
131

Botanica Pacifica. A journal of plant science and conservation. 2015. 4(2): 131–136
DOI: 10.17581/bp.2015.04117

©Botanical Garden-Institute FEB RAS. 2015.  
Special issue “Plant evolution at levels from molecular to ecosystem”

A B S T R A C T
The Babii Kamen flora is one of  the most important Early Triassic floras of  the 
Kuznetsk Basin. New data about the floristic assemblage were obtained from the 
Babii Kamen locality of  Mal’tsevo formation. Fragments of  fronds were found 
with very small pinnae and tiny pinnules. The general morphology of  these 
leaves and specific epidermal-cuticular characters show their undeniable affinity 
to the peltasperm Lepidopteris arctica Mogutcheva, 1980. Leaves of  L. arctica were 
first described from the Lower Triassic locality of  Cape Tsvetkov, East Taimyr. 
The presence of  leaves of  L. arctica from the Babii Kamen locality confirms the 
correlation of  the deposits of  the Mal’tsevo formation with sections of  Induan 
(or Late Permian?) age of  the East Taimyr.
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Р Е З Ю М Е
Карасев Е. О мелких перистых листьях пелтаспермовых семенных 
папоротников из раннего триаса Кузнецкого бассейна (мальцевская 
свита, разрез Бабий Камень). Флора Бабьего Камня – одна из ключевых 
раннетриасовых флор Кузнецкого бассейна. Получены новые данные о 
составе флоры отложений мальцевской свиты разреза Бабьего Камня. В 
кедровских слоях мальцевской свиты обнаружены перистые листья с мел
кими перышками, которые после изучения эпидермального строения и об-
щей морфологии листьев отнесены к пельтаспермовым птеридоспермам 
Lepidopteris arctica Mogutcheva, 1980. Впервые листья L. arctica были описаны 
из нижнего триаса местонахождения мыс Цветков Восточного Таймыра. 
Находка Lepidopteris arctica подтверждает корреляцию отложений мальцев-
ской свиты с индскими (или позднепермскими?) отложениями Восточного 
Таймыра. 
К л ю ч е в ы е  с л о в а : палеоботаника, Lepidopteris, пельтаспермовые птеридо-
спермы, Кузнецкий Бассейн, ранний триас
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I N T R O D U C T I O N
Global changes in plant communities in the context of  

biosphere crises always were within the interests of  Valen
tin Krassilov. He launched studies of  Permian–Triassic 
plant ecosystems at the Paleontological Institute just be
fore I began training in postgraduate study in laboratory of  
paleobotany. In 2005–2009, we continued to study floristic 
assemblages of  terminal Permian deposits of  the Moscow 
syneclise. Elucidation of  global changes in plant communi
ties at the Siberian platform was one of  our aims. 

The Babii Kamen locality is the most famous and one 
of  the most complete sections of  the Mal’tsevo Formation 
in the Kuznetsk Basin. In 1939, Belousova and Radchenko 
divided the Mal’tsevo formation into Tarakanihinsky, 
Barsuchiy, Kedrovsky and Ryabokamensky biostratigraphi
cal horizons (Vladimirovich et al. 1967).

Deposits of  the Mal’tsevo Formation lie on Tatarian 
deposits of  the Tailuganskaya formation with a hidden 
nonconformity. Later, these horizons are transferred to the 
rank of  "beds with flora" (Vladimirovich 1967). Resolu
tions of  Interdepartmental Regional Stratigraphical Com
mittee of  Mesozoic and Cenozoic of  Siberia accepted them 

as subformations of  the Mal’tsevo formation (Anonymous 
1981). The age of  the deposits of  the Mal’tsevo formation 
is still debated. Sadovnikov (1981) offers to include the 
Mal’tsevo formation to the terminal Permian based on the 
correlation of  the Babii Kamen flora with so-called “Kor
vunchan” flora of  Tunguska Basin. Goman’kov (2005) ac
cepted this view. Betechtina et al. (1986) and Mogutcheva 
& Krugovykh (2009) insist on the Early Triassic age of  the 
Mal’tsevo Formation, because they believe that those de
posits of  the Tunguska Basin should be dated to the Early 
Triassic rather than to the terminal Permian.

The floristic assemblages of  the Babii Kamen locality 
are among the richest assemblages on the Siberian platform. 
Since the beginning of  the 20th century, many paleobotanists 
studied the flora of  the Babii Kamen. Neuburg (1936) was 
the first who initiated layer-by-layer stratigraphy and paleo
botany description of  the section. Radczenko (1936), Vladi
mirovich (1967, 1980, 1981), Srebrodolskaya (1960), Meyen 
(1981) and Mogutcheva (1984) have made significant 
contributions to our knowledge of  the morphology and 
taxonomic diversity of  the plants.
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Currently, the flora of  Babii Kamen is represented by 
26 genera and 36 species. Fern remains are a significant part 
of  the plant diversity (50 % of  the total number of  taxa); 
other groups of  plants are conifers, cycadophytes, horse
tails, and lycopsids.

Each beds with the flora (subformations) of  the Mal’t
sevo formation have characteristic features of  the floris
tic composition, despite the fact that the thickness of  the 
beds in Babii Kamen section varies in publications (Vla
dimirovich 1967, Radczenko 1973). Microsporophylls, 
leaves, and fragmentary shoots of  lycopsids of  the genus 
Tomiostrobus were found only in the basal part of  the Tara
kanikha beds. In addition to remains of  Tomiostrobus, only 
fragments of  pinnae and dispersed pinnules of  Pecopteris 
were rarely found in this part of  subformation. Upward 
the section, remains of  Tomiostrobus are not found, and the 
floristic composition resembles that of  Tarakanikha beds. 
The upper part of  Tarakanikha beds and main part of  
Barsuchiya beds are characterized by the predominance of  
fern genera Cladophlebis, Katasiopteris, Pecopteris, Tungusopteris, 
and Todites, rare leaves and shoots of  horsetails Paracalamites, 
Schizoneura and Neokoretrophyllites, leaves of  pteridosperms 
Tersiella, cycadophytes Tomia and ginkgophyte Rhipidopsis. 
The Kedrovka beds are very different from the Tarakanikha 
and Barsuchya beds, which are dominated by the remains 
of  numerous shoots of  the conifer Quadrocladus, while 
remains of  ferns Cladophlebis, Katasiopteris, Kedroviella and 
Kchonomakidium occupy a subordinate position and leaves 
of  Neokoretrophyllites occur even more rarely. Leaves of  
peltaspermacean pteridosperm Lepidopteris arctica Mogut
cheva, 1980 were found in the lower and middle parts of  
Kedrovka beds.

M A T E R I A L  A N D  M E T H O D S
In 2013, about 200 plant megafossils have 

been discovered in the deposits of  Mal’tsevo 
formation of  the Babii Kamen section by a 
field-team of  scientists of  the Paleontological 
Institute and students of  Moscow State Uni
versity. The section is located at the right bank 
of  the Tom’ River, 10 km downstream of  the 
village of  Ust’ Naryk, Novokuznetsk District, 
Kemerovo Region (Fig. 1). The plant remains 
are preserved as impressions and compressions. 
The compressions were macerated using the 
standard technique: treated first with nitric 
acid, washed in water and then treated with 
KOH. The leaves were studied with a Leica 
M165 stereomicroscope in reflected light. Cu
ticles were analyzed in transmitted light with 
an AXIOPLAN-2 microscope equipped with a 
Leica DFC420 digital camera. The macro photos 
of  leaves were made with a Nikon d60 digital ca
mera. The material is kept at the A.A. Borissiak 
Paleontological institute of  the Russian Academy 
of  Sciences, no. PIN 5542. 

D E S C R I P T I O N
Lepidopteris Schimper 1869
Lepidopteris arctica Mogutcheva, 1980; Figures 2–3

Description. The collection includes 10 fragments of  
small pinnate leaves. Fronds are bipinnate at least. The pin
nae are suboppositely or alternately attached and diverge 
from rachis at an angle 66-80 degrees (Fig. 2A, B). Pinnae 
of  the last order are 5–10 mm long and 1.5–5 mm wide 
(Fig. 2C, D). Pinnules are small, alethopteroid, and entire-
margined, with an obtuse-rounded apex and decurrent 
base; occasionally, the pinnules can be fused to more than 
two-thirds of  their length. Pinnules are 1.2–1.8 mm long 
and 0.6–0.9 mm wide, with an angle of  divergence about 
55–65°. The venation of  pinnules is obscured by the thick 
cuticle (Fig. 2E). 

The fronds are amphistomatic with a thinner cuticle 
with more numerous stomata on the lower surface (Fig. 3 
A–E). The epidermal cells are rectangular or polygonal, lon
gitudinally elongated (Fig. 3B). The stomata are monocyclic, 
sunken and irregularly scattered. The papillae are present 
on ordinary and subsidiary epidermal cells. The stomatal 
pit is protected by the overarching papillae of  5–6 (rarely 7) 
trapezoid subsidiary cells (Fig. 3C, F). The unicellular tri
chomes were observed on the upper surface (Fig. 3C). 
Guard cells are weakly cutinized, elongated with distinct 
stomatal ledges. 

Comments. The fragmentary fronds found in the Babii 
Kamen have enough similarities to leaves of  L. arctica from 
the Induan deposits of  the Tsvetkovo locality of  East Tai
myr (Mogutcheva 1980) to be determined as L. arctica. 

The described fragments of  fronds have much common 
features in the morphology and epidermal structure with 
leaves of  Germaropteris (Lepidopteris) martinsii from Upper 

Figure 1 Geographic position of  the Babii Kamen locality
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and Early Triassic sediments of  Western Europe, leaves of  
Permophyllocladus polymorphus from the Russian platform, and 
Lepidopteris baodensis from the Late Permian in North China. 
Leaves of  Lepidopteris arctica from the Babii Kamen locality 
are different from all of  these species by well-developed 
pinnules and weak subepidermal swellings (“blisters”).

Vladimirovich (1980) described from Tarakaniha beds 
pinnate leaves of  Cladophlebis pusilla Vladimirovich, which 
are similar in size and some morphological features to the 
leaves under description. The leaves of  Cladophlebis pusilla 

Figure 2 Lepidopteris arctica Mogutcheva, 1980, LM, Babii Kamen locality, Kemerovo region, Kuznetsk basin: A, B – general view of  
fragmentary fronds; C, D, E – morphology of  pinnae. Specimens: A, C – PIN № 5542/17; B, D, E – PIN № 5542/18

differ from those of  Lepidopteris arctica by the morphology 
of  the pinnae rachis, pecopteroid type, and distinct venation 
of  pinnules. Apparently, leaves of  C. pusilla should be attri
buted to ferns on the basis of  the typical morphology of  
the pinnae rachis, well defined venation of  pinnules and 
thin cuticle.

Distribution. East coast of  Taimyr, Tsvetkov Cape, lo
wer terrigenous beds of  Induan age (Mogutcheva 1980). 
The Babii Kamen locality, Kemerovo region, Kuznetsk Ba
sin, Kedrovka beds of  Maltsevo formation, Lower Triassic.
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Specimens examined: ten specimens, no. PIN # 
5542/ 17-20, 22, 23, 74-77.

D I S C U S S I O N
Pteridosperm remains in the Babii Kamen are repre

sented by leaves of  two types. These are linear-lanceolate 
leaves of  Pursongia (Tersiella) beloussovae (Radczenko & 
Srebrodolskaya 1960) Meyen and Gomankov 1980 and 

small fronds of  Lepidopteris arctica Mogutcheva, 1980. 
Meyen (1981) compared P. (T.) beloussovae with leaves of  
the genus Tatarina from of  the Late Permian and Induan 
of  "Subangara» flora. Leaves of  Tatarina are widespread 
in the Russian Platform, starting from the top of  the 
Severodvinian age. Shoots of  the conifer genus Quadrocladus 
are one more element of  "Subangara" flora (Meyen 1981). 
However, it should be noted that the epidermal structure of  

Figure 3 Lepidopteris arctica Mogutcheva, 1980, LM, Babii Kamen locality, Kemerovo region, Kuznetsk basin, PIN № 5542/17: A, B, C – 
cuticle of  the lower epidermis, note hair-like structures on epidermal cells; D, E, F – cuticle of  the upper epidermis
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P. (T.) beloussovae remains unknown, that does not exclude a 
close relationship with other plants with linear-lanceolate 
leaves which have a similar morphology, such as Kirjam­
kenia, Maria, etc. As far as generative structures of  Sashi­
nia associated with Quadrocladus leaves are not found in the 
Babii Kamen locality, it is premature to relate these leaves 
to the family Sashiniaceae Gomankov 2010. Recently, a 
different type of  male generative structure was found in or
ganic connection with leaves of  Quadrocladus from the up
per part of  Severodvinian age of  the Moscow syneclise of  
the Isady (=Mutovino) locality of  Vologda region (Karasev, 
in preparation).

The stratigraphic range of  most species of  Lepidopteris 
is limited to the Triassic. For a long time, only one species, 
L. martinsii, was known from the Permian deposits. L. mar­
tinsii was found at many Late Permian localities of  the Nor
thern Hemisphere (Townrow 1960, Poort & Kerp 1990). 
Kustatscher et al. (2014) showed that leaves of  L. martinsii 
are strongly different from all other species of  this genus 
and, therefore, they erected the new genus Germaropteris for 
such leaves.

Some species from the Permian and Triassic deposits 
show similar features to Germaropteris (Lepidopteris) martinsii 
(Germar) Townrow. Thus, leaves of  L. arctica from the Lo
wer Triassic deposits of  the Eastern Taymyr have similar 
morphology and epidermal features (Mogutcheva 1980). 
The similar morphology was observed in pinnae with little 
pinnules described as L. archaica from Lopingnian depo
sits of  Russian platform (Gomankov 2006) and from con
temporary deposits as Lepidopteris baodensis from the North 
China (Zhang et al. 2012). Leaves that are very similar to 
G. (L.) martinsii were found in the Latest Permian deposits 
of  the Sokovka locality near Vyazniki city and described 
as Permophyllocladus polymorphus (Karasev & Krassilov 2007). 
Thus, Germaropteris-like leaves were wide spread in the Lo
pingian and Lower Triassic sediments on the territory of  
the northern hemisphere.   	

The presence of  leaves of  peltasperms L. arctica in the 
Kedrovka bed allows one to confidently compare the flora 
of  the Babii Kamen locality with the Lower Triassic flora of  
East Taimyr, where remains of  Tomiostrobus and Quadrocladus 
also were found (Mogutcheva 1980, Mogutcheva & Krugo
vykh 2009). 
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