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The Tithonian-Neocomian Shurijeh Formation was surveyed in the north of Mashhad. A set of
dinosaur footprints was found in the sedimentary layer of the middle part of this formation, in a
section near the Ghozlogh village on the way from Mashhad to Kalat-e Naderi. This layer has long
been of interest to the authors, and in the recent studies, it was confirmed that the depression structures
in the upper bedding surface were poorly preserved footprints. The footprints are the result of the
herd movement of dinosaurs. At least four trackways are identified in this set of footprints, which are
attributed to tetrapod dinosaurs such as sauropods. Similar to the footprints reported from Cretaceous
dinosaurs in the other parts of Iran, these dinosaurs were also small in size. The fossilization process
of these footprints in the warm climatic conditions of the Early Cretaceous is accompanied by the

deposition of iron oxide in the form of hematite cement in the depressions of footprints.

1. Introduction

Discovering dinosaurs is important due to their sudden
disappearance and their large sizes. Various dinosaur fossils
have been found, including bones, teeth, eggs, skin impressions,
gastroliths, coprolites, feeding traces, and footprints (Thulborn,

1900). Footprints are especially valuable for studying dinosaur’s

paleoecology. Many dinosaur footprints have been found around
the world, including in Iran since the 1950s (de Lapparent and
Davoudzadeh, 1972; de Lapparent and Nowgol Sadat, 1975; Kellner
et al., 2003; Abbassi and Madanipour, 2014; Abbassi et al., 2015,
2018; Xing et al., 2018; Wilmsen et al., 2022). The Kopet-Dagh
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and Zagros regions in Iran, which have extensive Mesozoic
sediments, are good places to search for vertebrate fossils, but no
dinosaur fossils have been reported from Zagros. The Kopet-Dagh
basin has yielded fossils, including those of the skeletal body fossils
of reptile Plesiosaurus and various dinosaur footprints. Other
geological formations in the area, such as the Shurijeh Formation,
are also worth for dinosaur fossils investigation.

The paper aims to introduce a new record of dinosaur footprints
found in the Kopet-Dagh sedimentary basin in northeast of Iran.
It also discusses the fossilization process of these footprints and
examines their significance through petrological and stratigraphic

observations.

2. Research methodology

The stratigraphic section studied in this research is located 65
km north of Mashhad, near the village of Ghozlogh, just to the
Mashhad to Kalat-e Naderi road (Figure 1), the red sedimentary
sequence of the Shurijeh Formation in this section is bounded by
Mozdouran and Tirgan Formations, making it easily identifiable
in the field landscape. The sedimentary sequence of the Shurijeh
Formation in this area consists mainly of sandstone and red shale,
with a specific layer of dark red sandstone covering an area of
approximately 17 square meters, exposed on a steep slope.
This layer comprises numerous dinosaur footprints. Due to the
steepness of the slope, accessing all parts of the rock directly
is challenging and requires safety equipment. Nevertheless,
necessary photographs were taken to document the entire surface
of the rock. In the 1970s, a Yashica 2000 FX-3 super analog
camera was used for photography. In recent years, Canon EOS
M2 (EF-M 18-55 mm, 1:3.5-5.6) and Sony 12x DSC-HS5 (zoom,
35-70 mm) digital cameras were used for photography during the
last two decades (by N.A.) (Figure 2). During field surveys, one
notable visual feature of interest in studying these structures was
the darker color inside the depressions compared to the host rock
texture. To investigate the petrological nature, 10 samples were
collected from the middle part of the depressions on their surface.
Five thin sections and two thin-polished sections were prepared
from these samples and examined using an Olympus BX51TRF
binocular polarizing microscope at the University of Zanjan. To
analyze the chemical composition and ultrafine structure of these
samples, four samples were studied by field emission gun scanning
electron microscope (FE-SEM), model EM8000Fwith an EDS
detector, model OXFORD XPLORE30 at the Central Laboratory
of the University of Zanjan. Photoshop (Photoshop CC ver. 2018)
and Adobe Illustrator (Adobe Illustrator CC ver. 2019) software
were employed to process the photos and images. Traditional
methods (such as Leonardi, 1987) were used to measure the

footprint geometry and dimensions. Due to the quality of footprint

preservation, only the footprint length (FL), width (FW), and the
trackway outer width (OW) were utilized.

3. Results

The layer discussed is 30 cm thick and has an uneven upper surface
marked by more than 200 depressions of varying sizes and depths.
These depressions have different shapes, including round, elliptical,
egg-shaped, and triangular, and some overlap while others do not.
A significant feature is the dark color within the depressions,
contrasting with the lighter surface of the layer. The author (N.A.)
has been questioning whether these are animal footprints or merely
non-biological depressions. The irregular arrangement and poor
preservation have made it challenging to identify them as footprints.

With the advancement of artificial intelligence (Al), attempts
were made to analyze the depressions to determine their nature.
Unfortunately, the Al systems produced nonsensical images,
making it difficult to establish order among the depressions.
Despite this, by referencing photographs and manually modeling
the relationships between depressions, the author reconstructed at
least four trackways, suggesting the depressions likely belong to
dinosaur tracks based on their repetitive patterns and arrangement.
The examination of the prospective footprints revealed four distinct
tracks. The first track features pairs spaced about half a meter apart,
with sizes varying from 10 to 20 centimeters. The second track
consists of three to four elliptical tracks, repeated at around one
meter apart. The third path is characterized by pairs of tracks in a
narrow arrangement with the front track being larger. The fourth
track includes five pairs of smaller, round tracks, with some having
single tracks at the ends. However, determining the direction of
movement is impossible due to the lack of defining features.

The fossilization process of footprints, known as taphonomy, is
important for studying these fossils from their creation to discovery.
Footprints stay where they were made, helping to reconstruct past
environmental conditions. Several factors affect the quality of
fossilization, including sediment size, water content, sediment
plasticity, the animal’s characteristics, trampling, and burial speed,
along with post-burial processes like cementation and tectonic
changes.

The study examined the dark color of footprints compared
to the surrounding rock and questioned why the inside is darker.
In a continental setting, red layers are linked to iron oxide and
diagenetic processes (Walker, 1976; Amini, 2001). Footprint
samples showed specific sediment characteristics and minerals like
hematite, chalcopyrite, magnetite, and goethite, which contribute to

understanding the fossilization and paleoecological context.

4. Discussions

The fossilization process of footprints, known as ichnotaphonomy,
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is an important study in ichnology of the vertebrate’s footprint. It
includes everything from when a footprint is made to its discovery.
Footprints are valuable because they stay in one place, helping to
understand the ancient environmental conditions of a location.

Many factors affect the fossilization quality, such as sediment size,
water content, and animal characteristics. After burial, processes
like cementation can also impact quality. Post-exposure erosion can
further influence preservation. The study examined why the inside
of the footprints is darker than the surrounding rock and noted that
dark coloration in continental environments is linked to certain iron
oxides. Samples from the footprint site showed unique features,
like imbricated sandstone and traces of bioturbation, which provide
insights into paleoecological conditions.

The Shurijeh Formation is a geological unit shaped by the Late
Cimmerian process and formed in dry land conditions. It shares
similarities with some rock units in the other parts of Iran, having
been created during sea level fall and continental environment
developed. This formation was deposited in three stages. The
lower part indicates a sudden deposition of sediments in the form
of longitudinal dams, which were influenced by the movement of
transverse dams in braided river channels, leading to fine-grained
sand deposits. The middle part reflects depositions in the river’s
distal areas, often leaving behind fine sediments after floods. The
upper part was formed under fully meandering rivers in mostly dry
conditions, with few plant fossils found.

The Cretaceous period had higher levels of atmospheric CO, than
earlier periods, resulting in increased temperature and humidity that
caused extensive weathering of land. This deep weathering can be
seen in the dark layers of the Shurijeh Formation, which may be due
to the lateritization process. Fossil footprints in the formation can

be understood better, in this context. After fine-grained sandy layers
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were deposited, surface of sediments was bioturbated by dinosaur
movements, and it was possible to plant debris trapping in footprint
hollows. On the other hand, stagnant water in the footprints created
reduction conditions, and led to the transformation of iron from
Fe** to Fe?*. The rock fragment (RF), is considered here as a main
supplier of Fe**, were likely originated from nearby igneous rocks.
The formation of an iron sludge crust in the footprint pits was
influenced by microbial activities, which is often found in various
aquatic environments. This interaction of microorganisms and
sediment led to a darker color in the crust. Overall, the sediment
characteristics and biological activity during the deposition of the

Shurijeh Formation contributed significantly to its current features.

5. Conclusion

The search for and discovery of dinosaur footprints in the Iranian
Plateau can greatly aid in reconstructing its palacobiological
conditions. The sedimentary structures in the form of depressions
on the upper surface of one of the beds in the middle part of this
formation in the Ghozlogh section are footprints of small-bodied
tetrapod dinosaurs those moved in herds and groups. At least four
distinct movement paths can be identified in these footprints.
However, due to the poor preservation of the footprints, it is difficult
to determine the specific tetrapod dinosaur groups responsible for
them. The present research indicates these footprints were made
in hot, dry climatic conditions in a riverside environment. The
sedimentary bed containing these footprints is primarily composed
of iron oxide bearing detrital sediment. The fossilization process
involved the footprints being filled with water, forming small
ponds. Under anaerobic and reducing conditions, Fe** changed to
Fe?*" accompanied with bacteria activities, and finally, the footprints’

floor was cemented with hematite.
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A-B) Photograph taken in 1994 with an analog camera, C) Photograph taken in 2014,

D) Photograph taken in 2024, where the location of the layer is indicated by a yellow arrow and

parts of the top of the layer have eroded.
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Figure 4- A) Photograph of the studied layer with a numerous footprints left in dark color, B) Sketch of the

location of the footprints and trackways (TW1-4) among them, looking north ward.
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Figure 5. Images of chip and microscopic samples
from surface of the footprints, A) The upper part of
the layer is darker and rich in iron oxide (arrow) and
accompanied by lamination and traces of invertebrate
bioturbation (dashed circle is the location of the thin
section in Figure B). B-C) Concentration of iron
oxide, usually around or within the invertebrate
excavation (arrow), top of the images shows the top of
the layer. D-E) Concentration of hematite (Hem) and

Chalcopyrite (Ccp) minerals in cement or granular in

thin-polished sections.
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Figure 6. FE-SEM electron microscope image and chemical analysis of a band of clays (A), hematite (B), and ball-shaped bacterial

fossil, Metallosphaera sedula (C) in bed-rock samples of dinosaur footprint of the Shurijeh Formation.
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Figure 7. Cratonic images of stages of taphonomy of dinosaur footprints in the Shurijeh Formation. A) hole is created by the impact of a

dinosaur’s foot on soft sediment, B) Subsequently, during flooding, these holes are filled with water and may be surrounded by plant growth

around the footprints. Plant debris is also deposited in the hole. C) Creating a low-oxygen and acidic condition, along with the activity of

anaerobic bacteria and the presence of organic carbon in hot and dry weather conditions, causes the trivalent Fe** from the alteration of rock

fragments to be reduced and converted to divalent iron Fe*', in this transformation, the formation of pyrite or chalcopyrite minerals in the

presence of sulfates is considered an intermediate process, D) As environmental conditions shift to oxidant and alkaline, and the water in the

pits evaporates, and increasing of oxygen due to invertebrate bioturbation disturbance a precipitate of divalent iron oxide Fe** forms in the

shape of hematite cement at the bottom of the pits resulting from the footprints. The sun symbol shown in C-D indicates the prevailing warm

climate at the time of deposition.
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