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ABSTRACT ARTICLE INFO 

In this research, a cross-section of the Gachsaran Formation in the Afrineh 

syncline (south of Lorestan) has been selected and sampled to understand 

the dolomitization model of this formation. This section, with a thickness 

of 380 meters, is located in 46 kilometers southwest of Khorram Abad 

and in the Zagros folded zone. The Gachsaran Formation in the studied 

area is situated on the Asmari carbonate Formation and is covered by the 

red clastics of the Aghajari Formation as a discontinuity. In this section, 
petrographic studies on 100 thin sections and geochemical studies on 17 

samples show the significant diagenetic processes in the Gachsaran 

Formation, such as the extensive dissolution and dolomitization. In this 

section, four groups of dolomites were identified: microcrystalline 

dolomites (first type), medium crystal (second type), coarse crystal (third 

type), and very coarse-crystalline dolomites filling fractures (fourth type, 

Baroque). The dolomitization mechanism is considered to be the tidal 

environment for the first-type dolomites, the mixing zone of saline and 

fresh water for the second- and third-type dolomites, and the burial model 

for the fourth-type dolomites. The presence of extensive mold porosity, 

fresh water calcite cement equant, fresh water vadose environment 

cements, regular and bright sugar grain dolomites, as well as medium 

crystal dolomites (dolomicrosparites) during shallow burial are evidence 

of a mixed type dolomitization model in Gachsaran Formation deposits. 

Evidence such as the preservation of primary sedimentary textures, 

including intraclasts, algal laminae, and fenestral fabric, the absence of 

fossils and evaporite minerals, and a high concentration of Sr and Mg 

elements indicate the formation of type 1 dolomites in a tidal 

environment. Additionally, coarse-grained dolomites with a high 

concentration of Fe and Mn and decreasing amounts of Sr and Mg indicate 

the formation of these dolomites during burial diagenesis.  
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Extended Abstract 

Introduction 
The mixed dolomitization model typically 

develops near the surface in carbonate rocks 

not associated with evaporites. In this model, 

the mixing of meteoric groundwater with up 

to 30% seawater causes the solution to 

become undersaturated with respect to calcite 

but supersaturated with respect to dolomite. 

Therefore, dolomitization is predicted for 

areas where seawater and meteoric water are 

mixed, where the salinity decreases, but a 

relatively stable Mg/Ca ratio. In this model, 

Mg+2 is derived from seawater and 

groundwater movement pumps dolomite-

forming fluids into the limestone. One of the 

notable characteristics of the Gachsaran 

Formation is its function as a cap rock over 

carbonate reservoirs, which has led to 

numerous studies focusing on its role in oil-

bearing regions in southern Iran. The aim of 

this study is to investigate the dolomitization 
model of the Gachsaran Formation in the 

Afrineh syncline. Since hybrid dolomites are 

formed in evaporative environments near the 

earth's surface where highly saline brines are 

in contact with fresh continental waters, it is 

predicted that the formation of hybrid 
dolomites in the Gachsaran Formation is not 

far-fetched given the depositional 

environment. 

The studied section is in the Afrineh syncline, 

46 km southwest of Khorram Abad city at 

coordinates 33°14'15"E and 47°52'8"N. This 

section is located within the Afrineh city, on 

the Khorramabad-Andimeshk freeway. 

Following the Asmari Formation, the 

Gachsaran Formation extends into the 

depression zones of Dezful, Lorestan, 

northern Iraq, southeastern Turkey, 

northeastern Syria, and toward the southern 

basin of the Persian Gulf. In the eastern Fars 

region, this formation changes facies into 

Mol, Chehel, and Champeh, while in adjacent 

Zagros thrust areas, it becomes the Razak and 

this phenomenon is also seen to the northeast 

of Iraq. Considering all the properties of the 

formations after the Asmari, this entire 

sequence indicates a general regression phase 

with a smaller progradation phase during the 

time of the Mishan Formation. All post-

Asmari sediments can be described during 

different stages of Zagros orogeny. Whereas 

the Gachsaran Formation and its equivalents 

were deposited in sabkha, lagoonal, 

continental, and semi-continental settings, the 

Mishan Formation represents a relative 

marine transgression. Simultaneously with the 

deposition of the Mishan in the Dezful 

embyment and more southern areas, the 

continental sediments of Aghajari were 

deposited in environments such as 

meandering rivers, floodplains and deltas in 

more northern areas, such as Lorestan and the 

areas north of that embyment. 

 

Materials and methods 
In this study, a combination of field studies, 

petrography, and geochemical methods, such 

as major and minor elements, has been used to 

understand the dolomitization model of the 

Gachsaran Formation. The first stage involved 

fieldwork to investigate the stratigraphic 

section, measure thicknesses, and collect 

representative samples across the entire 380-

meter sequence. In total, 100 samples were 

collected from carbonate intervals. The 
second stage focused on preparation and 

petrographic examination of thin sections. 

These thin sections were prepared and 

analyzed using an Olympus-BH2 polarizing 

microscope at Gonabad University. Detailed 

descriptions and microfacies analyses were 
conducted to characterize the dolomite 

textures and diagenetic features. The third 

stage includes geochemical studies that have 

been carried out on the major and minor 

elements of the dolomites of the studied 

section. At this stage, 17 rock samples were 

selected from the collected samples, and 15 

grams of their micratic parts, free from any 

contamination, weathering, fractures, veins, 

joints, cracks, and fossils, were separated with 

a dental drill, and after pulverizing and 

homogenizing them in a planetary mill, they 

were subjected to elemental analysis using the 

EDX (Energy Dispersive X-ray) method. The 

samples were subjected to elemental analysis 

(EDX) in the Central Laboratory No. 1 of 

Lorestan University. The major elements (Ca, 

Mg) were measured in percent and the 

elements (Sr, Mn, Fe, Na) in ppm. The 

accuracy of the analyses was 0.5 percent for 

the major elements and ±5 ppm for the minor 

elements. Geochemical data diagrams were 

drawn using Excel 2012 software. At this 

stage, scanning electron microscopy (SEM) 

imaging of the studied dolomites was also 

performed. Thin sections were stained using 

the Dickson (1965) method with Alizarin Red 
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(ARS) solution to distinguish calcite minerals 

from dolomite and potassium ferrocyanide 

solution to distinguish iron-bearing dolomites. 

 

Discussion 
The dolomites identified in the studied 

samples are divided into two groups: primary 

and secondary dolomites. The first type of 

dolomite (D1) is considered primary dolomite 

and the other dolomites (D2, D3, D4) are 

considered secondary dolomite. 17 samples of 

EDX analysis have been carried out from the 

studied cut dolomites. 

In general, four types of dolomites were 

recognized in the Gachsaran Formation as 

primary dolomites (dolomicrites) and 

secondary dolomites (dolomicrosparites, 

dolosparites, and very large-crystal dolomites 

filling cavities and fractures). Considering the 

fabric and very small size of dolomite crystals, 

the preservation of primary sedimentary 

textures, such as intraclasts, algal laminae, and 
fenestral fabric, the absence of fossils and 

evaporite minerals, and the lack of evidence 

indicating their formation under the influence 

of late diagenetic processes, it seems that the 

first type of dolomites (dolomicrites) formed 

under surface conditions, low temperatures, 
and in an intertidal environment. It seems that 

for the initial dolomitization or 

simultaneously with sedimentation, the only 

source of magnesium is seawater. This origin 

is considered only for type 1 dolomites, which 

were formed near the surface under low 

temperature conditions in a tidal zone, 

probably by seawater pumping into this zone. 

From the elemental geochemical evidence, 

primary dolomites have a higher 

concentration of strontium (Sr) than 

secondary dolomites, which is due to changes 

in the dolomite crystal fabric. Primary 

dolomites also have a higher concentration of 

sodium (Na) and magnesium (Mg) than 

secondary dolomites. The second type (D2) 

and third type (D3) dolomites are related to the 

mixed zone of seawater and atmospheric 

water. The presence of extensive cast 

porosity, freshwater equant calcite cements, 

and fresh water vadose environment cements, 

regular and bright granulated dolomites, and 

also medium-crystalline dolomites 

(dolomicrosparites) during shallow burial are 

evidence of the mixed-type dolomitization 

model in the deposits of the Gachsaran 

Formation. This model is related to 

dolomicrosparites and dolosparites. In this 

model, the dolomite-forming fluids result 

from the mixing of seawater with subsurface 

atmospheric waters. Atmospheric 

groundwater saturated with Co2 is mixed with 

seawater, and the resulting solution is 

unsaturated from the perspective of CaCo3 and 

supersaturated from the perspective of 

dolomite. In the identification of mixed zone 

dolomites, according to the textures and 

lithological structures, we can mention the 

widespread dissolution and formation of cast 

porosity in the greenstone aide facies, the 

formation of freshwater isodimensional 

calcite cement and special cements of the 

vadose environment, and the formation of 

dolomites in the grainstone facies. The mixed 

saline-freshwater dolomitization model 

(hybrid model) takes place near the surface 

and in carbonate rocks that are not 

accompanied by evaporites. The mixing of 

meteoric groundwater with a maximum of 
30% seawater causes the solution to be 

undersaturated with respect to the calcite 

phase, but the saturation increases for the 

dolomite phase. Therefore, dolomitization is 

predicted for areas where seawater is mixed 

with meteoric water, where the salinity 
decreases but the Mg/Ca ratio remains 

constant. In this model, Mg+2 are derived from 

seawater, and groundwater movement pumps 

dolomite-forming fluids into the limestones, 

causing the formation of mixed-zone 

dolomites. The dolomitization model of 

dolomicrosparites and sucrosic dolomites is 

attributed to this model. The main source of 

magnesium in this model is seawater. From 

the elemental geochemical evidence, 

secondary dolomites have a higher 

concentration of iron (Fe) and manganese 

(Mn) than primary dolomites, which is due to 

the reduction (burial) conditions for secondary 

dolomites. Also, in secondary dolomites, the 

concentration of strontium (Sr) and 

magnesium (Mg) elements is lower than in 

primary dolomites. It seems that the fourth 

type dolomites (D4) are the last generation of 

dolomites that have formed in the samples of 

the Gachsaran Formation and have filled the 

porosity resulting from fractures as dolomite 

cement. A typical example of this type of 

dolomites is the saddle type (baroque) that 

shows non-planar texture, curved surfaces and 

cleavage, and wave extinction, indicating their 

formation at temperatures above 60 ° C. In 
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some cases, cavity-filling dolomite cements 

that form at temperatures above the critical 

limit can locally form mosaic-shaped crystals 

with flat boundaries. The fourth type 

dolomites are attributed to the burial 

diagenesis model. This type of dolomite is the 

last generation of dolomites formed in the 

Gachsaran Formation and due to their 

formation under reduced conditions; they 

have higher amounts of iron (Fe) and 

manganese (Mn) in their crystal lattice than 

other dolomites. Finally, according to 

petrographic and geochemical evidence, the 

dolomites of the Gachsaran Formation can be 

considered from the tidal, mixed and then 

shallow to medium and deep burial model. 

 

Conclusion 
Based on petrographic evidence and elemental 

analysis of samples from a section of the 

Gachsaran Formation in Afrineh syncline, 

four groups of dolomites were identified (fine-
crystalline dolomites (type I), medium-

crystalline dolomites (type II), coarse-

crystalline dolomites (type III), and very 

coarse-crystalline baroque fracture-filling 

dolomites (type IV). The dolomitization 

mechanism for type I dolomites is considered 
to be a tidal environment, type II and type III 

dolomites are considered to be a mixed zone 

of seawater and freshwater, and type IV 

dolomites are considered to be a burial model. 

The presence of extensive moldic porosity, 

freshwater equant calcite cements, freshwater 

vadose environment cements, regular and 

bright sucrosic dolomites, and also medium-

crystalline dolomites (dolomicrosparites) 

during shallow burial are evidence of a mixed-

type dolomitization model in the deposits of 

the Gachsaran Formation. The preservation of 

primary sedimentary textures, such as 

intraclasts, algal laminae and fenestral fabric, 

the absence of fossils and evaporite minerals, 

the high concentration of Sr and Mg elements 

and the decrease in the concentration of Fe and 

Mn elements indicate the formation of first-

type dolomites in the tidal environment. The 

coarse-crystalline dolomites with high 

concentrations of Fe and Mn and the decrease 

in the amounts of Sr and Mg in them indicate 

the formation of these dolomites during burial 

diagenesis and reduction conditions, such that 

they appear turquoise blue after staining with 
alizarin red and potassium ferrocyanide. This 

group of dolomites (coarse-crystalline 

baroque type) is the last generation of 

dolomites that formed in the Gachsaran 

Formation in the study area. 
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Fig. 1. Geographical location and access routes to the studied section. 

The studied section is marked with a star. 
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Fig. 2. A part of the 1:100,000 geological map of Khorram Abad city showing the location of the Afrineh syncline. 

(Adapted from Fakhari, 1985 with with slight modifications). 
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Fig. 3. Stratigraphic column of Gachsaran Formation in the study area. 
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Fig. 4. Field photographs of the Formations present in the study area (Afrineh syncline). (a): Asmari, Gachsaran and 
Aghajari formations. (b): The extension of the Gachsaran Formation in the study area (c): the sharp boundary between 
the Gachsaran Formation and the Aghajari Formation in the study area (view toward the northeast). (d): Thin- bedded 

dolomitized carbonate units alternating with evaporite units. (e): Thick- bedded dolomitized carbonate units.  
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Fig. 5. Histogram showing the frequency of dolomite types developed in the Gachsaran Formation (Afrineh syncline). 
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Fig. 6. a: xenotopic first type dolomites under electron microscope. b: Euhedral first type Dolomites under the electron 
microscope.  
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Fig. 7. Sedimentary evidence of first-type dolomites: a: Dense and fossil-free fabric of the first-type dolomite. b: Algal 
lamina in the microcrystalline dolomite facies. c: Scattered fragments of quartz in microcrystalline dolomite 

microfacies. d: Fenestral porosity fabric in microcrystalline dolomite facies.  
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Fig. 8. a and b: Scanning electron microscope (SEM) image of second-type dolomites (medium-crystalline). 
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Fig. 9. a and b: The second-type dolomites (medium-crystalline) are the result of recrystallization of fine-crystalline 
dolomites. The red arrows indicate the primary texture (microcrystalline dolomite). 
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Fig. 10. a and b: Third-type dolomites (coarse-crystalline) under scanning electron microscope (SEM). Both images 

show the coarse crystalline dolomites that occupy the pore space. 
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Fig. 11. a: Iron-bearing dolomite cement formed in the pore space. The section is stained with alizarin red and 
potassium ferrocyanide. b: Coarse crystalline dolomites floating in the rock matrix. 
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Fig. 12. a and b: examples of very coarse-crystalline dolomites filling rock cavities under scanning electron microscope  
(SEM).  
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Fig. 13. a: Very coarse iron-bearing dolomites during deep burial diagenesis. The thin- section is stained with alizarin 

red and potassium ferrocyanide. The turquoise blue color of dolomite crystals indicates the presence of iron element in 

their lattice. b: the very coarse-crystalline dolomite (baroque type/saddle) is formed during deep-burial diagenesis.  
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Table 1. EDX analysis results of the dolomite samples in the studied section 

Mg/Ca (%) 
O 

(%) 
C (%) 

Na 

(ppm) 

Sr 

(ppm) 

Mn 

(ppm) 

Fe 

(ppm) 

Mg 

(%) 

Ca 

(%) 

Sample 

No. 
 

0.51 19.9 41.5 2000 9000 1000 2000 12.5 24.6 GS-1 

Dolomicrite  

(D1) 

0.55 25.9 40.4 4000 11000 100 6000 11.2 20.3 GS-2 

0.41 22.6 42.6 1000 7000 2000 1000 9.8 23.8 GS-3 

0.50 41.2 26 500 3000 1000 8000 10.5 21 GS-4 

0.52 40.9 23 6000 8000 200 2000 11.7 22.7 GS-5 

0.50 24.3 40.5 2000 4000 100 6000 11.3 22.5 GS-6 

Dolomicrosparite 

(D2) 

0.45 23.9 40.8 4000 8000 2000 1000 10.5 23.1 GS-7 

0.48 48 20.4 1000 1000 4000 5000 9.8 20.6 GS-8 

0.47 26.9 39.7 3000 2000 3000 7000 10.1 21.7 GS-9 

0.43 26.4 40.5 1000 100 2000 11000 9.5 22 GS-10 

Dolosparite  

(D3) 

0.49 22.6 44 2000 100 4000 5000 10.5 21.6 GS-11 

0.50 21.9 45.7 1000 1000 1000 9000 10.3 20.8 GS-12 

0.46 40.9 25.9 1000 2000 5000 8000 9.8 21.5 GS-13 

0.40 43.5 22.9 3000 1000 2000 12000 9 22.7 GS-14 

0.38 41.6 21.4 1000 1000 6000 15000 9.5 25 GS-15 
Saddle dolomite 

(D4) 
0.38 25.5 40.7 2000 200 4000 9000 8.9 23.2 GS-16 

0.45 22 45.1 1000 100 5000 11000 9.7 21.4 GS-17 
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Table 2. Average values of calcium and magnesium elements in the dolomites of the study area 
Mg (%) Ca (%) Dolomite Type 

11.14 22.48 D1 

10.43 21.97 D2 

9.82 21.72 D3 

9.37 23.20 D4 
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Fig. 14. Histogram of the frequency of major elements (calcium and magnesium) in the studied dolomites. 
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Fig. 15. Plot of magnesium versus calcium values. Coarser crystalline doloites have less magnesium content. 
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Fig. 16. Histogram of the frequency of trace elements (strontium, sodium, iron, and manganese) in the studied 
dolomites. 
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Table 3. Average values of trace elements in the dolomites of the study area 
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Fig. 17. Plot of Sr and Mg values in different types of dolomites in the studied section. The concentration of Sr in the 

first type dolomites (D1) is higher than in other dolomites. 
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Fig. 18. Plot of Fe and Mg values in different types of dolomites in the studied section. The concentration of Fe in third 
and fourth type dolomites (D3, D4) is higher than other dolomites 
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Fig. 19. Plot of Mn and Mg values in different types of dolomites in the studied section. The concentration of Mn in the 

third and fourth type dolomites (D3, D4) is higher than other dolomites. 
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Fig. 20. Plot of Na versus Mg values for all types of dolomites in the study area (the concentration of Na increases with 

higher values of Mg). 
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Fig. 21. Evidence of dissolution and development of cements in fresh water vadose environment. a: The formation of 
pendant cement under the grain. b: The formation of meniscus cement between grains. c: dissolution in aragonite 
ooides grains (red arrows) and formation of meteoric calcite cement between the grains (yellow arrows). d: Extensive 

dissolution in the ooide grainstone microfacies. E and f show dolomites extending into the grainstone ooids microfacies 
(yellow arrows). 
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Fig. 22. Dolomitization model of Gachsaran Formation in the study area (no scale) 
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