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Abstract

This study led to identify 30 species and 16 genera of eight different plant macrofossils orders including Equisetales, Cycadales,
Bennettitales, Coniferales, Peltaspermales, Ginkgoales, Corystospermales, and Filicales at the Deh-Shiykh section, north of Kerman.
According to stratigraphic ranges of the index taxa such as Otozamites furoni, Nilssoniopteris mosafolia, Nilssonia tenuicaulis,
Anomozamites major, Coniopteris hymenophylloides, Nilssonia bozorga and Elatides thomasii the age of early Middle Jurassic
(Bajocian—Bathonian) is assigned to the Deh-Shiykh section. Middle Jurassic ichno fossils of the Hojedk Formation in the Deh-
Sheikh section have been studied for the first time. The study also led to the determination of terrestrial ichno fossils including eight
ichno species, belonging to four ichnogenera such as Planolithes, Rhizoliths, Taenidium and Thalassinoides. They have been found
alongside the stems of Equisetals. Combination of the results of ichno fossil studies with plant fossils help us to identify the
palaeoenvironment. These plant fossils are generally indicator of humid conditions. Moreover, the identified ichnofossils in
accordance with the sedimentological studies, represent deltaic environments influenced by the river systems and channels. This is
the first study of the combination of three studies of paleontology (Plant macrofossils), sedimentology and ichnology in east central
Iran. The results have contributed to the accurate understanding of the paleoenvironment of fossiliferous horizons of the Hojedk

Formation.
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Introduction

The northern region of Kerman is one of the richest areas of
Iran for the study of plant fossils and so far more than 80 taxa
have been reported (Khalilizadeh 2010). The first studies on
coal deposits in the Kerman region have been carried out by
Houtum-Schindler (1881), Stur (1886) and Stahl (1897). In
recent years, Mirzaei-Ataabadi (2002) has studied the plant
macrofossils of the Hojedk Formation in the Pabdana, Bab-
Nizu and Hashuni areas. Vaez-Javadi and Mirzaei-Ataabadi
(2006) studied the plant macrofossils of the Hojedk
Formation. Ameri et al. (2014a, b) have also studied the
biostratigraphy of the Hojedk Formation deposits in the Bab-
Hutk section. Studies on these plant macrofossils have been
more focused on coal areas and mines, non-coal areas in this
respect has been received less attention. In addition, there are

no reports of ichnofossil studies of the Jurassic layers of the
Kerman region, especially in association with plant fossils.
Trace fossils are very useful for understanding the
paleoclimates and generally interpreting paleosedimentary
environments (Buatois and Mangano 2004). In the present study,
which focuses on the study of plant macrofossils of the
Hojdak Formation in Deh-Sheikh section north of Kerman,
trace fossils have also been studied along with this
macrofossils and the general sedimentology of these layers is
also considered.

Material & Methods

Important factors in the identification of plant macrofossils
include the characteristics of veins and pinnules, rachis, the
grooves on the stem as well as the nodes and inter nodes in
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sphenophyte. In this study, about 100 plant macrofossil
specimens were studied and they were photographed using a
Nikon 90D digital camera. The images were processed using
Adobe Photoshop CS5. All these specimens are kept in the
Museum of Ferdowsi University of Mashhad. Trace fossil
studies are usually carried out in the field on a centimeter
scale and samples are taken to the lab for further and more
detailed examination. In this study, about 20 trace fossil
samples were collected. The lithofacies described in the field
are divided mainly on the sedimentary texture (especially
grain size) and structures; according to the Miall (1985)
classification. The identified petrofacies are based on Folk
(1980) classification scheme with polarizing microscope.
Also, identification of sedimentary environment and
subenvironments were interpreted based on the facies
characterizes.

Discussion of Results & Conclusions

Based on the plant macrofossils, especially Coniopteris
hymenophylloides, Elatides thomasii and Nilssonia friziensis,
Middle Jurassic age (Bajocian—Batonian) is confirmed for the
studied section. The studied plant macrofossils, especially
filicales and horsetails, grow in humid environments. The in
situ  Equisetal stems have paleoecological significance.
Horsetails, are hygrophytes, and adapted to humid conditions

(Brea et al. 2009). Osmundaceae have been to warm and
humid conditions along the rivers or marshes (Gordenko
2008). Due to the abundance of cycadophyta and ferns in the
study area, tropical to subtropical paleoclimate have been
reported (Salyukova et al. 2013). The ichno fossil diversity of
the deltaic regions is very low (Hobday and Tavener-Smith
1975). Salinity changes, water turbulence, mud influx and etc.
are the most important stress in the delta area. The study of 8
ichnospecies in the Deh-Sheikh section shows these traces,
are simple. They are similar to those of deltaic systems
(Buatois and Mangano 2011). These trace fossils resemble
specimens of deltaic systems and are related to the heteropod
invertebrates of Scoyenia ichnofacie. According to
sedimentological studies, the sedimentary environment of the
Hojedk Formation in the Deh-Sheikh section is often
interpreted as a deltaic environment (coarsening upward
cycles) under the influence of the river (fining upward cycles)
which indicate of channel filling and energy depletion
periods. From this study, the combination of paleontological,
sedimentological and lithological studies with the study of
ichnofossils will be very useful and effective in better
understanding the palaeoenvironment and with proper
interpretation, it will helpful to recognition details and create
a clear picture of the environment.
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Class Order Family Genus Species Figure
: Cladophlebis denticulate - :
3 % (OS%TK&(;‘Q’BZBO) gﬁﬂgﬁgﬁbﬁg 49 (Brongniart 1828) Fontaine 1889 (Fig- 10,4, Fig. 12. A)
2 = ' Cladophlebis sp. (Fig. 10. B, Fig. 12. B)
o [+
(] o . . . . .
L2 = ; ; Coniopteris Coniopteris cf. hymenophylloides
T L Dégbigrmfgg%e Brongniart, (Brongniart) ~ Seward,  emend. (Fig. 10. C, Fig. 12. C)
! emend. Harris, 1961  Harris, 1961
< Equisetites Equisetites beanii (Bunbury, 1851) - :
% % Sternberg, 1833 Seward, 1894 emend. Harris, 1961 (Fig. 10. D, Fig. 12. D)
*% 3 unknown Neocalamites Neocalamites ishpushtensis
= 2 Halle 1908, Jacob & Shukla 1955, emend. (Fig. 10. E, Fig. 12. E)
g w emend.Harris 1961  Schweitzer et al., 1997
Nilssonia bozorga - :
Barnard et Miller, 1976 (Fig. 10. G, Fig. 12. G)
Nilssonia rigida
- Schweitzer,  Kirchner & van (Fig. 10. H, Fig. 12. H)
<@ . . . . Konijnenburg-van Cittert, 2000
X Nilssoniaceae Nilssonia Nilssonia  tenuicaulis  (Philips, (Fig. 10. 1, Fig. 12. 1)
S Brongniart, 1826 1829) Fox — Strangways, 1892 g. 9.1, F1g. 12.
O Nilssonia cf. orientalis Harris, 1878 (Fig. 10. J, Fig. 12.J)
Nilssonia undulata Harris 1932 (Fig. 10. K, Fig. 12. K)
Nilssonia sp. A (Fig. 10. L, Fig. 12. L)
Nilssonia sp. B (Fig. 10. M, Fig. 12. M)
3 3
= [
g £ unknown Nilssoniopteris Nilssoniopteris musafolia (Fig. 11. A, Fig. 13. A)
3 g Nathorst, 1909 Barnard, 1965 g. 2% A g 23
S c
S [<5)
O m
Ctenozamites : . -
unknown Nathorst 1886 Ctenozamites sp. (Fig. 10. F, Fig. 12. F)
[%2]
D
[ Otozamites harrisianus (Kilpper, . :
% Otozamites 1968) Schweitzer& Kirchner, 2003 (Fig. 11. B, Fig. 13. B)
§ . ) Braun, 1843
§ Williamsoniaceae Otozamites furonii (Fig. 11. E, Fig. 13. D)
S ) Boureau et al., 1950 g- % & G- Lo
© Anomozamites Anomozamites cf. major Harris1926 (Fig. 11. C, Fig. 13.C)
Schimper  (1870) A . Fia. 11 F. Fig 13, E
emend. Harris1969 nomozamites sp. (Fig. 11. F, Fig. 13. E)
Compsostrobus .
Compsostrobus brevirostratus : .
Delevoryas A : (Fig. 11. G, Fig. 13. F)
-é @ & Hope, 1973 Schweitzer & Kirchner, 1996
S s Elatid : A : :
“;,C—’_) % unknown Hé:, i%?ﬁ Elatides thomasii Harris, 1979 (Fig. 11. H, Fig. 13. G)
‘s S Podozamites distans (Presl 1838) : :
3 © Podozamites Braun 1843, emend. Barnard 1967 ULl LU ek )
Braun, 1843 Podozamites lanceolatus (Lindley : :
& Hutton 1836) Braun 1843 (Fig. 11., Fig. 13.1)
Ginkgoites Ginkgoites  cf.  parasingularis ; :
3 " Seward, 1900 Kilpper, 1971 (Fig. 11. K, Fig. 13.J)
a = Gink
o o inkgoaceae
=} D . . . .
> = Engler, 1897 Sphenobaiera Sphenobaiera grandis  Kilpper, : :
= s Florin, 1936 1971 U L Sl . L
o
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A) Cladophlebis denticulate, #Kh.D.FU.30. B) Cladophlebis sp., #Kh.D.FU.7. C) Coniopteris cf. hymenophylloides,
#Kh.D.FU.94, D) Equisetites beanii, #Kh.D.FU.19. E) Neocalamites ishpushtensis, #Kh.D.FU.15, F) Ctenozamites sp.
#Kh.D.FU.97. G) Nilssonia bozorga, #Kh.D.FU.47. H) Nilssonia rigida, #Kh.D.FU.10, I) Nilssonia tenuicaulis, #Kh.D.FU.26,

J) Nilssonia cf. orientalis, #Kh.D.FU.23, K) Nilssonia undulata, #Kh.D.FU.9. L) Nilssonia sp. A, #Kh.D.FU.11, M) Nilssonia
sp. B, #Kh.D.FU.29
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A) Nilssoniopteris musafolia, #Kh.D.FU.5. B) Otozamites harrisianus, #Kh.D.FU.8, C) Anomozamites cf. major, #Kh.D.FU.28,

D) Sphenobaiera cf. grandis, #Kh.D.FU.21, E) Otozamites furonii, #Kh.D.FU.13, F) Anomozamites sp., #Kh.D.FU.37, G)
Compsostrobus brevirostratus, #Kh.D.FU.24, H) Elatides thomasii, #Kh.D.FU.24, 1) Podozamites distans, #Kh.D.FU.1. J)

Podozamites lanceolatus, #Kh.D.FU.14, K) Ginkgoites cf. parasingularis, #Kh.D.FU.25
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A) Cladophlebis denticulata, #Kh.D.FU.30. B) Cladophlebis sp., #Kh.D.FU.7. C) Coniopteris cf. hymenophylloides,
#Kh.D.FU.94, D) Equisetites beanii, #Kh.D.FU.19. E) Neocalamites ishpushtensis, #Kh.D.FU.15, F) Ctenozamites sp.
#Kh.D.FU.97. G) Nilssonia bozorga, #Kh.D.FU.47. H) Nilssonia rigida, #Kh.D.FU.10, 1) Nilssonia tenuicaulis, #Kh.D.FU.26,

J) Nilssonia cf. orientalis, #Kh.D.FU.23, K) Nilssonia undulata, #Kh.D.FU.9. L) Nilssonia sp. A, #Kh.D.FU.11, M) Nilssonia
sp. B, #Kh.D.FU.29
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A) Nilssoniopteris musafolia, #Kh.D.FU.5, B) Otozamites harrisianus, #Kh.D.FU.8, C) Anomozamites cf. major, #Kh.D.FU.28,
D) Otozamites furonii, #Kh.D.FU.13, E) Anomozamites sp., #Kh.D.FU.37, F) Compsostrobus brevirostratus, #Kh.D.FU.24, G)

1) Podozamites lanceolatus, #Kh.D.FU.14, J) Ginkgoites Elatides thomasii, #Kh.D.FU.24, H) Podozamites distans, #Kh.D.FU.1
K) Sphenobaiera cf. grandis, #Kh.D.FU.21 cf. parasingularis, #Kh.D.FU.25,
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Ichnogenus Taenidium Heer, 1877

Ichnospecies Taenidium isp. A

1993 Aecidium isp., D’Alessandro et al. p. 510, Fig. 11
2009 Taenidium isp., Barrette, Gibert and Saez, p. 167,
Fig. 4, F

2014 Taenidium isp., Good and Ekdal, p. 405, Fig. 4,
A B, C

(A DY 5A N0 sls K2
il osles g1l gzl b gl O IS IS5 idme 8
" T 03 5 Ll el ECHRE P Ny
AY b= b oy b o odalin Svaule glaail

! Relief
2 Hypichnial



WA Ol ol o sled WV ol o)l € ooty 5 (oo Sl ¢ ol sy 5 (K0 sla 2053 A

Taenidium 4. g3 L Ladda s & ol5 Lol
Sl sk al w55 Clb 5 e ils .ol cameronensis
L gdn DDl Iasy a5 cl e Sl sls S50
31 8 e Vo e 31l O3 ol 43 S s
Sy Dlos g o 5 SLs( aLS Ol i L 0Ll
S 000 Uy Ypeme OLALS L, 51 36 6 eSS
ol 13 olS R s (R G a8 s JeS
it LS Gl e e s L S5
JFls (Gregory et al. 2004) c—ul (5505, Ol i
3 e ol e OLLS glaain; )L5s &S (glodans
b a5 Al [l Ll e 42338 OlaLS L LT LS )
OLalS sla  slaaiy; oS andllans ) go dilaie 53 0554
CS 5 dgd e odalin poals Swawle LY 3 Jb 35S
i8S 0Ly 5555 e odalive Lol Jl= 3 ansl 3l 5
Aal as s glaboe asii )y Sl SWS Ll e
oded g 255w el bl LS S50k s
il 5 SLsbls 5l 5 eaS s oL S S e Sl
el 0 o g ) &S ol 555 e Il OF 55,8 5o
Sslome 53 kel oslu LT R NSRS NS PPN E
Gz 53 08 o 0 5 0 5 o 0> plaaiy; i
S5 S 5 i sl OF 516 St 5 b e sl laea
Aile s gl e 51 o lons Lol S aslizud
Slgay Sl 5 o)l 5 Ol s gladis, 5 Taenidium
Sl 0l 55158 Ukl ey Sl o gl sla el 5
slala s ,2Li Taenidium (D’Alessandro et al. 1993)
= 0> Ll (Miller 2007) sl o ad S Lo 55 oL ys
Sl sl ods (5518 50 Sbs e slalass 315505
$l =1, OLSsl e D’Alessandro et al. (1993) (4 gol
oS o5y (V imalon S slgniny o 3l 085
03,5 o (SL5 e OV lo)B Lo 53 6lS L Olojon
Ol e slme, 5 534S (gl ol s Sls s 5o (Y e
05,5 53 o S lad (F elles ;S e 4 di5 OLaLS (sL

ol Ll ool Taenidium  satanassi 4.3 I
1 e A el S allans o g 3 S
labse o3 okl ;s b ol Y ol See
L ey a5 (Do cdis L JUK) (glailssg
(Fernandes and Carvalho Aal o3 S sl jwwu RPN
o5l 00 b a8 Lol cend Ll b a1 Y sene 2006)

anlllans s go & gas 53 355 0 58 Gas 50 S2308 Hsbay o
Bl dnn S Ges 3 e Bl V0ol U (o ges b &S
5 B SLacS 5l AL ea il e s
ol $3 5 g0 b Yz 5 A3l (53505 SlAS >
b Slgms 5 S Sl 53 Gooee ssba 5 Lledd
o~ (Bromley et al. 1999) ol 03 S o it 55 iy
5 (Solanki et al. 2015) GaenS ob)> sbaariys 5l fed 5
e (Miller 2007) ol s 55158 obss (slalas
Sl 5l 15T OLALS (63 5ee Loty Lol on
slaa iy 5l 5 (D’Alessandro et al. 1993) C sb 0 slo 13
Wl 1 s, SLadUlS oy (55,5165 bl b JUS

(Gibert and Sdez 2009) sl sl i, 5

Ichnogenus Taenidium Heer, 1877

Ichnospecies Taenidium isp. B

1993 Aecidium isp., D’Alessandro et al. p. 510, Fig. 11
2004 Taenidium isp., Gregory et al. p. 95, Fig. 7
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Ichnogenus Planolites Nicholson, 1873

Ichnospecies Planolites isp. A

2010 Planolites isp., Jaglarz and Uchman, p. 77, Fig. 6,
C

2012 Planolites isp., Monaco et al.p.35, PI. 2, Fig. 3
2017 Planolites beverleyensis Bayetgoll, Daraei, p.
206, Fig. 4
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Ichnogenus Taenidium Heer, 1877

Ichnospecies Taenidium isp. C

2010 Taenidium isp., Jaglarz and Uchman, p. 77, Fig.
6, E
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Ichnogenus Planolites Nicholson, 1873
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LRSS s e O 51 pla 2o 55 5 dilo s sle 2013 Planolites isp., Tiwari et al. p. 1470, Fig. 3, p. 72,
— Fig. 4
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o Il e sl bzl A e 3 bagg L
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[(Yanin and Baraboshkin 2013) > 3 .

Ichnogenus Rhizoliths Klappa, 1980

Ichnospecies Rhizoliths isp. A

2002 Rhizoliths, Kim et al. p. 51, Fig. 6

2006 Rhizoliths, Kraus and Hasiotis, p. 640, Fig. 6, p.
642, Fig. 7

2006 Rhizoliths, Harris et al. p. 148

(1Y 5D 5C 0% sls JS2)

Lilais 53 Jomd OLalS iy ol ii o 8
el Vo B Y bl Jsb ool by e andllaes ) o
omll Gt S ol 2o e WY B Y 5T 50 5 ke
Lpd eSS0 basls

! Turning chamber

sdalin e mla 53 s O 5 e he A 20
Rt
5 ¢l & il s b 3 alas 5| Planolites seow
POV S PUUUPUE JOX SN P P S B |
Glamdss slasle, L ol b o5 ol Helminthopsis
s (Seilacher 2007) 5,15 bl )| Goas Gble oL ys Ol g e
sla o o [ €3 55 oo odalie glo,B slalae 3
anlllans ;s i gad 5o (Hy el apmry (SA ikl ol
bl andlaes s ge & gad sl 3 ggin Lo st 53 uf.x,;da_a
Helminthopsis tenuis «..i > U ag e s o duls
i b O S5 slaail> gl a8 sl ol b s
53 t_éjé_a;)\ Lol el e e Jus £ GOV 350> 4
(Mahmudy <l ;s LeVA G \Y Helminthopsis tenuis
Llewa 31 andlass ) 4o &0 g5 4line Gharaie et al. 2013)
sl bl lis o815 caale Ll a5 ol s 3158
s ol 5 0l 5 5 cul & slate Planolites glad sl
5 bl il 550 Lo «cl Palaeophycus e il 4
ol uir 5 93 ol led 4> 5 Planolites ;> gaiasls

(Tiwari et al. 2013)

Ichnogenus ThalassinoidesEhrenberg, 1944
Ichnospecies Thalassinoides cf. suevicus

1991 Thalassinoides suevicus, Kim, p. 27, fig. 2

2002 Thalassinoides suevicus, Kim et al., p. 51, Fig. 6
2007 Thalassinoides, Seilacher, p. 49, pl. 17

2013 Thalassinoides suevicus, Yanin and Baraboshkin,
p. 282, Pl. 1, p. 284, PI. II
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