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and P. woodwardii (Matoniaceae) from the
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Abstract

The coal horizons of the Middle Jurassic Hojedk Formation of East-Central Iran are fossiliferous, bearing numerous
well-preserved fossil plants, comparable to the Shemshak Group/Formation in the Alborz Mountains in Northern
Iran. Here we present two recently discovered fossil taxa from the Middle Jurassic Hojedk Formation of the Tabas
Block (Central Iran). Based on their distinct morphologies, impression/compression specimens can be assigned to
Phlebopteris dunkeri (Schenk) Schenk (Palaeontographica 23: 157–163, 1875) and P. woodwardii Leckenby (Quarterly
Journal of the Geological Society 20 (1–2): 74–82, 1864), belonging to Matoniaceae. This is the first record of these
two taxa in Iran. Taxa belonging to Equisetaceae, Marattiaceae, Dipteridaceae, Schizaeaceae, Dicksoniaceae,
Caytoniales, Bennettitales, Cycadales and Podozamitaceae were observed as accompanying taxa in the studied
section. Ecology comparison of the Hojedk Formation plant fossils with the extant relatives of the fossil plant taxa
occurring in these deposits indicates accumulation of the host strata under a moist warm (tropical to subtropical)
climate during the Middle Jurassic.
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1 Introduction
The Triassic-Jurassic sedimentary successions of Iran
are well known for their wealth of fossil plants and
many palaeobotanists have studied these plant-bearing
deposits. Many researchers have studied the plant fos-
sils of the Iranian Mesozoic (especially the Triassic and
the Jurassic) because it is one of the most significant
floras of this age in the world. The study on these floras
started with Göppert (1861), regarding the Tash Area,
followed by Stur (1886) regarding the Ab-e-Yek Area,
and Schenk (1887) regarding the Hiv region. Subse-
quently, a large number of additional Mesozoic floras
in Alborz Mountains and in Central Iran (Fig. 1) has
been discovered and studied, reflected by the works of
Krasser (1891), Zeiller (1905), Boureau et al. (1950),
Kilpper (1964, 1968, 1975), Lorenz (1964), Barnard
(1967a, 1967b, 1968), Alavi and Barale (1970), Fakhr
(1975), Barnard and Miller (1976), Sadovnikov (1976,
1989), Corsin and Stampfli (1977), Schweitzer (1977,

1978); and then, studies of Boersma and Van
Konijnenburg-van Cittert (1991), Schweitzer and Kirch-
ner (1995, 1996, 1998, 2003), Schweitzer et al. (1997,
2000, 2009), Mirzaei-Ataabadi et al. (2005), Vaez-Javadi
and Mirzaei-Ataabadi (2006), Saadat-Nejad et al.
(2010), and Popa et al. (2012), recently.
The Hojedk Formation, included into the Shemshak

Group, overlies the marine sediments of the early Bajo-
cian Badamu Formation, following a marine regression,
and is overlain by the Parvadeh Formation. The forma-
tion consists of arcosic-quartzitic sandstones and green
to grey shales with coal-bearing intervals (Fürsich et al.
2009) (Fig. 2). The coal horizons of the Middle Jurassic
Hojedk Formation of East-Central Iran are fossiliferous,
comparable to the Shemshak Group/Formation in the
Alborz Mountains in North Iran. The Hojedk Formation
is known for containing diverse assemblages of plant
fossils (e.g., Vassiliev 1984; Poole and Mirzaei-Ataabadi
2005; Ameri et al. 2014). It is Bajocian-Bathonian in age,
based on ammonites (e.g., Seyed-Emami et al. 2004) and
plant fossils (e.g., Vassiliev 1984; Schweitzer and Kirch-
ner 1996, 1998; Poole and Mirzaei-Ataabadi 2005; Ameri
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et al. 2014). Additionally, the plant-bearing successions
of this formation were dated palynologically as Middle
Jurassic (Arjang 1975).
This paper discusses two taxa, which are reported

for the first time from the Middle Jurassic Hojedk For-
mation of the Tabas Block, Central Iran (Fig. 1) and
provides their description and a short review of the
palaeoecology of their families and families of associ-
ated taxa in the Middle Jurassic deposits of the source
area. This is the first report of Phlebopteris dunkeri
and P. woodwardii (Matoniaceae) from Iran despite
the fact that previous palaeobotanical studies on Iran-
ian plant-bearing formations already recognized di-
verse floras from numerous localities.

2 Materials and methods
The specimens studied here, come from exploration
well no. 233, which is located at 60 km southwest of
Tabas City in South Kuchak-Ali Area, South Khorasan
Province (GPS: 33°15′39”N, 56°22′44″E; Fig. 1). Im-
pression/compression fossils of these taxa occur in a
grey shale deposit from 204 m and 301 m above the
base of the Hojedk Formation.
Due to the fact that the studied material originates

from a well, the numbering of specimens is done from
the top of the succession to the base (Fig. 2). The speci-
mens are well-preserved, since they were obtained from
a considerable depth below the surface and are not af-
fected by weathering or other destructive factors. At-
tempts to extract cuticles from the samples were
unsuccessful, probably due to the metamorphosis (high

pressure and temperature). Specimens were photographed
with a Canon EOS600D digital camera. The samples of
Phlebopteris dunkeri and P. woodwardii are stored in the
collection of the University of Tehran, Iran, with the
inventory numbers MBH319/204 (Phlebopteris dunkeri),
MBH390/301, MBH391/301, MBH392/301, MBH393/301,
MBH395/301, MBH402/301 (Phlebopteris woodwardii).
In total 495 core samples were documented from strata

assigned to the Hojedk Formation; most of the taxa from
this core belong to easily recognizable genera of Equiseta-
ceae (Annulariopsis Zeiller; Equisetites Sternberg), Marat-
tiaceae (Marattiopsis Schimper), Osmundaceae (Todites
Seward emend. Harris), Dipteridaceae (Clathropteris
Brongniart; Dictyophyllum Lindley and Hutton), Schi-
zaeaceae (Klukia Raciborski, emend. Harris), Dicksonia-
ceae (Ferizianopteris Fakhr; Dicksonia L’Heritier;
Coniopteris Brongniart), Incertae sedis (Cladophlebis
Brongniart; Spiropteris sp.), Caytoniales (Sagenopteris
Presl, emend. Harris), Bennettitales (Pterophyllum
Brongniart; Anomozamites (Schimper) emend. Harris;
Ptilophyllum Morris), Cycadales (Nilssonia Brongniart),
Cupressaceae (Elatides Heer; Elatocladus Halle), Incer-
tae sedis (Podozamites Braun), accompanying the re-
cently discovered Phlebopteris woodwardii Leckenby
and P. dunkeri (Schenk) Schenk studied in this paper.

3 Systematic palaeobotany
Division: Filicophyta (Pteridophyta)
Class: Filicopsida
Order: Filicales
Family: Matoniaceae

Fig. 1 Simplified map showing the position of a - the study area, and b- the exploration well no. 233 of the Hojedk Formation in South Kuchak-Ali
Area, Tabas Block, Central Iran
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Genus: Phlebopteris Brongniart 1836
Type species: Phlebopteris polypodioides Brongniart 1836
The genus Phlebopteris was established by Brong-

niart (1836) with the type species P. polypodioides. It
is used for fern remains of matoniaceous affinity with
pinna exhibiting short or long pinnules with decur-
rent or non-decurrent base; midrib often reaching the
apex; secondary veins dichotomously branched, with
or without forming a reticulate venation; circular sori
lacking indusium; sori with five to six annulate spor-
angia annulus; trilete, subtriangular, tetrahedral or
round spores.
The genus, which was almost globally distributed

during the Jurassic, is considered as the oldest repre-
sentative of the Matoniaceae, with a geographical focus on
the Northern Hemisphere (e.g., Van Konijnenburg-van
Cittert 1993; Schweitzer et al. 2009). Hirmer and
Hörhammer (1936) synonymized the genus Laccopteris,
erected by Presl (1838; in Sternberg) with the type species
L. elegans., with Phlebopteris.

Phlebopteris dunkeri (Schenk) Schenk 1875.
(pl. 1, figs. a, b)
1871 Laccopteris dunkeri Schenk; p. 219; figs. 3-5.
1875 Microdictyon dunkeri (Schenk) Schenk; p. 161,

pl. 27, fig. 10; pl. 28, fig. 11a-11d.
1961 Phlebopteris dunkeri (Schenk) Schenk: Harris; p.

109; text-fig. 36A-36C.
1984 Phlebopteris dunkeri (Schenk) Schenk: Van der

Burg & Van Konijnenburg-van Cittert; p. 361; pls. I, 2–4;
fig. 4.
2016 Phlebopteris dunkeri (Schenk) Schenk: Kustatscher

et al.; pl. 1; figs.6–7.
Description A partially, ill-preserved fertile pinnule,

45 mm long, 10 mm wide. The substance of the pin-
nule is thin. This small fragment has a distinct ven-
ation. The midrib is approximately 1 mm wide,
straight and depressed adaxially (abaxially prominent).
The secondary veins are attached to the midrib (pri-
mary vein) at right angles and arise at intervals of ap-
proximately 2 mm along the midrib. The secondary
veins are forking at about halfway between the midrib
and the margin. After branching, each secondary vein
is attached to the adjacent secondary veins, resulting
in an arc. The tertiary veins on top of the arc run to-
wards the pinnule margin and are branched twice and
produce a slightly elongated network. In the center of
the secondary arcs, small convergent veins are
inserted at intervals between the secondary veins,
which supplied the placenta impression. No sori have
been observed on the lamina in the Iranian speci-
mens; just placenta impressions are visible, occurring
at half the distance between the midvein and the pinnule
margin.

Fig. 2 Lithostratigraphic column and occurrence of Phlebopteris dunkeri
and P. woodwardii through the succession of the Hojedk Formation in the
exploration well no. 233, in South Kuchak-Ali Area, Tabas Block, Central Iran
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Remarks Phlebopteris dunkeri (Schenk) Schenk 1875 is
represented by small fragments with prominent reticulate
venation and often these remains exhibit a fusain-like
preservation (e.g., Harris 1961; Van der Burgh and Van
Konijnenburg-van Cittert 1984; Van Konijnenburg-van
Cittert and Van der Burgh 1996; Kustatscher et al. 2016).
Schenk (1871) described this species as Laccopteris
dunkeri, later transferred to L. dunkeri to Microdictyon
dunkeri by Schenk (1875), using the denomination
Phlebopteris dunkeri on plates (Harris 1961).
This fern is almost always showing a reticulate venation

(e.g., Harris 1961; Van der Burgh and Van
Konijnenburg-van Cittert 1984; Van Konijnenburg-van
Cittert and Van der Burgh 1996; Kustatscher et al. 2016).
The new isolated fragment from Iran is not fusinitic as in
other cases, but can be assigned to Phlebopteris dunkeri
(Schenk) Schenk 1875 based on the characteristic ven-
ation and on the position of the sori (e.g., Schenk’s pl. 1,
figs. 1, 2; and also, Harris 1961; Van der Burgh and Van
Konijnenburg-van Cittert 1984). This taxon resembles
Phlebopteris woodwardii Leckenby 1864 but differs from
it by the more complex venation, which is isodiametric or
slightly elongated in P. dunkeri and elongated in P. wood-
wardii and by the position of the sori (Harris 1961), which
are nearer to the midrib in P. woodwardii than in P.

dunkeri. In addition, several small veins are inside the arc
of P. dunkeri forming irregular meshes, but in Phlebopteris
woodwardii only one short vein arises and runs beneath
the sorus. This difference also plays a crucial rule in distin-
guishing between both taxa. Our material has therefore
been attributed to Phlebopteris dunkeri mostly on the
basis of its venation inside the vein arc.
Phlebopteris dunkeri has been reported from the Mid-

dle Jurassic to the Early Cretaceous strata (Van
Konijnenburg-van Cittert 1993) from various localities
in Europe (such as, Germany: Schenk 1871, 1875; York-
shire in England, Scotland, France, Poland: Harris 1961,
Van der Burgh and Van Konijnenburg-van Cittert 1984;
Sardinia in Italy: Kustatscher et al. 2016). The Phlebop-
teris dunkeri specimens published by Kustatscher et al.
(2016; p. 151; pl. 1; Fig. 6) come without a detailed de-
scription, but the material exhibits an oblique insertion
of pinnules and midribs to the rachis.
Material one specimen: MBH319/204.

Phlebopteris woodwardii Leckenby 1864.
(pl. 2, figs. a-e; figs. 3-5)
1864 Phlebopteris woodwardii Leckenby; p. 81; pl. 8; fig. 6.
1900 Laccopteris woodwardii Leckenby: Seward; p. 77

(Seward, 1900).

Plate 1 Fertile pinnule of Phlebopteris dunkeri (Schenk) Schenk 1875. a - Adaxial surface; b - Sketch of Phlebopteris dunkeri showing venation
system and position of placenta. Leaf fragment from sample MBH319/204. Scale bar: 5 mm
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1961 Phlebopteris woodwardii Leckenby: Harris; p.
106; text-fig. 35.
1997 Phlebopteris woodwardii Leckenby: Popa; p. 141;

figs. 15–18; pl. 6; fig. 6.
1999 Phlebopteris woodwardii Leckenby: Popa & Van

Konijnenburg-van Cittert; p. 181; pl. 1; figs. 1–6; pl. 2, fig. 4.
2003 Phlebopteris woodwardii Leckenby: Cleal & Rees;

p. 743; pl. 1, figs. 2-3.
Description In sterile fronds the rachis is approximately

3mm wide, with longitudinal striations, which continue
along the midrib. The pinnules are linear-lanceolate, sym-
metrical and oppositely attached to the upper surface of the
rachis at right angles. The lower and upper margins of the
pinnules are weakly decurrent (Fig. 3). The pinnules are up
to 60mm long and their width is about 11mm at the base

and tapering to 2mm at the apex; their margins are entire
with parallel sides. Some pinnule margins are undulate, but
this might be the result of preservation. The pinnule apices
are not preserved. Adjacent pinnules are parallel and sepa-
rated from each other by a narrow interval close to 5mm.
The midrib is attached perpendicular to the rachis. In ster-
ile pinnules the midrib is straight, stout and prominent on
abaxial surface and is about 2mm wide (Fig. 3).
The midrib of neighboring pinnules are inserted at

intervals between 9 to 11 mm. Secondary veins are op-
posite to subopposite, arising from the midrib at right
angles, 1 to 2 mm apart in sterile pinnules and 2 to 2.5
mm in fertile pinnules. These distances indicate that
the frequency of the secondary veins in sterile pinnules
is higher than in fertile pinnules; this might be the

Plate 2 Leaf fragments of Phlebopteris woodwardii Leckenby, 1864. a - Upper part of a fertile pinnule without apex, leaf fragment from sample MBH402/
301; b - Fertile pinnule showing sori and their positions, leaf fragment from sample MBH395/301; c - Fertile pinnule showing the arc and elongated veins
net, leaf fragment from sample MBH390/301; d - Sterile pinna showing the perpendicular insertion of pinnules, leaf fragment from sample MBH392/301; e
- Sterile pinnule showing the waved margin as the result of preservation, leaf fragment from sample MBH391/301. Scale bar: 5 mm
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result of the presence of sori during the maturation.
The secondary veins divide at about halfway between
the midrib and the pinnule margin, finally each branch
running forward and backward, becoming an arc. The
tertiary veins arise from the top of the arc, simple or
forking once or twice, meeting the pinnule margin and
forming (non-anastomosed) elongated meshes with
four parallel veins (Fig. 4). Both, sterile and fertile pin-
nules exhibit a small and short vein which emerges
near the midrib. In fertile pinnules, this short vein
touches the sori, no other veins occurring inside the

arc (Figs. 4, 5). One fertile fragment-bearing circular sori
of about 0.9–1mm diameter, without indusium, arranged
in two rows very close (less than 0.5 mm) to the midrib,
might also belong to this species (Figs. 4, 5). They are
flanked by an arc. The number of sporangia in each sorus
is 5 to 6 (Fig. 5).
Remarks Givulescu and Popa (1998) defined the

genus Aninopteris from the Early Jurassic of Romania
which possesses pinnules with contracted base and
large pinnules, separating it from Phlebopteris (see
Givulescu and Popa 1998; Popa and Van
Konijnenburg-van Cittert 1999). Phlebopteris (Aninop-
teris) formosa var. persica. from the Middle Jurassic of
Mazino coalmine, East-Central Iran was described by
Mirzaei-Ataabadi et al. (2005), differing from the Ro-
manian material in a higher number of sporangia and
in less-branched secondary veins. Schweitzer et al.
(2009, p. 36) argued that a constricted pinnules base is
not enough to create a new genus, as both states can be
seen within a single genus of living ferns. Thus, based
on the Iranian material and the Romanian material,
Aninopteris was rejected and combined by them as
Phlebopteris formosa. We agree with Schweitzer et al.
(2009) that constricted base is not providing enough
reason to create a new fern genus. Characters of the
material documented by Schweitzer et al. (2009) are
closely related to the characteristics of both Phlebop-
teris formosa and P. woodwardii (Table 1). Phlebopteris
woodwardii is very similar to P. formosa but differs
from it by the characteristics of pinnule base, which is
auricular in P. formosa (Givulescu and Popa 1998).
Also, the secondary veins in Phlebopteris formosa are
tree-like and anastomosed but the tertiary veins in P.
woodwardii form and elongated net. The basal

Fig. 4 Fertile pinnule of Phlebopteris woodwardii Leckenby, 1864. Secondary veins attached at right angle. Redrawn after the leaf fragment from
sample MBH390/301 (figured in pl. 2, fig. c). Scale bar: 5 mm

Fig. 3 Sterile pinna of Phlebopteris woodwardii Leckenby, 1864. Pinnules
attached at right angle, pinnules base are slightly decurrent. Redrawn
after the leaf fragment from sample MBH392/301 (figured in pl. 2, fig. d).
Scale bar: 5 mm

Badihagh and Uhl Journal of Palaeogeography             (2019) 8:6 Page 6 of 10



constriction is the most characteristic and unique char-
acter to distinguish Phlebopteris formosa from other
species of Phlebopteris. This has, however, never been
observed in the Iranian material collected by Schweit-
zer et al. (2009). Additionally, the Romanian specimens
lack a small and short vein at the junction between the
midrib and the secondary veins (Givulescu and Popa
1998), while the Iranian specimens have this small and
short vein (Schweitzer et al. 2009). Harris (1961. p. 107)
considered this short vein as one of the characteristics
of Phlebopteris woodwardii. Therefore, there is an am-
biguity concerning the determination of Schweitzer et
al. (2009), because without the presence of a pinnule
base it is impossible to separate these two taxa. Popa
and Van Konijnenburg-van Cittert (1999) were the first
to describe the spores of Phlebopteris woodwardii. They

extracted in situ spores from fertile pinnules of Phle-
bopteris woodwardii which were collected from the
Early Jurassic of the Getic Nappe, Ponor Quarry, Resita
Basin (Banat), Romania (Additional file 1: Table S2).
Phlebopteris woodwardii is distinguished from P.

polypodioides Brongniart 1836 by the network of the
primary veins inside the arc. The Tabas specimens can
distinctly be assigned to Phlebopteris woodwardii Leck-
enby 1864 due to the position of the sori close to the
midrib and a tiny, short vein occurring at the angle be-
tween the midrib and primary vein.
Phlebopteris woodwardii differs from P. angustiloba

by narrow rachis, large pinnules, pinnules base and
entire margin which is wide in the rachis P. angusti-
loba, pinnules are small, pinnules base are slightly in-
terconnected and margin is slightly wavy. Phlebopteris
woodwardii is distinguished from P. polypodioides in
having linear-lanceolate shape and short vein feeding
sori, also, the height of arc in P. woodwardii is larger
than the width, contrary to P. polypodioides, and the
size of sporangia in P. woodwardii is smaller than in
P. polypodioides. Phlebopteris muensteri differs from
P. woodwardii by short pinnules, acute insertion
angle, large sori which occupied half of the midrib-
margin distance. By having very long and narrow pin-
nules with basal web between pinnules, inserted in
oblique angle (75-80°) and 4 secondary veins in each
millimeter, it is distinguished from Phlebopteris wood-
wardii. Phlebopteris affinis is distinguished from P.
woodwardii by having oblique insertion of midrib and
anastomosed secondary vein. Phlebopteris tracyi dif-
fers from P. woodwardii in anastomosed secondary
veins with wide polygonal shape and narrow pinnules.
Phlebopteris woodwardii is distinguished from P. cau-
casia by elongated net and bigger pinnules. Arising
secondary veins at 45-50°, elongate, falcate, short and
slim pinnules in Phlebopteris minutifolius, help to dif-
ferentiate it from P. woodwardii (for a more detailed
comparison see Additional file 1: Table S2).
Harris (1961) mentioned that the Yorkshire material is

preserved as fusain fragments, while the Stonesfield speci-
mens do not appear to be preserved as fusain (Cleal and
Rees 2003). Phlebopteris woodwardii has been reported from
the Early Jurassic up to the Early Cretaceous strata from
various localities in Europe (e.g., Yorkshire: Harris 1961;
Romania: Popa 1997; Oxfordshire: Cleal and Rees 2003).
Material MBH390/301, MBH391/301, MBH392/301,

MBH393/301, MBH395/301, MBH402/301.

4 Palaeoecology
The Mesozoic was an era of globally warm climate. The
presence of thermophilic plant remains from the Arctic
and Antarctic regions indicates an absence of polar ice-
caps and likely a belt of cold climate in this area.

Fig. 5 — Position of sori in a fertile pinnule of Phlebopteris woodwardii
Leckenby, 1864. Redrawn after the leaf fragment from sample MBH390/
301 (figured in pl. 2, fig. b). Scale bar: 5 mm

Badihagh and Uhl Journal of Palaeogeography             (2019) 8:6 Page 7 of 10



Large-scale formation of thick coal layers is often used as
an indicator of moist climates in the Late Triassic and the
Early-Middle Jurassic (Vakhrameev 1991). Ferns usually
grew in comparatively warm and moist environments,
ranging from coal-forming marshlands to riverbanks and
formed the understorey level in the Jurassic palaeoforest
vegetation (Van Konijnenburg-van Cittert 2002).
The Hojedk Formation yields a large number of

fern taxa: Matoniaceae (Phlebopteris dunkeri, P. wood-
wardii and P. polypodioides), Marattiaceae (Marattiop-
sis munsteri), Osmundaceae (Todites williamsonii),
Dipteridaceae (Clathropteris obovata and Dictyophyl-
lum sp.), Schizaeaceae (Klukia exilis and K. westii)
and Dicksoniaceae (Coniopteris hymenophylloides, Dickso-
nia mariopteris, Ferizianopteris undulata), Incertae sedis
(Cladophlebis denticulata, Spiropteris sp.) accompanied
by Equisetaceae (Annulariopsis simpsonii, Equisetites
lateralis), Cupressaceae (Elatocladus laxus), Caytoniales,
Bennettitales, Cycadales and Podozamitaceae.

Matoniaceae occured during the Late Triassic (i.e.
Phlebopteris without indusium), but during the Jurassic
forms with a well-developed indusium emerged in differ-
ent genera, as in the living genus Matonia (Van
Konijnenburg-van Cittert 2002). Extant Marattialean
ferns are mostly restricted to lagoons (Kerp 2000;
Petrescu and Codrea 2004) but the environment of
members of the Mesozoic Matoniaceae can be entirely dif-
ferent: some of them have certainly grown under humid
condition as understorey flora or along riverbanks (e.g.,
Selenocarpus muenstrianus, Phlebopteris polypodioides, P.
tracyi, P. angustiloba) (Ash 1991; Philippe et al. 1998).
Others have lived in stress-adapted environments (e.g.,
Van Konijnenburg-van Cittert and Van der Burgh 1996).
One of the most impressive examples in this respect is
Phlebopteris woodwardii which may be a constituent of
peat forming vegetation, growing along riverbanks or
inland heaths, occasionally experiencing fires (Van
Konijnenburg-van Cittert 2002). Another species of

Table 1 Comparison of documented material from Iran and Romania (Phlebopteris formosa) with material of this study (P. woodwardii)

Phlebopteris formosa, Iranian
material (Schweitzer et al. 2009)

Phlebopteris formosa, Romanian material
(Givulescu and Popa 1998; Popa and
Van Konijnenburg-van Cittert 1999)

Phlebopteris woodwardii, Iranian
material (this study)

Rachis 6–7 mm, with longitudinal
striation

1.5–8 mm, with longitudinal striation or
unornamented

Approximately 3 mm, with longitudinal
striation

Pinnule insertion, angle Unknown, perpendicular Alternate or subopposite, perpendicular Opposite, perpendicular

Pinnule shape Unknown Lanceolate Linear–lanceolate

Pinnule base Missing Roundly constricted Slightly decurrent

Pinnule margin Entire Entire, parallel Entire, parallel

Pinnule apex Missing Unknown Missing

Pinnule length 80 mm, up to 150mm 70–100mm over 60 mm (longest), exceeding 60mm

Pinnule width 12 mm (10–14 mm) 6–9 mm 11mm (basally), 2 mm (apically)

Midrib Strong Straight, stout Straight, stout

Midrib ornamentation Unknown Unornamented Longitudinal striation

Midrib insertion Unknown Perpendicular Perpendicular

Midrib width 1 mm 0.5–1.5 mm 2mm

Distance of adjacent
midribs

Unknown 7–15 mm 9–11 mm

Lateral insertion
(secondary vein)

Slightly oblique, opposite
to subopposite

Slightly oblique, 75–85°, opposite
to subopposite

Perpendicular, opposite to subopposite

Distance of lateral
veins

2–3 mm 1.5–2 mm 2–2.5 mm

Dividing Halfway up the lamina, tree-like,
without arc, anastomosed

Halfway up the lamina, tree-like,
without arc, narrow net

Lower half or halfway up the lamina,
making arc (height more than width),
elongated net

Sorus shape Circular, supporting by a
short vein

Circular, without supporting by
a short vein

Circular, supporting by a short vein

Sorus diameter 1.5 mm 0.7–0.9 mm 0.9–1 mm

Distance of sorus to
midrib

1–2 mm Unknown Approximately 0.5 mm

Number of sporangia 10–14 6–8 5–6

Spores Unknown See Givulescu and Popa 1998 Unknown
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Phlebopteris frequently preserved as fusain is P. dunkeri
(Harris 1961; Van Konijnenburg-van Cittert 2002). Some
members of this family, existing in the Cretaceous, were
adapted to arid climates (Van Konijnenburg-van Cittert
2002). Dipteridaceae resemble Matoniaceae in frond
branching pattern and probably climatic preferences (Van
Konijnenburg-van Cittert 2002). These families have mainly
lived under moist conditions in the temperate-warm and
subtropical zone (Vakhrameev 1991). The first appearance
of Dicksoniaceae is in the Late Triassic and the family is
relatively diverse in the Jurassic and the Early Cretaceous
(Van Konijnenburg-van Cittert 2002). Extant genera of this
family are living in tropical and temperate rain forests on
the Southern Hemisphere (Vakhrameev 1991). According
to the plants identified from the Hojedk Formation and
their inferred palaeoecology and also the presence of
coal-bearing layers, it seems that the Hojedk Formation was
deposited under a relatively warm and humid climate. This
agrees with previous interpretations based on plant
macro-remains from this formation (e.g., Ameri et al. 2014).

5 Conclusions
Although many palaeobotanists have studied the
Triassic-Jurassic sedimentary successions of Iran, it was
possible to provide the first evidence for two fossil taxa
from the Middle Jurassic Hojedk Formation of the Tabas
Block (Central Iran). Impression/compression specimens
could be assigned to Phlebopteris dunkeri (Schenk)
Schenk 1875 and P. woodwardii Leckenby 1864, belong-
ing to Matoniaceae, on the basis of the morphological
characters. Ecology comparison of the Hojedk Formation
plant fossils with their living relatives supports depos-
ition of the host strata under a moist warm (tropical to
subtropical regime) climate during the Middle Jurassic.

6 Additional file

Additional file 1: Table S2. Comparison between the species of
Phlebopteris (modified after Givulescu and Popa 1998). (DOCX 30 kb)
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