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Fig. 1. Geographical location and access ways to the studied sections
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Fig. 2. Spread of Sarvak, Gurpi, Pabdeh and Asmari formations in the studied sections. a: (Jam-Asalouyeh section,
looking towards the northeast) and b: (Farashband section, looking towards the south-west)
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of Gurpi Formation in both sections studied is based on Campanion-Maastrichtian fossil contents (Dalvand et al., 2019).
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Fig. 4. A view of the shale facies formed in the Gurpi Formation, which alternates with the carbonate facies.

OFnS g o)l y 5y T (Mgkus —p i p) Gl @l gimdle oylus 5 i (Walilyd ) (SmlS L gimole oylus )3y il O S
o b 559 5 19 (Wbl 3 (36 ) (SS9 by gannsy 0 )l 5 39 5 10 (g ghanns — o2 () (SS9 b g 05l 31 5 10 (Wil 8 () SS9 b

N CTP IR 0 S S L gV PR )

Fig. 5. a: Bioclast mudstone microfacies (section of Farashband). b: Bioclast mudstone microfacies (Jam - Asalouyeh section).
c: Bioclastic wackestone microfacies (Farashband section). d: Bioclastic wackestone microfacies (Jem — Asalouyeh section). e:
Bioclastic packstone microfacies (Farashband section). And f: Bioclastic packstone microfacies (Jam — Asalouye section).
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Fig. 6. Distribution pattern of microfacies along the stratigraphic column of Gurpi Formation. a (Jam-Asalouye section) and

b (Farashband section), it should be mentioned that the samples of shahe, due to their looseness, were first immersed in special
adhesives for preparing thin sections, and after they hardened and, the sections and thin section prepared.
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Fig. 7. Sedimentary model presented for Gurpi Formation in the studied sections. In both sections under study, deep
open sea facies has spread.
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Table 1. Total number of foraminifera (N.Foraminifera), percentage of morphotype 3 (P.Morphotype 3), number of planktonic
foraminifera (N.Planktonic), number of benthic foraminifera (N.Benthic) and paleodepth (Paleodepth) of Gurpi Formation in studied
sections. The number of samples is based on the study of thin articles.

Sample No | N. Foraminifera | P.Morphotype 3 | N.Planktonic | N.Benthic | P.Planktonic Paleodepht (m)
GU-1 200 70 153 47 76.5 539
GU-2 200 70 152 48 76 528
GU-3 200 67 152 48 76 528
GU-4 200 70 154 46 77 544
GU-5 200 71 153 47 76.5 539
GU-6 200 71 154 46 77 544
GU-7 200 72 156 44 78 566
GU-8 200 73 157 43 78.5 578
GU-9 200 73 157 43 78.5 578
GU-10 200 72 155 45 775 555
GU-11 200 68 151 49 75.5 518
GU-12 200 68 152 48 76 528
GU-13 200 69 152 48 76 528
GU-14 200 69 153 47 76.5 539
GU-15 200 67 154 46 77 544
GU-16 200 66 155 45 775 555
GU-17 200 53 143 57 715 459
GU-18 200 55 144 56 72 464
GU-19 200 56 145 55 725 459
GU-20 200 57 144 56 72 482
GU-21 200 56 147 53 735 492
GU-22 200 73 153 47 76.5 539
GU-23 200 71 154 44 78 566
GU-24 200 70 153 47 76.5 539
GU-25 200 70 153 47 76.5 539
GU-26 200 67 154 46 77 544
GU-27 200 66 155 45 775 555
GU-28 200 71 156 44 78 566
GU-29 200 71 156 44 78 566
GU-30 200 71 156 44 78 566
GU-31 200 66 155 45 775 555
GU-32 200 66 155 45 775 555
GU-33 200 70 157 43 78.5 578
GU-34 200 68 156 44 78 566
GU-35 200 67 156 44 78 566
GU-36 200 74 159 41 79.5 595
GU-37 200 75 160 40 80 607
GU-38 200 75 160 40 80 544
GU-39 200 67 154 46 77 450
GU-40 200 65 156 44 78 566
GU-41 200 67 156 44 78 566
GU-42 200 70 157 43 78.5 578
GU-43 200 71 156 44 78 566
GU-44 200 73 154 46 77 544
GU-45 200 55 148 52 74 502
GU-46 200 57 149 51 745 507
GU-47 200 58 150 50 75 507
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Fig. 8. Investigation of fluctuations in the depth of the sedimentary basin in Gurpi Formation. a: (jam — Asalouyeh
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Abstract

The purpose of this research is to investigate the microfacies, sedimentary environment and paleodepth
fluctuations of the Gurpi Formation sedimentary basin in southwestern Iran. Lithological and facies
studies led to the identification of three microfacies related to the deep parts of a basin. The absence of
sedimentary evidences such as calcareous turbidities', slip and fall sediments, reef facies, anchoid and
pisoid facies characteristic of the edged shelf indicates the deposition of Gurpi Formation in a deep part
of the basin. Based on the ratio of the percentage of planktonic foraminifers to benthic foraminifers and
the percentage of morphotype 3 and using the formula D = e (3.58718+ (0.03534 x P%)) for the major
parts of the Gurpi Formation in the studied sections, a depth between 450 and 602 meter was introduced,
which indicates the sedimentation of the facies of this formation in the deep part of the basin. The
abundance of planktonic foraminifera such as Oligosteginid and Globotruncana in the facies of this
formation indicates that these sediments were deposited in a deep basin, so that the facies of this
environment have characteristics related to the deep shelf facies belt. Examining the paleodepth changes
of the Gurpi Formation sedimentary basin based on the morphotypes of planktonic foraminifers in the
studied sections, indicates that the Gurpi Formation had a regressive trend, and this trend is consistent
with the trend of its sedimentary deposits based on the foraminifera morphotypes. The type where the
maximum depth of the basin is during the Late-Middle Campanian and Late Maeistrichtian with the
expansion of mudstone to wackestone facies and the lowest depth of the sedimentary basin is related to
the Santonian to late Campanian with the expansion of wackestone to packstone facies.

Keywords: Gurpi Formation, Sedimentary environment, Microfacies, Morphotype

Introduction

Determining the paleodepth is very important
in the knowledge of ancient sedimentary basins
and their analysis. The main importance of this
issue is in reconstructing the history of uplift
and subsidence of the sedimentary basin.
Nowadays, microfossils are usually used to
determine the depth of the sedimentary basin.
In this method, benthic and planktonic species
distribution patterns are used. The extensive
use of benthic and planktonic foraminifera to
reconstruct ancient environments due to the
great variety and abundance in sediments, their
presence from the Cambrian to the present era
and their wide range of life from shallow to
deep brackish waters. It is the deepest part of
the ocean. Factors such as food reserves,

surface water flows, salinity, oxygen, light

penetration, density and water cycle affect the
living conditions of foraminifera, and one of
the most important factors involved in this is
water depth. In such a way that the ratio of
planktonic to benthic foraminifera increases
with increasing depth. Also, the ratio of benthic
foraminifera to planktonic  foraminifera
indicates the depth of the sedimentary basin.
Gurpi formation is the shale series, which is
well developed in the south-west of Iran.
Usually, this formation is placed on the
limestone formation of Ilam. In the highlands

of Zagros and Central Fars, where the llam
Formation gives a facies change to the Gurpi
Formation, the Gurpi Formation is placed on
the Sarvak Formation through erosional
unconformity after the Cenomanian-Turonian.
In such a situation, the age of the lower layers
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of the Gurpi Formation reaches Santonian.
Gurpi Formation in Zagros is very important
because it covers the Cretaceous-Paleogene
boundary and also has the ability to be the
source rock and cover rock of the reservoirs in
Sarvak Formation. Also, considering that the
sedimentation environment of this formation is
open and deep sea, this formation has a good
talent for studying biostratigraphy using
planktonic fossil groups. A careful study of
these biozones and determining the age of the
deposits provides the possibility of matching
with other parts of the world. The purpose of
this research is to study the microfacies and
sedimentary environment of Gurpi Formation
and the use of morphotypes of this formation
in the investigation of paleodepth fluctuations
in Zagros sedimentary basin, south-western
Iran. Since these studies are conducted for the
first time in the studied area, it is hoped that the
results of this research will be key for other
researchers in the future. Two stratigraphic

sections of Gurpi Formation sediments were
sampled and studied, which were named Jam-
Asalouyeh  stratigraphic  section  and
Farashband stratigraphic section. Jam -
Asalouyeh stratigraphic section is located 35
km northeast of Jam. The communication
routes of this area are the main road of Shiraz-
Asalouyeh  (South Pars region). The
geographical coordinates of this section are 26
°52 "03 east longitude and "12 43 °28 north
latitude. Farashband stratigraphic section of
Gurpi formation sediments, which is accessible
from the main road of Firozabad - Farashband,
this stratigraphic section is located in the north
of Farashband city. The geographical
coordinates of this section are 28 5315 north
latitude and 05 07 52" east longitudes.

In the studied area, the lower border of Gurpi
Formation is with Sarvak Formation, which is
an erosional unconformity and is characterized
by dissolution holes and horizons of iron oxide.
The upper border of Gurpi Formation is with
shale Pabdeh Formation, which is also an
erosional unconformity and many traces of iron
oxide can be observed in it. The presence of
Sarvak limestone formation can also be seen in
the lower border of Gurpi formation in this
area. In both sections, the Gurpi Formation is
placed on the Sarvak Formation and is itself
covered by the Pabdeh Formation. According

to the structural division of Iran by Falcon,
1974, James and Wynd, 1965, and Stocklin,

1971, the Farashband section was located in the
folded Zagros and structurally, it is located in
the Inner Fars region. The Jam-Asalouyeh
stratigraphic section is also structurally folded
in the Zagros zone and is located in the
hinterland of Bandar Abbas.

Materials and methods

In order to study the microfacies and
sedimentary environment of Gurpi formation
in the stratigraphic sections of Jam - Asalouyeh
and Farashband respectively, 135 and 113 rock
samples were taken with regular sampling
intervals of 1 to 1.5 meters. All the collected
samples were transferred to the laboratory for
the preparation of microscopic thin sections,
and after preparing the thin sections, they were
studied using an Olympus-BH2 optical
microscope. Dunham's classification (1962)
was used for the naming of rocks (petrography)
and Flugel classification (2010) was used for
the interpretation of microfacies and
sedimentary environment. In order to

determine the paleodepth of the sedimentation
basin of Gurpi formation in the desired
sections, 200 fossil samples corresponding to
47 thin section samples were randomly
selected and studied by binocular optical
microscope. At first, the ratio of planktonic to
benthic foraminifera and then their ancient
depth was determined.

Results and discussion

According to the geological map of the studied
area, the lower boundary of Gurpi Formation in
both studied sections is Sarvak Formation, and
the boundary of these two formations is an
erosional discontinuity. In most areas of Fars,
Gurpi Formation does not have much
lithological diversity, like the sections studied,;
it is mainly composed of marl and gray shale.
The thickness of Gurpi Formation in Jam-
Asalouyeh section is 166 meters and in terms
of rock strata, it includes the following shale
and marl rock units. Also, the thickness of this
formation in the Farashband section is 144
meters, and in terms of rock strata, it includes
the following shale and marl units. The age of
Gurpi Formation in both sections studied is
based on Campanian-Maastrichtian fossil
contents. In these sections, three carbonate
microfacies (Bioclast mudstone, planktonic
foraminifera wackestone and planktonic
foraminifera packstone) and one Chilean facies
corresponding to an open sea facies belt (deep
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shelf) have been identified. This facies belt has
three carbonate microfacies and one shale
facies in both Jam-Asalouyeh section and
Farashband section. The identified microfacies
are equivalent to facies number 3 from the
standard facies of Flugel (2010) and are related
to the deep shelf facies belt. The supporting
mud of these microfacies, along with the
presence of planktonic foraminifers floating in
a mud field, indicates that these microfacies
settled in a calm environment and away from
any environmental disturbances, so that these
microfacies The facies were deposited in a
low-energy and low-oxygen environment of
the open sea and below the level of the effect
of storm waves. Open sea organisms such as
planktonic ~ foraminifera  (Oligosteginid,
Globotruncana) can be seen in almost all three
microfacies and have appeared in thin to
medium layers of shale and marl and show the
deposition of these sediments in the deep basin.

The facies of this environment have
characteristics associated with the deep shelf
facies belt and similar facies are deposited in
this belt (Flugel, 2010). The presence of
oligostegenides between the shale and marl
layers indicates a deep shelf environment. The
absence of sedimentary evidence including
calcic turbidities, slip and fall sediments, riffle
facies, anchoidal and pizoidal facies
characteristic of the edged shelf indicates the
deposition of the Gurpi formation in the deep
part of the basin. Deep sedimentary basins are
always deposited with fine-grained sediments
rich in organic matter such as shale, marl and
calcareous clays, which contain open-sea
organisms including planktonic and benthic
organisms. In Farashband section,
sedimentation starts from late Santonian and
with 3 morphotypes (Dicarinella asymetrica,
Dicarinella concavata, Globotruncana arca,
Globotruncana  bulloides,  Globotruncana
lapparenti, Contusotruncana fornicata,
Globotruncana arca, and Globotruncana
bulloides species). Next, in the previous
Campanian, the percentage of morphotypes 3
decreases and species of morphotypes 1
(Heterohelix sp.) and 2 (Rugoglobigerina sp.)
are seen, which indicate a decrease in depth.

Towards the Middle Campanian, species of
morphotype 3 are again seen in high
percentages, which indicate a further increase
in depth (species Globotruncana ventricosa,
Globotruncanita elevata, Globotruncana hilli,

Globotruncana bulloides, Globotruncana arca,
Contusotruncana sp., Globotruncana sp. after
As we get closer to the late Campanian,
morphotypes 3 decrease (slightly,
Globotruncana bulloides, Globotruncana sp.)
and morphotypes 1 and 2 (such as
Rugoglobigerina rugosa and Heterohelix sp.)
increase and the depth The basin is reduced.

From the beginning of the previous
Maastrichtian towards the end of this period,
the percentage of morphotypes 3 increased
(Globotruncanella havanensis, Globotruncana
bulloides, and Globotruncana sp) and
morphotypes 1 and 2 are less common except
at the base. From the beginning of the late
Maastrichtian towards its end, a decreasing
trend can be seen in the 3 morphotypes, so that
at the beginning, Globotruncana aegyptiaca,
Globotruncana bulloides, Globotruncana sp.,
Contusotruncana sp. species are seen with a
high percentage. Finally, increasing the
percentage of morphotypes 1 and 2 such as
Rugoglobigerina rugosa and Heterohelix sp. It
can be seen that they again indicate the
decrease in the depth of the sedimentary basin.

In this section, the basal part of the Gurpi
formation, of Late Santonian age, with the
presence of morphotype 3 species (Dicarinella
asymetrica, Dicarinella sp., and Globotruncana
bulloides) indicates great depth. At the
beginning of the previous Campanian, similar
to the previous sections, the percentage of
morphotype 3 is low and species of
morphotype 1 and 2 such as Rugoglobigerina
rugosa, Hedbergella sp., Heterohelix sp. are
seen, but as we move towards the end of the
Middle Campanian, the percentage of 3
morphotypes  (such as  Globotruncana
ventricosa, Globotruncana. hilli,
Globotruncana bulloides, Globotruncana arca,
Contusotruncana sp., Globotruncana sp.)
increases. Next and towards the late
Campanian, morphotypes 1 and 2 such as
Rugoglobigerina rugosa Hedbergella sp.,
Heterohelix sp. It is added that they indicate
the decrease in the depth of the sedimentary
basin. The beginning of the previous

Maastrichtian is characterized by a low
percentage of species of morphotypes 3 and the
presence of types 1 and 2, but then the
percentage of morphotypes 3 increases, which
indicates the increase in the depth of the
sedimentary basin (species of Globotruncana
arca, Globotruncana  falsostuarti, and
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Globotruncana bulloides. Towards the end of
the  Maastrichtian, the percentage of
morphotypes 3 decreases and we again see the
presence and increase of morphotypes 1 such
as Heterohelix globolusa, Heterohelix pulchra,
which indicate a decrease in the depth of the
sedimentary basin In the Gurpi Formation, it
showed that this formation has a depth between
450 and 602 meters and is related to the upper
to middle bathiyal environment. Based on the
study of planktonic foraminifera morphotypes
and the ratio of planktonic to benthic
foraminifera in both studied sections, it can be
said that the basin had a receding course during
the Santonian to Maastrichtian period, and the
maximum depth of the basin corresponds to the
late Campanian period. - Middle and late
Maeistrichtian, and the lowest depth of the
sedimentary basin correspond to the late
Santonian to late Campanian period.

Conclusion

Field and petrographic studies conducted on
both stratigraphic sections, Jam-Asalouyeh and
Farashband, showed that the predominant
lithology of Gurpi Formation in these sections
is an interval of marl and gray shales with
erosional discontinuity on the formation.

Sarvak is placed and covered by the purple
shale unit of the basal part of Pabdeh formation
as an erosional discontinuity. Petrographic

studies on the studied sections led to the
identification of mudstone bioclast
microfacies, wackestone planktonic
foraminifera  and Paxton planktonic
foraminifera. These microfacies together with
the percentage of planktonic foraminifera to
benthic foraminifera and the percentage of
morphotype 3 showed that the Gurpi formation
in The deep parts of a basin (the upper to the
middle part of the bathiyal region) have been
deposited with a depth between 450 and 602
meters. Based on the study of planktonic

foraminifera morphotypes and the ratio of
planktonic to benthic foraminifera (P/B) in
both studied sections, it can be concluded that
the sedimentation basin during the Santonian to
Maastrichtian period had a receding saturation,
which is the most The depth of the basin is
related to the late Campanian and late
Maastrichtian times, and the lowest depth of the
sedimentary basin is related to the Santonian to
late Campanian times in this part of the Zagros
sedimentary basin.



