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1-Introduction

Dolomite is one of the major constituents of carbonate rocks that have attracted considerably sedimentologists.
In this study, a combination of petrographic studies and geochemical methods, such as measurements of major
and minor elements, have been used to characterize the dolomites of the Surmag and Abadeh formations and
determination of the source of dolomitizing fluids. The study area is located 60 km southeast of Abadeh city in
the northeast part of the Hambast Mountains, which comprises complete outcrops of Permian-Triassic strata in
two selected stratigraphic sections. Considering the carbonate facies of Surmaq and Abadeh formations, the
determination of the dolomitization model of these deposits using elemental analyses is the main objective of
this study.

2-Methodology

In this research, petrographic studies were performed by polarizing and electron microscopy (SEM) and
geochemical studies based on elemental analysis (EDS) and (EPMA) methods at Lorestan University, Central
Laboratory No. 1. Diagrams of these data were plotted by Excel 2010 software. For petrographic studies, 380
thin sections were studied microscopically, and finally the stratigraphic column was drawn by Corel 2018
software. The naming of dolomites was based on a combination of the textural classification of Sibley and
Gregg (1987) and Mazzullo (1992). For the size of dolomite crystals, we used the scale presented by Folk
(1965) and Adabi (2009).

3- Results and discussion

Petrographic studies led to the identification of three groups of dolomites including anhedral very fine
crystalline dolomites with mosaic fabric and between 4 and 10 microns in size, subhedral fine crystalline
dolomite between 10 and 20 microns in size and subhedral to euhedral medium crystalline dolomites with sizes
larger than 20 microns. The composition of dolomitizing fluids can be determined by measurements of elements
such as calcium, magnesium, sodium, strontium, manganese and iron in dolomites (Veizer, 1987). Based on
petrographic and geochemical evidence, the dolomitization model of the dolomites of the Surmag and Abadeh
formations can be considered in a marine diagenetic setting and in shallow to semi-deep environments.
According to the proposed model, it can be inferred that seawater first evaporated in the lagoon environment
and primary dolomites of marine origin began to precipitate. Secondary dolomites occurred in a shallow-to-deep
burial setting and were changed into dolomicosparite and dolosparite under the influence of diagenetic
processes.

4-Conclusions

According to the petrographic studies and elemental analyses of major elements including Mg and Ca and minor
and trace elements such as Sr, S, Fe, Mo, Zr, K two significant groups of dolomites have been identified in the
study area, which include primary dolomites (syn-deposition) and secondary dolomites (post- deposition). Low
levels of Fe and high levels of Sr and Na in the dolomicrites, high concentration of Fe in the dolomicrosporites
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and dolosparites along with some evidence such as presence of interaclasts, fenestral porosity and lack of
evaporite minerals indicate the formation of these dolomites in a sub-tidal setting and in a shallow to semi-deep
marine diagenesis environment. Fe content in Abadeh Formation samples varies between 0.02 to 40.19%. This
apparent difference in iron content may be due to the presence of oxidic and sulfidic minerals in fine crystalline
dolomitic samples. As the depth of diagenesis and dolomitization increased, Mg increased and Ca, Sr and Na
decreased. The studied dolomites relatively have a crystalline order which can be justified through the age of the
studied sections.
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Fig.1. Simplified geological map of the Hambast Mountains and available roads. The red rectangular represents the

study sections.
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Fig. 2. Units 2 and 3 of the Surmagh Formation (Rodian to Lower Capitanian), unit 4 of the Abadeh Formation
(Capitanian), unit 5 of the Abadeh Formation (Capitanian), units 6 and 7 of the Hambast Formation (Upper
Permian) and Triassic deposits in the first section (view to Southwest), Abadeh area.
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Fig. 6. Microscopic images of different types of dolomites of the Abadeh Formation in study section; (a)
Dolosparite in XPL light (black arrow), (b) Iron-bearing dolosparite colored with potassium ferrocyanide (white
arrow), (c) SEM image of dolosparite with a diameter greater than 10 microns, (d) Dolomicrosparite (black arrow),
(e) Dolomicrosparite from recrystallization (black arrow), (f) SEM image of dolosparite from recrystallization of
dolomicrospar and dolomicrite (white arrow), (g) Dolomicrite (black arrow), (h) Dolomicrosparite from
crystallization of dolomicrite in XPL light (black arrow), (i) SEM image of crystallized dolomicrite (white arrow),
(i) SEM image of dissolved dolosparite (white arrow), and (k) SEM image of dolomicrite (white arrow).
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Fig. 7. (a) Sucrose subhedral dolosparite of together with isopackous calcite sparite, filling the porosity resulting
from fracture (thin section colored with potassium ferrocyanide) (black arrow), (b) Accumulation of iron oxides
around the stylolite veins (Black arrow), dissolved veins that cause to displacement in the rock (false fault, red
arrow), (c) Euhedral dolosparite inside fractures (black arrow), (d) Intragranular prosity filled with dolomite
crystals, (e) Dissolution in allochem, the shell wall is replaced by dolomite and calcite, thin section is colored with
red alizarin (calcite in pink and dolomite remained colorless), (f) Dolosparites filling fractures (black arrow), and
(9) Secondary porosity around automorphic dolomite crystals that result of dissolution (white arrow).
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Fig. 8. (a) Large crystals and isopachous calcite sparite (formation of dolomite crystals at the boundary of calcite
crystals); the thick arrow shows to calcite and the lighter arrow to dolomite, (b) Formation of dolomite crystals in

cavities (white arrow), (c) Polygons of large and isopachous calcite cement (black arrow), and (d) SEM image of
isopachous calcite sparite crystals with conformational boundaries (black arrow).
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Table 1. Distribution of principal and minor elements in different types of dolomites in study section (values in

Number Formation Sample N. [} o Na Mg Al Si Ca Fe Sr K Zr Mo S Ti
(wo%) Woo) | (w%) | (Woo) | (Wo%) | (Ww%) | (W%) | (W%) | (W%) | (W%) | (Ww%) | (wo%) | (W%) | (W%)
1 Surmagh HS 4-1 19.77 478 0.23 0.39 248 4.63 2.37
2 Surmagh HS 4-2 17.71 58.5 0.16 0.21 0.11 20.2 0.14 3.01
3 Surmagh HS 22-1 26.27 49.6 0.22 6.52 9.63 7.39 0.33
4 Surmagh HS 22-2 23.86 52.9 0.19 8.42 14.4 0.09 0.18
5 Surmagh | HS 22-3 18.57 50.3 0.94 9.92 17.5 2.01 0.77
6 Surmagh HS-4-3 23.71 53 0.32 7.55 147 0.27 0.44
7 Surmagh | HS-4-4 18.68 51.4 1.16 4.05 20.8 2.68 1.29
8 Surmagh HS-43-1 27.05 54.8 0.44 1.02 248 6.25 7.96
9 Surmagh HS-45-1 26.05 46.6 0.16 0.22 174 8.5 111
10 Surmagh HS-45-2 52.74 29 0.11 0.19 0.55 11.1 0.99 5.29
11 Surmagh o HS-45-3 44.44 38.2 0.69 0.53 212 5.24 4.27 4.53
12 Surmagh HS-45-4 25.57 52.7 0.33 4.94 16.4 0.09 0.07
13 Surmagh HS-45-5 25.54 53.8 0.35 5.76 14.4 0.02 0.02
14 Surmagh | HS-45-6 20.46 448 113 2.55 283 2.05 0.69
15 Surmagh HS11-1 25.94 54.7 0.37 6.77 12 0.1 0.1
16 Surmagh HS 11-2 24.13 56.8 0.42 3.71 14.7 0.11 0.18
17 Surmagh / HS11-3 17.59 51.6 0.98 157 258 174 0.6
18 Abadeh HA-70-1 29.22 55.6 0.79 2.96 0.55 1.12 9.68 0.07 0
19 Abadeh | HA-70-2 31.36 53.8 0.71 2.56 0.35 0.18 9.45 1.23 0.34
20 Abadeh HA-70-3 31.68 53.1 175 13 0.46
21 Abadeh HA-70-4 31.21 56.5 2.98 9.03 0.3
22 Abadeh ! HA-70-5 32.01 52.5 121 13.7 0.56
23 Abadeh HS 145-1 227 51.8 0.13 3.23 18.8 3.24 0.1
24 Abadeh HS 145-2 23.57 53.2 0.25 5.59 17 0.27 0.12
25 Abadeh / HS 145-3 19.99 47.4 11 4.37 24.2 22 0.16
26 Abadeh HS 145-4 22.32 54.1 0.22 9.03 14 0.29 0.11
27 Abadeh o HS 145-5 19.22 55.9 0.82 5.96 6.35 0.75 0.25
28 Abadeh HS 203(3)-1 22.48 49.2 0.49 0.41 0.29 16.5 0.2 0.13 0.06 2.64 7.39
29 Abadeh * HS 203(3)-2 21.03 483 0.99 0.73 0.88 10.2 1.53 0.64 0.49 2.58 12.6
30 Abadeh HS 203(3)-3 31.44 50.3 0.15 6.29 0.64 10.7 0.1 0.33
31 Abadeh | HS 203(3)-4 24.71 47.6 0.99 751 0.64 15.7 211 0.77
32 Abadeh HS- 215-3 23.76 54 6.57 0.37 151 0.2
33 Abadeh e HS-215-4 22.67 49.3 3.46 0.34 23.8 0.49
34 Abadeh HS-84-1 26.99 55.1 5.96 11.8 0.13
35 Abadeh HS113-1 28.52 432 0.33 0.42 217 5.39 0.47
36 Abadeh HS113-4 29.2 46.3 0.34 0.35 22.4 0.2 1.23
37 Abadeh / HS113-4-1 23.22 48.3 1.07 0.67 24.1 1.75 0.9
38 Abadeh HS-122-1 26.08 423 1.85 1.8 18.7 7.41 1.33 18
39 Abadeh o HS-122-2 24.11 24.9 2.07 4.07 3.42 40.19 0.53
40 Abadeh HS-140-1 20.37 53.5 0.12 6.83 0.44 0.96 16.1 1.69 0
41 Abadeh HS-140-2 21.77 53.1 0.14 8.18 0.14 0.18 16.1 0.15
42 Abadeh / HS-140-3 18.47 50.1 0.9 8.37 0.67 0.98 20 0.48
43 Abadeh HS-190-1 36.97 18.9 0.08 11.2 13.61 0.2 2.26 16.8
44 Abadeh o HS-190-2 32.18 12.9 0.41 119 16.23 0.58 1.46 243
45 Abadeh HS-203 22.18 51.3 0.41 2.08 24.1
46 Abadeh HS-215-1 25.25 52.3 5.46 1.23 15.4 0.39
47 Abadeh / HS-215-2 18.04 45.8 3.57 1.45 30.6 0.62
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Table 2. Distribution of different elements in the types of dolomites of the Sormagh and Abadeh Formations in the

study section (values in weight percent).

Dolosparite Dolomicrosparite Dolomicrite
Elements Max. Min. Max. Min. Max. Min.
C (W%) 32.01 18.04 29.2 17.71 52.74 17.59
O (W) 56.47 24.88 58.5 43.22 56.8 12.9
Na (W9%) 11 0.12 1.07 0.16 1.13 0.11
Mg (W%) 9.03 041 9.92 0.21 6.77 0.19
Al (W%) 2.07 0.14 1.02 0.11 2.12 0.08
Si (W) 5.96 0.18 2.48 248 | |
Ca (W%) 30.57 342 24.8 6.25 28.28 5.24
Fe (w%) 40.19 0.07 7.96 0.09 16.23 0.02
Sr (W%) 1.33 0.1 301 0.18 85 0.02
K (W%) 0.49 006 | - | | | =
Zr (W%) 2.64 258 | | |
Mo (W9%) 0 o | — | - 2.26 1.46
S (W%) 1.08 108 | = | = 24.3 111
Ti (W%) 126 739 | = | = =
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Fig. 9. General trend of alternation in Mg/Ca to Mg ratio in dolomitic samples in study section.

1 -
" y=0.0692x+0.0106
0.8 4 2_
y =0.0669x+0.0206 R 0:2032 L ] dolosparite
06 | ?-06244 B
ﬁ ’ y=0.0741x-0.0245 * '__,..--"'- . . dolomicrosparite
55_“ 0.4 R?*=0.91 = - 4 dolomicrite
2 o2 4 = s Linear (dolosparite)
o 1 Linear (dolomicrosparite)
‘2 :1 IG EI; l‘O 1|2 Linear (dolomicrite)
-0.2 -
Mg %
canlllasd jge o sl Canglgs cilize glgil 0 M il 50 MO/Ca polie -V e IS
Fig. 10. Mg/ Ca values against to Mg in different types of dolomites in study section.
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Fig. 11. Alternations of Mg values against to Ca in different types of dolomites in study section.
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content in dolomites).
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increasing, the amount of strontium is decreasing (Figure b for dolomites), and where magnesium content is
decreasing, the amount of strontium is increasing (Figure a for carbonates).
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Fig. 18. Digi maps illustrating the distribution of S, Fe and Mo elements in pyrite crystals (sample HS190-1). The
similarity of the scattering indicates the dependence of the elements on the pyrite crystal.
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Fig. 19. Pictures of the different element peaks in the studied samples (sample No. HS190-1; picks of pyrite sulfide
mineral FeS; with 20 approx 6.5).
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Fig. 20. Positive correlation between Fe (Fe) and oxygen (O) in dolomitic samples. As seen, the presence of oxide
minerals in the samples indicates the oxidant environment.

£ Y



f O)Lou:: N 0)50 A4 ul.;.m.;oj

A iy (69,15 (owlids (ye)

N

. By
i'!flk;gl/f"tv:a?b

12 4
10 4 « y=-0.17x+4.8163
L R? = 0.0042
= dolosparite
84 . y =-0.1537x+ 3.5426
-_. . R?=0.0143 + dolomicrosparite
6 3
¥ y=-1.2437x+4.8558 +  dolomicrite
4 RI=0.5634
Linear {dolosparite)
2 Linear (dolomicrosparite)
o : : . ; Linear {dolomicrite)
0 10 20 30 40 50
Fe %

Ll Jdo @ ol Seagls o FE 0525 (058 (o0 MO 023500 55,0 4 F8) ool il glaceaglys lsil ;o MGyl j0 FE polie -1y IS
ol 009y sbxl U Lol dons Jal 2 o @ bacol jlewlglss 5 ool Ll Siglss 10 a5 )50 40 009 (gaunS]

Fig. 21. Fe versus Mg dolomites in the Abadeh Formation (replacement Mg by Fe), the presence of Fe in the
dolomicrites is due to oxide conditions whereas in dolomicrosparites and dolosparites is due to semi-reduction to

reduction conditions.
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Fig. 22. Negative correlation between Na versus Mg values for the dolomites in study section.
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