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1. Introduction

The study area is located in northwestern Iran, north and northeast
of the city of Tabriz. These deposits are estimated to be 700 meters
thick and, based on previous studies, belong to the Upper Red

Formation. These sediments include beds of sandstone, pebbly

ABSTRACT

The siliciclastic sediments studied are exposed in the northwest of Iran, northeast of Tabriz city. These
deposits are lithologically composed of sedimentary beds of sandstone, pebbly sandstone, mudstone,
claystone, conglomerate and shale. Sedimentary structures include trough and planar, herring bone
and hummocky cross stratification, ripple mark, slump fold, parting lineation, gutter structure and
flute mark. Microscopic petrological study of sandstones in these deposits reveals petrofacies of
Chert arenite, Calcarenite, Feldspathic litharenite, Sub-litharenite, and Lithic arkose. In this study, a
thickness of more than 200 meters was studied. The rock facies were identified based on sedimentary
features and structures. The study of the facies indicates the shallow marine environment with low
energy and storm-induced impacts at time intervals and relevant subenvironments. In order to analyze
the paleocurrent, 123 planar and linear structures indicating the direction of current were measured.
Related software was used to correct measurements made in inclined beds and a calculation method
was used for measurements related to reversed beds. Rose diagrams were drawn using GeoRose
software to show the direction of paleocurrent. Analysis of the paleocurrent in the presented diagrams
shows a dominant direction of north to northeast, which, along with the age of the sediments and
interpretation of the depositional environment, confirms the possible presence of the Paratethys Sea
in the Late Miocene in this area. Also, using the available data, diagrams were drawn to show changes
in the direction of paleocurrent in a vertical sequence, which, while showing changes in the direction

of paleocurrent over time, reveal anomalous time intervals that indicate tectonic events in the area.

sandstone, mudstone, claystone, conglomerate, and shale. The age
of these deposits is Lower Tortonian, based on the dating performed
by the Fission track method on the tuff bed that is present as an

interlayer within these sediments. The sedimentary units of this
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area include: the Upper Red Formation, the Tabriz Lignite Beds, the
Tabriz Fish Beds, the Maragheh Bone Beds, and the volcanoclastic
sediments resulting from the activity of the Sahand volcano. In terms
of relationship with adjacent formations, the studied sediments are
placed with a gradual boundary below the Tabriz Lignite Beds and
with an angular unconformity on the Upper Red Formation. Based on
the dating by the Fission track method and also the biostratigraphic
method, the Late Tortonian and Early Tortonian ages have been
proposed for the Lignite Beds and Fish Beds deposits, respectively.
The most important tectonic structure of the region is the Tabriz
strike-slip fault. This fault coincides with the collision site of the
Arabian and Eurasian plates on the Neo-Tethys arc-arc collision
zone. Geological evidence shows intense tectonic activities in the
region during the Upper Miocene. The tectonic movements of the
Tabriz fault, following the Alpine orogenic movements during the
Late Miocene, played a fundamental role in the formation of the
Neogene sedimentary basins of the Tabriz region. The main goal
of this study is to determine the paleogeography and the Paratethys
Sea during the Early Tortonian in the northwestern region of Iran
using facies data and sedimentary environment, and especially

paleocurrent data.

2. Research methodology

To study the facies and measure the sedimentary structures, a
200-meter-thick section was studied in the northeast of Tabriz. The
lithology of the sandstones was studied based on the Folk (1980)
classification. The studies of Einsele (2013) and Reading (2009)
were used to study the facies and determine the sedimentary
environment. To determine the direction of the paleocurrent, 124
sedimentary structures were measured, of which 94 were related
to plate structures and 30 were related to linear structures. Sedlog
software was used to display the measured stratigraphic column.
Stereonet and FaultKin software were used to analyze the direction
of the paleocurrent and to correct the inclined palnar-type strata.
For retilting the inclined and reversed beds related to the lineament
measurements, the formulas presented by TETAK (2018) were
used. In this method, the formula L=Pn-R+90° was used for normal
strata containing lineaments and the formula L=Pi-R-90° was used
for reversed strata containing lineaments, where Pn and Pi are
the dip (Dip D.) of the plane and R is the angle of the lineament
with the strike of the strata. GeoRose and Excel software were
used to present Rose diagrams and vertical sequence diagrams,
respectively. The stereonet drawing method was also used to verify

the accuracy of the calculations.

3. Results and discussions
In the first part of this research, the facies and sedimentary

environment of siliceous detrital sequences in the study area were

investigated. The Upper Red Formation in this area, from oldest
to newest, includes the geological units M=™, M=, M', and M.
The section studied in this research is related to the highest part of
this sequence (M*™ unit) that has been studied. This unit consists
of medium to very thick layers of sandstone, pebbly sandstone,
marl, siltstone, claystone, conglomerate, and shale, and is mostly
brown, reddish brown, gray, greenish gray, and cream in color.
The siltstone layers are generally reddish brown in color, but the
coarser-grained sandstone and conglomerate clasts are light gray
to white and sometimes brown. The sedimentary structures in
these deposits are Trough and Planar crossbedding, Herringbone
and hummocky cross St., flute cast, wave and current ripple
marks, parallel laminations cross laminations, groove cast, parting
lineation, and gutter cast. Microscopic study of thin sections of
these sandstones shows petrofacies of chertarenite, calcarenite,
feldspathic litharenite, sublitharenite, and lithic arkose.

The identified facies and associated subenvironments in
these sediments are summarized below: 1- Sandstones with wavy
ripple marks or cross laminations are formed in the Foreshore,
Shoreface and Backshore sub-environments in the shallow marine
environment (Nearshore). 2- Sandstones containing current ripples
are also formed above the base of wave action. 3- Sandstones
containing parallel laminations are formed in the shallow marine
environment and in the Backshore to Upper shoreface and Upper
offshore sub-environments and in shallow environments with
stormy conditions in the Proximal & distal tempestites area.
4- Sandstones with Hummocky cross-stratification are formed
in shallow marine environments with stormy conditions on the
shoreface and lesser in the distal tempestites (offshore). 5- Sand
deposits containing Herring bone structure are formed on the tidal
flat, in the intertidal zone and within tidal channels. 6- Sandstone
to pebbly sandstone deposits containing Planar-type crossbedding
are formed in the foreshore and shoreface in shallow marine
environments. 7- Siltstone in alternation with sandstone layers,
which are sometimes bioturbation is formed in under the Lower
Shoreface to Inner Shelf environment. The rest of the facies are
explained in the main text.

In general, according to the identified facies and sedimentary
structures, in addition to the formation of glauconite mineral,
it was a shallow marine environment with relatively low energy
and related subenvironments. Reasons why these deposits can be
related to the Paratethys Basin: 1- The shallow marine facies of
these deposits 2- The absolute age obtained from these sediments
is consistent with the period of expansion and advance of the
Paratethys Sea in the northwestern region of Iran. 3- The presence
of marine fossils known from the Paratethys Basin, including Fish
and Diatoms fossils, in the Lignite Beds and fish Beds deposits of
Tabriz, So that the Lignite Beds immediately above these strata
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are gradually transformed. In the second part of this study, using
measured paleocurrent direction data, rose diagrams were drawn,
and according to these diagrams, the dominant paleocurrent
direction in this basin was from south to northeast and east.

In this study, a diagram was drawn to show the changes in the
direction of the paleocurrent on the vertical axis of the sedimentary
sequence. According to this diagram, intervals with sudden changes
in the conditions of the sedimentary basin are observed, which
occurred in at least four time, and other parts of the diagram have
stable conditions or gentle changes in the direction of the current.
These stages can show the time intervals of the tectonic events of
the region and the activity of the Tabriz fault that caused changes in
the conditions of the sedimentary basin.

The study of the direction of paleocurrents indicates that a
sedimentary basin was present in the north to northeast of this area,
which, along with facies evidence and the depositional environment,
confirms the possible expansion and presence of the Paratethys Sea

in the Early Tortonian in this area.

4. Conclusion
Microscopic petrographic analysis of the sandstones in these
deposits reveals the presence of petrofacies including chert arenite,

calcarenite, feldspathic litharenite, sub-litharenite, and lithic

arkose. The study of sedimentary facies and structures of the lower
Tortonian deposits in the northern Tabriz region indicates a shallow
marine depositional environment with low energy conditions
that was intermittently influenced by storm events. Various sub-
environments, including shoreface, foreshore, and offshore, are
interpreted for these deposits. The sediments lack foraminiferal
microfossils, which can be attributed to the high-energy conditions
of the depositional setting, its clastic nature, and the chemical
characteristics of the sedimentary basin. Analysis of paleocurrent
directions based on measurements of planar and linear sedimentary
structures indicative of flow orientation shows that the dominant
current direction was towards the north and northeast. This result,
in combination with the identified depositional environment,
suggests the presence of a marine sedimentary basin to the north
and northeast of the region during the Late Miocene. This supports
the hypothesis of a probable expansion of the Eastern Paratethys
Sea during this time as far south as the Tabriz region, representing
a key finding of this research. Additionally, this study introduces
a novel method for enhancing the visualization of paleocurrent
directional changes within a vertical sequence, which can illustrate
the temporal variability of flow directions. The diagram plotted
for the studied sediments highlights time intervals marked by

anomalies or tectonic activity within the region.
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Figure 1- a) Study area in the map of Iran, b) Digital elevation satellite image of the northwestern region of Iran,

the study area is shown as a dark rectangle. NTF: North Tabriz Fault MF: Maragheh Fault.
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Table 1. Measured and calculated data of the plate structure components and the sedimentary strata containing them and the type of sedimentary

structure.
Cross Cross Cross Cross
g Bedding bedding bedding Bedding Sedimentary g Bedding bedding bedding Bedding Sedimentary
: (D.D/D) (Apparent (D.D/D) structure ; (D.D/D) (Apparent (D.D/D) structure
D.D/D) (True) D.D/D) (True)

1 180/55 180/45 360/10 Normal Planar 48 177/64 65\184 259/6 Normal Trough
2 180/55 178/70 173/15 Normal Planar 49 175/50 190/53 255/12 Normal Trough
3 181/70 195/75 253/14 Normal Trough 50 175/50 152/40 45/19 Normal Planar
4 181/70 168/87 143/21 Normal Trough 51 165/45 140/22 6/26 Normal Planar
5 25/65 215/88 8/28 Overturned Planar 52 150/42 140/30 352/13 Normal Planar
6 25/51 00/68 85/25 Overturned Planar 53 150/42 173/67 194/31 Normal Trough
7 5/72 345/80 78/22 Overturned Planar 54 150/42 160/65 172/24 Normal Trough
8 18/75 34/90 330/10 Overturned Cross lam. 55 155/72 125/40 5/40 Normal Planar
9 05/52 350/40 158/15 Overturned Trough 56 155/72 148/50 348/23 Normal Planar
10 05/52 357/58 345/8 Overturned Planar 57 155/72 171/58 292/20 Normal Planar
11 10/70 185/80 22/30 Overturned Cross lam. 58 179/51 175/71 168/20 Normal Trough
12 12/75 10/60 187/16 Overturned Trough 59 179/51 164/43 48/13 Normal Trough
13 185/85 355/80 67/11 Normal Planar 60 179/51 160/75 139/29 Normal Trough
14 185/85 194/65 343/22 Normal Trough 61 186/55 133/40 58/41 Normal Planar
15 12/85 205/75 335/25 Overturned Cross lam. 62 168/50 180/70 198/22 Normal Trough
16 12/82 190/80 20/18 Overturned Trough 63 168/50 155/30 6/22 Normal Planar
17 12/82 355/75 120/16 Overturned Trough 64 196/70 180/55 56/21 Normal Planar
18 198/83 185/60 44/26 Normal Planar 65 190/45 173/56 134/17 Normal Planar
19 180/59 166/60 91/12 Normal Planar 66 181/71 170/69 78/10 Normal Planar
20 156/61 175/73 216/21 Normal Planar 67 181/71 173/65 50/9 Normal Planar
21 170/60 184/64 245/13 Normal Planar 68 165/69 179/41 327/30 Normal Trough
22 170/60 177/75 195/16 Normal Planar 69 165/69 162/28 347/41 Normal Trough
23 174/59 190/53 293/15 Normal Planar 70 165/48 170/33 334/15 Normal Planar
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Continued from Table 1. Measured and calculated data of the plate structure components and the sedimentary strata containing them and the

type of sedimentary structure.

Cross Cross Cross Cross

Z Bedding bedding bedding . Sedimentary | 2 Bedding bedding bedding . Sedimentary
° (D.D/D) (Apparent (D.D/D) Bedding structure ° (D.D/D) (Apparent (D.D/D) Bedding structure

D.D/D) (True) D.D/D) (True)
24 155/65 178/35 311/34 Normal Trough 71 165/48 115/23 15/37 Normal Planar
25 172/81 195/66 299/26 Normal Planar 72 162/46 150/50 92/10 Normal Planar
26 175/71 178/70 285/3 Normal Planar 73 158/42 148/58 130/18 Normal Trough
27 183/60 143/56 76/34 Normal Planar 74 168/43 115/55 75/41 Normal Planar
28 184/61 175/50 36/13 Normal Planar 75 192/45 225/38 312/23 Normal Trough
29 174/65 155/60 63/18 Normal Planar 76 182/40 160/47 108/17 Normal Planar
30 174/65 182/40 342/25 Normal Planar 77 182/40 155/50 109/21 Normal Planar
31 176/76 160/56 29/25 Normal Planar 78 170/30 224/28 288/25 Normal Planar
32 185/55 130/43 61/42 Normal Planar 79 170/30 188/40 224/14 Normal Planar
33 183/70 205/51 323/27 Normal Planar 80 170/30 86/24 34/36 Normal Planar
34 185/40 153/40 83/20 Normal Planar 81 155/35 165/51 182/17 Normal Trough
35 169/39 168/51 165/12 Normal Trough 82 10/50 23/56 302/13 Overturned Planar
36 169/39 165/46 146/7 Normal Trough 83 0/34 340/35 95/10 Overturned Trough
37 165/45 125/55 79/32 Normal Planar 84 20/45 353/25 177/25 Overturned Planar
38 125/40 155/36 239/19 Normal Trough 85 20/45 45/75 340/40 Overturned Planar
39 170/51 186/30 329/23 Normal Trough 86 08/60 22/69 306/16 Overturned Planar
40 180/65 172/75 142/12 Normal Trough 87 07/59 30/61 273/20 Overturned Trough
41 180/65 170/75 135/14 Normal Trough 88 25/51 355/52 120/24 Overturned Planar
42 174/65 157/70 98/16 Normal Trough 89 05/59 30/40 221/28 Overturned Planar
43 174/65 180/23 350/42 Normal Trough 90 175/29 210/74 220/51 Normal Trough
44 170/70 156/42 8/30 Normal Planar 91 160/36 150/49 129/15 Normal Planar
45 170/70 180/75 234/11 Normal Trough 92 160/36 130/24 19/19 Normal Planar
46 170/70 160/65 49/°10 Normal Planar 93 160/36 172/65 182/30 Normal Planar
47 170/70 170/61 350/9 Normal Trough
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Table 2. Measured and calculated data of the linear structure components and sedimentary strata containing them and the type of sedimentary

structure.
. Direction q Direction
Z Bedding Pitch | azimuth Bedding Structure level-2 Z Bedding Pitch | azimuth Bedding Structure
: (D.D/D) § (D.D/D)
(True) (True)

1 20/55 40E 150 Overturned Parting lineation 16 185/65 15E 290 Normal Flute Cast

2 5/65 10W 90 Overturned Parting lineation 17 185/40 20E 105 Normal Parting lineation

3 185/85 10E 105 Normal Flute Cast 18 191/45 30w 71 Normal Parting lineation

4 08/70 40W 58 Overturned Gutter cast 19 184/40 20w 44 Normal Flute Cast

5 | 17578 | 45E 130 Normal Ripple mark 20 | 18045 | 70W 200 Normal Flute Cast &
Swash mark

6 | 10070 | 20w 80 Overturned Beachcuspsand | 150,50 | gsp 334 Normal Parting lineation

Rill mark

7 185/85 40E 315 Normal Gutter cast 22 179/50 60w 29 Normal Flute Cast

8 195/85 40W 65 Normal Gutter cast 23 175/48 38E 123 Normal Parting lineation

9 25/70 53W 62 Overturned Parting lineation 24 196/70 70w 36 Normal Flute Cast
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Continued from Table 2. Measured and calculated data of the linear structure components and sedimentary strata containing them and the

type of sedimentary structure.

Beddin Direction Beddin Direction
? S| Pitch | azimuth Bedding Structure level-2 ? S | Ppitch azimuth Bedding Structure
§ (D.D/D) : (D.D/D)
(True) (True)

10 176/85 20W 66 Normal Flute Cast 25 168/68 30w 48 Normal Gutter cast

11 | 175/60 | 60E 145 Normal Parting lineation | 26 | 165/69 | 10W 65 Normal Beach cusps and
Rill mark

12 185/70 80w 15 Normal Gutter cast 27 170/50 0 310 Normal Imbrication

13 176/75 80w 6 Normal Parting lineation 28 162/46 40E 112 Normal Parting lineation

14 183/60 70W 23 Normal Parting lineation 29 158/42 108 238 Normal Sole Cast

15 185/61 85W 10 Normal Parting lineation 30 350/57 15w 65 Overturned Flute Cast
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Figure 4. Stratigraphic column of the studied section related to the Upper Miocene deposits of the northeastern region of Tabriz.
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Figure 5. Microscopic images of identified sandstone petrofacies including: a and f) feldspathic litharenite, b) lithic arkose, ¢) calcarenite,

d) chertarenite, e) sublitharenite, Qtz: quartz, Pl: plagioclase, Glt: glauconite, Op: opaque mineral, Ch: chert, Mos: muscovite,

Cb: carbonate cement, LIf: calcareous lithic, all images are Polarized light (Xpl).
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Figure 7. Rose diagrams showing the direction of paleocurrents based on measurements of sedimentary structures.
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Figure 8. Correction of the azimuth angles of the paleocurrent direction to remove

anomalies in the paleocurrent direction diagram.
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Figure 9. Diagrams drawn in five stages showing changes in the direction of paleocurrent on the vertical axis of the sedimentary sequence.
a) Diagram drawn for all measured data; b) Diagram drawn based on the corrected data according to Figure 8; ¢) Diagram drawn based on
58 selected data; d) Diagram drawn based on 34 selected measured data; e) Final stage with 34 measurements considering all section beds,
indicating changes in flow direction and time intervals with anomalies, the horizontal axis of the diagrams is the azimuth of the flow direction

and the vertical axis is the number of beds in the studied sequence, which are younger upwards.
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Figure 10. Paleogeographic map of the Paratethys Sea - Middle to Late Miocene (7-13 million years ago), a) Late Serravallian; b) Late
Tortonian. The dark rectangle is the study area, in map (a) the expansion stage of the Paratethys Sea during the Late Serravallian, the white
arrow shows the possible path of intrusion and expansion of the Paratethys Sea through the Araks river passage. This path has been proposed

by Reichenbacher et al. (2011). Map (b) showing the extensive retreat and drying of the Paratethys during the Late Tortonian. The original map

is taken from Popov et al. (2004).
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