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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. 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 equant
calcite cement, 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 to
occur in areas where seawater and meteoric
water mix, resulting in decreased salinity
while maintaining a relatively stable Mg/Ca
ratio. In this model, Mg* 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 mixed-water (Dorag)
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 Dorag 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,
including major and minor element analyses,
has been wused 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 throughout 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 micritic portions, 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, the
samples 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 prepared using Excel 2012
software. At this stage, scanning electron
microscopy (SEM) imaging of the studied
dolomites was also performed. Thin sections
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were stained using the Dickson (1965) method
with Alizarin Red (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) was considered primary
dolomite and the other types of dolomite (D2,
D3, and D4) are considered secondary
dolomite. EDX analyses were performed on
17 samples of the studied 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, seawater
was the only source of magnesium. 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.
Based on 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 meteoric 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 Co; is mixed with
seawater, and the resulting solution becomes
undersaturated with respect to CaCOs; and
supersaturated with respect to 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 salinity decreases
while the Mg/Ca ratio remains relatively
constant. In this model, Mg** are derived from
seawater, and groundwater movement pumps
dolomite-forming fluids into the limestones,
causing the formation of mixed-zone
dolomites. Dolomicrosparites and sucrosic
dolomites are attributed to this dolomitization
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 dolomite is the saddle
type (baroque) which exhibits a non-planar
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texture, curved surfaces and cleavage, and
wave extinction, indicating their formation at
temperatures above 60 ° C. In 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 of dolomite 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 Il and Type III
dolomites are considered to have formed in

the 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.



(8 Ll 5 5ke) (59325 (o liadiir gun ) aloro

SOl wbdiogm )
Y9 —) dziuo —VF o8 oyl 3 ylog— TV 5)lois— VF 5y90

f
fe
-

Journal homepage: https://psj.basu.ac.ir

o330 30 (Gl pwgro) Olhluas wijlu gbraiivi )0 S)90 sbcuoglys I ualad
P e

scdlue iluas o7 pmal Cgin & CBu (M5 | ppons

U‘)’" solngf soL"L;f LS‘LC U"’)ﬁ";‘ éw ‘rn9l.c oS ls ‘(S“’L'M’U'*A) 03; )L:;)LM:‘ -y 9 \
Olpleoble 3 cliw J olKizils (535 o oliglo; ] ol IS o 55's adafie a3 gal ils -V

PRV alio wleUb!
G S ol ogz 5o phleaS Wil Gab Jaegdes Jae Syo olaie 4 adllas (pl 3 stagh dllie :allie g5
Caalses b b ol emlosds anlllas (sblp 3 i3-bosginr) ais 3l gl 4o &3le ol 51 oo, Uledar llin 4

b onl 30050 1B 00,55 ez a5 (055 50 5 ol sS 5l gz (steskS FF o e YA
e (Kwgnli b g a3 1,8 Goloml il Glooly S (55, cadied O)jso 4 ol leaxS W5l
gl Voo SS9y 2 Lgel)fsl...; Sldllas ol o0 a..\SL.'L% 6)L?LéT ..\.:)Lw &3) ;a).e LSL“LS)lST Ja..w}:
sloon T g5y 5l (Sl Sl 3,00 Ap 5 aiged VY sl candione) Slalllas 5 S3U ahade
S ool g el Bl Wile jo ad giegles g 00 S JUoul dles lazg LB Sk

VXN NA iedlyys oyl

VFFIYIF o pmdy )b

pg® &5 seklangte (Jsl 9 sohin, Glacueglys saiad ololid laaadss 5l 098 Sk ojlgunls
O (Soglgd munsilSe (oo £95) b oSl 0aiiS p j9hid e (LS g (g £99) Hebicd o oz w55l
5055 2l byl iy pyws 5 p90 £98 (Slaunglys g sz baumms 4 Jol g5 Slocueglss ol SR
e e (e (e . i [ . . o T )
03 S (B YA 3525 39 g0 4285 i 55 (S35 S ke g5 slatangdsd 5 et O o
Gsaly glacaeglgs ‘u")""‘“—j 5900y laoe (sloylows ‘L}"J"“‘-’T Qred ComdS oyl sblp >
2815 5| BoenS 805 (b (Blullwly Seeglgs) jshlawgio slaceglss mizman 5 (o095 plite o)
locdl Lhax aile gunled anil oo o luas wisle sloaiigs o balse 43 b seglss Joo oSN

(S GG 5 e poe ol s SO0 5 (Sl laanl docedSTil s« gy adsl
Otz sl (530952 Lanma 3 sl g5 slaceglyd St Silo Mg 5 St jolie 5l UL 35 e
Je5is Sl bl ;o Mg 5 St polie 2als s M g Fe 51 Ul 55505 b jslaccdjo slacasslss

Aibse (S8 33k (b o baaeslss

DOI: 10.22084/ps;j.2025.30619.1465
E-mail: samirataghdisi@gmail.com «=oucSCs  gusdd |yroms 1] goomnd 0d0uny gb #
Ohleas Wile lharigs ;0 Sjs0 locaosgs | ules (VF+0) Licdlos bhas g (5 mal Csin (ouSs und | o 1005wl
YP LY aman YV c)Lo..ir ANF 0,99 “_ga)._:)ls gs“"L"""—’5“"') cdl;"ro? ).4_‘>l; Sgi gM)S‘ wajb » (‘5:L.a u""'i"‘“)

4 CCBY-NC4.0) 3elS gt S ol (ol 1 393 6,58 coSlle B2 5 ol QIR (oo 25 00 @ @ @
el 83,5 38Ty oty

nfag @basu.ac.ir :ay yi Juwes! https:/psj.basu.ac.ir 4 pis colwog wysl




<;> VE O sl g e Y o)lad OF 0y

)8 (oulidiog,

e S plyee (SS9 glaosls 4 olotisl
e locamglss Sl cuS 5 o JSas ol dlis
OhBed 5 (o3l) 0ges wal 2 55Lo Wy, 9 b Saeglgo
L (VN8 oI5 VY o an 5 Slegsl «¥ e+ )
(o) 9§ (LS lagty, il eslinal
& Sal gy o 5 Lol s 5l 0594l
Slgay o g yuasd (plaS oo 0g>g aily 5 sl S
5 Ssiie ey (653500 9 el A yo Wil e aili S
N9 e g CS ez NAVD (o) o £y S8
PRRPE A R A J OV PP g PR R PR SOV
Oh)Se  8lV Y0 () Kar 5 00 V- VT (), Ka
S5k ool 1 5b (Y V0 o Sen 5 56V YO
hadsl o Sy yeats g Slgms; (rdits I
9 DAb o)y Spdior (sodss g (TS bl
S (2T 4 Sy (555 » (Seiijhe oSl ans
oSG 3105 o0 yie (9 Laie p oS 4yl Ll 2
Gribs sald by s ol Ol 3 K0
3 ghr el 5 b Sy bl cow Wlgs
s Sl 4 el Ghegn s 005 Slsw,
O Seglsd Jue 5 OhluaS Wjle (6 paie (o ne)
Sl M‘ aS ol 4..}‘.)).) ‘5@)”‘6!4&) U"’)" ;i) B U]
Gl S az e Blail sliwly )o wlen fagh Gl b
Mo (L] (g gadg> iz gla oo (oo il
il 5 FNST s Gl caled po 5 05s &
5 0085 () B9 )3 Gugas Oloj 4 o LSl
Jow ol &l Wil ol (6,108 Cau, 5l e (gazsu b
29 e (05 )0 (She0) belke ald geglss
JSs it ol pen by et b a8 ailn S slacko
b Spsiie s slocl gud byl 9,5 oo
Jale o glail cod s o Ol o po Yo iSTos
‘;MELM:‘ M9J5s) 6‘)’ ‘515 03D w.u..lf A Comd
bl slp oad (Fuegles cplply wboe 8
sl oo ol Mg/Ca s Sy by oo ol
Jowe ol 50 .0AVY (Sldlay) Ssi oo (S
(i 2l S5 g dghee Gite by O I Mg
ol gy 31 4 1) Comslss (souijle sl Jlos
ol Wile e sla Ty 5l o 9S50 Sl

iy )
(8 sloml (S (3500 St g plsie 4 oyl il
a5 el (Crogely = Crmgae) ()8 09,5 Wijle s
ool B gl = Jgdje (Sobdlg s bl o
o= o ohbad wile ml e ol AxS
Py dp gl Wl g Sl 4 @i o5
2 O (G rwogae) G090 (e Jlods (o
Jso 5 dez Joz slopise & wiile cnl (o) &0
ooy Sl Hslme (g 5o (Jg v oo 0 )l s
Wil (omiige oS 5l 0gd e b Sl wijle 4
ol g PS8, b (S vy SG LS (6055
Sl 2 9 9, oS 5 (e b 50 05 oo 42
(o)) Sl 3 o (lgie @ lhleaS Hlace sloel
S 0,0 s i Voo g guiac Y aS ool axusle
6 M 5 Sl Ki (Sl slaiy o i ol Ko
kel glasly lanz o5 Gon Glomesin Jed
Ol wi5le OV YAD ( SLBT) i o e 055l
)8 (9 4557 )3 a8 el oo 098 5l il (sl
aly S oy 43zl el s S
Sl @l b plegen prbisansy — Sloim;
Gyl Caiz S 4y 0dig e (b, SO o a5
ol gy B pangSIl 51 T i i g o0 aigs
ol 09,5 Slaniile oni 25 3 a2 (nl 5y 0men 4
SlroslSss Wil 5 (L] 5 Gliee lluzS)
Caales sl (Gg s 8 SO Sl a5l (g i
ol 5w g Gl jo Gl 890 Slacks) (o
SES 9 J98y0 (Soldly)d s (Jg el e Y
(SN ol cwls e Feer Loyl ele s
29l g adgl O )90 90 4 (IS yob 4 latenglys (1YAD
5o alol gon b ol asil 58 a8 Wisdi oo St
Seien St I ool (T b g (il
S g0 w3y S O ) s 55l 4y eyl Coaslss
odezmn S So Camglyd (( SHihe la gl Gl o
il 5 095 s353ks anT b cpuiz b o a5 atb
5 S Wy Do aie wiz b beanls
OhLhEen g gl5 VeV e () SKen g g0 Ve oA ()l Ko
YoV e 5 J VoYY () Kem 5 Ly VAN
5 VO OhlSen 5 gl VY0 (B 5 o0
Gloools (0,8 ol b ojapel (YYD (o) Ken



wyd S 490 slocisgles J gunled

Sed 5 B Ss anas Q

55 Ot ol ol (Ve e A ol AYAY (ahao)
3 OB o 3l g (355 Jlod 50) lpmel (a0l
($ylom | slas s (Y JSo) ol 00y &8lg (0 y¢ i
S Ggeis; a8l pmsdl o lzlel g e
Ol (o) s> 5l it nl e ol Wile
Wil 59y 2 lewdinn g,lxle] Wijle 5 cuis cvalis
Sile (F 5 ¥ o St) sl 4S5 oLl
Voo p @l gl (o ST laosS ans) )o o)l
Y)Y Ko g o)lﬂ A AAYY (LT 9 5 oyl e
RS RPIE CO T SRR VI B4 S K PR 1 ON- S e
GleyS gw) S gl ny 0 OS5
Gl sbyo 5 oo 05U (509,52 @l slaaiy)
U e Loyl i cov baaiigd () a5 conl oalds aiyd
sl adaesma ) (nl 59 5 0390d (5 | 0ugm), Hgammodans
90 o &l S slacSiuw 5 (y)le ol e
2 ohleaS wile ogmylase .(VAVY AT 5 LS)
(095> b sladiy 4 adlhe 590 ddlate
o B e bl ol sy 5 e w55
HSen 5 paiiecs ypiie) Seb e 00lS o g
obej sl losgase ol wijle o Sl 31.(VYA
9 590m V¥ (295 5 6390 s TomsSl
‘) 9 597) Sls min) Gmgae B (VN0 (oo
055 ¢ Lol 53 31 g W5ls gl bl o (VAQF
ol ) (Jgdye (Folidlyyd blie ;o o5 Cunl ol
9 49w 5 Jlad AS 5 (6555 oo (le Jlod
a>b 0 a5l plojlo polas o, Bads Seix dbe> U
oyl po gz 5 oz «Joe Sl 42 )18 ol
@ R o8l Sy, sl (>lg )0 (Js wes e
3 3he psls Jled B oy cnl g ot Sl ke
4255 L (VYY wli gl g )liuis pal) 958 o0 oo
ol oot sl Sl am ol plss mer
S0 clren a4 sagee S B Sy e o)
Al el plie Wil Gley )3 rte FSZS
iz o0 e 50 Bl |y olemsl 5l any Sliges,
Slgey 5l dm azpliz 0ged ooy (w)ST) (25095
Ll 5o gialalen 5 Ghluas Wil (g len] )
9 Wloads (p23a5 (lo )8 4 5 sl B ¢ S ¢ 2l
b loyer ol (oo (5930 S S pme pline W3l
s s i Solilys o pliee S0,

wlo)S Gl slr ol oo Swtn Oleosas
Wil 59) 5 48,5 O jpe Slalllas it 1 adl o
Sheadloe Bolans Cgiz s bl 4 ollas
Nike 69y p ABF Ojge Sgame Sldlas alex
Ol (g9 9> 5 addllas 5 90 adlate )5 )] LS
5 SO (el )5 o)lal 5 y9e 4 lgies
sloasly adgl (bt S5 (B85, (O F-T) o s
adlate )3 (s rais (soudime) Sbae p 1) Ol leas wjle
s dnfllan pl 0 Wles ST ) adlllae 990
W 1) ghluas Wil (s piei-alo S glasxls 55500
ilazd S L s el S 4 0T Jols b jlhaes b aiy
Ao o phleas wile s, p 4850 50 Sl
S e ol S slaghee la jslee bl
Sy90 9 039 4z BB wsle cnl )8 (eglsd slao Lz
@ Olgise Slllhe cpl alex 5l alazs 518 o5
adllas )5 o )L5l (1¥A) o 5en 5 il Slalas
AL ohleas wile g laamme g ool S
9955 0 $HUle by (e (Siaii095 (b 0) (ulee yoiy
Sjls o2l 55 Bepaglys LSt 5l Sl (V¥ Lo,
O (Fanglgs Jde (g z G (nl 5l Bue adl oo
aS bl jhabl o a8 wodl jo ol e Wil
S5 s slalae ;0 S0 g Glataegly
b osled o 50 (L slaad)pl &5 olr (e o
L oosdioe Gt W owiiis 6lo)B onpnd slac]
S plleaS Wil ) ism, Lue 4 a4z

Aals Uasl 5l es ol 50 590 g9 slacanglgs

ilbdin 9 (uilibimm 2 ldl pier CanBgo Y

axjlbno 8 yg0 4l
S5z §yaghkS F7 e 8l gl ;o aslllas 5,90 2
4z 0 YV olidlss Slaise b oblp o ol 0 oy
330V gaz, o FY 5 5,5 Job agli 10 5 aids VF
0d9aze ;3 b opl wdlioe Jled Sy sl A
Saeapil = ol oly ST s 53 eyl Gl 0l
el olyad & by ol Cadge el o als
oals osle las V S o axdllas 0 g0 adlaie 4y (g yiwd
&g 9 S 5l (S 4 Bl gl () US8) ol
S sl Sl (ogmy s> slagmol o
Wb (2ye JaghS O 5 Jsb egkS YV )b



<>

VE-O ol s e YV o,leis O F oy50

28 (lidioge,

R axg 9,50 g (nl o Jale Ojse 4 baaal
B Glsl sleasly 5 g lansly ol b S
Syge ddble o albcip U lhwgne bbSwauk
o €3 3L (655 slals .S )ls (geis ) anlllas
Swlns &S wildbos (Eemid g JUgn LSl L
Slel Glraxly . wijls dllas 5,90 ddlate ;o 4295 B
5 Gy BTL U S3L sl Sawanle ol luas wisle
L sylyl sloasly opl 2lee a5 il o bog]
S Igm ) bz 51 (Sl adhaie )3 (g s slavely
alllae 590 adlate ;o oLl Wile Gl GeseS

il o

057 @b 5 )R] Glo)B Slse, iasir
Gble jo olds 5 ollwcdis (g uile slaailss,,
ol & o Jlod (2l s Ol sz dled
Ol 6lyo g ym b il (NS g (S obidly 3
Sl o.wa}) |) uL.u..A s_;L)}M:) 9 ub 4..J.C Lg‘o)LS s_;L}M:)
Gl sl S dadllas 5550 4>l 50 (Y210 (SL,H)
s Wil G lasly el LS wile
BB s aisle ol o eads LSis sl ST slaaslg
ol 0als reglgd axly pl odes idu aS 00 dx g
(SS9, a5 W3l ygais; ddlate ;0 K56 i b ahw
ol Slecaagdgs Sllew Line 5 (gpate (condiims)

B cCity
* Section(Study area)

Darei\Shahr Pole Dukhtar

0 10 20 km
1

Scale

3300-

47,00 48';00
33 35-
N Sarab Doreh
45" 48" 5”54 577 60 63
W E Turkemenlstan 39"
S -377

Khorram Abad

Tehran O

Afghsaisn

M Khorramabad
¥ Iran

ol 00l asian 0yl Caolle b axllao 0590 (i 1 axdllan 0 yg0 g 9 4 o yiwd G0l 9 (LSl 3o CaxBgn ) U
access

Fig. 1. Geographical location and

The studied section is marked with a star.
o rs
4748 E

I

3322'N P—

G_QF’" As - Sb Fm.

Afrineh

4 I,
. Nep o
Aj Fm. ,Vn(,l].n g
Rajabali
®
Gs Iy m, Varehzard
8§
af"fan i I
ic:
“line

3312'N

0 1 km

routes to the studied section.
N Legend
W@E
S
Q Quaternary
% Aj | Aghajari Fm.
]
g Gs Gachsaran Fm.
e
) As Asmari Fm.

j
- Kashkan Fm.

—#A_~ Anticline
—_—~ Syancline

I Section
Gs Fm.
| ] City
| o Village
As - Sb Fm.

VAAD (5558 31 o) 0 n (oL 1 iy 31 s 35 Cepmip a5 3T 15 iyt Voo (i o A 3 Sy ¥ S

(& i Sl b

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. 6. a: xenotopic first type dolomites under electron microscope. b: Euhedral first type Dolomites under the electron

microscope.
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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

Sample Ca Mg Fe Mn Sr Na o
No. | % | % | pm) | (pm) | (ppm) | (ppm) | &) | (@) | ME®)
GS-1 | 246 | 125 | 2000 | 1000 | 9000 | 2000 | 41.5 | 19.9 0.51
Dolomicrite GS2 | 203 | 112 | 6000 | 100 | 11000 | 4000 | 404 | 259 0.55
o GS3 | 238 | 98 1000 | 2000 | 7000 | 1000 | 42.6 | 22.6 0.41
GS-4 21 105 | 8000 | 1000 | 3000 | 500 26 | 412 0.50
GS5 | 227 | 117 | 2000 | 200 | 8000 | 6000 | 23 | 40.9 0.52
GS6 | 225 | 113 | 6000 | 100 | 4000 | 2000 | 405 | 243 0.50
Dolomicrosparite | _GS-7 | 23.1 | 105 | 1000 | 2000 | 8000 | 4000 | 408 | 23.9 0.45
(D2) GS8 | 206 | 98 5000 | 4000 | 1000 | 1000 | 204 | 48 0.48
GS9 | 217 | 10._| 7000 | 3000 | 2000 | 3000 | 39.7 | 269 0.47
GS-10 | 22 95 | 11000 | 2000 | 100 | 1000 | 405 | 264 0.43
Dolospatite GS-11_| 21.6 | 105 | 5000 | 4000 | 100 | 2000 | 44 | 226 0.49
O3 GS-12 | 208 | 103 | 9000 | 1000 | 1000 | 1000 | 457 | 21.9 0.50
GS-13 | 215 | 938 8000 | 5000 | 2000 | 1000 | 259 | 409 0.46
GS-14_| 227 9 12000 | 2000 | 1000 | 3000 | 22.9 | 435 0.40
Saddle dolomite G515 | 25 9.5 | 15000 | 6000 | 1000 | 1000 | 214 | 41.6 0.38
) GS-16 | 232 | 89 9000 | 4000 | 200 | 2000 | 407 | 255 0.38
GS-17_| 214 | 97 | 11000 | 5000 | 100 | 1000 | 45.1 | 22 0.45
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Table 2. Average values of calcium and magnesium elements in the dolomites of the study area

Dolomite Type | Ca (%) Mg (%)
D1 22.48 11.14
D2 21.97 10.43
D3 21.72 9.82
D4 23.20 9.37
25
g i
& 15 ‘ |
s 4 ]
g 10 A
hd
()]
o 5
0
D1 D2 D3 D4
£ .Ca (%) 22.48 21.97 21.72 23.2
® Mg (%) 11.4 10.43 9.82 9.37
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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.

axdllao 3 y90 adlaio GCaoglys 53 (£58 polic polio (Slw Y Jgu
Table 3. Average values of trace elements in the dolomites of the study area

Dolomite Type Sr (%) Na (%) Fe (%) Mn (%)
D1 0.76 0.27 0.38 0.09
D2 0.38 0.32 0.48 0.23
D3 0.8 0.16 1.00 0.28
D4 0.4 0.13 1.17 0.50
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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. 19. Plot of Min 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. 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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