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Origin of dolomitizing fluids based on crystal texture and elemental composition (case study: Asmari
Formation, North Lurestan)

S. Taghdisi Nikbakht®*, Y. Nasiri!, M. sedaghatnia?

1) Assist. Prof., Department of Geology, Faculty of Sciences, University of Gonabad, Gonabad, Ir
2) PhD Graduate, Central Laboratory Expert of Lorestan Ui‘rsity, Khorramabad

Abstract

Research on dolomite has long been of great importance in the earth sCiences. This study f@euses on the
dolomites of the Asmari Formation and investigates the omiti processes. In
stratigraphic section with a thickness of 87 meters was sele@ ern flank of the
anticline and sampled. Major and trace elements, as
EDX and XRF methods. Crystal texture parameters a osition were also examined at finer
scales. The CaO content at the Edﬁf dolomite crystals 2neous compared to the crystal

centers, whereas the CaO contenti crystal centers i nogeneous. The difference in
MgO content between the edges and centers of dolo mall. A negative correlation
between MgO and CaO is more pronounced at the crys an
at the centers of gdolomite crystals are closer to th I compos 2”studied dolomites are mostly
calcium-rich. Analysis of V/(V+Ni), Th/U, Sr/Ba, a Srratios in the carbonates of the Asmari Formation,
together with dol ates that dolomite formation was associated with
evaporative £sses: nt (REE) characteristics and trace element signatures

s is relative
ece

of the dolom mation resulted from mixing-zone dolomitization and
burial dolemitization. itization model for the Asmari Formation in the studied section occurred in
three n‘* i mitization during the early stage, mixing-zone dolomitization during the
interme stage, a itization during the late stage. This study demonstrates that dolomite

ation is a complex pr
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Geological map of Iran showing the location of the Zagros Orogenic Belt in the southwestern part
Subdivisions of the Zagros Fold-Thrust Belt and the location of the study area in the Lurestan
raphic location and access routes to the studied section. (d) Cenozoic lithostratigraphic column

of the Zagros Basin, indicating the position of the Asmari Formation and its equivalent formations. Modified
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Figure 3: ostratigraphic units of the studied section. (a) View of the Asmari Formation in the studied
section along with its underlying and overlying formations (view to the north). (b) Weathered horizon
approximately 2 meters thick at the boundary between the Shahbazan and Asmari formations (image length =
3 meters). (c) Thick-bedded dolomitic limestone. (d) Medium- to thick-bedded limestone. (e) Thin-bedded



limestone containing echinoderm fossils. (f) Medium-bedded limestone containing bivalve fossils. (@)
Medium- to thick-bedded, gray limestone containing bivalve fossils.
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Figure 5: (a) Fine-crystalline dolomites under a polarizing microscope. (b) Scanning electron microscope
(SEM) image of the fine-crystalline dolomites from sample (a). Images c to e, respectively, display

sedimentary evidence of dolomicrites (algal laminae, fenestral porosity, and mud intraclasts).
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SEM MAG: 3.00 kx _ Date{midly): 1072417 Lorestan University

-crystalline dolomites under a polarizing microscope. (b) Scanning electron microscope
f the medium-crystalline dolomites from sample (a).
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stalline, zoned dolomites scattered and floating within a micritic matrix.
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weight percent (wt%).

Samples | Al,O3 Fe 03
0.1
1.01
0.02
0.2
0.1

0.5

polie anlllas 550 dihaie )3 (6 lew] Wile glacly,S ICP-MS LT s ¥ Jsor

lysis results of the carbonates from the Asmari Formation in the study area. Values are
(ppm).

Samples | Ti V Mn | Ni Sr Ba Th U
1 101 | 1.5 | 30.2 | 5.6 | 155.96 | 10.56 | 1.05 | 0.6

2 98 | 2.1 | 158 | 1.7 | 22547 | 256 | 04 | 0.11

3 75 | 3.95|40.15| 2.4 | 118.74 | 19.17 | 0.61 | 0.21

4 68 | 0.68 | 115.9 | 3.6 | 98.68 | 16.42 | 0.24 | 0.38

5

6

120 | 1.02 | 98.71 | 2.8 | 69.78 | 18.73 | 0.12 | 0.51
145 1 0.54 | 66.7 | 1.9 | 195.25| 19.50 | 0.75 | 0.73
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Table 3: EDX analysis results of Ca and Mg values as spot measurements on the edg ters of

dolomite crystals.

u

Points | Ca | Mg Points | Ca
1 45.6
2 44.2
3 39.7
4 325 | 155
334 | 14.0
Inside of 376 | 134
doloites . 405 | 14.1
33.7 | 135
32.1 | 15.8
336 | 143
419 | 136
317 | 15.1
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Figure 11: Positive linear correlatiogetween Al,O5
indicating limited terrigenous input into the basin.
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Figure 12: Plot of samples within fields I and Il on the Sr vs. Mn/Sr diagram, indicating the influence of
multiple diagenetic processes (multi-stage) on the deposits of the Asmari Formation in the study area.
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Origin of dolomitizing fluids based on crystal tex
Formation,

I co sition (case study: Asmari

Lurestan)

1- Abstract ‘

This st ocuses 0
ﬁ?is regard, a stratigra

r
Th

of the Asmari Formation and investigates their dolomitization processes.
ith a thickness of 87 meters was selected on the northern flank of the
pled. The CaO content at the edges of dolomite crystals is more heterogeneous
whereas the CaO content in the crystal centers is relatively more homogeneous.
nt between the edges and centers of dolomite crystals is relatively small. A
een MgO and CaO is more pronounced at the crystal edges than at the centers. The
at the centers of dolomite crystals are closer to the ideal composition. The studied
calcium-rich. Analysis of VV/(V+Ni), Th/U, Sr/Ba, and Mn/Sr ratios in the carbonates of
tion, together with dolomite crystal texture parameters, indicates that dolomite formation
ith evaporative processes. Furthermore, the rare earth element (REE) characteristics and trace
atures of the dolomites suggest that the dolomites in this formation resulted from mixing-zone
ization and burial dolomitization. The dolomitization model for the Asmari Formation in the studied
curred in three main stages: evaporative dolomitization during the early stage, mixing-zone
n during the intermediate stage, and burial dolomitization during the late stage.

The process of dolomite formation, one of the most significant sedimentary mineralization processes, has long
been a focal point of Earth sciences research. In contrast to modern carbonate sediments, which consist mainly
of calcite and aragonite, dolomite—although rare at surface temperatures below 80°C and forming at low
rates—is abundantly found in ancient marine carbonate sequences (Jinghwa and Siegenthaler 2010; Roberts
2024). Various models have been proposed for the diagenesis and mechanisms of dolomitization, including:
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seepage-reflux dolomitization, capillary-concentration dolomitization, sabkha dolomitization, mixing-zone
dolomitization, recrystallization dolomitization, burial dolomitization, thermal convection of seawater
dolomitization, and hydrothermal dolomitization controlled by tectonic structures (Zhao et al. 2018). Each of
these models reflects specific geological conditions during either syn-depositional or post-burial processes;
however, a standardized classification based on diagenetic models is still Iackmg (Huang et al. 2022).
Geochemical methods have become fundamental tools in recent years for inves the origin and
formation mechanisms of dolomite (Compton et al. 2001; Rameil 2008). Sedimentary Iy, through
the analysis of elemental concentrations and dolomite mineralogy, contributes to understandin
depositional environment characteristics, and rock evolution processes (Veizer and Demovic 197 Ivo et

al. 1995; Vincent et al. 2006). Parameters related to dolomite_crystal structure, such sdegr gand
cell dimensions, are microscopic indicators for studying (ienwronment and f ms of
dolomite (Liu and Wang 1998; Zhong et al. 2009). Furthermore, electron microp utilizing
advanced microanalytical technologies, can precisely determine co ic- trace element
dlstrlbutlons W|th|n dolomlte crystals These data enable the reco history of

changes in depositional environment, the geochemical chara itizi ids, origin of
dolomite in the Asmari Formation within the Lurestan sedim i

3- Materials & Methods

The present research is based #ervations usi
microscopy (SEM), measurements of major and trac
EDX, XRF, and ICP-MS data. The results of this stu
dolomitizing fluids,during the Oligo-Miocene in th
were collected fro
thin sections were
microscope

opy and scanning electron
mite crystal structure, and
understanding the origin of
sin. In this study, 87 samples
on in the studied section, from which petrographic
ied and imaged using an Olympus-BH2 polarizing
samples of the Asmari Formation carbonates were

nclusions

ve been identified in the Asmari Formation deposits within the studied section. These
e dolomites (dolomicrite), medium-crystalline dolomites (dolomicrosparite), coarse-
dolomites (dolosparite), and coarse-crystalline dolomites filling fractures. The
a and Mg were measured by EDX as spot analyses on fine and coarse dolomite crystals. In
margins (edges) and centers of dolomite crystals were analyzed as spot measurements. The
Increases in the upper sequences of the Asmari Formation. This increase is likely due to the
ent of meteoric freshwater in the dolomitization process in contact with the Gachsaran Formation.
Sr/Ba and Mn/Ti indices for the Asmari Formation shows that the samples from this formation in
have Sr/Ba values ranging from 3.72 to 14.76 (average 8.25%), which is significantly above the
threshold saline environment. The Mn/Ti values range from 0.16 to 1.70 (average 0.66%), which falls
within th e of offshore marine sedimentation. Based on these distinguishing indices, the Asmari
Formation deposited in a relatively offshore marginal sea with moderate to high salinity characteristics.
The V/V+Ni ratio in the Asmari Formation deposits ranges from 0.15 to 0.62 (mean 0.33). The Th/U ratio in
the Asmari Formation deposits varies between 0.23 and 3.63 (mean 1.69). A comprehensive evaluation of the
redox proxies indicates that the Asmari Formation was deposited in an oxic environment. This points to a
decreasing trend in water depth within the depositional water body, transitioning from a shallow marine setting
towards coastal areas. Geochemical ratios such as V/(V+Ni), Th, Sr/Ba, and Mn/Sr indicate that the Asmari

the study
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Formation was primarily deposited in an epicontinental sea environment with low terrigenous input, high
seawater salinity, and oxic conditions. The overall sea-level trend during this period was regressive
(shallowing-upward succession). These conditions provided shallow, oxidizing, high-salinity environments
for evaporative syndepositional dolomitization in the upper part of the studied succession (in contact with the
Gachsaran Formation). The studied dolomites are characterized by high Ca and low Mg contents. These
observations indicate the influence of meteoric freshwater during the epigene enetlc process.
Petrographic and elemental geochemical evidence suggest that mixed-water fluids pla ificant role in
the dolomitization of this formation. Analysis of depositional environment changes and diagenetic fluid
characteristics reveals that dolomitization in the study area occurred during three main stages: earl iti
dolomitization, meteoric freshwater dolomitization, and buri dolomltlzatlon

Keywords: Dolomite model, Asmari Formation, Zagros, Lorestan
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