary of crustal connection

HE D AH 32 5
il inferred boundary of lithofacies

Ba /X () /K semi deep water area

[l 7 AR Hh BB — g B B - SR A AR T B R (e H Sk AR5, 2009) K Sinoceras 5 Michelinoceras BAE M HB PR IX 2R &]
(PR FIFHVIR ; fbAie s RIE Tk H 2R, 1964; #iA R, 1965,1980; #iA #RFIF53 1L, 1977; Chen Tingen and Zou
Xiping, 1984; 551, 1984; TLEf, 1988; i8S, 1989; GG =, 1997; JrAI%E, 2015a)

Fig. 7 The lithofacies paleogeographic map ( after Ma Yongsheng et al. , 2009#) and biogeography of Sinoceras and Michelinoceras
from the Middle to early Late Ordovician in south China (fossil records of the Baota Formation based on Zhang Ridong, 1964&;
Lai Caigen , 1965&, 1980&; Lai Caigen and Qi Dunlun, 1977&; Chen Tingen and Zou Xiping, 1984; Qi Dunlun, 1984&; Shen

Jianwei, 1988&; Ying Zhonge, 1989&; Xiao Chuantao and Pan Yuntang, 1997&; Fang Xiang et al. , 2015a&)

o MR N, Sinoceras 1 Michelinoceras B4
BB 97 ~ 189 m (HHi4Ch 148.5 m) Al
200~341 m (PR 259 m) , X —ZE R KEULL T
HIA ST H M A 25 At K IR 43 i 19 & L IX [
(150 ~ 500 m; Westermann, 1973; Chen Junyuan
and Teichert, 1987 ) . A T MR T BURE w22 520
AR IR, 20 25 Bk 2 e AR S TR EE 1 fe/ IME Al B
KAEZ )5, W] Sinoceras F Michelinoceras W4 251K FE
AR 128~ 169 m 1 228 ~280 m, i, /45
[k 2 A AN (] 9 1l 1) A2 16 7K R AT g AN S AH

, BT UIRUKIR— /N T UK AR W i e R AR 2
i, W ACSE IR 1L M DX 5 30 20 TR S I A 1 7K
JE AT RE L 2 B R 2 %0 3 U B SR (=280
m), ZFFRRIIEAE (1991) F1 Lindstrom %5 (1991)
KT EIHEATBUKEAT 200 m BHEMZER

TR 2R 2 ATAT$8 7R 3135 K AR B TURR G 38 AL
e m A BE (Zhan Renbin et al. , 2016) , JGHR
(1R S He 26 =it e ( Cyclopyge) Fit F DU & 25
( Foliomena) W BL ( Rong Jiayu et al. , 1999) 14§
IR AR EE ORI, ik, WATEHE Sk

i
7
?’7/'_\('
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Wl 7, P, Zhan Renbin %5 (2016) A58
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A TIREE R Z (/T 120 m) |, /AT
SIRTEE SR, AT, T A AR R RS RLRNIE B
2SR, k2 E R EIR TR T, ACEIEA
TIBUKIR G —HARK . Ak, 7 6 A A
DXl B AH DT RRURE B DORRRRAE R A= ) 41 & T A
#A FTASIE] ( Zhan Renbin et al. |, 2016; £ 5 4,
2017) , Bdbse e 1l i X 5 8 A TR R K F
280 m (W AL AT A R, AT RRFR /R B 5 X AL T4
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Implosion depth and its geological significance of Cephalopods from
the Upper Ordovician Baota Formation in Northern Guizhou
PENG Tingzu, YANG Yuning, WANG Dongmei, CHI Xiangri

College of Resources and Environmental Engineering, Key Laboratory of Karst Georesources and Environment

Minisiry of Education, Guizhou University, Guiyang, 550025

Abstract: The Upper Ordovician Baota ( Pagoda) Formation, a stratigraphic unit widely distributed on the
Yangtze platform of South China, is marked by its abundant cephalopods and unique network structures throughout
the formation. The water depth for the deposition of the Baota Formation, based on sedimentary structure and
paleoecological qualitative analysis, has been a controversial topic for decades. Here, with abundant in situ
cephalopod fossils collected from the Baota Formation in the Yaolongshan area of northern Guizhou, a quantitative
bathymetry of the epeiric sea where the formation deposited has been interpreted from the coupling relationship
between the septal strength index (SSI) of the cephalopods and their implosion depth. A total of 16 Sinoceras and
12 Michelinoceras specimens are selected for the SSI analysis, along with how external characteristics and internal
structures is correlated with SSI, respectively. The result indicates that SSI shows significant positive correlations
with external cone length and septal distance, but negative with the apical angle. Furthermore, SSI has little
relationship to single internal structure, it is likely influenced jointly by multiple internal parameters. Additionally,
the SSI values of Sinoceras and Michelinoceras range from 5. 564 to 10. 829 and 11. 432 to 19. 532, respectively,
approximately equate to 128 to 169 m and 228 to 280 m of the actual depths. Obviously, although Sinoceras and
Michelinoceras were often buried on the same bedding surface of the Pagoda network limestone, these two taxa had
different ecological stratification in the water column and even different paleobiogeographic environment. Whilst
intraspecific ecological stratification are unconspicuous within these two genera. Moreover, quantitative bathymetry
of the epeiric sea based on the actual depths of Sinoceras and Michelinoceras show a deep water benthic environment
(=280 m) corresponding to the Baota Formation, which is much deeper than most previous speculations.

Keywords: cephalopods; Sinoceras; Michelinoceras; septal strength index; actual depth; Upper Ordovician
Baota (Pagoda) Formation
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