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Agha Jari Formation (Miocene-Pliocene, 788 m) comprises alternations of sandstone, siltstone,
and marl in red to brown color layers in the east Gotvand, north Khuzestan province, southwest
Iran. Numerous vertebrate footprints have been found in the middle part of the Formation, which
includes footprints of wetland small bird (4Aviadactyla media, Gruipeda dominguensis), artiodactyls
(Lamaichnum alfi, Lamaichnum isp., Pecoripeda satyri, Pecoripeda isp.), canids (Canipeda isp.)
and large reptiles (Hatcherichnus sanjuanensis). Frequency of artiodactyl imprints are more than the
other footprints. These footprints proof the living of camels and crocodiles in the Zagros basin for
the first time. The ichnotaxa diversity of the footprints in the studied section is more than the other

reports of Agha Jari Formation in Iran and its stratigraphic equivalent in the adjacent countries.

1. Introduction

Paleontologists, who work on the terrestrial vertebrate remains,
always look for the signs of these kinds of fossils in the continental
sediments. They inspect bed by bed of continental sediments for
finding a bit of vertebrate’s fossils. Among them, vertebrate trace
fossils, such as footprints, are valuable for paleoecological studies.
Surely, programming on the reconnaissance of red beds is an

important step for terrestrial vertebrate paleoichnology. Agha Jari

Formation (late Miocene to Pliocene) comprises alternation of
red beds of marls and terrigenous layers, with extended outcrops
in the Zagros Mountains, south to west of Iran. This Formation is
a good candidate for vertebrate paleoichnology, because previous
reports of vertebrate footprints from Zagros Mountains belong to
this Formation (Lambrecht, 1938; Karim et al., 2003; Abbassi,
2020; Abbassi et al., 2021). This paper reports a new tracksite of
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Agha Jari Formation in the southern flank of Zagros Mountains,

north Khuzestan province in the Gotvand area.

2. Research methodology

Most of the data have been collected during the field studies.
These data include bed by bed stratigraphic information, record of
geographic and stratigraphic position of footprints, complete either
sedimentological or paleontological data charts and preparing of
adequate photos by use of digital camera. A part of field work
was preparing plaster casting of large slabs. The sampled slabs
and plaster casts have been deposited in the personal collection
with catalog numbers IFMI-603 to 606. Geometrical studies on
the photos of tracks and samples carried out in the laboratory.
Geometrical data used for ichnotaxonomical identification of the
footprints. Photoshop and Adobe Illustrator softwares have been
used for resizing, auto-merging, redrawing sketches, and changing

the quality of photographs.

3. Results

Numerous footprints have been found in the studied section of
Agha Jari Formation. Most of the footprints are preserved as
convex hyporeliefs. The footprints belong to birds, mammals and
reptiles, and include below ichnotaxa. Table 1 shows geometry data
of studied footprints.

Bird footprints, include two ichnospecies of small bird footprint.
Gruipeda dominguensis is small tetradactyl bird footprints
preserved as concave epirelief. Digit imprints are slender and
straight with asymmetric position so that interdigital angle II-III
is greater than the III-IV. Digit imprints are straight without claw
imprints.

Aviadactyla media is two successive small tridactyl footprints of
trackway with unconnected stocky digit imprints. These footprints
are preserved as convex hyporeliefs. Interdigital angle of II-III is
lesser than the ITI-IV. Digit imprints are without digital pad or claw
imprints.

Mammal footprints include abundant and diverse artiodactyl
footprints and one canid trackway, determined as following
ichnotaxa:

Lamaichnum alfi is artiodactyl footprint, moderate in size, elongate
in pes and ovoid in manus imprints, digit III is forward than the
digit I'V in posterior with ambiguous sulcus, without claw imprints.
Lamaichnum isp. is poorly preserved moderate size of artiodactyl
footprints, sulcus is unclear and without claw imprint. Digit
imprints III and IV are the same in size.

Pecoripeda satyri is small artiodactyl imprints, heart-shape, three
pairs arranged in one trackway, digit imprints are taper with clear
intra-digital furrow. Footprint length of pes is greater than manus.

Pecoripeda isp. is small-sized artiodactyl footprint. digit imprints

are narrow, elongate and V-shaped with backward connection.
Outlines of digit imprint are smooth and straight.

Canipeda isp. shows four concave epirelief footprints with four-
digit imprints and long drag marks.

Reptile footprints comprise numerous swimming imprints and
tracks of large crocodile imprints, which identified as Hatcherichnus
sanjuanensis. There are short to long separate drag imprints of four-
digits manus and three-digits pes imprints without sole imprint. The

tip of digits is sharp. No trackway was found.

4. Discussions

Agha Jari Formation is one the extensive Formation of Fars Group
in the Zagros basin, which formed during the uplifting of the basin
after Asian-Arabian collision in the Neogene. The Formation
deposited in the continental to marine conditions, so that continental
environments include meandering to braided rivers (Motiei, 1993;
Bahrami, 2009). The abundance and diversity of vertebrate
footprints in the studied area is relatively higher than the previous
reports of Neogene tracksites in the Middle East (Table 2). On the
other hand, this report includes small to large artiodactyl, bird and
canid footprints and for the first time, crocodile tracks from the
Zagros Mountains.

Only large bird footprints have been reported from Lahbari
member of Agha Jari Formation, in the Ilam province, near the
Iran and Iraq border, which known as first named Cenozoic bird
footprint in the world (Lambrecht, 1938; Vialov, 1989; Abbassi et
al., 2015).

Abbassi and Dashtban (2021) reported small wetland bird
footprints and large artiodactyl tracks from north Bushehr, south Iran.

Out of Iran, Mukdadiya Formation in Kurdistan region, in
north Iraq, Baynunah Formation in UAE, and Miocene deposits of
Oman yield vertebrate footprints. Large bird footprints, Ardeipeda
filiportatis, and artiodactyl footprints Pecoripeda amalphaea and
Bifidipes velox have been reported from Mukdadiya Formation
(Karim et al., 2003; Abbassi et al., 2021). Proboscidean herd track
reported from Miocene Baynunah Formation near Abu Dhabi (Bibi
et al., 2012). Separate large artiodactyl footprints have been found
in the Miocene sediments of Oman (Schulp et al., 2011). It seems
that the conditions of creation or preservation of the vertebrate
footprints in the Gotvand area was favorable rather than the other
area, and this confirmed the presence of camels and crocodiles in

the Zagros basin, for the first time.

5. Conclusion

Zagros basin has been under the continental environment in
some intervals, and Agha Jari Formation is one of the continental
sediments of the Zagros basin which deposited during the late

Miocene to Pliocene. The Agha Jari Formation comprise alternations
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of terrigenous of a regressive upward sequence, that formed
as fluvial deposits of the braided and meandering rivers and fan
environment of a warm paleoclimate. The Agha Jari Formation has
high potential for the ichnological studies, so that previous reports
of vertebrate footprints have been reported from this Formation.
Unlike the tracks of large-sized birds that have been reported

from the Agha Jari Formation in Ilam province or Kurdistan, NW

301

Iraq, the bird tracks of Agha Jari Formation are small-sized bird
footprints in the studied section. These footprints include Gruipeda
dominguensis, Aviadactyla media. The footprints of mammals
include artiodactyl footprints (Lamaichnum alfi, Lamaichnum
isp., Pecoripeda satyri, Pecoripeda isp.) and the tracks of canines
(Canipeda isp.). Reptile footprints include crocodile footprints

(Hatcherichnus sanjuanensis).
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Figure 4- A-F) ichnospecies Gruipeda dominguensis as tri- to tetradactyl footprints, preserved as

concave epireliefs.
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Figure 5- A,B) photo and sketch of Aviadactyla media as isolate tridactyl and preserved as convex

hyporeliefs.
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Table 1. Geometry data of studied footprints in the Gotvand, N Khuzestan, SW Iran (in mm)

Footprint taxa No. Footprint Foo't print Rl Ll stride | Pace Pace
Length width I | O |00 IV | I | O-00 | [0V angle
Gruipeda dominguensis 6 40 53 10 17 | 28 | 21 - 70 57 103 56 145
Aviadactyla media 2 35 45 - 27 | 35| 25 - 33 50 - 123 -
Lamaichnum alfi 14 63 42 - - - - - - - - - -
Lamaichnum isp. 2 100 60 - - - - - - - - - -
Pecoripeda satyri 6 25 43 - - - - - - - 406 213 145
Pecoripeda isp. 10 36 26 - - - - - - - - 220 -
Canipeda isp. 50 65 - - - - - - - 350 220 160
Hatcherichnus sanjuanensis 55 80 - - - - - - - - - -
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Figure 6- A, D) camel footprints, Lamaichnum alfi in the studied area,
manus imprint is ovoid and pes imprint is elongate, some footprints

have claw imprints (arrow).
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Figure 7. Other camel footprints of studied section, Lamaichnum alfi as convex hyporeliefs with ambiguous

to clear mid furrow, and claw imprints in some of footprints (arrow).
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Figure 8. Lamaichnum isp. as large ovoid footprint with ambiguous mid-furrow (number 1), with

Pecoripeda gazella (number 2) and Pecoripeda isp. (Number 3). Length of hammer is 30 cm and width of

hammer handle is 3.5 cm.
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Figure 9. Small artiodactyl footprints, Pecoripeda satyri include three pairs of manus and pes

imprints in a trackway (P) with crocodile footprints (C) as swimming digit drag marks and

numerous invertebrate traces.
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Figure 10- A-D) artiodactyl footprints Pecoripeda isp. as narrower and wide digit imprints with straight outline.
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Figure 11. Canid footprints preserved as concave epirelief with digit drag marks, close up of footprint number 2 and

3 are shown in right hand. Length of hammer as scale is 30 m.
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Figure 12. Alone footprints in the studies section, A) large artiodactyl-like footprints, B) hyporelief large footprint with four digit-

like imprints (cell phone length is 15 cm, as scale).
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Figure 13. Crocodile footprint preserved as drag-marks convex hyporelief with tetradactyl pes and

tridactyl manus (A-C), usually see as drag casts (D-E), scale of Fig.13-B is same as Fig. 13-A.
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Table 2. Reports of vertebrate footprints in the Zagros Mountains and Arabian Peninsula (References: 1, Abbassi and Dashtban (2021); 2, Abbassi (2020); 3,

this report; 4, Lambrecht (1938); 5, Abbassi et al. (2021);6, Bibi et al. (2012); 7, Schulp et al. (2011)).
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