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Fig. 1. Geographical location and access paths of the section under study (Publishers Geology, 2007) 
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Fig. 2. lithostratigraphy of Qaradagh section, south of Lake Urmia 
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Fig. 3. Geological map of the study area in Qaradagh section (Adapted from Sheet 1: 250000 Urmia, Shahrabi, 1993) 
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Fig. 4. Field images of the Qaradagh section: (a) general view of the studied section (view towards the southwest), (b) 
section layer containing progressive conglomerates containing iron oxide, (c) a horizon Laterite bauxite, which indicates 

tropical weather, (d,e) dark limestones containing fossils and gastropods, (f) thick-layered dolomites of Rote Formation. 
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Fig. 5. (a) Microscopic image of very fine dolomite with evaporate mineralization (sample 12), (b) Microscopic image of 
the stromatolite (sample 10), (c) Dolomite shows type 1 in which detrital quartz fragments are observed (sample 14). 
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Fig. 6. (a,b) Type 2 dolomites consisting mainly of dense and uniform crystals with amorphous and flat intercrystalline 

boundaries (Sample Nos. 38 and 40, respectively), (c) Crystalline dolomite containing stylolite and iron oxides that fill 
the veins and voids (Example 19) 
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Fig. 7. Contains dolosparites, white, dense, amorphous, crystalline mosaics (sample number 42) 
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Fig. 8. (a, b) Type 4 dolomite, which is a vein dolomite and has some molded pores (Sample No. 61 and 62). 
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Fig. 9. (a, b): Dolomite type 5, the crystals of these dolomites have flat boundaries.  
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Table 1. Mean values of principal and minor elements of dolomitized samples in the study area 

 

Type of 

dolomites Ca% Mg% Fe (ppm) Mn (ppm) Na (ppm) Sr (ppm) Mg/Ca 

12 1 30.97 9.33 1670 570 540 450 0.301259 

14 1 25.65 9.33 1734 358 405 307 0.363743 

16 1 27.71 11.93 1424 125 510 350 0.43053 

18 1 21.31 11.25 1284 115 560 288 0.527921 

20 1 21.95 11.51 1214 120 580 278 0.524374 

38 2 23.84 3.48 1248 113 608 200 0.145973 

40 2 25.89 3.31 1566 114 706 230 0.127849 

41 3 25.38 12.98 1337 112 503 233 0.511426 

42 3 27.78 11.35 1184 540 570 204 0.408567 

43 3 25.06 9.43 1268 103 582 210 0.376297 

44 3 27.45 9.79 1160 105 490 175 0.356648 

60 4 30.83 12.22 1708 227 480 162 0.396367 

62 4 22.15 10.57 1812 177 450 165 0.477201 

64 4 21.18 11.31 1092 177 550 166 0.533994 

66 4 25.77 10.77 1593 386 520 168 0.417928 

68 4 23.82 11.98 1484 375 786 173 0.502939 

70 4 23.45 10.29 1101 303 520 155 0.438806 
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Fig. 10. (a) Trend of changes in Mg, Ca / Mg ratio in dolomitic samples studied. (b) Draw diagram of magnesium vs. sodium 

dolomitic samples in the study area (Sodium concentration increases with increasing magnesium values), (c) Highest 
concentration Strontium in type 1 and type 2 dolomite and lowest in coarse crystalline and sparite dolomites. (d, e) Trends of 

iron and manganese changes in the dolomites of the study area. 
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Abstract 
In this study, the dolomitic part of the Permian deposits in the Qaradagh section, located in the south of 
Lake Urmia, has been studied and investigated from the perspective of lithology and geochemistry. 92 
samples were collected from the 202-meter-thick section. The petrographic studies were conducted by 
use of polarizing microscope, whereas the geochemical studies were accomplished using AAS method. 
The petrographic studies were carried out based on textural classification and based on that, two general 
groups of primary dolomites (at the same time as sedimentation) and secondary dolomites (after 
sedimentation) were identified. Primary dolomites include dolomicrites (very fine crystals) and 
secondary dolomites include sparites and dolomites filling holes. The geochemical studies are focused 
on main elements including Ca and Mg, and rare elements including Fe, Na, Si and Mn. Combining 
results from lithostratigraphic studies and elemental analysis, the formation environment of the studied 
dolomites concluded as follow: dolomicrites are deposited in supra-tidal to upper parts and inter-tidal 
zones, sparites are deposited in a shallow burial environment, and pore-filling dolomites are deposited 
in a deep burial environment by dolomitic fluids. 
 

Keywords: Carbonate rocks, Petrography, Geochemical, Magnesium, Qaradagh 
 
Introduction 
Carbonate rocks including limestone and 
dolomite are widespread throughout the world. 
Formations containing dolomite and dolomite-
forming fluids are one of the important topics 
in sedimentary geology. By using petrography 
and geochemistry, the conditions of dolomite 
formation can be investigated. The main 
elements (Mg, Ca) and minor elements (Sr, Na, 
Fe, Mn) are used to distinguish different types 
of dolomites. The aim of this study is to 
identify the types of dolomites in Qaradagh 
section using petrography and geochemistry. 
This section is located in the south of Lake 
Urmia, and despite the extensive dolomite, no 
research has been done on its textural and 
geochemical characteristics. This study deals 
with the determination of textural and 
geochemical characteristics of Permian 
dolomites in Qaradagh section and can help to 
understand the origin and effective processes in 
the formation of Permian rocks. 
 

Study method 
To study the petrography of Permian 
dolomites, a field visit and preliminary studies 

were conducted in the area, which showed that 
the area has a light to dark brown color and 
weathered appearance. 92 thin sections were 
prepared from the surface section in the south 
of Lake Urmia. In order to distinguish calcite 
from dolomite, these sections were stained 
with alizarin red according to Dixon's (1966) 
method and examined by polarizing 
microscope in the stratigraphy and 
paleontology laboratory of Urmia University 
Faculty of Earth Sciences. After careful study 
of the thin sections, to study the geochemistry 
of dolomites in the region, 17 dolomite samples 
were sampled with a dental drill, and after 
preparation, elemental analysis was performed 
in the chemical laboratory of Urmia University 
Faculty of Earth Sciences using an atomic 
absorption spectrometer (AAS). For this 
method, a solution of powdered rock samples 
was prepared. Micrite samples without fossils 
with the least effect of weathering were 
selected for this study. The preparation 
consisted of dissolving 0.25 grams of rock 
powder in 5 cc of 1 M hydrochloric acid and 
filtering the obtained solution after 2 hours and 
bringing its volume to 50 cc. The main 
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elements (Mg, Ca) were measured as 
percentages and minor elements (Sr, Na, Mn, 
Fe) were measured as ppm. 
 

Petrography of the Dolomites 
In this article, different dolomites are 
investigated and divided based on the size and 
shape of their crystals. Based on the 
characteristics of the crystals, dolomites are 
divided into five types: a) Dolomicrite, these 
types of dolomites have very small crystals (5 
to 16 microns) and are often dense and non-
porous. This type is formed under surface 
conditions and low temperature and preserves 
the original sedimentary textures. b) 
Dolomicrosparite, which is composed of dense 
and uniform to amorphous crystals with flat 
borders, and the size of the crystals is between 
16 and 62 microns. This type is formed at low 
temperatures and may result from the 
replacement of limestones or the 
recrystallization of dolomicrites. c) 
Dolosparite is a type of dolomite whose crystal 
size is between 62 and 270 microns and usually 
has scattered rhomboidal crystals. This type of 
dolomite usually changes the primary 
sedimentary structures and is formed at higher 
temperatures. d) Vein dolomite is a type of 
dolomite that consists of coarse crystals (200 to 
1100 microns) and is usually formed in deep 
burial conditions and by hydrothermal fluids. 
These dolomites are found in cracks and holes. 
e) Saddle Dolomite, which has crystal sizes 
between 1000 and 1200 microns and is usually 
found in fractures and cavities. These types of 
dolomites are formed in high temperatures and 
deep burial conditions. Also, each type of 
dolomite has special characteristics that 
depend on its formation environment and 
diagenesis conditions. 
 

Geochemical studies 
In this article, the diagenesis of carbonate rocks 
and the need for geochemical methods to 
identify primary mineralogy have been 
discussed. Minor elements such as Fe, Mn, Sr, 
and Na are used for further analysis. The 
amount of calcium in dolomites varies between 
21.18% and 30.97% and magnesium between 
8.31% and 12.98%. The Mg/Ca ratio in pure 
dolomites is about 0.65. The reverse changes 
of calcium and magnesium are due to the 
replacement of these two elements. The 
concentration of strontium depends on the 
replacement of calcium. Primary dolomites 

have higher strontium values than secondary 
dolomites. Dolomites that replace aragonite 
have more strontium than dolomites that 
replace calcite. The amounts of strontium in the 
dolomites of the region are between 155 and 
450 ppm. Sodium in dolomites ranges from 
405 to 786 ppm, which is higher than the 
average for normal marine dolomites. The 
graph of sodium versus magnesium shows the 
increase in sodium concentration with 
increasing magnesium. The concentration of 
iron and manganese in type 1 to 4 dolomites is 
different. Late diagenetic dolomites have 
higher amounts of Fe and Mn. The increase of 
iron and manganese indicates the conditions of 
reduction in the burial environment. So it can 
be said that diagenesis and the composition of 
dolomite-forming fluids have a great effect on 
the composition of minor elements of 
dolomites. The composition of minor elements 
such as strontium, sodium, iron and manganese 
provides important information about the 
origin and formation conditions of dolomites. 
The concentration of minor elements can 
indicate the reducing or oxidizing conditions of 
the environment and the type of dolomite 
(primary or secondary). 
 

Dolomitized models 
In this study, three mechanisms of 
dolomitization have been investigated: a) 
Sabkha model that this model includes 
microcrystalline dolomites (type 1 and 2) that 
are formed in tidal and evaporative 
environments. These dolomites are usually 
formed at the same time as sedimentation and 
retain the original textural characteristics of 
carbonate. The source of magnesium for this 
type of dolomites is mainly sea water and their 
formation environment is salty and shallow. 
Shallow burial model, in which dolomites 
(type 2) are formed at shallower depths through 
diagenetic succession. These types of 
dolomites often contain stylolites that result 
from the pressure of sediments. An increase in 
temperature and depth increases the proportion 
of magnesium that is necessary for the 
formation of dolomite. Deep burial model, in 
which dolomites (type 3) are formed at greater 
depths and higher temperatures. These 
dolomites have larger crystals and uneven 
textures. Iron (Fe) in these dolomites indicates 
a diagenetic reduction environment. In general, 
magnesium sources for dolomitization come 
from igneous, metamorphic and sedimentary 
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rocks, and different environmental conditions 
create different characteristics in dolomites. 
 

Conclusion 
The lithological and geochemical researches in 
the investigated area have provided the 
following results: a) five types of dolomites 
have been identified: very fine to fine crystal, 
fine to medium crystal, medium and coarse 
crystal dolomites with cloudy centers and 
bright edges, medium to coarse crystal filling 
voids and fractures, and very coarse crystal 
(saddle) dolomites filling fractures. b) 
Dolomicrites, these dolomites due to the size of 
very small crystals, the preservation of primary 
sedimentary textures, the absence of fossils and 
geochemical evidence such as high amounts of 
strontium and sodium, in surface conditions 
and low temperature in supratidal to intertidal 

and subtidal environments and in the 
environment Shallow seas are formed. c) 
Dolomite of the second type, these dolomites 
have medium crystals with a rhomboidal 
shape, low amounts of iron and manganese, 
and more amounts of strontium and sodium 
than the third type. It seems that in the early 
stages of burial (shallow depth), they were 
obtained from the succession of previous 
limestones. d) The fifth type of dolomite, these 
dolomites have coarse crystals filling the veins 
and a high amount of iron, and are known as 
the product of deep burial and the last stage of 
dolomitization. Their formation took place at a 
temperature higher than the critical limit, and 
their source of magnesium is the density of 
shales, which release magnesium upwards 
during diagenesis and cause dolomitization of 
their upper layers. 
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