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RESUMEN

Numerosos ejemplos de macro plantas fósiles 
pueden ser encontrados en las sucesiones del 
Jurásico Temprano y Medio de la región 
de Kerman. Las formaciones Ab-e-Haji, 
Badamu, y Hojedk se encuentran entre estos 
patrones. Una de las regiones adecuadas 
para estudios paleobotánicos es el sección 
Chatroud. En esta región, el Jurásico 
Inferior-Medio tine aproximadamente 210 
metros de espesor. 18 especies de macrofó-
siles de plantas de 14 géneros, incluyen 
Nilssonia polymorpha, Pterophyllum 
nathorsti, Podozamites distans, Elatocladus 
zamioides, Elatides thomasii, Nilssonia 
feriziensis, Nilssonia herriesi y Beania 
sp., los cuales son identificados y descritos 
en este estudio, además de Pterophyllum 
schenki, Anomozamites marginatus y Klukia 
exilis. En esta región existen dos zonas de 
asociación de plantas, conocidas como: Zona 
Anomozamites marginatus-Pterophyllum 
schenki y Zona Klukia exilis. La  edad 
Hettangian-Bajocian está preservada en la 
sección Chatroud.

Palabras clave: Jurásico, 
Hettangiano-Bajociano, plan-
tas, Biozona, Kerman, Irán.

ABSTRACT

Numerous examples of  macro plant 
fossils can be found in the Kerman 
region’s Early and Middle Jurassic 
successions. The Ab-e-Haji, Badamu, 
and Hojedk formations were among 
these patterns. One of  the suitable 
regions for paleobotanical study is 
the Chatroud section. In this region, 
the Lower-Middle Jurassic is approx-
imately 210 meters thick. 18 species 
of  macro plant fossils from 14 genera, 
including Nilssonia polymorpha, Ptero-
phyllum nathorsti, Podozamites distans, 
Elatocladus zamioides, Elatides thomasii, 
Nilssonia feriziensis, Nilssonia herriesi, 
and Beania sp., which are identified 
and described in this study, along 
with Pterophyllum schenki, Anomozamites 
marginatus, and Klukia exilis. In this re-
gion, there are two plant assemblage 
zones known as Anomozamites margina-
tus-Pterophyllum schenki Zone and Klukia 
exilis Zone. The Hettangian-Bajocian 
age is preserved at the Chatroud sec-
tion.

Keywords: Jurassic, Hettangian- 
Bajocian, plants, Biozone, 
Kerman, Iran.
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1. Introduction

Iran was created up of  several microcontinents 
and part of  the Cimmerian plate located between 
the Laurasia margin and the Tethys Ocean during 
the Late Triassic to Middle Jurassic. Iranian Mi-
croplate was under the impression of  Cimmeri-
an orogeny which caused the closure of  the Pa-
leo-Tethys Ocean and opening of  the Neo-Tethys 
Ocean. Shemshak Group is the term given to 
all terrigenous and carbonates successions that 
formed in Iran between the Early and Middle 
Cimmerian orogeny. The formations in this group 
are the Nayband Formation (Carnian-Rhae-
tian, carbonate), Ab-e-Haji Formation (Hettang-
ian-Pliensbachian, shale and sandstone), Badamu 
Formation (Toarcian- Aalenian, sandstone and 
limestone) Hojedk Formation (Bajocian- Batho-
nian, shale and sandstone).
 The Jurassic deposits in Iran can be divided 
into two sub-basins based on coal facies: Ker-
man and Tabas coal sub-basin (Central Iran 
with Bajocian-Bathonian age) and Alborz coal 
sub-basin (northern Iran with Aalenian-Bajocian 
age) (Ameri, 2018). In the Center Iran, there is a 
widespread distribution of  the Ab-e-Haji and Ho-
jedk formations. There are several coal horizons 
in these shale and sandstone layers. The Jurassic 
Cimmerian plate’s most diverse and important pa-
leobotanical vegetation was found in the northern 
Kerman region.
 The Jurassic succession and plant fossils de-
scribed in this paper are situated about 2 km east 
of  the Hossein Abad village and 49 km north of  
Kerman city (Figures 1, 2).
 Compression fossils make up the majority of  
the vegetation, however trace and pith casts can 
also be found, including: Nilssonia, Pterophyllum, 
Podozamites, Elatocladus, Elatides, Cladophlebis, Klukia, 
Anomozamites, Ptilophyllum, Beania, Neocalamites, 
Geinitzia, Pagiophyllum, Ginkgoites.
 The oldest known report of  the Kerman coal 
beds was done by Houtum-Schindler (1881) which 
studied several coal horizons in the Triassic and 
Jurassic of  the Kerman area. Several studies have 

been done on the biostratigraphy of  Jurassic in 
Central Iran (Poole, 2005; Schweitzer, 1995, 1998, 
2003, 2000, 1996). Huckride (1962) listed flora of  
the Jurassic sediments in this area. Seyed Emami 
(1971) subdivided the Jurassic succession based 
on ammonites’ remains. More recent studies by 
Ameri (2018) and Ameri et al. (2014a) indicated 
that the Kerman area is also rich in plant fossils. 
Ameri et al. (2014b) identified some new species of  
the Equisetales in the Kerman area.
 In order to provide information on systemat-
ics and biostratigraphy, this study aims to describe 
14 genera and 18 species of  plant fossils from the 
Hettangian-Bajocian flora in the Chatroud region.

2. Geological Background

In southern of  Hossein Abad gorge, between the 
villages of  Hossein Abad and Deh Sib, 15 km 
northeast of  the Chatroud town, and 49 km of  the 
Kerman city, at geographic coordinates 56°58’ E 
and 30°38’ N, uplift in the southern flank of  the 
Hossein Abad syncline exposes the thickest and 
complete succession of  the Jurassic. This section is 
mapped in the Zarand geology Map of  1/100.000 
(Vahdati Daneshmand, 1995). These highlands 
are limited by the Chatroud fault at the West and 
Dehu fault at the East.  In Hossein Abad syncline 
is exposed the Upper Triassic to Lower Creta-
ceous sediments. The oldest rock unit exposed 
in Chatroud section is black and green shale and 
sandstones of  Shemshak Group (Lower to Mid-
dle Jurassic. Numerous faults have interrupted the 
geological sequences in this region’s southeast, 
causing Jurassic sediments to be found next to Pa-
leozoic deposits (Figure 1).
    More than 770 meters of  Jurassic sediments 
are exposed in this area, which contained Ab-e-
Haji, Hojedk and Bidu formations (Lower-Upper 
Jurassic). The Badamu Formation are not exposed 
in this section, accordingly the Ab-e-Haji and Ho-
jedk formations with similar lithology cannot sep-
arable. The Ab-e-Haji and Hojedk formations are 
composed of  layers of  gray quartzite with several 
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coal horizons that alternate with sandstone and 
sandy to argillaceous shale with dark green-gray 
to brown-green colors. This succession has a 210 
m thickness. The Ab-e-Haji and Hojedk forma-
tions lithological makeup differs greatly between 
regions. 

The Ab-e-Haji and Hojedk formations in the stud-
ied area can be divided into six members, includ-
ing:
• Member 1: which is composed of  more than 

60 meters of  yellow to grey calcareous shale, 
olivaceous to black shale deposits with interca-

Figure 1   Shows the location of the studied section on a geological and road map of the Chatroud region.



Ju
ra

ss
ic

 f
lo

ra
 f

ro
m

 I
ra

n

4 / Boletín de la Sociedad Geológica Mexicana / 75 (3) / A110923 / 20234

http://dx.doi.org/10.18268/BSGM2023v75n3a110923

/ Boletín de la Sociedad Geológica Mexicana / 75 (3) / A110923 / 2023

G
E
O

L
O

G
IC

A
L
 B

A
C

K
G

R
O

U
N

D

lations of  cross-bedded sandstone, containing 
Anomozamites marginatus, Nilssonia polymorpha and 
Elatocladus zamioides.

• Membre 2: involves 35 m gray siltstone, shaly 
sandstone, coal horizons and sandstone, con-

taining Nilssonia polymorpha, Elatocladus zamioides 
and Pterophyllum schenki remains.

• Member 3: consists of  30 m calcareous shale, 
sandy limestone, without fossils.

• Member 4: composed of  37 m calcareous 

Figure 2   Stratigraphic correlation chart of Iran’s Jurassic rock units, adapted slightly from Aghanabati (1998).
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shale, with intercalations of  sandstone, calcar-
eous shale beds and contain Klukia exilis, Cl-
adophlebis denticulate, Nilssonia feriziensis, Nilssonia 
herriesi and Beania sp.

• Member 5: involves 27 m of  calcareous shale, 
shale limestone, with Equisetites stems.

• Member 6: includes 21 m of  coal, carbona-
ceous shale, and olivaceous shale with stem 
fragments and contain Klukia exilis, Cladophlebis 
denticulate, Nilssonia feriziensis, Nilssonia herriesi, 
and Beania sp. remains.

This succession is disconformably overlies by the 
Bidu Formation. The Bidu Formation consists of  
560 m heterogeneous succession of  conglomerate, 
red to green sandstone and marl, limestone, marly 
limestone, red marl and sandstone. (Figure 3).

3. Materials and Methods

The Ab-e-Haji and Hojedk formations of  Iran’s 
Kerman Province provided the resources for the 

Figure 3   Biostratigraphic and Lithostratigraphic details of the Ab-e-Haji and Hojedk formations in the Chatroud section.
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current paper’s research. There are several plant 
fossils in the coal-bearing. Based on the plant fossil, 
the Lower to Middle Jurassic is where it belongs 
(Ameri et al., 2014a). 
 All investigated specimens have been stored 
in the Graduate University of  Advanced Tech-
nology’s Ecology Laboratory in Kerman, Iran. 
The abbreviation EDG stand for these deposited 
specimens. The material that was deposited con-
tains 120 specimens with the labels EDG1100-
EDG1220 which were collected in the Chatroud 
section. In the Ab-e-Haji and Hojedk formations, 
samples were taken from the coal layers, dense gray 
fine-grained sandstone layers, and rock layers. In 
this study, the flora from this location is described 
for the first time. The samples were captured using 
a Nikon D90 with a Nikon 105 mm macro lens. To 
improve the contrast, polarized light sources and 
a corresponding analyzing filter were employed. 
With the help of  common graphics software (Ado-
be Photoshop CC), digital photographs were edit-
ed.

4. Systematic Palaeobotany

Class Coniferopsida 
Order Coniferales

Family Podozamitaceae
Genus Podozamites (Braun, 1843)
Podozamites distans (Braun, 1843)

Figure 7h

1838 Zamites distans Presl in Sternberg; p. 196, 
plate 4, figure 1.
1967 Podozamites distans: Barnard; pp. 572–573, 
text–figure 5A.
1977 Podozamites distans: Fakhr; p. 141, plate XL-
VIII, figures 1–2. 
2018 Podozamites distans: Vaez–Javadi and Mirzaie–
Ataabadi; plate 4, figure 3a. 
Material: Three specimens of  frond fragments.
Description: Leaves inserted helically on a slim 
axis but arranged distichously in one plane due to 

twisting of  the leaf  bases. Leaves are ovate-lance-
olate in shape. 36-up to 44 mm long (maximum 
length unavailable), 5.6-10 mm wide at their max-
imum wide, which is in the proximal third of  the 
base. Base contracted, apex obtusely pointed. 
Veins are delicate, simple, or forking once near 
the leaf  base but not elsewhere, running parallel 
through the middle part of  the lamina, converging 
towards the apex. There are 14–18 veins per leaf  
width (22–28 veins per cm).
Remarks: Podozamites distans is very similar to P. 
lanceolatus, so their diagnosis is much confusing. P. 
distans leaves are wider than of  P. lanceolatus. P. dis-
tans leaves are rather wider in proportion to their 
length than those of P. lanceolatus. Apex in P. distans 
less than pointed rather P. lanceolatus. In addition, 
the P. distans is a Rhaetian index and extensively 
extends in the Rhaetian to early Jurassic (eventu-
ally to middle Jurassic) whereas the P. lanceolatus is 
developed from the Middle Jurassic to the Early 
Cretaceous.
 Podozamites schenki from the Rhaetian of  Swe-
den, Persia and Siberia, are similar to P. distans, but 
has smaller stems and the more acuminate pin-
nules that differ with the P. distans.

Class Coniferopsida
Order Coniferales

Family Taxodiaceae
Genus Geinitzia (Endlicher, 1847)

Geinitzia sp.
Figure 7g

1851 Criptomerites divaricatus - Bunbury, p. 190, plate 
13, figure 4. 
1911 Cheirolepis setosus (Phillips) Seward - Krasser, 
p. 18. 
2012? Geinitzia sp. - Scanu et al., p. 82, plate 3, 
figure 4. 
2016 Geinitzia divaricata (Bunbury) Harris – Giovan-
ni et al., figure 3a.
Material: A single moderately preserved 
branched leafy axis.
Description: Present specimen is fragment of  
sterile twig with helically arranged leaves. This 
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is 68 mm long the leaves are needle shape, with 
3.5-4.5 mm long and 0.2 mm wide. Branches 
arise at up to 45°. The leaves are relatively uni-
form throughout their length, the base of  leaves is 
slightly decurrent and the apex of  leaves is acute.
Remarks: The described specimens belong to 
the genus Geinitzia on account of  their quadran-
gular subdecurrent leaves. Among the species of  
this genus they are most similar to G. reichenbachii in 
form and size of  the leaves. Those of  G. formosa are 
smaller than in the studied material. Geinitzia- like 
shoots is the genus of  the Araucarites in the Permian 
and those of  genus of Voltzia at the Triassic. They 
differ from Araucarites in that the apprised needles 
are more scale like and smaller, and differ from the 
modern Araucariaceae in missing flat bases to the 
needles, although the fossils simulate the modern 
species Araucaria heterophylla (Burger and Ward, 

2016). However, deficiency of  cuticular characters 
and remarkable stratigraphic distance between the 
analyses specimen (Bajocian to Bathonian) and the 
type level of  Araucarites (Permian) demonstrate that 
our identification should be treated with some pre-
caution.

Class Coniferopsida 
Order Coniferales 

Family Araucariaceae 
Genus Pagiophyllum (Heer, 1881)

Pagiophyllum sp.
Figure 7 b-d

Material: Three branched and unbranched 
shoot fragments.
Description: Branched and unbranched leafy 
twigs 27 to 58 mm long and 1–1.5 mm wide (ex-

Figure 4   Paleogeographical reconstructions for the early Jurassic show the geographical distribution of plant fossils. The position of 

major continents is mainly after (Scotese, 2011).
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cluding divergent leaves) Leaves are spirally ar-
ranged with 40 to 50 angles, 2–5.3 mm long and 
about 1 mm wide. In shape leaves are arising from 
rhomboidal leaf  base cushion, decurrent, apex 
pointed or acute and entire margins. This leave is 
commonly found on isolated shoots.
Remarks: Pagiophyllum sp. from Kerman differs 
from the known taxa of Pagiophyllum in having fine 
twigs with narrow rhomboidal - shaped leaves. In 
generic shape of  the leaves it is closely comparable 
with specimens of P. mamillare Brongniart illustrated 
by Sahni (1928), although the leaves in P. mamillare 
are broader and do not spread outwards from the 
shoot. In leaf  shape Pagiophyllum sp. also resembles 
some of  the leaves of Allocladus bansaensis (Sukh-
Dev and Zeba-Bano, 1979), although these have 
much wider leaves. The leaves of  the Pagiophyllum 
sp. are resembles with the leaves of Sphenolopidium? 
argonense Fontaine illustrated by Halle (1913), but 
the specimens from Kerman are different by being 
narrower and longer.

Class Cycadopsida
Order Bennettitales 

Family Williamsoniaceae 
Pterophyllum (Brongniart, 1825) 

Pterophyllum schenki (Zeiller, 1886, 1903)
Figure 6 c

1984 Pterophyllum schenki: Sadovnikov; plate 30, fig-
ure 8.
2003 Pterophyllum schenki: Schweitzer and Kirchner; 
pp. 71-74, plate 15, figures 1-3; text-figure 25 a-c. 
Material: One fragment of  incomplete monopin-
nate leaf, base and apex are absent. 
Description: Incomplete leaves fragment; frond 
is pinnate, leaf  36 mm length and 11 mm width. 
The rachis is 1.2 mm width, secondary leaf  let 
(pinnules) are alternate arrangement and arise 
from the rachis at about angles 90°. The pinnae 
are rectangular-oblong in shape, truncate apex, 
and without expanding at base. The adjacent pin-
nae are close together. Venation system not good 
preserved 6-8 veins in each pinna, or 33-44 per 
cm, pinnae length ca. 5 mm and 1.8 mm width.

Remarks: These leaves may be compared with 
Pterophyllum kalawchiensis (Barnard, 1967), which 
are the species which they most closely resemble 
P. kalawchiensis is distinguished leaves up to 10 cm 
wide adaxial attached pinnae on a smooth rachis. 
In P. schenki the leaves are narrow up to only 5 cm 
wide with pinnae attached laterally to the rachis 
which shown well developed transverse wrinkles.

     Pterophyllum nathorsti (Schenk, 1883; Barnard, 1967)
Figure 6 e

1967 Pterophyllum nathorsti Schenk emend Barnard; 
pp. 561-563, plate 48, figure 5; text-figure 3F. 
2003 Pterophyllum nathorsti: Schweitzer & Kirchner; 
pp.68-70, plate 14, figures 2-7; text-figures 23a, b, 
24.
Material: Two fragments of  monopinnate leaves.
Description: Leaf  once pinnate, linear. Entire 
leaf  length unknown, preserved fragment 128 mm 
long and 32 mm wide. Its longitudinally striated 
rachis is 2.4 mm wide. Pinnae set closely. The pin-
nae are oppositely inserted at an angle of  65°-75° 
with the whole base, rounded apices, 14-16 mm 
long and 3.2-4.4 mm wide. The venation is poorly 
preserved, just in two pinnules available which are 
parallel, simple or forking once near the pinnae 
base, 5-7 per pinnae. 
Remarks: Pterophyllum contiguum (Schenk, 1883) 
resemble P. nathorsti (Schenk, 1883) but it differs in 
having fine and dichotomous veins (Vaez javadi, 
2006).

Genus Pterophyllum (Brongniar, 1828)
Pterophyllum sp.

Figure 6d

Material: several fragment of  incomplete 
monopinnate leaf.
Description: Incomplete leaves fragment, frond 
is pinnate. The leaf  base and apex are absent, 
length estimated at 106 mm and up to 31.6 mm 
widths. Petiole is present, 11.5 mm length and 1.5 
mm width. The rachis is 1.4 mm width with lon-
gitudinally delicate ribs. Pinnae attached to the 
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Figure 5   a-d) Cladophlebis denticulata (Brongniart, 1828; Fontaine, 1889) a, b) Fragments of sterile fronds c) Fragment of pinnae 

showing details of the margin (teeth indicated by arrows). d) Details of pinnule venation e) Klukia exilis (Philips, 1829; Raciborski, 1890; 

Harris, 1961). Fragment of sterile frond (Scale bars represent 1 cm in all figures).
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rachis with whole of  base width laterally, at angles 
45°, semi-opposite. The adjacent pinnae are close 
together. Pinnae margin are straight and paral-
lel. Pinnae are oblong in shape, maximum length 
26.6 mm and 2.5 mm width which pinnae length 
reduced in near the petiole (8.3 mm) and usually 
rectangular in shape, acute apex, Venation system 
is delicate and simple, 8-10 vein in each pinna.
Remarks: These leaves may be most closely 
resembled with Pterophyllum aequale (Brongniart, 
1825; Nathorst, 1878) but in Pterophyllum sp. the 
pinnae are narrower than pinnae in Pterophyllum 
aequale.

Class Cycadopsida
Order Bennettitales 

Family Williamsoniaceae 
Genus Ptilophyllum (Morris, 1840)

Ptilophyllum sp.
Figure 7a

Material: Partly preserved of  monopinnate leaf.
Description: Leaf  pinnate (base and apex are 
not preserved), 48 mm long and 32 mm width. 
The rachis is 1.2 mm width, connected by pinnae 
base. Pinnae attached whole of  base width at up-
per surface of  rachis emerge at an angle of  45° 
and alternative arrangement on both sides of  the 
riches. Pinnae liner-lanceolate in outline, 21 mm 
length and 2.7 mm wide at the base of  pinnae, 
pinnae base in acroscopic margin slightly rounded 
or straight but in basiscopic margin are markedly 
decurrent, entire margin, almost parallel. The ba-
siscopic margin slightly curved upwards in at the 
one-third of  end the pinnae length. the margins 
converged upwards apex, apex sub-acute, vena-
tion system not well preserved ,8-10 veins per each 
pinna, veins without margin cut and parallel, con-
tinue until the near apex, only mid veins continue 
to apex and the edge veins cut the margin.

Class Ginkgoopsida
Order Ginkgoales 

Family Ginkgoaceae
Genus Ginkgoites (Seward, 1911)

Ginkgoites sp.
Figure 5f

Material: A single specimen of  a fan-shaped leaf.
Description: Leaf  fan shaped, 46 mm length 
and 43.6 mm width, with a long and slender peti-
ole, that up to 20 mm length and 1.8 mm width the 
basal angle of  leaf  75°, lamina at the base divided 
to two branches, left branch is not subdivide, and 
truncate apex, however right branch subdivided to 
two lobes, lobes oblong in shape, with 38-46 mm 
length and 7.2 –8.1 mm width, another lobe is 
shallowly notched apex. Veins are indistinct. 

Class Cycadopsida (Barnard and Long, 1975)
Order Cycadales (Engler, 1829)

Family Nilssoniaceae 
Genus Nilssonia (Brongniart, 1825)
Nilssonia polymorpha (Schenk, 1867)

Figure 8 c

1867 Nilssonia polymorpha Schenk; p. 127, plate 29, 
figs 1-9; P1. 30, figure I. 
2000 Nilssonia cf. polymorpha Schweitzer et al.; p. 20, 
plate 3, figs 3-5.
2001 Nilssonia polymorpha Barbacka; p.526, plate 1, 
figure 1; plate 2, figs 4-6; plate 3, figures 1, 2.
Material: Several poorly preserved specimens of  
various part of  lamina. One species is more dis-
tinct than the other.
Description: Several incomplete leaves fragment 
of  N. polymorpha occurring Chatroud section. The 
leaves in this species have 111 mm length and 41.6 
mm width, the leaf  basal and apex not preserved. 
The rachis is 2 mm width and very slightly sunk-
en. The margin is entire, but sometimes slightly 
incised or deeply torn. Veins are parallel and arise 
from the rachis at angles of  80º. The vein concen-
tration is 22-24 per cm. veins were parallel and 
simple slightly curved towards to apex, and outage 
the margin. 
Remarks: The name of  N. polymorpha shows a 
wide variability in leaf  morphology. This species 
was first described by Schenk (1867). Other au-
thors (Nathorst, 1878, 1886, 1909; Harris, 1926, 
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Figure 6   a, b) Klukia exilis (Philips, 1829; Raciborski, 1890; emend Harris, 1961) a) Fragment of fertile frond b) Distribution of sporangia 

c) Pterophyllum schenki (Zeiller, 1886, 1903), Part of the leaf fragment. d) Pterophyllum sp. Leaf fragment. e) Pterophyllum nathorsti 

(Schenk, 1883; emend Barnard, 1967) showing bifurcated vein (indicated by arrow). f) Anomozamites marginatus (Unger, 1850; Nathorst, 

1878) leaf fragment. (Scale bars represent 1 cm in all figures).
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1932) have also mentioned different lamina shapes 
in this specimen. Harris (1932) gave the list of  a 
number of  revised specimens published by dif-
ferent authors under the name N. polymorpha, but 
in his opinion they were hardly determinate and 
probably belonging to different species. N. poly-
morpha is somewhat similar to N. schaumbergensis 
(Dunker) (Nathorst, 1880), N. sarakhs (Barnard and 
Miller, 1976) and N. serratus (Prynada) (Schweitzer 
et al., 2000) but the N. schaumbergensis with narrower 
frond (less than 10 mm width) and dancer veins 
(30 per cm) is differ to N. polymorpha. N. polymor-
pha is more vein concentrations (24 per cm) but N. 
sarakhs has 18 veins per cm. N. serratus is differ to N. 
polymorpha by its more triangular- falcate shape of  
the pinnae and more veins each pinna.

Nilssonia feriziensis (Fakhr, 1975)
Figure 8 a, b

1975 Nilssonia feriziensis Fakhr, p. 219, plate 28, fig-
ures 3-5.
2000 Nilssonia feriziensis; Schweitzer et al., p. 35, 
plate 9, figure 3; plate 10, figure 1; text-figure 10 
(fold-out 3).
Material: Two fragments of  monopinnate leaves.
Description: Incomplete leaf  fragments, 60-110 
mm long and 50-55.2 mm wide. The leaf  base and 
apex not preserved. The rachises are 2.1-2.8 mm 
width with longitudinally striated and sunken on 
the upper surface of  leaf  as a 1.2 mm deep furrow. 
Pinnae are weakly falcate in shape, arise from the 
rachis at angles of  55°-86°. The pinnae are 33.6-
60 mm leaf  arrangement is more or less alternate 
(whole length unknown) and 4-8 mm wide. The 
pinnae base is slightly curved, and narrow towards 
to apex pinnae apex were not clear (maybe acute). 
Veins are clear, parallel and slowly convergent to-
wards to apex. 7-18 veins in each pinna.
Remarks: The Nilssonia feriziensis is very similar 
to Nilssonia pterophylloides but the main difference is 
that the pinnae bases are expanded in N. pterophyl-
loides the pseudovenation is present in this speci-
men and a greater number of  veins in N. pterophyl-
loides comparison whit the N. feriziensis. N. feriziensis 
is quite similar to N. riegeri (Stur ex Krasser, 1909) 

from the upper Triassic of Lunz (lower Austria) 
(Pott et al., 2007), but pinnae basally slightly ex-
panded, and apex rounded in N. riegeri.

Nilssonia herriesi (Harris, 1946; Schweitzer et al., 2000)
Figure 8 d

1911 Nilssonia mediana (Leck. ex Bean MS)-Seward; 
p. 29; plate 3, figures 45, 45a
1980 Nilssonia mediana (Leck. ex Bean) – Sa-
dovnikov; p.86 
2000 Nilssonia herriesi Schweitzer et al., p. 46, 
plate17, figure18; plate14, figures 1,2; text-figures 
20a, b (fold-out 7).
Material: A single badly preserved of  monopin-
nate leaf.
Description: Incomplete leaves fragment; 43.3 
mm length and 36.5 mm widen (semi right of  leaf  
and only semi parts of  basal of  pinnae in the left 
side preserved). Rachis not preserved. It can be 
seen that left and right pinnae meet in the middle 
of  rachis. Pinnae arranged alternative- opposite 
up on the rachis. Pinnae arise from the rachis at 
angle of  90°; equal extend in the basiscopic and 
acroscopic pinnae. Straight margin slightly curved 
towards apex, rounded apex. Pinnae narrowed 
gradually towards apex and mostly band shaped. 
Pinnae have 36 mm length and 5-7 mm wide. Ve-
nation system is not clear. Similar veins, narrow, 
often parallel along the pinnae and converged to-
wards the apex, 12-16 veins in each pinna.
Remarks: N. herriesi is similar to the N. yabei 
(Tateiwa, 1929), but its pinnae taper less quickly 
causing a more or less band shape. N. macrophylla 
(Jacob and Shukla, 1955) agrees in this larger leaf  
form. The pinnae base in the latter species is, how-
ever, not expanded.

Nilssonia sp. A
Figure 9b

Material: A single fragment of  leaf, base and 
apex not preserved.
Description: One incomplete leaf  fragment of  
Nilssonia sp. an occurring Chatroud section. There-
fore, we cannot completely measure of  character-

S
Y

S
T

E
M

A
T

IC
 P

A
L
A

E
O

B
O

T
A

N
Y



Ju
ra

ss
ic

 f
lo

ra
 f

ro
m

 I
ra

n

13Boletín de la Sociedad Geológica Mexicana / 75 (3) / A110923 / 2023 / 13

http://dx.doi.org/10.18268/BSGM2023v75n3a110923

Boletín de la Sociedad Geológica Mexicana / 75 (3) / A110923 / 2023 /   

Figure 7   a) Ptilophyllum sp. Part of leaf showing rachis with pinnae. b-d) Pagiophyllum sp. leafy twigs. e) Elatocladus zamioides 

(Leckenby, 1864; Seward, 1919) leafy shoot with terminal leaflet. f) Elatides thomasii (Harris, 1979), fragment of foliated twig. g) 

Geinitzia sp. brunched foliated twig. h) Podozamites distans (Presl, 1838; Braun, 1843) leafy axis. (Scale bars represent 1 cm in all 

figures).
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istic of  this sample. The lamina in this species has 
55.5 mm length and 61 mm width, the leaf  basal 
and apex not preserved. The rachis is 2 mm width 
the rachis surface is weakly longitudinally striated. 
The alternate or sub opposite pinnae arise from 
the rachis at angles of  60º-85. Pinnae are 23-33.3 
mm length and 6.1-11.3 mm width. The pinnae 
baes are expanded at their basiscopic margin (low-
er margin), neighboring pinnae are separated by a 
sinus- shaped curve. The distance of  between the 
pinnae is about 1.7 mm the more or less straight 
pinnae margin is almost parallel in the acroscopic 
margin. The venation system has weak preserved, 
parallel. The vein concentrations are 30/cm. the 
lateral veins cut the pinnae margin so that proba-
bly the mid veins continue to apex. 

Nilssonia sp. B
Figure 9a

Material: One fragment of  once pinnate leaf.
Description: Incomplete leaves fragment, 84 
mm length and 43.3 mm width. The leaf  base and 
apex not preserved. This species is characterized 
by pinnae with different width, that with a random 
process, the narrow pinnae are located between 
the width pinnae. The width of  the pinnae at the 
base variable, 2.9 mm to 9 mm. the arrangement 
of  the connection of  the pinnae to rachis is form 
alternating to opposite due to the difference in 
width of  pinnae. The shape of  the pinnae is nar-
row isosceles triangle. The acroscopic and basis-
copic margins are more or less symmetrically. Pin-
nae base without expended or very slightly pinnae 
apex is acute. Veins are arising from the middle 
of  the rachis at angle 50º and immediately curve 
outwards. The veins almost parallel and converge 
near the apex.
Remarks: Nilssonia sp. B is comparable in shape 
with N. ingens (Schweitzer et al., 2000) but differ in 
its narrower pinnae with their not (or nearly not) 
expanded bases. Macroscopically our leaves are 
most close to those of  N. macrophylla (Jacob and 
Shukla, 1955) but differ in size of  pinnae are 200 
mm length and 9-28 mm in N. macrophylla, where-

as, in the N. sp. B very smaller (21 mm length and 
2.9-9 mm width).

Nilssonia sp. C
Figure 8e

Material: One specimen preserved, base and 
apex are absent.
Description: Incomplete leaves fragment, 91 
mm length and 60 mm width. The leaf  base and 
apex not preserved. Rachis is 2.5 mm width and 
delicate longitudinal ribs. Pinnae arrangement are 
alternative to semi opposite and arise from the ra-
chis at angles 85º-90º, adjacent pinnae are close 
together, triangular shape. The basiscopic and 
acroscopic margins are almost straight the most of  
preserved pinnae length is 32.5 mm. Apex is not 
clear, pinnae width variable between 6.7-11.2 mm 
at the base. Not expanded the basiscopic and acro-
scopic margins. Venation system rear preserved 
veins parallel and delicate. There are 18-36 thin 
veins depending on the pinnae width, concentra-
tions 34 veins/cm in the middle of  the pinnae, it 
seems, the veins converge near apex.

Nilssonia sp. D
Figure 8 f

Material: A single leaf  fragments, entire leaf  
length unknown.
Description: In this specimen the base and apex 
are absent. Length estimated at 106 mm, width 
ca.23.2 mm. The rachis is longitudinally striated, 
in proximal part 2.1 mm thick and in distal part 
narrowing to 1.4 mm. Pinnae with variable width 
and therefore partly alternately, partly opposite-
ly attached; arising at an angle between 65°-75°. 
The pinnae lengths are equal about 11.5 mm 
and variable width between 2.8-5.3 mm the pin-
nae shape is triangular-falcate, some of  them are 
rhomboidal. The pinnae margins are more or less 
entirely. Acroscopic margins are straight to weakly 
concave, basiscopic margins are strongly convex. 
The pinnae apex is usually rounded, rarely acute. 
Neighboring pinnae are separated up to the ra-
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Figure 8   a, b) Nilssonia feriziensis (Fakhr, 1975) leaf fragments. c) Nilssonia polymorpha (Schenk, 1867) leaf fragment. d) Nilssonia 

herriesi (Harris, 1946; Schweitzer et al., 2000) fragment of leaf, broken on the left side. e) Nilssonia sp. C part of leaf. f) Nilssonia sp. D 

linear leaf fragment. (Scale bars represent 1 cm in all figures).
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chis by a taper sinus-shaped curve. The venation 
system is, simple and almost parallel; basiscopic 
veins are more curved than acroscopic veins and 
they converge slightly towards the apex. There are 
ca.12-30 veins in each pinna.

Order Incertae sedis
Family Incertae sedis

Morphogenus Spiropteris (Schimper, 1869)

Type species  Spiropteris miltonii (Brongniart) 
(Schimper, 1869)

Spiropteris sp.
Figure 9 d

Material:  Imprint of  a single coiled young fern.
Description: One incomplete fragment of  
Spinopteris sp. is occurring Chatroud section.  
Therefore, we cannot completely measure of  char-
acteristic of  this sample. This species has up to 2.6 
mm length and 3.2 mm width, smooth, without 
foliar appendage. Axis is involute.

Beania sp.
Figure 9 c

Material: One specimen preserved which show-
ing the female cones of  the Nilssoniaceae.
Description: A small fragment is preserved, lon-
gitudinally striated axis, 20.3 mm length and 2.1 
mm width, 9 Sporangiophores which they are con-
nected to the axis, with spiral form, and an angle 
of  90º-110º. The stalk is 1.7-3.5 mm length, 1.2 
mm width and expanded in the basal part. Each 
stalk has one or two ovules (or seeds) in the end 
of  stalk with ellipsoidal or rhomboidal in shapes, 
2.1-5 mm  2.1-3.5 mm. Ovules are distinguished 
striped.

Neocalamites sp.
Figure 9 e

Material: A single specimen of  a stem fragment. 
Only two nodes are visible which are separated by 
a 7.8 mm long internode.

Description: Incomplete secondary shoot frag-
ment was, up to 60 mm length with node and in-
ternode, 6.4 mm width in the internode. Shoot have 
eminences in the node. The outer surface of  the 
internode is characterized by broad longitudinal 
striae. In the top of  each nodes have microphylls 
which curved towards up. The arrangement of  the 
connection of  the microphylls to shoot is whorled 
form. Maximum length of  microphylls is 15 mm 
and between 0.7-1 mm widths. Microphylls were 
entirely free from base to up and vascularized by a 
single bundle.

Class Filicopsida
Order: Filicales

Family Schizaeaceae
Genus: Klukia (Raciborski, 1890) emend (Harris, 1961)
Klukia exilis (Philips, 1829) (Raciborski, 1890) emend 

(Harris, 1961)
Figure 6 a, b

1975 Klukia exilis Fakhr, p. 54, plate 9, figures 1-3;
2009 Klukia exilis H.-J. Schweitzer et al., p. 27-31, 
Text-figure 2, plate 1, figures 1, 2, plate 2, figures 
1-3, plate 3, figures 1-5.
2010 Klukia exilis Saadat-Nejad, et  al., p. 181-182, 
plate 1, figures 5-7.
Material: Two specimens of  sterile and fertile bip-
innate frond fragments.
Description: Incomplete leaf  fragments, 53.6-75 
mm long and, 41.8-67.6 mm width. The primary 
rachises are straight and the outer surface character-
ized by longitudinal grooves which is 53.6-73.5 mm 
long and 0.9-2 mm wide. The secondary rachises 
are straight and channeled along adaxial surface, 
with 22.7-25.8 mm long. The arrangement of  the 
connection of  the secondary rachis to primary ra-
chis is suboppositely form an angle of  45º-50º. The 
pinnae are 22.7-40 mm long and 6.8-8 mm wide at 
the base, strongly elongated in outline. Pinnules are 
elongated, 2.5-6.3 mm long and 1.8-2.2 mm wide, 
with a decurrent base (although the fertile pinnules 
are narrower than sterile pinnules), entire margin 
and rounded apex the first pinnules in the acroscop-
ic part longer than another pinnules in same pinna 
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and parallel with the primary rachis. Frond is kata-
dromic. In the basiscopic margin the first pinnules 
is connected to secondary rachis with an angle 45º 
and compared to the other pinnules is shorter. The 
arrangement of  the connection of  the pinnules to 
rachis is form imparipinnate (odd pinnate) so in 
each pinna there is a terminal leaflet. Venation 
system is not good preserved, with a midrib which 
continued to top of  pinnules. Lateral veins placed 
in both side of  mid rib with angle 45º. In fertile 
pinnules are 4-6 ellipsoidal impressions distributed 
symmetrically along each side of  midrib with 0.3-
0.7 mm diameter.

Class Cycadopsida
Order: Bennettitales (Engler, 1892)

Family Unknown
Genus: Anomozamites (Schimper, 1870)

Anomozamites marginatus (Unger, 1850; Nathorst, 1878)
Figure 6 f

1850 Pterophyllum marginatum, Unger, p. 289 
1991 Anomozamites minor (Brongniart) Nathorst; 
Barbacka, p. 18, plate 1 figs 6–7; plate 2 figs 1–3, 
Text figure 5.
2000 Anomozamites marginatus Barbacka; plate 1 fig-
ure 3, plate 2 figs 5-6, plate 3 figs 1-2, Figure 2.
Material: One fragment of  monopinnate leaf  
with poorly preserved venation.
Description: Incomplete leave fragment, frond 
is pinnate, 35.5 mm length and 10 mm width. 
Frond is variable in shape. Pinnae attached to 
the rachis with whole of  base width and laterally 
rachis with 0.6 mm width and wrinkled. Pinnae 
are 4-5 mm length and 2-3 mm width. Venation 
system weak preserved and only show on some 
pinnae, with simple and parallel veins trace that 
continue towards apex, rounded apex and some-
times truncate. 

Order Filicales
Family Osmundaceae?

Genus Cladophlebis (Brongniart, 1849)
Cladophlebis denticulata (Brongniart, 1828; Fontaine, 

1889)
Figures 5 a-d

2004 Cladophlebis denticulata (Brongniart) Harris: 
Rees and Cleal, pp. 26–28, text-figure 3D, plate 
6, figure 4, plate 7, figs 1, 2. 
2004 Cladophlebis antarctica Halle: Rees and Cleal, 
p. 25, text-figure 3C, plate 25, figure 2, plate7, 
figure 3. 
2008 Cladophlebis denticulata (Brongniart) Harris: 
Ociepa in Birkenmajer and Ociepa, p. 34, figs 
15A, 17F–G. 
2008 Cladophlebis antarctica Halle: Ociepa in 
Birkenmajer and Ociepa, p. 32, figs 15B, 16, 17B. 
2008 Cladophlebis denticulata (Brongniart) Fontaine: 
Barbacka and Bodor, pp. 135–138, plate 2, figure 
5–9. 
Material: The material consists of  7 sterile 
frond fragments were preserved mainly in sand-
stone and carbonaceous shale. Four of  them are 
bipinnate fragments, not larger than 68.5 mm. 
The remaining specimens are fragments of  sepa-
rated pinnae reaching about 37 mm.
Description: Sterile fronds, bipinnate, Frag-
ments 25-68.5 mm long and 22-62.8 mm wide. 
Rachis usually slightly ribbed 2.2-2.5 mm width. 
Pinnae fragment 21-37 mm length and 10.5-14 
mm width and alternative arrangement. Pinnae 
axes attached to rachis with angle 45º-70º. Pinnae 
are oblong, entire margin, sometimes dentate in 
the end of  pinnae. Pinnules have 5-7 mm length 
and 2-3.5 mm width, length to width ratio 1.4-2.5. 
Pinnae are sub-oppositely and oppositely emerge 
at angle about 45º, straight base, sometimes, acro-
scopic margin extended. Acute or sub-acute apex, 
midrib reaches pinnules apex, secondary veins 
dichotomies once, usually near midrib the lateral 
veins separated from midrib at angle 30º-45º the 
veins concentration is 6-12/0.5 cm in the near the 
margin of  pinnae.

Order Coniferopsida
Class Coniferales

Family Podocarpaceae
Genus Elatocladus (Halle, 1913)

Elatocladus zamioides (Leckenby, 1864)
Figure 7 e

Material: Single leafy axis.
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Figure 9    a) Nilssonia sp. B, leaf fragment without base and apex. b) Nilssonia sp. a fragment of leaf. c) Beania sp. axis with 

Sporangiophores. d) Spiropteris sp. coiled young fern. e) Neocalamites sp. stem fragment. f) Ginkgoites sp. fan-shaped leaf. (Scale bars 

represent 1 cm in all figures).
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Description: Shoot without branched, shoot 
base unknown but axillary buds present, shoot 
up to 34.3 mm length, shoot is narrow with 0.6 
mm width. Leaves arrangement in a spirally on 
shoot, attached whole base, emerging at an angle 
30º-50º, leaves linear-lanceolate in shape, 9.3-15 
mm length and 0.9-1.8 mm width, entire margin, 
subacute apex, midrib prominent, running from 
base to apex. Folioles are without a petiole, base 
oblique, and decurrent.
Remarks: Elatocladus zamioides (Leckenby, 1864) 
from the middle Jurassic of  Yorkshire was de-
scribed as Cycadites zamioides and subsequently 
transferred to taxa its E. zamioides is very similar to 
some specimens from Jurassic beds as Compsostro-
bus brevirostratus, E. confertus (Morris, 1863), E. plana 
(Seward, 1911 ) and E. persica. E. confertus differs 
from E. zamioides in the shorter, a relatively broad-
er leaves with an obtuse apex, with petiole and, el-
liptical in shape. The Indian species E. plana agrees 
closely with E. zamioides but differs in acuminate 
apex; lamina is slightly contracted at the base and 
longer leaves. E. zamioides differs from E. persica in 
the shorter and wider leaves and without petiole. 
The E. zamioides is very similar to Compsostrobus bre-
virostratus but C. brevirostratus differs from E. zami-
oides in the longer and narrower leaf, acuminate 
apex and acute base.

Class Coniferopsida
Order Coniferales

Family Cupressaceae sensu lato
Genus Elatides (Heer, 1876)

Elatides thomasii (Harris, 1979)
Figure 7 f

1979 Elatides thomasii Harris; pp. 74–77, plate 2, 
figures 8–13; text, figures 33E, J, 35 K, L. 
1996 Elatides thomasii: Schweitzer and Kirchner.; 
pp. 103–113, plate 5, figures 1–5; plate 6, figures 
1–8; plate 7, figures 1–10; plate 8, figures 1–7; 
text–figures 11, 12a, b, 13– 17, 18a–b, 19a–c, 20. 
Material: One fragment of  foliated twig pre-
served.
Description: Fragmentary twig with helical-
ly arranged leaves, leaves are narrow and falcate 

in shape, 3-6 mm long and ca.1mm wide basally, 
margins entire and tapering to acute apices, the 
free part of  leaf  forming half  to one third of  the 
whole length of  the leaf. 

5. Geographic and Stratigraphic 
Distribution of Taxa

Floristic association described here is widespread 
in Iran (Central Iran (Kerman, Tabas)) Alborz Ba-
sin) in the Lower–Middle Jurassic. Similar plant 
fossils assemblages have been distributed from the 
Asia at, Afghanistan (Schweitzer and Kirchner, 
1996; Schweitzer et al., 2000; Seward, 1911; Ben-
da, 1964), Japan (Kawasaki, 1925; Endo, 1952; 
Oishi, 1938), Korea (Tatsuaki-Kimura and Bong-
Kyun Kim, 1982), Russia (Thomas, 1911; Stan-
islavski, 1957; Vakhrameev, 1980), China (Yang, 
et al., 2010; Zhou, 1995; Deng and Shang, 2000) 
and Transcaucasia (Prynada, 1933; Farinacci, 
1967). From the Europe at Hungary (Barbacka, 
2011; Barbacka and Bodor, 2008; Vozenin-Serra 
and Franceschi, 2000; Barbacka, 2000), Germa-
ny (Van Konijnenburg et al., 2021; Barbacka et al., 
2015; Berger, 1812; Braun, 1843), Sardinia (Fon-
taine, 1889; Krasser, 1912, 1913, 1920), Yorkshire 
(Brongniart, 1828; van Konijnenburg-van Cittert, 
2008), Poland (Raciborski, 1890, 1894), Greenland 
(Harris, 1926, 1932; Oishi, 1938), Romania (Czi-
er, 2016), Sweden (Nathorst, 1886, 1878; Antevs, 
1919), and New South Wales (White, 1981) (Table 
1 and Figure 4).
 Two plants fossil Biozones can be identified 
from the Ab-e-Haji and Hojedk formations in 
Chatrod section.
 Anomozamites marginatus-Pterophyllum schenki zone 
and Anomozamites marginatus zone are found 7 me-
ters from the base of  the section, marking the low-
er boundary of  this range. The first occurrence of  
Anomozamites marginatus is at the base of  the Lias-
sic Thaumatopteris zone (Harris, 1932; Barbacka, 
2000). The last time Pterophyllum schenki was present 
can be used to determine the upper limit. The last 
occurrence of  Pterophyllum schenki is within the up-
per part of  the Liassic (Schweitzer and Kirchner, 
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2003; Vaez-Javadi, 2006). Other associated species 
are Nilssonia polymorpha, N. sp., Pterophyllum nathorsti, 
Podozamites distans, Elatocladus zamioides, and Elatides 
thomasii.
 Klukia exilis zone: The first and last appearanc-
es of  Klukia exilis, which are between 125 and 200 
meters from the section’s base, define the bound-

Table 1. The worldwide distribution of Lower to Middle Jurassic plant fossils. 
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Note: 1- (Schweitzer and Kirchner, 1995), 2- (Ameri et al., 2014b), 3- (Schweitzer and Kirchner, 1996), 4- (Schweitzer et al., 2000), 5- 

(Vaez Javadi, 2014), 6- (Kipper, 1964), 7- (Sadovnikov, 1976), 8- (Schweitzer et al., 2009), 9- (Kipper, 1971), 10- (Sadovnikov, 1984), 11- 

(Sadovnikov, 1991), 12- (Schweitzer and Kirchner, 1998), 13- (Popa et al., 2012), 14- (Barnard and Miller, 1976), 15- (Corsin et al., 1977), 

16- (Ameri et al., 2014a), 17- (Ameri, 2018), 18- (Schweitzer et al., 1997), 19- (Fakhr, 1975), 20- (Schweitzer et al., 2003), 21- (Vaez Javadi, 

2006), 22- (Barbacka, 2011), 23- (Van Konijnenburg et al., 2021), 24- (Fontaine, 1889), 25- (Krasser, 1912, 1913, 1920), 26- (Brongniart, 

1982), 27- (Bunbury, 1851), 28-(Zigno, 1856), 29- (Phillips, 1829), 30- (Seward, 1898, 1900), 31- (Thomas, 1911), 32- (Harris, 1946, 1961, 

1964, 1969, 1979), 33- (van Konijnenburg-van Cittert, 2008), 34- (Kawasaki, 1925), 35- (Oishi, 1940), 36- (Endo, 1952), 37- (Thomas, 1911), 

38- (Prynada, 1938), 39- (Stanislavski, 1957), 40- (Raciborski, 1890, 1894) 41- (Prynada, 1933), 42- (Farinacci, 1967), 43- (Seward, 1911), 

44- (Sitholey, 1940), 45- (Jacob and Shukla, 1955), 46- (Benda, 1964), 47- (Oishi, 1938), 48- (Harris, 1926, 1932), 49- (Barbacka et al., 2015), 

50- (Czier, 2016), 51- (Barbacka and Bodor, 2008), 52- (Oishi, 1938), 53- (Vakhrameev, 1980), 54- (Vozenin-Serra and Franceschi, 2000), 

55- (Berger, 1812), 56- (Presl, 1838), 57- (Braun, 1843), 58- (Nathorst, 1886, 1878), 59- (Halle, 1908), 60- (Antevs, 1919), 61- (White, 1981), 

62- (Tatsuaki Kimura and Bong-Kyun Kim, 1982), 63- (Popa et al., (2012), 64- (Barbacka, 2001), 65- (Yang, et al., 2010), 66- (Zhou, 1995; 

Deng and Shang, 2000).

aries of  this interstitial zone. There have been re-
ports of  and descriptions of  Klukia exilis from all 
over the world, and its stratigraphic range is signif-
icant for the Middle Jurassic period. But according 
to Schweitzer et al. (2009), this species is regarded 
as a typical, marker taxon for the lower Middle 
Jurassic (Aalenian-Bajocian) in Iran and Afghan-
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