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Abstract 
lIilldcodus REXROAD & FURN ISH , 1964 and Isarcice lfa 

KOZU R, 1975 belong to the strati graphically most important fossi ls 
nC<l r the Permian -Tri ass ic boundary. The first appearance of II. 
pan' lI.\" (K OZ UR & PJ AT A KOVA) in the phylomorphogcncl ic l in­
eage II. fJpica/is - H. /a(idelllalm pmeparl'lfs - H. pan'us is the best 
marker for the P(T boundary. Some representati ves o f 1I;IIc/CO(/IIS and 
I.wrcicella arc insuffi cientl y known. Consequently, all known lIill­
deodll.\" and ! safeicella spec ies fro m near the prr bo undary, lIrc 

rcdcscribcd or di sC ll S.~c d. flill deodus (Janus ereC/II S n.subsp. , 1-1. 
j ltlfe ll sis wardlowi n.subsp., II . fa /idell/a/IIS praepal"l'I/s n. subsp. and 
II . sosioellsis Tl .sp., and lhe new gen us SlI'ec/Ohindf'odl/s n.gen. with 
two species, Swcetohindeodll.\· hidel1l(1/us Il.gell. n.S)) . and S. Iridel1la · 
111.1' life proposed. 

I. INTRODUCTION 

Strong provinc ialism during the Permian mnkes the 
correlation of the Boreal and Notal faunas with those of 
the tropical Te thyan realm difficult . This provincialism 
continued th roug h the uppe rmost Pe rm ian Changxi n­
ginn Stage and the very base of the Triassic (I./. parvlIs 
Zone), whe re the trop ical faunas of the centra l Te thys 
and the Boreal and Notal Oroeeras fauna s are very dif~ 
['eren!. 

Almost all foss il groups arc strongly influenced by 
the Pe rmian provinc iali sm. Th e ammonoids a re ve ry 
di ffe rent and fu sulinids are even unknown in the Boreal 
realm above the Road ian. A lso Te thyan brach iopods 
are rathe r diffe re nt from Boreal and Nota l re presenta­
tives that show often a bipolar distribution. 

Conodonts are only s li ghtly affected by the Perm ian 
provincialism . For instance, Vja{ovognathlls KOZUR is 
res tricted to the temperate and cool water or the margin 
of eas tern Gondwana and the peri ~Gondwana Te thys. 
Ribbed species of Mesogolldolella KOZUR a rc res tri ­
c ted 10 shallow pe lag ic warm water de posits, and a rc 
the re ro re mi ss in g in the co ld pal acopsyc hrospheric 
e nvironm e nts (KOZ UR , 1991a, b) of the Pe rmian 
ocea llS and deep wat e r deposits of open sea ma rgi ns. 
ClarkinCl KOZUR also shows distinct provinc iali sm. C. 

Rezsii u. 83. H-1029 Budapcsl, l lungary. 

rosellkrallizi (BEN DER & STOPPEL) is res tric ted to 
e ithe r tempe rate or coo l wale r areas o f the Arc tic and 
the per i ~Gondwana Tethyan margin. Other species, such 
as C. c/wngxillgellsis (WANG & WANG), occ ur both 
in the Arctic (e .g. in the lowe r 0, boreale Zone of Seto­
rym Ri ve r in NE Siberia) and in the tropical Te thys 
(from S ic il y to South C hina). Othe r C!m'kinG spec ies 
(see sec tion 3) pre fer the tropical realm or arc res tric ted 
to this area. Wit h the es tab lis hme nt of a mo nd iall y 
rather un ifolTI1 fauna a little above the base of the Trias­

sic, advanced re presentatives of the C. carina/a g roup 
are also present globally since the I. isarciea Zone. 

I-lindeodlls REXROAD & FURNISH shows no 
provin c iali sm , occurs across the P(f boundary and 
unde rwe nt rapid morphologi cal changes within the 
Changx ingian and lowermos t Triass ic . Thi s genu s is 
the refore bes t suited [or de fi n ing the prr bo undary 

with in a phylomorphogenetic l ineage. The developme nt 
from If. {arie/CflfafllS praepar l' lIS n. subsp. to H. pa/'\'lI s 

KOZUR & I'JATAKOVA can be observed in continu­
ous sec tions wi th temperate to cool water faunas of the 
Boreal realm (Green land) and at the peri-Gondwana 
margin of the Te thys (Kashmir, Salt Range) , as well as 
in cont inuolls sections in Lhe tropical realm (e.g, South~ 

ern Alps, Hungary, Sicil y. Ce ntral Tran , T ranscaucas ia, 
South C hina). The first appearance of I-I. pm'vlts within 
th is phylomorphogenetie lineage is therefore or extra­
ordinary importance for definition oj" the prr boundary. 
Thi s event occ urs, for instance, in the middle part oj" 
Boundary B ed 2 at Mei shan (South China), so fa r 
regarded by the present au thor as the most suitable can ~ 

cl iclate o f the global s tratotype section and point (GSS P) 
for the base of the Triassic (Fi gs . 1,2). However, in a 
country, like China, an offic ial state guaranted pe rm a­
nent access to Meishan for all sc ienti s ts is necessa ry , 
before Mei shan can be regarded as an official candidate 
for this GSSP. This includes a lso free sample tran sport 
out 01" China without custom barriers and special expen­
s ive allowiless in the fram e o f coope ration of Ch inese 
scie nti s ts with fo re ign ins ti tuti ons because free access 
mcans not only the possibi lity and allowness for every­
body to vi s it a GSSP in a kind of "geotourism", but al so 
to slUdy it. 

In the present pape r the taxonomic s tatus oj" the 
Upper Permian and Lower Triass ic Hille/eoe/us and I sar­

d eella species is considered , because the separat ion of 
some s pccies was not we ll known in the past. Three 
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Fi g. 1 Geographical SC1!ing of the Mcishan section. Star represent s 
locution of the M eishan section in South CJlina. 

new Hille/eodus species/subspecies and the new genus 
Swectohindeoc/us with two new species are proposed. 
Moreover, the importance of the first appearance of H. 
parvlls lor the definition of the prr boundary and relat­
ed problems of the facies control for the distribution of 
I-lindeodffs and gondolellids near the prr boundary are 
discussed. 

2. THE IMPORT ANCE OF THE FIRST 

APPEARANCE OF Hindeodlts parvlts 
FOR THE DEFINITION OF THE BASE 

OF THE TRIASSIC 

II. parvl/s is easi ly determinable and readily scpara­
ble from its forerunner H. lafidentafUS praeparvlIs (sec 
systematic parI), and its derivation is well documented 
by transitional forms. In several sections (as mentioned 
above) both taxa occur in a stratigraphic sequence con­
nected by transitional forms. 

/-!. parVlfS has a far wider distribution than any other 
conodon t or ammonoid species ncar thc prr boundary, 
because it occurs both in ammonoid-free, shall ow 
waler, high energy Werfell facies and in pelagic facies 
with or without ammonoids. It is known so far from the 
Southern Alps, Dinarides, Hungary, Sicily, Crete, Tran­
scaucasia (with the type locality), nonhwestern and 
Central Iran, Elburz, Kashmir, Salt Range, Himalaya, 
China, Japan, Greenland, Arclic Canada and western 
North America. This distribut ion covers the entire trop­
ical T ethys, Circum-Pacific realm, cratona l North 
America, cold/cool water Boreal realm and the coo l 
watcr to temperate peri-Gondwana margin of the 
Tethys. I-I. parVl/S therefore has no zoogeographic 
restriction. 
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H. parvus is the first globally distributed species to 
appear after the minimum in faunal divcrsity indicated 
by the minimum in 813C. At Meishan, it appears 5 cm 
above that minimum. 

The first appearance of H. pm'VllS coincides with or 
slightly pos tdales the disappearance of upper Changxin­
gian (uppermost Perm ian) gondolell ids (TlAN, 1993, 
1994; KOZUR, 1994a, b, 1995a, b), such as C. dej/eela 
(W ANG & WANG), C. diceraearillala (WANG & 
WANG) , C. postwallgi (TIAN), C. sasiaellsis GULLO 
& KOZUR, C. suhcarinala (SWEET) and Clarkilla 
xiallgxicnsis (TIAN), and of Upper Permian Hilldcodus, 
such as H jul/ellsis (SWEET) and H lalidelllaills lali­
delllaills (KOZUR, MOSTLER & RAHIMI-YAZD). It 
also coincides wit h the disappearance of Slepallovilcs 
KOZUR and slightly postdates the appearance or 
Ellisonia MULLER s.str., whereas C. cliangxingensis 
(W ANG & WANG) and H. lalidelliatus praeparvl/s 
disappear in the lowermost part of the f-l. parvl/s Zone. 
Permian Iype ammonoids, such as Hypophiceras, Plelf ­
ronodoceras, Pseudogaslrioceras and Psclfdoliroliles, 
and albaillellacean radiolarians disappeared immediate­
ly before the first appearance of H. parvl/s. Ophiceras 
appeared nearly con temporaneollsly with H. panJlfs. 
The globally distributed marine fungus Tympanicysta 
sloschiana (BALME) (PI. Y, Figs. 10, II) di sappeared 
close to the first appearance of l-I. parvus. The sim ilarly 
widely distributed lsarcicella isarcica slaeschci DAI & 
ZHANG and Claraia wangi (PATTE) appeared slightly 
above the first appearance of H. parvus. Thus , there are 
many biostratigraphic markers at or near to the base or 
the H. parvlIs Zone. 

In al l sections where the carbon isotope ratios have 
been investigated ncar the PIT boundary, the first 
appearance of Il. parVlfS lies a little above the minimum 
in 8 1l C. In sections where a lithostratigraphic event 
boundary is prese nt , H. pm·vlIs appears a little above 
that boundary (c.g. in Mcishan l5 Clll above the 
eventstratigraph ic boundary). Moreover, ncar the base 
of the H. parvlfs Zone a widespread anoxic event 
began. The prr boundary defined with the first appear­
ance of H. parvus is therefore also very close to a "nat­
ural boundary" sensu NEWELL (1994). 

The first appearance of H. parVl/S is close to the tra­
ditional PIT boundary at the top of the Changxingian. 
In South China, this boundary was placed either some­
what above or below the ri rst appearance of H. parVlfS. 
Until the monograph of ZHAO et a1. (1978), it was 
placed at the base of the Claraia wangi Zone, which in 
the Meishan sections is 12 em above the first appear­
ance of H. parvl/s. KOZUR (1977a, 1989) defined the 
PIT boundary with the first appearance of Isarcicella 
isarcica, thaI is 8 cm above the first appearance of H. 
parvl/s. Subsequently, ZHAO et a1. (1981) placed this 
boundary at the base of Boundmy Bcd 1 (= Base of the 
Transitional Beds) that is [5 em below the first appear­
ance of H. parvl/S. Still later, the lower part of Bound ­
ary Bed I ("Wh it e Clay") was again included in the 
Permian (because of its Permian conodont fauna) and 
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Conodont 
Stage 

Zone Subzone 
Formation Lithostratigraphy and fauna 

Bed 29 (26 em) Gray, medium bedded, silty, dolomitic marls 

Ophiceratids; bivalve: Claraia wangi; brachiopod: Paryphella orbicularis; 

Isarcicella conodonts: Clarkina carinata, Ellisonia transita, Isarcicella isarcica, 

isarcica I. ? turgida 

T 
Grayish yellow illite~montmorillonite clay. 

R 
Bed 28 (4 em) 

I Conodonts: Hindeodus parvus, Isarcicella isarcica staeschei, I. ? turgida 

A Brahmanian Bed 27 (16 em) Light gray, silty limestone. 
S ("Induan") 

S 
Brachiopods: Crurithyris flabefliformis, Fusichonetes pigmaea, Paracrurithyris 

I 
pigmaea, Paryphella orbicularis, P. triquetra, Waagenites barusiensis; 

C Hindeodus 
The following detailed conodont distribution was found in bed 27: 

parvus 12-16 em: Clarkina carinata, C. changxingensis, Ellisonia transita, Hindeodus 
parvus, H. typicafis 
8·12 em: Clarkina carinata, C. changxingensis, Ellisonia transita, Hindeodus 
changxingensis, H. latidentatus, H. parvus (on ly primitive forms, transitional 
to H. latidentatus), H. typicalis, Isarcicella? prisca 

Lower 
Qinglong 4-8 cm: Clarkina carinata, C. deflecta, Hindeodus typicalis, Isarcicella? 

or prisca, Merrillina longidentata, Stepanovites sp. 
Yingkeng 0·4 cm: Cfarkina carinata, C. changxingensis, C. procerocarinata, Ellisonia 
Formation transita, Hindeodus changxingensis, H. latidentatus, H. typicalis, fsarcicella 

? prisca 

Bed 26 (6 em) "Black Clay" (dark·gray montmorillonite-illite clay, partly 
calcareous and silty) . 

Ammonoids: Hypophiceras changxingense, H. cf . martini, Otoceras? sp., 
Metophiceras sp., Pseudogastriocerassp.; bivalve: Peribositra baoqingensis; 
brachiopods: Araxathyris min uta, Cathaysia chonetoides, Crurithyris 
flabelfiformis, Neochonetes convexa, Neoweflerella pseudoutah, Paracrurithyris 
pigmaea, Parypheffa orbicularis, P. sulcatifera, P. triquetra, Waagenites 
barusiensis, W. wongiana; conodonts: Clarkina cf. carinata, C. changxingensis, 
C. dicerocarinata, C. deflecta, C. meishanensis, C. ct. sosioensis, C. 
xiangxiensis, Hindeodus latidentatus 

Clarkina 
p xiangxiensis Bed 25 (4 em) "White Clay" (light bluish gray, weathered yellowish white 
E Clarkina illite·montmorillonite clay). 

R deflecta Conodonts: Clarkina ct. carinata, C. changxingensis, C. deflecta, C. ct. 
M Changxingian - meishanensis, C. xiangxiensis, Hindeodus latidentatus; non-fusulinid 
I Hindeodus foraminifer s: Bradyina sp. , Globivalvulina sp., Hemigordius sp. 
A latidentatus 

N Bed 24 e (20 em) Dark gray bedded micrite. 

Ammonoids : Rotodiscoceras sp.; brachiopods: Crurithyris flabelliformis, 
Neoweflereffa pseudoutah, Weffereffa delicatufa; conodonts: Clarkina d. 
carinata, C. changxingensis, C. deflecta; fusulinids: Palaeofusulina sp. 

Bed 24 d (23 em) Dark gray, bedded wackestone with very thin bioclast-
bearing calcareous mudstone interbeds. 

Upper 
Ammonoids: Pleuronodoceras mirificus, Pseudogastrioceras sp.; conodonts: Changxing 

Formation Clarkina ct. carinata, C. changxingensis, C. deflecta, C. xiangxiensis, Hindeodus 

(Meishan latidentatus; foraminifers: Palaeofusulina ct. sinensis, Geinitzina caucasica, 
Member) Nodosaria netchajevi, Pachyphloia lanceo/ata 

Beds 24 e and b (28 em) Dark gray, bedded dolomitic packstone with 
thin clay interbeds. 

Clarkina 
postwangi 

Conodonts: Clarkina changxingensis, C. deflecta, C. postwangi 

Bed 24 a (IDem) Dark gray, bedded wackestone, thin clay bed at the top. 

Conodonts: Clarkina cf. carinata, C. changxingensis 

Fig. 2 Lithology, fa unal di stribution and conodont zonation around the Penn ian-Triassic bou ndary in the Meishan section, South China. Beds 25 
and 26 correspond to the lower Trans itional Beds by YIN (1985) and to the Boundary Bcd 1 by WANG (1994). Bed 27 corresponds to the 
upper Transitional Beds and to the Boundary Bed 2. Conodont distribution after KOZUR el al. (1996) and WANG et a1. (1996). 
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.he P{f boundary was placed at the base of the "B lack 
Clay" (upper part of Boundary Bcd I), II em below the 
first appearance of II. parl'lIs (YIN et aI., 1988; YANG 
et aI., 1993). YIN ([993) and YIN et al. (1994) placed 
the P(f boundary at the base of Boundary Bcd 2, which 
lies 8 em below the first appearance or H. porVl/S, but 
defined the r(f boundary with lhe base or the 1-1 . parVl/S 

Zone. KOZUR ([ 994b, 1995a, b) and WANG (1994, 
1995a, b) placed the base of the Triassic at the base of 
the H. P0I"I'IIS Zone at a level 8 elll above the base of 
Boundary Bed 2 (middle part of Bcd 27). 

On the peri-Gondwana ma rgin of the Tethys H. 
parvlls appears within the O. lori/oballllll bed at Sclong. 
O. /Oliloballlm 'vVANG & HE is a junior synonym of O. 
/issisellallllll D[ENER (KRYSTY N, in KRYSTYN & 
ORCI-IARD, 1996) and represents in the peri-Gond­
wana Oroceras faunas the Arctic uppermost O. boreafe 
Zone or the level with the first VCIY primitive H. par VIIS 

in Greenland, above the last O. borea/e and below rich 
occurrences of C/araia stachei l3 TTTNER of the lower 
Ophiceras COlI/lIIUlle Zone. The data presented by 
KRYSTYN (in KR YSTYN & ORCI-IARD, 1996) con­
firm the conodont eorre[ations by KOZUR ([994b) that 
the peri-Gondwana O. woodwordi Zone is younger than 
the Aretie OWceras faunas and represen ts the lower 
part of the Arctic O. COl/lfllUlIe Zonc. As the Otoceras 

beds of thc Sc long section are s trongly condensed, the 
first primitive H. pan'lIs from the upper O. "/atilobo ­

tllm" bed may represent al ready the basal Oroceras 

woodwardi - Oplticeras balldoi Zone. The entire laller 

zone contains H. pan'ffS nearly in all sections. Only in 
Kashmir, H. pan'ffs appears within the O. woodwardi 
Zone, seemingly ncar to the first appearance of Oph­
items (MATSUDA, [981). This may be explained 
eit he r by insurrieiant conodont data from the lowennost 
bed of the Ofoceras fauna because the follow ing bed 
con tains already advanced speci mens or II . pan'lIs, or 
the Oloceras from the lowe rmost bed or the OlOceras 
fauna belongs to the O. borea/e group (suture zone not 
yet re-studied nceording to the criteria e laborated by 
KRYSTYN in KRYSTYN & ORClIARD, [996). 

As the base o r the Triassic was defi ned with the 
base of the O. woodwartli Zone in Central Himalaya, 
the base of thc H. parl'lIs Zonc is ve ry close to or coin­
cides w ith the traditiona l base of the Triassie . It is, 
however, cons ide rabl y younger than the base of (he O. 
COl/cavum Zone that is used to define the base of the 
Triassic in the Arctic. 

YIN ([985,1993), KOZUR (l994a, b, 1995a, b), 
PAU LL & PAULL ( [994), YIN e t al. ( [994), WANG 
([ 994, 1995a, b), KOZUR et al. ([ 996), WANG et al. 
( 1996), WIGNALL e t al. (1996) and JlN e t al. ( 1996) 
used the base of the II . parl'IIS Zone as base of the Tri­
assic. ro[[owing YANG e t al. (1987), YIN et al. (1994) 
proposed section D at Meishan (South China), the stra­
totype of the Changxingian Stage, as assp of the prr 
boundary. WANG ( 1994,1995", b) proposed the quar­
ry Z (Zhongxin Dadui section) of the Meishan section 
as GSSP, following S HENG et al. (1984). WANG et al. 
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(1996) left open the decision to use secti o n D or the 
Zhongxin Dadui section, about O.S km east of section D 
as GSSP for the PIT boundary. KOZUR et al. ([ 996) 
regarded Meishan as a laterally continuous section as 
proposed by YIN in a report about the activities or the 
P{f Boundary Working Group. This view is also adopt­
ed in the present paper. 

The Meishan section eons ists of 7 quarries on the 
southern s lope of the Meishan Hill (Changxi ng County, 
Zejiang Province, South China, Fig. I) separated by 
distances of 70 - 400 m. They arc named as quarry A, 
B, C, 0 (Baoqing quarry, stra totype of the Changxin­
gian Stage), E, F and Z (Zhongxi n Dadui quarry). The 
beds of these quarries have identical thicknesses, facies 
and fossil content (fig. 2) and as they are laterally 
traceable, they have been numbered around the prr 
boundary in all quarries in the same manner. The Per­
mian-Triassic Boundary l3eds (Transitional l3eds) and 
lowermost Triassic rocks are exposed in all of these 
quarries, while the exposed part of the Changxing 
Limestone and of the Lower Triassic beds is d ifferent. 
Quarry D exposes the e ntire Changxi ngian and the low­
e rmost Triass ic, the other quarries only the middle and 
upper part of the Changxing Limestone, the l30undary 
Beds and different parts of th e Lower Scythian. Best 
studied are quarries 0 and Z and the GSSP sho uld be 
fix ed in one of these two quarries by the Chinese col­
leagues (sec, however, remarks to the general accessi­
bi lity of Chinese sections in section 1). The large lateral 
extent of the Meishan secti on allows the collection of 

very large samples and also the possibil it y of finding 
very rare fossils, such as ammonoids. 

WANG (1994) useel tile first appearan ce of H. 
parvils 1110rphotypc [ sensu KOZUR ([ 990a) for de fini ­
tion of the prr boundary. This form is easily recognis­
able. offen even in broken spec imens. Ho weve r, both 
morphotypes firs t appeared aI the same level. Accord ­
ing to WANG (pel's. comm.) both morphotypes have a 
s li ghtly different range. T o avoid nomcnclatoral prob­
lems, Illorphotype I is herein described as a new su b­
spee ies H . parvlIs ace/liS n.subsp. Followin g WANG 
([ 994), the P{f boundary can be elcI'ineci by the firs t 
appearance or H. porvfls ereCfl/s. within l3ed 27 
(Boundary Bed 2, upper Transitional Beds). 

3. THE IMPACT OF BIOFACIES ON 

THE DISTRIBUTION OF Hilldeodlls AND "ON­
DOLELLIDS NEAR THE PIT BOUNDARY 

According to ORCI-[ARD (in KRYSTYN & OR­
CHARD, [996) and ORCHARD (1996), gondo [el [ids 
(Neogolldolella s .1. sens u ORCHARD) are 1110re eOI11-
mon in offshore, deeper, and/or coole r wate r marine 
env ironme nts, whereas lIilldeod/ls flouri shed in near­
shore, sha llowe r and/or wanner regions. Th e faci es 
control of gondole llids with respect to the water depth 
is well known since more than 40 years, whereas the 
tempe rature control was only s tudied in the last years 
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(KOZU R, 1995a). O rchard 's remarks in respeellO Ihe 
facies control or gondole llids arc in general agreement 
with ronner published data , except for the temperature 
control. There are go nd ole llids, restri cted to warm 
water pe lagic ellvironmen ts, e.g. all ribbed Middle Per­
mian Mesogolldolel/a, such as M. l1allkillgensis 
(CHI NG) or M. pos/serrara (BEH NKEN), and gondo­
le llids that are res tric ted to cold water of high la titudes 
and co ld bottom -water of low latitud es, such as M, 
pl/Osphoriellsis (YO UNG QUIST, HAWLEY & MIL­
LER) and M. siei/iellsis (KOZ UR). Thi s lemperalure 
control of Mesogolldolella has lead often to stra tigraph­
ic mi sinterpretations espec iall y in areas wit h cold bOL­
tom-water fauna s and periodical input or shallow ­
pelagic warm water faunas_ As mentio ned above, 
Clarkina shows the same facies dependence. Most 
Upper Pcrmian spec ies, such as C. ori el/ talis (BAR­
SKOV & KOROLEV A), C. slIbearillara (S WEET) , C. 
lel'(,lIi (KOZUR, MOSTLER & PJATAKOV A), C. 
diccrocarill ara (WANG & WANG) prefcrrcd warm 
wate r pe lag ic environment s or are res tri c ted to such 
fac ies. In the cont rast, C. c L carinaw (CLARK ) is 
res tri cted to Upper Pe rmian cold/cool wate r fau nas, 
such as the Boreal lower Otoeeras faunas and the con­
odont faunas of the undi sputed Upper Permian upper­
most Ch hidru Formation (Sa lt Ran ge), immediately 
below th e likewi se undi sput ed Uppcr Permian Whitc 
Sandstonc Member. My study of the mate rial publishcd 
by SW EET ( 1970b) has shown Ihal he was correcl in 
de termination or Clarkillo or the C. carilla(a gro up in 
Ihese deposils. According 10 ORCHARD ( 1996) sueh 
faunas have a Triassic character. The C. ear illma group 
(with advanced represent atives) had adapted to warm 
water no earlier than in the I. isareica Zonc. For thi s 
rCJson , the H. pa/"\'lI s Zone of the central and wcstern 
tropica l Tcthys h,as no gondolellids afte r the disappear­
ance of the Permian warm water species and be fore the 
appearance of warm water adapted advanced Clarkina 
carinata in the I. isarcica Zone. This is especially inter­
es tin g in continuous pe lagic sequcnces, as in western 
S ic ily , where pelag ic graded limestones of both the 
entire Changxingian and the Lower Triassic I . isareiea 
Zone y ielded very ri ch Clarkina fauna s (mostly with 
very few I-lilldeodf(s), whereas in graded calcarenites of 
the 1-1. parl 'f(S Zone (deposi ted under the same or a little 
large r wate r depth ) no sin gle Clarkil10 was found in a 
co nodont fauna cons isting exc lusively of H . parvlIs 
(this Illonospecifie fauna is rich in specimens). No such 
tempera ture control fo r the distribution oj" Triass ic 
Neogolldolella BENDER & STOPPEL and Paragolldo­
lelia MOSHER can be observed. Bul Ihese gondole ll ids 
be long to an other stock than the Permian M esogondo­
lelia and the Permian to lowermost T ri assie Clarkina, 
and have evol ved rrom the plalrormless Neo,\"palhodlfs 
MOSHER through CheJlgYlfallia KOZUR (for Pm-ago­
IIdo/c//a, within the lowermost Olcnekian) and through 
Citiose lla KOZUR (for Neogolldolella , wilhin Ihe low­
ermost Anis ian). The ancestral Neosp(f/hodlf:f al so 
shows no obv ious temperat ure dependence. 

There is no gondolellid preference for orfshore 
deposil s as indiealed by ORCHARD ( J996). The fre­
quency of gondolellids has its maximum in nearshore 
deeper water (if such deposits are present) and decreas­
es significantly in offshore deeper water. However, thi s 
is ra ther re lated to the nutri ent supply than to the di s­
tance from the shore line. Because nearshore limy sedi ­
ment s arc ra re compared with offshore pelagic lime­
stones, thi s rel ations can be observed only in few 
pJaees. 

The Upper Permian and lowermost Triassi c Hille/eo­
dus spec ies al so have different faci es control for difTer­
enl species. H. jll/fellsis (SWEET), H. Imidelllallls lati­
del/lalls (KOZUR, MOSTLER & RAHIMI-Y AZD), H. 
ehangxillgen.\-i.\- WANG and H . olfudael1sis KOZUR & 
MOSTLER are restric ted to deeper, but warm wate r 
environments. Thcy arc never found in contemporane­
ous shallow water faci es but arc also missing in deep 
water deposit s, if they contain co ld boltom -water [au­
nas. Most of these form s arc rare and can be regarded 
as eco logically more restric ted species than the com­
mon Hindeodlls species, as N . Iypicalis (S WEET), H . 
lotidel/tafus praeparvlIS and H _ parl'ffs. These latte r 
species (and other Hindeodus species) arc ecologically 
very tolerant and could live in environments beyond the 
ecologi c tolerance boundary of other conodont species. 
Therefore they arc oftcn the on ly conodont species in 
shallow water environment s, in wh ich gondole ll icl s 
could not li ve. However, such spec ies wi th very broad 
fac ies to lerancc are rare o r mi ssing in faunas wit h 
species that were be tter adapted to a certain facies, e.g. 
in pelagic fa unas that are rich in gondolc llids or in shal­
low wate r faunas that are ri ch in StCfJallovites KOZU R 
or M errillil/a KOZUR. For thi s reason , Hil/deadl/.\" is 
mi ssing in Srepallovites-ri ch conodont faunas or Kazan­
ian shallow water deposits or the Russian platfoInl or in 
shallow wate r Zechstein limestones with rich M errilli ­
/1a and Slepal10viles faunas despite the fac t that in other 
places similar shallow water deposits contains exc lu ­
sively Hilldeae/us of the H. typicalis group. 

ORCHARD (1 996) rega rded oceanic cherl s as an 
example, where "Neogondolella" occurs alone. Howev­
er, as a radiolarian wo rke r I have invest igated morc 
than 1000 Perm ian oceani c radio la rites ancl red deep­
sea clays rich in deep wate r radio larian faunas. Most or 
these sa mples have no t y ie lded conodonts, but some 
contain excl usively gondo le llids as mentioned by 
ORCHARD (1996) . These gondole llid faunas moslly 
con sist of juveni le specimens indi cating that these 
oceani c chert s were deposit ed under facial conditions 
ncar to the ecologic tolerance boundary for gondole l­
lids. Ot her samples, however, contain only Hille/eodlls 
of the 1-1. Iypicalis group (both juvenile and adult spec i­
mens) and a few samples contain both gondoJeliids and 
I-I ine/(!odlls. 

The above examples show that the occurrence of 
Hindcoe//ls of the H. typica lis group is not con troll cd by 
the water depth and by the distance to the coast, but by 
the presence or absence of be ll er adapted spec ies both 
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in shallow wate r and in deep wate r deposits. The H. 
typicalis group may be present from VCIY shallow water 
subtidal 10 int raticlal deposits to offshore deep-sea rocks 
deposi ted below the ceo. T he dominance or exclusive 
occurrence of the H. typica/is group in many shallow 
water deposits do not indicate that it is a shallow- water 
genus but reflect the fac t that this fac ies is beyond the 
eco logic tole rance boundary of the most ot her con­
odonts (e.g. gondo le ll ids), favouring c lear ly taxa wi th a 
very high facies tol erance. Taxa with such a high facies 
to le rance, as the H. typica lis group that can be found 
bot h in very shallow water deposits (w idely distributed 
at the PIT bound,uy) and in deep-sea sediments, in oxy­
gen-rich and in anox ic fac ies (widely distributed at the 
prr bou ndary), in cold water and in warm wate r 
deposits (both present at the PIT boundary, and having 
very different non-hindeodid faunas) arc far be tter suit ­
ed for definiti on of any stratigraphic boundary than taxa 
with res tricted facies to lerance, as gondoleJlids that are 
present only in pelag ic facies (present only in few 
places in the world near the prr boundary) and more­
over strongly tempera te depcndent w ith diffe rent 
spec ies in tropica l and hi gh latitude fa unas (as the 
am monoids). 

The ccologic model for the di stribution of Hinde­
dO llS of the H . typica lis group, presented herein, 
ex pla ins we ll the fac ies- re la ted di stributi on of con­
odon ts near the prr boundary in all conodont-bearing 
complete boundary sections that is in severa l sections in 
connic t wi th the Hindeodlls/"Neogondole lla" biofacies 
model presented by ORCHARD (1996). 

In Meishan, gondole llids are c learl y dominant 
throughou t the C han gx in g Limestone. Nindcodus is 
ve ry rare in th ese beds, among them H . lafidcnfafus 
fatidcl/ fafus is present that is adapted to warm, deeper 
water facies. With in the Permianrr ri ass ic T ransitional 
Beds the gondolell id biofacies changes into a H indeo­
e/IIS bio fac ies. Accord ing to thc mode l presented by 
ORC HARD ( 1996) this woul d indi cate a shall ow ing 
within the Transiti onal Beds compared with the upper 
Changx in g Lim eston es . However, thi s is in co nflict 
with the observed geological data beca use within the 
uppermost bed of the Changx in g Limestone a distinc t 
deepening began tha t cont inued during the Transit ional 
Beds. The change from warm water gondo le llid to H il1-
deodus domi nated faunas is caused by ecolog ic st ress 
(apparcntl y a short -last ing cooling in the low latitudes 
because o f the presence of aerosol es ; KOZUR, 1989, 
1994b) that a lso caused the di sappeara nce o f most of 
the Permian spccies in other fossi l groups. This ecolog­
ic stress favourcd the ecologically very tolerant Hine/eo­
e/IIS o[ the H . fypicalis gro up agai nst the gondo lcl lids 
despite the fac t that they are beller than H illdcodus 
adaptcd to pelagic environments. such as the Transi­
t ional Beds. 

A similar situ ation can be observed in T ranscauca­
sia and Central Iran . Gondolcllids are clearly dominant 
in the Paratirolifcs beds. Above the Paralirolifes beds a 
distinc t deepening is indicated fo r inc reasi ng ly clayey 
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sediments that finall y changed into a red clay. Despite 
of this obvious deepening, the warm water gondole llids 
arc suddenly replaced by !-lil/dead"s of the !-I. Iypicalis 
g roup co ntemporaneous ly with the disapparance o[ 
most Permian fo ssi ls caused by ecologic stress . The 
causes are the same as discussed [or Meishan. Accord­
ing to Orchard 's model, a sha llowing would be indicat­
ed for th is level what is against the geological data. 

In Kashmir, the shal low water Zewan Forma tio n 
yielded on ly very few conodonts, mostly gondole llids. 
Hilldeodus is dom inant in the deep water lower Khuna­
muh Formation with rich ammonoid, partly gondole l­
lids arc even absent ; in you nger beds go nd ole llids 
become dom inant agains t H ille/coe/us . The latte r fac t 
may be related to the genera l decline of H illdcoe/us near 
to it s ext inc tion. The dominance of the H . lypicalis 
group in the ammonoid-bearing part of the lower KllU­
nallluh Formation is sure ly not related to shallow-water 
fac ies for these pelagic beds . The reasons fo r the 
absence or very rare occurrence of gondo le llids of the 
C. carinata group (common in all other peri-Gondwana 
pelagic successiosn) in these pelagic beds of the lower 
Khunamuh Format ion are not yet known because gon­
dolellids of the C. carinata group are in gene ral not 
influenced by the cooling event c lose to the r(r bound­
ary. However. thi s fac t shows that also in co ld wate r 
pelagic facies that is generall y dominated by gondo le l­
lids o f the C. caril/olo group (but !-lil/dead"s o f the I-/. 
fypicalis group is not absen t in rich fa unas). ecolog ic 
st ress ncar the prr boundary may cause the total d isap­
pearance of cold wate r adapted gondolcllids. favourin g 
the occurrence of species o f the H . Iypicalis group that 
are common in these beds. 

In Sicily, uppermost Changxingian graded calcaren­
ites with some fu su linids contain a very rich gondole l­
lid fauna and almost no H i1Jdeoe/l/s. In the H. par VIIS 

Zone a slight deeping is indicated fo r shales with a few 
di sta l graded calcareni tes that con tai n exclu sively H . 
parvlIs. The absence of any other conodont species and 
the c lear dominance of juveni le H. parvus (adul t speci­
mens a re extremely rare) ind icate that the ecologic con­
diti ons in these deep wate r anoxic to dysae robic beds 
were near the ecologic tolerance bou ndary for I-I. 
parvlIs and clearly beyond this boundary [or any other 
conodont species . The overlying prox imal graded cal­
caren ites with conglomera ti c layers indicate a d istinct 
shallowi ng. but they cont a in H indeodus and gondol e l­
lids. In thi s section, the rocks deposited under the great­
est wate r depth con tajn exc lus ively Hilldeodlls, rocks 
deposited unde r dis tinc tly sha llower water depth co n­
ta in both H indeodus and gondo le llids and rocks 
depos ited under moderate water depth contain a lmost 
excl usively gondolellids ind icat ing that the d istribut ion 
of J-/indeodlls of the 1-1 . typicalis group is not re latcd to 
the water depth. The Permian warm water gondole llicl s 
are total ly replaced by II . porvlIs because of eco log ic 
stress (see above) ncar the prr boundmy. 

The dominance of go ndo le llids in the coo l water 
peri ~Gondwana H . parvus Zone can be explained by the 
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fact that the gondolellids of this level are belter adapted 
to pelagic envi ronments than Hindeodus with very 
broad fac ies tolerance and the eco log ic st ress in this 
level (short-lasting cooling event) has mostly not in flu­
~ nced gondolellids of the C. earinata group because 
they were adapted (and in this time st ill restricted) to 
:ool er water. 

4. SYSTEMATIC PART 

Remark: For often described taxa, only the oldest 
reference fo r a synonym is given to avoid too long syn­
onymy lists. 

Genus Hindeadlls REXROAD & FURNISH, 1964 

Type species: Trichollodella impel/eela REX ­
ROAD, 1957 (=Spothognathodus crista/us YOUNG­
QUIST & MILLER, 1949). 

Synonym: ililchigilathodus SWEET, 1970b. 

Remarks: Hindeodus displays a sex imembrate 
apparatus with Pa, Pb, M, Sa, Sb and Sc clements. Car­
boniferous to Middle Permian Pa elements of different 
l-lindeodl/s species are rather similar and partly overlap 
in their va riabil ity. However, the rami fo nn clements, 
and partly the Sb elements are different enough to facil­
itate good species separation in those species in which 
(he Pa element is not very diagnostic for separat ion 
from other species. 

During the Late Permi an Lopingian Series and in 
the earliest Triassic a rapid evolution of the Pa element 
in Hindeodus and closcly relatcd genera occurred that is 
very important fo r the definition of the PIT boundary 
and for the Upper Permian-lowermost Triassic con­
odont zonation (Figs. 2, 3). 

Isarcicella KOZUR (1975) is dist inguishcd rrom 
l-lilldeodus by a thickening of the cup that commonly 
bears one or more denticles, or a denticulated side blade 
on one or both sides of the cup. Forms with a thickened 
;;up and dcnt iclcs or lateral secondary blade(s) on one 
or both sides of the cup are typical lsarcicella. Forms 
without dent icles or secondary blade(s) on the cup are 
tentatively assigned to /sarciee//a, if the cup is th ick­
ened in more than half of its width. If in such form s the 
thickened part of the CLIp is narrower than half of the 
: up width, these forms arc assigned to l-lindeodus (tran-
5itional {onns to Isareicella). 

According to SWEET & CLARK (1981), Isarcicel­
la is probably unimembrate (only Pa element). Howev­
:1', rich lsarcicella faunas always contain some robust 
ramifonn elements that may belong to an Isarcieella 
lpparatus. They arc sometimes accompanied also by 
~amirorm elcmCnlS similar to thosc of l-lindeodus. How­
::vcr, the frequency of these latter elements is not pro­
Jortional to the frequency of the Pa clements of lsan·i­
~·ella , but proportional to the frequency of accompany­
ng HiJ/deodlls Pa clements. A reconstruction of the 
fsarcicella apparatus is not yet possible, because all 
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known l sarcieella faunas contain also Pa elements of 
Hindeodus and other conodonts (mainly Ellisonia). 
Therefore it is not known whether the ramiform ele­
ments that occur together with Isarcicella Pa elements 
all belong to the accompanying Pa elements of Hindeo­
dus and other genera (in this case lsareicella would be 
unimembrate) or whether lsarcieella has an apparatus 
with robust rarniform elements or an apparatus simi lar 
to Hilldeodus. The latter variant is less probable, 
because the amount of Hindeodus- like rami form cle­
ments is independent from the amount of Isarcicella Pa 
elements but proportional to the amount of accompany­
ing Hindeodus Pa elements as mentioned above. 

ORCI-IARD (1996) assigned amongst Hilldeodu s 
and it s derivatives all species "with a conspicuous ly 
elevated cusp, eq ui-dimentional mid-blade denti cles, 
and abrupt ly terminated posterior marg in " (ORC­
HARD, 1996, p. 36) to Isarcicclla . Thickened lateral 
margin s of the cup and lateral denticles and nodes he 
regarded as features that may be present or absent. In 
this scope, Isarcicella should begin at the base of th e 
Triassic according to ORCHARD (1996). Hc discussed 
tha t H. parvl/s has a perfect Hil1deodus apparatus and 
pointed out that form s with different platform may have 
the same apparatus. Thi s is correc t, bu t in the casc of 
Neogondolella and Clarkin a he rejected on the same 
page the genus Clarkina because the apparatus of this 
gen us is not known what is not correct because thi s 
apparatus was already described by KOZUR (l990b) as 
he es tablished this ge nus. Thc real problem is tha t 
ORCHARD (1996) compared the Hindcodus and Isar­
cieella apparatuses by using the apparatus of "Isarciee/­
la" pm'va, a Hil1deodl/s species, and he did not discuss 
the view of SWEET & CLARK (198 1) that the type 
species of Isarcicella has no rami form clements. This 
wou ld be a fundamental difference against all Hindeo­
dus species (including H. parvus with Hindeodl/s appa­
ratus) that have all a sex imembrate apparatus with Pa, 
Pb, M, Sa, Sb and Sc clements, clearly d i fferent from 
other seximembrate apparatuses. As mentioned above, 
Isarcicel/a may have an apparatus, but if it is present, it 
would consis t of robust ramiform elements as in Elliso­
Ilia. I agrce that conodont genera with very d ifferent Pa 
elements may have the same apparatus as T have shown 
it in several papers (e.g. KOZUR, 1990b), e.g. for 
Neospathodus and Neogondolella, but conodont appa­
ratuses with distinctly diffcrent apparatuses belong 
always to different genera, the more in thc case of [-lil1-
deodus and lsareicella that were originally separated by 
differences in the Pa elements. So long no apparatus 
can be found for l. isareiea, the lype specics of lsarct"­
eel/a, we have to follow the view of SWEET & 
CLARK (1981) that the type specics of Isarcicel/a has 
no rami form elements. Thc tentative assignment of 1-1. 
pm' VIIS to Isareicella by SWEET (1992) was made 
under the assumpti on that H, parvus has also an appara­
tus wi thout rami form clements. 

The three "constant" features that define according 
to ORCHARD (1996) thc genus Isorcicel/a arc all fea-
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Series Stage Substage Conodont Zone 

Chiosefla gonda/ellaides I Neospathodus sosioensis 

Late Neospathodus triangularis 

Olenekian Neospathodus homer! 

/criospathodu5 collinson; 
Olenekian 

Neospathodus hungaricus 

Neospathodus waageni -

Early Scythogondo/e/la miller! 

Triass ic Early Neospathodus waageni -
Olenekian ~ 

Scythian 
Scythogondo/el/a? masher! ? 

Chengyuania nepalensis 

Neospathodus cristagalli 

Gandarian N. diener; Sz. 
Neospathodus diener; I 

8rahmanian 
~ 

"Induan" Clarkina carinata 

Ellesmer. Isafe/cella isarcica 

Hindeodus parvus 

• - Conodont-proven in sections 1 or 2 by autochthonous faunas. 
- Conodont-proven only by reworked faunas . 

? - Conodont faunas of unproven age . 

tures that can be observed repeatedly in different Car­

boniferoLls and Permian Hindeodlfs lineages . A con­
spicuously e levated cusp is present in some Carbonifer­
ous and Permian species and the s ize of thc cusp is in 
some specics a variable feature. Equi -dimentional mid­
bladc denticles arc common in several Permian species, 
and an abruptly terminated posterior margin is very 
characteristic for some Middlc Permian IIlfldeadus 
spec ies. 1 tend to separate specimens with and without 
the lattcr feature as di rferent species or subspecies, but 
WARDLA W (pers. comm.), who has the greatest expe­
riencc in Middle Permian llindeadlls, assumes that this 
feature may represent only intraspeci fic variability 
(morphotypes) and this opinion may be correct. In any 
case, if thc three above mentioned features without the 
thickening of the CliSP arc taken as the decisive features 
or Isareieella, then this genu s begins at least in the 
Middle Permian. 

On the other hand, the thickened inner part of the 
platform is the most important taxonomic feature that 
never occurs in the Hindeodlls stock before the latest 
Permian. It is the decisive feature present in all typical 
Isareieelfa, including the type species and in all species 
that arc tentatively assigned to Isarcicella, as I.? tlIrgi­
da (KOZUR, MOSTLER & RAHIMI-Y AZD). There­
fore , it is not understandable, why ORCHARD (1996) 
wrote that this fcature may be present or missing in 
Isareieel/a . Among all species that ORCHARD assi ­
gnedto Isareieella , it is only missing in H. parVlfS with 
a typieal/-lindeodlls apparatus, eonfinning the view that 
I-/, parVI/S does not belong to isareiee/la, but to Hindeo-

"N. " kummefi Sz. 

I Fig . 3 Earl y Triassic pelagic con­
odont zonation and conodont 
proven interval in the sec­
tions 350 III sou th of Pictra 
dei Saracini, Sosio Valley, 
western Sicily. 

dus. I-T. parVllS is the ancestor of H. paslparvlIs, as 

demonstrated by transitional forms. This species has 
ne ither equi -dim entional mid-blade denticles, nor an 
abruptly terminated posterior margin. In some speci­
mens the cusp is not conspicuo usly elevated. An 
abruptly terminated posterior margin is cven not present 
in the holotype of H. parVl/s. II we would use the three 
"constant" criteria for Isareieel/a sensu ORCHARD 
(1996) for separation from !-lindeodus, then "Isare/­
cella" parva would evolve from !-/indeodus (also in the 
sense of ORCHARD) and its successor would be again 
a llindeodus. 

The oldest species with thickened inner platform is 
I.? prisco KOZUR from uppermost Changxingian beds 
of the Southcrn Alps that contain Palaeojl(Slililla, Per­
mian brachiopods, H. lalidenlatf(s praeparVl(S and 
Stepanovites, but no H. parvlls. Thus, the !sarcieelfa 
lineage began within the uppermost Permian. This old ­
est representative of the Isarcieella stock has, howeve r, 
neither a conspicuously e levated cusp, nor cqui -dimen ­
tional mid -blade denticles, nor an abruptly te rminated 
posterior margin. As in the ancestral genus Hil/deodl/s, 
these three features arc not present in all Isareieella 
specics. 

There is, of course, a possibility to separate species 
with thickened cup, but without side denticles as an 
independent genus and to restrict Isareicella to forms 
with side denticles or secondary blade on the thickcned 
cup. This possibility cannot be exc luded so lon g the 
apparatuses of these two groups within Isareieella can­
not be reconstructed. However, also in this case, H. 
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/Jarvl/s would remain a HilJdeodllS, because it has no 
thickencd cup. 

Thc Upper Permian to Lower Triassic species of the 
II. lypicafis group (inc luding l-I. parvlfs) collectively 
have some apparatus features that are different from the 
type Hilldeodlls apparatus and from other pre-Permian 
Hilldeodus apparatuses. They may be perhaps separated 
from Hindeodus sensu str icto using again the genus 
AIIChigllat!lOdlls SWEET. But for this consideration the 
apparatus of the I-lilldeodlls type species must be re­
stud ied. The d ifferences between Allchignafhodus and 
Isarcicella would be the same as discusscd for the dif­
ferences between Hilldeodlls and Isarcicella. 

Hindead"s typical;.\' (SWEET, 1970) 

(PI. I, Figs. 1-8; PI. IV, Fig. I) 

1970a Allchigllalliodus typicafis n.sp. - SWEET, p. 7-8, 
type material figured in SWEET (1970b), PI. I , 
rigs. 13,20 

I 970a Ellisollia tcichcni n.sp. - SWEET, p. 8, 9, type 
material fi gured in SWEET (1970b), PI. 4, Figs. 
20-28 

1977 Hilldcadil.\' typicalis (SWEET) - SWEET, p. 223, 
Hilldeodlls - PI. 2, Fi gs. 1-6 

1987 Hilldeodils jillfeilsis (SWE ET , 1973), pars -
NESTELL & WARDLAW, p. 761-767, only 
Figs. 4.3, 4.6, 4.11, 4.12 

Description: The Pa element is rather long and 
bears in adults nine to fifteen, but commonly ten to 
twelve denticles. They decrease in length slowly and 
more or less gradual ly away from the cusp, which is 
considerab ly broader, but only somewhat longer than 
the denticlcs on the blade. The upper edge of the denti­
clcs is directed slight ly downward away from the cusp; 
but in the posterior third of the unit ei ther a gradual or 
an abrupt downward curvature is present. There is no 
distinctly elevated convex hump in the blade. The tips 
of the denticles arc always free. The cup is large, but 
not thickened. 

The rami fonn clements arc described and figured in 
SWEET (1970b) under Ellisollia teicilerti SWEET. The 
Sb element is especially characteristic. It has a relative­
ly low bar that bears a very large distal or subdistal den­
ticle on the inward curved part o/" the anterior bar. A 
s hort posterior part of the anterior bar is not curved 
inward. This part bears one to three small denticlcs. 

Occurrence: Upper Perm ian, world-wide. Tn the 
Boreal realm and in peri-Gondwana Tethys also in the 
lowermost Triassic, but these latter representatives have 
slight form dlllerences (e.g. a higher bar and/or differ­
ences in the dentieulation) in some o/" their ramiform 
clements and may represent an independent taxon with 
inseparable Pa elements. 

Remarks: The Pa clement of lIindeodus typicafis 
(SWEET) is very similar to that of several Cm'bonifer­
ou s and Permian species, e.g. l-l. milillfl/S (ELLISON, 
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1941) to which H. typicalis was previously assigned by 
most authors. However, the Pa e[ement of II. mint/tlls 
generally displays a larger "anticusp", commonly with 
1-3 denticles that form a rudimentary anterior blade . 
Shape o/" the Pa clements of both species however do 
overlap. The Sb element of H. minlltlls is distinctly dif­
ferent. Only thc dista l part of the anterior bar is curved 
inward and the big dista l denticle is missing, as in all 
other Carboniferous to Middle Permian Hilldeodlls 
species. 

In H. lotidclltotliS {atidelltatlls (KOZUR , MOST­
LER & RAHIMI-Y AZD, 1975), the length or the pos­
terior blade of the Pa clement is rcdueed, thc denticles 
arc wider separated and the wide space between the last 
two dent ieles is through-like and not triangular as the 
narrower space between the last two denticles of H. lyp­
icatis. 

In H. latidentatlls praeparvlls n.subsp. the length of 
the posterior blade of the Pa clement is also reduced. 
Adults have 5-7, rarely 8-9 rather broad, triangular, 
commonly widely separated denticles. The cusp is 
either about twice as long as the dentic1es or somewhat 
shorter. The rami form c lements of H. typicafis and H. 
latidentatlls praeparvlls are similar, but the bars of the 
Sb and Sc clements in H. latidentatlfs pracparVl/S are 
distinct ly shorter. As they are of the same height, their 
lIh ratio is considerably smaller. Moreover, inward cur­
vature of the anterior bar of Sb elements begins closer 
to the cusp, without any denticle on the very short hori ­
zontal part between the inward curved part and the 
cusp. The bar of the Sa elemcn t in H. latidelltat!!s 
pracparVl/S is considerably higher than in H. typicalis. 
Rather regu lar alternations of long and smal l dcnticlcs 
are present in the poster ior part of the anterior bar oj" the 
H. lalidelllatlls praeparvlls M clement, whereas in the 
M clement oj" H. typicalis the length of the denticles 
alternate irregularly. 

The Pa clement of H . .lui/ells is (SWEET, 1973) dis­
plays a distinct, convex, mostly smooth hump in the 
middle third of the posterior blade (PI. I, Pig. 9). The 
cusp is distinctly longer than the following denticles. In 
juvenile forms and in transitional forms between H. ryp­
icalis and I-I. jll(jclIsis (H. jllilellsis wardlmvi n.subsp.) 
the hump bears separated denticles . Such typical Penni­
an forms are st ill present in the Boreal Ofoceras faunas 
(SWEET, 1976, PI. 16, Fig. 9 from the Otoceras borc­
ale Zone of Greenland). Forms with a slightly curved 
upper edge in the posterior half of the blade, but with­
out a distinct hump werc also assigncd to H. ju!fellsis 
by NESTELL & W ARDLA W (1987), but a rc herein 
assigned to H. typicalis. This assignment is supported 
by the accompanying rami form e lements , which arc 
identical with those of l-l. typic'alis. Tn contrast, the ram­
irorm elements of H. ju(fellsis (figured by Sweet as 
Ellisollia teicheni in TEICHERT et aI., 1973) arc near­
ly identical with those of H. IOlidcnfallls praeparvlls 
(higher bar in the Sa elcment, beginning of the inward 
curved part of the anterior bar of the Sb clement imme­
diate ly in fron t of the cusp). 
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Hindeodus julfensis (SWEET, 1973) 

(PI. I , Fig. 9) 

1973 Anchignathodus julfensis n. sp. - SWEET in 
TEICHERT et a!., p. 426-427, PI. II, Figs. 10-
14 

1973 Eliisollia teicherti SWEET - SWEET in TEI­
CHERT et a!., p. 433-434, PI. 12, Figs. 1-5 

1976 Allchigilathodlis typicalis SWEET, pars -
SWEET, PI. 16, Fig. 9 

1987 Hindeodus jll/fensis (SWEET), pars - NESTELL 
& WARDLAW, p. 761-767, only Figs. 4.1 
(n. subsp.), 4.2 (n.subsp.), 4.5 (n. subsp.), 4.9, 
4.10 (n.subsp.) 

Occurrence: Typical H. ju/tensis with a convex 
smooth hump in adults occurs in the upper Dzhulfian 
(very rare) and lower to middle Changxingian (in the 
central Tethys common, but only in warm water pelagic 
beds). The view of ORCHARD ( 1996, p. 38) that "Hill­
deodus juljensis sensu stri cto is a Dzhu lfian species" 
cannot be confirmed. The holotype and all other speci­
mens of H. julfensis published in the original descrip­
tion by Sweet in TEICHERT et a!. (1973) were derived 
from the type Dorashamian (= Changxingian) of Julfa 
and they occur together with Clarkina subcarinata 
(SWEET), the index species of the Changxingian. 

Remarks: H . }ulfensis juljensis is restricted to 
forms in which the Pa elements of adulLs display a dis­
tinct smooth hump. Pa clements of adults with distinct, 
but denticulated hump are separated as a new sub­
species H. ju/feJlsis wardlawi n.subsp. Moreover, the Sb 
clements of the two subspecies arc different. In H. 
ju/fensis wardlawi, one to three small denticlcs are pre­
sent on the horizontal posterior part of the anterior bar 
immediately in front of the cusp, whereas in H. ju/fensis 
jul/ensis this part is adenticulated. 

Differcnces between H. julfellsis and '-I. typicalis 
have been considered under H. typicalis. 

H. latidenratlls praeparVllS n.subsp. is closely rehll­
ed to /-1. ju/fensis wardlawi, but the Pa clement displays 
fewer denticles and no distinct hump, and the inward 
curved part of the anterior bar of the Sb clement begins 
immediately in front of the cusp. The ramiform c le­
ments of /-1. jul/ensis jul/ensis and 1-1. la/iden/allis 
praeparvus arc nearly identical. Only the denticulation 
of the posterior bar of the Sb clement is a li ttle differ­
ent; in H. julfensis jul/ellsis the differences between the 
large denlicles on the posterior portion of the posterior 
bar and the smaller dcnticles on its anterior portion are 
not so strong as in H . latidentall/S praeparVl/S, and the 
length of thc denticlcs of the posterior bar is morc irreg­
ular. 

/-/indeadus changxingensis WANG, 1995 from the 
uppermost Changxingian to lowermost Triassic Bound­
ary Bed 2 at Meishan (South China) has a straight, hori­
zontal, rare ly even backwards rising part with fused 
denticles that comprises the hump and the largest part 
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of the blade between the hump and the cusp. Only one 
to four denticles are free between the cusp and the part 
with fused denticles (in H. julfensis ju/fellsis 5-7, rarely 
4 denticles with free tips arc present in this segment of 
the blade). Moreover, the cusp is larger in H. changxin­
gensis (at least three times longer then the following 
free denticles on the blade). The posterior part of the 
blade behind the portion with fu sed denticles is com­
monly longer and not so steep ly dipping in H. 
changxingensis. 

The undenticulated part of the blade in Hindeodus 
a/tudaellsis KOZUR & MOSTLER, 1995 is directed 
obliquely downward like the denticulated upper edge of 
the blade. Moreover, the eusp is only slightly longer 
than the following denticles. 

Hindeodusju/fensis wardlawi n.subsp. 

1975 Anchignathodus minutus (ELLISON), pars -
KOZUR, MOSTLER & RAHIMI-YAZD, p. 3, 
only the specimen on PI. 1, Fig. 11 

1976 Anchignathadus typicalis SWEET, 1970, rem i­
niscent of A. julfensis SWEET, 1973 - SWEET, 
PI. 16, Fig. 9 

1987 Hindeodus ju/fensis (SWEET, 1973), pars 
NESTELL & WARDLAW, p. 761-767, on ly 
Figs. 4.1, 4.2, 4.5, 4.10 

Derivation of name: In honour of Dr. B. W ARD­
LA W, Reston, for hi s outstanding work on Permian 
conodonts. 

Holotypc: The specimen figured by NESTELL & 
WARD LA W, Fig. 4.5. 

Locus typicus: Hydra island (Greece), locality 
9599 according NESTELL & W ARDLA W (1987). 

Stratum typicum: Upper Wuchiapingian limcstone 
with Clarkina orientalis (BARSKOY & KOROLEY A). 

Diagnosis: The Pa element displays a distinct, but 
denticulated hump. The Sb element bears one to three 
small denticles on the horizontal posterior part of the 
anterior bar. 

Description: The Pa clement displays a distinct 
cusp, that is two to three times longer and considerably 
broader than the nine to thirteen small denticles of the 
blade. The upper edge of the denticles is s lightly 
inclincd in its anterior part, then horizontal and a strong 
downward curvature is present in the posterior third. At 
the beginning of this downward curvature a distinct, 
convex, denticulated hump is present, in which the 
inclination of the dentic1es becomes rapidly stronger; 
the last denticle of the blade may be directed backward. 
The cup is wide, but not thickened. 

The ramifonn clements arc typical for Upper Penni ­
an Hindcodus. They are well described in NESTELL & 
WARDLAW (1987, p. 763, 765); only the taxonomi­
cally important Sb clement is re-described herein. It has 
a planar posterior bar with cight small dcnticles behind 
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the cusp that are only vcry sligh tly inclined, followed 
by two to four stronger inclined denticles. The last den­
ticle is in gencral smal l. The cusp is large, nearly erect. 
The short planar posterior part of the anterior bar bears 
one to three small dcn ticles. The remaining part of the 
anterior bar is directed inward. It bears several small , 
and distally or subdistally one large denticle. 

Occurrence: Upper Dzhulfian, rarely in the Chang-

xlnglan. 

Remarks: H. j[{~fellsis wardlawl is transitional 
between Hilldeodus typicatis (SWEET, 1970b) and !-I. 
jllifellsis (SWEET, 1973). In H. typicatis, the cusp of 
the Pa clement is smaller and the upper edge of the den­
ticles is directed downward on the entire blade, whereas 
in II. ju(jcllsis ... vardlawi the upper edge of the denticlcs 
is horizontal in the middle part of the blade. T he rami­
form elements of H. typicalis are similar to those of H. 
j[{l/ellsis wardlawl, but the bar in the Sa element is low­
er and directed more dowllward in !-I. typicalis. 

The hump in the Pa element of I I. juljclIsis jll!fellsis 
is always smooth in adult specimens. In juvenile speci­
mens (e.g. SWEET in TEICHERT et aI., 1973, PI. 11, 
Fig. 10), it may be denticulated and such forms are 
(except for their smaller size) inseparable from the Pa 
element of f-I. juUcIIsis wardlawi. However, the Sb ele­
ment of H. jill leI/sis juf/ensis is different. It is shorter, 
higher and the very short, not inward inclined posterior 
part of the anterior bar bears no denticles. Moreover, 

the bar of all ramiform elements in H. jll!fel/sis jll!fel/sis 
(figured by SWEET in TEICHERT et a I. , 1973 as 
ElfisoJlia leicherti) is higher and above all the 
length:hcight ratio is considerably smaller. 

I-lil/deodus latidentaws (KOZUR, MOSTLER & 
RAHIMI-Y AZD, 1975) has no hump. In the Pa element 
of H. lalidel/tallfs praeparvlIs ll.subsp., the denticlcs of 
the blade are larger, their llumber is smaller and their 
size is commonly more differentiated (small and slen­
der behind the cusp, larger and above all broader in the 
posterior half of the blade), but there are also forms, in 
which the all denticles except the CliSP have nearly the 
same size. The Pa element of fl. latidel/tafus fatiden/a­

IuS is additionally distinguished by the widely separat­
ed, broader dCll!iclcs. In the Sb element of 1-1. laridento­
flfS praeparvlfs, there arc no denticlcs between the cusp 
and the immediately following inward-curved part of 
the anterior bar. 

Hindeodlls lalidell/a/lls (KOZUR, MOSTLER & 
RAHIMI-Y AZD, 1975) 

(PI. I, Figs. 10, 11; PI.U, Figs. 1-4) 

I 970a Allchignathodlfs typica/is n.sp., pars - SWEET, 
p. 7-8 , PI. I, Fig. 22 

1970" Ellisonia teicherti SWEET, n.sp. - SWEET, PI. 
1, Figs. 3, ?8 

1975 Anchigllathodus latjdentaflls n.sp. - KOZUR, 
MOSTLER & RAHIMI- YAZD, p. 4-5, PI. 2, 
Fig. 6 
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1976 Anchignathodus typicalis SWEET, pars 
SWEET, only the specimen on PI. 16, Fig. 7 

?1979 Anchignathodlls parvlIs KOZUR & PJATAKO­
VA - WANG & WANG, p. 116, PI. 1, Fig. 20 

1981 Hilldeodus minlltus (ELLISON, 1941), pars -
MATSUDA, p. 78-91, PI. I, Figs. 1, ?3, 4, 6, 9, 
12; PI. 2, Figs. 1,5-7, 1J; PI. 3, Figs. 1-3,5-7, 
10; PI. 4, Figs. 2, 4, 7,11,12 

1985 Hindeadlls latidelllalus - KOZUR, p. 238 

1987 Hilldeodus typicalis (SWEET, 1970), pars -
PERRI & ANDRAGHE'ITI, p. 308-309, PI. 32, 
Fig. 3 

1991 Hilldeadus typicalis (SWEET, 1970), pars 
PERRI, p. 40-42, PI. 3, Figs. 2, 5 

1991 Hindeodus cf. latidentatus (KOZUR, MOST­
LER & RAHIMI-YAZD) - SCHONLAUB, PI. 
I, Fig. 9 

1991 Hindeodlls pm'vus (KOZUR & PJATAKOVA, 
1975) pars - SCI-IONLAUB, only PI. I, Figs. -18, 
"13 

1994 Hilldeodlls latidelltatus KOZUR, MOSTLER & 
RAHIMI-Y AZD - ORCHARD et aI., p. 836, PI. 
I, Fig. 20 

1996 Hilldeodus "latidentatus" (KOZUR, MOSTLER 
and RAI-IIMI-YAZD), 1975, pars - MEl, p. 146, 
only PI. 2, Fig. 5 

1996 l-lindeodlls typicalis (SWEET, 1970), morpho­
type 1 - MEl, p. 146, PI. 2, Figs. 8, 9 

Occurrence: Upper Changxingian and lowermost 
Triassic, worldwide. 

Remarks: The holotype of H. fatidellf({fUs repre­
sents a rare form with widely separated dcnticles, in 
which the last I wo large clentic1es are separated by 
through-like spaces. In J984 I had prepared a manu­
script describing morphol ogic transitional forms 
between H. typicatis and H. parv/./s as a new species H. 

praeparvus. During finishing that manuscript, I found 
transitional forms bel ween this assumed new species 
and f-I. faridentatlls. As I could not definitely separate 
these two taxa in thaI time, I used f-I. latidelJtatus in an 
emended sense to include the morphologic transitional 
forms between I-I . Iypicafis and /-I. parvus . During a 
long written and personal discllssion with Dr. M. 
ORCHARD, Vancouver, we agreed that both forms are 
independent taxa that may be separated despite the 
presence of transitional forms throughollt the range of 
both taxa. Because of the presence of these transitional 
forms and the fact that their spatial separation is rather 
facies-controlled, I separated the morphotype prae­
parVlfS only as subspecies that corresponds roughly to 
Hilldeodus n.sp. X sensu ORCHARD (1996). Dr. 
ORCHARD insisted that I should publish this taxon 
alone. 

According to ORCHARD (1996), I-I. latidentatlls 
latidentatlls (/-1. latidentatus sensu ORCHARD) has a 
diffe rent range (upper Changxingian) from H. faridell-



n 

talUs praeparvus (Hindeodus n.sp. X sensu ORCH­
ARD) thaI he res tricted to the lowermost Triassic. 
Howeve r, these ran ge differences are largely facies­
controlled. H. lalidenla/lis latidel/talus is restricted to 
warm water pelagic deposits, in which H. {atideniatus 
praeparVlfS is very rarc. However, both taxa are present 
in the upper Changxi ng Limestone, even the rare mor­
pholype 1 of H . latidef/tatus praeparvlfs (MEL, 1996, 
PI. 2, Figs. 5, 9) occurs. On the other hand, the holotype 
of ' -I . latidentatus latidentafuS was derived from the 
lower part of the Transitional Beds in the Iran that has 
the same fauna as the lower Transitional Beds in South 
China. According to ORCHARD (1996) the lower 
Transitional Beds of Soulh China have Triassic charac­
ter, but are assigned here in (i n agreement with most 
workers) to (he uppermost Changxingian because H. 
parvus, the index spec ies of the lowermost Triass ic, 
evolved only in the midd le part of Transitional Bed 2, 
and the [ower Transitional Beds contain typical Permi­
an ammonoid, brach iopod and conodont taxa. H. lati­
del/fafus lafidel1falus is absent in the upper Transi tional 
Beds (with first 1-1. parvlts) both in South China and in 
Iran, whereas H. latideJifatus praeparvlIs cont inues in 
these beds with decreasing frequency, but is no longer 
present above the lower range of H. parvus. These 
slight dilTcrcnces in upper range may be caused by the 
low number o f /-1. lalidelllallis lalideJifallfS evcn in the 
time of the maximum frequency of H. lmidelltatlls. 

The relations or H. latidel/tatus to other taxa will be 
discussed under the subspecies. 

HindeodllS latidentatus latidelltatlls KOZUR, 
MOSTLER & RAHIMI-YAZD, 1975 

1975 Allcliigllatliodus latidelltalus n.sp. - KOZUR, 
MOSTLER & RAHIMI- Y AZD, p. 4-5, PI. 2, 
rig.6 

1985 Hilldeodlls Imidelltatlls, pars - KOZUR, p. 238 

1994 Hilldeodl/s latidentatlls KOZUR, MOSTLER & 
RAI-IIMI-Y AZD - ORCHARD et a!., p. 836, PI. 
1, Fig. 20 

1996 Hilldeodlls "Iatidelltatlls" (KOZUR, MOSTLER 
and RAI-IIMI- Y AZD), pars - MEl , p. 146, only 
PI. 2, Fig. 5 

1996 H illdcodlls typicatis (SWEET), pars - YIN & 
ZHANG, only the specimen on PI. 8, rig. 4 

Description: Only thc Pa clement is known. The 
cusp is largc, slender triangular, about twice as long as 
the denticlcs on the bladc. The [cngth of the denticlcs 
increases a little in posterior direction, only the last 
denticle is mainl y short. Two or three dentic les adjacent 
to the cusp are slender, denscly spaced with V-shapcd 
spaces betwecn these denticlcs. The following three 
denticlcs arc triangu lar and often very broad. Thc d is­
tance between the postcrior three dentieles (if a very 
small last denticle is present) or between the posterior 
two denticles (if no very small last denticle is present) 
is very large and the space between these denticle is U-
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shaped. The basal cavity is expanded and comprises the 
entire lower side of the blade . On ly below the CliSP a 
broad basal furrow is present. 

Occurrence: Upper Changxingian (including lower 
Tran sitional Beds) of northwestern and central Iran, 
Azerbaidzhan-Transcaucasia and South China. Always 
rare. Rest ricted to warm water pelagic facies. 

Remarks: The above descript ion corresponds to the 
ori ginal scope of the species. Later, the rare and appar­
ently facia lly restricted H. lalidenlatus latidel/talus was 
regarded as an extreme variant of the world-wide d is­
tributed and common morphologic transitional forms 
between H. typicalis and I-I. parvlIs. All H. lafidelltatHs 
figured after KOZUR et al. (1975) were in reality these 
transit ional forms, herein dcscribed as H. lalidenfafllS 
praeparvus n.sp. Only ORCHARD e t a!. (1994), MEl 
(1996) and YIN & ZHANG (1996) figured again a fl. 
latidentalliS sensu str icto from thc Mcishan scction of 
South China. ORCHARD et al. (1994) recognized that 
thi s specics has not a big variability including also the 
ancestors of H. parvuoS, but also the Chinese forms have 
thc dcnticu lalion type of the northwestern Iranian{fran­
scaucasian Lype material. Moreover, they recognized 
that th is species in its original scope is restrictcd to the 
Upper Changxingian. However, thcy assumed that H. 
lotidenlalLls latidelltatus is restricted to the upper 
Changxing Lim cstone of South China and the time­
equivalent Paratirolites Beds or Iran. Howevcr, H. lati­

dentafliS latidentatlls is also present in the lower Transi­
tional Beds of both areas, and also the ho[otype was 
derived from th is stratigraphic level. 

MEl (1996) rcgarded fl. latidcntatus s.str. (~ /-1. 
lafidel/latus latidentatlls) as rarc morphotypcs of both 
H. typicalis and H. parvl/s . However, H. lalidclltatlls 
latidentatlls does not occur together with H. parv[{s, 
and consequently cannot be a rare morphotype of H. 
parvlIs. The specimen from the H. parvlIs Zone or 
Selong that MEl (1996, PI. 2, Fig. 7) figured uncler H. 
"la/idenlatlfs" is one of those lowermost Triassic forms 
assigned in previous papcrs to H. typicalis that belong 
to new taxa. Its denticulation (the largest denticles arc 
situated immediately behind the cusp) is totally differ­
ent from both I-I. latidel/lalllS and T-I. lypicalis . Accord­
ing to its denUCldation, H. latiden!allls laridewatl/s can 
be only a rare morphotype (restricted to pelagic warm 
watcr dcpos its) or T-I. lalidelllatils postparVlIs, as T havc 
assumed for many years. But SLlch facially and partly 
also geographically separated morphotypes can be 
regarded as different subspecies as in the present paper. 

YIN & ZHANG (1996) assigned a specimen of H. 
latidentatlls latidewlfs to H. typicalis (SWEET), but the 
wide, U-shaped spaces bctwecn thc largc last threc den­
tic1es are never present in f-I. ,ypicalis. 

Hindeadus latidenlatus praeparv//s n.subsp. has a 
variab[c denticulation. Commonly, it has the same suc­
cession of the denticles on the blade as in H. latidellta­
IuS latidell/{{lus w ith two, rarely three sma ll cr and 
above all slender, closely spaced dentielcs followed by 
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bigger and above all broader denticles with wider inter­
denticle spaces, commonly followed by a small denti ­
cle. However, the inter-denticle spaces between the last 
three denticles are V-shaped. Exceptionally the space 
between the last two denticles may be U-shaped. These 
forms may be transitional fomls to H. latidcntatlls la/i­
dellfaflls, but this feature occurs sometimes also in l-l. 
{Jarvl/s. 

HindeodliS lalidenlalllS praeparVllS n.subsp. 

(PI. I, Figs. 10, 11; PI. II, Figs. 1-4) 

1970a Allc/Zigllat/zadus /ypicalis n.sp., pars - SWEET, 
p. 7-8, PI. I, Fig. 22 

1970a Ellisollia leicherli SWEET, n.sp. - SWEET, P1. 
I , Figs. 3, ?8 

1976 AnchigllatllOdI/s typicalis SWEET, pars -
SWEET, only the specimen on PI. 16, Fig. 7 

?1979 Allchigllall/Odlls parvlls KOZUR & PJATAKO­
Y A - WANG & WANG, p. 116, PI. I, Fig. 20 

J981 Hilldeodlls millllllls (ELLISON , 1941) , pars -
MATSUDA, p. 78-91, PI. J, Figs. I , ?3, 4,6,9, 
12; PI. 2, Figs. I, 5-7, II; P1. 3, Figs. 1-3, 5-7, 
JO; PI. 4, Figs. 2, 4, 7,11,12 

1985 /-lindeadus latidentatus. pars - KOZUR, p. 238 

1987 Nilldeadlls Iypicalis (SWEET, 1970), pars 
PERRI & ANDRAGHETTI, p. 308-309, PI. 32, 
Fig. 3 

1991 I-lilldeodlls Iypicalis (SWEET, 1970), pars -
PERRI, p. 40-42; PI. 3, Figs. 2, 5 

199[ llilldcodlls cf. lalidenlallls (KOZU R, MOST­
LER & RAHIMI -Y AZD) - SCHONLAUB, PI. 
I , Fig. 9 

1991 Hindcodns parvlls (KOZUR & PJATAKOY A, 
1975), pars - SCHONLAUB, only PI. I, Figs. 
'18, ., 13 

[995b Hindeodlls lalidenlalllS (KOZUR, MOSTLER & 
RAI-IIMI-YAZD) - KOZUR, p. 67-69, PI. I, Fig. 
5-8; PI. 2, Figs. 2, 3 

[996 Hindcadlls " Ialidell/allls (KOZUR , MOSTLER 
and RAHIMT-YAZD), [975, pars - MEl, p. [46, 
only PI. 2, Fig. 5 

J 996 Hilldeodlls Iypicalis (SWEET) , 1970, morpho­
type I - MEl , p. [46, PI. 2, Figs. 8, 9 

Derivation of name: Assumed ancestor of 1-1. 
parvlfs. 

Holotype: The specimen on PI. II , Fi g. 2, rep.-no. 
Ko 9003, rep. -no. Ko 8992. 

Type locality: Tesoro (Southern Alps , Italy), type 
locality of thc Tesero Oolite. 

Type stratum: Tesero Oolite, 1. 5 m above the 
Bell crophon Limestone, 0.5 111 be low the horizon with 
Changx ingian brachiopods, upper Changxingian. 

Diagnosis: The Pa element is rather small and bears 
:ol11monly five to seven dentic1cs that have all approxi-
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mately the same length (except a commonly present 
small denticle at the end of the blade), but two to three 
denticles behind the cusp are commonly more slendcr 
than the broad denticles in the posterior hal f of the 
blade. But the dentieles may have the same size on the 
entire blade. The spaces between the denticles are V­
shaped, only exceptionally U-shaped between the two 
last dentic1es. The cusp is broader and considerably 
longer than the [allowing denticles (commonly around 
twice that of the denticl es on the blade). The cup is 
wide, but not thickened. Two morphotypes are present 
distinguished in denticulation and the height of the pos­
terior end. 

Description: The apparatus is seximem brate. The 
Pa element is relatively short and bears five to seven, 
rarely e ight to nine triangular, mostly broad dcnticles 
that are often widely separated. In the rare morphotype 
1 the denticles are approximately of equal length and 
width, relatively narrow, straight or slightly and uni­
formly inclined , and the very high posterior end or the 
posterior blade is undent iculated. In the common mor­
photype 2, the denticles are broadly triangular, widely 
separated, almost or equal length, but the first two-three 
denticles after the cusp are commonly distinctly nar­
rower and closer spaced. Sometimes, all denticlcs are of 
nearly the same shape and the space between them does 
not change in the entire blade. The denticulation reach­
es close to the low or modcrately high posterior cnd of 
the blade. Both morphotypes are connected by transi ­
tional forms, in which all the aforementioned featu res 
may be transitional. In both morphotypes the spaces 
between the dentieles are V-shaped. Very rarcly the 
space between the last two denticles is U-shaped . The 
cusp in both morphotypes is broader and cons ide rably 
longer than the following denticles (commonly around 
twice that of the dcn ticles on the posterior blade) . The 
cusp and the denticJes are striated. The CLIp is widc, but 
notlhickened. 

The rami form clements (Pb, M, Sa, Sb, Se) arc fig ­
ured and described by MATSUDA (198 1) under I-Iin­
deodus min "'US (ELLISON, 1941), see synonymy list. 
They are similar to those of l-l. typicalis, but the bar of 
the Sa clemcnt is highcr. The anterior bar of the Sb ele­
ment immediately in front of thc cusp is strongly 
curved inward. There are no dentieles between the CllSp 

and the inward curved part of the bar. The posterior bar 
is high and bears three to five large denticles in the pos­
terior half and three to four small denticles in thc antcri~ 
or hal r. 

Occurrence: World-wide distributed in the upper­
most Changxingian, rarely also in the lowermost Triassic. 

Remarks: The ancestor of Hilldcodus latidcnla/us 
praeparvl/s n.subsp. is e ither H. ju(fellsis wardlawi 
n.subsp. or a representativc of l-l. typical!s (S WEET , 
1970b) with somewhat larger cusp. H. latidentatlls 
praeparvlfs and 1-1. jUlfensis wardlawl both display a 
large cusp on the Pa element and the ramiform elcments 
(except the Sb element) arc nearly identi cal. Only the 
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Sb element of H . julfellsis wardfawi is more similar to 
that of H. typicalis because the short horizontal posteri­
or part of the ante ri or bar displays 1-3 small denticles 
and the posterior bar d isplays 10-13 dcnticlcs, from 
which the last 5 clen ti c les arc not so large as in the Sb 
clement of I-/. [atidentatlls praeparVl/s. 

In H. t),picalis (SWEET, 1970b) (form s with some­
what larger cusp), the Pa clement has more clenticles (9-
15) that are genera ll y morc sle nder and not so widely 
separated as in morpholype 2 of H. /atidentatl/s. and not 
so uniform in length as in morphotype 1 of this species. 
Additionally, the bar of the Sa element and generally 
also of the Sc element is lower, and the Sb clemen t di s­
plays a shaft horizontal posterior portion of the anterior 
bar w ith 1-3 denticles bet ween the c usp and the inward 
cu rved part. 

S ome au thors have consi de red I-/. lafidcfllalus 

praeparvlls as well as H. typicalis as synonyms of H. 
mil/I/tlls (ELLISON, 194 !). However, both have differ­
enl Pa and Sb elements. In the Sb e lement of N . miflll ­

tus only the anterior portion of th e anter ior bar is 
curved inward and has no big denticle. 

H. /atideflta/us praeparvlIs was also sometimes 
referred to I-lil/deadl/s parVl/S (KOZUR & PJATAKO­
V A, 1976), e .g. by WANG & WANG (1979) and 
SCHONLAUB (1991). But in /-I. parvlIs the cusp is 
considerably longer (more than twice that of the follow­
ing dentic les) and is generally a lso more slender. The 
rami form e lem ent s of 1-1. parVllS are dis tinguished by 
shorter and re lative ly higher bars in all elemen! s 
(except the Sa clement that has already in 1-1. latidenta­

t/lS pracparvLls a ve ry high bar) ; in the Sb clement the 
c usp and generally also one denticle behind the cusp lie 
on the inward curved part of the unit. 

H. /rrtidellfatus praeparVllS (:::; I-lin deodus n.sp. X 
senSll ORCHARD, 1996) is thc ancestor of Hil/deadl/s 
parvl/s. All transitional forms are present between these 
two spec ies in s tratigraphic sequence. ORCHARD 
( 1996) ques tioned this deri vation because the overlap­
ping ranges of these two taxa, but thi s view is hardly to 
understand. In all well docume nted phylomorphogene­
ti c clines of conodonts and in most clines of other 
micro fo ss il s an overlap o f different duration between 
the range or the ancestral and succeed ing forms is pre­
sent , if thc re is no strati graphic break or abrupt fac ies 
change between the occ urrences of these forms. Some­
times the uppe r range or the ancestral form exceeds 
even the range of the succeeding form (as for H. fypi ­
calis, the ancestra l form of th e Changxingian- Iower­
most Triassic hindeodid stock). 

H. /atidcJltatus praepa/'vlIs is also the fore runner of 
th e upperrnost Changxingian Isarc icellrr ? prisca 
KOZUR, 1995a. These two species display the same 
denticulation of the blade and the same relative size of 
the ellsp with respect to the following dCIlticles 011 the 
blade. However, the inner part of the CLIp in I. ? prisca is 
clearly thickened, as in typical/sarcicella. 

Isarcicella? lurgida (KOZUR, MOSTLER & RA ­
j-IIM1-Y AZD, 1975) from the lowermost Triassic dis-
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plays a distinctly thickened inner part of the cup of the 
Pa element and the cusp is distinctly lon ger than the 
denticles of the blade (in general more than twice). 

Hindeodlls parvlls (KOZUR & PJATAKOVA, 1976) 

(PI. II , Figs. 5-8; PI. III , Figs. 1-11; PI. IV, Figs. 5-7) 

1964 Spathognathodus isarcicliS HUCKRIEDE, 1958, 
pars - STAESCI-IE, p_ 288-289, only Figs. 60, 61 

1970a Ell isollia teicherti SWEET, n. sp_, pars -
SWEET, p. 8,9, only PI. 1, Fi g. 7 

1975 Allelligl/atflodus parvus KOZUR & PJATAKO­
VA n. sp., pars - KOZUR , p. 7-9, PI. I, only 
Figs. 17,2 1, 22 

1976 AJlchignathodus parvils n.sp., pars - KOZUR & 
PJATAKOVA, p. 123-125, only Figs. la, b, e, h 

1977 f sarcicella isareico (HUCKRIEDE), pars -
SWEET in ZIEGLER, p. 229-230, morphotype 
1 in text-fig ure "Terminology of Isarcicella 
KOZUR, 1975" at p. 225 

1981 I-lindeadll s parvlIs (KOZUR & PJATAKOV A, 
1975) - MATSUDA, p. 91 -93 , PI. 5, Figs. 1-3 

1981 Hilldeadus mil/utll s (ELLISON), pars - MAT­
SUDA, p. 78-9 1, only Figs. PI. 1, Figs. 8, 10, 13; 
PI. 2, Fig. 8; ?PI. 3, Fig. 4; oPI. 4, Fig. 9 

1992 Isareicella ?parva (KOZUR & PJATAKOVA)­
SWEET, p. 125 

1995 Hilldeodus latidentatLls (KOZUR, MOSTLER & 
RAI-llMI-Y AZD), pars - METCALFE, only the 
specimen on PI. 2, Fig. 7 

1996 Hil/deodus parvus (KOZUR & PJATAKOVA), 
mOJphotype 2 - KOZUR et aI. , p. 206-207, PI. 1, 
Fig. a 

1966 !-lindeodlls parvus (KOZUR & PJATAKOVA) , 
morphotype 1 - KOZUR et aI., p_ 206-207, PI. 1, 
Figs. b, g 

Description: Apparatus seximem brate. The Pa ele­
ment is small and displays a very big, rather slender , 
erect or s lightly backward inclined or curved cusp. The 
following four to nine denticles are less than one-half as 
large as the CllSp. In H. pm-vIIs erectus (:::; morphotype I 
of H. parvlIs) the dentieles are slende r, small, erect, and 
all nearly of the same s ize. The posterior part of the 
blade is steeply inclined and either undenticulated or it 
bears in the upper part a small denticle that is cOl11mon­
ly presem at least in adult forms. H. parvus parVllS (:::; 
Illorphotype 2 of H. parvus) di splays erect, but s lightly 
longer dentie les, the upper profile is s light ly backward 
incl ined. The posterior thi rd of the blade is occupied by 
three, rarely two smal l, st rongly inclined de nticles . 
Transit ions occur between bot h forms in the lower part 
of their ranges. The cup varies from moderately wide to 
wide, but is not thickened . 

The ramiform elements (Pb, M, Sa, Sb, Sc) of H. 
parVl/S are typical for Hindeodus, but the bars are re la­
tively shon and high. 



(owr: "!lIl: Conodonts HilldeodllS. Isarcicella alld Swt't'whil!(leodlls ... 

The Pb clement displays a very short anterior bar 
.vith one or two denticles. The posterior bar is short and 
very high and bears dcnticles of irregular size. It shows 
1 slight torsion. The cusp is large, especially broad. The 
ower side displays a narrow basal furrow and an elon­
sated, but not very wide basal cavity. 

The M clement displays a long and very high anleri­
)f bar, whereas a posterior bar is missing. The distinctly 
lIlward curved cusp is relatively narrow, moderately 
long, but not much longer than the longest denticles on 
.he anterior bar. The anterior bar bears in it s anterior 
~art twelve to thirteen small, needle-like, densely 
;paced dcnticles of approximately the same size. Tn the 
posterior part of the anterior bar, the small to moderate­
ly long needle-like denticles alternate regularly with 
long, needle-l ike denticles. The four segmen ts with 
lhree to four small to moderately long dentieles 
between the long den ticles are about equal in length. In 
general five long denticles are present, the first one lies 
immediately behind the cusp. The lower side is some­
what inverted and below the cusp abovc the basal cavi­
ty distinctly curved upwards. The basal furrow is very 
narrow and indistinct. 

The Sa element is symmetrical and very high. The 
lateral bars are relatively short and bear only six to sev­
en denticles of irregular size, but beside the cusp there 
arc always one or two small dent icles and the penulti­
mate denticle is a l ways large on both side bars. The 
cusp is relatively small and not much larger than the 
largesl denlicles on lhe side bars. The lower side is dis­
tinctly inverted, but a small pit and an indistinct basal 
furrow are present adjacent to the pic 

In the Sb element the strongly inward-curved part 
comprises not only the antcrior bar or its anterior por­
tion, like in most other Hil/deodus species, but also the 
moderately large cusp and someti mes even the first 
denticle of the posterior bar. The terminal/subterminal 
denticles of the anterior bar are somctimcs not mllch 
larger than the remaining denticles, but there are also 
Sb elcments with large denticles on the posterior part of 
the anterior bar. The posterior bar is high and short and 
displays very large posterior denticles that arc common­
ly longer and broader than the cusp. The lower side is 
strongly inverted and displays an inciistinct, small pit. 

The Sc element has a short, but high, sl ight ly 
inward and somewhat downward curved anterior bar 
with two needle- like, small, erect denticles in front of 
the cusp and a moderately large, terminal denticle that 
is more strongly forward inclined than backward 
:::urved. The cusp is velY long, but slender. The posteri­
or bar is high and bears marc than twenty, backwards 
inclined , needle-like denticles of irregularly varying 
size. The lower side is somewhat invertcd and has a 
vcry sma ll pil below the cusp that continues into a very 
Ilarrow basal furrow. 

Occurrence: Hindeodlls parvlIs and {sareieella 
isardea zones of the lowermost Triassic. World-wide. 
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Remarks: STAESCHE (1964) regarded lhe Pa ele­
mcnt of H. parvus as an undenticulated Illorphotype of 
Isarcicella isarcica. KOZUR (1975) and KOZUR & 
PJATAKOVA (1976) recognized lhal (his form appea­
red earlier than I. ism'dca and estab li shed the new 
species Anchignathodus parvus, which was later 
ass igned lo Hindeodus. SWEET (1977) again regarded 
H. parvlls as a morphotype of I. isarcica, and was fol ­
lowed by PERRI & ANDRAGI-IETTI (1987) and PER­
RI (1991). SWEET (1992) subsequently agreed lhat I-I. 
parvus is an independe nt species, but assigned it to 
(sardcella ?parva assuming that H. parvus is unimem­
brale as I. isarcica. He was followed by ORCHARD 
(1994, 1996) and ORCHARD et al. (1994). The discov­
cry in Sicily of a rich monospecific fauna containing 
the entire apparatus of H. parvlls, has confirmed the 
view of KOZUR (l977b) lhal H. parvus has a Hindeo­
dus type apparatus (then assigned to its junior synonym 
Allchignathodus). This fauna was found in a Permian­
Triassic boundary section 350 m south of Pielra dei 
Saracini (Sosio Valley, Sicily, Italy, see GULLO & 
KOZUR, 1993) in thin fine-graded limestone intercala­
tions (distalturdidites) within a 2 m thick anoxic clay at 
the base of the Triassic. All e lements have shorter and 
re latively higher bars than the Carboniferous and most 
of the Permian Hindeodus species. Otherwise the rami­
fo rm element's are sim ilar to those of H. fypica/is, H. 
latidentalus praeparVLlS and 1-1. jllilel/sis, but can bc 
mostly distinguished at species level. In the immediate 
forerunner, H. lafidentatus praeparVlfS, some elements 
(Sa and Sb clemen ts) already have the same high and 
shorl lype of lhe bar; lhe Sb elemenl already has a 
rather hi gh bar in H. typiealis. 

Advanced representatives of H. parVl/S commonly 
have 1-3 small denticles at the anterior edge of the CLISP 

that may form a short , low anterior bar. Such forms 
were described as Anchignathodus al7ferodelltallls in 
DAI & ZHANG (1989), but are considered herein as a 
subspecies of H. parvus. 

/-T. parVlfS evolved from 1-1. lalidental//s praeparvus 
n.subsp. by development of a smaller Pa clement with 
bigger cusp and by development of shorter and relative­
ly higher bars in al l rami form clements. The Sa clement 
is also very high in H. latidentatlls praeparvlIs and H. 
julfensis, but bears more denticles (9-10 on each side 
bar). The Sb clement of H. latidentatus praeparVl/S is 
also as high as in H. parvus, but the inward curved part 
of the anterior bar begins shortly before the cusp that is 
situated, as the posterior bar, on thc planar part of the 
clement. A very impressive phylomorphogenetic lin ­
eage can be observed in the Sb clcments from H. rypi­
calis to H. parv//s. In H. typicalis, the posterior bar and 
a short posterior part of the anterior bar wi th three to 
four denticles is p lana r and the inward curved part of 
the anterior bar begins therefore d istinctly before the 
cusp (PI. 1, Fig. 7). In H. fatidenlallls the inward curved 
part begins a little before the cusp, but no denticles are 
present between the cusp and the inward curved part 
(PI. 1, Fig. II). In H. pm·vlIs not only the anterior bar, 
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but also the bar below (he cusp and commonly also 
below the anlcriofmost denticle of the posterior bar arc 
curved inward (PI. Ill , Figs. 6, 10). 

The Pa e lement of Hincleodus fJostparvus KOZUR, 
1990 is distinguished from that or /-1. porV[fS by the 
symmet rically arched upper profile of the blade. The 
denticles are largest in the mid -length region of the 
blade or somewhat behind it and have strongly dive r­
gent inclination. The M clement of II. postparVLls is dis­
tinguished from that or all other Hindeadus species by 
the presence of a denticulated posterior bar. The strati­
graphically youngest representatives of H. parVlfS with 
vcry small Pa element (that occur together with H. posf­

parvlfs) display also a M element with dcnticulated pos­
terior bar. Alternatively, all apparatuses with denticulat­
ed pos terior bar of the M clement belong to N. POSI ­
parvils or the apparatuses with a small H. parvlIs Pa 
eleme nt and a H. postparvils M element belong to a 
new spec ies, tran si tional between I-/. parVlfS and H. 
postparvus. 

Isarcicella isarcica (HUCKRIEDE, 1958) is distin­
guished by thickening of the cup and development of a 
denticle or a secondary blade on one or both sides or 
th e thic kened part of the cup. Moreover, Isarcicella 
isarcica displays either an apparatus consisti ng only of 
Pa clements or the lsarcicella isarcica apparatus con­
tains robust rami form clements that generally accompa­
ny the Isarc/cel/a Pa clement. In both cases the appara­
tuses 0(" I-I. parVllS and 1. isarcica are very different. 

Three subspecies, H. parvus parVlfS, H. parVllS 
anlerodentatlls and H. parvlIs cree· IUs n.subsp. are dis­
criminated within H. parvlIs. 

Hindeodus parVllS parVllS 
(KOZUR & P JATAKOV A, 1976) 

(PI. II, Pig. 7) 

1975 Allchigllathodlls parvlIs KOZUR & PJATAKO­
V A n.sp., pars - KOZUR, p. 7-9, PI. I, only Fig. 
22 

1976 Anchigllathodlls parvils n. sp ., pars - KOZUR & 
PJATAKOV A, p. 123-125, only Fig. I b 

1981 Hilldeodlls millll/lls (ELLISON, 1941), pars­
MATSUDA, p. 78 -91 , PI. I , only Fig. to 

1981 I-Iilldeadlls parvlIs (KOZUR & PJATAKOVA, 
1975), pars - MATS UDA , p. 91-93, PI. 5, only 
Fig. 3 

1990a Hilldeodlls parvlIs (KOZUR & PJATAKOV A, 
1976), morphotypc 2 - KOZUR, p. 400 

Description: Sec at I-I. parvus. The Pa clement is 
small and bears eight to nine denticles; their upper pro­
rile line is somewhat backwards inclined. The posterior 
steeply inclined high part or the blade bears three, 
rarely two small dentieles. Ramiform elements as for 
the spec ies. 
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Occurrence: J-f. parvlIs Zone to slightly above the I. 
isarciea Zone of lowermost Triassic. J-f. parvlIs parvus 
is not as facies tolerant as H. parvus ereelus. There[ore 
it is missing in anoxic or dysaerobic beds, in which H . 
parvus ereelus is commonly the only present conodont 
taxon and onen the only fossil. 

Remarks: Hindeodus parvlls erectus n.subsp. di s­
plays 4-7 denticles with a commonly straight, horizon­
tal upper profi le. The steeply dipping to vertical high 
posterior end is smooth or bears one small dentic le 
(commonly in adult forms). 

In Hilldeodus falidenlallis praeparvus n.subsp., the 
Pa clement is larger and the cusp relatively shorter and 
broader. The dentieulation is very si milar in many spec­
imens (common morphotype 2 of H. fatidenlalus 
praeparvlIs). The ramiform e lements are comparable, 
but longer and except in the Sa and Sb e lements the bar 
is lower. The inward bent of the Sb e lement begins in 
front of the cusp that is always situated on the planar 
part of the bar. 

The Pa element of J-f. poslparvlls KOZUR , 1990 is 
similar, but the inclination of the denticles is more 
strongly d ivergent and thei r upper profile line is con­
vex. The M clement is distinguished by the presence of 
a denticulated posterior bar. 

Hindcodlls parvus anterodeniatus 
(DAl, TIAN & ZHANG, 1989) 

(PI. TV, rig. 5) 

1989 Allcilignalhodus anterodentatlls DAT , TTAN & 
ZHANG (sp.nov.) - DAI & ZHANG, PI. 45, 
F igs. 14, 15; non! PI. 48, Figs. 10, II 

1993 Hindcodus anlerodelltatus OAT & TTAN - GUL­
LO & KOZUR, Fig. 2.1 I 

1995 Hil/deodlls pm·vlls (KOZUR & PJATAKOVA), 
pars - METCALFE, PI. 2, Figs. 73,4 

Occurrence: Isarcice/la isarcica Zone. World­
wide. J-J. pan-'ll."· anterodentaflls appears at the base of 
the I. is-arcica Zone. In the absence of the index species 
(e.g. in Greenland) the first appearance of I-I. parvus 
allterOdel/latus is a suitable marker [or the base of the I. 
isarcica Zonc. 

Remarks : The presence of one to three denticles on 
the anterior edge of th e cusp is mostly without taxo­
nomic importance in Carboniferous and Permian Hin ­
deodus species. However, in H. parvus this feature 
occurs only in forms from the I. isarcica Zone. There­
fore, thesc form s are regarded as an independellt sub­
species. As /-1. parvlls anterodenratlls is always accom­
panied by other Hilldeodus species, the rami[orm ele­
ments of its apparatus cannot be assigned with certai ni ­
ty. They may be comparab lc with those of the other 
subspec ies of H . parvus, but the Sc clement may be 
morc advanced (see remarks to H. poslparvlls). 
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flilldeodus parVIlS erectlls n. subsp. 

(PI. II. Figs. 6, 8; PI. fII , Figs. I- II ; PI. TV, rigs. 6, 7) 

1964 SpOlhogl/athodl/s ism'cieus HUCKRIEDE, 1958, 
pars - STAESCHE, 288-289, only Figs. 60, 61 

1975 AI/ehigl/athodll s parvus KOZUR & pJATA ­
KOV A n. sp. , pars - KOZUR, p. 7 -8, PI. I , only 
Fig. 17 

1976 AllclligJlOlhodus parVl/S n.sp. , pars - KOZUR & 
PJ ATAKOYA, 1'.123-125, only Fi g. la 

1981 I-lil/deodlls IlIilll/lllS (ELLISON , 194 1), pars -
MATS UDA, p. 78-91 , PI. 1, Figs. 8,13 

198 1 I-lilldeodll s parvlIs (KOZUR & PJATAKOV A , 
1975) - MATSUDA, p. 91 -93, PI. 5, Figs. 1,?2 

1990a N il/deodll s parvlls (KOZUR & PJATAKOYA , 
1976), morphotype 1 - KOZUR , p. 400 

1995 N il/deodlls latidel/ta tus (KOZUR, MOSTLER & 
RAI-Jl M I-Y AZD), pars - METCALFE, on ly the 
spcci men on PI. 2, Fig. 7 

Derivation of na me: Accord ing to the erect denti ­
c1es of the blade behind the cusp. 

Holot.ype: The specimen on PI. II , Fig. 6, rep. -no. 
123254 , refigured from WANG (J 994, PI. I , Fig. 1). 

LocLis tYI)iCLl s : Meishan section (Sout h Chin a) , 
Zhongxin Dadui quarry. 

Stratulll typicum: Upper pan of Boundary Bed 2, 
sample 882-4 ( 12 -16 em above the base of Boundary 
Bcd 2), H. par I/us Zone of lowermost Triassic. 

Material: Severa l hundred specimcns. 

Diagnosis: Hil/deodus parvlIs with slender, sma ll , 
e rec t denti c les, al l nea rl y of the same s ize. T he com­
mon ly hi gh posterio r part of the blade is steep ly 
inc li ned and undent ieulated, but in the upper part o f this 
smooth portion a small denticle is commonly present in 
adult rorm s. 

Descripl.ion: The Pa e lement is small , with a very 
large, slender cusp, more than twice as long as the ro l ~ 

lowing dCllti c les . T he cup is wide, but not thi ckened. 
The b lade is s hort , hi gh, in adults wi th four to seven 
e rec t, small , s lender denticles of equal leng th . The 
uppcr edge of the blade is horizontal , straight or nea rl y 
so. The poste rior pan o f the blade is (except for a small 
denticle in adults) smooth, commonly high and steeply 
dipping. For the ram ifolm clements see at H. parvl/s. 

Occurrence: World-wide guide-form of the lower­
most Triassic. 

H.cmarks: The Meishan section is proposed as the 
GSSP fo r the base of the Triassic that is defined by the 
first appea rance o r H. parvus in the upper half of 
Bounda ry Bcd 2 . For th is reason, th e holot ype of H. 
parv//s cr a'IUS n.subsp. is chosen from the upper half o f 
Boundary Beel 2 or that section. Specimens of this sub­
speci es from ot her part of the world demonstra te the 
wide distribution or this taxon. 
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In Nil/deodlls parvlIs parvlls (KOZUR & PJATA­
KOV A, 1976), the upper profile of the blade behind the 
large cusp is slightly incl ined. The steeply inc lined pos­
te rior pan of the blade bears 2-3 slllall denticles. Both 
f'ofms are connected by transitional forms in the lower 
palt or the ir ranges and have been discriminated as two 
morphotypes of H. pan'us by KOZUR ( 1990a), mor­
photype 1 being H. parVlfS cree/lis. However, the differ­
ences are la rge enough to dist ingui sh two subspec ies . 
Acco rding to Prof. WANG (Na njin g, pe l's. comm.) , 
both morphotypes have a sli ghtly different range. In our 
mate rial, di ffe rent occurrences a re ra the r fac ies-con­
trolled. The rich fauna of th e lowe rmost T ri ass ic of 
Sicily consists exclusively of H . parv{(s cr CCfl/S, mostly 
juvenile forms. They have been derived from anoxi c to 
dysaerobic beds deposited under grea te r wate r depth. 
As this fa una con sisLs o f numerou s spec ime ns in a 
monospeeific faun a, H. parVllS ereClllS could seemingly 
li ve near the ecologi c tolerance bounda ry fo r con­
odont s. H. parvtts parVltS and an y o lhe r conodont 
species could nOi live in this fac ies. I-I. parvus crec/ll s is 
a lso present in shall ow-water deposit s of the Southern 
Alps and in pelagic red, bioturbate c lays and marls in 
Transcaucasia. It also occurs in pe lagie gray beds with 
ammonoids and/or gondolclli d conodonts in Iran , Soulh 
Chin a, in peri-G ondwan a Kashmi r and in Greenland. 
T hi s universal dist ribution makes the first appearance 
of H. parvus ereclus an excellent markcr for the base of 
the Triass ic. This is in agreeme nt with the opinion of 
WANG (1994) to usc the first appearance o f H. parv"s 
morphotype I for the definition of the base of Triass ic. 
Its fore runner, connected by trans itional form s in strati ­
graphic sequence in several sec tions, is H . lar idelllallis 
pracparvlls n.subsp. It is distinguished by a somewhat 
larger Pa clement with shoneI' and broader cusp and by 
the beginning of the in ward curved part o f' the Sb e le­
ment in front of the cusp. 

Hindeodus c1wllgxillgellsis WANG , 1995 

(PI. V, Figs. [,2) 

1994 '-lindeodlls n. sp. - WANG, PI. I , Fi g. [0 

1994 "lindeodlls jll/fel/sis (SWEET , 1973) - WANG, 
PI. I , Fig. 11 

1995b Hilldeodus c/tallgxingclIsis sp.nov. - WANG , p. 
149-150, PI. 2, Fi gs. 14- 18 

Description: The Pa element has a lanceolate, 
deep ly excava ted cu p. The free b lade bears a very 
broad and long, e rect cusp , wh ich is approxim ate ly 
three times longer than the following small denticles on 
the blade. One to fou r (most ly one or two) denticl es 
behind the cusp have discrete tips. The tips o f the fo l­
lowi ng dent ic lcs are fused to a strai ght o r some what 
wavy ridge that is horizontal or nearly horizonta l. The 
poste ri or end of the fu sed part dips very steeply, often 
verti cally and on ly this part may be convex. The fol ­
low in g posterior third of the bl ade bears two to four 
d isc rete, broad, but low denticles. The upper pro file of 
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Ihis part is gently inclined backwards. Ramiform cle­
ments cannol be assigned precisely to this species 
because it always occurs together with several other 
Hindeodus species. 

Occurrence: Hindeod/ls challgxillgensis \VANG is 
restricted 10 the uppermost part of the Changxingian 
and the lowermost 4 ern of the Triassic part of the 
Boundary Beds at Mcishan (South China). 

Remarks: H. cf1allg.-ringcnsis was first figured as 
Hilldeodlls n.sp. by WANG (1994), but not described. 
The description was published in WANG (l995b). He 
restricted this species to forms with a long fused, hori­
zonta l pan of the blade and only one free denticle 
between the cusp and the fused part of the blade. Ponns 
with three to four free dcnticlcs behind the CllP and a 
short, rising backwards fused part of the blade, were 
assigned to II. jllljcl/sis (SWEET) by WANG (1994, 
1995b). However, thcse forms arc closely rclated to the 
type II. cilangxillgensis in having a very large cusp, 
rather few free denticles between the cusp and the fused 
part of the blade, and an often long, gently backward 
dipping posterior part of the blade. They arc therefore 
assigned to II. c/J({lIgxillgellsis. 

I-lilldeodlls jllifei/sis (SWEET , 1973) has a shorter 
cusp, more free denticlcs between the cusp and the por­
tion with fused denticles (five to seven, in advanced 
forms four) that is always a convex hump, and the por­
tion with free denticles behind the fused part is consid­
erably steeper dipping and mostly shoncr. 

In Hilldeodlls al/lldael/sis KOZUR & MOSTLER, 
1995 the fused part is also straight, but distinctly 
inclined backwards. Th e posterior part of the blade 
behind the portion with fused denticles is stro ngly 
inclined, more or less vert ical close to the posterior end . 

Hilldcadlls pasiparvlIs KOZUR, 1990 

(PI. 11, Figs. 9, 10) 

1958 Spa/llOgl/o/hodlls cf. 111 ill 11/11.1 (ELLISON) -
HUCKRIEDE, p. 162, PI. 10, Fig. 8 

1975 Allchigl/a/llOdlls parvIIs KOZUR & PJATAKO­
V A n.sp., pars - KOZUR, p. 7-9, PI. I, Figs. 19, 
20, non! Figs. 17,21 -23 

1976 Anchignafl/Odl/s parv/./s n.sp., pars - KOZUR & 
P.JATAKOVA, p . 123-125, Figs. Ie , d, non! 
rigs. 1 a, b, e, g, h 

'11981 Hi/ldeodus llIilllltllS (E LLISON , 1941), pars 
MATSUDA , p. 78-91, only PI. 3, Fig. 10 

1990a Hil/deodils pas/pan'lIs n.sp. - KOZUR, p. 400 

1995 I-I illdeodlls jllltc>lIsis (TEICHERT, KUMMEL & 

SWEET) - METCALFE, PI. 2, Fig. 10 

1995 !-lil/deodils la/idel//a/lls (KOZUR, MOSTLER & 
RAHIMI-Y AZD), pars - METCALf'E, PI. 2, 
Fig. 8 

Diagnosis: The Pa clemcnt is small and arched. 11 
has commonly a large cusp and six to seven, rarely 
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more, large, high ly fused denticl es with strongly 
diverging inclination. One or two, rarely three or four 
small dent icles may be present on the anterior edgc of 
the cusp, forming a reduced anterior blade. The denti­
cles are largest in the mid-length of the blade or some­
what behind it. This size distr ibUlion together with the 
strongly diverging inclination of the denticles results in 
an distinctly arched upper profil e of the Pa element. 
The cup is large, but not thickened. The M clement dis­
plays a distinct, denticulated posterior bar, very differ­
ent from all other HilJdeodus spccies. The other rami­
form elements are not yet exactly assignable to I-/, post­

parVlIS, but except the Sc element they may be all com­
parable to those of I-I. parVlfS. 

Occurrence: Upper Oplliccras ribericlll11 ammonoid 
Zone of the lowermost Triassic. The species first occurs 
in the I. isarcica Zone, but its main occurrence lies 
above this zone. 

Remarks: METCALFE (1995) assigned a Pa cle­
ment of II. posrparvlfs to the characteristic Changxin­
gian guide form /-I. jll/j"el/sis (SWEET). A part or H. 
lalidclllaflls sensu METCALFE (1995) belongs also to 
H. poslparvus (op.cit., PI. 2, Fig. 8). Other specimens of 
I-I. la/iden/a/lls sensu METCALFE (1995) belong to !-I. 

parvl/s (op.cit., PI. 2, Fig. 7) or !-I. cf. fypicalis (op.cit., 
PI. 2, Figs. 6, 9). The latter forms are, as H. parvus, typ­
ical conodonts of the lowe rmost Triassic. Formerly, 
they were assigned mostly (0 H. typicalis. but arc dis­
tinguished from this species by the smaller Pa clement 
and irregular denticies of the blade that are often wider 
separated. The CLISP is slender and moderately long. By 
their slender cusp and irregular denticlcs they arc also 
distinguished from !-I. latidcllfatus praeparVl/s. These 
forms will bc dcseribed as independent taxa in a sepa­
rate paper because their appa ratu ses arc not yet well 
known. 

As the figured specimens of the Changxingi an 
Clarkina cilangxingensis (WANG & WANG) by MET­
cALFE (1995) belong a ll to the Triassic Clarkina cal1-
/lata (CLARK) sensu stricto and closely relatcd forms, 
the entire fauna is typical for the I. isarcica Zone and 
the following H. posfparvus fauna (or zone) and not a 
mixed fauna of Griesbachian age with reworked Permi- · 
an elements as assumed by METCALf'E (1995). 

H. postparVlfs KOZUR evolved from H. parl'lfS 

par "".1 (KOZUR & PJATAKOVA) (~f-I. par,,"s, mor­
photype 2) by separation of the posterior dentieles of 
the Pa clement in size and inclination from the erect 
anterior denticies. Moreover, in fl. I}(IITIIS parvlIs only 
lhe upper profile of the postcrior third of the blade is 
arched, the upper profile of lhe anterior portion of the 
blade bcing horizontal or inclined slightly in the poste­
rior direction. An otiler difference is the devclopment of 
a denliculaled poslerior bar in the M clement. 

Most of the ramiform elements of H. pOSlpaJ"l'1I5; 

cannot be correctly assigned to this species because H. 
postparvl/s always occurs together with other lIindeo­
dl/s species. Only the M element with a denticulated 
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posterior bar can be easily recognizcd because this fea­
ture is missing in all other Hindeadus species. Only 
very advanced small Pa elements of H. parvus from the 
H. postparvus Zone may have an apparatus, in which 
the M clement has a dent iculated posterior bar. As the 
development of a posterior bar in the M clement is an 
unique and easi ly recognizable feature of the Hindeo­
dus apparatus, there may be also other explanations for 
the occurrence of this feature in very advanced H. 
parVl/S apparatuses. Either the intraspecific variabiliy of 
the Pa element of H. postparVlfs is high, and parts of the 
Pa clements cannot be distinguished from those of H. 
parvl/.\" or thc development of a posterior bar in the M 
clement begins earlier then the changes of the Pa cle­
ment and apparatuses with H. parvus Pa element and ' -I. 
pOSfparv/lS M element represent transitional forms 
between both species . 

In one samp le from Transcaucasia that yielded only 
H. posrparvIls and H. parvlfs al/faodel1tallls, typica l 
but broken ramifonn e lement s of Hindeodus occur. 
Only the Sc element is rather well preserved and corre­
sponds to the Sc element figured by MATSUDA (1981, 
Pl. 3, rig. 10). It disp lays an inward curved, short and 
high an terior bar with one very big terminal denticle. 
The c usp is moderately large, but not larger than the 
den ticle on the ante ri or bar. The posterior bar displays 
three to four denticles behind the cusp and three large 
denticles in the posterior part. This Sc e lement is more 
advanced than that of H. parvus, but it may belong both 
to H. parVlfS (flllerodentatus or to H. posfparvlIs. 

Hilldeodus sosioensis I1.Sp. 

(Pl. IV, Figs. 2-4) 

Derivation of name: According to its occurrcnce in 
the Sosio Valley, western Sicily. 

Holotype: Thc specimen on PI. IV , Fig. 2; rep. -no. 
4- 12-94/V1-14. 

Locus typicus: 350 m south of Pi etra dei Saracini, 
50 m east of the road. 

Stratum typicum: Floated block of turbiditic grad­
ed calcarenite, earliest Triassic. 

Material: 6 specimcns. 

Diagnosis: The Pa clemen t has a short , but distinct 
anterior bar and large denticles on the posterior bar, one 
of them being as large as the prominent cusp. The Sb 
c lemen t is short and high, but between the cusp and the 
inward curved part of the anterio r bar a short, denticu­
lated, horizontal part of the anterior bar is present. 

Description: The Pa element is distinctly arched. It 
has a short anterior bar that bears two small , erect denti­
cles. The cusp is large, nearly erect to inclined slightly 
backwards. The posterior bar bears around seven large 
denticlcs that are inclined slightly backwards. The incli­
nation docs not increase significantly towards the poste­
rior end . The size of the denticles is variable, the sec­
ond one is as long and broad as the cusp. The cup is 
moderately wide, not thickened. 
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The Pb e lement is short and relatively high. Its ante­
rior bar bears three denticles, two of them arc rather 
large. The cusp is large and inclined backwards. The 
posterior bar bears seven moderately inclined denticles 
of different size, the largest occurring in the posterior 
half of the bar. The lower side of the bar is sl ightly 
inverted, but an elongated basal cavity and a narrow 
basal furrow are present. 

The Sb element is short and high. The antcrior bar is 
strongly inward-curved, but its po sterior part is hori­
zon tal and bears four small denticles. The inward 
curved part bears seven denticlcs; one or two denticles 
at its anterior cnd are very large. The posterior bar has 
seven denticles of different size, but behind the cusp 
they are smaller and at the posterior end one or two 
large denticles are present. The lower side of the bar is 
strongly inverted. 

Occurrence: Lowermost Triassic of Sicily. /-lindea­

dus sosioclIsis n.sp. has been deri ved from a floated 
block of graded calcarenites, with H. cf. rypicalis (PI. 
IV , Fig. I) and Ellisollia trollsito KOZUR & MOST­
LER. Changxingian C/arkiJ/a species are missing. In 
the exposcd part, all Scythian calcarenites with Hindeo­
dlls belong to the Isarcicella isarcica Zone. H. cf. typi­
calis occurs from the H. parvus Zone to the 1-1. pOSI­
parvlfs fauna (or zone) immediately above the I. isarci­

ea Zone. 

Remarks: The Pa element is only similar to that of 
f-Iilldeodlis postparVlis (KOZUR , 1990) which also has 
an arched Pa element with a largc cusp and large denti­
eles on the blade. However, in H. posrparvus the incli­
nation of the denticles is more divergent and no denticle 
behind the cusp is as long as the cusp. 

Sample KS 2 contains all the ramiform clements of 
Hindcadus , except the Sa element that is always rare in 
Hilldeodlls. However, only the Sb element and the Pb 
element are different from those in Hindeodus cf. typi­

calis, the second Hindeodlls species that is represented 
by Pa c lements in this sample. For this reason, the Sc 
and M element of ' -/. sosioensis arc either identical with 
those of H. cr. typicalis or not present in sample PK 2. 
Sb and Pb elements disp lay some features of H. typi­
calis (SWEET , 1973) and some feat ures of H. pm· VIIS 

(KOZUR & PJATAKOVA , 1976), but are different 
from those elemcnts in both species. The Sb element is 
as high and short as in H. parvlfs. However, the posteri­
or part of the anterior bar is not inward-curved, hori­
zontal and bears up to four small denticles as in I-I. typi­
calis. The Pb element of H. fypicalis is longer, above 
all, the anterior bar is considerably longer, but lower 
relative to its length. In H. parv[{s, the anterior bar of 
the Pb e lement is shorter (only one denticl e) and the 
ent ire unit is higher. 

Genus lsarcicella KOZUR, 1975 

Type species: Spathognathodus isareiells HUCK­
RIEDE, 1958 
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Occurrence: Uppermost Changxingian and lower 
two zones of the Triassic, but common only in the Isar­
cicella isarcica Zone. 

Remarks: Sec al I-lindeodlls REXROAD & cUR­
NISI-I, 1964. 

Isarcicella isarcica (HUCKRIEDE) 

(PI. Y, Figs. 6, 9) 

1958 ,S'pathop,lIafhodus isarciclis n.sp. - HUCK­
RIEDE, p. 162, PI. 10, Figs. 6,7 

1975 Isarcicello isarcicIIs (HUCKRIEDE) - KOZUR, 
p. 12 

198J Isarcicella isw'cica (I-JUCKRIEDE) - MATSU­
DA, p. 93-94, textfig. 5, PI. 5, Figs. 4-7 

1981 Isarcicello 'lSI'. - MATSUDA, p. 94-95, PI. 5, 
Fig.8 

1989 Isarcicello staeschei DAI & ZHANG (sp.nov.) -
DAI & ZHANG, p. 430-431, PI. 45, Figs. 16, 
17; PI. 46, Figs. 4 -7,11 -13 ,18,19; PI. 53, Figs. 
13, 14 

1989 Isarcicella triallglliara DA1 & ZHANG (sp.nov.) 
- DAI & ZHANG, p. 431, PI. 46, Figs. 8-10, 2J 

Occurrence: Very rare in the upper H. parVlfS Zone 
(only I. isarcica staeschei DA1 & ZHANG). Common 
in the I. isarcica Zone. North America and Tethys, 
including the peri-Gondwana Tethys margin. Until now 
unobserved in Greenland. 

Remarks: Isarcicella isarcica evolved from I.? 
turgido (KOZUR, MOSTLER & RAHIMI- Y AZD, 
1975) through I. isarcica sfaeschei OAf & ZHANG, 
1989 as transitional forms. The most primitive repre­
selllatives of Isarcicella S.str. display only one denticle 
attached to a side of the thickened blade or the blade is 
bifurcated. Such forms very rarely occur in the H. 
parvlIs Zone of the Southern Alps (one specimen 
reporled by PERRI, 1991) and of Kashmir (one speci­
mcn from the If. paJ'\'us Zone of the upper Otoceras 
woodwardi Zone, reported by MATSUDA, 1981 as 
Isarcicella? sp.). As these form s arc ex trcmely rare 
(only one specimen of each type is known so far), it 
cannot bc determined whether they arc independen t 
taxa, subspecics of I. isarcica or pathological forms of 
I.? rurgida. 

Forms with onc or two denticles on one side of the 
cup dominate throughout the I. ism'cica Zone, but 
forms wit h denticlcs or a short secondary blade on both 
sides of the cup also occur there. The holotype of I. 
isarcica belongs to these latter forms. DAI & ZHANG 
(1989) separated specimens with denticles only on one 
side as a diffcrent spec ies. Unfortunately, they have 
chosen a form with two dentieles on one sidc of the cup 
as holotype. Such forms occur exclusively in thc I. isar­
cico Zone, as do forms with dent ides on both sides of 
the cup. Only specimens with one denticle on one side 
of the cup havc a different range. 1t is probably that 
only these forms represent a different taxon and the 
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separation proposed by DAI & ZH ANG (1989) is an 
arbitrary one. However, it is possible to usc!. sfaeschei 
as an indcpendent subspecies!. isarcica staeschei DA1 
& ZHANG (PI. Y, Fig. 6). 

Isarcicella triangularis DAI & ZHANG, 1989, wilh 
triangular platform, is only a morphotype of I. fsarcico 
with th e same range as the other morphotypes . 1L is 
regarded as junior synonym of I. isarcica. 

Isarcicella? turgida (KOZUR, MOSTLER 
& RAHIMI-Y AZD, 1975) 

(PI. Y, Figs. 7, 8) 

1975 Ancilignarliodlls turgidlls n.sp. - KOZUR , 
MOSTLER & R AI-lIMI-YI\ ZD, p. 5-6, PI. 7, 
Figs. II , 12 

1989 Anchignathodus decrescens DAI & ZHANG 
(sp.nov.) - DAI & ZHANG, p. 428, PI. 39, Figs. 
11-13 

1993 Isarcicella tllrgida (KOZUR, MOSTLER & 
RAJ-lIMI- YAZD) - GULLO & KOZUR, Figs. 
2/7-9 

71995 Hindcodlls latidentatlls (KOZUR , MOSTLER & 
RAHIMI-YAZD) - ZHANG el aI., PI. 2, Fig. 12 

1995 Hilldeodus pm' vas - Isarcicella Transition 7 -
METCALFE, PI. I, Figs. 12, 13 

1996 Hindcodus {JorvlIs, pars - MEl, p. 146 

Occurrence: Lowermost Triassic H. parvlfs and I. 
isarcica zones. I. c1'. turg ida occurs in the uppermost 
Changxingian. 

Remarks: As shown 011 PI. V, Fig. 7, the inner part 
of the cup in 1.7 rurgida is thickcncd to form a platfoml, 
as in Isarcicella isarcica. This is the main difference to 
H. parVl/S, but addi tionally 1.7 {urgido is larger, dis­
plays more denticlcs, and primitivc forms from the 
uppermost Changxingian (1.7 c1'. turgida, probably a 
separate taxon) display a low blade. Unlike I. isarcica, 
the platform of I.? turgida does not bear a denticle or a 
secondary blade on one or both sides. TToweve r, as 
these forms already exhibi t one of the Isarcicella fea­
tures, they have been assigned to Isal'cicclla by GUL­
LO & KOZUR (1993). 

I. ? tllrgida was regarded until now as a transitional 
form between H. parVlf.'; and!. isarcica. However, 1.7 
cr. furgida (distinguished by its low bladc from typical 
1.7 tllrgida) which is the immediate ancestor of typi cal 
I.? fllrgida, first occurs in the uppermost Changxingian, 
bcforc the first appearance of H. parvl/s. The specimen 
figured by ZHANG el al. (1995, PI. 2, Fig. 12, re-fig­
ured by YJN & ZHANG, 1996, PI. U.8, Fig. 11 , and by 
ZHANG el aI. , 1996, Fig. 5.3) as I-I. lotidentolIls from 
Bed 25 of Meishan, perhaps belongs to i.? c1'. tlfrgida 
but no upper view was figured , and therefore it cannot 
be decided whether the cup is thickened. If the cup is 
not thickened , this specimen would be either a f-l. lati­
denafus praeparvlIS with unusual large cusp (i n this 
case the original determination would be correct) or 
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ralher a new species. The ve lY large, broad CliSp and the 
low blade of this speci men are c harac terist ic for I. c f. 
f/lrgida, but also for somc specimens of II, /a/idelIfatus 

praepan'l/s. MEl (1996) assigned this specime n 10 H . 
(Jor\'lIs because of its very big ClISP, but /-I. parvlIs dis­
plays a hi gh blade and not such a broad cusp as in this 
specimen. II. porvlfs and 1.7 f/lrgida first appear in the 
Meishan sec tion in Beds 27 c. A deri vation o r I .? fIIrgi­
da from I-I . parvus can be the refore excl uded, the more 
as /-I. posfparv//s evolved from H. parvllS. ORCHARD 
( 1996) assig ned H. latidentGllls sensu Z II ANG et a l. 
(1995, PI. 2, Fig. 12) to Isarcicella arr. parva, but in a 
wr iltc n communicat ion he s tated that thi s specimen 
be longs neithe r to H. latidellla/lls nor to "/. " parva. 

Allchigllathodlls deerescells DAI & ZHANG, 1989 
is a junior synonym of 1. 7 flfrgida (KOZUR, MOST­
LER & RAHIM I· YAZD, 1975). Also this spec ics is 
characteri zed by a thickened in ne r part of the cup and 
by a prominen t cusp that is more than twice as long as 
the following dent iclcs. The f igured specime ns arc 
somewhat smaller and have fewer denticles than adult 
1.7 flfrgida. They arc seemi ngly juveni le specimens. 

Isarcicella iSQI'cica (H UCKRIEDE, 1958) displays 
denticles on the cup. Most primitive representat ives of 
I. isarcica sraesciIei DAI & Z HANG ( 1989) bear only 
o ll e de nti c le 011 one s ide of' the cup. They arc transiti ­
onal forms bctween /. ? filrgida and I . isardca. 

Isardcelfa? prisca KOZUR, 1995a from the upper­
most C hangx ingian displays a dent icu lation of the blade 
as in /-I . (aridelJfOfliS morphotype 2. The c usp is distinc t­
ly sm alter than in I, ? /urgida. 

Isarcicella? prism KOZUR, 1995a 

(PI. I V, rig. 9) 

1991 Nil/deodl/s typicali" (S WEET), pars· PERRI, p. 
40,42, PI. 3, Figs. I , 3, 4 

1995a Isarcicella? prisca n.sp.· KOZUR. p. 168, PI. 6, 
figs. 3,4 

Description: Th e Pa c le me nt is ra the r sm all and 
bears s ix \0 nine s li ghtl y backward inclined dent icles 
that arc largest in the posteri or half of the blade. The 
cusp is considerably broader and somewhat to distinctly 
larger than the fo llowing denticIcs, The inne r part of the 
c up is d is tinctly thickened, but the outer, un thic ke ned 
part is ra ther broad. 

Occurrence: Upper C hangxingian Tesero Oolite of 
Southe rn Alps. Uppennost Dorashami an of Transca u­
cas ia (onl y broken specimens) and uppe rmost Chan g­
xingian of South China. 

Remarks : The dentie ulation of the blade and the 
s ize of the c usp corresponds to Hindeodus lalidelltatlfs 
(KOZUR, MOSTLER & RA HT MI·YAZ D, 1975). I.? 
prisca n, sp. is d istinguished from II. latidellfallfS by the 
dist inc t thickenin g of the inner pan of the cup, typical 
for all I sarc icella spec ies, bu t the unthi ekencd part of 
the CLIp is s tili rather broad. 

Isarcicella? tllrgida (KOZUR , MOST LER & RA· 
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HIM!· Y AZD, 1975) from th e lowerm ost Triass ic dis· 

plays a more prominent c usp thaI is 1110re than twice as 
long as the rollowing de nt ic les. T he thickened part of 
its CLIp is wider than in I.? prisca, the most primiti ve 
Isarcicella species . 

Genus Sweelohilldeodus n.gen . 

Type species: SweelOhilldeodlls bidemall/s n. gen. 
n.sp. 

Derivation of name: In honour of Prof. w.e. 
SWEET, Columbus, [or his outstanding contribution to 
Upper Pe rm ian-Lowe r Triass ic H indcodus taxonomy 
and in gratitude fo r his help with my conodont studies, 

Diagnosis: The cup is large, circular to subcircular. 
The blade is very short, son1ew hat thickened on the 
cup, with a large, erect cusp that is [oIIowed by one or 
two large separated de nt icles. 

Occurrence: Isarcicella isarcica Zone (Lowe r 
Scythian) of wes tern Sicily. 

Assigned species: 
Swcetohil1deodlls bie/clllalltS n.gel1. n.sp. 

Sweetohilldeodlls IridcJlfClfIlS n.sp. 

Remarks: O nly the Pa e lement of Sweetohindeod/./s 
is known. The short blade wi th two or three large sepa­
rated den ticIes (i ncluding the c usp) clearly dis tinguish­
es the Pa clcmen t of Sweelohilldeodlls from that of its 
ances tor, Hilldeodlls REXROAD & FURN IS H, 1964. 

Sweeloltilldeodus bidelltallis n.sp. 

(PI. V, r igs. 3, 4) 

Derivation of name: Accord ing to the presence or 
only two large dcnticles. 

Hololypc: The specimen figured on PI. V. Fig. 4; 
rep. · no. Ko 12·1 1·9 I/1X·2. 

LOCHS typiclIs: Lowe r Triassic section 350 m sOllth 
of Pietra dei Saracin i, Sosio Valley, wes tern Sicily (see 
Fig. 4). 

Stratum t ypicum: Sam ple Ko 12 A, uppermost 5 
Cm of a g raded calcarenite of the 2 m thick lower calei­
turbidites above the lowerm ost T riassic shales. Isarci~ 
cella isarcica Zone of Lower Scythian. 

Material: 7 specimens. 

Diagnos is: T he very s hort bl ade bears two de illi ­
d es, a slender, large ellsp and a ve ry broad dent icle, far 
broader than and as long as the cusp. 

Description: The cup is large, subeircular and at it s 
lower s ide is deeply excavated. The very short b lade 
bears only two e rec t denticles. One of the m, the CllSp, is 
long and s le nder; it is s itua ted o n the free part of the 
blade. The o ther one is very broad, laterall y compressed 
and subeonieal. In the direc tion of the blade, the base of 
th is denticle is only a li ttle shorter than the c up. Both 
dent icles may be finely striated. 
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Fig . 4 Location of Ihe investigated outcrops in western Sicily , [Ial y. 
Legend: Blac k) Predominant ly Wordian Sasio Limes tone klippes 
(s lope facies with fu sulin id -bearing shall ow-w at er limestone 
bloc ks): a) Ru pc d i San Caloge ro and Pi cu'a dei Sarac ini , three 
adjacent isolated lirncslOnc blocks, no longer accessi bl e; b) Rupc 
del PassO <Ii Burgio: PiClra eli Salomone; Stars) Permian base o f 
slope facies and T ri ass ic cover; I) Several outc rops ca. 350 m 
SOUlh o f Pi clra dei Sarac ini covering the Road ian ( lowermost 
Middle [>cnnian. Guadalupian Series) 10 Jul ian (midd le Carn ian) 
i nterval; 2) outcrops C;t 100 ill SSW of Rupc del Passo el i Bur­
g io. Main ly lowcr Cathedral ian (C is- Umlian, Early Permi • .ul) tur­
bidites wcll cx posed west of a small road , a long the road lower 
Cathc(\r:llian tu rbidi tes (partly exposed) and tectonicall y adjacent 
Cha ngx ingian red marls and thi ck calcaren ites, no longer 
ex posed, but small floated blocks of calcarenit es still present. 
Crosses) T orrcnt e San Calogero sec tion, Permian deep bas in 
facies and parts of the Triassic cover. 

Occurrence: I. isarcica Zone of the type locality. 

l~emarks: Sweeloh illdeodlfs fridel/laws n. sp. has 
two dCllt ic lcs on the blade behind the cusp that are d is­
tinc tly shorte r then the CliSp. 

Sweelohimleodlls Iridenlatlls n.sp. 

(PI. V , Fig. 5) 

Derivation of name: Accord ing to the presence of 
th ree dentie les (includ ing the cusp). 

Holotypc: The specim en fi gured on PI. V, Fig. 5; 
rep.- no. Ko 12 11 9 1/IX- 1. 

Loclls typicus: Lower Triassic section 350 m south 
o f Pietnl dei Saracini , Sosio Valley, western Sici ly. 

Stratum typicum: Sample Ko J 2 C, lower mic ro­
cong lomcratic calcarenite of the upper bed of the 2 III 
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thi ck calciturbidites above the lowe rmost Triass ic 
shales. lsarcicella isarcica Zone of Lower Scyth ian. 

Material: 2 specimens. 

Diagnosis: The cup is c irc ul ar. The blade is vcry 
shon and bears a large e reCl cusp and two di s tinc tl y 
shorter, but also large , separat ed dentic les. 

Description: The cup is large, circular and its lower 
side is deeply excavated. The short blade bea rs on its 
free anterior part a large, c rcct, slende r c usp. On the 
cup, the blade bears two large, separated denticles that 
are distinct ly shorter than the cusp. The poste rior one is 
s lightly inc lined backward. Its base is as broad as the 
base orthe cusp. All dcnticles are slightly stria ted . 

Occurrence: I. isarcica Zone o f the ty pe loca lity 
and o f Soulh China. 

Remarks: This species is a transit ional form to Hill­
deodlls, in which the blade is longer and bears even in 
ju venile forms at least four dcnt ic les. The Clip o f fl il/ ­

deodus is lanceolatc or oval. 5\veelOllilldeodI/s bidema­
IllS n.sp. has only one very large denti c le on the blade 
above the cup that is as long as the CliSp. 
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PLATE I 

1-3, 5, 6 Hindeodlls Iypicalis (SWEET), Pa clement, x I 00, Araxilevis Beds (lowennost Dzhulfian = middle Wuehi ­
apingian), Clarkino /eveni Zone, Achura (Azcrbaidzhan); for sample locations see KOZUR el a1. (1978, 
Fig. 1); Figs. 1, 3: sample 10/4, rep. -no. PK 1-5; Fig. 2: sample 10/3, rep. -no. PK 1-8; Figs. 5, 6: sample 
10/2-2, rep.-no. PK 1- 15. 

4 I-Jilldeodlls Iypicalis (SWEET), Pa element, xlOO , sample AC 6 (sec KOZUR et aI., 1975), lower Dzhulfi ­
an (middle Wuchiapingian) , Kuh-e-Ali Bashi at Julra, northwest Iran, rep. -no. Ko 5740. 

7 Hindeodlls Iypicalis (SWEET), Sb element, x95, sample 10/3 , Araxilevis Beds (lowermost Dzhulfian = 
middle Wuchiapingian) , Clarkina fe ven i Zone, Achura (Azcrbaidzhan), rcp.-no. PK 1-5. 

8 Hindeodlls lypicalis (SWEET), M element, x95, sample 10/3, Araxilevis Beds (lowermost Dzhulfian = 
middle Wuchiapingian), ClarkinG leveni Zone, Achura (Azerbaidzhan), rcp.-no. PK 1-8. 

9 Hindcodus Jllllel/sis (SWEET), Pa clement, advanced form with only 4 free denticles between the cusp 
and the smooth hump, x210, samp le AR 35 (see KOZUR et aI., 1975) , lower Dorashamian (lower 
Changxingian), Kuh-c-Ali Bashi, northwest Iran, rep.-no. KMR 19751-1. 

10 /-lilldeodus laridentatus praeparvlIs n.subsp., Pa clement, specimen very similar to the H. lotidentatlls loti­
delllalllS (KOZUR , MOSTER & RAHIMI-YAZD) , transitional form to this subspecies, x150, Tesero 
Oolite, 2 III above the Bellerophon Limestone, horizon with Changxingian brachiopods, upper Changxin­
gian, Tesero (Southern Alps, Ita ly), rep-no. Ko 8992. 

11 /-/indeodllS {atidentallls praeparllvus n.subsp., Sb element, x160, Tesero Oolite , 2 m above the 
BeUerophon Limestone, horizon with Changxingian brachiopods, upper Changxingian, Tesero (Southern 
Alps, Italy), rep. -no. Ko 9208. 
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PLATE Il 

1-3 Hine/eodus fatidenlalus praeparvLfS n.subsp. , Pa eleme nt , Tesero Oolite, upper Changxingian , Tesero 
(Sollthern Alps , Italy); Fig. 1: x200, 2 m above the BeUerophon Limestone, hori zon with Changx ingian 
brachiopods, rep. -no. Ko 899 1; Fi g. 2: holotype, x 180, 1.5 m above the Bellerophon Limestone, rep.-no. 
Ko 9003; Fig. 3: x200, 1.9 m above the Bellerophon Limestone, rep.-no Ko 8986. 

4 I-l indeodus laridentatus praeparvus n.subsp. , Pa clement, x220, Tesero Oolite, upper Changxi ngian, 0.3 In 

above the Bellerophon Limestone, Sass de Putia section (Southern Alps, italy) , rep.-no. Ko 8992 A. 

5 Hilldeodlls parvlIs (KOZUR & PJATAKOV A), Pa element, slightly oblique later-lower view, primitive 
form, x 160, upper Boundary Bcd 2, Meishan section , re-figured from ZHANG (1987). 

6 '-linc/eac/us parvus ereetus n.subsp., Pa element , ho[otype, the same specimen as in WANG ( 1994, PI. 1, 
Fig. I); x120, Zhongxin Dadui quarry of Meishan secti on, sample 882-4, upper part of Boundary Bed 2 
( 12- 16 em above it s base), H. parvlIs Zone of lowermost Triassic, rep.-no. 123254. 

7 HilldeodLls parl'l/s parI' liS (KOZUR & PJATAKOVA), Pa element, x95 , sample 10/1 3 a-2 (see KOZUR 
et ai. , 1978), I. isarcica Zone, Achura (Azerbaidzhan), rep. -no. PK 1-7. 

8 Hille/eac/us parvus ereclLIs n.subsp. , Pa clement , x95, sample 1O/l3a- l be low the lower stromatolite hori ­
zon, I-I. parVl/S Zone, Achura (Azcrbaidhan), rep.-no PK 1-4. 

9, 10 I-lindeodlls pos/parvlIs KOZUR, Pa element , x95 , sample 10/1 3 a-2 (sec KOZUR et ai. , 1978), I. isarcica 
Zone, Aehura (Azerbaidzhan), rcp. -no. PK 1-7. 



Kozur PLATE II 109 



110 Geologia Croalica 49/1 

PLATE III 

1 ~3, 5- 10 Hindeodus parvlIs erectlls n.subsp. from a monospecific fauna of predominantly juvenile specimens, 
sample Ko 14 (thin laminated limestone intercalation in 2 m thick yellowish-brown weathered, laminat­
ed, origi nally pyritic claystone at the base of the Triassic), H. parvlls Zone. Section east of the road, 350 
m south of P ie tra dei Saracini , Sos io Valley, western Sicily (Italy) , rep. -no. Ko 1994/1- 1 (if not other­
wise indicated); Figs. 1-3 : Pa element of jll ven ile specimens , Fig. I : x230, Fig. 2: x200, Fig. 3 : x200, 
rep.-no. 16-8-95/l-18; Fig. 5: M element , x 170; Fig. 6: Sb element, CllSP and anteriormost denticle of the 
posterior bar on the strongly inward bent pan of the unit , x140; Fig. 7: Pb element. x2 10; Fig. 8: Sc e le­
ment, x130; Fig. 9: Pa element o f adult specimen, x200, rep.-no. 16-8-95/l- IO, a) lateral view, b) lIpper 
view; Fig. 10: Sb element, cusp on the strongly inward bent part of the unit , x200, rep.-no. 16-8-95/1-17. 

4 Hine/eoc/us parvLls erectll s n.subsp., Sa e lement, x200, sample Ko 12 a, uppermost part of graded cal­
carenites of Unit 2 (sensll GULLO & KOZUR , 1993) , I. isarcica Zone, Lower Triassic section 350 m 
sOll th of Pietra dei Saracini (Sosio Valley, Sicily), rep.-no. KoMo 14-4-94/V -34. 

11 Hindeodlls cf. parvus ereclUS n.subsp. , Pa element, specimen with unu sually broad, di stally rounded 
den tic les, x200, sample KS 3 (floated block) , lowennost Triassic graded calcarenite, east o f the road 350 
m sOll th of Pietra dei Saracini , Sosio Valley, western Sicily (Italy), rep.-no. K 1994/1-2, a) lateral view, 
b) lIpper view. 
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PLATE IV 

H il/deadlls cL lypicalis (S WEET), Pa element, slender cusp and a part of the denticles are broken and 
regenerated, therefore their original length may be larger, x95, sample KS 3 (floated block), lowermost 
Triassic graded calcarenite, east orthe road 350 In south of Pietra dei Saracini, Sosio Valley, western Sici­
ly (Italy), rep.-no. 4-12-94/Y1-19. 

2-4 Hilldeodlls sosioensis n.sp., xIOO, sample KS 3 (see Fig. 1); Fig. 2: Pa element, holotype, rep. -no. 4-12-
94/YI-14; Fig. 3: Pb element, rcp.-no. 4- 12-94/YI- 17; Fig. 4: Sb element, rep.-no. 4-12-94/Y l-IS. 

5 Hindeodus parvl/s onterodelltafus (DAr, TIAN & ZHANG), Pa element, primitive specimen, transitional 
to H. parv/./s erecflfs, xlSO, sample Ko 12 a, uppermost pari of graded calcarenites of Unit 2 (sensu GUL­
LO & KOZUR, 1993), I. isarcica Zone, Lower Triassic section 350 m south of Pietra dci Saracini (Sosio 
Valley, Sicily), rep.-no. KoMo 12-11-91/V -2. 

6 Hilldeodlls parvlIs cree/lis n.subsp., Pa element, specimen with very high blade to demonstrate the large 
intraspecific variability, xISO, sample KS 4 (floated block), lowermost Triassic graded calcarenite, cast of 
the road 350 m south ofPietra dei Saracini, Sosio Valley, western Sicily (Italy), rep.-no. 4-12-94/VI-22. 

7 Hilldcodus parvus erectus n.subsp., Pa element with distally rounded denticles, x200, sample KS 3 (see 
Fig. I), rep.-no. Ko 1994/1-3, a) lateral view, b) upper view, cup not thickened . 

8 Isareieella? tllrgida (KOZUR, MOSTLER & RAHIM 1-YAZD), Pa element, primitive form, thickened 
and ullthickened part of the cup nearly of the same width, x200, sample KS 3 (see Fig. 1), rep.-no. Ko 
1994/1-4, a) lateral view, b) upper view, thickened inner part or the cup well recognizable. 

9 Isarcicella? prisco n.sp., Pa element, holotype, re-figured from PERRI (1991, PI. 3, fig. 1), x9S, sample 
Bu 10, lower Tesero Oolite, upper Changxingian, Bulla section, SW of Ortisei (Southern Alps, Italy), 
locality and sample data see PERRI, 1991, rep. -no. Ie 1444, a) lower view, b) upper view, c) lateral view. 
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PLATE V 

1 Hindeodus cliangxingcnsis WANG, Pa element, x 80, sample 882-1, lower 4 em of Bcd 27 (Boundary 
Bed 2), uppermost Changx ingian, Zhongxin Dadui quarry of Meishan section , South China (see Figs. 1, 
2), rep.·no. AEL·882· 1/l23246. 

2 Hilldeodlls cilangxillgellsis WANG, Pa elemenl, specimen figured by WANG (1994, PI. I, Fig. 11) and 
WANG (1995 b, PI. 3, Fig. I ) as Hindeodlls jlli/ellsis (SWEET), x82, sample 882·3, al 8· 12 em above the 
base of Bcd 27 (Boundary Bed 2), lowermosl Triassic, lower H. parvlIs Zone, Zhongxin Dadui quarry of 
Meishan seelion, Soulh China (sec Figs. 1,2), rep. · no. AEL·882·3/l23247. 

3 Sweetohindeodus bidenfatus n.gen. n.sp. , Pa element, lateral view, x280, sample Ko 12 a, uppermost part 
of graded calcarenites of Uni t 2 (sensu GULLO & KOZUR, 1993), I . isarcica Zone, Lower Triassic sec­
tion 350 m soulh ofPietra dei Saracini (Sosio Valley, Sicily), rep.·no. 121191/IX·3 . 

4 Swectohindeodus bielentallis n.gen. n.sp., Pa element, ho[otype, sample Ko 12 a (see fig. 3) , rep. -no. 12-
11 ·91/IX·2, a) upper view, x260, b) lateral view, x170. 

5 Sweetohifldeodlls Iridenlallis n.sp. , Pa element, holotype, sample Ko 12 c, upper beel of the graded lime­
slone (Unit 2 by GULLO & KOZUR, 1993), I . ism'cica Zone, localily as for fig. 3, rep. · no. 12·11 ·91/IX· 
I, a) upper view, x200, b) lateral view, xISO. 

6 !soreicella ism"ciea staeschei (DAr & ZHANG), xlSO, sample 21.4, 1. isarcica Zone, Dorasham II (for 
sample data see KOZUR el aI., 1978), rep. ·no. Ko 1465, a) lateral view, b) oblique lateral view 10 show 
the transition of the thickened inner part of the cup to the unthickened marginal parI of the cup, c) upper 
vIew. 

7,8 Isarcicella? tllrgida (KOZUR, MOSTLER & RAHIM!· Y AZO), Pa element; Fig. 7: latera l view, x120, 
sampl e 2092, Unit 2 sensu GULLO & KOZUR (1993), middl e parI of the upper bed of the 2 m thick low· 
er calcarenite hori zon, lower I. ism"clea Zone, lower Brahmanian ("Induan"), section 350 III south of 
Pietra dci Saracini , Sosio Valley area, Sicily, rep.-no. G 91/IX-15; Fig. 8: upper view of an other speci­
men, x80, sam ple Ko 12 B, age and locality as for Fig. 7, rep.-no. 12-11-91/IX-4. 

9 

10, 11 

Isarcicella isarcica isarcica (I-JUCKRIEDE), Pa element, latera l view, x 150, sample 2 1.4 (see Fig. 6), 
rep. · no. Ko 1467. 

Hyphae of marine fungi (Ascomycetes), probably of Tympanicysta stoschiana BALME, upper Changxin­
gian Tesero Ool ite, 0.30 In above the Bellerophon Limestone, Sass di Putia section (Southern Alps, Italy); 
Fig. 10: x11 0, rep.·no. Ko 8984; Fi g. 11: isolated hypha, x200, rep. ·no. Ko 8975. 
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