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1. Introduction

ABSTRACT

Numerous Proboscidean footprints have been discovered in the outcrop (135 m) of lower rock unit of
the Upper Red Formation (Middle-Late Miocene) in the north Avaj (Qazvin province), central Iran.
These footprints are preserved as circular concave epi-relief in the upper bedding planes with smooth
or levee rims or with sediment accumulation in the front of the footprints. Five digit imprints present
in some of the footprints. The frequency of footprints is considerable the most of the upper surface
of layers which was resulted by movement of proboscis herds. Ichnotaxonomically these footprints
identified as Proboscipeda enigmatica. The footprints are classified as two sizes as small (15 cm)
and large (25 cm) categories, and based on the geometric relationships, the height of shoulder was
estimated as 140-170 cm for adult and 76-106 cm for immature individuals. According to reports of
Miocene Proboscidean body fossils from Iran, and based on the distributions of the Proboscidean in
this time, it seems that the Choerolophodon (Gomphotheriidae) is candidate as track-maker of the
Avaj footprints. Among the Proboscidean footprints, there are crocodile and fish swimming imprints

which were left in the shallow pools.

Vertebrate ichnology studies in Iran have significantly progressed of one conference paper (Dashtban and Mohammadi, 2004), of
in the last two decades, so that, compared to the past, it has provided course it needs to revision, there are not reports about the Paleozoic
very good information about the paleontological status of Iranian vertebrate tracks from Iran. On the other hand, reports of Iranian
plateau. Almost, all reports of vertebrate footprints from Iran are Mesozoic vertebrate footprints are related to reptiles, including the
related to the Mesozoic and Cenozoic eras, and so far, despite footprints of dinosaurs, crocodiles, and turtles (e.g., Abbassi et al.,
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2018; Wilmsen et al., 2022). The knowledge and findings about the
tracks of Cenozoic vertebrates in Iran, however, are considerable,
and among all these reports, more than half of the findings are
related to the Miocene epoch (Abbassi, 2022, table 2). The reason
for this is due to the presence of extensive outcrops of the Upper
Red Formation in central Iran, which is of Middle-Late Miocene
age, which was deposited in a continental environment.

The present report is also in the following of previous reports,
which describes Proboscidean footprints from Avaj region,
between the Qazvin to Hamadan, west of central Iran. In this
article, the authors are trying to evaluate the paleontology of this
group of mammals in Iran, based on the trace and body fossils of
Proboscidean, and report new data and information on the fossils of
Iranian vertebrate fossils. In addition, crocodiles and fish swimming
traces are discussed here, that were found in one of the layers.

The studied section is located to the north of Avaj city of Qazvin
province and is in an accessible outcrop on the side of the Hamedan-
Qazvin Road (Fig. 1).

2. Research Methodology

Most of the data have been collected during the field studies, no
footprint was sampled. 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 cameras.
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.

2-1. Upper Red Formation in the Avaj area

Upper Red Formation has extensive outcrops in the Avaj area,
which formed in the fault-control basin. The Avaj fault in south
and Hasan-Abad fault in the north caused syn-sedimentary and
post sedimentation deformations of the sediments. The Upper Red
Formation usually has been divided into two rock units, and the
formation divided to colored lower rock unit (M 1) and conglomerate
upper rock unit with informal named Bi-Ab conglomerates
(Bolourchi, 1978). The lower rock unit M1 in the studied section
(135 m) includes alternations of red to green-gray sandstone,
siltstone and shale or marl (Fig. 2). The studied footprints belong
to the lower rock unit, which are preserved as circular concaves on
the upper bedding planes and marked in seven lithohorizons (Figs.
2 and 3).

3. Results

Numerous Proboscidean footprints have been found in the

studied section of Upper Red Formation. These footprints
Identified as ichnogenus Proboscipeda Panin and Avram
(1962). For the first time, Panin and Avram (1962) introduces
ichnogenus Proboscipeda for tracks of Proboscidea (elephants)
from the Vindobonian of Miocene of Romania. This ichnogenus
was monotypy as Proboscipeda enigmatica. Aramayo and de
Bianco (1987) reported footprints from Pleistocene of southern
Argentina which were attributed to Stegomastodon and named as
Stegomastodonichnum australis. The later ichnogenus had more
and less similar morphology with Proboscipeda as circular in
shape with three-digit imprints in the front of footprints. Remeika
(1999, 20006), also reported the Neogene Proboscidean footprints
from the Anza-borrego desert state park of California as new
ichnogenus Mammuthichnum. Both Stegomastodonichnum and
Mammuthichnum had same morphology with Proboscipeda so
that Lucas et al. (2007) had onto considered Stegomastodonichnum
and Mammuthichnum synonymy with Proboscipeda. Thus, only
Proboscipeda is a valid name for Proboscidean footprints. More
than 56 footprints have been found in the studied section in the
seven lithohorizons. Most of the footprints were found in the red
layers and one of them preserved in the green layer. Footprints are
circular or ellipsoid in shape, smooth in sole imprint, with five-digit
imprints in the best-preserved items (Fig. 4). No trackways were
identified because of the limit of outcrops of the bedding planes.
Footprints are classifiable in two classes, small size (15 cm in
footprint length) which is attributable to the immature individuals,
and large footprints of adults with 25 cm in length. Directions of
progressing are toward NE or SW.

Crocodile and fish swimming traces remained as straight or
curved one- to -several drag sets. Invertebrate trace fossils include
Scoyenia isp., Planolites isp., and a fine circle imprint with central

node, attributable as Laevicyclus isp. (Fig. 5).

4. Discussions

Proboscidea is a member of Tethytheria with Sirenian, Desmostylia
and probably Embrithopoda (McKenna, 1975; Shoshani and Tassy,
1996; Gheerbrant et al., 2018). At first, Proboscidea was divided
into two classes as Elephantidae and Mastodontidae. This order has
divided in six families in last revisions includes Early Proboscidean
(Paleocene-Oligocene), Deinotheriidae (Miocene-Pleistocene),
Mammutidae (Miocene-Pliocene) Gomphotheriidae (Miocene-
Pleistocene), Stegodontidae (Pliocene-late Pleistocne) and
Elephantidae (Miocene-Recent) (Owen-Smith, 1988; Shoshani and
Tassy, 2005; Cucinaetal.,2022). The Miocene epoch is the main time
of distribution and high frequency of Proboscideans. So that, there
are body fossil reports of this large mammal from Zagros and NW
of Iran (Orak et al., 2019; Jafarzadeh and Konidaris, 2020; Nakaya,
1994), which all of them are belong to family Gomphotheriidae and
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were been identified as Choerolophodon. 1t seems that the track-
maker of the Avaj track site was Choerolophodon, because of time
distribution and size propinquity. The relationship between footprint
size and height of shoulder estimated by well-known methods
(Western et al., 1983), thus based on the geometric relationships,
the height of shoulder was estimated as 140-170 cm for adult and

76-106 cm immature individuals in the studied track site.
5. Conclusion

The sedimentary basin of the Upper Red Formation in different

regions of Central Iran is a good candidate for vertebrate ichnology.

21

The lower part of the studied section of the Upper Red Formation
in the north Avaj includes alternations of sandstone, siltstone,
shale, and marl from gray to black-gray. Both types of brown-red
or green layers have Proboscidea footprints. The footprints are
preserved as concave circular imprints in small to large sizes. The
average size of large footprints is 25 cm and small footprints are 15
cm. According to the report of fossils of Proboscidea body fossils
from the Miocene of Iran, it seems that individuals of the genus
Choerolophodon were track makers of the Avaj footprints. Along
with these traces of crocodiles and fishes, there is also the presence

of sand, which lived in the shallow basins of that time.
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Figure 1. Geographic map of Proboscidean tracks in north Avaj, A) Location of Qazvin Province in

map of Iran, B) Transit roads of Qazvin Province, C) Location of tracks between the Beheshtian and

Najaf-Abad villages, north Avaj, D) Geology map of outcrops of Upper Red Formation in the Avaj

area (modified from Bolourchi, 1978). Location of studied tracks has indicated by stars and arrow.
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Table 1. List of Cenozoic vertebrate ichnotaxa in Iran (modified after Abbassi, 2022).

Geological Formation /
No. Epoch . Ichnotaxa/Tracker
zone Rock unit
late Paleocene- .
1 ) Zagros Kashkan Unnamed bird and mammal tracks
middle Eocene
. . Bird: Gruipeda lambrechti
) Volcaniclastic . ..
2 middle Eocene  Central Iran « unit Mammal: ungulate groups, carnivores, and Palaeotheriipus
rock uni
sarjeanti
Bird: Avipeda isp., cf. Charadriipeda
Mammal: Pantodonta (?Coryphodon) or Dinocerata tracks,
. proboscidean (Proboscipeda enigmatica and cf. Proboscipeda
3 Eocene Alborz Karaj

isp.), Moropopus elongatus, Musaltipes taromi, Paleotheripus
isp., Lophiopus isp., Diplartiopus isp., Gambapes hastatus,

Pycnodactylopus cf. achras and Carnivores tracks

4 Oligocene Central Iran  Oligocene rocks

Bird: Gruipeda intermedia,
Mammal: Khafipus khadari, Palaeotheriipus isp., Platykopus isp.

Bird: Antarctichnus isp., Antarctichnus isp., Aviadactyla vialovi,
Avipeda filiportatis, Avipeda isp., Charadriipeda disjuncta,
Charadriipeda isp., Culcitapeda isp., Culcitapeda tridens,
Gruipeda isp., Iranipeda abeli, Iranipeda isp., Ornithotarnocia

isp., Ornithotarnocia lambrechti,

. Upper Red . .
5 Miocene Central Iran . cf. Roepichnus isp.,
Formation .
Mammal:Bestiopeda isp., Canipeda longigriffa,
Chelipus isp., Chelipus therates, Credontipes isp., Felipeda
lynxi, Pecoripeda (Gazellipeda) gazelle, Canipeda longigriffa,
Platykopus ilycalcator, Proboscipeda isp., camelid-like
artiodactyls Carnivoripedida,
) Bird: Koreanaornis hamanensis, Persiavipes gulfi, [ranipeda
late Miocene- .
6 . Zagros Agha Jari abeli
Pliocene . :
Mammal: Pecoripeda gazella Canidae tracks
Bird: Avidactyla isp., Avipeda gryponyx, Fuscinapeda texana
Neogene Red o ; . .
7  Neogene Kopeh-Dagh Bed Mammal: Bifidipes velox, Lamaichnum guanicoe, Pecoripeda
eds

amalphaea, Pecoripeda isp., Canipeda isp., Felipeda isp.,
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Figure 3. Outcrop of studied section in north Avaj, A) Alternations of red and

green layers, numbers show position of three last track horizons, B-C) Outcrop

of footprint bearing of track horizon 4 (B) and 6 (C). view toward north.
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Figure 4. Close up view of elephant footprints
(Proboscipeda enigmatica) in the studied
section, A) Circular footprint of lithohorizon 1,
arrow shows direction of progression,
B-C") Footprints of lithohorizon 4, with front
sediment accumulation, five digit imprints are
visible in the sell preserved footprints, digital
coding of toes imprints is based on position
of footprint in the trackway, arrow shows
direction of progression, D) Two circular
(arrows) footprints in the lithohorizon 3,
E-G) Footprints of lithohorizon 6, include
large (E) to small (F) imprints with lateral,
specially front sediment accumulations,
arrow shows direction of progression. There
is a large elongate imprint with rim relief

(G, arrow).
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Figure 5-A-D’) Swimming traces of reptiles and fishes (marked as letter U), preserved as

convex hyporelief in the lithohorizon 2. SH (substrate hollow), waterhole, and (?) probably is

Laevicyclus, (closeup, up-right corner of C”).
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Figure 6. Location and age of the proboscidean footprints in the world (based on McDonald et al., 2007; Abbassi,

2022). Pleistocene footprints are abundant.
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Figure 7. Reconstruction of Miocene wildlife of Avaj area.
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