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ABSTRACT

Javadi FV & Syooki MG 2002. Plant megafossil remains from Shemshak Formation of Jajarm area, NE

Alborz, Iran. Palaeobotanist 51 : 57-72.

The basal part of Shemshak Formation contains abundant well-preserved plant megafossiis belonging
to 17 taxa of various orders viz., Equisetales, Filicales, Bennettitales, Cycadales and Coniferales. On the basis
of present study specially Dictyophylium exile, Equisetites arenaceus, Podozamites latissimus and Nilssonia
polymorpha, this part of the Shemshak Formation is dated as Rhaetian.

Key-words—Rhaetian Flora, Shemshak Formation, NE Alborz, Iran.
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INTRODUCTION

HE studied area is located at Ozon mountain 56°32' east

longitude and 37°2" north latitude, 15 km northeastern of
Jajarm. Jajarm is located at northwest of Khorasan Province at
adistance of 175 km from Bojnurd city (Fig. 1). The altitude of
the study area is about 1000 m above sea level.

The Shemshak Formation is well-exposed at Kuh-e-Ozon
(Kuh: means mountain) which is about 800 km away from its
type locality at Central Alborz. The Shemshak Formation has

a thickness of 2080 m in Kuh-e-Ozon and it consists mainly of
sandstones, grey shales intercalating with coal seams and a
few limestone beds. The Shemshak Formation was identified
in Kuh-e-Ozon by Afshar-Harb (1979) based on ammonite
fossils and suggested Middle Toarcian-Lower Aalenian for
this rock unit. Likewise, Soheili (1982) prepared a geographical
map for this area and mentioned that there are no fossils in the
basal part of this rock unit up to 750 m. However, based on
ammonite fossils in the upper part of this rock unit, he has
suggested Toarcian-Batonian.

© Birbal Sahni Institute of Palaeobotany, India



58 THE PALAEOBOTANIST

It should be mentioned that Afshar-Harb and Soheili (p.c.)
have reported only the occurrence of ammonite in some horizon
of Shemshak Formation, but they did not report any plant
megafossils from this Formation. In order to determine the
precise age of Shemshak Formation, the authors studied the
Formation and discovered plant megafossils at the basal part
of this Formation (Fig. 2).

STRATIGRAPHY

The Shemshak Formation at Jajarm area consists mainly
of sandstones, shales, coal seams and conglomerates in the
lower part and has ammonites and bivalves limestones in the
upper part. The Shemshak Formation lies disconformably on
the Elika Formation and the upper contact of this formation is
gradational with Bash-Kalateh Formation (Afshar-Harb, 1979).
The Shemshak Formation begins with 16 m of alternating
median-coarse grained sandstones and is followed by olive-
grey shales which contain well-preserved abundant plant
megafossils.

SYSTEMATIC DESCRIPTION

Order—EQUISETALES
Family—EQUISETACEAE
Genus—EQUISETITES Sternberg 1820
EQUISETITES ARENACEUS Brongniart 1828
®L11)

Equisetites arenaceus Boureau, p. 432, figs 391-394.
Equisetites arenaceus Bragineral.; p. 11.

Equisetites arenaceus Sadovnikov; p. 74, pl. 1, figs 9,
10.

Equisetites arenaceus Vassiliev; pl. 2. fig. 1, text-fig. 3.

1964
1976
1976

1984

1997 Equisetites arenaceus Schweitzer et al.; p. 120, pl. 2,
fig. 2.
1998  Equisetites arenaceus Kelber & van Konijnenburg-van

Cittert; p. 21, figs 2-5.

Description—The specimen is a cast, 21 cm in length, 14
cm indiameter with several nodes and internodes in between.
Internode is 3-4 cm in length with alternating ridges and
furrows which are clear specially near the nodes. Ridges or
furrows are 2-2-5 mm apart (4-5 per cm).

Comparison & Remarks—Equisetites beanii Seward
1894 has also such a large cast but differs in longer internodes
(more than 9 cm) and closer furrows (0-3-0-5 mm) than those in
E. arenaceus. Bragin et al. (1976) reported this species from
the basalsseries of the Mesozoic sediments of Tazareh Coal
Mine (Iran). Sadovnikov (1976) reported it from Upper Triassic
strata of Tazareh. Vassiliev (1984) reported it from Rhaetian
strata of Parvadeh Coal Mine (Iran). Schweitzer et al. (1997)
mentioned this species from Norian of Tazareh.

Order—FILICALES
Family—DICKSONIACEAE
Genus—FERIZIANOPTERIS Fakhr 1977
FERIZIANOPTERIS UNDULATA Fakhr 1977
(P1.1-2;Fig.3-12)

1977 Ferizianopteris undulata Fakhr ; p. 61, pls 10,11, figs

la, b, 2; fig. 5H-J.

Description—Frond bipinnate, 21 cm long, 6-7 cm broad;
rachis distinct, with longitudinal strations, 4-5 mm in width,
secondary rachis arising at about right angles, alternate to
subopposite, 1-2 mm in width. Pinnules attached at right angles
to the secondary rachis by a slightly constricted base, set
closely, opposite to alternate, margins undulate or irregulate,
apices rounded, 2-3 mm in length, 2-2:5 mm in width. Venation
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Fig. 1—Location map of study area.
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Fig. 2—Stratigraphical column of Shemshak Formation and the plant megafossils bearing horizon in Jajarm.

sphenopteroid, main midrib passes to somewhat one-half of
the pinnule length; lateral veins branch dichotomously once
or twice.

Comparison & Remarks—This specimen has more
closely set pinnules and broader pinnule base than Fakhr’s
specimen. This specimen Sphenopteris spp. In having broader
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pinnule bases and right angle attaching to rachis. Fakhr (1977)
reported this species from Lias-Dogger strata of Ferizi (Iran).

Genus—LOBIFOLIA Rasskazova & Lebedev 1968
LOBIFOLIA IRANICA Fakhr 1977
(Pl. 1'4; Fig. 3-11)
1977 Lobifolia iranica Fakhr ; p. 61, pl. 13, figs 1-3.

Description—Frond bipinnate, incomplete; primary
rachis straight, 1 cm in width, with longitudinal striations;
secondary rachis arising at a right angle, 1-2 mm in width;
pinnae alternate; pinnules opposite, attached at about a right
angle by a broad base to the secondary rachis, 9-10 mm in
length, 7-8 mm in width, margins entire or finely undulate, with
rounded apices. Midvein is not visible, lateral veins forked
twice or three times.

Comparison & Remarks—Lobifolia (Eboracia) doruda
(Barnard) Rasskazova & Lebedev 1968 resembles the present
species but it can be distinguished from L. iranica in having
only once forked lateral veins and the pinnules attached at an
angle of 50°-60° Fakhr (1977) reported this species from
Rhaeto-Lias strata of Ziaran (Iran).

Family—DIPTERIDACEAE

Genus—CLATHROPTERIS Brongniart 1828

CLATHROPTERIS MENISCOIDES (Brongniart 1825)
Brongniart 1828

(P1.22)

1825  Filicites meniscoides Brongniart: p. 200; Atlas; pl. 12
(in Harris 1931, p.88).

1847  Clathropieris meniscoides Germar: p. 117, pl. 16, figs
1-4.

1911  Clathropteris meniscoides Thomas; p. 55, pl. 8. fig. 1.

1931 Clathropreris meniscioides Harris; p. 88. pl. 15, fig. I.

1940  Clathropieris meniscoides Oishi: p. 214, pl. 5, fig. 4.

1949  Clathropteris meniscoides Sze; pl. 1, fig. 5; pl. 4, fig. 1.

1950 Clathropteris meniscoides Lundblad; p. 27.

1964 Clathropteris meniscoides Kilpper: p. 37, figs 15. 16.

1968  Clathropteris meniscoides Kon'no; p. 100, pl. 2, figs
2-6; text-fig. 3.

1968  Clathropieris meniscoides Assereto et al.; p. 11, tab.
la

1977  Clathropteris meniscoides Fakhr; p. 75, pl. 22, figs 1-
3; fig. 8G.

1977  Clathropteris meniscoides Corsin & Stampfli; p. 523,
pl. 1, fig. 6.

Description—Leaf big in size, petiole not preserved,
pinnae elongate-lanceolate, attaining a width about 13-14 ¢m
and a length of ca. 20 cm, lamina contiguous, margins toothed,
length of tooth and that of its supporting lateral vein reaching

24 mm and 65 mm respectively. Thus division of pinna-lamina
into teeth extending less than one-third of total length of
supporting lateral vein; marginal teeth triangular, acutely
pointed; rachis of pinna rather slender, 1-2 mm in width; lateral
veins about 0-2-0-4 mm across, arising from rachis at angles of
40°-00°, at intervals of 15-20 mm; tertiary veins arising from
lateral vein at about a right angle. slightly flexuous, giving off
a few quaternary veins, forming quadrate or polygonal
reticulation of about 3 to 4 mm in width. First type rectangular
mesh of about 6-8 mm broad, 12- 14 mm long.

Comparison & Remarks—Clathropteris platyphylla
Goeppert 1846 resembles this species. C. platyphylla as
described by Zeiller (1902-03) in further details. appears to
differ in arising the lateral veins at angles of 60°-70° instead of
40°-60°. Kon'no (1968) brought C. plaryphiylla under
synonymy list of C. meniscoides. Vozenin-Serra & De
Franceschi (1999) cited these are two different species and
noted that the lateral veins in C. plaryphylla arise at angle of
75° and the proportion of length of tooth to its supporting
lateral vein is about 1/8 to 1/13. C. meniscoides also differs
from C. elegans Oishi 1941 in having more distinct quarternary
veins. These meshes are thin and not visible in C. elegans. C.
walkeri as described by Ash (1969, p. 41) does not present a
similar distinctive reticulation and pinna apices. This species
has a wide geographical distribution. In Iran, it is reported
from Zirab (Kilpper, 1964); Qazvin and Nur Valley (Assereto e
al., 1968).

CLATHROPTERIS sp.
(Pl.1.3)

Description—Pinna incomplete; main vein is 2 mm in
width; lateral veins arise at a right angle to form rectangular
nets with 10 x 11 mm dimension; tertiary veins arise from
rectangular or sometimes polygonal meshes 5 x 11 mm in
dimension. The surface of specimen is covered completely by
collapsed pores.

Genus—DICTYOPHYLLUM Lindley & Hutton 1843
DICTYOPHYLLUM EXILE (Brauns 1862) Nathorst 1878
(PL.3-2)

Camptopteris exilis Brauns: p. 54, pl. 13, fig. 11.
Dictyophyllum exile (Brauns) Nathorst; p. 39, pl. 5, fig.
7.
1926 Dictyophyllum exile Harris; p. 64, pl. 1, figs 1, 2.
1931 Dictyophyllum exile Harris; p. 80, pl. 18, figs 15, 16.
1950 Dictyophyllum exile Lundblad; p. 28. pl. 3. fig. 12.
1970 Dictyophyllum exile Boureau; p. 347.
1977 Dicryophyilum exile Fakhr: p. 72, pl. 20, figs 2-5: fig. GE.
Description—Sterile leaf shown in Pl. 3-2 bearing 8-9
pinnae; rachis is about 7 cm length, 3 mm width; the web of
basal lamina of adjacent pinnae is negligible about 1-2 cm in

1862
1878
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Eig. 3—1. Pterophyllum obovatum, 2. Pterophyllum contiguum, 3. Nilssonia aequalis, 4. Nilssonia compta, 5. Pteropliyllum braunianum. 6.
Taeniopteris tenuinervis, 7. Otozamites furoni, 8. Podozamites lanceolatus, 9. Nilssonia polymorpha, 10. Podozamites latisinius, 11.
Lobifolia iranica, 12. Ferizianopteris undulata, 13. Podozamites angustifolius.
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Fig. 4—A, E. Pterophyllum braunianum, B. Pseudoctenis ensiformis, C. Pterophyllum contiguum, D. Pterophyllum obovatum, F. Nilssonia
compia.

PLATE1 >

i Equisetites arenaceus Brongniart 1828. 3. Clathropteris sp.
2. Ferizianopteris undulata Fakhr 1977, 4. Lobifolia iranica Fakhr 1977.
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width; pinnae narrow, pinnules with acute to obtuse apices;
pinna-rachis strong, giving off the midribs of pinnules at angles
of 40°-50° at intervals of 8-9 mm. The division of pinna-lamina
into teeth extending to one-third or less than of total length of
supporting lateral vein. Secondary veins of pinnule from
polygonal meshes, with one row of specially large-sized
primary meshes on each side of midrib.

Comparison—Dictyophyllum falcatum Natio 1968 and
Dicryophyllum nathorsti Zeiller 1903 are similar to D. exile.
As Kon’no (1968) described D. falcatum was distinguished
from D. exile by bearing less pinnae (12-13), shorter arms (10-
13 mm), having a negligible web of basal lamina as separated
from each other completely by narrow gaps or distinct grooves;
and narrower, falcate pinnules. D. nathorsti in comparison to
D. exile has a basal lamina web about 5-8 cm width (according
to Zeiller, 1903); division of teeth reaches to Y2 (1/3-2/3), and
shorter pinnae bearing arms (8-12 cm long). The division of
teeth in D. exile reaches to 1/3. Furthermore, the length of
rachis bearing pinnae is about 20 cm (according to Fakhr, 1977),
and the mainrachis is 1 cm, while itis 6-10 mm (according to
Zeiller, 1903) in D. nathorsti.

Genus—TAENIOPTERIS Brongniart 1828
TAENIOPTERIS TENUINERVIS Brauns 1362
(P1.2-1; Fig. 3-6)

1862 Taeniopteris tenuinervis Brauns; p. 50, pl. 13, figs 1-3.

1867 Taeniopteris tenuinervis Schenk; pl. 25, figs 3-4.

1985  Taeniopteris tenuinervis Vassiliev; p. 75, pl. 37, figs |,

2.

Description—Leaf linear, 22 cm long and 2 cm wide, midrib
clear, tapering gradually towards apex with two fine
longitudinal striae. Lateral veins are simple or forked once, 24-
25 percm.

Remarks—This species is reported from Rhaetian of Iran
(Schenk, 1867, Vassiliev, 1985)

Class—GYMNOSPERMOPSIDA
Order—BENNETTITALES
Genus—OTOZAMITES Braun 1843
OTOZAMITES FURONI Boureau et al. 1950
(PL. 4-5;Fig. 3-7)

1950  Otozamites furoni Boureau et al.; p. 229, pl. 7, fig. 39.
Description—Frond pinnate, 3:5 cm long, 2-5 ¢cm broad,

pinnules ovate, 12 x 6 mm in size, margins entire, apex rounded.
base auriculate, close, alternate and cover proximal face of the
rachis at an angle of 80°. Veins divergent, arising from a point
at the base of the pinnule, dichotomous three times. The
density of veins in the middle part of the pinnule is 18-20.

Comparison & Remarks—Otozamites eichwaldi Fakhr
1977 and Otozamites indosinensis Zeiller 1903 came closer 10
O. furoni. O. eichwaldi differs by its smaller pinnules size (4-
6 x 9 mm) and venation with once or twice forked and a density
about 13-15 per pinnule. O. indosinensis differs by its ovate-
linear pinnules (10-13 x 4-5 mm) and veins are once or twice
forked veins. Otozamites kachchhensis Bose & Banerji 1984
differs in having somewhat rhomboidal or slightly falcate shape
and the veins forked once or twice (Bose & Banerji, 1984).
This species is reported from Liassic strata of Rudbar, Iran by
Boureau er al. (1950).

Genus—PTEROPHYLLUM Brongniart 1828

PTEROPHYLLUM BRAUNIANUM (Braun 1843) Goeppert
1843
(P1.3-5; Fig. 3-5; Fig. 4A,E)

1843
1843
1867

Ctenis angusta Braun; p. 39, pl. 11, figs la, b, 3.
Prerophyllum braunianum (Braun) Goeppert; p. 134.
Prerophyllum braunianum Schenk; p. 164, pl. 38, figs 1-
10.

Pterophyllum angustum Gothan, p. 134, pl. 26, fig. 3.
Pterophyllum angustum Antevs; p. 30, pl. 4, figs 3-7.
Pterophyllum angustum Oishi; p. 340.

Pterophyllum braunianum Sadovnikov; p. 93, pl. 4. fig.
5.

Description—Leaf linear-lanceolate as a whole, pinnate,
9 cmin length, 3-3-5 cm in breadth; rachis nearly 1 mm wide,
with fine longitudinal striations; pinnae sparsely set, opposite
or alternate, attached laterally to the rachis at an angle of about
75°-80°, narrow, gradually tapering at apex, with an even base.
19-21 mm in length, 1-5-2 mm in width. Veins parallel, fine,
simple or rarely forked only once, 4-5 per pinna.

Comparison & Remarks—Pterophyllum bavieri Zeiller
1903 and Pterophyllum jaegeri Brongniart 1828 somewhat
resemble P. braunianum but P. bavieri differs from P.
braunianum by its closer pinnae than in the present specimen
and the proportion of length to width of pinnae is about 10-15
times. Both the earlier pinnae are attached at right angles to
rachis. The pinnae in P. contiguum Schenk are shorter and
wider than in P. braunianum. This species is reported from
Rhaetian strata of Tazareh by Sadovnikov (1976).

1914
1919
1940
1976

PLATE 2

1 Taeniopieris tenuinervis Brauns 1862.
2. Clathropieris meniscioides (Brongniart 1825) Brongniart 1828.

3. Pierophyllum obovatum Fakhr 1977.
4. Pseudoctenis ensiformis Halle 1913,



JAVADI & SYOOKI—PLANT MEGAFOSSIL REMAINS FROM SHEMSHAK FORMATION, JAJARM, IRAN 65




66 THE PALAEOBOTANIST

PTEROPHYLLUM CONTIGUUM Schenk 1883
(Pl. 4-3; Fig. 3-2; Fig. 4C)

1903 Prerophyllum contiguum Zeiller; p. 191, pl. 48, figs 1-4,
6.

1905  Prerophyllum contiguum Zeiller; p. 194.

1965  Pterophyllum contiguum Vu Khuc et al.; p. 42, pl. 13,
figs 1-3.

1977 Pterophyllum contiguum Fakhr; p. 119, pl. 40, fig. 8; fig.
13E.

Description—Incomplete frond 4 cm in length and 3 cm
in breadth, pinnate, lanceolate, tapering towards apex; rachis
0-2-0-4 mm broad; pinnae attached at angles of 40°-50° to the
rachis laterally by the entire base, opposite, closely placed,
12-18 mm long, 1-5-3 mm broad, margins parallel, apex obtuse
to round; veins parallel, fine, simple or rarely once forked, 6-7
per pinna.

Comparison & Remarks—Pterophyllum braunianum
Goeppert 1843 resembles this species. It differs in having larger
pinnae with more narrow apex than P. contiguum. In P.
braunianum, pinnae are never set closely, and they are
expanded at the base. Pterophyllum bavieri Zeiller 1903 is
distinguished by its much more linear pinnae (long is 12-25
times than width). Pterophyllum aequale (Brong.) Nathorst
differs from P. contiguum by its usually broader pinnae (4-5
mm) and greater number of veins in each pinnae (10-12). Fakhr
(1977) reported this species from Rhaeto-Liassic strata of
Shemshak area (Iran).

PTEROPHYLLUM OBOVATUM Fakhr 1977
(P1.2:3; Fig. 3-1; Fig. 4D)

1977 Pterophyllum obovatum Fakhr; p. 115, pl. 40, figs

1,2;fig. 13H-J.

Description—Leaf obovate-lanceolate as a whole,
pinnate, 7 cm in length, up to 2 cm in width; rachis up to | mm
wide; pinnae attached laterally to the rachis, opposite to
alternate, 5-11 mm long, 2-2-:5 mm broad; set closely at 80°-85°
angles with the whole base, margin parallel, apex rounded;
veins parallel, fine, simple or forked only once at its base, 7-8
veins per pinna.

Comparison & Remarks—Pterophyllum nathorsti
Schenk comes closer to this species. P. nathorsti has always
fewer veins per pinna (5-7) than P. obovatum (7-8). Moreover,
the leaf of P. nathorsti is a linear-lanceolate in shape while P.
obovatum has an obovate-lanceolate contour. Pterophyllum
rajmahalense Morris 1863 differs in having oblanceolate frond
and in vein concentration (15-25 per pinna: Bose & Banerji,

»

1981). This species is reported from Rhaeto-Liassic strata of
Shemshak area (Iran) by Fakhr (1977).

Order—CYCADALES
Genus—NILSSONIA Brongniart 1825
NILSSONIA AEQUALIS Brongniart 1825
(Pl.4-1;Fig. 3-3)

1825 Nilssonia ?aequalis Brongniart; p. 219, pl. 12, fig. 6.

Description—An incomplete leaf, 8 cm in length; rachis
is covered at places, 2 mm wide, with longitudinal striations
on the exposed part. Pinnae attached laterally with entire base
at angles of 50°-60°, margin parallel, both the acroscopic and
basiscopic margins curved upward and downward; apex
rounded; 2-5-3 cm long, 5-8 mm wide, veins strong, simple,
parallel, 10-12 per pinna.

Comparison—Our specimen resembles Pterophylium
aequale (Bron.) Nathorst 1878. N. aequalis incomparison with
P. aequale has no forked veins but it has more linear pinnae
(2-6 cm long, 2-5-5 mm wide) than present specimen and more
veins per pinna (18-28). Fakhr (1977, p.125) described P. aequale
with pinnae attached to the rachis at angles of 70°-90° and
pinnae with truncate apices. Our specimen as a whole resembles
Pterophyllum cf. subaequale Hartz described by Boersma &
van Konijnenburg-van Cittert (1991, p. 227) from Aghdarband.
Iran. But, venetion is not visible in the present specimen.
Nilssonia aequalis has thicker and simple veins in comparison
with the species of Pterophyllum.

NILSSONIA COMPTA (Phillips 1829) Goeppert 1844
(P1. 4-2; Fig. 4F)

1829
1844

Cycadites comptus Phillips; p. 148, pl. 7, fig. 20.
Nilssonia compta (Phillips) Goeppert; p. 139.
1864 Prerophyllum comptum Leckenby; p. 77, pl. 9. fig. 1.
1875 Prerophyllum comprum Phillips; p. 227, pl. 7, fig. 20.
1900 Nilssonia compta Seward; p. 223, pl. 4, figs 5, 39, 40.
1905 Nilssonia compta Ward; p. 94-95, pl. 17, figs 11-14.
1942 Nilssonia compta Harris; p. 578, fig. S.
1960 Nilssonia compta Farshad; p. 95, fig. 81.
1964 Nilssonia compta Benda; p. 115, pl. 11, figs 1. 2: fig. 20.
1964 Nilssonia compta Harris; p. 50-54, text-figs 22, 23.
1977 Nilssonia compta Fakhr; p. 92, pl. 27, figs 6, 7.
Descriprion—Leaf incomplete, 13-5 cm in length, rachis
2-3 mm broad; pinnae rectangular to trapezoid in shape, laterally
attached at right angles, 20-25 mm in length, 8-10 mm in width;
pinnae are unequal in size; apex truncate with rounded angles,

PLATE 3

1. Podozamites latissimus Stanislavski 1971.
2. Dictyophyllum exile (Brauns 1862) Nathorst 1878.

—

3. Nilssonia polymorpha Schenk 1867.
4. Podozamites angustifolius (Eichwald 1865) Schimper 1870.
5. Pterophyllum braunianum (Braun 1843) Goeppert 1843
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pinnae decrease in size towards the apex, so leaf margins
slightly convergent. Veins parallel, rough, simple, 12-14 per
pinna.

Comparison & Remarks—Pterophyllum portali Zeiller
1903 and Pterophyllum inconstans (Braun) Goeppert 1844
resemble to the present specimen. P. portali differs by its larger
pinnae, with rounded apex, and stronger veins. P. (An.)
inconstans is distinguished by numerous veins (15-28) per
segment which forked once or twice. Pterophyllum muensteri
(Presl) Goeppert has fine veins which forked once or twice.
Nilssonia princeps Oldham & Morris 1863 differs in having
large apical segment, rectangular pinnules and distant bases
of pinnules. This species is reported from Rhaeto-Lias strata
of Abiek (Iran) by Fakhr (1977).

NILSSONIA POLYMORPHA Schenk 1867

(PlL. 3-3;Fig. 3-9)
1867 Nilssonia polymorpha Schenk; p. 127, pl. 29, figs 1-9;
pl. 30, fig. 1.
1869  Nilssonia polymorpha Schimper; p. 489, pl. 65, fig. 9.
1876 Nilssonia polymorpha Nathorst; p. 40, pl. §, figs. 2-15;
pls §, 9.
1878  Nilssonia polymorpha Nathorst; p. 17, pl. 2, figs 6-7.
1879  Nilssonia polymorpha Nathorst; p. 72, pl. 15, figs 3-5.
1887 Nilssonia polymorpha Schenk; p. 7, pl. 1, fig. 3; pl. 5,
fig. 22.
1909  Nilssonia polymorpha Nathorst; p. 10, pl. S, figs 9-13;
pl. 6, figs 9-13; pl. 7, fig. 20; pl. 8, figs 12-18.
1940  cf. Nilssonia polymorpha Oishi; p. 210, pl. 26, fig. 6.
2000 Nilssonia cf. polymorpha Schweitzer et al.; p. 20, pl. 3,

figs 3-5.

Description—Incomplete leaf 5-6 cm in length and 1-6 cm
in width, rachis about 1 mm thick. The segments cover the
rachis proximally. The segments attached at right angles to
the rachis, with the upper margin nearly straight or slightly
concave and the lower margin with a gentle broad curve
towards the outer margin. The outer upper margin is obtusely
pointed. The veins are parallel, unbranched, and vein
concentration 11-21 per segment or 11-12 per cm.

Comparison & Remarks—Nilssonia schaumbergensis
(Dunker) Nathorst 1881, N. sarakhs Barnard & Miller 1976 and
N. serratus (Prynada) Schweitzer et al. 2000 are somewhat
similar to N. polymorpha. N. schaumbergensis can be
distinguished by its narrower frond (less than | cm broad) and
more veins concentrations (30 per cm). N. sarakhs has 20 veins
per cm and it is reported from Dogger strata of Iran (Barnard &
Miller, 1976, p.72). N. serratus distinguished by its more
triangular-falcate shape of the pinnae and more veins in each
pinna (11-34). Moreover, the margins of pinnae are dentate
(Schweitzér et al., 2000, p. 48-50). Schenk (1887) and Schweitzer
et al. (2000) reported this species from Rhaetian of Alborz.

Genus—PSEUDOCTENIS Seward 1911
PSEUDOCTENIS ENSIFORMIS Halle 1913
(Pl. 2-4; Fig. 4B)

1913 Pseudoctenis ensiformis Halle; p. 51, pl. 6, fig. &.

1976  Pseudoctenis ensiformis f. minor Sadovnikov; p. 100.

Description—Leaf 8:5 cm in length, 3-3-3 cm in width.
pinnate; rachis rather slender, 1-2 mm broad; pinnae inserted
laterally with the whole of the base at angles of 70°-80°. bases
expanded with both the edges of the pinna continuing on the
rachis sometimes to the next pinna, thus forming a rounded
sinus between two adjacent pinnae. Pinna ensiform with
somewhat obtuse to rounded apices, 20-28 mm in length, 4-5
mm in width; veins parallel, strong, simple or rarely once forked,
5-7 veins per pinna.

Comparison—P. ensiformis described by Halle (1913, p.
51)is a large leaf (12-14 cm in width). Although our specimen
bears morphologically similar pinnae but smaller in size. Fakhr
(1977, p. 89, pl. 39, figs 1-3) also described somewhat similar
species as Pseudoctenis ?abiekensis from Iran. P.? abickensis
differs from P. ensiformis by its obtuse to acute apices of
pinnae. Furthermore, the density of veins is more in the present
than Halle’s specimen.

Order—CONIFERALES
Genus—PODOZAMITES Braun 1843

PODOZAMITES ANGUSTIFOLIUS (Eichwald 1865)
Schimper 1870

(Pl. 3-4;Fig. 3-13)

1865
1870
1941
1958

Zamites angustifolius Eichwald; p. 39, pl. 2, fig. 7.
Podozamites angustifolius (Eichwald) Schimper: p. 160.
? Zamia angustifolia Furon; p. 250.

Podozamites angustifolius Vakhrameev; p. 122, pl. 31.
figs- 3-5; pl. 32, fig. S.

Podozamites angustifolius Takhtajan; pl. 11, figs 10,
11

Podozamites angustifolius Fakhr; p. 142, pl. 45, fig. 10:
fig. 20A.

Description—Shoot incomplete, 7 cm in length, 8 cm in
width; leaves lanceolate-linear in shape, typically 5 cm long, 5
mm wide, spirally attached at angles of 70°-80° to the rachis;
margins entire, parallel, gradually tapering to apex; base
strongly contracted; veins simple or forked once at the base
of leaf, parallel, 6-8 in number in the middle part of the leaf,
converging towards the apex.

Comparison & Remarks—Podozamites schenki Heer
1876 and Podozamites gramineus Heer 1876 are two
comparable species to P. angustifolius. P. gramineus can be
distinguished from this species by its more linear leaves (up

1967

1977
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PLATEA4

Nilssonia aequalis Brongniart 1824.

Nilssonia compta (Phillips 1829) Goeppert 1844.
Prerophyllum contiguum Schenk 1883,
Podozamites lanceolatus (Lindley & Hution 1837)
Braun 1843.

5 Otozamites furoni Boureau et al. 1950.
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1o 10 cm long) and fewer number of veins (4-5 per leaf). P.
schenki has shorter and narrower leaves (2-5-4 ¢m in length
and 1-5-2'5 mm in width: Fakhr, 1977, p.143) than P.
angustifolius. Fakhr (1977) reported it from Rhaeto-Liassic
strata of Shemshak area, Iran.
PODOZAMITES LANCEOLATUS (Lindley & Hutton
1837) Braun 1843

(Pl. 44; Fig. 3-8)

Zamites lanceolata Lindley & Huutton; p. XCIC.
Podozamites lanceolatus (L. & H.) Braun; p. 36.
Podozamites lanceolatus Boureau er al., p. 227, pl. 7,
fig. 36.

1837
1843
1950

1956 Podozamites lanceolarus Sze; pl. 52. fig. 1. pl. 53, fig. 1.

1963 Podozamites lanceolaius Jongmans; p. 2525.

1976 Podozamites lanceolatus Sadovnikov; p. 110, pl. 6, fig.
6.

1977 Podozamites lanceolaius Corsin & Stampfli; p. 536, pl.
3, fig. 6.

1977 Podozamites lanceolatus Fakhr; p. 141, pl. 48, figs 3. 4,
7-9.

1984  Podozamites lanceolatus Vassiliev; pl. 41, fig. 2, pl. 42,
fig. 1.

Description—Incomplete specimen bearing lanceolate
leaves, rachis 3 mm in width; leaves large, 50 mm in length, 12
mm in width, base strongly contracted; optimum width below
the middle, at about 5 mm from the base; veins simple or
dichotomous only at the base of the leaf, parallel, 27-29 per
leaf at the broadest part, converging towards the apex.

Comparison & Remarks—Podozamites distans (Presl)
Braun 1843 resembles P. lanceolarus. It can be distinguished
by lesser concentration of veins (13-22 per leaf : Schweitzer &
Kirchner, 1996, p. 89). Boureau ez al. (1950) reported this species
from lower Lias of Haoz-e-Hadj Mehdi (Khorassan) and
Shemshak. Sadovnikov (1976), Corsin & Stampfli (1977), Fakhr
(1977) and Vassiliev (1984) reported it from Karmozd; Farsian;
Shemshak, Abiek, Ferizi, Alasht and Sangrud (Iran)
respectively.

PODOZAMITES LATISSIMUS Stanislavski 1971
(P1.3:1;3-10)

1971 Podozamires larissimus Stanislavski; in Boersma er al..
1991, p. 226.

1976 Podozamites latissimus Sadovnikov; p. 110, pl. 6, fig. 6.

Description—Shoot 9 c¢cm long, 6 cm wide; leaf-blade
lanceolate, typically 5-6 cm long, 8-10 mm wide, arranging in a
simple helix at variable distance at an angle of 30°; margins
entire; base strongly contracted without any distinct petiole,
optimum width in the middle, about 2-2-5 ¢m from the base;
apex slightly obtuse; veins simple or forked once at the base
of leaf, parallel, 13-14 per leaf at the broadest part, converging
towards the apex.

Comparison & Remarks—Podozamites paucinervis
Boersma & van Konijnenburg-van Cittert JHA, 1991 is

comparable to the present species in shape. It can be
distinguished by its fewer veins per leaf (10-11) and its optimum
width is about 10 mm (Boersma & van Konijnenburg-van Cittert
JHA, 1991). Podozamites distans (Pres]) Braun differs from
this species in having more concentration of veins (13-22 per
cm: Schweitzer & Kirchner, 1996). It is reported from the
Rhaetian flora of Donets Basin by Stanislavski (1971).
Sadovnikov (1976) reported this species from Upper Triassic
strata of Tazareh, Iran.

CONCLUSION

There are several index species such as Dicryophyllim
exile, Nilssonia polymorpha, Podozamites latissimus and
Equisetites arenaceus (only in Iran) which suggest the
Rhaetian age for the basal part of Shemshak Formation.
Furthermore, abundance of fern genera of Dipteridaceae such
as Clathropteris and Dictyophyllum and greater frequency
of large stem of Equisetales indicate the prevalence of a warm
and humid climate in this area. The former groups are identified
usually as thermophilic and the later one as flourishing in
humid places.
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