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Correlation of Uppermost
Carboniferous and Lower Permian
Rugose Coral Zones from the Urals to
Western North America

OLGA L. KOSSOVAJA
All-Russian Research Geological In-
stitute,

St. Petersburg,

Sredny pr., 74, Russia

PALAIOS, 1996, V. 11, p. 71-82

More than 40 species of uppermost
Carboniferous and Lower Permian
rugose corals collected from 5 areas
on the Russian Platform and the
Ural Mountains permit eight coral
zones to be erected. They are the (1)
Timania dobroljubovae zone, (2)
Arctophyllum minimum zone, (3)
Ferganophyllum sp. nov. 1 zone and
its analogue in Timan, the Timania
sp. 1- Heritschioides aff. H. carneyi
zone, (4) Kleopatrina (K.) pseudo-
elegans-Tschussovskenia captiosa
zone and its partial analogue in Ti-
man, the Lophbillidium zone, (5) Ti-
mania schmidti-Kleopatrina (K.)
magnifica zone, (6) Protolonsdaleias-
traea biseptata zone, (7) Protolons-
daleiastraea longiseptata zone, and
(8) Protolonsdaleiastraea juresanen-
sis zone. Several of these zones can
be extended to Spitsbergen and
North America. Especially impor-
tant for international correlation are
four levels at which major changes
in the assemblages of rugose corals
occur. These are (1) at the base of
the Timania dobrolubjovae zone, (2)
at the base of the Kleopatrina (K.)
pseudoelegans-Tschussovskenia
captiosa zone, (3) at the base of the
Protolonsdaleiastraea biseptata zone,
and (4) at the top of the Protolons-
daleiastraea juresanensis zone.

Copyright © 1996, SEPM (Society for Sedimentary Geology)

INTRODUCTION

Considerable data on Upper Car-
boniferous-Lower Permian coral as-
semblages of the Urals, Russian Plat-
form, and north Timan have been
generated by previous workers, in-
cluding Stuckenberg (1895) revised

by Ivanovsky (1987), Dobrolyubova
(1936a,b), Soshkina et al. (1941), and
Simakova (in Gorsky and Kalmyko-
va, 1986). New collections of upper-
most Carboniferous and Lower
Permian rugose corals, made bed by
bed during 1980, 1981, 1983, 1984,
1986, and 1987 in the Ural Mountains
and Russian platform, have resulted
in development of a new coral zo-
nation that is considerably more re-
fined than earlier ones and has al-
lowed speculation on intercontinen-
tal correlations. Corals from five
regions, stretching about 1200 km
from southern Russia almost to the
Arctic Ocean, have been collected and
studied (Fig. 1). Detailed location
maps are shown on Figures 2-6. The
coral zones proposed are here referred
to as the: (1) Timania dobroljubovae
zone, (2) Arctophyllum minimum
zone, (3) Ferganophyllum sp. nov. 1
zone (to be named F. uralicum by
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FIGURE 1—Area from which corals were collected for this study. I, Moscow region; I,
Samarskaya Luka; Ill, middie Urals; IV, north Timan; V, south Urals.
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FIGURE 2—Location of Upper Carbonifer-
ous sections in the Moscow region: Melek-
hovo quarry (loc. 1); Dukino quarry (loc. 2).

Kossovaya, in press), (4) Kleopatrina
(K.) pseudoelegans-Tschussovskenia
captiosa zone, (5) Timania schmidti-
Kleopatrina (K.) magnifica zone, (6)
Protolonsdaleiastraea biseptata zone,
(7) Protolonsdaleiastraea longisep-
tata zone, and (8) Protolonsdaleias-
traea juresanensis zone. Fusulinids
collected with the corals show that
zones 1 and 2 are Gzhelian (Late Car-
boniferous), zones 3 and 4 are Asse-
lian, zones 5-7 are Sakmarian, and
zone 8 is Artinskian in age.

Coral thin sections were made in
the All-Russian Scientific Geological
Institute (VSEGEI) and are now kept
in the Central Scientific Research
Geological Museum in St. Peters-
burg. All specimens were identified
by the author who made comparisons
with holotypes in the Dobrolyubova,
Soshkina, and Stuckenberg collec-
tions in St. Petersburg, Moscow, and
Kazan. The taxonomy of the Cy-
athopsidae and Bothrophyllidae are
based upon the taxonomic work of
Kossovaya (1989).

CORAL ZONATION
Timania dobroljubovae zone

This zone is characterized by cy-
athopsid corals including Timania
and Arctophyllum. The base of this
zone is placed at the stratigraphically
lowest occurrence of Arctophyllum
and Timania. Corals identified from
this zone are: Timania dobroljubouv-
ae Kossovaya, 1986; Arctophyllum
intermedium (Toula, 1875); Geye-
ronaotia multicystata Kossovaya,
1986; Pseudowannerophyllum soli-
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FIGURE 3—Location of sections in the mid-
dle Urals: Most (loc. 3), Plakun Stone (loc.
4), Filinok (loc. 5).

dum (Ross and Ross, 1963); Allotro-
Dpiochisma (Alligia) flabella Fedo-
rowski, 1987; and Falsiamplexus de-
licatus (Ross and Ross, 1963).

In the Plakun Stone section (Fig.
3, loc. 4) the coral fauna consists of
Allotropiochisma (Alligia) flabella,
Falsiamplexus delicatus, and Pseu-
dowannerophyllum solidum, which
occur with the following fusulinids
identified by Vladimir Davydov (oral
commun., 1993): Schellweinia par-
airregularis, S. delicata, Daixina
baitugensis, D. timanensis atypica,
D. cf. D. symmetrica, and D. uralica
compacta. This coral zone also has
been observed in beds 8-14 in the
Sula River Section (Fig. 7). The fu-
sulinid Triticites pergratus and the
corals Arctophyllum intermedium,
Timania cf. T. dobroljubovae, Gey-
eronaotia multicystata, Lophophyl-
lidium (L.) wewokanum dJeffords,
1947 are present. This zone also is
represented in bed 9 (work in prog-
ress) of Melekhovo quarry (Fig. 2, loc.
1) where Timania dobroljubovae is
present.

In the Yablonevy Ovrag carbonate
section (Fig. 6, loc. 22) Geyeronaotia
multicystata and “Caninophyllum”
grekae Kossovaya, 1986 are present,
as well as the fusulinids Daixina so-
kensis sokensis, D. sokensis sym-
metrica, and D. baitugensis (Isako-

FIGURE 4—Location of north Timan sec-
tions: Malaja Pokajama (loc. 6), Sula River
(loc. 7), Belaja River (loc. 16), Indiga River
(locs. 17, 18).

va, in Muravyev and Grigoryeva,
1986). Fusulinids show that this zone
is equivalent to the Daixina sokensis
fusulinid zone.

Arctophyllum minimum zone

This zone is distinguished by Arc-
tophyllum minimum but it also in-
cludes Caninostrotion compositum
(Dobrolyubova and Kabakovich,
1948); Lophocarinophyllum sp.,
Gshelia rouilleri Stuckenberg, 1895;
and Bothrophyllum samaraense
Kossovaya (in Muravyeva and Gri-
goryeva, 1986). The base of this zone
is placed at the lowest occurrence of
A. minimum.

In both the Melekhovo (loc. 1) and
Dykino (loc. 2) quarries (Fig. 2) the
coral assemblage consists of A. min-
imum, Caninostrotion compositum,
Lophocarinophyllum sp., and Gshe-
lia rouilleri. Bed 36 of the Yablonevy
Ovrag section (Fig. 6, loc. 22) (Mu-
ravyev, Grigoryeva, and others, 1984)
has yielded Arctophyllum minimum
and Bothrophyllum samaraense and
the fusulinids Ultradaixina aff. U.
vozhgalensis, D. insignus, Rugoso-
fusulina stabilis longa, R. uralensis,
Pseudofusulina kljasmica, and oth-
ers (Isakova, in Muravyev and Gri-
goryeva, 1986). Equivalents of this
zone also have been distinguished in
the section along the Sula River (Fig.
7, bed 17) where alternating dolomite
and Palaeoaplysina-bearing lime-
stone have yielded Arctophyllum aff.
A. minimum, Ferganophyllum or-
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dinatum (Ross and Ross, 1962), and
fusulinids identified by S. Remizova
(oral commun., 1993) as Rugosofu-
sulina prisca, R. cf. R. aktjubensis,
and Daixina sp.

The fusulinids from the equivalent
F. ordinatum zone show that this zone
corresponds to the Daixina robusta-
Ultradaixina bosbytauensis fusulin-
id zone (Fig. 7).

Ferganophyllum sp. nov. 1 zone

This coral assemblage zone occurs
in the section at Most (Fig. 3, loc. 3;
Fig. 8) and is characterized by “Thy-
sanophyllum” major Dobrolyubova,
1936a; Ferganophyllum sp. nov. 1;
and Tschussovskenia minor Fedo-
rowski, 1965. Ferganophyllum sp. aff.
F. ruprecht: also is present. The fu-
sulinids from these beds (Zolotova,
1972) include Triticites pseudoarc-
ticus, Pseudofusulina paragregaria,
P.accurata, P. angulata, and Sphae-
roschwagerina sp.

A coral assemblage equivalent in
age to the Ferganophyllum sp. nov.
1 zone occurs in the Sula River sec-
tion in beds 18-21 (Fig. 7). The corals
here include Timania sp. 1, Herit-
schioides aff. H. carneyi Wilson, 1982,
Ferganophyllum sp. nov. 1, and
Fomichevella southeri Stevens and
Rycerski, 1989. This zone is here re-
ferred to as the Timania sp.
1-Heritschioides aff. H. carneyi zone.
The base of this zone is placed below
the lowest occurrence of Herit-
schioides at the base of bed 18 in the
Sula River section (Fig. 7). Slightly
above the lower boundary of this zone,
the following fusulinids were identi-
fied by S. Remizova (oral commun.,
1993): Pseudofusulina paragregaria,
P. gregaria, P. paramoelleri, Sphae-
roschwagerina belojaensis, S. cf. S.
vulgaris, and S. cf. S. fusiformis.

FIGURE 5-—Location of south Urals (Bash-
kirian) sections: Shakh-Tau (loc. 8), Tra-Tau
(loc. 9).

The range of the Timania sp.
1-Heritschioides aff. H. carneyi zone
is equivalent to that of the Fergan-
ophyllum sp. nov. 1 zone and is cor-
related with the Sphaeroschwager:-
na vulgaris-S. fusiformis and the
lower part of the S. moelleri-Pseu-
dofusulinia fecunda fusulinid zones
(Fig. 8).

Kleopatrina (K.) pseudoelegans-
Tschussovskenia captiosa zone

This zone is characterized by Kleo-
patrina (K.) pseudoelegans (Dob-
rolyubova, 1936b) and Tschussouv-
skenia captiosa Dobrolyubova, 19364,
but also includes “Thysanophyllum”
aseptatum Dobrolyubova, 1936a, T'-
mania sp. 2 (a small form), Actino-
phrentis columnare Fedorowski,
1987, Lophatichium simulatum Fe-
dorowski, 1987, and Lophophylli-
dium (Lophbillidium) sp. The lower
boundary of this zone at the Shakh-
Tau (Fig. 5, loc. 8) and Filinok sec-
tions (Fig. 3, loc. 5), the latter based
on data of M. Simakova (oral com-
mun., 1993), is placed below the low-
est occurrence of Kleopatrina pseu-
doelegans. Kleopatrina appears in
the middle of the Sphaeroschwager-
tna moelleri-Pseudofusulina fecun-

X ¢,-P, deposits ?

FIGURE 6—Location of Yablonevy Ovrag
section (Samarskaja Luka, loc. 22) (Geology
from Muravyev et al., 1983). C3-P1 indicate
distribution of Late Carboniferous and Early
Permian rocks.

da fusulinid zone and gradually re-
places the Bothrophyllidae and Cy-
athopsidae in these sections. In the
Sula River section (Fig. 7), beds 2a-
5b that comprise this zone are rep-
resented by carbonates with dome-
shaped Palaeoaplysina-bearing
biocherms. Here and in the Most sec-
tion (Fig. 8), the lower boundary is
drawn below the lowest occurrence of
Tschussovskenia captiosa.

In bed 10 in the Most section (Fig.
8) the following fusulinids occur with
the corals: Paraschwagerina mukha-
mediarovica, P. akhunovi, and
Sphaeroschwagerina sphaerica (Zo-
lotova, 1972). In the Sula River sec-
tion (Fig. 7), S. Remizova (oral com-
mun., 1993) has identified Sphae-
roschwagerina sp., S. fusiformis, and
Pseudofusulina paragregaria sim-
plex in bed 2a. An assemblage of
small, primitive rugose corals includ-
ing Lophbillidium sp. occur in the
upper part of this zone in beds 1b-
5b (Fig. 7). This part of the section
also is characterized by a small spe-
cies of Triticites. The appearance of
this peculiar assemblage of rugose
corals and fusulinids probably is due
to changes in environmental and sed-

—

FIGURE 7—Distribution of corals in the Sula River section (loc. 7). 1, Arctophylium intermedium; 2, Timania sp. cf. T. dobroljubovae; 3,
Geyeronaotia multicystata; 4, Ferganophyllum ordinatum; 5, Arctophylium sp. aff. A. minimum; 6, Timania sp. 1; 7, Lophophyllidium (Loph-
billidium) sp. 1; 8, Ferganophyllum sp. 2; 9, Heritschioides aff. H. carneyi; 10, Fomichevella southeri; 11, Tschussovskenia captiosa; 12,
Lophotichium simulatum; 13, Timania sp. 1; 14, T. sp. 2; 15, Amplexocarinia sp.; 16, Actinophrentis columnare; 17, Gen. et sp. 1 nov.; 18,
Lophophyliidium (Lophbillidium) sp. 2; 19, Lophotichium sp. aff. L. simulatum; 20, Lophophyllidium (Lophbillidium) sp. 3; 21, Asserculinia sp.;
22, Gen. et sp. nov. 2; 23, Protowentzelelia simplex; 24, Heritschioides densicolumella; 25, Kieopatrina (K.) uralensis; 26, K. (K.) maghnifica;
27, Timania schmidti; 28, Gen. et sp. 3 nov.; 30, Protolonsdaleiastraea biseptata; 31, P. dobroljubovae; 32, P. complexa; 33, P. cargalensis;
34, P. longiseptata; 35, P. gerthi; 36, P. pseudowischeriana; 37, P. juresanensis; 38, P. gerthi subsp. 1. Same legend is used for Figures 7,

8, and 9.
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FIGURE 8—Distribution of corals in the Most section (loc. 3). 1, Ferganophyllum sp. aff. F.
ruprechti; 2, F. sp. nov. 1; 3, Tschussovskenia minor; 4, “‘Thysanophyllum’’ major; 5, Tschus-
sovskenia captiosa; 6, ‘‘Thysanophyllum’ aseptatum; 7, Kleopatrina (Porfirievella) stylido-
phylloides radiata; 8, ‘‘Thysanophyllum’’ arcticum; 9, Kleopatrina (K.) magnifica; 10, K. (K.)
uralensis; 11, Timania schmidti; 12, “‘Orionastraea’’ solida; 13, ‘‘Orionastraea’’ campophyl-
loides; 14, Protolonsdaleiastraea biseptata. Protolonsdaleiastraea pseudowischeriana occurs

in bed 56, 16.3 m above the top of bed 54.

imentary factors associated with the
onset of a major transgressive cycle.
This coral zone corresponds to the
upper part of the Sphaeroschwager-
ina moelleri-Pseudofusulina fecun-
da and the S. sphaerica-P. firma fu-
sulinid zones.

Timania schmidti-
Kleopatrina (K.) magnifica zone

This zone is characterized by Ti-
mania schmidti Stuckenberg, 1895
and Kleopatrina (K.) magnifica

Protolonsdaleiastraea biseptata
zone

The corals of this zone are Timania
schmidti, Kleopatrina (K.) uralen-
sis, K. (K.) magnifica, Protolonsdal-
eiastraea biseptata (Dobrolyubova,
1936a), P. dobroljubovae (Minato and
Kato, 1965), P. complexa (Dobrolyu-
bova, 1936a), P. cargalensis (Dob-
rolyubova, in Soshkina et al., 1941),
“Orionastraea” solida (Stuckenberg,
1895), and “0.” campophylloides
(Dobrolyubova, 1936a). The base of
this zone is placed at the lowest oc-
currence of corals with incomplete
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intercorallite walls (i.e., Protolons-
daleiastraea and “Orionastraea’”).
This is at the base of bed 37 in the
Most section (Fig. 8), bed 5d in the
Sula River section (Fig. 7), and bed
167 in the Malaja Pokajama section
(Fig. 9). At the Sula River locality
(Fig. 7), Kleopatrina (K.) uralensis,
Protolonsdaleiastraea biseptata, P.
dobroljubovae, P. complexa, P. car-
galensis, and Timania schmidti are
present in beds 5d-7d. The upper part
of this zone contains the fusulinids
Waeringella sulaensis, Pseudofusu-
lina indigaensis, and P. p g lexa.
The Malaja Pokajama section (Fig.
4, loc. 6) has yielded the corals Ti-
mania schmidti, Kleopatrina (K.)
magnifica, and Protolonsdaleias-
traea complexa. These corals are as-
sociated with the fusulinids Pseu-
dofusulina uralensis rhombiformis,
P. marina, and P. tschernyschewi
acuta. Some difference in the coral
assemblage is recorded in bioclastic
limestones in beds 37-54 of the Most
section (Fig. 8) where ‘“Orionas-
traea” solida, “O”. campophyl-
loides, and Protolonsdaleiastraea bi-
septata occur with the fusulinids
identified by Zolotova (1972) as
Pseudofusulina rhombiformis, P. aff.
P.uralica, and P. paraverneuilli. This
coral zone corresponds in age to the
upper part of the Pseudofusulina
verneuilli-P. uralica fusulinid zone.

Protolonsdaleiastraea
longiseptata zone

The corals of this zone comprise
only a few colonies of Protolonsdal-
eiastraea longiseptata (Dobrolyu-
bova, 1936b), P. pseudowischeriana
(Porfiriev, in Soshkina et al., 1941),
and P. gerthi (Dobrolyubova, in
Soshkina et al., 1941). In the Most
section (Fig. 8), Belaja River section
(Fig. 4, loc. 16), Sula River section
(Fig. 7), and Malaja Pokajama sec-
tion (Fig. 9), this zone is marked by
the appearance of species of Proto-
lonsdaleiastraea with complicated
axial structures, multitrabeculation
of fine septal structures, carination
of septa, and a thamnasteroid con-
dition. In bed 2e at the Sula River

—_ Volonga '
E .
Elw § Fusulinid Coral @ < River
B2 5 2 g E g Malaja
@ I Zones ones S £l pokejama
£
- Section
|
I T 1 T T
I I I | T
175[8.5 T T
1 : L T I
< I T I |
x ne  — —
) I N N o s e O e
;-(:5 corals 1743.0 RERIRREEY
73l9.5 |
|
] fusuli Protolons~ l I l
:E Pseudofusulina daleistraea I
G| urdalensis longiseptata |
P @f 7224 I
. P 5 6
E I
3 27176 I
| | l
Pirdes| || [
[\ I
Pseudofusulina] Protolons— | I
1 1
c verneuilli— daleiastraea » H T I T T 3
2 . . 169(4.4 T
E g P. uralica biseptata | . T : T [
z|2 - L
@ [" » -
16813.8 T T T T T
0 1 1 I
LT
’ I i I
1673.7 L1
T T
@ 1 T I T I
Timania P nes6l2.5 Ll T . | 4 m
schmidti— Fhesli 2 L e | 5
Pseudofusulina|  Kieopatrina | pled1.3 I T I T 1
moelleri magnifica 1631.0 | S I
im\f162[10 L L |
1 2

FIGURE 9—Distribution of corals in the Malaja Pokajama section (loc. 6). 1, Kleopatrina
(Porfirievella) whitneyi; 2, Timania schmidti; 3, Kleopatrina (K.) magnifica; 4, Protolonsdal-
eiastraea complexa; 5, P. longiseptata; 6, P. sp. nov.

section (Fig. 7), Protolonsdaleias-
traea longiseptata and P. gerthi are
present. In the upper part of that bed,
the fusulinid Pseudofusulina urda-
lensis occurs. In the Malaja Pokaja-
ma section (Fig. 9, loc. 6) Protolons-
daleiastraea longiseptata and P. sp.
are present.

In the Most section (Fig. 8), bed

56, 16.3 m above the top of bed 54,
contains Protolonsdaleiastraea
pseudowischeriana with the fusulin-
ids Pseudofusulina aff. P. plicatis-
sima and P. callosa. This shows that
the Protolonsdaleiastraea longisep-
tata coral zone corresponds to the
Pseudofusulina urdalensis fusulinid
zone.
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FIGURE 10—Summary of distribution of coral species in the Upper Carboniferous-Lower Permian of the Urals, Russian Platform, and north
Timan. 1, “‘Caninophyllum” grekae; 2, Arctophyllum intermedium; 3, Timania dobroljubovae; 4, Geyeronaotia multicystata; 5, Allotropichisma
(Alligia) flabella; 6, Falsiamplexus delicatus; 7, Lophophyllidium (Lophophyllidium) wewokanum; 8, Pseudowannerophylium solidum; 9, Arc-
tophyllum minimum; 10, Ferganophyllum ordinatum; 11, Bothrophylium samaraense; 12, Lophocarinophylium sp.; 13, Gshelia rouilleri; 14,
Tschussovskenia minor; 15, Ferganophyilum sp. 2; 16, F. sp. nov. 1; 17, F. sp. aff. F. ruprechti; 18, Timania sp. 1; 19, “Thysanophyllum"
major; 20, Lophophyllidium (Lophbillidium) sp. 1; 21, Heritschioides aff. H. carneyi; 22, Fomichevella southeri; 23, Tschussovskenia captiosa,
24, Kleopatrina (K.} pseudoelegans; 25, Timania sp. 2; 26, Asserculinia sp.; 27, Gen. et sp. 1 nov.; 28, Lophophyllidium (Lophbillidium) sp. 2;
29, Lophotiochium simulatum; 30, Gen. et sp. 2 nov.; 31, Amplexocarinia sp.; 32, Actinophrentis columnare; 33, *'Thysanophylium’' aseptatum,
34, “T.” arcticum; 35, Kleopatrina (K.) magnifica; 36, Kleopatrina (K.) uralensis; 37, K. (Porfirievella) stylidophylloides radiata; 38, K. (P.)
whitneyi; 39, Timania schmidti; 40, Protolonsdaleiastraea b/septa!a 41, Protowentzelella S/mplex 42, Protolonsdaleiastraea complexa; 43,
P. densireticulata; 44, P. dobroljubovae; 45, P. cargalensis; 46, Orlonastraea” solida; 47, “'0."” campophylloides; 48, “‘O." breviseptata; 49,
Gen. et sp. 3 nov.; 50, Protolonsdaleiastraea longiseptata; 51, P. sp.; 52, P. gerthi; 53, P. pseudowischeriana; 54, P. juresanensis; 55, P.
gerthi subsp. 1.

Protolonsdaleiastraea
juresanensis zone

This zone has been recognized in
the Palaeoaplysina-bearing lime-
stones in the Sula River section (Fig.
7, beds 3f~7h) and on the Indiga Riv-
er (Fig. 4, loc. 17). The corals are
mostly integrated and the septa are
carinate and multitrabecular. The

assemblage comprises Protolonsdal-
eiastraea juresanensis (Dobrolyu-
bova, in Soshkina et al., 1941), P.
pseudowischeriana, P. longiseptata,
P. sp. 1, and a species similar to Sti-
kineastraea fergusoni (Wilson, 1982).
According to Barkhatova (1970), the
fusulinid Pseudofusulina concavu-
tas is abundant in this zone. Thus,
this coral zone is within the P. con-

cavutas fusulinid zone of early Ar-
tinskian age.

Higher coral zones

Corals are rare in the upper part
of the Lower Permian, occurring
mainly in the lower part of the Ar-
tinskian. Species represented include
Amplexocarinia irginae Soshkina,
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FIGURE 11—Correlation of Carboniferous-Permian deposits in the Cordilleran-Arctic-Uralian Realm based on coral faunas.

1932, A. heimoi Heritsch, 1936, A.
muralis Soshkina, 1925, and Ufimia
rhizoides (Soshkina, 1925). In the
Upper Permian (Kazanian) of the
Urals and Volga regions, corals con-
tinue to be rare. Ivanovsky (1989) re-
ported Paralleynia permiana Sosh-
kina, 1936, Calophyllum profundum
German in Geinitz, 1842, Groenlan-
dophyllum teicherti Flugel, 1973, G.
variabile Soshkina, in Soshkina et al.,
1941, Sassendalia bashkirica Iva-
novsky, 1989, Pentaphyllum hexa-
septatum (Soshkina, 1928,) and Eu-
riphyllum minor Fontaine, 1961 from
these beds.

Stratigraphic ranges of species

The stratigraphic ranges of all spe-
cies from the base of the Timania
dobroljubovae zone to the top of the
Protolonsdaleiastraea juresanensis
zone, based on the occurrences of cor-
als in all the stratigraphic sections
studied, are given in Figure 10. These
data are the basis for intercontinen-
tal rugose coral correlations.

AGE AND CORRELATION

Numerous latest Carboniferous
and Early Permian rugose corals in

the Ural Mountains and Russian
Platform are either present or are
represented by closely related forms
in Spitsbergen and North America.
Therefore, it seems possible to make
relatively accurate correlations be-
tween Lower Permian Stages estab-
lished in Russia and those of West
Texas by comparing the faunas in in-
termediate areas such as North Ti-
man, Spitsbergen, eastern Nevada,
and the Klamath Mountains in Cal-
ifornia (Fig. 11).

Four major changes have occurred
in the general character of the coral
faunas during latest Carboniferous
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and Early Permian time that can be
correlated intercontinentally. These
changes occur at the base of the Ti-
mania dobroljubovae zone, the base
of the Kleopatrina pseudoelegans-
Tschussovskenia captiosa zone, the
base of the Protolonsdaleiastraea bi-
septata zone, and the top of the Pro-
tolonsdaleiastraea juresanensis
zone.

Three coral zones belong to the
lowest assemblage of zones: the Ti-
mania dobroljubovae zone, and the
Arctophyllum minimum and Fer-
ganophyllum sp. nov. 1 zones with
their analogs in Timan. These coral
faunas, which embrace the upper
Gzhelian and lower Asselian Stages,
are characterized by an abundance of
relatively simple corals including
Arctophyllum, Ferganophyllum, and
Timania. The two lowest coral zones
differ on a specific level and the ap-
pearance of fasciculate colonies of the
“cyathopside” type in the Arcto-
phyllum minimum zone. The Fer-
ganophyllum sp. nov. 1 zone, which
also contains an abundance of small
specimens of Timania, is marked by
the appearance of massive colonies of
“Thysanophyllum”.

Corals of the Timania dobrolju-
bovae zone (Allotropiochisma (Alli-
gia) flabella, Pseudowannerophyl-
lum solidum, Falsiamplexus delica-
tus, and Lophophyllidium (Lopho-
phyllidium) wewokanum) in Russia,
also are present in the Uddenites-
bearing beds in Texas (Ross and Ross,
1962, 1963; Fedorowski, 1987). Thus,
the Uddenities-bearing member of
the Gaptank Formation is correlated
with this zone. The Arctophyllum
minimum zone is correlated with
greater difficulty. The presence of
Ferganophyllum ordinatum in Ti-
man and in the Uddenities-bearing
beds in Texas is the basis for the cor-
relation of this zone with beds in
North America. The cyathopsid coral
in the Nordenskioldbreen Formation
of West Spitsbergen, described as
Pseudotimania sp. by Ezaki and Ka-
wamura (1992), is similar to a small
species of Timania in the Herit-
schioides aff. H. carneyi-Timania sp.
1 zone of North Timan (Kossovaya,
in prep.) and is the basis for this cor-
relation.

The .second important change in
the character of the coral faunas is at
the base of the Kleopatrina pseu-
doelegans-Tschussovskenia cap-
tiosa zone. Above this level, coral as-
semblages are characterized by the
predominance of the massive coral
Kleopatrina (Kleopatrina), fascicu-
late colonies of T'schussovskenia, the
continuation of “Thysanophyllum”,
and later, the appearance of Kleo-
patrina (Porfirievella). This assem-
blage of corals extends from the mid-
dle Asselian through much of the
Sakmarian. Two coral zones are rec-
ognized in this assemblage: the Kleo-
patrina pseudoelegans-Tschussov-
skenia captiosa zone with the par-
tially equivalent Lophbillidium zone
in Timan, and the Timania schmid-
ti-Kleopatrina magnifica zone.

Species similar to those in the
Lophbillidium zone occur in the Neal
Ranch and Hess Formations of Texas
thereby providing a basis for corre-
lation. The common occurrence of
Kleopatrina (Kleopatrina) and
“Thysanophyllum” in Nevada sug-
gest that the upper part of the “Thy-
sanophyllum” princeps zone in east-
ern Nevada (Easton, 1960; Stevens,
1967; Wilson and Langenheim, 1962)
correlates with the Kleopatrina
pseudoelegans-Tschussovskenia
captiosa zone and the lower part of
the Timania schmidti-Kleopatrina
magnifica zone.

The base of the Timania schmidti-
Kleopatrina (Kleopatrina) magnifi-
ca zone is marked by the first ap-
pearance of Kleopatrina (Porfirievel-
la). In the Klamath Mountains the
first occurrence of this subgenus, rep-
resented by K. (P.) peggyae, is in the
middle part of the zone C of the
McCloud Limestone (Wilson, 1982).
At Hornsund, Spitshergen, the base
of coral beds 4-5 of the Treskelodden
Formation is correlated with the lower
boundary of the Timania schmidti-
Kleopatrina (Kleopatrina) magnifi-
ca zone on the basis of the first ap-
pearance of K. (K.) magnifica and
Kleopatrina (Porfirievella) stylido-
phylloides (Fedorowski, 1965, 1967;
Birkenmajer and Fedorowski, 1980).

The third level at which a major
change in the character of the coral
assemblages occurs is at the base of

the Protolonsdaleiastraea biseptata
zone. Here, the predominant corals
comprise asteroid and cerioid-aster-
oid colonies of the genera “Orionas-
traea’ and Protolonsdaleiastraea.
These genera, which represent the
Protolonsdaleiastraea biseptata zone,
are less complex than Stikineastraea
and Langenheimia which occur below
this zone in the Klamath Mountains.
This would seem to demand a differ-
ent phylogeny for Langenheimia and
Stikineastreaea.

The Protolonsdaleiastraea bisep-
tata zone is characterized by the first
appearance of cerioid-asteroid and as-
teroid colonies of “Orionastraea”. The
diversity of Kleopatrina species de-
creases and Tschussovskenia and
“Thysanophyllum” disappear. Pro-
tolonsdaleiastraea dobroljubovae is
present in this zone and also in the
Asitka Group (Stikine agsemblage) in
Canada (Wu and others, 1985). Pro-
tolonsdaleiastraea complexa is pres-
ent both in Russia and coral bed 6 of
the Treskelodden Formation in Spits-
bergen (Birkenmajer and Fedorowski,
1980).

Asteroid colonies of the Protolons-
daleiastraea longiseptata zone are
frequently represented by morpho-
logically more complex forms than in
the underlying zone. Walls generally
are lacking, axial structures are com-
plex, and septa are thickened and car-
inated (e.g., Protolonsdaleiastraea
gerthi).

An analogue of the Protolonsdal-
elastraea juresanensis zone may be
present in the Asitka Group of Can-
ada. The basis of this supposition is
the presence of a species of Proto-
lonsdaleiastraea in Canada referred
to as P.? sp. by Wu and others (1985)
with corallites having close to a tham-
nasteroid condition and characterized
by a complex axial structure similar
to that in P. juresanensis. The Ca-
nadian species occurs with the fusu-
linid Schwagerina sustutensis.

CONCLUSIONS

New data on the age ranges of up-
permost Carboniferous and Lower
Permian rugose corals show that eight
zones can be recognized in Russia and
that several of them can be recognized




RUGOSE CORAL CORRELATION

81

in Spitsbergen and North America.
Four very important rugose coral lev-
els can be determined on an inter-
national scale: (1) the base of the Tt-
mania dobroljubovae zone, (2) the
base of the Kleopatrina (K.) pseu-
doelegans-Tschussovskenia zone, (3)
the base of the Protolonsdaleiastraea
biseptata zone, and (4) the top of the
Protolonsdaleiastraea juresanensis
zone. At the end of the P. juresanen-
sis zone, a major regressive cycle led
to isolation and restriction of basins
throughout this realm and extermi-
nation of all but the most simple ru-
gose corals.
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