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A B S T R A C T 
Various aspects of the study of the Petalaxidae Fomichev, 1953 are consider-
ed. Detailed observations from previous investigations together with new, 
more précise data on the stratigraphie distribution of the Petalaxidae in the 
northern and central part of the Russian Platform are used as a framework 
for phylogenetic reconstruction. Five main morphological groups are reco-
gnized within Petalaxis Milne Edwards rtHaime, 1852, based on the combi-
nation of stable and variable features prédominant in each group. The main 
trend in Petalaxidae évolution during the Bashkirian and Moscovian stages is 
an increase in the colony intégration and the stabilization of multitrabecular 
septal structure. The diagnosis and species content are given for taxa includ-
ed in Petalaxidae after author 's revision. Four new taxa are described: 
Donastraea n.g., Ivanovia (Procystophora) n.sg., Petalaxis (Petelaxis) primiti-
vum n.sp. and P. (P) gigas n.sp. 
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R É S U M É 

Tendances évolutives des Petalaxidae (Rugosa) du Carbonifère moyen. Des 

aspects variés de l'étude des Petalaxidae Fomichev, 1953, sont considétés 

dans cette publication. Des observations détaillées ptovenant d'investigations 

anciennes et técentes, des données plus ptécises sut la distribution sttatigta-

phique des Petalaxidae dans la pattie septentrionale er cenrrale de la plate­

forme russe son t ut i l isées c o m m e un gu ide p o u t la t e c o n s t t u c t i o n 

phylogénétique. Cinq groupes morphologiques principaux sont reconnus 

dans Petalaxis Milne Edwards et Haime, 1852, fondés sur la combinaison de 

caractères stables et vatiables prédominant dans chaque groupe. La principale 

tendance évolurive des Petalaxidae pendant le Bashkitien et le Moscovien est 

une ctoissance dans l'intégration coloniale et la stabilisation de la sttuctute 

septale multitrabéculée. La diagnose et le nombte d'espèces sont donnés par 

taxons inclus dans les Petalaxidae, d'après la révision de l'auteut. Quatre nou­

veaux taxons sont décrits : Donastraea n.g., Ivanovia (Procystophora) n.sg., 

Petalaxis (Petalaxis) primitivum n.sp. and P. (P.) gigas n.sp. 

I N T R O D U C T I O N 

Based o n ptevious da ta (Hill 1 9 8 1 ; Sando 1983) 

rhe Petalaxidae range from Early Carboni fe rous 

(Visean) to Ear ly P e r m i a n . T h i s i nves t i ga t ion 

shows tha t the M i d d l e Carboni ferous Peralaxidae 

a re a r e m a r k a b l y w i d e s p r e a d , a b u n d a n t a n d 

s h o r t - l i v e d t a x o n o m i c g r o u p . T h e y r a n g e 

r h r o u g h u p p e r m o s r e a r l y B a s h k i r i a n , l a t e 

Bashki r ian a n d M o s c o v i a n stages (Fig. 3 ) , a n d 

are f o u n d in t he Urals , Arct ic C a n a d a , U.S.A. , 

N o r t h e r n T i m a n , Novaya Zemlya , M o s c o w and 

D o n e t z B a s i n s , C h i n a , J a p a n , T h a i l a n d , 

Can tab r i an M o u n t a i n s , Alaska a n d N o r r h Africa. 

T h u s , t h e y o c c u r i n t h e s h e l f fac iès i n t h e 

Tethyan a n d the N o r t h Amer ican-Ura l ian basins. 

T h e y a r e a l s o k n o w n in S p i t s b e t g e n a n d 

A r c t i c C a n a d a ( B a m b e t & F e d o r o w s k i 1 9 9 5 ; 

Somerville 1997) . 

M A T E R I A L 

T h e da ta for this s tudy were ob ta ined from bed 

to b e d c o l l e c t i o n s o f c o t a i f a u n a s f r o m t h e 

u p p e r m o s t Ea t ly B a s h k i r i a n - M o s c o v i a n of t he 

N o v a y a Z e m l y a A r c h i p e l a g o ( C a p e M a k a r o v , 

N o r t h e t n I s l a n d ) , S u l a R i v e r a n d M a l a y a 

Pokayama sections of N o r t h e r n T i m a n (Figs 1, 

2) a n d s o m e s e c t i o n s o f t h e M o s c o w r é g i o n . 

Also, n e w mater ia l col lected f rom rhe M o s c o w 

B a s i n w a s i n c l u d e d a n d t h e w o r k s o f 

D o b r o l y u b o v a ( 1 9 3 5 ) a n d F o m i c h e v ( 1 9 5 3 ) 

were revised. 

S T R A T I G R A P H I C P O S I T I O N 

Two part ia l - fange zones, the Petalaxis zone a n d 

the Ivanovia zone , have been defined (Kossovaya 

1995) , based on the evolut ionary pa t te rns shown 

by t h e Pe ta l ax idae f rom t h e u p p e r m o s t E a t l y 

Bashki r ian to t h e t o p of t he M o s c o v i a n stage. 

T h e d é t e r m i n a t i o n of the par t ia l - fange gener ic 

zone boundar ies was based on t axonomic diversi-

ty dynamics , the s t ruc ture of the assemblages and 

phylogeny of the Petalaxidae. Analysis a n d esti­

ma t ion of zonal boundaf ies show that the more 

précise levels for corrélat ion are those charactefi-

zed by the b io t ic events in the d e v e l o p m e n t of 

the coral assemblages (extinct ion, initial phase of 

recovery a n d r ad i a t i on ) . T h r e e m a i n phases of 

variat ion in rugosan diversity were dis t inguished 

after the ab rupr é l imina t ion of m a n y gênera as a 

resuit of the M i d - C a r b o n i f e r o u s event (base of 

Homoceras zone , Kossovaya 1996 , fig. 3) . Thèse 

data have been used for in ternat ional coirelat ion 

(Kossovaya 1 9 9 6 , fig. 8 ) , b u t n o w s h o u l d be 

modif ied a little. 

THE Petalaxis Z O N E 

T h e appearance of Bashkir ian represenratives of 

Petalaxis c o i n c i d e s w i t h t h e s t a b i l i z a t i o n o f 

f a v o u r a b l e m â t i n e c o n d i t i o n s a n d m a t k s t h e 
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b e g i n n i n g of t he recovery in terva l t h a t corres­

p o n d to the base of the Petalaxis zone. It begins 

a p p r o x i m a t e l y at t h e base o f t h e praegorskyi-

stajfelliformis fusu l inacean z o n e (= Streptogna­

thodus expansus-Idiognathodus sinuosus c o n o d o n t 

zone (Koren 1989)) w i th the sudden appearance 

and rapid expansion of massive colonial Petalaxis 

a long the eas te tn marg in of t he Euro -amer i can 

p a l e o c o n t i n e n t (F ig . 5 ) . T h i s b o u n d a r y was 

o b s e r v e d i n N o v a y a Z e m l y a a n d N o r t h e r n 

T i m a n sections and has been d o c u m e n t e d in the 

Bashki r ian M o u n t a i n s s t r a to type rég ion ( O g a r 

1985) . T h i s level is also emphasized by diversifi­

c a t i o n o f s o l i t a r y a n d f a s c i c u l a t e c o r a l s 

(Kossovaya 1996) . In the C a p e Makarov section 

( N o v a y a Z e m l y a , L o c . 8 0 1 , F ig . 1) t h e first 

r e p r é s e n t a t i v e s o f Petalaxis primitivum n . s p . 

[P. stylaxis g roup) were found wi th Pseudostaffella 

antiqua, P. grandis and P. cf. praegorskyi (determi­

ned by Dr. V. Davydov, Fig. 1). In the Sula River 

sec t ion ( n o r t h e r n T i m a n ) , at Loc . 31 (bed 9) 

Petalaxis, represented by P. persubtilis Kozyreva, 

1974 w h i c h occurs toge ther wi th Donophyllum 

reticulatum ( F o m i c h e v , 1 9 5 3 ) ( b e d 9) a n d 

Yakovleviella tschernysnhewi (Gorsky, 1978) . T h e 

first occurrence of P. sp. aff. P. mcoyanus Mi lne -

E d w a r d s H a i m e , 1 8 5 1 w a s f i x e d i n t h e 

Askynbashskian substage in the S o u t h e r n Urals 

(Ogar 1985) . N u m e r o u s species of Petalaxis are 

k n o w n f r o m t h e B a s h k i r i a n d e p o s i t s o f t h e 

Voronezh uplift. T h e Early Bashkirian interval is 

cha rac te r i zed by P. persubtilis Kozyreva, 1 9 7 4 , 

P. korkhovae K o z y r e v a , 1 9 7 4 , P. immanis 

Kozyreva, 1 9 7 4 , P. exilis Kozyreva , 1 9 7 4 a n d 

P. confertus Kozyreva , 1 9 7 4 (Fig. 5 ) . S o m e o f 

thèse species e x t e n d i n t o t h e Late Bashk i r i an , 

w h e r e P. mirus K o z y r e v a , 1 9 7 4 , P. evidens 

Kozyreva , 1 9 7 4 also a p p e a r (Kozyreva 1 9 7 4 , 

1 9 8 4 ) . In t he C a n t a b r i a n M o u n t a i n s Petalaxis 

o c c u r s i n t h e é q u i v a l e n t W e s t p h a l i a n A 

( R o d r i g u e z 1 9 8 4 ; R o d r i g u e z et al. 1 9 8 6 ) . I n 

Arct ic Alaska ( N o r t h e r n Flank, Eas tern Brooks 

Range) Petalaxis wahooensis is found at the base 

of t h e A t o k a n s t age ( f o r a m i n i f e r a l z o n e 2 1 , 

A r m s t r o n g 1972) . Petalaxis was shown in the list 

of Bashki r ian gênera in t he m i d c o n t i n e n t a n d 

the western inter ior of U S A by Sando (Rodriguez 

et al. 1986; Sando 1989) . T h e précise stratigra­

p h i e p o s i t i o n o f Petalaxis is k n o w n f rom four 

sou the rn M i d c o n t i n e n t M o r r o w a n localities, ail 

associated w i t h the Idiognathodus sinuosus cono­

d o n t zone (Suther land & Grayson 1992) . 

T h e a p p e a r a n c e o f Petalaxis [P. kitakamiensis 

( M i n a t o , 1 9 5 5 ) ] w a s f ixed in g r a i n s t o n e o r 

packs tone beds of Bashkir ian âge near Ban Tat 

So ( K m 13), T h a i l a n d ( F o n t a i n e et al. 1 9 9 1 ) . 

T h e level of the Petalaxis appearance seems to be 

useful for in ternat ional corrélat ion a n d allows to 

c o r r e l a t e t h e base o f Petalaxis z o n e w i t h t h e 

m i d d l e pa r t o f M o r r o w a n a n d t h e base of t he 

Westphal ian A (see Kossovaya 1996 , fig. 8) . 

After the decrease of diversity unt i l Vereian sub­

stage (Fig. 3) in wh ich n o n e w species appeared, 

Petalaxis reached its greatest géographie dis t r ibu­

t ion in the Kashir ian substage. Some species wi th 

i n t e r n a i s t r u c t u r e d i f fe r ing f rom t h o s e in t he 

Bashkirian appear in the Kashir ian of the eastern 

p a r t o f R u s s i a n P l a t f o r m ( O k a - Z n a u p l i f t , 

S tudentz quarry) . T h e p r é d o m i n a n c e of massive 

colonial Petalaxis defines the P. mcoyanus zone in 

t he D o n e t s Bas in ( Z o n a l S t r a t i g r a p h y 1 9 8 9 ) . 

P. stylaxis uralica (Gorsky, 1978) occurs in coeval 

d e p o s i t s o f G o r n a y a B a s h k i r i a , in t h e U r a l s 

(Ogar 1990) . T h e n u m b e r of species is n o t very 

high, only the ma in b ranch still exists (Fig. 5) . In 

différent régions, coral diversity begins to increa-

se: in interval 12 of the western inter ior of USA, 

at t he b e g i n n i n g of the W e s t p h a l i a n C , in t he 

base o f t he Kash i r i an subs tage in t he M o s c o w 

région (post-Vereian increase ol diversity in reco­

very interval, Kossovaya 1996) 

THE Ivanovia Z O N E 

T h e appearance of astreoid colonies wi th in one of 

the Petalaxis b ranch seems to be the mos t remark-

able event in the family évolution. T h e first repré­

sentatives of Ivanovia Dobrolyubova, 1935 appear 

in t h e P o d o l s k q u a r r y ( s t r a t o t y p e o f t h e 

Podolskian substage, Moscow région, Kossovayas 

co l lec t ion) a n d t h e n b e c o m e a b u n d a n t in t he 

Myachkovian substage, where the Petalaxis vesicu-

losus (Dobro lyubova , 1935) g r o u p is d o m i n a n t 

(Fig. 6 ) . Ivanovia podolskiensis D o b r o l y u b o v a , 

1935 is k n o w n from the U p p e r m o s t Kashi r ian 

a n d P o d o l s k i a n s u b s t a g e s in t h e C a n t a b r i a n 

Mounta ins , Asturias, Spain (Escalada Format ion) 

( R o d r i g u e z 1 9 8 4 ) . T h e f i r s t a p p e a r a n c e o f 

Ivanovia coincides approximately wi th the base of 
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N o v a y a Z e m l y a 
Loc . 3 1 

N o r t h e r n T i m a n 
Eastern Slope 

Sula River Section 

66° E . L . / / " ^ " ' " , J , 

77° N . L r - B - a r e n t s \ . » ^ \ / 
S e 

a ^ ^ \ 7 62° 

h i Loc. 801 

' * o v a V a 1 

0 30 km 

I . I clayey l imestone organic 
l imestone 

W I W 
shell \ ^ I l - dolomit ic l imestone [ shale 

• dolomite nodular chert - mass ive colonial 
corals 

- fasciculate 
corals 

solitary corals A 
brecciated 
l imestone 

tectonic 
fault 

FIG. 1 . — The occurrence of Petalaxis and associated species in the Bashkirian and Early Moscovian deposits of the northern part of 
Russia (loc. 8 0 1 , northern island of Novaya Zemlya; loc. 3 1 , Northern Timan, Sula River section). 

the Podolskian substage (Figs 3 , 5, 6) , w h i c h is 
considered to be the beginning of the radiat ion of 
the Petalaxidae and is defined as the lower boun ­
dary of t he Ivanovia zone ( the base of colaniae-
vozhgalensis-kamensis foraminifera zone, Fig. 5). In 
the Done t s Basin, Ivanovia occurs from limestones 
K8-L6 (Fomichev 1953) , slightly below the first 
appearance of Ivanovia in the type atea. T h e maxi­

m u m diversity of Petalaxis and astreoid forms is 
record-ed in the Myachkovian substage, especially 
in the Done t s and Moscow Basins, where n u m e -
rous species of Ivanovia (Ivanovia) (Dobrolyubova, 
1935), /• (Procystophora) n.sg., Donastraea n.g. and 
Cystophorastraea D o b r o l y u b o v a , 1935 (Fig. 15) 
occur . In t h e r a d i a t i o n in te rva l (Figs 5 , 6) ail 
g roups of Petalaxis exist a lmost s imul taneously , 
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N o r t h e r n T i m a n 

FIG. 2 . — The occurence of Petalaxis and associated species in I 
Fig. 1 ) . 

b u t the P. vesiculosus g roup is m o s t widespread. 

This interval is defined as the Petalaxis vesiculosus 

species-range zone in the nor thern T i m a n sections 

(Kossovaya 1995) a n d is also cha rac t e t i zed by 

P. flexuosus (Trautschold, 1879) (Moscow Basin, 

n o r t h e r n T i m a n , Belaya River sec t ion) , P. gigas 

Kossovaya n.sp. (Nor thern T iman , Sula River sec­

t ion a n d Malaya Pokayama section), P. orboensis 

(de G r o o t , 1963 ) a n d P. stylaxis (T rau t s cho ld , 

1879) (Moscow Basin). In the Malaya Pokayama 

section P. gigas n.sp. [vesiculosus group) was found 

together wi th index-species of the Neognathodus 

roundyi-Streptognathodus cancellosus c o n o d o n t 

zone (zonation by Goreva in Goreva & Kossovaya 

1997). In Belaya River section, P. flexuosus (loc. 5, 

bed 5-7) was found in the l imes tone , overlying 

tha t c o n t a i n i n g the Parastaffella bradyi Moeller , 

1 8 7 7 a n d Parastaffella moelleri O z a w a , 1 9 2 5 

( d e t e r m i n e d by Alekseeva, pe r s . c o m . ) . T h è s e 

foram species are widespread in Moscovian depo­

sits of the Russian Platform. In the type section of 

the Myachkovian substage at D o m o d e d o v o quat -

: Moscovian deposits of the northern Timan sections (see legend 

ry, Petalaxis species {stylaxis, flexuosus) occur in the 

lower par t of substage (Novlinskaya Format ion) 

a n d t h e last représenta t ives of P. stylaxis g r o u p 

occur in the upper part of Sula Format ion in the 

Malaya Pokayama section (bed 113) slightly below 

the Moscovian/Kasimovian bounda ry (Fig. 2) . In 

most areas of western Russia, the Petalaxidae beca-

m e extinct before the end of the Myachkovian. 

Ivanovia z o n e co inc ide s w i t h r a d i a t i o n phase , 

wh ich is easily recognisable in Novaya Zemlya , 

in the M o s c o w Basin and s u r r o u n d i n g area a n d 

in the N o r t h e r n T i m a n section at the base of the 

colaniae-vozhgalensis-kamensis zone (Fig. 5) at the 

b a s e o f P o d o l s k i a n s u b s t a g e o n t h e R u s s i a n 

P la t fo rm. In a d d i t i o n , t he p e a k of d ivers i ty is 

fixed in the base of Westphal ian D , a n d the base 

of the Desmoines ian (Interval 13 , Wes te rn in te-

rior, USA, S a n d o 1989) . P. yosti Stevens, 1995 

(belonging to P. Grootia g roup) occured in Bird 

Spring Forma t ion of the Desmoines ian (Stevens 

1995) a n d c o u l d be cor re la ted w i t h t he u p p e r 

par t of Moscovian. 
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FIG.3. Taxonomic diversity of Petalaxidae Fomichev, 1953. I, innovation level at the base of Podolskian substage; H, hiatus in the 
Petalaxidae distribution at the end of Serpukhovian and the beginning of the Bashkirian; E, extinction at the end of the Moscovian. 1 -
15, foram zones of the Russian Platform (Zonal Strat igraphy 1989). Visean; 1, Eostaffella ikensis; 2, Eostaffella tenebrosa, 
Endothyranopsis parvus. Serpukhovian: 3, Tarusian-Steshevian substages, Pseudoendothyra globosa, Neoarchediscus parvus 
zone; 4, Protvian substage, Eostaffella protvae zone; 5, Zapaltubian substage, Eosigmolina explicata, Monotaxinoides subplana 
zone. Bashkirian: 6, Voznesenskian substage, Plectostaffella bogdanovskensis zone; 7, Syranian substage, Eostaffella pseudotru-
vei, E. postmosquensis, E. varvariensis zone; 8, Akavasskian substage, Pseudostaffella antiqua; 9, Askynbashian substage, 
Pseudostaffella praegorsky, Profusulinella staffelliformis; 10, Tashastynian substage, Ozawainella pararhomboidalis, Profusulinella 
primitiva; 11 , Asatauskian substage, Verella spicata, Aljutovella tikhonovichi. Moscovian: 12, Vereian substage, Aljutovella aljutovi-
ca, Schubertella pauciseptata; 13, Kashirian substage, Fusulina pseudoelegans, Aljutovella znensis; 14, Podolskian substage, 
Fusulinella colaniaea, F. vozhgalensis, Fusulina kamensis; 15, Myachkovian substage, Fusulinella bocki, F. eopulchra, F. cylindrica. 
Kasimovian: Krevyakinian substage, Protriticites pseudomontiparus, Obsolètes obsoletus. 

T A X O N O M I C R E V I E W 

T h e F a m i l y P e t a l a x i d a e w a s e s t a b l i s h e d b y 

Fomichev (1953) (Fig. 4 ) . Accord ing to his ini­

tial d i agnos i s , o n l y gêne ra of mass ive co lon ia l 

corals w i t h a c o n t i n u o u s i n t e r co ra l l i t e wal l , a 

l amel la r , c o m p l e x axial s t r u c t u r e s c o n t a i n i n g 

a x i a l d i s s e p i m e n t s a n d / o r ax ia l p l a t e s w e r e 

i n c l u d e d in this family. T h e d i s s e p i m e n t a r i u m 

consis ts of large d i s s e p i m e n t s i n t e t r u p t i n g t he 

septa. W i t h i n this family, Fomichev (1953) reco-

gnized on ly one genus Petalaxis M i l n e Edwards 

et H a i m e , 1852 (type species P. mcoyanus Mi lne 

E d w a r d s H a i m e , 1 8 5 2 ) i n c l u d i n g rhe s u b -

genus Cystolonsdaleia Fomichev, 1953 . Accord ing 

to Fomichev (1953) , a possible ancesror could be 

Thysanophyllum N icho l son et T h o m s o n , 1876 or 

Endophyllum M i l n e - E d w a r d s rt H a i m e , 1 8 5 1 

( E a r l y C a r b o n i f e r o u s ) . S i m i l a r c o r a l s , d i s ­

t inguished by an i n t e r rup t ed inte tcotal l i te wall, 

w e r e g r o u p e d i n t o t h e F a m i l y C y s t o p h o r i d a e 

F o m i c h e v , 1 9 5 3 . I t e m b r a c e d Ivanovia 

D o b r o l y u b o v a , 1 9 3 5 , Cystophora Y a b e et 

Hayasaka , 1 9 1 6 , PolytbecalisYa.be et Hayasaka , 

1916, a n d Lonsdaleiastraea Ger th , 1921 wi th the 

p o s s i b l e a n c e s t o r Thysanophyllum. La t e r H i l l 

( 1 9 8 1 ) revised Fomichev ' s sys temat ics a n d in­

c luded ail of thèse gênera, part ly as jun io r syno-

n y m s , i n t o o n e f ami ly ( the P e t a l a x i d a e ) , a n d 

changed the family diagnosis accordingly. Sando 
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Fomichev 1953 Hill 1981 Sando 1983 Kozyreva 1980, 1984 

Petalaxidae 
Fam. nov. 

Hiatus 

Cystophor idae 
Fam nov 

Petalaxidae 
Fomichev 1953 

ANCESTOR ANCESTOR 
Thysanophyllum Thysanophyllum 

or 
Endophyllum 

Upper Visean 

A N C E S T O R 
Stelechophyllum 

A N C E S T O R 
Lonsdaleia 

FIG. 4. — Historical review of previous investigations showing stratigraphie range of gênera within Petalaxidae. Hiatus in the 
Peta lax idae d is t r ibu t ion embraces V o z n e s e n s k i a n , Syran ian and Akavassk ian subs tages (Bashk i r ian s tage) . C 1 , Ear ly 
Carboniferous. 

(1983) p u b l i s h e d a very i m p o r t a n t revis ion of 

Petalaxis, where five species groups were dis t in-

guished: the simplex g roup , the flexuosus g roup , 

the wagneri g roup , the mcoyanus g roup , and the 

vesiculosus g r o u p . Stelechophyllum T o l m a c h e v , 

1933 (Li thostrot ionidae) was suggested as a pos­

sible ances tor . Kozyreva ( 1 9 8 4 ) dea l t w i t h t he 

e v o l u t i o n a r y aspects of t he Pe ta lax idae , w h e r e 

Lonsdaleia M e Coy, 1849 was suggested as a pos­

sible ancestor. T h e présent investigation a n d sup-

por t ing phylogenet ic recons t ruc t ion makes some 

changes to H i l l s ( 1981) sys tem, b u t follows a 

few of t h e m a i n p r i n c i p l e s e s t a b l i s h e d ( H i l l 

1 9 3 8 ; Sando 1983) in gênerai aspect , b u t in a 

somewha t modif ied form: 

- c o m p a r i s o n of t h e a d u l t s tages o f d i f fé ren t 

species; 

- investigation of variability wi th in one species; 

- use of b u d d i n g and early stages of deve lopment 

for récogni t ion of t he connec t ion be tween spe­

cies (gênera) based o n the recapi tulat ion law; 

- compara t ive analysis of septal micros t ruc ture ; 

- use o f d i f f é r en t t y p e o f s t r a t i g r a p h i e d a t a , 

inc luding event s t ra t igtaphy as a f ramework for a 

phylogenet ic mode l . 

T A X O N O M I C D I V E R S I T Y ANALYSIS 

T h e f i rs t a p p e a r a n c e o f s p e c i e s i n c l u d e d in 

Petalaxis is suggested from the Late Visean d e p o ­

sits o f N o r t h A m e r i c a [P. simplex ( H a y a s a k a , 

1 9 3 6 ) , L i t t l e Fia t F o r m a t i o n , U t a h ] ( B a m b e r 

1 9 6 1 ; Sando 1983) . P. simplex is characterized by 

very short major septa, wh ich aie poorly express-

ed in t he early stages of coral l i te d e v e l o p m e n t 

(Sando 1 9 8 3 , p la te 18 , fig. 1). T h e t a x o n o m i c 

d ive r s i ty analys is o f t h e Pe ta l ax idae s h o w s an 

i n t e r r u p t i o n of Petalaxis l ineage a n d associated 

gênera in t h e u p p e r m o s t S e r p u k h o v i a n - l o w e r -

mos t Bashkir ian (Fig. 3) . Disappearance at tha t 

level affects no t only Petalaxis species, bu t n u m e -

rous taxa of rugose corals a n d has been described 

as a m i n o r mass e x t i n c t i o n e v e n t (Kossovaya 
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FIG. 5. — Distribution and stratigraphie range ot Petalaxis and Ivanovia species in the Bashkirian and Moscovian deposits ot the 
western part of Russia. 1 , Moscow Basin; 2, Donets Basin; 3, Voronezh anticline; 4, Nova Zemlya; 5, Northern Timan; 6, Gornaya 
Bashkiria. N.B. Early Bashkirian substages omitted (see Fig. 6). 
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FIG. 6. — Phylogenetic relations between morphogenetic groups within Petalaxidae. 
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1996) . T h e dis t r ibut ion of the Petalaxidae is res-

tr icted by ext inc t ion of the m o s t species before 

the begining of the Kasimovian. Permian repré­

s e n t a t i v e s o f Petalaxis, n u m e r o u s i n t h e 

W o l f c a m p i a n d e p o s i t s o f C a l i f o r n i a ( W i l s o n 

1982) are absenr from the Kossovaya's collection 

and everywhere in Russia, and are no t consideted 

here. T h e punc tua t ed chatacter of diversification 

of the Petalaxidae is expressed by two remarkable 

hiatuses: one near the mid-Carboni fe rous b o u n ­

d a r y a n d a n o t h e r nea r t h e lower K a s i m o v i a n 

b o u n d a r y (Figs 3 , 5). D u r i n g the un in t e r rup t ed 

séquence wi th in the Bashkirian and Moscovian, a 

significant decrease in the diversity occurs ar the 

base of the Vereian substage (Fig. 5) co inc id ing 

wi th stabilization of condi t ions unfavourable for 

massive corals. T h e beg inn ing of a shor t t rans­

gression followed by the ab rup t change to regres-

sion took place du t ing the Vereian in the Moscow 

Basin (Br iand et al. 1998) . T h e same diversi ty 

pat tern is chatactetist ic for coeval deposits of the 

Urals (Gorsky 1978 ; O g a r 1984, 1990) . A gra­

duai increase in diversity is charactetistic for the 

Kashirian substage. T h e appearance of Petalaxis at 

the middle of this substage in the Moscow Basin 

c o i n c i d e s w i t h a t r a n s g r e s s i v e S y s t e m t r a c t 

(Studenetz Quar ry) (Briand et al. 1998) . Adaptive 

r a d i a t i o n a n d w i d e s p r e a d e x p a n s i o n o f t h e 

Petalaxidae o c c u t in the Podolskian substage a n d 

coincides wi th the appearance of morphologica l 

i n n o v a t i o n , c h a r a c t e t i z e d by a t ype of c o l o n y 

wi th a higher degree of intégrat ion (aphroid and 

r h a m n a s r e r i o i d c o l o n i e s o f Ivanovia a n d 

Donastraea). In the M o s c o w Basin, the levels of 

P e t a l a x i d a e r a d i a t i o n a n d t h e a p p e a r a n c e o f 

astreoid colonies also coincides wirh a m a x i m u m 

flooding surface (Briand et al. 1998) . T h e disap-

pearance of Petalaxidae in the Moscow Basin can 

be illusttated in D o m o d e d o v o quarry where it is 

correlared wi th a tegtession at the base of Peski 

Format ion at the end of the Myachkovian t ime. 

O n l y one species (stylaxis group) wi th m a x i m u m 

morphological simplification has been found near 

the Moscovian-Kasimovian b o u n d a r y a n d may be 

considered as the last species of long-living line-

age of the Petalaxis genus. 

T h e r e are s o m e da ta on longer d u r a t i o n (Late 

Carboni fe rous) of very restr icted assemblage of 

astreoid colonies in the D o n e t s Basin (Fomichev 

1953) a n d C h i n a (/. jiaozuoensis Peng, Lin et Li, 

1992) . 

S Y S T E M A T I C S 

Family PETALAXIDAE Fomichev, 1953 

Petalaxidae Fomichev, 1 9 5 3 : 4 4 9 - 4 5 2 . - Hill 1 9 8 1 : 
F 4 0 1 . - S a n d o 1 9 8 3 : 2 3 - 4 0 . - B a m b e r & 
Fedorowski 1 9 9 5 : 4 . 

Cystophor idae Fomichev, 1 9 5 3 : 4 6 9 (type genus 
CystophoraYa.be et Hayasaka, 1 9 1 6 ) 

TYPE GENUS. — Petalaxis Milne-Edwatds et Haime, 
1 8 5 2 . 

GENERA I N C L U D E D . — Petalaxis Milne-Edwatds et 
Haime, 1 8 5 2 ; Petalaxis {Petalaxis) Milne-Edwatds et 
H a i m e , 1 8 5 2 ; P. (Grootia) X . Yu, 1 9 8 4 ; Cysto­
lonsdaleia Fomichev , 1 9 5 3 ; Ivanovia (Ivanovia) 
( D o b r o l y u b o v a , 1 9 3 5 ) ; /. (Procystophora) n.sg. ; 
/. (Protoivanovia) X . Yu, 1 9 7 7 ; Benxiphyllum W u et 
Lin, 1 9 9 2 . 

AGE . — Early Carboniferous?, Middle Carboniferous, 
Early Permian?. 

D I A G N O S I S . — Cerioid, cerioid-astreoid, aphroid and 
thamnastenoid; axial structure represented by lathlike 
columella conjoined with long cardinal septum, beco-
ming nattow axial column by addition of few, short 
septal lamellae and axial tabellae. The lattet forms the 
discontinious co lumn wall. Periaxial tabulae sub-
hotizontal or concave or décline abaxially. Some taxa 
have a very complète axial sttuctute similat in textute 
to cone in cone. Tabulât subhotizontal ot slightly 
con-cave or convex. Dissepimentarium commonly 
lonsdaleoid. Microstructure from mono- to multitta-
becular. 

REMARK 

T h e proposed phylogeny mode l (Fig. 6) is based 

o n t h e c o m p a r a t i v e ana lys i s o f t h e f o l l o w i n g 

m o r p h o l o g i c a l features a n d e s t ima t ion of the i r 

variability and stability. 

Such morphologica l features are considered to be 

impor t an t : the n u m b e t of rows of dissepimenrs , 

the complexi ty of the axial s t ructure , the ratio of 

t he w i d t h of d i s s e p i m e n t a r i u m to d i a m e t e t of 

t abu la r ium, the degree of deve lopmen t of m i n o r 

septa. T h i s is the basis for d is t inguishing several 

ma in groups wi th in the Petalaxis genus showing 

i n d e p e n d e n t évolut ion t rends of the each lineage. 
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S o m e o f th i s g r o u p h a v e t o b e c o n s i d e r e d as 

a s u b g e n u s after r e d e s c r i p t i o n o f m o s t of t h e 

species. 

D I S C U S S I O N 

By the Kossovaya's op in ion , based o n the obser­

v a t i o n o f Petalaxis s p e c i e s i n t h e A m e r i c a n 

M u s é u m of N a t u r a l H i s t o r y (Wash ing ton ) , the 

Ear ly C a r b o n i f e r o u s spec ies , w h i c h h a d b e e n 

inc luded in the Petalaxis genus by Sando (1983) 

h a v e t o b e t e v i s e d f fom t h e p o i n t o f m i c r o ­

s t ructure . By their morpholog ica l macrofeatures, 

t h e y a r e m o r e s i m i l a r t o Stelechophyllum 

Tolmachev, 1933 (Sando 1983) . 

G e n u s Petalaxis Mi lne -Edwards et H a i m e , 1852 

Petalaxis M i l n e - E d w a r d s et H a i m e , 1 8 5 2 : 
2 0 5 . - Fomichev 1 9 5 3 : 4 4 9 - 4 5 2 ; . - Hi l l 1 9 8 1 : 
4 0 1 . - S a n d o 1983:23-25; 

Stylaxis Milne Edwards et Haime, 1851: 452 (part.). 

Lithostrotionella Yabe et H a y a s a k a , 1916 -
Dobrolyubova 1935: 14. 

Lonsdaleia Me Coy, 1849 - Dobrolyubova 1935: 29. 

TYPE SPECIES. — Petalaxis mcoyana Milne-Edwards et 
Haime, 1852. Lecrotype: sample 1/251, St Petetsbutg 
State Univets i ty , M u s é u m of Histor ical Geology 
department (Fedorowski & Gorianov 1973: 58-59, 
pl. XII, fig. 4, text-fig. 20). 

A G E A N D LOCALITY. — M i d d l e C a t b o n i f e t o u s , 
Moscovian stage, Myachkovian horizon, Moscow 
région, Myachkovo village (Fedorowski & Gorianov 
1973). 

D I A G N O S I S . — Cer io id colonies ; corall i tes wi th 
simple, narrow axial st tuctute of larhlike columella 
continuous with one ot two long ptotosepta, com-
monly catdinal one, teinforced by one or two vety 
short septal lamellae and sparse, steep axial tabella 
next below; othet majot septa withdtaw from axis; 
dissepimentarium of différent width; tabulae sub­
horizontal; supplemented petiphetally by abaxially 
dec l ined tabel lae . Petalaxis genus inc ludes four 
morphogeneric groups of Petalaxis (Petalaxis): stylaxis, 
flexuosus, vesiculosus, mcoyanus and Petalaxis (Grootia). 

Subgenus Petalaxis (Petalaxis) 

Milne-Edwards et H a i m e 1852 

DIAGNOSIS. — As for genus, excluding représentatives 
with weak development of lonsdaleioid dissepiment. 

Petalaxis (P) stylaxis g roup 

(Figs 7, 1 3 C , D , 15A, B, 16A, B; Table 1) 

SPECIES INCLUDED. — P. (P.) stylaxis (Trautschold, 
1879), P. (P.) primitivum n .sp. , P. kitakamiensis 
(Minato, 1955), P. penduelensis (de Groot, 1963). 

AGE. — Late Bashkit ian-Moscovian, Eatly Kasi­
movian?. 

DIAGNOSIS. — Cerioid colonies with complète intet-
corallite wall, simple axial sttucture, composing rhe 
thickened end of cardinal septum ot conjoined cardi­
nal and countet septa. Dissepimentat ium ftom 1-
3 rows of dissepiments, but constant. Minot septa ate 
very shott or inconstant. The eatliest species, belong-
ing to the P. stylaxis group, are characterized either by 
a very simple axial structute or by conjoined cardinal 
and countet septa. They became longet in Moscovian 
species. In theit earliest gtowth stage, the cotallites 
have no dissepiments. Only a few rows of dissepi­
ments ate chatactetistic for the adult stages of the 
Bashkirian Petalaxis (P.) primitivum n.sp. (Fig. 7G, 
H ) . The Myachkovian Petalaxis (P.) stylaxis is charac­
terized by thicket axial sttucture and by variation in 
the length of minor septa at maturity (Fig. 7A-F). The 
t r e n d f tom t e d u c e d m i n o r sep ta , typ ica l for 
Bashkirian représentatives, to variable minor septa in 
those of the Moscovian seems to be the evolutionary 
trend within this group. The most stable featutes are: 
(1) the n u m b e t of dissepiments rows (1-3); (2) a 
simple axial structute; (3) the tatio of dissepimenta­
rium width to tabula t ium diameter W d i s / D t a b is 
about 0.2-0.3 (Table 1). 

Petalaxis (P) primitivum n .sp. 

( F i g s 7 G - I , 16A, B; Table 1) 

H O L O T Y P E . — C o l l e c t i o n C N I G R m u s é u m , St 
Pe te r sburg , 8 0 1 / 1 1 , Novaya Zemlya , N o r t h e r n 
Island, Cape Makarov, loc. 801, bed 11, Bashkirian 
stage, Askynbashskian substage. 

MATERIAL A N D OCCURENCE . — Bashkit ian stage, 
Askynbashskian substage, Novaya Zemlya, Notthern 
Island, Cape Makarov, loc. 801, bed 11, one colony 
(collecting of Dr. V. P. Marveev). 

ETYMOLOGY. — From primitive (lat.), very simple. 

D E S C R I P T I O N 

Small cerioid colony wi th five to six angles coral­

lites. Intetcotal l i te wall is th in . Major septa th in , 

long a n d reach t w o - t h i r d of coral l i te d iameter . 

D i a m e t e r o f c o r a l l i t e 4 - 5 m m , r a r e 7 m m . 

N u m b e r o f m a j o r s e p t a 1 5 - 1 8 . M i n o t s e p t a 
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FIG. 7. — Petalaxis (P.) stylaxis group: A, B, Petalaxis (P.) sty­
laxis (Trauschold) = P. stylaxis var .1 , Dobrolyubova, N 17/140 
m u s é u m P I N R A N , M o s c o w B a s i n , M o s c o v i a n s t a g e , 
Myachkovian substage; C, Petalaxis (P.) stylaxis (Trauschold) = 
P. stylaxis var.2, Dobrolyubova, N 22/140 muséum PINRAN, 
Moscow Basin, Ruza-Oj igova, right bank ot Moscow River, 
d o w n s t r e a m f r o m N o v a y a R u z a , M o s c o v i a n s t a g e , 
M y a c h k o v i a n s u b s t a g e ; D-F, Petalaxis (P.) stylaxis 
(Trautschold), N 32-9-4a/1 CNIGR muséum, St Petersburg, 
Russia, Northern T iman, Sula River sect ion, loc. 32, bed 9, 
Moscovian stage, Myachkovian substage; G-l, Petalaxis (P.) 
primitivum Kossovaya n.sp., Novlaya Zemlya, Northern Island, 
Cape Markarov, N 801/1 , bed 9, collecting by Dr V. Matveev, 
Bashkirian stage, Askynbashskian substage. Scale bar: 1 cm. 

poor ly deve loped , sho r t a n d in s o m e corall i tes 
t h e y a r e a b s e n t . T h i n i n t e t r u p t e d c o l u m n 
consists of conjoined axial parts of cardinal a n d 
c o u n t e r s e p t a o r s e p a r a t e d m e d i a l p l a t e . 
D i s sep imen ta r ium consists of two or three ranks 
of interseptal d i ssepiments a n d few lonsdaleoid 
dissepiments . T h e latter do no t form a cons tan t 
r ing. D i s sep imen ta r ium is separated from tabula-
r i u m by th in inner wall . T h e w i d t h of dissepi­
m e n t a r i u m is 1.0 m m . T a b u l a e a r e f la t , o r 
slightly concave or convex. Mic ros t ruc tu re is of 
mono t rabecu la r type. D iame te r of t abu la r ium 4-
4.5 m m . W d i s / D t a b 0 .2 -0 .25 . 

D I S C U S S I O N 

T h i s species differs from P. stylaxis by less deve­
l o p m e n t of lonsda leo id d i s sep iments a n d m o t e 

FIG. 8. — Petalaxis (P.) vesiculosus group: A-D, Petalaxis (P.) 
vesiculosus (Dob ro l yubova ) , N 27 /140 m u s é u m P I N R A N , 
Moscow Basin, Ruza-Oj igova, right bank of Moscow River, 
down stream from Novaya Ruza, loc. XXVI, bed.3 ; Moscovian 
S tage , M y a c h k o v i a n s u b s t a g e ; E-H, Petalaxis (P.) gigas 
Kossovaya n.sp., N 32-9-3a/3 CNIGR muséum, St Petersburg, 
Russia, Northern T iman, Sula River sect ion, loc. 32, bed 9, 
Moscovian stage, Myachkovian substage. Scale bar: 1 cm. 

n u m e r o u s major septa; from P kitakamiensis by 
r a r e o c c u r e n c e o f l o n s d a l e o i d d i s s e p i m e n t s 
(Fonta ine 1991) ; from P. penduelensis by cons tan t 
and thicker c o l u m n . 

Petalaxis (P) vesiculosus g roup 
(Figs 8, 9, 10B, C , 13A, B, F, G, 14C-E; 

Table 2) 

S P E C I E S I N C L U D E D . — P. (P.) vesiculosus (Dobro­
lyubova, 1935), P. (P.) belinskiensis Fomichev, 1953, 
P. (P.) lisitschanskensis Fomichev, 1953, P. (P.) gigas 
n.sp., P. (P.) mohikanus Fomichev, 1953, P. (P.) exilis 
Kozyreva, 1974, P. {P.) korkhovae Kozyreva, 1974, 
P. (P.) persubtilis Kozyreva, 1974, P. (P.) confertus 
(Kozyreva, 1974), P. (P.) mirus (Kozyreva, 1974), 
P. (P.) evidens (Kozyreva, 1974). 
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TABLE 1. — Petalaxis (P.) stylaxis group. D, diameter of corallite (mm); Wdis, dissepimentarium width (mm); Dtab, diameter of tabu-
larium (mm); S I , major septa; S2, development of minor septa; DR, the number of rows of lonsdaleoid dissepiments; Wdis/Dtab the 
ratio of dissepimentarium width to tabularium diameter; r, reduced; pd, poorly developed; d, developed. The measurements of 
P (P.) stylaxis are based on Dobrolybova (1935) and Kossovaya's collection and of P. (P.) primitivum is based on the holotype. 

D (mm) Wdis (mm) Dtab (mm) S1 S2 DR Wdis/Dtab 

stylaxis 6-8 1 3-4 13-16 pd 1-2 0.25 
primitivum 5 1 4-4.5 17-18 r 2-3 0.2-0.25 
kitakamiensis 5-6 1.1 4 16-20 r 1-2 0.27 

TABLE 2. — Petalaxis (P.) vesiculosus group (see legend Table 1 ). 

D (mm) Wdis (mm) Dtab (mm) S1 S2 DR Wdis/Dtab 

vesiculosus 6-12 4.0 3-3.5 10-14 d 2-3 1.3 
belinskiensis 7-9 4.0 4.0 17-19 d 2-3 1.0 
lisitschanskensis 12-15 7.0 6.0 18-21 d 3 1.2 
gigas 11-16 5 5 19-21 d 2-4 1 
mohikanus 6-8 2 1 13-18 d 2-4 1.7 
exilis 8-9 3 2.5 10-14 r 3-5 1.2 
korkhovae 9-15 3.5 2.5 16-18 r 2-4 1.4 
persubtilis 9-15 6.0 2.5 15-17 pd 2-4 1 
confertus 8-12 2 2 15-17 p d 2-4 1 
mirus 7-15 2-3 2 16-18 r 1-2 1-1.5 
evidens 13-15 2-2.5 2 19-20 p d 1-2 1-1.7 

TABLE 3. — Petalaxis (Grootia) group (see legend Table 1 ). 

D (mm) Wdis (mm) Dtab (mm) S1 S2 DR Wdis/Dtab 

ivanovi 6-6.5 0.5 2 13-14 d 0-1 0-0.25 
yosti 5-8 2 4.6 18-22 d 0-4 0.4 
perapertuensis 5-7 0-1 2.3 17 d 0-1 0-0.4 
radians 7-8 - 5 17 d 0 0 
santaemariae 5 - 2 19 d 0 0 
cantabrica 6-7 0-1 3 23 d 1-2 0.3 
wahooensis 5 1.3 3 24 d 1-2 0.4 

TABLE 4. — Petalaxis (P.) gigas n.sp. (see legend Table 1 ). 

Sample number D (mm) Wdis (mm) Dtab (mm) S1 S2 DR Wdis/Dtab 

32-9-4/2 14 3.5 3 20 d 2-3 1 
32-9-4/2 14 3 4 21 d 2-3 0.7 
32-9-4/2 12.5 3.5 3 20 d 3-4 1.7 
20-109a-3/1 11 5 5 19 d 3-4 1 
20-109a-3/1 16 5 6 19 d 2-3 0.8 
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FIG. 9. — Petalaxis (P.) vesiculosus group: A-D, Petalaxis (P.) 
gigas K o s s o v a y a n.sp. , N 3 2 - 9 - 4 a / 2 CNIGR m u s é u m , St 
Petersburg, Russia, Northern Timan, Sula River section, loc. 32, 
bed 9, Moscovian stage, Myachkovian substage. Scale bar: 
1 cm. 

D l A G N O S I S . — This group evolved towards the stabili-
zation of minor septa and the widening of the dissepi­
men ta r ium, which reached a max imum wid th in 
Myachkovian time. The most stable features are: (1) a 
well-developed lonsdaleoid dissepimentarium; (2) the 
ratio of the dissepimentarium width to the tabularium 
diameter is equal to one or more. The structure of the 
axial part is the most changeable feature of représenta­
tives of this group. The septal lamellae occur frequent-
ly. For species included in Petalaxis (P.) vesiculosus 
Group, Wdis/Dtab is about 1-1.7. The représentatives 
of this group which are characterized by maximum 
width of dissepimentarium are most widespread in the 
middle and upper parts of the Myachkovian substage, 
where they are stratigraphically important. 

F I G . 10. — A, Petalaxis (P.) flexuosus group: Petalaxis (P.) 
orboensis de G r o o t , N 3 2 - 9 - 3 a / 1 C N I G R m u s é u m , St 
Petersburg, Russia, Northern Timan, Sula River section, loc. 32, 
bed 9, Moscovian stage, Myachkovian substage; B, C, Petalaxis 
(P.) vesiculosus group: Petalaxis (P.) gigas Kossovaya n.sp., N 
20-109a-3/1 CNIGR muséum, St Petersburg, Russia, Northern 
Timan, Malaya Pokayama section, Volonga River, loc. 20, bed 
109a, Moscovian stage, Myachkovian substage, holotype. Scale 
bar: 1 cm. 

Petalaxis (/?) gigas n.sp. 
(Figs 8 E - H , 9 A - D , 10B, C , 13F, G, 14C , D ; 

Table 3) 

H O L O T Y P E . — Co l l ec t i on C N I G R m u s é u m , St 
Petersburg, N 20-109a-3/ l , Volonga River, Malaya 
Pokayama section, Sula Formation, Moscovian stage, 
Myachkovian substage, Ivanovia partial range zone, 
Petalaxis vesiculosus species zone. 

MATERIAL A N D OCCURENCE. — Moscovian stage, 
M y a c h k o v i a n subs tage , N o r t h e r n T i m a n , Sula 
Formation, Myachkovian substage, Volonga River 
(Malaya Pokayama section), C N I G R muséum, St 
Petersburg, loc. 20, bed 109, two colonies, two trans­
verse and two longitudinal sections Sula River, Sula 
River section, loc. 32, bed 9. 

E T Y M O L O G Y . — From "gigas" (lat.), enormous. 

DESCRIPTION 

Cerio id colonies wi th m a x i m u m size 1.0-1.7 m . 
C o r a l l i t e 5-6 a n g l e s h a p e . I n t e r c o r a l l i t e wal l 
thick, some t ime waved. Major septa long, nearly 
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TABLE 5. — Petalaxis (P.) flexuosus group (see legend Table 1). 

D (mm) Wdis (mm) Dtab (mm) S1 S2 DR Wdis/Dtab 

flexuosus 5-7 2 3-4 14-17 d 1 0.6 
major 7-9 1.5-2 1.7-2.0 17-22 d 2-3 0.8-1.0 
orboensis 6-8 1.7-3.5 3.5-4 17-19 d 1-3 0.5-0.8 

TABLE 6. — Petalaxis (P.) mcoyanus group (see legend Table 1). 

D (mm) Wdis (mm) Dtab (mm) S1 S2 DR Wdis/Dtab 

wagneri 4 0-1 2-3.5 14-16 pd 1-2 0.3 
mcoyanus 5.4-7.8 0.5-1.0 1.5-1.7 16 pd 1 0.3 
donbassicus 5-7 1.0 1.5 14-17 d 1-2 0.6 
grootae 4-6 0.7 1.6 14-16 d 1-3 0.4 
sexangulus 3-4 1.0 2.5-3 13-15 r 0-1 0.4 
intermedius 5-6 1-1.2 2 16-19 r 4 0.6 

r each t h e axis o f co ra l l i t e . N u m b e r of m a j o r 
s ep t a -19 -21 . M i n o r s ep tum egual à half of major 
s e p t u m . C o l u m n t h i n , c o n s t r u c t e d f r o m t h e 
inner par t of the cardinal s ep tum. Card ina l sep­
t u m shor t in the poor ly dis t inguished fossula in 
some corallites. In longi tudinal section (Fig. 13G) 
there are two septal lamellae parallel to the axial 
lamella of c o l u m n . Internai wall séparâtes tabula-
r i u m a n d d i s s e p i m e n t a r i u m . T a b u l a e s u b h o r i ­
z o n t a l . D i s s e p i m e n t a r i u m cons is t s of t h r e e to 
f o u r r o w s o f l a r g e , c o n v e x d i s s e p i m e n t s . 
Micros t ruc tu re is of mono t r abecu la r type. T h e r e 
are some différences in d i m e n t i o n s of corallites 
from différent localities. 

D I S C U S S I O N 

N e w species differs from P. vesiculosus by larger 
d iamete r of corallites a n d wider r ing of dissepi­
men t s . 

Petalaxis (P) flexuosus g roup 
(Figs 10A, 1 1 , 13E, 14A, B; Table 4) 

S P E C I E S I N C L U D E D . — P. flexuosus (Trautschold , 
1879), P. major (de Groot, 1963), P. orboensis (de 
Groot, 1963). 

D l A G N O S I S . — The nominal species of this group 
shows a more complex axial structure and a narrow 
ring of dissepiments. Axial structure consists of the 
axial lamellae, few irregular radial lamellaes. Peripheral 
parts of septa can continue into dissepimentarium. 

The most constant morphological characteristics in 
corals of this group are a complex axial structure and a 
narrow dissepimentarium consisting of small dissepi­
ments developed in mature stages. For species includ-
ed in Petalaxis (P.) flexuosus group Wdis/Dtab is about 
0.7-1. 

Petalaxis (/?) mcoyanus g roup 
(Table 5) 

S P E C I E S I N C L U D E D . — P. (P.) wagneri (de Groot , 
1963), P. (P.) mcoyanus (Milne-Edwards et Haime, 
1852) , P. {P.) donbassicus Fomichev , 1 9 5 3 , P. 
(P.) grootae Sando, 1983, P. (P.) sexangulus (de Groot, 
1963), P. (P.) intermedius (de Groot, 1963). 

D l A G N O S I S . — This group occupies a position inter­
médiare between the P. stylaxis group and P. flexuosus 
group and is characterized by a more complex axial 
structure, than the former and by a narrower dissepi­
mentarium, than that found in représentatives of the 
P. (P.) flexuosus g r o u p . For species i nc luded in 
Petalaxis (P.) mcoyanus group Wdis /Dtab is about 
0.3-0.7. 

Petalaxis { Grootid) g roup 
(Figs 12A, 14F; Table 6) 

S P E C I E S I N C L U D E D . — Petalaxis (Grootia) ivanovi 
(Dobro lybova , 1935) , P- (G.) parapertuensis (de 
Groo t , 1963) , P. (G.) radians {de Groo t , 1963), 
P. (G.) santaemariae (de Groot, 1963), P. (G.) canta-
bricus (de G r o o t , 1 9 6 3 ) , P. {G.) wahooensis 
Armstrong, 1972, P. (G.) yosti Stevens, 1995. 
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FIG. 11 . — Petalaxis (P.) flexuosus group: A-D, Petalaxis (P.) 
flexuosus (Trautschold) N 24/140 muséum PINRAN, Moscow 
Basin, Moscovian stage, Myachkovian substage; E, F, Petalaxis 
(P.) flexuosus (T rau tscho ld ) , N 5-6-1 CNIGR m u s é u m , St 
Petersburg, Russ ia, Northern T iman , Belaya River sect ion, 
loc. 5, bed 6, Moscov ian s tage, Myachkov ian substage; G, 
Petalaxis (P.) flexuosus (Trautschold), N 5-5-2 CNIGR muséum, 
St Petersburg, Russia, Northern Timan, Belaya River section, 
loc. 5, bed 5, Moscovian stage, Myachkovian substage. Scale 
bar: 0.5 cm. 

DIAGNOSIS. — This group embraces species characte­
rized by the absence or weak development of lonsda-
leo id d i s s e p i m e n t s a n d had been p t i m e t a l l y 
determined as Hillia n.g. by de Gtoot ( Î963) . This 
name was p teoccupied (see Sando 1983) . Sando 
consideted this gtoup as a spécial group within the 
Petalaxis genus. The genus was tenamed as Grootia by 
Yu (1977) . Mos t of the species of this group are 
known from the Bashkirian and Moscovian deposits 
of the Cantabrian Mountains (de Gtoot 1964). Only 
one species [P. (Grootia) ivanovi] from the Moscow 
Basin can be included and it is chatactetized by an 
absent ot very weak development of a lonsdaleoid dis­
sepimentarium . Species included in Petalaxis (Grootia) 
group are characterized by Wdis/Drab 0-0.4 

FIG. 12. — Petalaxis (Grootia) group: A, Petalaxis (Grootia) iva­
novi (Dobrolyubova), N 88/140 (holotype) muséum PINRAN, 
Moscow Basin, Protopopovo quarries in the vicinity of Kolomna, 
Moscovian stage, Myachkovian substage; B , Ivanovia (Ivanovia) 
podolskiensis (Dobrolyubova), N 106/140 (holotype), muséum 
P I N R A N , M o s c o w B a s i n , S c h u r o v o , M o s c o v i a n s t a g e , 
Myachkovian substage; C, Donastraea bolla (Dobrolyubova), N 
68/140 (holotype) muséum PINRAN, Moscow Basin, Podolsk, 
Moscovian stage, Myachkovian substage. Scale bar: 0,5 cm. 

G e n u s Cystolonsdaleia Fomichev, 1953 

D I A G N O S I S . — As in Fomichev (1953) and Hil l 
(1981). Astreoid colonies of Petalaxidae family. The 
main motphological fearures that have been used as a 
basis fot taxonomical tevision of the astteoid colonies 
of Petalaxidae ate: the type of colony, the différences 
in the axial sttuctute of cotallites and the development 
of minot septa. 

G e n u s Ivanovia Dobro lyubova , 1935 

Ivanovia Dobrolyubova, 1935: 35. - Hill 1981: F403 
(partly). - Fomichev 1953: 477. - W u & Lin 1992: 
105, 106. 

Cystophora - Dobrolyubova 1935: 20. - Fomichev 
1953: 407. 
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Subgenus Ivanovia {Ivanovia) 

(Dobro lyubova , 1935) 

(Figs 12B, 15C , D , 1 6 C , D) 

TYPE SPECIES. — Ivanovia podolskiensis Dobrolyubova, 
1935 (Figs 12B, 16C, D ) . Holotype: sample 106/140 
M u s é u m of Palaeontological Ins t i tu te of Russian 
Academy of Science, Moscow (Dobrolyubova 1935: 
35-36, plate XII, figs 1-2). 

A G E A N D LOCALITIES . — Moscovian stage, Podolskian 
and Myachkovian substages of Moscow Basin, Donets 
Basin, Kashitian? Podolskian substages of Spain. 
Moscovian stage of China. 

SPECIED INCLUDED. — /. ( / . ) podolskiensis D o b t o -
lyubova, 1935, /. (/.) freieslebeni (Fischet, 1830), 
/. (/.) expansa Dobto lyubova , 1935, /. (/.) sparsa 
(Fomichev, 1953) , /. (/.) cystiseptata (Fomichev, 
1953), /. (/.) nadeini (Fomichev, 1953), /. (/.) aster 
Fomichev, 1953, /. (/.) ? pogrebitskyi Fomichev, 1953, 
I. (I.) occidentalis Fomichev, 1953) (= Polythecalis occi-
dentalisFomichev, 1953), I. (I) intermedia^ffu etLin, 
1992, I. (I.) mirabilis W u et Lin, 1992. 

D I A G N O S I S . — Aphtoid colony with some ttaces of 
walls; major septa long, but few reaching columella, 
dilated in tabulat ium; minor septa ptesent ot not; 
septa discontinious in dissepimentatium; axial sttuc-
tute compact, consists of thickned pan of the countet 
septum ot thickened médian plate; sometime axial 
stiuctute is very simple; periaxial rabellae slightly in-
clined. Septal mictostfuctufe of monottabeculat type 
(Fig. 15E, F). 

Subgenus Ivanovia (Protoivanovia) X. Yu, 1977 

TYPE SPECIES. — Protoivanovia régularisa. Yu, 1977. 

SPECIES INCLUDED. — Ivanovia (Protoivanovia) regu-
laris X. Yu 1977, /. (P.) ditulathecata W u et Lin, 
1 9 9 2 , / . (P.) mayicunensis W u et L in , 1 9 9 2 , 
/. (P.) shancbengziensis^ffu etlÀn, 1992, I. (P.) shan-
chengziensispluriseptataWu etLÏm, 1992. 

Ivanovia (Procystophora) Kossovaya n.sg. 

(Fig. 16E, F) 

T Y P E SPECIES. — Cystophora densivesiculosa 
Dobtolyubova 1935, plate VII, figs 3-4. Holotype: 
collection of the Muséum of Palaeontological Institute 
of Russian Academy of Science, Moscow, N I 4 0 , thin 
sections 188-190. 

SPECIES INCLUDED. — Ivanovia (Procystophora) densi­
vesiculosa (Dobtolyubova, 1935) [= Cystophora densi­
vesiculosa Dobtolyubova, 1935] (Fig. 16E, F), /. (P.) 

sp. 1 [= / . freieslebeni ( S t u c k e n b e t g , 1888) in 
Dobtolyubova 1935, plate IV, figs 1, 2) 

A G E A N D LOCALITIES. — Midd le Ca tbon i fe tous , 
Moscovian stage, Myachkovian substage, light bank 
of Moscow Rivet, near Sonino village. 

DIAGNOSIS. — Cerioid-thamnastetioid colonies with or 
without rraces of walls; major septa tather long, minor 
septa of inconstant lenght ptesent; axial sttuctuie com­
pact, comprising thickened médian plate and some-
times few short lamellae with few axial tabellae atranged 
in cônes; periaxial rabulae sagging, some peripheral cli-
notabellae. Microsttuctute of septa-multittabeculat. 

Donastraea n.g. 

(Figs 15F, 16G, H , 12C) 

Lonsdaleiastraea Fomichev, 1953: 498 (partly). 

Cystophora - Dobrolyubova 1935: 27 (partly). 

T Y P E SPECIES. — Lonsdaleiastraea cystiseptata 
Fomichev, 1953. Holotype: C N I G R muséum, coll. 
1 2 2 / 5 0 3 0 , ( F o m i c h e v 1 9 5 3 , p l a t e XLI , fig. 2) 
(Fig. 16G, H) . 

SPECIES I N C L U D E D . — Donastraea cystiseptata 
(Fomichev, 1953) [^Lonsdaleiastraea cystiseptata 
F o m i c h e v , 1953] (Fig . 16G, H ) , D. yakovlevi 
(Fomichev, 1953) [=Polythecalis yakovlevi Fomichev, 
1953], D. bella (Dobrolyubova ,1935) [=Cystophora 
bella Dobrolyubova, 1935] (Fig. 15F). 

A G E A N D LOCALITY. — M o s c o v i a n s tage , 
Myachkovian substage-the base of the Kasimovian? 
stage, Donets Basin, limestone O l , to the east from 
Rjazantsev village. 

ETYMOLOGY. — Detivation of name from Don River. 

DIAGNOSIS. — Aphroid colonies with axial sttuctuie 
from simple médian plate to compound structure of 
regular shape with numetous tadial lamella, sometime 
forming the sttucture cone-in-cone, inner séries of 
tabellae sagging. Dissepimentatium wide, consisting 
of the horizontal tows of dissepiments. Naotic dissepi­
ments and septal catinae may be ptesent . Micro-
stiuctuie of multittabeculat rype. 

G e n u s BenxiphyllumSffn etlÀn, 1992 . 

Cystophora Yabe et Hayasaka, 1916: 76. - Yabe & 
Sugiyama 1944: 74, pl. 3, figs 1-4. 

TYPE SPECIES. — Cystophora manchurica Yabe et 
Hayasaka, 1916: 70; Yabe & Sugiyama 1944: 74, 
pl. 3, figs 1-3. 
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FIG. 13. — A, B, Petalaxis (P.) vesiculosus (Dobrolyubova), N 32-9-3a/3 CNIGR muséum, Northern Timan, Sula River section, loc. 32, 
bed 9, Sula Format ion, Myachkovian substage, (A) t ransverse sect ion, (B) longitudinal sect ion; C, D, Petalaxis (P.) stylaxis 
(Trautschold), N 32 -9-4a/1 CNIGR muséum, Northern Timan, Sula River section, loc. 32 , bed 9, Sula Formation, Myachkovian sub­
stage, (C) transverse section, (D) longitudinal section; E, Petalaxis (P.) flexuosus (Trautschold), N 5-6-1 CNIGR muséum, Northern 
Timan, Belaya River section, loc. 5 , bed 9, Sula Formation, Myachkovian substage; F, G, Petalaxis (P.) gigas Kossovaya n.sp., 
N 32-9-4a/2, Northern Timan, Sula River section, loc. 32 , bed 9, Sula Formation, Myachkovian substage, (F) transverse section, (G) 
longitudinal section. Scale bar: 0.5 cm. 
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FIG. 14. — A, B, Petalaxis (P.) orboensis (de Groot), N 32-7-3/1 CNIGR muséum, Northern Timan, Sula River section, loc. 32, bed 7, 
Sula Formation, Myachkovian substage, (A) transverse section, (B) longitudinal section; C, D, Petalaxis (P.) gigas Kossovaya n.sp., 
N 20-109a-3/1 CNIGR muséum, Northern Timan, Malaya Pokayama section, loc. 20, bed 109, Sula Formation, Myachkovian substa­
ge, (C) transverse section, (D) longitudinal section; E, Petalaxis (P.) persubtilis Kozyreva, N 31-9-1/4 CNIGR muséum, Northern 
Timan, Sula River section, loc. 3 1 , bed 9, Askynbashskian substage; F, Petalaxis (P.) intermedius (de Groot), N 32-7-3/3, Northern 
Timan, Sula River section, loc. 32, bed 9, Sula Formation, Myachkovian substage. Scale bar: 0.5 cm. 
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F 

FIG. 15. — A, B, Petalaxis (P.) stylaxis (Trautschold), N 32-9-4a/1 , Northern T iman, Sula River sect ion, loc. 32, bed 9, Sula 
Formation, Myachkovian substage, (A) transverse section of corallite, (B) transverse section of septum (SEM); C, D, Ivanovia 
podolskiensis Dobrolyubova, P-15-1a CNIGR muséum, Moscow région, Podolsk quarry, bed 15, Podolskian substage, (C) transver­
se section of corallite, (D) transverse section of septum; E, Cystophorastraea moelli (Stuckenberg), N 10/140 muséum PINRAN, 
Moscow, Moscow Basin, Myachkovian substage; F, Procystophora bella (Dobrolybova), N 140 muséum PINRAN, Moscow Basin, 
Myachkovian substage. Scale bars: A, 200 pm; B, D, 20 pm; C, 600 pm; E, F, 140 pm. 
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FIG. 16. — A, B, Petalaxis (P.) primitivum Kossovaya n.sp. CNIGR muséum, St Petersburg, N 801-11, Novaya Zemlya, Northern 
Island, Makarov Cape, loc. 801 , bed 11 , Bashkirian stage, Askynbashskian substage (collecting of Dr V. P. Matveev), (A) transver­
se section, (B) longitudinal section; C , D, Ivanovia [Ivanovia) podolskiensis Dobrolyubova PINRAN, coll. 140, N 106/140, Moscow 
Basin, Myachkovian substage, Schurovo village, (C) transverse section, (D) longitudinal section; E , F, Ivanovia (Procystophora) 
densivesiculosa (Dobrolyubova), PINRAN (Dobrolyubova, 1935), coll. 140, N 65/140, holotype, Moscow Basin, Myachkovian sub­
stage, near Sonino vil lage, ( E ) transverse section, ( F ) longitudinal section; G , H, Donastraea cystiseptata (Fomichev), CNIGR 
muséum (Fomichev 1953), coll. 5030, holotype N 436/503. Donets Basin, limestone 0 1 , to east from Rjazantsev village, (G) trans­
verse section, (H) longitudinal section. Scale bar: 1 cm. 
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SPECIES INCLUDED. — Benxipbyllum manchurica 
(Yabe et Hayasaka, 1916); B. bacilliforme^ffn et Lin, 
1992; B. temcolumnarumWu etllri, 1992; B. brachy-
septatum W u et Lin, 1992; B. ellipticum W u et Lin, 
1992. 

A G E . — The upper part of the Late Carboniferous 
(Moscovian stage). 

D l A G N O S I S . — Corallum compound, cystose-aphroid, 
wall occasionally appeared. Septa of two order, dis-
tinctly thickened, with large almond-shape columella 
(Amygdalophylloid) in transverse section, in which 
there is a texture of middle and radial lines. Tabulae 
inclined towards the inner, latéral tabellae developed. 

P H Y L O G E N Y 

E v o l u t i o n o f Pe ta lax idae c o u l d be s u b d i v i d e d 

i n t o m a i n phases w i t h i n t he u p p e r m o s t lower 

Bashk i r i an to t h e e n d of t he M o s c o v i a n . T h e 

appearance of the first représentatives of Petalaxis 

seems to be the resuit of colonizat ion of n u m e -

rous niches in stabilized env i ronments . T h e step-

wise increase in diversity was in te r rup ted by the 

unfavorable condi t ions at the e n d of Bashkirian 

in w h i c h o n l y a few spec i e s s u r v i v e d in t h e 

basins. 

T h e b e g i n n i n g o f t h e r a d i a t i o n p h a s e o f 

Petalaxidae family coinsides wi th the m a x i m u m 

d i v e r s i t y level o f t h e o t h e r g r o u p s o f r u g o s e 

corals (Kossovaya 1996) . T h e s t ructural changes 

o f m a s s i v e P e t a l a x i d a e h a v e r e s u l t e d i n t h e 

increase in t h e degree o f i n t é g r a t i o n (Fig. 6 ) . 

Micros t ruc tura l changes are displaied by graduai 

c h a n g e in t h e t y p e o f m i c r o s t r u c t u r e , f r o m 

m o n o t r a b e c u l a r ( t y p i c a l for m o s t spec i e s o f 

Petalaxis) to incons tan t mul t i t rabecular [charac­

teristic for Donastraea (Figs 11C, 15F)] a n d gra­

duai stabilization of the mul t i t rabecular s t ructure 

in Donastraea. 

Phyletic évolu t ion has resulted in the following 

s k e l e t a l e x p r e s s i o n i n Petalaxis-Ivanovia 

{Ivanovia) lineage: (1) simplification of the inner 

s t ructure of the earliest species wi th locally inter­

rup t ed wall; (2) increase in the w i d t h of the dis­

sep imen ta r ium as a Connecting s t ructure be tween 

corallites. 

T h e graduai change is characteristical for change 

in t he type o f co lony f rom c e r i o i d - a p h r o i d to 

t h a m n a s t e r i o i d in t h e Ivanovia (Ivanovia) -

Ivanovia {Procystophora) l ineage. T h e c o m p l e t -

n e s s o f i n n e r s t r u c t u r e a n d s t a b i l i z a t i o n o f 

mul t i t r abecu la r s t ruc tu re seems to be t he m a i n 

évo lu t ion t e n d e n c y in t he Ivanovia (Ivanovia)-

Donastraea l ineage. 

C O N C L U S I O N S 

T h e é v o l u t i o n h i s to ry of Pe ta lax idae f rom the 

o r i g i n a t i o n o f c e r i o i d Petalaxis stylaxis w i t h 

s i m p l e i n n e r s t r u c t u r e s (Fig . 6 ) , f o l l owed by 

rather rapid expansion a n d morphologica l diver­

sif icat ion b o t h in Petalaxis a n d re la ted g r o u p s 

result ing in morphologica l innovat ion , could be 

subdiv ided in to two phases. 

T h e first phase, recovery of long dura t ion , is cha-

r ac t e r i zed by s t ab i l i z a t i o n o f several Petalaxis 

l ineages, s h o w n here as m o r p h o g e n e t i c g roups . 

Stabilization of m i n o r septa occured wi th in diffé­

ren t g roups of Petalaxis after a sho r t pe r iod of 

eco log ica l d é p r e s s i o n at t h e b e g i n n i n g of t h e 

Moscovian. T h e n , the flourish of Petalaxidae was 

established w i th in the Podo l sk ian-Myachkov ian 

interval (Fig. 6 ) . T h e second phase of adapt ive 

radia t ion wi th increase b o t h in t he generic a n d 

spécifie d ivers i ty is c h a r a c t e r i z e d by m o r p h o ­

logical i n n o v a t i o n expressed in t he increase in 

degree of t he in tégra t ion in colonies . After t he 

o r ig ina t ion of aph ro id Ivanovia (Ivanovia) w i th 

s imple axial s t ruc ture a few t rends are displaied 

w i t h t he appea rance of t h a m n a s t e r i o i d type of 

colony Ivanovia (Procystophora) n.sg. and aphro id 

colonies wi th gradual ly compl ica ted axial s t ruc­

tures (Donastraea n .g.) . 

T h e paleogeographical realm of the Petalaxis spe­

cies are very w i d e ; it e m b r a c e s ail t he m a r g i n 

shelf of Te thyan paleoocean, inc lud ing b o t h the 

P e r i - t e t h y a n b a s i n s s u r r o u n d i n g t h e E u r o -

american pa leocon t inen t a n d n u m e r o u s ep icont i -

nenta l basin of eastern par t of Te thyan . Species 

of Ivanovia l ineage have a m o r e n a r r o w rea lm. 

T h e y were widespread b o t h in eastern a n d sou­

t h e r n m a r g i n s h e l f b a s i n s o f E u r o a m e r i c a n 

pa laeocont inen t a n d eas t -nor thern marg in basins 

of Te thyan océan. At the same t ime représenta­

t ives w i t h m o s t c o m p l è t e ax ia l s t r u c t u r e o f 

Donastraea a n d Benxipbyllum l ineages occur in 
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t h e s o u t h e r n m a r g i n ba s in s o f A n g a r i a n a n d 

Euroamer ican pa leocont inents . 

I t s e e m s p o s s i b l e t o c o n s i d e r Lytvophyllum 

D o b r o l y u b o v a , 1 9 4 1 as a n a n c e s t o r o f t h e 

Petalaxidae because of the similari ty of the b u d -

d ing of the earliest Petalaxis (P. stylaxis g roup ) . 

M a t u r e stages of fasciculate Lytvophyllum species 

character ized by very h igh variabi l i ty are wide -

spread in the recovery assemblage after rhe M i d -

Carboniferous event (Kossovaya 1996) . 

A D D E N D U M . — After t h e d r a w i n g u p o f th i s 

article, an i m p o r t a n t work on Peralaxidae family 

was publ ished by Bamber & Fedorowski (1998) . 

Unfor tunat ly , the matet ia l from tha t publ ica t ion 

are n o t taken in accoun t in the présent paper. 
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