3% NG
7 ’ Scientific Quarterly Journal, GEOSCIENCES, Vol. 33, Issue 4, Serial No. 130, Winter 2023, pp. 95-110

www.gsjournal.ir

Original Research Paper

Mixed carbonate-siliciclastic platforms: a case study from the Hauterivian-
Barremian Gadvan Formation in the Interior Fars area, southern Iran

Ali Hossein Jalilian'* and Mohammad Ali Kavoosi?

' Department of Geology, Faculty of Sciences, Payame Noor University, Tehran, Iran

2 National Iranian Oil Company Exploration Directorate, Tehran, Iran

ARTICLE INFO

Article history:

Received: 2023 August 03
Accepted: 2023 September 09
Available online: 2023 December 22

Keywords:
Gadvan Formation
Lower Cretaceous of Zagros

Mixed platform

1. Introduction

ABSTRACT

The Hauterivian-Barremian Gadvan Formation represents a depositional sequence in the central and
eastern regions of the Zagros Mountains. Field surveys and petrography of 30 thin-sctions of this
Formation in the Khaneh-Kat anticline togheter with wireline logs (gamma-ray and sonic) and 25
thin-sections analysis of two drilled wells in the Dashtak and Bandubast gas fields (Interior Fars
area) indicate important events in the basin evolution, especially the changes in the sedimentation
regime and platform evolution during the time period. The key point is upward grading of the thick-
bedded layers, feature forming Berriasian-Valanginian carbonates into shale, marl and argillaceous
limestone interbeds of the Gadvan Formation. The vertical changes is consisten with a prominent
decrease in carbonate production and a definite change in the nature of the Fars platform. The intense
bioturbation and mostly mud-dominated texture of skeletal limestone microfacies with significant
occurrence of molluscs, green algae and benthic foraminifera in the cyclic alternations of shales
and limestones indicate that the Gadvan Formation was deposited in a mixed carbonate-siliciclastic
platform. The platform formed as the result of increased siliciclastics influx from the southern areas of
the Zagros fold-thrust belt (clastic drowning of the platform) and the change of the Fahlyian oolithic-
algal ramp into an environment consisting of an open lagoon and a muddy shelf. In the drilled wells,
these changes correspond to a significant increase in gamma-ray and sonic wireline logs. The Khalij
Member shows the regional continuity, implies a decrease of the (relative) siliciclastics supply and
increase of carbonate production in the mixed platform. Considering the relative tectonic quiescence
of the Interior Fars area during the Early Cretaceous, the mentioned changes can be the result of the

interplay between tropical climate and short-term fluctuations in the context of global sea level rise.

Mixed carbonate-siliciclastic platforms are sedimentary stacking of carbonate and siliciclastic deposits (Dunbar and

environments characterized by lateral changes or vertical Dickens, 2003; Flugel, 2014). The study of such sedimentary
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systems provides valuable information related to the origin
of sediments, transport pathways and depositional conditions
of different geological periods. In many cases, spatial
and temporal interactions of carbonate and siliciclastic
sediments in the mixed systems can provide significantly
more information on such processes as eustatic sea level
fluctuations, global and regional tectonics, and climate
than studying either pure carbonate or pure siliciclastic
systems. Mixed sedimentary systems are the result of
complex relationships between the mentioned factors and
other geological components, such as the rate of carbonate
production and the amount of clastic input. Therefore,
a detailed study of the temporal and spatial grading of
carbonate and clastic deposits is very important in evaluating
the role of each of these factors. In addition, different parts
of mixed sedimentary systems play different roles in the
formation of source, reservoir and cap rocks of hydrocarbon,
which are also important (Gordon et al., 2000; Tcherepanov
et al., 2008).

The Gadvan Formation is one of the lower Cretaceous
lithostratigrapgic units in the eastern areas of the Zagros
Mountain range, which comprises a possible petroleum
system including source, reservoir as well as cap rocks in
some cases (Sharland et al., 2001; van Buchem et al., 2010).
In current research, we investigate the facies, depositional
environment and the effective controlling factors of the
formation as an example of mixed carbonate-clastic

sequences.

2. Research methology

Field and laboratory investigations of Gadvan Formation
were carried out at the Khaneh-Kat outcrop section and
the Dashtak-1 and Bandubast-1 gas wells in Fars region. In
field surveys, during logging thickness of the sedimentary
succession as well as the lateral and vertical changes of
lithology, sedimentary structures, geometric form and fossils
were considered. 50 rock samples were taken at variable
intervals. Carbonate rocks were nomenclatured based on
Dunham’s classification (Dunham, 1962) and clastic types
according to Folk’s method (Folk, 1980). In the examination
of gamma-sonic well logs, the overall composition of
rocks in the wells were determined and different rock units
(carbonate and shale) were identified. The integration of
field, laboratory and petrophysical data led to the recognition
of facies that have been interpreted and reconstructed by
comparing them with present day analouges. Moreover,

due to the relationship between the vertical and lateral

changes of facies (Walther’s Law), the temporal changes of
different sub-environments have also been considered and
the expansion of facies in different areas of the basin was
shown in the form of a three-dimensional model. Finally,
based on the eustatic sea level variation and the climatic and
tectonic conditions of the region in the Early Cretaceous, the
relative role of these factors in controlling the clastic input

and carbonate production was investigated.

3. Discussions and results

Most geologists recognize the Cretaceous sedimentary
sequence of Zagros with the presence of platform carbonates,
which host some of the most important hydrocarbon
reservoirs in the region, such as Fahlyian, Daryian, Sarvak
and Ilam Formations (Alsharhan and Nairn, 2003; Ghazban,
2007). However, field observations and drilled well data of
gas wells indicate the intermittent presence of siliciclastic
units including the Gadvan, Kazhdumi, Laffan and Gurpi
Formations among this mostly carbonate sequence. This
issue is a sign of frequent structural changes in the basin
or the environmental conditions governing it, including the
creation of intra-shelf basins and increased clastic input
(Zeigler, 2001; van Buchem et al., 2010). These siliciclastic
units were formed in various sedimentary environments,
from coastal to deep marine, and it is very important to know
these environments and the effective mechanisms in their
creation and expansion (Bayet-Goll et al., 2016; Abtahian et
al., 2023).

4. Conclusion

The Gadvan Formation is one of the few lithostratigraphic
units of the Zagros fold-thrust belt, which has been
introduced as a source rock in some areas and as a cap rock
in some places. This shale-limestone succession is the result
of a frequently changing balance of carbonate production
versus clastic input over a large area of the southern margin
of the Neotethys Ocean. In fact, the increase of clastic input
in a period of the Early Cretaceous led to the disruption of
carbonate production and the change of the oolitic-peloid
ramp of the Berriasin-Valanginian (Fahlyian Formation)
to a mixed platform, which was affected by the alternating
activity of a muddy continental shelf and the mid-ramp
lagoon. The interfingering of the Gadvan Formation and
siliciclastic deposits were sourced from the erosion of the
Arabian Shield lands and transported towards the south of the
Zagros fold-thrust belt. The results of this research prove that

the change of the sedimentation regime in the Fars platform
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and intermittent activation of mixed carbonate-clastic the interplay of tropical climate and short-term eustatic sea

systems in the Early Cretaceous are basically the result of level fluctuations.
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Figure 1-a) A simple map showing the
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location of the Zagros mountains and

Fars, Khuzestan and Lurestan domains

in the south and southwest of Iran;

b) Digital elevation model of Fars region (Eastern Zagros) and its geological framework which is limited by the Kazerun, Minab, Zagros

Mountain Front and Main Zagros reverse faults. The High Zagros and Simple Fold Belt regions separated by the High Zagros fault. The area of

the gas fields and the area of the surface section marked with black circles and rectangle (based on Motamedi et al., 2012; Snidero et al., 2019).
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Figure 4. Field and microscopic photographs of the carbonate facies of Gadvan Formation: a) Thalassinoid-type trace

fossil consisting of burrows resulting from the activity (feeding) of different organisms on the sediments surface; b) a

polished sample with holes with a diameter of about 2 cm in different directions; ¢) Calcareous mudstone microfacies

with traces of bioturbation; d and e) fossils of bivalves, oysters and gastropods in the limestone interbeds; f) bioclastic

wackestone to packstone microfacies with gastropod shells; g) Photomicrograph of bioclastic wackestone with

remains of echinoderms, bivalves and peloids; h) miliolids in mudstone to bioclastic wackestone and i) bioclactic

orbitolina wackestone microfacies in the Khalij Member, XPL.
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Table 1. Description and interpretation of the clastic and carbonate facies of Gadvan Formation in Interior Fars area.

Facies code

Sedimentary Environmental

Lithofacies Microfacies/petrofacies ) .
structures/textures interpretation

Bioturbated lime mudstone

Bioclastic (echinoid, bivalve)

peloid wackestone

Miliolid bioclast wackestone/
Thin-bedded argillaceous mudstone Fine lamination and Low-energy mid ramp
traces of bioturbation (open lagoon)

skeletal limestones Orbitolinid bioclast wackestone/

packstone

Bioclastic (bivalve, oyster
and gastropod) wackestone/
packstone

Light grey shale/ ) .
calcareous/silty mudstone Thalassinoides Muddy shelf (offshore)

marls

(G520 0 5203l8) b el 2 516055 (gled @ 201508 3 (6)15T (gloe sl 31 o Sy Son 5 058wy Slo sl -0 IS
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XPL 5 ¢ o 0 nle (S o5l s > iy b 0 3lica¥ (d 5 (o 65305 &0 31 505 S e (€ 8
Figure 5. Macroscopic and microscopic photographs of siliciclastic facies of the Gadvan Formation:
a) close-up view of the grey shale lithiofacies that forms the major part of the Gadvan Formation;
b) Accumulation of bivalves (oysters) and gastropods in one of the marl and clay-rich limestone units;
¢) microphotograph of a shaley specimen and d) fine lamination in a silty mudstone petrofacies, XPL

light.
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Figure 6. The stratigraphic column of a part of the Lower Cretaceous sedimentary sequence in the Khaneh-Kat anticline, including the upper part

of the Fahlyian Formation, the Gadvan Formation and the lower Daryian, is drawn along with the gamma-ray and sonic logs of the studied gas

wells. The base of the Khalij Member is the basis of the chronological adaptation. The lithological data and fossil diversity are consistent with the

tropical climate in the early Cretaceous (Mehrabi et al., 2015) and the platform changes with the passive tectonic structure of the Zagros Basin at

that time (Alavi, 2004). The significant coincidence of facies changes and platform evolution with the chart of global sea level changes in the early

Cretaceous (Haq and Al-Ghahtani, 2005) also confirms the effective role of these changes on the sedimentation regime of that time.
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Figure 7. Cartoon illustraiting the different parts of the Zagros Basin during the formation of the Gadvan

Formation and the controls of carbonate production versus sedimentation of siliciclastics. The major part of

silisiclastics supplied from the erosion of the Arabian shield in the south of the basin and after being transferred

to the continental shelf at that time prevented the production of carbonates and changed the nature of the Fars

platform. In parts of the south of the Basin, such as Kuwait, Iraq, and Abadan Plain, the significant increase of

clastics influx led to the creation of a completely silisiclastic system, which has been introduced as the Zubair

Delta. At the same time, part of the deep marine facies of the Garau Formation deposited in the northern areas

(Modified after Davies et al., 2019).
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