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Fig. 1. a) Tectonic map of Iran (after Alavi, 1991) in which the location of the section under study is showm, b) the

geographic location of the studied section.
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P=Permian, U. P. = Upper Permian, B. C. = Boundary Clay, P. L. = Paratirolites Limestone, M. T. = Middle Triassic,
E. H. = Extinction horizon, Non- S. grains = Non-Skeletal grains, Str. = Structure.
Fig. 2. The stratigraphic section and microfacies lists of the limestone facies of the uppermost part of Upper Permian
and Lower Triassic at Zal section, Julfa area. Abbreviations: P.= Permian, U. P. = Upper Permian, B.C. = Boundary
Clay, P. L. = Paratirolites Limestone, M. T. = Middle Triassic, E. H. = Extinction horizon, Non- S. grains = Non-Skeletal
grains, Str. = Structure.
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Fig. 3. Upper Permian deposits (upper Changhsingian Paratirolites Limestone and uppermost Changhsingian ‘“Boundary
Clay” and their upper boundary with Lower Triassic Elika Formation at Zal section, Julfa area, view toward East.

-
Elika Formation
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M. P. = Middle Permian, U. P. = Upper Permian :ol,Lass! . 3 pis
Fig. 4. a distant view of the Middle and Upper Permian as well as Lower and Middle Triassic Elika Formation at Zal section,
Julfa area, view toward NE. Abbreviations: M. P. = Middle Permian, U. P. = Upper Permian.
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Fig. 5. Field photographs of the Upper Permian and Lower Triassic deposits at Zal section, Julfa area. a) middle part of the
Lower Triassic Elika Formation with thrombolitic structure, b) thin- to medium-bedded limestones of the middle and upper
parts of the Lower Triassic Elika Formation that are overlain by the dolomites of the Middle Triassic Elika Formation, c)
Volcanic sill I the lower part of the Lower Triassic Elika Formation, d) Flat pebble conglomerate in lower part of the Lower
Triassic Elika Formation, e and f) Oncoidal limestones in the upper part of the Lower Triassic Elika Formation, g) Flat pebble
conglomerate in the upper part of the Lower Triassic Elika Formation, h) Red shales of “Boundary Clay” in Upper Permian-
Lower Triassic transition.
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Fig. 6. Field photograph from Lower Triassic Elika Formation, Zal section, Julfa area. a) Stromatolitic structure of the

upper part limestones of the Lower Triassic Elika Formation, b) Stromatolitic structure of the middle part limestones
of the Lower Triassic Elika Formation.
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Fig. 7. Photomicrographs of some thin sections of collected samples from Upper Permian Paratirolites Limestone, “Boundary
Clay” and Lower Triassic Elika Formation at Zal section, Julfa area. a) Sponge ostracod wackestone, sample P-9, Paratirolites
Limestone; b) Keratos spone packstone, sample P-10, Paratirolites Limestone; ¢) Sponge spicule ostracod wackestone, sample
BC-1, “Boundary Clay”; d) Mudstone, sample T-11, limestones in the lower part of the Lower Triassic Elika Formation; e)
Mudstone, pyrite-bearing limestones of the middle part of the Lower Triassic Elika Formation; f) Ostracod wackestone, sample
T-5, limestone in the lower part of the Lower Triassic Elika Formation; g) Keratos sponge wackestone, sample T-1, basal beds

of the lower limestones of the Lower Triassic Elika Formation; h) Peloidal wackestone, sample T-8, limestones of the lower
part of the Lower Triassic Elika Formation.



Ad \F.¥ QL'E.WQU 9 )L@ﬁ JY G)LDJ:# AY 0)55 “séﬁ)ls wuyyﬁ)

Peloid

Intraclast,

o el XY

de e 8 gl Ry
Claraia (a .lul> B I3 ooy 5o Bl wi3lw o 5 Wby ‘su&;T 3 oud Clold y sbodiges I golax I3 ablis 3l S e A S
Bioclastic peloidal (b sslouis sazme yols jlad LIS sladiuwgs Sl wijlw o935 Wby Sl Gk sSal T-159 4iges Wackestone
&Y Gk glasal [T-255 aiges Intraclastic wackestone (¢ (KWl oi3bw ¢ 35 (Wb y ow 25 s ST « T-2 aiges Wackestone
5 Wloads 5yl o oS5T (K s 9 3 5 b 35 (YL i LSl (T-242 4905 Oncoidal floatstone (d <Kl wijlw ¢y 5 Wb 5

Cortoidal folatstone (e «cus! 05,5 oy LuwsSST 55, » Cawglgd ool pmirod Dgu g0 sudline huzd i (S8 Yo (T Blybl 4o
€3 gt g 000l T 31 (6 3UT Laiid a5 ol (Sl puolie iy 33 595 i LSl 033l 0 ) ol ¥ (Slo iy LSBT T-177 aiges
4305 Sparitic microsphere wackestone (g <5l wijlw o 35 (b 5 YU Gk el T-215 «g05 dntraclastic floatstone (f
Wl o) by oy o Sl T-2 aiges Microgastropod packstone (h 45l wisle o p3 ol 5 ow 3 o gl T-7

20310 J g 5o Lo Ylosir| 45" 0 g o0 o0 liinn o] o) 30 (glassd e ySauo 1 ()BT a5 I
Fig. 8. Photomicrographs of some thin sections of the collected samples from Lower Triassic Elika Formation at Zal section,
Julfa area. a) Claraia wackestone, sample T-159, limestones of the middle part of the Lower Triassic Elika Formation, Claraia
shells have been recrystallized; b) Bioclastic peloidal wackestone, sample T-2, limestones of the lower part of the Lower Triassic
Elika Formation; c) Intraclastic wackestone, sample T-255, limestones of the upper part of the Lower Triassic Elika
Formation; d) Oncoidal floatstone, sample T-242, limestones of the upper part of the Lower Triassic Elika Formation, oncoids
are sparitic and with low micrite envelope, dolomite crystals have grown on oncoids; e) Cortoidal folatstone, sample T-177,
limestones of the middle part of the Elika Formation, skeletal grains form the cortoid nucleus which are partly preserved; g)
Sparitic microsphere wackestone, sample T-7, limestones of the lower part of the Lower Triassic Elika Formation; h)
Microgastropod packstone, sample T-2, limestones of the Lower part of the Lower Triassic Elika Formation with clotted
micrite in the background of microbial origin.
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Fig. 9. Photomicrographs of some thin sections of the collected samples from Lower Triassic Elika Formation at Zal section,
Julfa area. a) Ooidal grainstone, sample T-259, limestones of the upper part of the Lower Triassic Elika Formation, b) Ooidal
grainstone, sample T-257, limestones of the upper part of the Lower Triassic Elika Formation, ooids are with sparitic nucleus
that some of them have lost their original structures; ¢) Ooidal grainstone, sample T-60, limestones of the upper part of the
Lower Triassic Elika Formation, ooids are dolomitized and have no structure and only show ghost of ooids; d) Stromatolite
boundstone, sample T-217, limestones of the middle part of the Lower Triassic Elika Formation; f) Thrombolite boundstone,
sample T-147, limestones of the middle part of the Lower Triassic Elika Formation; g) Bioclastic wackestone, sample T-15,
limestones of the lower part of the Elika Formation, in this limestones micrite is in the form of clots and amorphous shapes; h)
Dolosparite, sample T-212, limestones of the upper part of the Lower Triassic Elika Formation.
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Abstract

One of the most complete sedimentary successions of the Upper Permian-Lower Triassic is located at
Zal section, in NW Iran. This section was examined in order to determine the microfacies changes and
depositional environment in uppermost Permian and through the entire Lower Triassic. The microfacies
change from deep deposits of the uppermost portion of the Paratirolites Limestone to the upper
Changhsingian Boundary Clay post-extinction facies is sharp lithologically and in terms of faunal
content. This change appears to be associated with shallowing but there is no evidence of erosion or
subaerial exposure. Despite of the presence of microgastropod packstone and bioclastic wackestone
with clotted appearance in their micritic matrix, which is indicative of microbial origin, at the beginning
of Triassic at the Zal section, but no microbial buildups such as thrombolite are observable in the
lowermost beds of the Elika Formation. Keratos sponge fabric, which has been previously reported only
from the uppermost beds of the upper Changhsingian Paratirolites Limestone at Zal section, has been
found both in uppermost Changhsingian Boundary Clay and in lowermost beds of the Lower Triassic
Elika Formation as post-extinction facies. Upper Permian to Lower Triassic transition at Zal section is
associated with considerable microfacies change from deep water setting to shallow water inner shelf
setting. Microbial carbonates appear in the upper beds of the lower part and in the middle and upper
parts of the Lower Triassic Elika Formation at Zal section, which unlike previous reports is mainly in
the form of stromatolite, and in a more limited way includes thrombolite, clotted micrite and cortoids.
The microfacies study of the Lower Triassic Elika Formation shows the prevalence of a shallow water
environment with energy fluctuations in different parts such as mudstone and bioclastic wackestone
(low energy), microbial buildups (medium energy) and intraclastic floatstone and ooidal grainstone
(high energy).

Keywords: Elika Formation, Lower Triassic, Environmental changes, Microbial carbonates, End-
Permian extinction

Introduction

The Lower and Middle Triassic deposits in Iran
generally include platform carbonate rocks that
overlie disconformably the Permian strata.
Lower and Middle Triassic sediments can be
divided into three distinct lithological units,
which include the lower thin-bedded limestone
unit, the middle dolomite unit, and the upper
limestone unit. Lower and Middle Triassic
sediments in Alborz generally consist of
limestone in the lower part and dolomite in the
upper part and are named as Elika Formation.
In the type section and other outcrops of the
Elika Formation in Alborz, the lower part of
the Elika Formation consists of platy
limestones and marly limestones, which can be
distinguished from the thick dolomites of the

upper parts by the characteristic of thin
bedding, worm-like structures, and the
presence of Claraia bivalves and small
gastropods. Due to the abundant presence of
worm-like structures in the limestones of the
lower part of Elika Formation, they are called
vermiculated lime. Dolomites and dolomitic
limestones in the upper part of Elika Formation
are massive and cliffy and are known as Elika
dolomites. In some areas of Alborz, such as
Veresk and Shahmirzad, the dolomites of the
upper part of the Elika Formation are overlain
by limestones known as the Veresk limestone,
which form the uppermost part of the Elika
Formation. As the Neotethys opened, the
Cimmerian blocks moved northward, and
subduction of the Paleotethys oceanic crust
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along the FEurasian margin was activated,
which continued for almost most of the
Permian to Triassic time. The presence of thick
deposits of the Elika Formation (up to 900 m,
for example, in the Shahmirzad and Versak
sections) compared to the Middle and Upper
Permian deposits of Alborz (up to 500 m in the
type sections of the Ruteh and Nessen
formations) was as the result of the general
transgression of the sea throughout Alborz at
the beginning of the Triassic. This increase in
the thickness of the sediments in the Lower
Triassic of Alborz is probably caused by the
approach of Alborz to the oblique subduction
zone of the Turan arc. The Elika Formation
overlies disconformably the Middle Permian
(Ruteh Formation) or Upper Permian (Nessen
Formation) rocks, and its upper boundary is
defined by disconformity discontinuity under
the Upper Triassic-Middle Jurassic shales and
sandstones of the Shamshak Formation.
Biostratigraphy, microfacies, depositional
environment, and sequence stratigraphy and
geochemistry of the Elika Formation in
different southern, western and eastern parts of
Alborz and limitedly in Julfa region have been
studied by several geologists. The Early
Triassic represents a long period of biotic
recovery after the end-Permian extinction,
which destroyed marine and terrestrial
ecosystems. The [Early Triassic was
characterized by instability in the carbon cycle
and global temperature  fluctuations,
suggesting that environmental perturbations
prevented  biotic  recovery. Increased
sedimentation rates and unusual temperature
changes probably contributed to the prolonged
recovery of the marine ecosystem after the end-
Permian biotic crisis. Strontium **’Sr isotope
values of Lower Triassic deposits in the Zal
section, in Julfa region, have been studied by
Sedlasek et al (2014). In Zal section, no
detailed studies have been carried out on the
microfacies and sedimentary environment of
the Lower Triassic deposits. Investigating the
depositional environment of Lower Triassic
carbonates in the Zal section provides the
possibility to evaluate the relationship between
environmental changes and its impact on
marine ecosystem changes after the end-
Permian extinction.

Materials and methods
In order to study the deposits of the uppermost
part of the Upper Permian and the Lower

Triassic and their microfacies and depositional
environment, the well-known Zal section in the
northwest of Iran was measured and sampled
(264 samples) including the uppermost beds of
the Paratirolites limestones (2 samples),
“Boundary Clay” (one sample) and Lower
Triassic limestones of the Elika Formation
(261 samples). Thin sections were prepared
from the collected samples and studied by
polarizing microscope. Tucker and Wright
(1990) and Fliigel (2010) were used to name
the microfacies and determine the depositional
environment.

Discussion of results

In  Paratirolites Limestone of upper
Chenghsingian age, which forms the basal part
of the section studied in the Zal section, with
faunal contents consisting of ammonoid,
ostracod, sponge spicule, radiolarian and
crinoid, microfacies mostly with micritic
background (such as bioclastic wackestone)
and intense biological disturbances indicate a
calm, deep and low-energy outer shelf
environment with a low sedimentation rate.

The existence of abundant assemblages of
benthic ostracods in the late Chenghsingian in
the Zal section indicates the presence of
abundant and sufficient oxygen in Paratirolites
Limestone. The presence of deep waters in the
upper deposits of Chenghsingian has been
recognized by the lack of evidence of erosion
in Aras section and other coeval deposits in the
Abadeh and Ali Bashi sections. Keratos sponge
packstone in transition from Paratirolites
Limestone to ‘“Boundary Clay” with a
calcitized fibrous network of sponges
embedded in a micritic matrix still represents
deep water conditions. The sponge packstone
microfacies, which was formed after the end-
Permian extinction event, as reported by Luo
and Reitner (2014) and Baud et al. (2021), was
first introduced as an indication of the end-
Permian extinction event by Leda et al. (2014)
and Gliwa. et al. (2020) and also as post-
extinction facies by Heindel et al. (2018) and
Foster et al., (2020). The coincidence of the
Keratos sponge fabric with thrombolite facies
of Griesbachian to Dienerian age has been
considered as a post-extinction feature. On the
other hand, the transition from the Paratirolites
Limestone to the uppermost Changhsingian
“Boundary Clay” indicates the cessation of
carbonate sedimentation and the end of fauna
dominance by small-shelled ostracods along
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with conodonts and ammonoids which is a sign
of the main environmental change. The
“Boundary Clay” facies has an important
lithological difference with the underlying
Paratirolites Limestone, as it is mostly
composed of shaly deposits. The depositional
environment of the “Boundary Clay” has been
controversial because some have considered a
low-energy outer shelf setting for it. and others
have suggested a shallow marine setting. There
is no evidence of emerging and erosion in the
“Boundary Clay”, but based on the color
change from red to pale green in the upper
shales of the “Boundary Clay”, it seems that a
shallowing condition has occurred in the upper
part of the “Boundary clay. This shallowing
condition should not be confused with
emerging, but it can be considered as a change
in sea level and depositional setting from the
outer shelf related to the sponge packstone at
the top of Paratirolites Limestone to the
middle shelf setting in the upper part of the
“Boundary Clay”. The beginning of the
deposition of new carbonate deposits named
Elika Formation is with microgastropod
(Blerophontids) packstone beds, which reflects
tempestites in the shallower middle ramp
position. The facies change from the
limestones containing the Changhsingian
fossil-bearing limestones to the limestones
with little fossil diversity in the Lower Triassic
shows the harsh conditions for organisms after
the end-Permian extinction, although the
presence of microgastropods, ostracods and
crinoids indicates relatively favorable marine
and somewhat oxygenated conditions for the
limited life of these organisms. The reason for

the low presence of fossil assemblages in the
Lower Triassic is due to persistent
environmental stress and long-term delay in the
recovery of environmental conditions for
organisms. The microgastropod packstone
microfacies is followed by ploidal bioclast
wackestone and bioclastic wackestone along
with spheres filled with sparry calcite related to
platy limestones of Claraia beds of the Elika
Formation. Sparitic spheres have been reported
in the Triassic deposits of Abadeh as well as
Oman and South China. The microgastropod
packstone and bioclastic wackestone at the
base of the Claraia beds also have a clotted
appearance that suggests a microbial origin,
but no microbial formations can be identified
at the base of the Lower Triassic deposits in the
Zal section. The depositional environment of

the basal parts of the Elika Formation shows an
inner shelf setting compared to the
Paratirolites Limestone and the underlying
“Boundary Clay”. The presence of oncoidal
wackestone above the basal parts of the
Claraia beds indicates a shallowing upward
trend. The presence of intraclastic
wackestone/floatstone in the lower and upper
parts of the studied section indicates the
existence of periodic high-energy storm
activity during the deposition of the Lower
Triassic deposits, which led to the removal of
the initial cement on the sea floor and their
crushing and redeposition after little
reworking. Microbial deposits are mainly
stromatolite, limited thrombolite and also in
the form of clotted micrite, and cortoids which
are observable in the upper portions of the
lower part and the middle and upper parts of
the Lower Triassic of Elika Formation in an
inner shelf setting. The presence of microbial
deposits in the Lower Triassic deposits have
been reported in the Tethys basin, such as the
Hambast section the Aras section the Tash and
Kalariz section, the Ali Bashi section, the Kuh-
e Surmeh section, the Shahreza section, and the
Dena Mountain section. The presence of oolitic
grainstone in the upper parts of the Lower
Triassic of the Elika Formation indicates an
energetic marine environment. On the other
hand, dolomites overlie this microfacies, which
are very difficult to interpret their sedimentary
environment because they do not show any
relicts of the primary texture. In general, during
the Lower Triassic, sedimentation took place in
the Zal section under shallow water conditions,
which was associated with energy fluctuations.

Conclusion

In this research, the details of the microfacies
changes and sedimentary environment of the
Upper Permian-Lower Triassic sequences at
the Zal section, in northwest Iran were
investigated. The transition from Upper
Permian to Lower Triassic deposits is
characterized by facies changes from outer
ramp to inner shelf environment. The presence
of Keratos sponge wackestone,
microgastropod  packstone and peloidal
wackestone at the base of Lower Triassic
deposits in the section under study shows that,
unlike Hambast Valley section in Abadeh
region, microbial formations were not formed
in this section at the beginning of Triassic time.
Nevertheless, clotted micrite of microbial
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origin can be detected in the basal beds of the
Zal section. The presence of keratos sponge in
the “Boundary Clay” beds and the basal beds
of the Elika Formation as a fabric after
extinction is reported for the first time in this
section. Contrary to previous reports, the
microbial formations in the Lower Triassic
deposits of the Elika Formation in the Zal
section are more of stromatolite type and to a
lesser extent, they include thrombolite, clotted
micrite and cortoid, which are mainly found in
the upper layers of the lower part and the
middle and upper parts of the Elika Formation.
Although the presence of skeletal elements
such as ostracod, sponge and bivalve can be
observed in the basal parts and limitedly in the

middle and upper parts of the studied sequence,
they have low abundance and diversity, which
shows the influence of long-term
environmental stresses in the environment.
Considering the distribution and type of
microfacies of Elika Formation in the studied
section, its depositional environment was of
shallow type with energy fluctuations. The
presence of intraclastic floatstone (in the lower
and middle parts) and ooidal grainstone (in the
upper parts) indicates high energy conditions.
The  bioclastic =~ wackestone,  peloidal
wackestone, and mudstone indicates low
energy conditions and the presence of
microbial formations indicates medium energy
conditions.



