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Fig. 3. Field images of the study section; (A)Limestone unit with bivalve fossils; (B)Image of rock unit with silica filling;
(C)Image of fracture lines of rock unit in the studied section; (D)Image of rock unit with orbitoid foraminifera; (E)Image of

limestone unit with dissolution cavities.
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Fig. 6. Microscopic images of microfacies identified in the studied section: (A) Dolomitized mudstone (ppl); (B) Bioclastic wackestone
(ppl); (C) Bioclastic packstone (xpl); (D) Peloidal wackestone/packstone (ppl); (E) Bioclastic/peloidal packstone (ppl); (F)

Bioclastic/intraclastic packstone (ppl); (G) Bioclastic Packstone (ppl).



Yyv

‘?"“ OMU 9 )Léd 6"‘“ O)Lo.a:) s“‘ 0)3\5 sééﬁ)ls GAJL‘A.MN:J’.«H)

Shoal Complex

Open Marine

Tidal Channels

Mid Ramp

Tidal Flat

Semi-restricted

Miliolid
Bivalves
Gastropods
Peloid
Intraclasts
Sidrolites
Discocyclinids
Echinodermata
Orbitoides

20 LS ol (s (SaiSTy oled b ol o axdllae 9550 (by2)0 (mmny awli )S Sligury 51y 3l (9my Joko pl SO Seb ¥ S

alays sbo,lus,

Fig. 7. Block diagram of the proposed sedimentary model for Late Cretaceous sediments in the studied section along
with showing the relative distribution of allochems in carbonate facies
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¢ Micritic envelope
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8 Mechanical or Physical Compaction
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Table 1. The revised amount of major and minor elements in limestone samples of Pating section, using ICPES

analytical method

Sample Rev.Ca @ Rev. Mg Rev. Fe Rev. Mn = Rev.Sr Rev.Na
-No (%) (%) (ppm) (ppm) (ppm) (ppm)
1 26.71 1.6 3330 87 145 672
2 26. 84 1.65 3349 99 132 657
3 30.53 1.34 1978 52 164 782
4 29.42 1.3 2269 52 151 762
5 27.95 1.54 2743 51 142 458
6 38.94 0.95 1856 31 197 391
7 30.21 1.96 1531 48 142 408
8 27.63 1.83 2661 50 182 489
9 27.88 0.89 2304 46 174 454
10 26.79 1.85 2213 37 144 410
11 25.95 1.96 3656 75 196 580
12 29. 85 1.74 2783 63 205 449
13 40. 61 1.25 1470 110 215 530
14 37.54 1.7 1650 60 201 501
15 39.12 1.65 2973 61 210 452
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Fig. 11. Changes in the amount of strontium versus manganese in limestone samples from the pating section and
comparison with limestone samples from the upper part of Sarvak formation in Bangistan anticline (Aliabadi, 2013)
and Haftoman formation samples of central Iran (Khani, 2016).
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Fig. 12. Diagram of the ratio of strontium to manganese versus manganese in the studied carbonate samples
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Fig. 13. Changes in the ratio of strontium to calcium versus manganese in the studied limestone samples and comparison

with carbonate samples from the upper part of Sarvak formation (Aliabadi, 2013) and Haftoman formation samples
(Khani, 2016) on the model provided by (Brand & Veizer, 1980).
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Abstract

The studied section is located in the 113Km east of Birjand (25Km Asadiyeh City) and east of Pating
Village. The mentioned sequence, aged Late Cretaceous, is totally 246m in thickness and mostly consists
of thick and medium bedded limestones along rock units. The lower boundary has been limited by basal
red conglomerate and the upper boundary has been covered by red-colored sandstone unit. In This
research, based on both field and laboratory studies, the main components of carbonate rocks include
both skeletal and non-skeletal grains and totally 7 carbonate microfacies have been determined which
have been deposited within 3 facies belts including tidal flat, Semi-restricted lagoon and shoal.
According to the obtained evidences from the microfacies analysis, the suggested depositional model
for the Pating section is a homoclinal ramps type carbonate platform. All of the microfacies are mainly
deposited in the inner part of the ramp slope. The obtained geochemical data from carbonate samples
analysis indicate a calcitic original mineralogy and dominance of a closed diagenetic system for the
studied sequence. Also, according to the geochemical data, a temperate climatic condition could be
considered for the formation environment of this sequence which is confirmed by the Late Cretaceous
Palaeogeographic global map. The studied limestone samples have been widely affected by different
diagenetic processes that the most important of which are micritization, cementation, mechanical and
chemical compaction, formation of various types of porosity, dissolution, neomorphism, replacement,
fracturing and vein-filling cements that have been formed in a variety of marine, meteoric, shallow burial
and uplift diagenetic environments.

Keywords: Sedimentary environment, Geochemistry, Stratigraphy, Microfacies, Paragenetic sequence

Introduction Cretaceous rudist limestone deposits in eastern

The rocks of the Upper Cretaceous deposits of
Iran do not have the same facies characteristics
and it seems that unlike the same sedimentary
conditions of the Lower Cretaceous, the Upper
Cretaceous sedimentary basins were separate
from each other and each basin was governed
by special conditions (Aghanabati, 2009). So
far, many geological studies have been carried
out in the eastern basin of Iran. Some of these
researches that have been carried out are as
follows: Mahboubi et al. (2006) studied the
interpretation of the paragenetic sequence of
the Upper Cretaceous carbonate sediments in
northeast Bejastan and stated that these
sediments were deposited in a carbonate ramp
including the belts of lagoon, baried and open
sea facies. Jalili et al. (2013) conducted a
biostratigraphic study of Upper Cretaceous
deposits in the north of Birjand. Khazaei et al.
(2014) investigated the formation of Late

Iran at the same time as igneous activities.
Therefore, to complete the previous studies and
also to investigate the sedimentary
environment of these sediments, it seems
necessary to conduct more studies in this area.
Therefore, while carefully studying the
petrographic characteristics of the carbonate
rocks of the desired sequence in the potting
section, different microfacies have been
investigated and identified, and then the data
obtained from geochemical studies were
combined with petrographic studies in order to
understand the sedimentary and diagenetic
environments as much as possible. and finally
led to the reconstruction and presentation of a
suitable sedimentary model as well as the
determination of the old sedimentation
environment.

Certainly, the results obtained from the study
of this carbonate sequence and the study of its
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formation environment will be useful in the
analysis of the sedimentary basin of eastern
Iran during the Late Cretaceous. The section
under study is located near Pating village, 113
km from Birjand city in South Khorasan
province and 23 km from Asadiyeh city at an
altitude of 1525 meters. The general bedrock of
the area includes metamorphic rocks with east-
west direction and north slope.

Materials & Methods

During the field studies, based on the observed
changes in the type, color, layering and size of
the grains, 108 samples of 246 meters thickness
were taken from the potting section. From the
108 collected samples, thin sections were
prepared in field operations and stained by
alizarin red and potassium ferrocyanide.
Tucker's (2003) and Baccelle and Bosellini
(1965) comparative charts were used to
determine the abundance percentage of the
components. Each of the limestone facies has
been named using Dunham (Dunham, 1962)
and Embery & Klovan (1975) methods, and
finally, in order to identify the facies and
depositional environment and provide a
sedimentary model, a combination of Wilson's
methods (Wilson, 1975) and Fligel (Fligel,
2010) has been used. In order to perform
elemental geochemical tests, in this research,
on 15 calcareous mud samples taken from the
layers, without fossils with minimal effects of
weathering, without veins filled with calcite
and silica, and the amount of insoluble material
in acid of each sample was selected according
to The method of El-hefnawi and colleagues
(2010) was determined. The ICPES method
was carried out in Ferdowsi University of
Mashhad, Faculty of Science, with the aim of
determining the amounts of major elements
(Ca, Mg) in percentage and minor elements
(Fe, Sr, Mn, Na) in ppm.

Results

The reduction in the amount of strontium in
most samples can be attributed to their primary
calcite mineralogical composition. Given that
the strontium values of the samples studied are
much lower than the values of their present
covenant equations, this increasing reduction
in strontium is likely due to the composition of
primary calcite mineralogy as well as the
pervasive effect of non-marine diagenesis,
especially meteoric diagenesis(Adabi, 1390).
The amount of sodium in the limestone

samples studied varies between 391 and 782
ppm(average 533ppm), which shows a
significant reduction compared to the
carbonates of the present covenant due to the
greater impact of meteoric diagenetic
processes. The amount of manganese in the
limestone samples studied is between 31 and
110ppm. The presence of an average of 61ppm
manganese in samples is interpreted as having
been affected by meteoric diagenesis and
regenerative conditions. In the samples
studied, the amount of iron after the fraction of
insoluble materials between 1470 and 3656
ppm (average 2451ppm) fluctuates. The
amount of iron increases with the increase of
meteoric diagenesis processes regenerative
conditions (Mirab shabestari & Adabi, 1380).

Discussion

In order to interpret and identify the type of
carbonate facies and provide a suitable
sedimentary model, for the sedimentary
environment of the formation of Upper
Cretaceous sediments in the section under
study, the combination of Wilson (Wilson,
1975) and Flugel (2010) methods has been
used. Microscopic characteristics of thin
sections, including rock texture, size, shape
and type of grains, led to the introduction of 7
main limestone microfacies, which were
identified as follows: Dolomitized Mudstone
(T1), Bioclastic Wackestone (T2), Bioclastic
Packstone (LD), Peloidal
Wackestone/Packstone (L2),
Bioclastic/Peloidal Packstone (L3),
Bioclastic/Intraclastic Packstone (L4) and
Bioclastic Packstone (M1). These microfacies
were classified into three facies belts: tidal flat,
semi-closed lagoon and carbonate ridge.
According to the determined microfacies and
facies belts, the sedimentary environment of
this sequence is a single-slope ramp type.
According to the observations and
investigations carried out on microscopic thin
sections, the limestone samples in the studied
section have been affected by diagenesis
processes, which include:

Micratization, compaction, neomorphism,
cementation, dissolution, porosity,
dolomitization, replacement and
hematitization. The analysis of the main
elements of the carbonate samples shows that
the samples have a combination of limestone
and dolomitic lime. Also, based on the amounts
of secondary elements, the basic mineralogical
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composition of the studied carbonate samples,
such as those of the Sarvak Formation, has a
calcite basic composition. Drawing the ratio of
strontium to calcium compared to manganese
can determine the process of diagenesis in
closed and basemeteoric systems (Brand &
Veizer, 1980) that the studied carbonate
samples of this sequence are within the closed
system. The decrease in the ratio of strontium
to manganese in contrast to the increase in the
amount of manganese in the studied samples
can be attributed to high dissolution by
meteoric diagenetic processes.

Conclusions

Based on field studies, it was determined that
the studied section consists of 26 rock units
with a thickness of 246 meters, which includes
medium to thick layer limestone. The lower
boundary of the red base conglomerate
sequence and the upper boundary is limited by
red sandstone. Laboratory and petrographic
studies show that the most important
constituents of carbonate rocks of Potting
include: skeletal components (foraminifers,
especially nummulites, bivalves), non-skeletal
components (ploid, intraclast), micrite and
cement (calcite and dolomite) and non-clastic
components (quartz).

By examining the rock facies in the thin
sections obtained from this sequence, 7
microfacies were identified in the Potting
section. The known microfacies based on
Flugel's division are in 3 facies belts (from

shallow to deep: Facies belt of tidal zone,
facies belt of semi-enclosed lagoon and facies
belt of carbonate ridge) are connected and
connected with each other. According to the
microfacies and petrofacies and the placement
of each in the respective facies belts, the
sedimentation pattern is mainly related to the
inner part of a shallow carbonate platform of
the single-slope ramp type. The column of
vertical changes of these facies and the
drawing of the curve of relative sea level
fluctuations show that the carbonate sediments
of the studied sequence have been affected by
the shallowing process. The study and
investigation of the minor elements of the
limestone samples from the potting cut shows
that the initial composition of most of the
studied samples was calcite and was influenced
by diagenetic processes, especially meteoric
diagenesis. Also, according to the relevant
diagrams, most of the studied cut carbonate
samples are in the diagenetic system. They are
closed. The amounts of major and minor
elements resulting from geochemical analysis
are carbonate samples of the studied sequence
of limestone and dolomitic limestone and
according to the diagram of changes in
manganese versus the ratio of strontium to
sodium, it can be concluded that Temperate
climatic conditions prevailed in the formation
environment, which is confirmed according to
the Late Cretaceous paleogeography map of
the world.



