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Extended Abstract

Introduction

The eastern Alborz contains a rich assemblage of plant macrofossils studied previously by several
authors (e. g. Corsin and Stampfli, 1977; Vaez-Javadi, 2006; Najafi, 2009 and Vaez-Javadi, 2016).
Ferns are the most dominant plant macrofossils in the Shemshak Group (Kalariz formation) in the
eastern Alborz Mountains. Accordingly, this study focuses on the ferns and the habitat of this group. In
addition, paleogeographic distribution and the range of extension of encountered species are discussed,
and the composition of ferns in the studied flora was compared to those of other Rhaetian assemblages
in other parts of the world.

Materials and Methods

The samples containing Triassic fern macro-remains were collected through systematic sampling during
the measurement of stratigraphic section in the Ghoznavi area (116 Km NE of Shahroud, 22 Km SE of
Azadshahr). The specimens were studied using binocular microscopy. The identification and
classification followed Taylor et al., 2009; Nagalingum and Cantrill, 2006; and Vera and Passalia, 2012.

Results and Discussion

The aim of this study is to establish a systematic investigation of Triassic fern macrofossils including
fronds and reproductive organs from Shemshak Group (Kalariz Formation) in the Ghoznavi area. The
encountered specimens comprise of fern macro-remains referable to three orders (Marattiales,
Osmundales and Filicales) including 7 genera, 14 species: two Pterophyta incertae sedis species
(Korallipteris yipinglagensis and Thainguyenopteris parvipinnulata);, three Filicale species belonging
to the Dipteridaceae (Dictyophyllum exile, Dictyophyllum nathorsti and Clatheropteris meniscioides);
eight species of Osmundales and their reproductive organ (Cladophlebis nebbensis, Cladophlebis
australis, Cladophlebis sp., Cladophlebis haiburnensis, Cladophlebis raciborskii, Cladophlebis
scoresbyensis, Cladophlebis denticulata and Osmundopsis sturii); and one species of Marattiales
(Marattia intermedia). Although certain encountered species are long-ranged, extending through the
Jurassic period (i.e. Cladophlebis denticulata and Clathropteris meniscioides), others (i.e.
Dictyophyllum exile, and Thainguyenopteris parvipinnulata) are indicative of Rhaetian.

The encountered fern species in the studied area show the affinities with other Rhaetic flora from both
Laurasia and Gondwana landmasses.
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The similarities between the fern species of the studied area and those of Korea, Germany and Argentina
(each one having 5 common species); China and Japan (each one having 6 common species); and finally,
Greenland, Italy and Vietnam (each one having 4 common species) support the cosmopolitan nature of
these taxa during the Late Triassic.

The presence of large and mature fern fragments, preserved parallel to bedding in gray shale and
sandstone, indicates the lowland of deltaic environments (swamp, marsh, levee, flood plain). Most of
the encountered Osmundaceae ferns are indicative of wetter lowland environment and warm conditions,
although the osmundaceous genus, Cladophlebis denticulata, with narrow pinnules and denticulate
margin, suggests drier conditions in drier parts of delta lowland (i.e. levee and flood plain). The large
fronds of understory fern family, Dipteridaceae, (three species of Dictyophyllum and Clatheropteris)
reflect a humid climate with low levels of light in lowland of delta (i.e. marsh and river bank), and the
presence of Marattialean fern species (Marattia intermedia) suggests warm and moist environments in
deltaic lowland (i.e. marsh and swamp).

Conclusion

A comparison was made between the Triassic ferns of the studied area and those of other parts of the
World. This indicates broad similarity with the Late Triassic of Korea, Japan, China, Vietnam,
Greenland, Sweden, Germany, Italy and Argentina. On the other hand, the co-occurrence of hydrophilic
and xerophilic species reveals that these plants lived in the lowland of deltaic environment, but in
different microhabitats.

Keywords: E Alborz mmuntain, Late Triassic, Ferns, Shemshak group, Plant fossils.
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Genus Osmundopsis sturii (Raciborski)
Harris, 1931
Type species. Osmundopsis sturii
Raciborski, 1894
Osmundopsis sturii (Raciborski) Harris,
1931
Plate 11, Figs. T-U
Synonymy: See Schweitzer and Van
Konijnenburg, 1997; p.169, pl. 18, fig. 1-8,
text-fig. 28D.
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MG-MF31 gw, dges ) aisS (pl ihmoss
Sl 00l C8L dsdllan )50 Al Siads 09,5
Ny 5l (2du 45 (nl asdllas 3,50 4l o
Jsb srockea Yo sl a5 05 Jult 1, an
b o Jyieg 5 005 siosken ) ol sligy o
- aie ol A gl Al 4y g 00cld plas
Aol ek V0 losny Jsb isd
ol oanle b Se bl ) g ek
o oz e - Pl gl 5 S
5 zls oo 55 5 lails b Jyiny actl>
Al g G o9l Al cwl paiins
LS ol il Gl S, 5 pmie (55 ST

Ned oo e a5LE g0 > a4y
055G AisS (nl (bl 5 ouldbane L)
oliwgd «(Harris, 1931) . JISI byl
«Gothan, 1914) -J1 «(Raciborski, 1894)
«(Kawasaki, 1925) o ,5 «(Arber, 1917) o 4.0
Rees and ) oy _ad «(Sze, 1949) >
bewslidl Jles s b5 ) «(Cleal, 2004
Oishi and ) !5 4 (Jacob and Shukla, 1955)
Oized ol ouls 5,158 (Takahashi, 1936

Sewlygiomms by Slbgw, 51 asS (ol
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b5 «(Frentzen, 1922) LT «(5,1) unnns
b5 «Bronn, 1852) Ll (()l5) e
(05) G by (Lee, 1964) > s
(o) i Swlygy «(Oishi, 1938) cpl5
O Sowlyg3 «(Moller, 1902) S Lasls
Sl 95 «(Choo et al, 2016) sl )T «( wld)
«(Brongniart, 1928) Sgw (wld) pies
ool «Kon no, 1968) 15 e Wby

Kustatscher and Van

—(5,) e b5 9 (Konijnenburg, 2011
Jod oyel () oty Sl
odds o, (Cornet and Traverse, 1975)

.w‘

Genus Dictyophyllum Lindley and Hutton,
1834
Type species. Dictyophyllum rugosum
Lindley and Hutton, 1834
Dictyophyllum exile (Brauns,
1862) Nathorst, 1878
O-P Plate I, Figs.
Synonymy: See Pott and McLoughlin,
2011; p. 1031, pl. 5, text-fig. A-D.

MG-MF  sgw, sladiged 1o 4555 (] iy
cily addllas 5,50 4>l Siad 0,5 34,44
el aslllas 550 4l )0 555l Censl 00
Fockeo Vo Glg 4 ety LAy W58 S
Lol s oslice BB Lacyy (sloail 5 ol .ol
@l g b el s 5 oz LT IS IS
Salbee by jowiile Vg Jsb peeile V-
Looad o8 Wil ol 5 S50 adie ooy
owiils Vb Join sl 9 Job ol cusle
Al g Jate iy 4 0aelB plas L g el
wote DS jale sl Joiw yle blaie des
Ol Foekee VoS (Sire (o W o
3ol Ll (VU jtarlen ¥ g otz oo @ Ll
S s weys 00l eSS Ol

Clathropteris meniscioides Brongniart,
1828
Plate I, Fig. N
Synonymy: See Kustatscher and Van
Konijnenburg, 2011; p.226, pl.6, figs
AandB.

MG- g, slodiges o Lo 455 ol idnoys
il axllae 5,90 drl Sivads 05,5 MF 33
i axlllas 8,90 4l ;o aigS pl el ool
sl 13 o ol s LS55 a5y wgsh 4 3
ooy v oo YO sligy 5 yierdo OF
Frozkes 10 o1 ey Sty 5 e oS>
Gos & la S shls Sy slao LS ol
ool b 5 55 S'gi syl ol ansl yianles ©
5 e o o g5Sg ST i ol
85,5, e ine il Sl i
B ol jlazpe 00 B Fe a4l L Sl
poodle oyl alsl Jeio bl by ool
JEINC NP SNIVERN RN
S0 o b a5 Sigd o laz il slacs ).,
5 9 ool g ol oS 1S, il B T L
b Gloasis s (Bl bS S,
lo a5 ol olal a5 wims o LuSits |, alite

wbb o yopdio YXF
S 355l il g pwlibainy HLa!
OFSE g o)l gy Sl 5 (oulidans
by sleaiig 5l adlllas 390 42U ogdle

Sadovnikov, 1976) 3,% 5l () Ca
Corsin and Stampfli, 1977; Kilpper, 1964;
by «(Fakhr, 1977;  Vassiliev, 1984,

Schenk, 1887; ) o )5 Swlygy = ()
Oy Sl 95 «(Zeiller, 1903; Harris, 1931
Bomfleur and Kerp, ) gz dad o wld)
Ol (o o0 e by (2010
b,y «(Barth et al, 2014; Brauns, 1862)

ool ((Weber, 1968) LT «((p5,) camms
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oodle a3s8 pl i aldlpae g owlbibans i
Aoob) iy Sely957 (05 )) Oy (b5
Boureau et al, 1950; Assereto et al, 1968; )

Barnard and Miller, 1976; Sadovnikov,
1976; Corsin and Stampfli, 1977; Fakhr,

odls yb,l38 (Zeiller, 1886 ) pling 4 (1977
]
Genus Thainguyenopteris
(Srebrodol’skaya) Sadovnikov,1978.
Type species. Thainguyenopteris
parvipinnulata Srebrodol’ skaya, 1969.
Thainguyenopteris parvipinnulata
(Srebrodol’skaya) Sadovnikov, 1978.
Plate 11, Fig. S

Synonymy: See Sadovnikov, 1978; p. 89,
pl. 9, fig. 1-3.

MG-MF s, sbodiges 10 aisS pl ihmosi
cily addlhe 5,50 4>l S 09,5 36,46
4 dalllas 050 4l 0 wigS ol el ol
¥ dsb @ () Bl any 9ig 8 aiged 95 )90
s 5 srarkio Vel (sligy el yianiils
V=P agly b oy 5 039 (Job sla)les
Wgh oo Jae ol 4 cglie > a4 4z o
P ol sl s ke # st Jsb onyoien
Gl oly Coon 4 Loy Sl ool el
s Ll ety 4y onels alas b g ool e
03,88 (sSw ST o g oanle by o)
Al s (5 7S (F3558 5Kl (i 5
Sy 9 0o Jlogd (Sl g Job5 by

2l Jlail oo 4 36 ¥ byl
JLINCH RIC RPIINE SV S TG 0
b 555, 99 o]y Sl e SIS LB
G, o ,F e a5LE 95 e 5 o0l
oS 5, g oad a3y 5o S0 b gyl

2z g phul gased A a4 (S sl
adlaioe » 05315 @L@'P 9 ‘;M!Lhwm )M'
@5 05 ey b 455 (nl aslllae 390
(055 )) e b, (Kimura and Kim, 1988)
by «(Pott and Mcloughlin, 2011) g
by (Harris, 1931) o 55 (005,) Oy
by «(Nathorst, 1878) wigw (oyd)) Cymmmn
5 9 (Launis et al, 2014) wgus (3, 5) Cppun
Fakhr, ) ol (03) omeg b 5 0l
390 e @ axg b sl eas 5,155 (1977

el (5)) G b5 LS &5

Dictyophyllum nathorsti Zeiller, 1903
Plate I1, Figs. Q-R

Synonymy: See Fakhr, 1977; p.158, pl.17,
fig. 1-4, text-fig. 6E.
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Synonymy: See Schweitzer et al., 1997,
¢ pl.12, figs. 1-9¢pp.153-155, pl.11, figs. 1-4
text-fig.21.
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.(Vankonijnenburgh et al, 2017)
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Sl oals 138 (Sadovnikov, 1987) (¢3S e
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e O

.)5..»‘50 RTRC I gvw)

Genus Marattiopsis Schimper, 1869
Type species. Marattiopsis dentate
(Starnberg) Schimper, 1869
Marattia intermedia (Monster) Kilpper,
1964
Plate 11, Fig. V
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el ool o138 (Schweitzer et al, 1997)

by 5 (Kilpper, 1964) 6 5,1 (o)
ObeS (ob) miey Senlyei () mm

Lower
Cretaceous
Tithonian
Malm Kimmeridgian
Oxfordian
Callovian
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Toarcian
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Liassic Sinemurian
Hettangian
Upper Rhaetian I I | I
Triassic Norian
Carnian
Middle
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& Z "
) 3 g s 5 2 T8
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Plate I. A-D. Korallipteris yipinglagensis; E. Cladophlebis nebbensis; F-G. Cladophlebis australis; H.
Cladophlebis sp.; 1-J. Cladophlebis haiburnensis; K. Cladophlebis raciborskii.
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Plate 11

Plate 11. L. Cladophlebis scoresbyensis; L1. Peltaspermum decipiens; M. Cladophlebis denticulata; N.
Clathropteris meniscioides; O-P. Dictyophyllum exile; Q-R. Dictyophyllum nathorsti; S.
Thainguyenopteris parvipinnulata; T-U. Osmundopsis sturii; t1. Necalamites sp.; ul. Stachyotaxus
septentrionalis; V. Marattia intermedia.

Oy il slesmgs
\YY



	majale 43-0-07
	majale 43-7

