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Acanthodii Owen, 1846
Acanthodida Berg, 1940
Acanthodidae Huxley, 1861
Acanthodes Agassiz, 1833
Acanthodes guizhouensis Wang et Turner , 1985
(2
2 VPPV
13661.1 2
( - ), Dshg-J-1
; , ; 2 1
( ) Acanthodes guizhouensis

2 , =0.1 mm
FHg.2 Scdesd Acanthodes guizhouensis Wang et Turner , 1985, scde bar =0.1 mm
Aa b. V 13661.1, in crown and laterd views; B. V 13661. 2, inlaterd view

Actinopter ygii
Palaeoniscif or mes Goodrich, 1909

1 Palaeoniscoidei incertae sedis tooth type 1
(3

2 VPPV 13662.1 2
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, ( - ). Dshg-J-1

(Livetd. , 1973, 1978;
Wang, 1979; Roplinet d. , 1991) |

(Piveteau , 1966 ; Janvier , 1996) ,
1 ’

3 1, =0.05 mm
Fg.3 Pdasonisoid tooth type 1, scde bar = 0.05 mm
A. V 13662.1, in laterd view (Aa) and its detail (Ab) ; B. V 13662.2,
inlatera view

2 Palaeoniscoidei incertae sedis tooth type 2
()

2 1 VPPV 13663.1 3
, ( ). D-36

3 , @Qvig
acrodine (Richter and Srith, 1995) ,

acrodine
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4 2, =0.05 mm
Fg.4 Pdasonisoid tooth type 2, scde bar = 0.05 mm
A. V 13663.1, inlatera view; B. V 13663. 2, longtudina section of
tooth showing acrodine (ac) , collar enamel (ce) and dentine (de) dructure; C. V 13663. 3,
inlaterd view
1 PRatysomoidei incertae sedis tooth type 1
(9
3 VPPV 13664.1; 2 1
WV 13664.2 4.
) ( - ) )
Qhshr YJ-8
3 , (1
) (3 ) 1
1 y 3
'Il L 3
(tubular dentine) ,
3 3 1

(Pveteau , 1966) , ) 1,
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5 1, =0.05mm
Fg.5 Hatyonoid tooth type 1, scde bar = 0.05 nm
A. VvV 13664.1, inlaerd view; B. V 13664.2, inlaerd view; C. V 13664. 3,
(Ca) (Cv) , inlatera view (Ca) , and detail (Cb) show

ing srooth derticle top and other partsof denticles ornamented with miror ribs; D. V 13664.4,
, longtudina section of tooth surface showing tubular dentine

Basmobranchii Bonaparte, 1838
Xenacanthida dikman, 1964

Family indet.
Bransonella Harlton, 1933
( ) Bransonella sp.
()
1 VPPV 13665

, ( — ), Dshg Y-10



tubercle) , ;
(corondl 6 ( ) V13665, =0.1mm
buttor) ; Fig.6 Bramsondla 9. atooth (V 13665) , scde bar = 0.1 mm
) A. inlabia view; B. inlingua view
) bt. basa tubercle : cb. corond button
(Bransondla 9.) (Harlton, 1933 ; Johnon, 1984 ; Ivarov and Anter , 1996)
Symmoriida Zangerl, 1981
Sethacanthidae L und, 1974
Stethacanthus Newberry, 1889
( ) Stethacanthus gansuensis sp. nov.
(7.9
gansu,
1 , VPPV 13666. 1
1 Vv 13666.2; 1
,V 13666. 3
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7 ( ), =0.1mm
Hg.7 Sethacanthus gansuensis 9. mov. , scde bar = 0.1 mm
A. V 13666. 1, atooth (holotype) , Aa. inlabid view, Ab. inlingua view; B. V 13666.2, a
tooth , Ba. inlabid view, Bb. inlingud view; C. V 13666. 3,

longtudina section of a centra cug and its base showing higologcd gructure

, , 7 8 , VA
, — 1, ,
(basolabid articular boss = bab) |, ,
, 1 2 4
(gpicd articular boss = aab) , ,
, 12 3
, 1 2
3 , (enanr
oloid) (orthodentine) , (acdlular bone)
( Stethacanthus) Lower Misdssppian  Midde Pennsylvanian,
(Zanger! , 1981)

Oklahoma lllinois
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8 ( ) ( V 13666.1) , =0.1mm
Fig.8 Redoration o atooth (holotype V 13666.1) of Stethacanthus gansuensis 9. rov. , scae bar = 0.1 mm
A. inlabid view; B. inlingud view
aab. gpicd articular boss ; bab. baolabid articuar boss

(Misdsdppian)  Stethacanthus altonensis (Lund , 1974)  Stethacanthus . S. altonenr
sis (Zidek , 1993; Coates and Segneira, 2001) ,

, : ( Stethacanthus gansuensis 9. nov.)

( ) Stethacanthus cf. S. altonensis
(9

1 , VPPV 13667

9 ( ) V 13667, =0.1mm
Fg.9 Sehacanthus . S. atonersis, atooth (V 13667) , scde bar = 0.1 nm
A. inlingud view; B. inlatera view; C. inlaterad view
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) ( ), Y44
1 y 2
) y 3
, , 2 ,
( Stethacanthus altonensis) (Lund , 1974 ; Goto , 1996)
, , ( Stethacan-
thus d. S. altonensis) Pennsylvanian
Namurian
Symmor iidae Dean, 1909
Denaea Pruvog, 1922
( ) Denaea wangi sp. nov.
( 10,12)
10 ( ), =0.1mm
Fg.10 Denacawang 9. mov. , scde bar = 0.1 nm
A. holotype V 13668.1, atooth, Aa. inlabd view, Ab. inlingud view, Ac. inlaerd

view; B. V 13668.2, bucoopharynged derticle, Ba. in crown view , Bb. in basd view



,IVPPV 13668. 1
Vv 13668. 2

11 ( ) ( V 13668.1) , =0.1mm
Fig.11 Redoraion of atooth (holotype V 13668.1) of Denaea wangi 9. nov. , scde bar = 0.1 mm
A. inlabid view; B. inlingud view; C. inlaterad view
b L 8 L
4 1 1
1 12 1 1 '
( Denaea) , -
(Hansen, 1986 ; Zangerl , 1981) , , ( Denaea

wangi §9. nov.)

( 1) Denaea sp. 1
(

, VPPV 13669. 1,
Y44 ; V 13669. 2, X44
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12 ( 1), =0.1mm
Fg.12 Densea 9. 1, scdebar = 0.1 mm
A. V 13669.1, atooth, Aa. inlabia view, Ab. inlingua view;
B. V 13669.2, atooth, Ba. inlaba view, Bb. inlingua view
1 3 , )
,2 1 L] 3 1
( Denaea) (Zangerl , 1981 ; Zidek , 1993)
( 1) (Denaea 9. 1) (
(
( 2) Denaea sp. 2
( B

1 , VPPV 13670
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V 13670

13 ( 2)

V 13670, =0.1mm

Fg. 13 Denaea 9. 2, atooth (V 13670) , scde bar = 0.1 mm

1,
( 2)

Hybodontif or mes Maisey, 1987
Hybodontoidea Zangerl , 1981

A. inlingud view; B. inlaerd view

( ) Hybodontoidea gen. et sp. indet.

(19

, VPPV 13917

14 ( )
V 13917, =0.1mm
Hg. 14  Hybodontoidea gen. et
P. indet. , a sde, V 13917,
scde bar =0. Imm
A. in crown view; B.
in basl view

D-342
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Drumnond (
- ) (Hybodontoidea gen. et 9. indet.) (Turner, 1993) ,

, ( ),

Ctenacanthifor mes Zangerl , 1981
Ctenacanthoidea Zangerl, 1981

( ) Ctenacanthoidea gen. et sp. indet.
( 19

1 , VPPV 13918

(Zangerl , 1981) , ,
( )

3

3.1

15 ( )
V 13018, -0.1mm (Fish conposes and assemblages in Early Carbonif-

Fg.15 Qenecarthoidea gen. e . indet. , €ousformetions, in ascending order , of the east sector
asde, V 13918, cde bar = 0.1 mm  of rorth Qilian Mountain, China)
A. in dord view; B. in ventrd view (Qianheishan Formetion, Tournaidarnr
Visean)

(Acanthodes guizhouensis Wang et Turner , 1985)
1 (Pdaeonisooid tooth type 1)
1 (Patysonoid tooth type 1)
( ) (Bransondla 9.)
— ( ) (The formetion is named Acanthodes
guizhouensis-Brasonella 9. assemblage)
(Chouniugou Formetion , Visean)
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2 (Pdlasonisoid tooth type 2)
( ) (Hybodontoidea gen. et . indet.)
2— ( ) (The formetion is
named Paaeonisooid tooth type 2- Hybodontoidea gen. e 9. indet. assemblage)
(Jingyuan Formetion, Serpukhovian)
(Symnoriida)
(SQethacanthidae)
( ) (Stethacanthus gansuensis 9. nov.)
( ) (Stethacanthus . S. altonensis)
(Symmoriidee)
( ) (Denaea wangi 9. rov.)
( 1) (Denaea . 1)
( 2) (Denaea 9. 2)
(Crenacanthiformes)
( ) (Ctenacanthoidea gen. et 9. indet.)
- (The formetion is named Stethacanthus gan-
suensis-Denaea wangi assemblage)

3.2
, (1980)
(1974) ,
, (Tournaidan-Visean) ( ,1987;
,1997 ; ,2000; ,2003)
(Wang and Turner ,
1985)
' 35 km
(Visean) , (
,1997)
(1974) ,

(1987) (1974) ,
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1997)

(Zangerl , 1981)

2003 9 S Turner, Per E
Ahlberg A Ivarmov ;

EARLY CARBONIFEROUS FISHES (ACANTHODIAN, ACTINOPTERY GIANS
AND CHONDRICHTHYES) FROM THE EAST SECTOR OF NORTH QIL IAN
MOUNTAIN, CHINA
—~Carboniferousfish sequence from the eas sector o north Qilian
Mountain (1)

WANGNian-Zong  JIN Fan  WANG Wei
(Institute of Vertebrate Paleontology and Paleoanthropdogy , Chinese Academy of Sdiences Beijing 100044)

Key words eag sector of north Qilian Mountain, Early Carboniferous, fish sequence
Summary

Carboniferousfi shes have been found from localities of the eas sector of north Qilian Mountain ,
morth China, the mgority in Jingyuan Gounty , Gansu Province.

The Carboniferous of the eas sector of north Qilian Mountain, typica marine aternating with
nonrmarine facies, has been subdivided lithologicaly into Qianheishan ( Tournaisan-Visean) |,
Chouniugou (Visean) |, Jingyuan (Serpukhovian) , Hongtuwa (Bashkirian) , Yanghukou (Bashkiri-
an , Mosoovian and Kazinovian) and Jingci (Gzhelian) Formations (Li et d. , 1974;Wu et d. ,
1987; Yang et d. , 1997) .

In this paper we examine in detail the Lower Carboniferous microvertebrate fosslsfrom Heishan
area of Nei Mongol and Jingyuan , Gansu Province , and give the fish assemblage sequence in Qiarr
heishan , Chouniugpu and Jingyuan formations ( Early Carboniferous) .

The early Carboniferous Actinopterygans and Hasrobranchians: Xenacanthida and Hybodon
tiformes are the firg record from China.

The meteria described here is housed in the Inditute of Vertebrate Paleontology and Paleoanr

thropology (IVPP) , Chinese Academy of Sciences.
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1 Sydemdtic paeontology

Acanthodii Owen, 1846
Acanthodida Berg, 1940
Acanthodidae Huxley, 1861
Acanthodes Agassiz, 1833

Acanthodes guizhouensis Wang et Turner , 1985
(Fg. 2)

Material Two conplete and ilated scales. VPPV 13661. 1 and 2.

Locality and horizon Qianheishan Formation (TournaidanVisean) , Jingyuan, Gansu
Province, China.

Comparison Scdes described here are dnilar to those of Acanthodes guizhouensis (Wang
and Turner , 1985) from Daihua Formation (Tournaisan) of Muhua, Qizhou Province, with flat
and sooth crowns, congricted necks and tumid bases.

Actinopter ygii
Palaeoniscoid tooth type 1
(FAg. 3)

Material Two ilated and conplete teeth, VPPV 13662. 1 and 2.

L ocality and horizon Asfor V 13661.

Comparison  Teeth described here resamble those of actinopterygian, with acrodine (a
tranducent hyperminerdized dentine cap) , a characteridic of Actiropterygi, on the tip.
Actinopterygian appears as Palasoni sciformes (Fveteau, 1966) in Carboniferous. Records of conr
plete Paasoni sciforme fosdls from rorthwegern China in Carboniferous is rare compared with the
abundant records in Permain.

Palaeoniscoid tooth type 2
(Fg.4)

Material Two islated and conplete teeth, IVPPV 13663.1 and 2, and a longitudina sec
tion, V 13663. 3.

Locality and horizon Chouniugpu Formation (Visean) , Jingyuan, Gansu Province, China.

Comparison Teeth described here differ from those from Qianheishan Formation, having a
different ornamentation. The longitudina section shows acrodine gructure.

Patysomoid tooth type 1
(Fg. 5

Material A fragment of jaw bone with three derticles, VPPV 13664. 1 ; two ilated denti-
cles, V 13664.2 and 3, and a thin section of a derticle suface, V 13664. 4.

Locality and horizon Qianheishan Formetion (TournaisanrVisean) ; Heishan area, Ne
Mongol , China.

Comparison Derticles in the fragment are closly arranged and the middle one is smdler
than the other two. These cone or ball-sheped denticles with a small cugp could be Hatysormoi dei
(gen. e 9. indet.).

Hasmobranchii Bonaparte, 1838
Xenacanthida dikman, 1964
Family indet.
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Bransonella Harlton, 1933
Bransonella sp.
(Fg. 6)

Material An incormplete tooth, VPPV 13665.

Locality and horizon  Qianheish Formetion ( TournaisanrVisean) , Jingyuan, Gansu
Povince, China.

Comparison It isclear that the tooth described here belongs to that of Bransondla (Harlton,
1933 ; Johnon, 1984 ; Ivanov and Anter , 1996) because the centrd cugp is shorter than two laterd
Cups; cups bear grong, chevron- shgped ornamentation ; tooth base has the basal tubercle and the
corond button, but it is difficult to decide goecies because the tooth cugs are not conplete.

Symmoriida Zangerl, 1981
Sethacanthidae L und, 1974
Stethacanthus Newberry, 1889

Stethacanthus gansuensis sp. nov.
(Figs. 7, 8)

Etymology Gansu, Gansu Province and -ends, Latin sufix.

Holotype A conmplete tooth, VPPV 13666. 1.

Material Arother conplete tooth V 13666. 2 and a longitudinal section of tooth main cugp
and its corregponding tooth base, V 13666. 3.

Locality and horizon  Jingyuan Formetion (Serpukhovian) , Jingyuan, Gansu Province,
China.

Diagnosis FHvecugp tooth. Main cugp highest. Latera cugps less than one haf height of
main cup. Cugpswith dliptical cross section bearing few fine intersect cristae on labia and lingua
sufaces. Crigae from base but not to top of cups. Cugs forming by enameloid and dentine.
Fusformtooth base. Baslabid articular boss (bab) wider than main cugp and rectang e shaped
gpica articular boss (aab) wider than baslabia articular boss. Acdlular bone base.

Comparison The shark teeth described here are norphologicdly smilar to those of Stetha-
canthus altonensis (Lund, 1974) and Stethacanthus of. S. altonensis (Zidek , 1993 ; Coates and
Segneira, 2001) from the Misssdppian of Oklahoma and lllinois, USA. Different from S. altonen
sis, of the teeth here , the basolabid articular bossiswider than main cug , the gpicd articular boss
iswider than baslabia articular boss, and the crigae on the cug surfaces are less number. The
teeth are therdfore proposed as a new ecies, Stethacanthus gansuensis . rnov.

Stethacanthus of . S. altonensis
(Fg. 9

Material A conplete tooth, VPPV 13667.

Locality and horizon  Jingyuan Formetion (Serpukhovian) , Jingyuan, Gansu Province,
China.

Comparison The nmorphological characters of the tooth , including the main cup wider that
the baslabid articular boss of the base, the gpicd articular boss of the base with two rounded
prominences and less nutrient foramina, corform nore closly to those of Stethacanthus altonensis
(Lund, 1974; Goto, 1996) than to those of Stethacanthus gansuensis 9. nov. But some characters
are ot clear and the tooth is therefore proposed as Stethacanthus . S.  altonensis.

Symmoriidae Dean, 1909
Denaea Pruvog , 1922

Denaea wangi sp. nov.
(Figs. 10, 11)
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Etymology Wang from professor Z H Wang , a fanous conodont worker in the world.

Holotype A conplete eight-cugp tooth, IVPPV 13668. 1.

Material A oonplete buccopharynged derticle, V 13668. 2.

L ocality and horizon Asfor V 13666.

Diagnosis Eght-cu tooth with deep bifurcation. Main cug higheg. Lateral cugsirregular
arranged with different height. Cugps shmooth except lateral carina dong boundary of labia and lirr
gual ddes. Many smdll nutrient foramina Stuated on lingua , apical and aboral Sdes.

Multi-cugp buccopharyngea denticle with disc-shaped base. From anterior to pogterior cugs
arranged lower to higher. Cugps stooth except lateral carina adong boundary of dorsad and ventral
sdes.

Comparison The new meterid swith forked deeply and muiti-cusps are nmorphologically smi-
lar to those of Denaea meccaensis from Pennsylvanian of Ohio and adjacent areas (Hansen , 1986) .
But they differ from the latter in having many irregular lateral tooth cugps, each srooth cugp of both
the tooth and the buccopharyngea derticle having a latera carina. They are therdfore proposed as a
new gecies, Denaea wangi 9. Mov.

Denaea sp. 1
(FAg. 12)

Material Two inconplete teeth, but their shapes can be recovered. IVPPV 13669. 1 and 2.

Locality and horizon Jingyuan Formation (Serpukhovian) , Jingyuan, Gansu Province,
China.

Comparison The teeth described herein are referable to the genus Denaea (Zangerl , 1981 ;
Zidek , 1993) acoording to the triangular base, the undeveloped gpica articular boss and basolabial
articular boss. But to determine the goecies a present is impossble because the teeth are not cont
plete.

Denaea sp. 2
(Fg. 13)

Material A oconplete tooth, VPPV 13670.

L ocality and horizon Asfor V 13667.

Comparison The tooth differsfrom Denaea wangi . nov. in having cupswith very srdl
laterd cugps and without lateral carinae , and from Denaea 9. 1 in having shmooth cugps and very
gmdll laera cups. D we propose it as Denaea . 2.

Hybodontoidea gen. et sp. indet.
(Fg. 14

Material A conplete scae, VPPV 13917.

L ocality and horizon  Chouniugou Formation (Visean) , Jingyuan, Gansu Province , China.

Comparison The scale, with bicugid crown, supeficialy resembles that of hybodontoi dea
gen. & 9. indet. (Turner, 1993) from Early Carboniferous (Tournaisan Visean) Raynmond For-
metion , Drumnond Basn, Queendand , Audrdia. But the new meterid has double ridges in each
bicuspid crown , different from the scale from Drumnond Badn.

Ctenacanthoidea gen. et sp. indet.
(Fg. 15

Material A oconplete scde, VPPV 13918.

L ocality and horizon Asfor V 13666.

Comparison The scale has a thin crown, thorrrsheped basal-gpicad crown ridges, and a
large pulp cavity in base. The norphology indicates the scale corforms to the Ctenacanthoi dea.
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2 Discusson o the ages and habitats of the lower Carboniferous formetions in the eas
sector of north Qilian Mountain

2.1 Qanheishan Formation ( Tournaisian- Visean)

The drata of the Qianheishan Formetion is mainly composed of purplish red sandgones, dlit
sones with a number of nodular limegones and congomerates at its lower part , with a total thickness
of over 200 m. All the evidences supported mainly by microgoreflora, brachiopod and acanthodian
fosdls indicate that the Qianhe shan Formetion is conddered to be of TournaidanrVisean in age: The
microgpore-flora Aurorasporarlephazotriletes Zone (Gao, 1980, 1985) closdy ressmble the Tour-
naidan microgpore zone generdly known in Wegern Europe , former USSR, North America and Aus
traia. The brachiopod Rugosochonetes |aguessianus ranges from the Late Tournaidan to the Early
Visean and Acanthodian Acanthodes guizhouensis comes from hoth the Daihua Formetion of Tour-
naidan age,, Quizhou Province and the Qianhei shan Formation. The age of the Qianheishan Formar
tion therefore mug be TournaiSan-Visean.

Habitdl : The Qianheishan Formetion is littora , partial lagoona environment.

2.2 Chouniugou Formation ( Visean)

The drata of the Chouniugou Formetion is subdivided into two members. The lower one is cont
posed mainly of dark grey sandy shales interbedded with thin coa seams and marls. The upper ment
ber conggs o thick-bedded chert limestone , with a total thickness of 172 m.

The age of the Chouniugpu Formetion is nog reasonably referable to the Visean , acoording to
Visean plants such as Lepidodendron losseni, L. vdkmannianum , Visean fusuline Mediocri brevis
cula Zone, particularly Visean conodont Gnathodus hilineatus hilineatus Zone. This conodont zone
has been found in the Datangian of Suth China, a gage roughly corregponding to the Visean of the
European chrorology .

Habitat : Litterd and shallow sea ervironment in the lower member of the Chouniugou Former
tion and shalow sea environment in the upper member of the Formeation.

2.3 Jingyuan Formation ( Serpukhovian)

The drata of the Jingyuan Formation is a kind of cyclotheric sedimentation conmposed of conr
domerates, sanddones, dltgones, and shdes with a few thirrbedded cod seams. In the middle
part of the formation there are sme biomicrites and dgd limedones, with a totd thicknessaof 50 m.

The age of the Jingyuan Formation is nog reasonably referable to the Early Namurian (Ser-
pukhovian) according to amnomoid , macroplant , microgporeflora and conodont fossls. Amnomnoid

Eumorphoceras hisulcatum, Cravenoceras shimanskyi are a < found in the Early Namurian gratum of
rorthern America and wegern Europe. Early Namurian macroplants Paripteris gigantea, Linopteris
neuropteroi des , microgpore-flora Tripartites trilinguis and Simazonatriletes arcuatus (TA Zone) can
be conpared with NC Zone ( Bellispores niti dus- Reticul atisporites carnosus) from wesern Europe and
conodont Gnathodus hilineatus ballandensis Zone is the index fosdl of E2 Zone in wedern Europe.
All the evidences supported by the fauna and floras indicate that the Jingyuan Formetion is consdt
ered to be of Serpukhovian (Early Namurian) in age.

Habitat : Shallow sea with partly littoral and lacugtrine marsh environment.
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