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Fig. 5. Microscopic images of diagenesis processes in carbonate rocks of Amiran Formation. A) Blocky cement with
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the cavity resulting from dissolution.
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Fig. 6. Microscopic images of diagenesis processes in carbonate rocks of Amiran Formation. A) Mechanical compression in the Amiran
Formation, which caused the compression of skeletal components and longitudinal contacts between them. B) Stylolite, which caused
the dissolution and destruction of the shell of foraminifera and insoluble materials accumulated along it. C) Incremental neomorphism

process during which the micrite background is turning into microsparite (red arrows). D) Geopetal fabric. E) Physical compression
that caused the parts to be crushed. F) Decreased neomorphism in bivalve shells.
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Fig. 7. Microscopic images of diagenesis processes in carbonate rocks of Amiran Formation. A) Pyritization process. In picture
A, this process has happened in the cells of Globigerina fossil (red arrow), while in picture B, pyritization has continued in the

cavity porosity (red arrow). C) Matrix silicification (red arrow).
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Table 1. Changes of major and minor elements in the limestone samples in the studied section.

Sample | Sr/Mn | Sr/Na | %9 Ca | % Mg | Feppm Mn ppm Nappm | Sr ppm
11 132.60 6.42 38.84 0.29 69 28 280 1820
26 113.25 591 38.77 0.34 66 31 250 1540
34 156.47 7.71 38.48 0.48 196 24 345 2600
35 173.96 9.30 38.55 0.38 241 29 325 3050
37 136.80 10.18 38.72 0.33 327 31 320 3200
47 151.97 8.72 38.46 0.34 321 36 330 2860
50 167.85 9.39 38.49 0.51 309 33 350 3400
56 170.87 8.61 38.38 0.41 258 27 340 2850
59 192.21 9.28 38.05 0.83 316 26 320 2950
60 192.96 7.09 36.65 1.79 215 31 370 2650
63 181.16 9.32 38.25 0.62 290 43 490 4500
77 111.20 7.94 38.42 0.52 232 36 290 2300
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Abstract

The Amiran Formation with the age of Upper Maastrichtian - Paleocene is spread of in Lorestan region,
Zagros sedimentary basin. The purpose of this research is to investigate the primary mineralogy and the
type of diagenesis systems of the carbonate units of the Amiran Formation in southwest of Lorestan
based on elemental geochemistry and lithological studies. In this regard, a stratigraphic section
(Pirshamsoddin section) has been measured and sampled. The thickness of this section is 920 meters,
which its carbonate part has a thickness of 45 meters. The lower boundary of this formation is gradual
with Gurpi Formation and its upper boundary with Kashkan Formation is sharp. The diagenetic
processes affecting carbonate rocks include cementation, crystallization, compaction, silicification,
pyritization, and geopetal fabric. Based on lithological studies of carbonate rocks, the cements in this
section are often related to marine diagenetic environments, deep burial, and shallow burial close to the
surface diagenetic environments, as well as weakly atmospheric diagenesis. Moreover, biological
components have been slightly affected by dissolution caused by meteoric diagenesis. Therefore, the
dominant diagenesis system in the discussed sequence is a closed or slightly open diagenesis system.
The high ratio of St/Mn element, low values of Fe and Mn elements and high ratio of Sr element in the

studied samples and plotted of Sr/Ca values against Mn element indicate a dominant closed diagenesis
system for the carbonates of the Amiran Formation. The elemental analysis results indicate the primary
mineralogy of aragonite for the Amiran Formation. In addition the high ratio of St/Mn and Sr/Na in the
studied samples indicate a dominant closed diagenesis system in a weak and with the few exchange of
water-to-rock ratio (W/R) for the carbonates of Amiran Formation.

Keywords: Amiran Formation, Zagros basin, Diagenesis processes, Paragenetic sequence, Elemental
geochemistry

Introduction

The Amiran Formation (Upper Maastrichtian— basin of the Zagros Fold Belt during the Upper
Paleocene) is a  siliciclastic-carbonate Cretaceous to Paleocene. Diagenetic processes
formation in the Zagros Basin, deposited after significantly modify the composition, texture,
the Laramian orogenic phase in the Lurestan porosity, and permeability of sediments. Sea-
area. This phase involved major uplift, folding, level changes influence both these processes
and thrusting following the collision between and sedimentation in sedimentary rocks.
the Arabian continental crust and Central Iran. Diagenesis in siliciclastic rocks is affected by
Erosion of the Zagros orogenic belt and sediment origin, depositional systems, burial
Radiolarite-Ophiolite complex of the Zagros conditions, lithology, paleoclimate, burial
subduction zone produced terrigenous history, subsidence rates, sediment supply, and
materials, which were transported to tectonic activity. In carbonate rocks, factors
southeastern and southwestern regions due to such as geography, tectonics, sediment
oceanic crust uplift in the central and accumulation rate, particle size, early sediment
northeastern areas. These erosional deposits composition, sediment purity, and

formed the Amiran Formation in the foreland physicochemical conditions are critical. In
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geochemical  studies of the Amiran
Formation’s carbonate sediments, micritic
samples were analyzed to determine diagenetic
trends and processes. The nature of diagenetic
fluids, early mineralogy, and sedimentary
environments were investigated through major
and minor element analysis and isotopic
studies. Geochemical data on major elements
(Ca, Mg) and minor elements (Fe, Mn, Na, Sr)
provide insights into sediment mineralogy,
sedimentation rates, water temperature, redox
conditions, CO: content, and salinity. This
study aims to identify post-depositional
processes and establish the paragenetic
sequence of the carbonate and sandstone
deposits of the Amiran Formation using
petrographic  features and geochemical
analyses.

Materials and Methods

The study area lies 60 km southwest of
Khorramabad City in Lurestan Province
(N33°42'4", E47°51'24") within the Zagros
Fold-Thrust Belt. The Amiran Formation at
the Pirshamsedin section is 920 m thick. In
order to understand the diagenesis processes of
Amiran Formation in the studied section, 60
rock samples were taken from the desired
sequence in such a way as to cover the entire
sequence has given. From all the samples,
lithological thin sections were prepared and
studied by  Olympus-BH2  polarizing
microscope. Thin sections were stained by the
method (Dickson, 1965) by alizarin red
solution (ARS) to distinguish calcite minerals
from dolomite and potassium ferrocyanide
solution to distinguish iron-bearing dolomites.
Twelve limestone samples from this section
were analyzed for trace elements. Calcite
powder was extracted using a dental drill and
reacted with anhydrous phosphoric acid in a
vacuum at 72°C. The samples were analyzed
using atomic absorption spectrophotometry at
Ferdowsi University of Mashhad to determine
Ca, Mg, Sr, Na, and Fe concentrations.

Discussion and Results

Diagenesis
Limestones:  Diagenetic  processes in
carbonates include cementation,

crystallization, compaction, silicification,
pyritization, and geopetal fabric.

Carbonate Geochemistry

The concentrations of major (Ca, Mg) and
minor (Fe, Mn, Sr, Na) elements in limestone

samples were analyzed to determine the
original mineralogy and diagenetic systems.

In addition to petrographic evidence,
geochemical data were also used to interpret
the diagenetic conditions of the Amiran
Formation limestones in the studied area. The
mineralogical diversity of carbonates depends
on factors such as sea level positions, changes
in ocean floor spreading, CO2 pressure, and
others. Trace element analysis serves as a
useful tool for determining the extent of
diagenetic  processes  affecting  marine
carbonates. During meteoric diagenesis, Mn
concentration increases, whereas Sr
concentration decreases. Burial diagenesis is
characterized by an increase in Sr, Mn, and Na,
due to the relatively high salinity of interstitial
pore waters. Ancient limestones often lose
their strontium during diagenesis through
processes such as the transformation of
aragonite to calcite, dissolution, and interaction
with an open diagenetic system. The Sr content
in bulk samples of present-day tropical
environments ranges between 8,000 and
10,000 ppm (Milliman, 1974), whereas in
temperate carbonates, it ranges from 1,642 to
5,007 ppm. In the studied area, the Sr content
in marl samples ranges from 1,820 to 4,500
ppm. Sr content decreases with increasing low-
Mg calcite and increases with rising aragonite
content. Sr concentration is also influenced by
water temperature. The Sr content in the
studied carbonates is affected by a closed
diagenetic system, burial diagenesis, the initial
aragonite mineralogy, and the Sr concentration
of Cretaceous—Paleocene waters. Aragonite
retains high-ionic-radius elements like Sr?*.
When aragonite transforms into calcite during
diagenesis, its Sr content decreases. High Sr
levels may also indicate host rock dissolution
(Nader, 2017) or primary aragonite
mineralogy. The Sr content increases upward
in the studied sequence, potentially reflecting
stronger diagenetic processes (meteoric and
burial) on older, lower carbonates compared to
younger, upper carbonates. The Sr/Na ratio is
crucial for distinguishing primary aragonite
from calcite mineralogy, with higher Sr/Na
ratios indicating primary aragonite and lower
ratios suggesting primary calcite. The mean
St/Na ratio of 8.6 indicates predominantly
aragonitic deposits in the Amiran Formation.
The Na content of the limestones ranges
between 250 and 490 ppm. The lower Na
content compared to modern aragonitic
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carbonates may result from diagenetic
processes. Mn concentrations in the Amiran
Formation limestones range from 24 to 36
ppm. The lack of meteoric diagenesis could
explain the reduced Mn levels, as the Mn
distribution coefficient is approximately 15,
and meteoric waters have high Mn
concentrations. Factors such as increased
sedimentation rates, oxidizing conditions, and
the absence of meteoric diagenesis likely
contributed to lower Mn levels. The narrow
range of Mn variation suggests an initial
aragonitic mineralogy. Burial diagenesis tends
to lower Mn levels while increasing Sr, as
shown in the Sr vs. Mn plot. In diagenetic
systems, greater water-rock interaction reduces
the Sr/Ca ratio. In closed diagenetic systems
with limited water-rock interaction, the Sr/Ca
ratio shows minor changes from primary
compositions. The high Sr/Ca ratio and
relatively low Mn levels in the Amiran
Formation carbonates suggest a closed
diagenetic system. The low Fe and Mn
concentrations likely reflect a more reducing
environment. The low Fe and Mn levels might
also correspond to deposition in offshore
settings below the storm wave base, as
observed in the Amiran Formation
microfacies. A comparison of the Amiran
limestones with the Mozduran Formation
(Adabi & Rao, 1991), the Gordon Limestone
of Tasmania (Rao, 1990), and modern tropical
aragonites (Milliman, 1974) shows that most
samples fall within the range of aragonitic
carbonate rocks of the Mozduran Formation
and Gordon Limestone. Consequently, burial
diagenesis has increased Sr levels and
decreased Mn levels in these deposits
compared to present-day tropical aragonitic
limestones. The high St/Mn, Sr/Ca, and low Fe
and Mn concentrations, along with elevated Sr

levels in the studied samples, indicate a closed
to semi-closed diagenetic system with limited
water-rock interaction (W/R). The integration
of petrographic and elemental geochemistry
results highlights a predominantly closed
diagenetic system with an initially aragonitic
mineralogy. Additionally, the presence of a
relatively minor and short-lived erosional
discontinuity, climate conditions, intrinsic rock
factors such as permeability, initial
mineralogy, and diagenetic potential, which
likely controlled water-rock ratios, has led to a
weak semi-closed diagenetic system in the
upper sequence. Biotic components in the
studied sequence show minimal dissolution
due to meteoric diagenesis, suggesting a
predominantly closed diagenetic system
transitioning to a semi-closed system in the
upper parts of the sequence.

Conclusion
Diagenetic processes in the Amiran Formation
include cementation, crystallization,

compaction, silicification, pyritization, and
geopetal fabric in carbonates. Based on
lithological studies of carbonate rocks, the
cements in this section are often related to
marine diagenetic environments, deep burial,
and shallow burial close to the surface
diagenetic environments, as well as weakly
atmospheric diagenesis. Moreover, biological
components have been slightly affected by
dissolution caused by meteoric diagenesis.
Therefore, the dominant diagenesis system in
the discussed sequence is a closed or slightly
open diagenesis system. Geochemical analyses
confirm a primary aragonite mineralogy and
limited rock-water interaction, indicative of a
closed to semi-closed diagenetic system.



