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1. Introduction

ABSTRACT

The Lignite Beds of Tabriz are among of the Neogene formations in the northwestern area of Iran,
which is spread in the eastern suburb of Tabriz. Its sedimentary facies includes the facies groups of
fine grains clastics, sandstones, limestones and the facies of lignite, tuff and the microfacies and
petrofacies under them. In this study, two stratigraphic sections of these sediments in the eastern
part of Tabriz were studied and 171 samples and 42 thin sections were collected and studied. XRD
analysis for mineralogy and SEM electron microscopy for 3-dimensional studies were used to identify
microfossils. Identified fossils include the genera and species of gastropods, Pelecypods, ostracods,
fish, diatoms, charophyte algae, and foraminifera. The studied fossil assemblages includes species
from freshwater to euryhaline and marine. The identified sedimentary environments include the lake
basin environment, the shallow coastal environment and the marshy lake environment. In the studied
sedimentary strata, strong fossil evidence and sedimentological evidence of the marine environment
are not observed, at least during its lifetime. Therefore, it is concluded that the marine taxis in these

deposits remain and are adapted from a former marine environment.

The Lignite Beds are spread in the eastern and northwestern
suburbs of Tabriz in Sari-dagh Mountain and parts of the
inner area of Tabriz city. The deposits of Tabriz’s Fish
Beds Formation are exposed in the north and northwest
of Sahand Volcano, and Maragheh Bone Beds deposits
are exposed in the southern and southeastern slopes of

Sahand Volcano. Based on previous findings, the age of

these strata is equivalent to Poncian or Late Miocene to
Lower Pliocene (Rieben, 1935). Newly performed age
measurement (Reichenbacher et al., 2011) which was done
on both lignite layers and fish layer by Apatite and Zircon
fission track methods and biostratigraphy study, led us
to the revision of the age of these deposits. Based on the

findings of this research, the lignite Beds and fish Beds of
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Tabriz have the age of Lower Tortonian to Upper Tortonian
from Upper Miocene, respectively. This research focuses
on the upper part of Tabriz lignite Beds. Its achievements
are the introduction of stratigraphy, facies and sub-facies
related to these deposits, the collection of identified fossils
and the analysis of the sedimentary environment of these
deposits. Also, in the sedimentary environment analysis
section, the presence of fossils compatible with the marine
environment in these deposits is discussed. This study can
help to recognize and reconstruct the paleogeography during

the Upper Miocene in the region.

2. Research methodology

In this research, two stratigraphic sections were studied.
The Sari-Dagh section (Sa) located in the heights of
Sari-Dagh with a thickness of 188 meters and the Marzdaran
section (Ma) in Marzdaran town with a thickness of 34
meters, both sections located in the eastern area of Tabriz
city were studied. The number of collected samples is
171 and the number of thin sections is 42. Karaj Applied
Research Center electron microscope, ZEISS SIGMA VP
model was used to image two samples containing diatoms.
X-ray diffractometric analysis (XRD) of Tabriz Geological
Organization was used for mineralogical analysis of an iron
carbonate sample. A polarizing microscope was used for
petrographic studies. Folk’s classifications (Folk, 1980) have
been used to name sandstones, and Dunham’s classification
(Dunham, 1962) and Embry and Klovan (1971) have been
used to name carbonate rocks. In order to interpret the
paleoecological conditions of the sedimentary basin, the
fossils were studied and identified in terms of genus and
species, also, the information of fossils identified in previous

studies has been used.

3. Results

Field investigation and microscopic studies of Tabriz
Lignite Beds led to the classification and naming of facies
groups, facies, microfacies and petrofacies, that include:
the facies groups of limestones, sandstones, fine-grained
clastics and the facies of lignite and tuff and their subsets.
The facies group of limestones includes three microfacies

groups of mudstone-wackestone, fenestral mudstone and

stromatolite bondstone and related microfacies, the facies
group of sandstones includes two groups of petrofacies sheet
sandstones and delta front sandstone and the facies group
of fine-grained clastics includes the facies of laminated
marl, massive marl, claystone, and ferruginous mudstone
(Table 1). These facies indicate sedimentation in the
sedimentary environments of the lake basin, lake shore and
swamp margin. The evidence shows that the lake basin is
closed. The comparison of the Marzdaran section with the
Sari-Dagh section indicates a deeper environment. Field
and microscopic studies in Tabriz Lignite Beds led us to the
identification of various fossil traces inside these sediments.
We classify these fossils into two groups fauna and flora.
Animal fossils include: gastropods, bivalve shells, ostracods,
fish fossils and foraminifera, and plant fossils include:
diatoms, charophyte algae and plant leaf traces. The findings
of this research include paleontological, sedimentological
and facies evidences indicating that the sediments of Tabriz
Lignite Beds were deposited in a lacustrine environment. The
absence of major fossil collections and marine indicators is

the reason of a dominant non-marine environment.

4. Conclusion

Sedimentary facies, microfacies and petrofacies identified
in the studied sections are include of limestone microfacies,
sandstone petrofacies, fine-grained clastic facies and lignite
and tuff facies. These facies indicate sedimentation in the
sedimentary environments of the lake basin, lake shore
and swamp margin. On the other hand, the facies evidence
and their rapid vertically changes show that this basin is
closed. The comparison of the Marzdaran section with the
Sari-Dagh section indicates a deeper lake environment in
the deposits of this section. The fossil genera and species
were identified in these deposits, including bivalves of
Mytilopsis, Anodonta, Gastropods of Borysthenia naticina,
Hydrobiidae, Gyraulus, Planorbarius, Lymnaea peregra,
L. longiscata, Bithynia, Radix, Zonites and Gyralina,
Ostracods of Candona, Ilyocypris and Cyprideis, Diatoms
of  Biddulphia, Surirella, Coscinodiscus and Melosira,
Fishes of Leuciscus, Scardinius, Atherina and Aphanius,
foraminifera of Ammonia tepida and Plant fossils include

Charophyte and Typha and Nelumbo protospeciosa. Most of
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these fossils represent the environmental conditions of fresh can be remnants and adaptations from a previous marine
water to brackish water and a few are adapted to marine environment. The time period and paleogeography of the
conditions. It is concluded that the existing marine fossils studied area confirm this conclusion.
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Figure 2. Satellite image of Tabriz area and the area of lignite Beds outcrop, looking towards the NE.
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Figure 8. The stratigraphic column of the two studied sections of Tabriz lignite Beds, it should be noted that the sections Sal to Sa5 are continuous from

the bottom to the top respectively. The location of the two sections are shown in the geological map (Figure 7).
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Figure 9. XRD analysis of iron carbonate (siderite).
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Figure 10. a) The upper unconformity boundary of the lignite Beds with the fish Beds in Karga area in the east of Tabriz, looking towards the northeast,

b) The fault boundary of the lignite Beds and the upper Red Formation, Sari Dagh highlands in east of Tabriz, looking towards the northwest.
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Table 1. Classification of facies and conditions of their formation in the studied area.

Facies group, Facies, Microfacies, Petrofacies

Sedimentary environment, Creation condition, Chemical conditions of water

1 Facies group of
Limestones

Microfacies group of
Type A
(Mudstone-Wackestone)

Mudstone microfacies

Bivalve bioclast wackestone
microfacies

Ostracod bioclast wackestone
microfacies

Bivalve ostracod bioclast packstone
microfacies

Chara packstone microfacies

Shallow beach Area and photic zone of open and deep lakes

Microfacies group of
Type B
(Fenestral mudstone)

Fenestral bioclast mudstone
microfacies

Fenestral mudstone microfacies

The initial deposit has a lake origin, Emerging of the sediments from the water at the
edge of the lake and|exposing to the air (Intensity or emerging time less than calcrete)

Microfacies group of
TypeC
(Stromatolite Boundstone)

Stromatolite Boundstone
microfacies

Shallow beach Area and Freshwater environment

Microfacies group of

Microfacies of peloid mudstone,
Fenestral root mudstone, peloid
Fenestral mudstone, Fenestral

The initial deposit has a lake origin, Emerging of the sediments from the water and

((:T;;S?e?e] bloclast root wackestone, Fenestral exposuring to air at the margin ::;z::!;u‘\;\;i::teew::;\: energy conditions, indicative of
bioclast chara wackestone, Sand P 2
packstone
Subgroup E1 . .
{Sandstone- Shallow and marginal environment (Shoreface), progress and retreat of
} the lake due to climate changes
Petrofacies group of , " Claystone)
Petrofacies of Quartz arenite, — "
Type E o e Subgroup E2 Subgroup E2-1 The flow of turbidity current, the rise of the lake
Arkose, Subarkose, lithic arkose EE
(Sheet Sandstones) (Individual water level
5 Facies group of sheet Subgroup E2-2 The progressing of the delta towards the basin,
Sandstones Sandstone) the lowering of the |ake water level
Petrofacies group of Quartz arenite Petrofacies
Type F . e e
Sedimentation inside ditributary channels
(Delta front Sandstone) it
Subarkose Petrofacies
Massive marl facies The production of Oxic conditions
carbonate materials
In both with the Inflowing of " "
. ) Anoxic conditions
Laminated marl facies offshore and fine-grained debris
. . shallow
Facies group of fine grain il
3 clastics Mudstone facies margina Inflow of more debris into the basin
areas
Claystone facies lack of production or Inflowing of carbonate materials
Delta and
Ferruginous mudstone facies swamp High carbonate and low sulfide activity
environment
Marginal and inter-delta lake environments, humid weather, lack of clastics, stable
4 Lignite facies conditions of the lake surface, the presence of large amounts of macrophytes in the
marginal swamps.
5 Tuff facies el B et SRS Sedimentation inside the basin through the transfer of volcanic and detrital materials by

turbidity flow and falling from the air.
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Figure 11. a) Alternation of carbonate, lignite and marl facies in Sari Dagh section, looking towards the south; b) Bivalve bioclast wackestone microfacies

in microscopic view, (PPL light); ¢) View of limestone facies (Fenestral mudstone microfacies), Sari Dag section, looking towards the east;
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Figure 11. d) Fenestral mudstone microfacies in microscopic view (PPL light); ¢) Bondstone stromatolite microfacies in hand sample; f) Bondstone
stromatolite microfacies (PPL light); g) Fenestral root mudstone microfacies, Marzdaran section, looking toward north; h) Fenestral bioclast root
wackestone, containing sections of plant roots and shell fragments, (PPL light); i) Sandstone facies of type sheet sandstone (E) in between mudstone
facies, Sari Dag section, looking towards the east; j) lithic arkose Petrofacies, (XPL light); k) Sandstone facies of type Delta front Sandstone (F), Sari

Dagh section (due to the slope of the layer, image is rotated); 1) Subarkose Petrofacies (XPL light).
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Figure 12. a) Massive marl facies in hanf sample, contains ostracods, Sari Dagh section; b) Laminated marl facies, Marzdaran section; ¢) Ferruginous

mudstone facies, Sari Dagh section, looking toward the south;
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Figure 12. d) Siderite concretion in Ferruginous mudstone facies, Sari Dagh section; ¢) Microscopic view of iron carbonate (siderite) in Ferruginous

Mudstone facies, (PPL light); f) Lignite facies, Sari Dagh section, looking towards the east; g) Tuff facies, Marzdaran section, looking towards the north;

h)Microscopic view of Crystal lithic tuff petrofacies, arrow marks in the image show glass fragments (PP1 light).
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Table 2. Collection of fossils identified in lignite Beds and their ecological conditions.

Fauna/Flora Genus /Species Ecology
Dreissenidae Mytilopsis cf. leucophaeata Brackish
Bivalves
Unionidae Anodonta sp. Freshwater
Valvatidae Borysthenia naticina Freshwater
Hydrobiidae sp. Freshwater
Planorbidae Gyraulus sp. Freshwater (brackish)
Planorbidae Planorbarius cf. comeus Freshwater (brackish)
Lymnaeidae Lymnaea cf. peregra Freshwater (brackish)
Gastropoda

Lymnaeidae Lymnaea cf. longiscata

Freshwater (brackish)

Bithyniidea Bithynia sp. (Operculum)

Freshwater (brackish)

Lymnaeidae Radix sp. Freshwater (brackish)
Zonitidae cf. Zonites sp. Terrestrial
Pristilomatidae Gyralina sp. Terrestrial
Candona cf. iliensis Freshwater
Ostracods Ilyocypris gibba Freshwater- brackish
Cyprideissublittoralis adentata Brackish
Biddulphia sp. marine
Diatoms Surirella sp. euryhaline
Coscinodiscus cf. gigas marine
Melosira sp. euryhaline
Foraminifer Ammonia tepida Brackish

T a5 (598N (ol g dasl 35 5SS DAl 3 0ds Lot ale Gla o 46 gooes Y 5l

Table 3. Collection of fish fossils identified in lignite layers and their ecological conditions.

Fishes
Family Genus Species Ecology
Leuciscus aff. Leuciscus sp. Freshwater (brackish)
Cyprinidae -
Scardinius aff. Scardinius sp. Freshwater(brackish)
Atherinidae Atherina Atherina atropatiensis Marine-euryhaline
Cyprinodontidae Aphanius Aphanius persicus euryhaline

\F
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a) Lymnaea cf. longiscata; b) Lymnaea cf. peregra; c) Valvatidae borysthenia; d) Planorbidae gyraulus; ¢) Operculum of Bithyniidea

Bithynia; f) Hydrobiidae; g) Unionidae anodonta; h) Dreissenidae Mytilopsis cf. leucophaeata; 1) Planorbarius cf. comeus; j) Zonitidae cf.

Zonites sp.; K) Pristilomatidae Gyralina sp.

Figure 13. Gastropods and Bivalves identified in sediments from both Sari Dag and Marzadaran sections.
a) Lymnaea cf. longiscata; b) Lymnaea cf. peregra; c) Valvatidae borysthenia; d) Planorbidae gyraulus; ¢) Operculum of Bithyniidea
Bithynia; f) Hydrobiidae; g) Unionidae anodonta; h) Dreissenidae Mytilopsis cf. leucophaeata; 1) Planorbarius ctf. comeus; j) Zonitidae cf.

Zonites sp.; K) Pristilomatidae Gyralina sp.
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a-c) Candona cf. iliensis; d-g) Ilyocypris gibba; h-o) Cyprideis sublittoralis adentata, (Reichenbacher et al.,
2011) (Scale bar is 100 microns).

Figurel4. The studied ostracods from the lignite Beds in Sari Dagh section: a-c) Candona cf. iliensis
d-g) Ilyocypris gibba; h-o) Cyprideis sublittoralis adentata, (Reichenbacher et al., 2011) (Scale bar is 100 microns).

$lsole b Ammonia tepida 055, -\o KK
(09,510 ol ) 505150 (Sabouri et al., 2012)

Figure 15. foraminifera Ammonia tepida Sari

Dagh section (Sabouri, et al., 2012) (Scale bar

is 100 microns).

a) Atherina atropatiensis; b) Aphanius persicus «(% 3\ s ;i g 5wy 42 Olyl3 5 0 asllas 5 1) S8 Sl Sl b [t Jed 18 S
.(Reichenbacher et al., .2011; Carnevale et al., 2011)

Figure 16. Fish skeleton fossils from lignite Beds (Marzdaran study section, sedimentary layers No. 1 and 6), a) Atherina

atropatiensis; b) Aphanius persicus (Reichenbacher et al. 2011; Carnevale et al., 2011).
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Figure 17. Diatoms studied from lignite Beds, Marzadaran section, a) Surirella; b) Biddulphia, (Reichenbacher et al., 2011).

c-¢) Coscinodiscus cf. gigas; f) Melosira sp. (This study).
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Figure 18. a,b) Calcite stems and oogonia of Carophyta algae in Chara packstone microfacies; ¢) Oogonia of Carophyta; d) Carophyta algae

stem in microscopic section; e) Fossil stem and flower of Typha plant (laminated marl facies), Negin Park, Tabriz; f) Fossil plant Nelumbo

protospeciosa or lotus (laminated marl facies), Nagin Park, Tabriz.
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Figure 19. Rapid and interfinger transfer of fluvial conglomerate deposits to lacustrine deposits.
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Figure 20. Maps of the expansion of the Paratethys, Mediterranean and Zagros basins during the middle and late Miocene

and the location of Iran and the studied area (black rectangle), (Popov et al., 2004). a)Lower Serravallian (13-14 Ma);

b) Lower Tortonian (11-12 Ma).
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Figure 21. a) The sedimentary model of the lignite Beds basin, the approximate location of the studied sections Ma and Sa and the location of the sections of the

images b,c,d are specified in this image; b) Formation conditions of laminated and massive marl facies (section A-B in Fig. a); ¢) The formation environment

of Fenestral Mudstone limestone facies (calcrete), (section C-D); d) The formation environment of lignite facies, (section E-F), (Figures b to d redrawn from

Reading, 2009).
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