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i BN BB BRI M. postserrata (BRTL 1. B 9) . 7ZEH AR 8. 1m gy E . BEM{UAH L-
46. 2 =F A/ Sz_ueetognathuso F M, WH B M. aserrata ALK M. postserrata R F4%
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E1M WAES WIEXED L “NEA"FHEAFINRRLBRTHLEX 5
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E ORI H"H M. postserrata 12 (R X #R 4 1) 5 ™ F Guadalupe 1) Bell Canyon 4
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BEEGEFATH M ATR . ME RN ST AELREF, BR T M. altudaensis
FIRBHISE, HEMNBN A SCH M. altudaensis FK, T KB G AL M. postserrata 5 IR
Y., BRTMREE DR EAXIEEMFD T ERCEHLEIE M. postserrata i # T
HRB(ERL. B 19,

Kozur 38 M. altudaensis 7= F Old Blue IUFHILEE 2. 3 BEREGHH Altuda HIRES
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SESAEE BEEAR HEP. AHRERE. M ARERMY M. postserrata, T 2.2 FR
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Clarkina subcarinata (Sweet, 1973)BIAFA(E 18), iAW O EEE Y E =, HNP R E
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FBBI8 M. prexuanhanensis sp.nov. . B 154 BE M. altudaensis B/ 7= B AL 140A R
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ERERET 2R BEEEFRRATL EAZT AV BHREL FRREER
SFH TATER 5 AN HRETZES, M LR E B sy e A8 E il 88 Dzhul-
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Metadoliolina W3 O#iK A2 b ERRFBRFHRAWR. EEOHE L RFFARE
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EE PN R PHRAER.
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TEF BB Abadeh #1 X, Taraz(1971)$#8 4, Abadeh £4/& F Guadalupian & Z J5 . Dzhulfi-
an HZ BT TR, 3B B8 Abadehian By, A= FE A Merrillina divergens il Meso-
gondolella bitteri, T ja & =& N Clarkina liangshanensis i 5t @] (Bando and others, 1980;
Kozur, 1989a). HF - Z B F X A 3hWHE, Abadehian B 5 Guadalupian 4 Altuda 8
B e A B It B . Baghbani (1991)7E Abadeh 4 L35, Bl )2 4b & Bl Metadoliolina -
Yabeina, R ZA ML EMFOANBTR. 852 Altuda ATAHETES

Abadeh HZAREFHY .
®1 OISO “DEE "R KIFE TR EH SHE Texas ML BRBEN T GHITH X

Correlation of conodont zones between the “Kuhfeng” and Wuchiaping Formations of the Dukou Sec-

tion, Xuanhan, Sichuan and the Guadalupian in Texas, USA.
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g _d__ 2 {No. 154)
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XHE, GNIRIE M. altudaensis H B R FYE N Guadalupian R TR, HLE R FEYT R
HEEEXW . RRIEMA—ANFHH ., XZ, BIMARHA X — R LN Guadalupian S 5%
THMDR METARALBERRIENZIER. UL C. liangshanensis? FJH B AIRE T
Texas M#) Guadalupian HH BB AT EHL AR H &5 MBERAERFZ
B9 HIRHE.

R EERMEL

Mesogondolella Kozur, 1988

WizXH Gondolella bisselli Clark and Behnken, 1971

it Kozur (1988)ih N X4 BB Clarkina Kozur, 1988 ¢ X Bl ¥ B R O @ EH
BVZHM BEERMTROTEN EEMLTREEEN 602 8 81155 : T Clarkina §)
ROBERET H&FRAENE EEERBEROEER BEVERLIEE N BEF
B IK 4 M A2 (secondary elevation) 3, WIF4E N &, R BN BB . REBH~HE
RARATT I, Mesogondolella F1 B R Clarkina 765 O T 1 ¥ F1 8 s 9 AH XL B X —4F14E
EEBIRK. Clarkina Bt & KW, PR VI ETE, FRZEF4T, B7#H0 0 RE 4,
BEREGHBMMEAPERMTRERS: BEEMTESHBEMR.E/D RENEHE
HHE HEESHEREZ W BT Mesogondolella, — R 6 E i: 15 G RTHMLHE
i, EERYT RAUREG/DYBCRER AT XHERASAN, EHRNUERRX, 5
Mesogondolella W HH 246 0 B ARl . Mesogondolella % € BT ERFA SR E, B,
BIE0E R B SRR BN ENEEZRHTR S ERELEN ISR BEH
WHESBAHE: HERR HEESWEREZ LA B KT Clarkina, —ANE V3 B
PEERSFIN EEREROMENREIERE RN, B Clarkina M Mesogondolella
WESKIBE FFRBENAFRMEERTEGRLE.

Clarkina altudaensis Kozur, 1992 T H i . AR RSO S0E B &P EHM
MRS AEHE HERERLESREN S EREFMH Clarkina EAMHFERARBH
E5). #H. ZFB T Mesogondolella serrata FALIE R — NP EAT, HiFEWE 5%
R AL B, ZFLIEN Mesogondolella AE .

Mesogondolella altudaensis (Kozur, 1992) -
' (ERE 1, 1—5)
1992 Mesogondolella n. sp. B, Wardlaw, poster 29th IGC.
1992a Clarkina cf. changxingensis (Wang and Wang). Kozur, pp. 180, 181, figs. 9—12, 14—17.
1992b Clarkina altudaensis Kozur. pp. 103—106, figs. 9—12, 14—17.
1992a, 1992b Clarkina n. sp. . Kozur. fig. 13.
1992¢c Mesogondolella n. sp. . Kozur. fig. 1. Part A, 3.
1992¢ Clarkina altudaensis Kozur, fig. 1, Part A, 7—9.
1992c Clarkina liangshanensis (Wang). Kozur, 10.
1992¢ Clarkina changzingensis (Wang and Wang). 11.
1992c Clarkina n. sp. Kozur. fig. 1. Part B. 15.
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BE HEFERE BUNEKIVE, sUEAMMLN, SEHAMRKE KERRXRENM
FihG/EM A28 AT, B HEREHKSE. BRER, BIIrA G RABER, Mm%
B REBREHERMBEFESREMR LPE EENPIEERER RN GT
GBI ERT EEWER. HEMERMBHART (ER.EMHRE 50t
B CEE MR HEEME mANE M, & 12—17 MEE AR EREREF.
ERARSME I8H ENEIREBEE A28, AEMRTEEE . ETHAT
EEW HERAEMEEE%. FTRERPHMFERK AR BHdMinE N/ N HAAR.
BHEE ERAOEHYS., KSR HISHWAN Mesogondolella BIBRE .,

e Sitie MR BRE R BXIRA (Kozur, 1992b, B 9, 1D E R M in 4
S AEEHMHEHEAMATRE RTRAABRHRT. BN ER. BEYH® Wardlaw
(1992, poster 29th IGC)IG A M. n.sp. B, & [F & Kozur X F Y ai#EH R Neogondolella
babcocki Clark and Behnken, 1979 (B2 SCEF {5 # M BH HE BLAY M. postserrata MBS M. al--
tudaensis BT WREDFAL TR . Ait. Kozur(1992b) I3 A M. “babcocki” B TR 53 41 4= (B
5, )M BAMAT M. altudaensis ITEREE Z LI, XEIRERERTHBH R . FR
ARG EREANER BEEMHEENR. EN/BNENTREATOREEN VR
M. altudaensis ft M. prexuanhanensis sp. nov. Z R TERM, EEOREHMIEH” S
Clark #1 Behnken I3 A N. babcocki (AT A E R BIAR A= F M. postserrata H TREE M. al-
tudaensis B RCER; X AR A (ER 1, B 10, 25) AR FK M. postserrata F M. altudaensis 2Z [H] '
Ryt KA, :

WRTM S Clarkina changxingensis (Wang and Wang, 1979) #1156 # B AL HX F
HUBTRERAEASL. EXFEEEHBARMEREX YITHWERESR EHEF
EHAHIME AELS EHUMHEEE AERESHEREZ HLEE 4 C.
changzingensis RSB FHARMEHBER 585 HRESHERBEZIHLIKE
Yio WAHN. C. changxingensis i G RIEP LB B0, T M. altudaensis i RIS HE,
WHEERD, fEREH ot E8E EFNEWR.

LfrET G LHREHOZEE. M LHE BREEEE EHEXR HFANGEEES
B, ENATELSE, MER M. prexuanhanensissp.nov. , BRI, A 1. A BH 7.8 15.H
6.F 13. 8 14 RRMIRAKKEN TiX—it ., Kozur A M. “babcocki” i #12 (Kozur,
1992b, @ 5, 6) = F M. altudaensis R E Z L. KA L5 LRI E 5> FK M. prexuan-
hanensis sp. nov. B B Hi F1EE BRWE T M. altudaensis [8] M. prexuanhanensis sp.
nov. JALB B EFFIY ., UG A Clarkina altudaensis 8 2L B & B ¥1 & (Kozur, 1992b, B 14,
15.16). G EREFHABKEARE 5 LA ERMGNAER 1. B 158MHL RRE
M. altudaensis FFR5H M. prexuanhanensis sp. nov. S AR BART B . '

Kozur (1992b) % F Y4BT EIEFILH C. changxingensis B —MRBE F V480
5 C. changzingensis Y SMLB T RERE RS » Ho EEOHE EELTTFA C.
changzingensis P2 H BALZ MRE “MEA BTN . ERTUEMERITH RPHAFEEY
Wi fF0 C. changzingensis 2[R LRI T

4 B T I8 O T PR AR VX — LR B, Kozur (1992b) X F 4 ATHE EHEHE
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KXW ERERY . #8 M. altudaensis B A EHBEAER XAV —REZ LI
Hindeodus julfensis (Sweet, 1973)(H 200 52234, HHAR® Hindeodus julfensis B 5€ X
R BER A FE BRREE N Hindeodus julfensis BIARAAT 1 B (B 20), i HRBEAR
2 FERIAR TRAX—MHLEmMA%E.

FHEBA M) ER“IMEH"M. altudaensis B, EE Texas M7 H Altuda 8 TR,
Lamar K& TR .

Mesogondolella postserrata (Behnken, 1975)
(EMR 1. B 8—10,12,14—17.19—25)

1975 Neogondolella serrata postserrata Behnken. pp. 307—308. pl. 2, figs. 31, 32, 35.
1979 Neogondolella postserrata Behnken, Clark and Behnken. p. 272, pl. 1. figs. 13—17. 21.
1979 Neogondolella rosenkraitzi (Bender and Stoppel), Clark and Behnken, pp. 272, 273, p1. 2. figs. 3. 8. 9.
1879 Neogondolella babcocki Clark and Behnken, p. 273, pl. 2, figs. 5. 6. 11—15. 17, 18.
1979 Neogondolella denticulata Clark and Behnken. p. 272, pl. 1. figs. 18—20, 22, 23.
1980 Gondolella behnkeni Bando and others. p. 11.
1984 Neogondolella babcocki Clark and Behnken, 3¢ B4%5, BAK 2. M 1. 2.
1984 Neogondolella aserrata -Clark and Behnken. 3k R4 %, EAR 2. B 9.
1988 Neogondolella postserrata Behnken, Clark and Wang, figs. 47, 57, 6.
1989 Neogondolella postserrata Behnken, ZE-F #£ 4. 232, 233 T1. BAR 40. A 7—9: BIAK 50. B 8, 9; FHAR 51. A 14, 15,
1989 Neogondolella behnkeni (Kozur). Z T 5% %, 264 T{, B 50, B 1—5.,
1990 Neogondolella postserrata Behnken, Jiang, pl. I. figs. 3a. 3b.
1990 Neogondolella babcocki Clark and Behnken. Jiang, pl1.1 figs. 5a, 5b.
1990 Neogondolella wilcozi Clark and Behnken. Jiang. pl. L fig. 6;:pl. I, figs. Sa. Sh.
1992a, 1992b Mesogondolella “babcocki” (Clark and Behnken), Kozur. fig. 4.

EE B F it Wardlaw £ (1990)., Rhor % (1991) ¥ N. denticulata Clark and
Behnken, 1979 fll N. babcocki Clark and Behnken, 1979 ¥4 X4 5T gy F] X 4%, 3£ H ¥ Clark
#0 Behnken (1979)IH A\ N. rosenkrantzi (Bender and Stoppel) B ¥RZth G\ Y B fh . EH 1
BEO . WOISHEI=HRKEY M. postserrata BIIRA PR A E LRI N. denticula-
ta #1 N. rosenkrantzi E@*;T:K;S{U.E‘Jﬁiﬂi(ﬁﬂﬁﬂﬁ 1,8/ 20), HEEASSHMAH M. postserrata
GnERR . B 22)BEEE SXFEIHELMANESERBRHATR . EEFRFERA
5 FARBIFA N. babcocki #IRA T RMRAGNER 1. & 10,19, 25), XEREBREFE
D E R M. postserrata FELET I, BERN EAEERBMA M. postserrata F LRI
AHERHHIREMNE.

Kozur B |8 & N. babcocki Clark and Behnken, 1979 4By 24 gy [E X 4. HiA K Clark
1 Behnken E/RAIBRTEE N IEME (B 2. B 13) ISR B 5 % 2 /0 7 — M) 1 ) 2% 13 38
SE.EWMRHEER NIBA—NF . FE E N Mesogondolella “babcocki” (Clark and
Behnken, 1979) . AT, 7 Kozur (1992b) SN XFHIRE P, B 4 IR EAN K G EEBTF
Hiish PRI ERIE. BBHRAEM M. postserrata; T E 5, 6 FIREIAREN N M. altudaensis
M M. prexuanhanensis sp. nov. JEALE L AR, 7E Y4506, S8ITA N. babcocki HIFR
EARLIRA (B I, B 10, 19, 25) 7 F M. postserrata #HTRES, KB AN T M. postserrata
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M M. altudaensis Z 8], S SR EELELE. WHHWEERE. BRMATLS. ZEH
EMABRERN M. postserrata, R REHF. '

WA MK 4N K. M. nuchalina (Dai and Zhang) 5 X4 ¥ friy X Bl 2“1 & HXH K
HRERESEWMANBRWE", 5 M. aserrata X FI R & B BEREMATHEEYS
AR (FEF 5. 1989, 230—233 TU) ., LR b, M. postserrata H) 1 & NN 5 E R BEULLE. M.
aserrata W)Y & RIS BB 0 W e, T ELRTERH RSB A8, B, M. nuchalina M &
SATLERFEFHZE, W T ERRERE=HEMRNREE=HE B Gse3-1 2 E
BRLL Ges3-2 RBRIARA S BTN T N. postserrata (EF 5%, 1989, EHR 50, [ 8, 9), N.
aserrata (3K SR H %, 1984, EIMR 2. B 9). N. behnkeni (Z=F 52 %, 1989, EAR 50, & 1—5) 1
N. babcocki (G F 4%, 1984, BIMR 2, B 1. 2) . MBI RAARE ST, BA LREFHHIRE
HEESEMA K6 EREHLFEHMANE YT 5EYIN M. postserrata HH{L. H I
W, Z ey RO B O FER M. postserrata 1K, T H. Z MBI BE4&E T M. aserrata 7] M.
postserrata {ﬁ{tﬂgﬁ& Bﬁ&e V

FHER WIEX.BEL“IMIEH"M. postserrata Hf, R ¥ 04, & E Capitanian
18 ’

Mesogondolella prexuanhanensis Mei and Wardlaw sp. nov.
(FERR 1, A 62,8 10—14, 16; ERK K, B 1)
1992b ? Clarkina subcarinata (Syeet, 1973), Kozur, p. 107, fig. 18.

fhZiEiR pre-. L TIEBTHF, LE-ever Z B xuanhanensis, 4% , BUH BLF Mesogon-
dolella xuanhanensis sp.nov. B Z &,

B WEKRK PESEERS WEEHERREO NN, BAREATHEEHRY
VoAb EEREET, B MEWEEE, MRS SR ETE. G EERER. 58 K0 E
Ml 4880 B, BESMU M E, MBS, HENHE HREEFSEEFRELSE. hEMNE
mMEFSEEERE SHEEERTPEEERMIEN. REMHAKARTEN. HER
14—17 P4EE. ER S PER, BN THRME, LHE S marg s, ErfEaEm
SB. ERAUTREEN BEXKTHEE FMEEHELSE. B85 KO 4R, RERH
B BABEWNARE. AR, Mesogondolella RIFRE

tE¥ UETFS M. nuchalina (Dai and Zhang, 1984) fil M. postserrata (Behnken,
17O XA R: EHwmE XKTHE AMEFABIE SEERK MEREENRR. 5
WL FEFAIUE, SMIEE SN R E T #, SRER. YEIF5S M. altudaensis B
RAR BERNEGREN SRR ANERKRAERHE: EE8/N HEFHEREERE
B EEBRE.

118 Kozur G A Clarkina subcarinata (Sweet, 1973) BJ#52< (Kozur, 1992b. & 18) 4
EWRKR BEATMERAT LT SEACHIRERR L. & 14 #0L BATEERET M. pre-
zuanhanensis sp. nov., (HERZAMEEFEMERURX AREYEE TEEENERR
BIRAEZ BT MR E .

YT ERFRA (& 18) = KB L2 T4 3m, Kozur RIR T AN M. “babcocki” #1471
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# (Kozur, 1992b, B 5, 6), HIF G IRE, FWMER. FEKLH EEHR/N A 55805
BAHE. ENSUMAHNESNS FRIESFWERL B OBSEE BREBET M. al-
tudaensis [8] M. prexuanhanensis sp. nov. ALK F[EH Y.

FHMEBA WER“IIEHE"M. prexuanhanensis ¥,

Mesogondolella xuanhanensis Mei and Wardlaw sp. nov.
(EIS 1. B 2—10. 14)

HEAE MUEREIHE)IER (Xuanhan) @& .

BIE HeHESREHRY BARELTERA L. GREBEEREERE HERN
MEHTH SEERER.GEEWMIMIGE, AREKKER—IE EEELE M6, 1
BREZATAHANGIEESREE. e F. AIMERE, AUTHERL. HENBEE
T, e AL AR RAMEMBHRE BN THATE ST BER
BREL. A A E EHEmANS . 58 hY 20 MEEAR, b5 RNELE L
Horpe PROBATHER —&F BAIRAARSTEEEXRERTREFHHAE.
THHR SATHERER HE5NELHE. THARNSHIT—MEKNRE. ROTEHRM, 38
B RAAHBERE., BESRKOMESE KSR, H/5% 5 Mesogodolella BIFRES .

EE®  XETF S M. nuchalina (Dai and Zhang, 1980) X JI&: BiF K ESHEH, 3+
R ERE AR FAEEHEBLE BEET/IMIER,. P ATHHNS8E. IHE
B REBEARE HEVHE EEWRERT FROENENHERTBOE EHE,
M. nuchalina S EEHWHEBRAAE ERXRLUTHEERS EHAHEE H5tE&
GBRAE. WEIMIEEZETE 5208 MUST B AR EE, BI7ET Bt & SMussE, =
BEAAR HEMTERE BELXT . YFE SR ES M. aserrata (Clark and Behnk_en,
V7O HEEHEGERE. ¥ 2HFER BREE. 5HA W LTk Em: 25
REHKREEX HEMEEN ST, MUMMHURE SN LEERS FRETHH
B, TTYAAE GRRFE AN AEE EHRSBER ROEKERYE., Ly
M. prexuanhanensis sp. nov. X F| 2 FEHEKGEMIRM L8, RE Y. HUERICR, B8
WHE B AR LERELE FARHARTENEYS H4THEERE. 5L G
AEE, ERFEKR. YRR BIRE S M. prexuanhanensis sp. nov. E3 th & HRA T LA %
AR ENRENERERS . T/ HEEHRATRE.

RS WIE“IIBE"M. zuanhanensis B .

£ F X W

ERBEHN 1979 LK NBEX RO WA KXATHARRESAREEL. TEREEEYFLE—KE
REVR IR FEMETEYFSRE, 114—120, BE B,

TR ERY. 1991 HIEEHNREA_SRTEN. MALEYER 8(1): 4156,

EXE 1978 RENFRUHMK = SL—R=SHFERN. HEWER 17(2):213—230,

ETR UG ML SES KFL KRE BES RE—F IE.EEES 1989 JIRE_ B =8CEY
HERBGHBREHE. AR HEHLEY. B 95, 10—16. 42—57, 220—238 /.

AR FoT HAE ST RE. 1990 WHAMBNX M AR, 1—138. )RR 4 K.
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SUCCESSION OF CONODONT ZONES FROM THE PERMIAN
“KUHFENG” FORMATION, XUANHAN, SICHUAN AND
ITS IMPLICATION IN GLOBAL CORRELATION

Mei Shi-long and Jin Yu-gan
(Nanjing institute of Geology and Palaeontology, Academia Sinica, Nanjing 210008)

Bruce R. Wardlaw
(U. S. Geological Survey)

Summary

The Lopingian marine sequence is fully de‘veloped in South China and has potential to
serve as an international standard for correlation of the Latest Permian. A conventional
lower boundary of the Lopingian Series was placed at the base of Clarkina
liangshanensis-C. bitteri zone (Wang and Wang, 1979, 1983; Wang, 1990; Ding, 1992) and/
or Prototoceras-Anderssonceras zone, which represents the first fossiliferous marine bed in
the shelf sequence. However, information about the precise succession of marine fossil
zones from the Latest Maokouan and the Earliest Lopingian based on which the strati-
graphic level of Maokouan (Guadalupian)/Lopingian boundary can be selected is still not
available at present. Such a succession can only be found from the sequences of slope de-

posits or basin deposits because South China seas had been exclusively affected by a major
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regression towards the end of Maokouan. As a result of the regression, a terrigenous for-
mation is sandwiched in between the marine deposits of Maokouan and Lopingian on the
shelves. Zhang and others (1990) reported that in the Dukou Section, Xuanhan, Sichuan,
the marine sequence from Late Maokouan to Early Lopingian is nearly complete as they
formed in a Maokouan basin. A closer examination shows there still exists a terrigenous
bed, though it is much thinner than the equivalents formed in shelf areas. The overlying
Wuchiaping Formation produces numerous conodonts that are dealt with in detail in anoth-
er paper (in print.). It consists of packstone and wackestone and contains Clarkina
liangshanensis in the middle part and a conodont zone which is temporarily designated as
the Clarkina liangshanensis ? Zone in this paper, in the basal part.

The “Kuhfeng” Formation underlying the terrigenous bed comprises thin-bedded
limestone with intercalations of chert beds. Based on stratigraphic ranges and phylogenetic
evolution of mesogondolellid conodonts from the “Kuhfeng” Formation (Text-fig. 1), six
conodont zones are recognized in ascending order, as follows: Mesogondolella serrata Zone,
M. aserrata Zone, M. postserrata Zone, M. altudaensis Zone, M. prexuanhanensis Zone and
M. zuanhanensis Zone (Text-fig. 2). The first four zones can be correlated one for one with
those of the Guadalupian Series in western Texas, the United States (Table 1 ). The latter
two zones occurring in the uppermost part of the “Kuhfeng” Formation are stratigraphi-
cally higher than the youngest conodont zone of the Guadalupian Series, i. e. the M.
altudaensis zone. Kozur (1992a, 1992b) considered the M. altudaensis Zone, as Dzhulfian to
Early Changhsingian in age, bﬁt it is apparently lower than the base of the Wuchiapingian
(Dzhulfian) Stage of the Lopingian Series conventionally defined loosely by the first ap-
pearance of Clarkina liangshanensis, and also the Clarkina liangshanensis? Zone from the
base of the Wuchiaping Formation in the Dukou Section. In case the upper boundary of the
Capitanian Guadalupian Series is put in between the M. postserrata Zone and the M.
altudaensis Zone, as proposed by Glenister and others (1990), it is evident that a new
stage, representing the time interval from M. altudaensis Zone to C. liangshanensis? Zone,
which is temporally unnamed, should be defined on the succession well documented from
the upper part of the Maokouan of China.

The upper 15m of the Altuda Formation at Stops 2. 1(2), 2. 2 and 2. 3 in the Glass
Mountains (Rohr and others, 1991) yields a conodont fauna correlated well with that from
the upper M. postserrata Zone to the lower M. prexuanhanensis Zone of the “Kuhfeng” For-
mation in the Dukou Section as illustrated in Text-fig. 3. The correlation expressed in
Table I further indicates that there is no reason to assign the conodont fauna from the up-
per 15m of the Altuda Formation at Stops 2. 2 and 2. 3 to the Dzhulfian and Early
Changhsingian (Kozur, 1992a, 1992b).

The conodonts from the “Kuhfeng”, Wuchiaping and Changhsing Formations in the

Dukou Section are exclusively dominated by the gondolellids. The systematic problems
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about Permian gondolellids urgently need to be clarified and can be on the abundant collec-
tions of conodonts from sections with successive conodont zones such as those in South
China. Conodonts have proved to be useful in setting up a high-resolution biostratigraphic
scheme of the Permian. For these purposes, some of the mesogondolellids obtained from
the “Kuhfeng” Formation are redefined or described, and a possible phylogenetic evolution-
ary lineage of the mesogondolellids from M. serrata through M. aserrata, M. postserrata, M.
altudaensis and M. prexuanhanensis sp. nov. to M. zuanhanensis sp. nov. is proposed in this

paper (Text-fig. 2).

Mesogondolella Kozur, 1988

Type species: Gondolella bisselli Clark and Behnken, 1971

Remarks: According to Kozur (1989), this genus can be distinguished from Clarkina
Kozur, 1989 by its lacking a free blade, lacking abrupt ending of platform against anterior
part, and mostly bearing a serrated anterior margin. The materials dealt with herein show
that the ratio of carina's width to platform’s width ranges from Y to Y4 for Mesogondolel-
la, while in Clarkina is less than Y. As the lower surface of platform in advanced forms of
Mesogondolella is close to that of primitive forms of Clarkina , it is not quite important in
recognition of these two genera.

Clarkina altudaensis Kozur, 1992, bears commonly weak serrations in its anterior plat-
form, lacks free blade and a distinct abrupt ending of platform against anterior part, with a
ratio of carina’s width to platforms’s width between Y4 and !4. All these features indicate
that this species should be shifted into the genus Mesogondolella and probably representing

one of the intermediate links in the M, serrata Lineage.

Mesogondolella altudaensis (Kozur, 1992)

(P1. I, figs. 1—5)
1991 Mesogondolella n. sp., Wardlaw, p. 17.
1992a Clarkina cf. changzingensis (Wang and Wang), Kozur, pp. 180, 181, Figs. 9—12, 14—17.
1992b Clarkina altudaensis Kozur, pp. 103—106, figs. 9—12. 14—17.
1992a, 1992b Clarkina n. sp. . Kozur, fig. 13.
1992c Mesogondolella n. sp. . Kozur, Fig. 1. Part A, 3.
1992¢c Clarkina altudensis Kozur, Fig. 1, Part A, 7—9.
1992c Clarkina liangshanensis (Wang), Kozur, 10.
1992c Clarkina changzingensis (Wang and Wang), 11.
1992¢ Clarkina n. sp. . Kozur, Fig. 1, Part B, 15.

Diagnosis: Platform moderately broad, and widest around its posterior third, with arc-
like lateral margins. Posterior end bluntly rounded. often slightly asymmetrical. Posterior
end of carina slightly to strongly deflecting towards inner side. Carina in adult forms with

12—17 considerably fused denticles, which are slightly higher in anterior part of platform,
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and almost equally high in middle and posterior parts. Cusp distinct in young specimens
and primitive forms, tending to be indistinct in adult specimens and advanced forms, gener-
ally surrounded posteriorly by narrow platform brim. Keel flat, occupying about half of the
lower surface. Basal cavity subterminal with elevated margins.

Comparison and remarks: The specimens referred to M. n.sp. by Wardlaw (1991) are
assigned to this species. They are characterized by the bigger cusp and better developed
serrations, and appear to represent the early forms of the present species. Wardlaw feels
these specimens are transitional from M. postserrata to M. altudaensis . Kozur (personal
commun., 1993) feels serrated forms are M. n. sp. of Wardlaw and smooth forms are M.
altudaensis. We find relict serrations in most of our abundant specimens (even topotypes)
of M. altudaensis and find no stratigraphic distinction between “smooth” and serrated mor-
photypes of this short ranging species.

This species resembles Clarkina changxingensis (Wang and Wang, 1979) in"the plat-
form outline, but can be easily distinguished from the latter by the characters of denticula-
tions and serrations in the anterior platform. In the former, the carina is wider, and the ra-
tio of carina to platform in width ranges from }4 to }4;the denticles are considerably fused
and almost equally high in the posterior and middle part of the carina, and become slightly
higher and more discrete in the anterior platform;the cusp is surrounded posteriorly by a
narrow platform brim, while serrations, although often weakly developed, commonly exist
at the anterior end of the platform. In the latter, however, the carina is narrow, and the ra-
tio of carina to platform in width is less than !4, the denticles are compressed laterally but
distinctly lower and more discrete posteriorly; the cusp is commonly reclined and terminal-
ly located, and there are no serrations in the anterior platform.

This species seems to evolve in a phylomorphogenetic continuum from M. postserrata
(Behnken, 1975) through the posterior end of platform becoming smooth and bluntly
rounded, the lateral margins turning to be arc-like, adcarinal furrows shallowing and denti-
cles tending to be more fused, as shown successively by the specimens illustrated in P1. I,
figs. 12, 8, 10, 25, and PI. T, figs. 3—4.

We disagree with the conjecture to regard this species as the forerunner of C.
changzxingensis (Kozur, 1992a, 1992b), the evidences from the present collection show that
the present species gave rise to M. prexuanhanensis sp. nov. in a phylomorphogenetic con-
tinuum. The specimens figured in Plate I.figs.1. 9.7, 15, 6, 13 and 14 exhibit successively
that the platform especially its posterior end tends to become narrower, the lateral plat-
forms are more upturned, the cusp is bigger, terminally located and distinctly set off from
the carina, and the denticles are more discrete. The specimens named M. “babcocki” by
Kozur (1992b, figs. 5. 6) from the upper part of the stratigraphic range of C. altudaensis are
comparable to the specimen shown in Pl. I, fig. 6, and likely represent one of the transi-

tional forms between the present species and M. prexuanhanensis . The specimens of M.
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altudaensis illustrated by Kozur (1992b) in figs. 14—16 already show an extensively nar-
rowed posterior end, and thus indicate the initiation of M. prexuanhanensis evolving from
M. altudaensis.

Occurrence: M. altudaensis Zone of the “Kuhfeng” Formation, Xuanhan, Sichuan: Up-

per Altuda Formation, Uppermost Larmar Limestone, western Texas, USA.

Mesogondolella postserrata (Behnken, 1975)

(PL. 1, figs.8—10,12, 14—17.19—25)
1975 Neogondolella serrata postserrata Behnken, pp. 307—308, pl. 2. figs. 31, 32, 35.
1979 Neogondolella postserrata Behnken, Clark and Behnken, p. 272, pl. 1, figs. 13—17, 21.
1979 Neogondolella rosenkrantzi (Bender and Stoppel). Clark and Behnken. pp. 272, 273, pl. 2. figs. 3. 8. 9.
1979 Neogondolella babcocki Clark and Behnken. p. 273. pl. 2. figs. 5, 6. 11—15, 17, 18.
1979 Neogondolella denticulata Clark and Behnken, p. 272, pl. 1. figs. 18—20, 22, 23.
1980 Gondolella behnkeni Bando and others, p. 11.
1984 Neogondolella babcocki Clark and Behnken, Zhang and others, pl. 2, figs. 1. 2.
1984 Neogondolella aserrata Clark and Behnken, Zhang and others, pl. 2. fig. 9.
1988 Neogondolella postserrata Behnken, Clark and Wang, figs. 42. 57. 6.
1989 Neogondolella postserrata Behnken, Li and others, pp. 232, 233, pl. 40, figs. 7—9; pl. 50, figs. 8, 9; pl. 51, figs. 14, 15.
1989 Neogondolella behnkeni (Kozur), Li and others. p. 264, pl. 50, figs. 1—5.
1990 Neogondolella pnxtse}rata Behnken, Jiang. pl. 1, figs. 3a. 3b.
1990 Neogondolella babcocki Clark and Behnken, Jiang. pl. 1. figs. 5a, 5b.
1990 Neogondolella wilcoxi Clark and Behnken, Jiang. pl. 1. fig. 6:pl. I, figs. 5a—5b.
1992a, 1992b Mesogondolelia “babcocki” (Clark and Behnken), Kozur. fig. 4.

Comparison and remarks: N.babcocki, N.denticulata and N.rosenkrantzi sensu Clark
and Behnken (1979) were regarded as junior synonyms and morphotypes of M. postserrata
(Behnken, 1975) by Wardlaw and others (1990) and Rohr and others(1991). Transitional
forms between the morphotypes mentioned above and typical forms of M. postserrata are
also common in the present collection from both the Dukou and Nanjiang Sections. It is ob-
served that specimens similar to those referred to N.babcocki by Clark and Behnken
(1979) appear in the upper part of the M. postserrata Zone, while specimens similar to
those referred to N. denticulata and N. rosenkrantzi by them abound in the lower and mid-
dle parts of the M. postserrata Zone in both the Dukou and Nanjiang Sections. The speci-
mens shown in Pl. I, figs. 10, 19, 25, which are similar to those referred to N. babcocki by
Clark and Behnken (1979), express transitional characters between M. postserrata and M.
altudaensis , but are more close to the former in morphology. They are here regarded tenta-
tively as the most advanced forms of M. postserrata .

The specimen referred to M. “babcocki” and illustrated in fig. 4 by Kozur (1992a,
1992b) has a nearly straight and oblique posterior end and a wedge-like and upturned plat-
form, and probably belongs to the somewhat advanced M. postserrata.

M.nuchalina (Dai and Zhang, 1984) resembles the primitive forms of both M.
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postserrata and M. aserrata. According to Dai and Zhang ( iz Li and others, 1986), it was
distinguished from the present species by the concave posterior part of the inner lateral
margin and the narrower platform. and from M. aserrata by the distinctly serrated anterior
platform. Specimens from Horizon GSC3-2, which is higher than Horizon GSC3-1 produc-
ing the holotype of M. nuchalina in the Shangsi Section, Guangyuan, Sichuan, were referred
to N. postserrata (Li and others, 1986, Pl. 50, figs. 8, 9), N.aserrata (Zhang and others,
1984, PL. 2, fig. 9), N.behnken: (Li and others, 1986, Pl. 50, figs. 1—5) and N. babcock:
(Zhang and others, 1984, Pl. 2, figs. 1, 2) respectively. The majority of these specimens
bear a straight and oblique posterior end. a broader anterior platform and well-developed
serrations, and likely belong with the primitive M. postserrata. M. nuchalina. Probably,
they represent the transitional forms in evolution of M. postserrata from M. aserrata .

Occurrence: M. postserrata Zone of the “Kuhfeng” Formation, Xuanhan, Sichuan;
Maokouan, South China; Capitanian, USA.

Mesogondolella prexuanhanensis Mei and Wardlaw, sp. nov.

(PL. T, figs. 67, 8, 10—14, 16:PL. I, fig. 1)
? 1992b Clarkina subcarinata (Sweet. 1973), Kozur, p. 107, fig. 18.

Etymology: From the Latin pre-, meaning “before”, in reference to the inferred evolu-
tionary relationship to M. xuanhanensis sp. nov.

Diagnosis: Platform narrow, moderately arched, with anterior part commonly deflect-
ing aborally, broadest at or a little before posterior third of platform, and tapering posteri-
orly and anteriorly from the broadest part. Posterior end narrowly rounded, changing into
both inner and outer lateral margins smoothly. Posterior part of inner lateral margin slight-
ly concave to straight, and that of outer lateral margin commonly convex. Anterior third of
platform with well-developed serrations. Ratio of carina to platform in width around 4.
Lateral platform moderately upturned, and adcarinal furrows moderately deep. Carina with
14—17 denticles, which are discrete in their upper part in the middle and posterior parts of
the carina and becoming largely discrete in the anterior part. Cusp big, located terminally,
often distinctly separated from carina by a small gap. Keel occupying 4 of the lower sur-
face or a little more. Buttress commonly not set off by notches.

Comparison: The present species is distinguished from M. nuchalina (Dai and Zhang,
1984) and M. postserrata (Behnken, 1975) by its big and terminally located cusp which is
distinctly set off from the carina, narrowly rounded posterior end which changes into both
lateral margins smoothly, and narrower platform which tapers posteriorly in its posterior
third. M. altudaensis is different from the present species in its broader and less upturned
platform with bluntly rounded posterior end, smaller cusp surrounded by a narrow plat-
form brim, and extensively fused denticles. The present species can be distinguished from

M. zuanhanensis by its upturned lateral platforms, well-developed-adcarinal furrows, less



22 o4& B % # £33 H

fused denticles, bigger cusp and less concave posterior part of the inner lateral margin.

Remarks: The specimen figured first as Clarkina subcarinata (Sweet, 1973) and later
as Clarkina lanceolata (Ding) by Kozur (1992a, 1992b. fig. 18) with a big and terminally
located cusp is very similar to the specimen illustrated in Pl. 1, fig. 14 in the present pa-
per. It probably belongs to M. prexuanhanensis, but this can be confirmed only by a
restudy of the specimen, because its oral surface is so much covered by matrix that the ser-
rations in the anterior platform are unclear.

Occurrence: M. prexuanhanensis Zone of the *“Kuhfeng” Formation, Xuanhan,

Sichuan.

Mesogondolella xuanhanensis Mei and Wardlaw, sp. nov.
(Pl. I, figs. 2—10. 14)

Etymology: From its occurrence in Xuanhan, Sichuan.

Diagnosis: Platform moderately arched, broadest at its posterior third, and tapering
posteriorly and anteriorly from the broadest point. Posterior end narrowly rounded. Poste-
rior part of inner lateral margin concave to straight, while that of outer lateral margin con-
vex. Middle anterior part of inner lateral margin co;nmonly straight, while that of outer lat-
eral margin slightly convex to straight, resulting in the wedge-like middle and anterior
parts of the platform. Lateral platform flat; adcarinal furrows very shallow or absent. An-
terior fourth of platform weakly serrated. Posterior end of carina slightly deflecting to-
wards inner side. Carina with about 20 strongly fused denticles. Middle carina with denti-
cles often entirely fused into a sharp ridge. Cusp distinct, located terminally, sometimes
partly fused with the most posterior denticle. Lower surface slightly concave. Buttress
commonly not set off by notches. Keel occupying 14 or a little more of lower surface.

Comparison: This species is distinguishable from M. nuchalina (Dai and Zhang, 1984)
by its platform widest at posterior third from which it tapers posteriorly, narrowly rounded
posterior end which changes into both lateral margins smoothly, flat lateral platforms, ab-
sence or very shallow adcarinal furrows, terminally located cusp, strongly fused denticles,
less developed serrations and fairly distinct buttress. It is different from M. aserrata (Clark
and Behnken, 1979) in its narrower platform tapering posteriorly in its posterior part and
wedge-like in middle and anterior parts, terminally located cusp, flat lateral platforms, ab-
sence or very shallow adcarinal furrows, and distinct buttress.

Remarks: M. xuanhanensis appears to evolve in a phylomorphogenetic continuum from
M. prexuanhanensis. The specimens illustrated in Pl. T, fig. 8, Pl. T, fig. 1, Pl. I, fig. 11
and Plate I, figs. 2, 4 and 5 successively exhibit the upturned lateral platforms tending to
become flat, adcarinal furrows accordingly very shallow or absent, denticles strongly fused,
the middle carina ridge-like, cusp smaller and serrations less developed.

Occurrence: M. zuanhanensis Zone of the “Kuhfeng” Formation, Xuanhan, Sichuan.
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1—3. 18. Mesogondolella serrata (Clark and Ethington)
O 18 HES A RMS:L-19. L-16. L-19, L-19: FiL 5 121128—121131. “JUMA” M. serrata .

4—7, 11, 13. Mesogondolélla aserrata (Clark and Behnken)
M. REBS:L-31, L-36, L-25. L-40, L-36, L-40: B 12 5:121132—121137, “IMEA” M. aserrata #f,

8.9,12, 14—17, 20—24. Mesogondolella postserrata (Behnken)
O, 14, 16. X50. 17. X 40, 20—24, X 50. P14 UG JI BEVLBF 3 . L5 :L-55. L-48. L-52, Dg-22, L-57. Dg-20. Dg-
22, Dg-17, Dg-20, Dg-17. Dg-17. Dg-17. i85 :121138—121149, “PUMEL” M. postserrata # . ’

10, 19, 25. Mesogondolella postserrata (Behnken)
O B B34 F: L EE & 3 Clark F1 Behnken I3 A M. babcocki, 3 M. postserrata 1 M. altudaensis 2 [RIf i WA
19. X 50, P9 VL% RS L-58. Dg-22. L-57; Bid §:121150—121152. “PAMRLA” M. postserrata H I .

B W I

1—5. Mesogondolella altudaensis (Kozur)
la. 2b. 3. 4b. 5. O ¥ 1b, 2a. 4a 4> B4 1a, 2b. #1 4b Z WM. R M S:L-60, L-59, L-58, L-58, L-58; H it &:
121153—121157, “IMUEL” M. altudaensis H .

6, 8, 10—14, 16. Mesogondolella prexuanhanensis sp. nov.
6a, 8a, 10, 11b. 12b, 13a, 14a, 16b. I ¥ 6b. 8b, 11a, 12a, 13b, 14b, 16a. 4> 5% 6a, 8a. 11b, 12b, 13a, 14a #1 16b 2 M|
¥;16a. 16b. X50; 6a, 6b. gt W2, F /N 11a. 11b. H KRS F. th & MR K8, £F M. prexuanhanensis sp.
nov. Ml M. zuanhanensis sp. nov. 2 [ #2258 12 3 Holotype, R#=:1-64, L-76, L-68, L-80, L-69.5, 1L-68, L-
65. L-95; %08 :121158—121165, “FLEL” M. prexuanhanensis Hf .

7. 9. 15. Mesogondolella sp.
OM. M. altudaensis #1 M. prexuanhanensis sp. nov. Z [H# H AR, A EH M. altudaensis HFE S (RERBEHF
HWEERN LS B, REF:L-61. L-61, L-61; BiT5:121166—121168, “JRMRMA” M. altudaensis H LI,

H KR I

1. Mesogondolella prezuanhanensis sp. nov.
la. O 3; 1b. A —#REZ WM 3 M. prexuanhanensis sp. nov. Ml M. zuanhanensis sp. nov. Z [H K WRKE , RBS:
L-76: Bi25:121169, “PRA"” M. prexuanhanensis # ,

2—10, 14. Mesogondolella zuanhanensis sp. nov.
2a, 3, 4b, 5a, 6, 7, 8a, 9a, 10a, 14b. [1 ¥4 2b, 5b, 8b. 9b, 10b, 14a. 43 Bk 2a. 5a. 8a. 9a, 10a, 14b Z M : 4a. Ky 4b Z &Y
WAB: 2. REPSF. 9 AERMS T 10 HE ALK 8 2 Holotype, RHF:L-87. L-100, L-94, L-96, L-98.1, L-
100, L-99, L-103, L-101, L-102. 5; B2 %:121170—121179. “PL¥ELA” M. zuanhanensis # ,

11. Clarkina liangshanensis? (Wang)
O, RME:L-125 %25 :121180, RFWAKN C. liangshanensis? # .

12. 13. Clarkina leveni (Kozur, Mostler and Pjatakova)
O#. RES:L-151: Fic5:121181. 121182, REIPA C. leveni #.

15. Clarkina orientalis (Barskov and Koroleva)

O X50, REE:L-241; BHi25:121183. REK P4 C. orientalis # ,
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