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Highlights
e The prograding clinoforms are bounded by a downlap surface below and by a truncational surface above.
e Six seismic facies show different geometries and indicate complex lithology and depositional systems.

e Proximal slope and distal slope are the two major depositional systems along the clinoform interval.
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The internal geometry and depositional system of a prograding clinoform complex are investi-
gated using integrated 3-D seismic and wireline log data from the Assamoud Field in NE Sirt
Basin, Libya, through detailed seismic facies and attribute analyses. Seismic attributes have
proved to be a highly effective method for the interpretation of carbonate facies. Six major seis-
mic facies (SF) show complex lithology and depositional systems. SF1 consists of high angle, sig-

moidal, continuous reflections of high amplitude clinoforms. SF2 has high angle oblique paral-
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nature of SF1 and SF2 suggest carbonate progradation into the interplatform basin through
downslope shedding from the platform top and margin. SF3 consists of subparallel and semi-
continuous reflections of moderate amplitude located basinward of the clinoformin SF1 and SF2.
SF4 shows undulated or hummocky internal configuration andis discontinuous to semi-contin-

uous of moderate amplitude reflections and was interpreted as a basin floor fan deposited on
the lower slope or basin during sea-level lowstand. SF5 displaysan erosive channel-shaped ge-
omtery and wavy to subparallel semi continuous reflections of moderate to high amplitude. It
was interpreted as an incised valley developed on top of the clinoforms. SF6 displays broken
reflections and circular features along the upper sequence boundary which are interpreted as
karst features developed as a result of subaerial exposure and erosion of the upper sequence
boundary. The seismic facies and attribute analysis, log facies and their stacking patterns, and
the position of the facies along the platform enabled the subdivision of the clinoform complex
into two different subsystems: proximal slope that contains SF1 and SF2 and consist predomi-
nantly of thick successions of limestone with a minor amount of mud, and a distal slope that
contains SF3 and is comprised of thick limestone successions with more shale units compared
to the proximal slope. The prograding clinoforms may have formed as a result of sea-level high-
stands when sediment supply outpaces the rate of creation of accommodation space. The trun-
cational termination patterns on top of the clinoforms suggest major erosion and removal of the
upper portion of the clinoforms.
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M. A. Abdalla

1. Introduction strata, about 15% of the total reserves of the Sirt Basin (Wenneker
etal., 1996), but the characterization of these carbonate reservoirs
is challenging because of the high inconsistency in the lateral facies
distribution and rock properties. Therefore, this study utilizes seis-
mic facies and attribute analyses in order to characterize the seis-
mic architecture of the progradational clinoforms and interpret the
depositional environment in which those clinoforms formed. The
findings of this study will enhance our understanding of the reser-
voir heterogeneity of the Eocene carbonate successions and should
improve future hydrocarbon exploration and production strategies
through delineating the reservoir continuity and the lateral extent
of the seal rocks.

High-resolution 3-D seismic reflection profiles reveal the pres-
ence of extensive inclined strata in the Assamoud Field of the con-
tinental rift Sirt Basin. These inclined strata, which occurred during
the middle Eocene, are shown as pulses seen on seismic profiles as
distinct progradational clinoforms and are predominantly com-
prised of thick successions of carbonates (Abdalla and Yang, 2021).
The Sirt Basin occupies an area of about 600,000 km2, approxi-
mately 230,000 km? of which are potentially comprises hydrocar-
bon accumulations (Fig. 1A, B). The thickness of the sedimentary
successions of Sirt Basin ranges from more than 6 km in the north-
eastern offshore Ajdabiya Trough to 1 km, south of the Sarir Trough
along the Nubian Uplift (Fig. 1C; Roohi, 1996). The Sirt Basin is seen
as a continental extensional rift basin, characterized by a serious of
platforms and deep troughs (Fig. 1B; Mouzughi and Taleb, 1981;
Hallett, 2017).

Carbonate rocks in the Sirt Basin are considered as important
hydrocarbon exploration targets. The major reservoir units in the
Sirt Basin are carbonate with large production from the Eocene

2. Tectonic and stratigraphic setting

The study area is situated in the northeastern part of the Sirte
Basin in Libya (Fig. 1A, B). The Sirte Basin lies on the north-central
African Plate and was formed as a result of crustal extension, lead-
ing to repeated episodes of subsidence and faulting (Guiraud and
Bosworth, 1997), after a series of tectonic events related to the split
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of supercontinent Pangea (Van der Meer and Cloetingh, 1993;
Baird et al. 1996; Lemnifi et al. 2015; Lemnifi et al. 2017). Basin
rifting started in the Early Cretaceous, reached a peak in the Late
Cretaceous, and ended in the early Eocene, resulting in a series of
platforms and troughs in the basin (Fig. 1B, C; Roohi, 1996; Gras
and Thusu, 1998; Ambrose, 2000). Four major episodes of subsid-
ence were recognized in the Sirte Basin (Abadi, 2008). Episode [
took place in the Early Cretaceous and resulted in the formation of
the main E-W structural trend. Episode Il was the most significant,

occurred during the Late Cretaceous, and formed the NW-SE struc-
tural trend (Fig. 1B). Episode Il initiated in the early Paleocene and
ended in the early Eocene, leading to the enhancement of the faults
and associated structural development. Lastly, Episode 1V started
in the middle Eocene and is still presently ongoing. The first three
subsidence episodes were formed due to repeated faulting related
to rifting, whereas the final subsidence episode was formed by the
cooling of the crust and sediment loading (Abadi, 2008).
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Fig.1. A) Simplified map of Libya showing the main sedimentary basins (modified after Abdalla, 2021a). B) Simple structural map of the Sirt Basin (modified
after Mouzughi and Taleb, 1981; Abadi, 2008). The basin comprises a series of horsts and grabens, and most normal faults have a NW-SE orientation. The
study area is located in the northeastern part of the basin along the Assamoud Ridge, the southern extension of the Jahama Platform. Location of study area
is shown by the red box. C) Structural E-W cross-section showing the major structural features across the Sirt Basin (modified after Roohi, 1996; Abdalla,
2021b). Location of the cross section is shown by the red dashed line in B. Notice that most of the normal faults associated with rifting terminate in the
Lower-Middle Eocene strata, signifying that rifting may have terminated during the Lower-Middle Eocene.

The sedimentary strata of the basin range in thickness from
about 1000 m in the west to about 6000 m in the east and uncon-
formably overlie the Precambrian basement (Fig. 1C; Roohi, 1996).
They consist of Cambro-Ordovician and Lower Cretaceous si-
liciclastic sediments deposited in the pre-rift stage, Upper Creta-

ceous-Lower Tertiary marine shale, and shallow marine car-
bonates deposited in the syn-rift stage. The rift deposits are uncon-
formably overlain by the post-rift Oligocene succession which con-
tain shallow marine sandstones (Fig. 2; Van der Meer and Cloe-
tingh, 1993).
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Fig. 2. Litho- and chronostratigraphy of Paleozoic, Mesozoic, and Cenozoic sedimentary succesions of the study area, showing the thickness, depositional
environments, stratigraphic sequences, and tectonic events (modified from El Ghoul, 1996; Abdalla and Yang, 2021). The focus interval is in the Lower and
Middle members of Gialo Limestone Formation. The short and long-term global sea-level curves are from Miller et al. (2005).

3. Data and methodology

Three dimensional (3d) seismic and wireline log data were
used to characterize the architecture of the prograding clinoforms.
The 3-D seismic datasets cover an area of approximately 65 km?2,
10 km wide and 6.5 km long, and consist of 500 inlines and 480
crosslines. The maximum two-way travel time is 6000 ms, and the
line spacing is 25 m. The seismic data was processed to a minimum
phase and was recorded with SEG normal polarity. The frequency
ranges from 8 to 60 Hz with a dominant frequency of 21 Hz. The
wireline data are from three wells penetrating the clinoform inter-
val (Fig. 3A). The wells are vertical production wells and depth was
measured in measured depth (MD). The types of wireline logs in-
clude gamma ray (GR), density (RHIB), acoustic (AC), resistivity
(SFLU, MSFL, ILD), caliper (CAL), and spontaneous potential (SP).

Seismic sequence stratigraphic principles of Mitchum et al.
(1977) were first used to establish a time stratigraphic framework
and to delineate the bounding stratigraphic surfaces of the clino-
form interval. Wireline log analysis was used to interpret lithology,

stacking patterns, depositional systems, systems tracts, and strati-
graphic sequences. This interpretation was carried out by Abdalla
and Yang, (2021). Log facies were defined on the basis of siliciclas-
tic mud content inferred from GR logs. They created cross plots to
establish a guide between log responses and interpreted litholo-
gies, and to interpret lithologies from wells that do not have GR
logs. Synthetic seismograms were generated to tie the well inter-
pretations to seismic data, an example is shown in Fig. 3B. The seis-
mic facies and attribute analyses were applied in order to distin-
guish the main structural, stratigraphic, and sedimentological fea-
tures of the clinoform interval. Seismic facies are defined as the
character of a group of reflections whose seismic reflection param-
eters differ from those of adjacent facies units. Seismic facies anal-
ysis is the interpretation of seismic reflection parameters, such as
continuity, amplitude, configuration, coherency, and frequency,
within the stratigraphic framework of a depositional sequence
(Sheriff, 2002).
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Fig. 3. A) Time slice showing the location of the three wells and progradation direction and lateral continuity of clinoforms. The clinoforms are seen as
east-west linear anomalies, suggesting that the progradation direction is north and source of sediment is located in the south of study area. B) A synthetic
seismogram of Well A3, showing the depth of stratigraphic surfaces and sequence stratigraphic units. SB: sequence boundary; TS: transgressive surface;
MFS: maximum flooding surface; TST: transgressive systems tract; HST: highstand systems tract; LST: lowstand systems tract; T-D: time-depth; Al: acoustic

impedance.

These reflections parameters are an indication of lateral litho-
facies type and continuity, fluid type changes, geometry, bed thick-
ness, and bedding patterns (Mitchum et al. 1977; Hart, 2012). Seis-
mic attributes are extracted from seismic data using basic seismic
measurement related to travel time, amplitude, frequency, and at-
tenuation (Brown, 2004). Seismic attributes used in the facies char-
acterization include instantaneous phase, local structure dip (event
dip), and variance-based coherence attributes. The instantaneous
phase emphasizes the lateral continuity of seismic reflections that
have a great variation in amplitude. It is widely used as an indicator

of laterally continuous events, faults, pinch-outs, sequence bound-
aries, and reflection termination patterns (downlap, onlap, toplap,
and truncation). The local structure dip or dip deviation attribute
comprises an edge detection method that reveals major changes in
local dip (Koson et al.,, 2014). It is a good indicator of channels’
edges and faults. The estimation of dip deviation from the seismic
data uses the downslope dip method, which assumes that the gra-
dient is perpendicular to the seismic events. The variance is a type
of coherence attributes, which measures the similarity of seismic
traces and their neighbors. It shows the discontinuities of seismic
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reflections, and is considered as a good indicator of faults, frac-
tures, carbonate build-up, and channel margins.

4. Results and discussions
4.1. Log facies

The Middle Eocene Gialo Formation, which contains the clino-
form interval, is widespread in the Sirt Basin except in the northern
part where the equivalent Gedari Formation was deposited. The Gi-
alo Formation is mainly composed of thick successions of shallow
marine limestone, dominated by large benthic foraminifera, espe-
cially nummulitids (Barr and Weegar, 1972).

Log facies were identified mainly on the basis of siliciclastic
mud content interpreted from gamma ray (GR) logs. GR log values
arelowest in mud-poor limestones log facies and highest in shale
log facies (Fig. 4B; Abdalla and Yang, 2021). Vertically in wells A2,
A3, and A4, the clinoform interval consist of 47-145 m thick coars-
ening upward cycles of mud-poor limestone, mud-rich limestone,
and shale. In the three wells, the GR log shows coarsening upward
trend or funnel-shaped pattern. Such trend displays a gradual de-
crease upward from maximum log readings and a gradual decrease
in mud content. This log pattern is present in the entire clinoform

interval, indicating a progradational stacking pattern. However, the
A Well A2

0GR (AP} 40

funnel-shaped trend in the clinoform has spikes disrupting the
overall trend. These spikes may correspond to stratigraphic
boundaries that divide the clinoform units into smaller parase-
quences or bedsets (Fig. 4B).

4.2. Seismic stratigraphy

The clinoform interval was first distinguished by the well-de-
fined, high amplitude inclined seismic reflections on vertical seis-
mic sections. The clinoforms extend for at least 9.5 km from south
to north along a depositional dip (Fig. 4A). The vertical distance
from the upper sequence boundary to the downlap surface (clino-
form interval thickness/height) is ~240-330 m. The clinoform
complex is well defined by truncational termination patterns at an
upper sequence boundary, locally showing a channelized surface,
and by a downlap relationship at alower downlap surface (Fig. 4A).
It lies on top of undulated or hummocky seismic reflectors inter-
preted as a basin floor fan formed during the Early Eocene (Abdalla
and Yang, 2021). The clinoform interval is interpreted as a high-
stand systems tract of the fifth sequence of the eight sequences in-
terpreted in the sedimentary successions of the study area (Abdalla
and Yang, 2021).

Cyelicity 12545 (16

-70SP (mv) 20 A4

B 5o SP (mv)_ o
LAT (ohm m)
01 1 10

Cyclicity
AZ High Low
order order

1693

— 1984
1983

Transgressive
systems tract

Shale
Mud-rich
limestane,

Mud-poor,
limestone

v Shallowing upward

. Maximum flooding
A Deepening upward

surface

Transgressive
surface

High"Low ILD (chm m)
order order 9.4~ % 10 o
Cyclicity 1o

High Low
orderorderol_1_11)_LD ohm m)

Incised valley 2SR (AP140

\BDSP (mv) -2

g

EE Highlstand

systems tract

Shale
Mud-rich
limestone

Mud-poor,
limestone

Mud-poor
limestone

Sequence boundary 5

Fig. 4. A northwest-southeast seismic section along depositional dip (A) tied to wells A3, A4, and A2 showing the clinoform log facies, stacking pattern, and
bounding surfaces (B). Two orders of cycles, namely high-order and low-order cycles, were definedon the basis of stacking pattern of log facies. Depth of
stratigraphic surfaces is in measured depth (MD)and shown in meters on seismic and well section. See methodology section for log types.

4.3. Seismic facies and attribute analyses

Six predominant seismic facies were recognized based on the
classification of Mitchum et al. (1977). The seismic facies include
prograding clinoforms, subparallel/sub-horizontal reflectors at the
lower part of clinoforms, hummocky or undulated bodies under-
neath the clinoforms, a channel-shaped body, and karst facies (Figs
5, 6, 7). Seismic attributes used in the facies characterization in-
clude the instantaneous phase, local structure dip (event dip), and-
variance-based coherence attributes.

4.3.1. Seismic facies 1 (SF1) and 2 (SF2): high angle progradingcli-
noforms

SF1 consists of a high angle sigmoidal and semi-continuous to
continuous reflections of moderate to high amplitude basinward

clinoforms (Fig. 5A). The clinoforms are of high angle (19-24°) and
200-300 ms TWT high. It is characterized by truncations at the up-
per boundary and downlap terminations at the lower surface. SF2,
which forms basinward of SF1, comprises high-angle oblique par-
allel clinoforms with truncation and downlap terminations (Fig.
5A). The seismic reflectors are semi-continuous to continuous of
moderate to high amplitude. Similarly, to SF1, the clinoforms are of
high angle (13-21°) and 200-300 ms TWT thick. The length of indi-
vidual clinoforms (lateral distance from truncation to downlap)
within these two facies ranges from 1.7-2.3 km. In well data, these
facies consist of limestone rich successions (gamma ray log curve
ranges from 5 to 20 API). SP log curves show an overall funnel-
shaped trend, indicating a progradational stacking pattern (Fig.
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4B). The sigmoidal and oblique parallel internal reflection configu-
rations of SF1 and SF2 suggest carbonate progradation into the in-
terplatform basin through downslope shedding from the platform
top and margin (e.g., Hine et al. 1992). The oblique tangential re-
flections along the slope of carbonate platforms are speculated to
develop under higher energy conditions and are composed of a
grainstone or rudstone with no or very little amount of mud
(Macurda, 1997). The instantaneous phase profiles clearly show
truncated clinoforms at the upper surface, discontinuities along cli-
noforms, and chaotic reflections at the toe of clinoforms (Fig. 5B).
The discontinuities are seen as elongated anomalies on variance
sections and are caused by fault activities (Fig. 5D). The progres-
sive increase in dip angle shown on the local structure dip profiles
along clinoforms correlates with the discontinuities highlighted in
the instantaneous phase and variance profiles suggesting the pres-
ence of sharp edges caused by faults (Fig. 5C). The highly variable
dips, discontinuities, and low amplitude of chaotic reflections at the
clinoform toe may indicate the presence of debris facies.

4.3.2. Seismic facies 3 (SF3): subparallel to chaotic seismic reflec-
tions

It consists of subparallel to chaotic and semi-continuous to con-
tinuous reflections of moderate to high amplitude. The thickness of
this facies is ~ 200-250 ms TWT vertically and extends laterally for
several kilometers and developed basinward of SF1 and SF2 (Fig.
6A). Along some seismic lines, the subparallel reflections are re-
placed by chaotic reflections with hummocky to chaotic internal
configuration. The two prograding seismic facies (SF1 and SF2) de-
veloped on the proximal part become less inclined (nearly horizon-
tal) at the toe of the slope, forming SF3. Seismic reflections within
these seismic facies are vertically stacked and suggest that accom-
modation space is available vertically. This facies contains mainly
limestone sediments with miner-thin layers of mud represented as
spikes in well logs (Fig. 4B). The position of this facies on the seis-
mic section and its overall serrated log trend suggest lower slope
deposits where sediments were transported from the platform top
and margin downslope (Macurda, 1997). The instantaneous phase
and variance attributes show that reflection continuity along these
facies changes from moderate to low downslope as the seismic re-
flections change from subparallel to chaotic (Fig. 6B, C).

4.3.3. Seismic facies 4 (SF4): hummocky or undulated seismic reflec-
tions

This facies displays an undulated or hummocky internal
configuration, andis discontinuous to semi-continuous of moderate
amplitude reflections (Fig 6A). Thickness of this facies ranges from
~ 80-120 ms TWT and present across the entire 3-D seismic vol-
ume. In well data, SF4 consists predominantly of limestone units
interbedded with thin shale intervals. SP log curves show an over-
all funnel-shaped trend, indicating progradational stacking pattern
(Fig. 4B). Both the instantaneous phase and the variance profiles
show high discontinuities along this facies (Fig. 6B, C). SF4 is inter-
preted as a basin floor fan deposited on the lower slope or basin
during sea-level lowstands.

4.3.4. Seismic facies 5 (SF5): channel-shaped seismic reflections

It has an erosive channel-filled shape and wavy to subparallel
semi continuous reflections of moderate to high amplitude. Thick-
ness of this facies is ~80-120 ms TWT vertically and more than 1.5
km laterally (Fig 7A). The channel-shape feature is characterized
by truncational termination patterns below indicating a subaerial
exposure and erosion of lower surface and was interpreted as an
incisionformed on top of the clinoforms (Fig. 4A). Sediments then
accumulated and filled the depression caused by erosion after a
subsequent sea-level rise. The instantaneous phase section shows
concave up geometry characterized by moderate to high continu-
ity, and the high variance along the channelized surface indicates
discontinuities (Fig. 7B, C).

4.3.5. Seismic facies 6 (SF6): karst facies

SF6 displays discontinuities (broken reflections) and circular
features along the upper sequence boundary (Fig. 7A). It shows
chaoticwave internal configuration of semi-continuous and high
amplitude reflections. The instantaneous phase is highly discontin-
uous within this facies and the variance time slice shows high co-
herence circular features correlating with the irregular top surface
of upper sequence boundary (Fig. 7B, C). These irregular shapes
vary in diameter and are most likely produced by karstification and
formation of paleocaves on the platform before its final demise.

4.4. Depositional systems

Fig. 8 is a Schematic model of the studied clinoforms during its
subaerial exposure showing the interpreted depositional system
based on the seismic facies and attribute analyses. According to
Abdalla and Yang (2021), the progradingclinoforms developed on
the leeward side of an isolated carbonate platform. The geometry,
angle of inclination, height, and lateral extension over several kilo-
meters of the limestone prograding clinoform sobserved on 3-D
seismic profile suggest a slope depositional system (Fig. 4A). The
seismic facies and attribute analysis, and the log facies and their
stacking patterns enabled the subdivision of slope system into two
different subsystems. The two depositional subsystems are proxi-
mal slope and distal slope, which are named on their position along
the slope profile.

4.4.1. Slope depositional system

The main depositional area for sediments derived from plat-
form top and platform margin is slopes of carbonate platforms. Pe-
lagic and platform derived sediments falling from the water column
and sediments carried by mass gravity flows are the two possible
sources for slope deposits (Eberli et al. 2004). The slope morphol-
ogy and declivity is controlled by several factors, including compo-
sition of sediments, rate of sedimentation, erosion on platform top
and margin and ocean currents (Cook &Mullins, 1983; Kenter,
1990; Adams & Schlager, 2000).The slope of prograding clinoforms
of our Eocene platform example is approximately 240-330 m high
and has a maximum inclination of 24°. It consists of various seismic
facies associated with different sedimentary facies and deposi-
tional process. Each of these facies is distinguished by its unique
seismic facies characterization, and log curve shapes and stacking
patterns. The two slope subsystems are described in detail in the
following section.

4.4.1.1. Proximalslope

The prograding clinoforms of the Eocene carbonate platform
vary in length. The lateral extension of the clinoforms near the plat-
form top ranges from 1.7-2.3 km, while the nearly horizontal cli-
noforms at the lower slope extend for more than 6.5 km basin
ward. On seismic profile, the first two set of clinoforms exhibit sig-
moidal and oblique parallel patterns. The seismic reflections of the
clinoforms top vary in amplitude and continuity and are truncated
against the upper sequence boundary. WellA3 is the shallowest
well drilled on the plat form and penetrated through different parts
of the first set of clinoforms (SF1). The proximal slope facies consist
predominantly of thick successions of limestone with a minor
amount of mud. The gamma ray log of the proximal slope facies
shows an overall prograding and aggrading serrated pattern (Fig.
4B). The serrated log shape reflects fluctuations in GR readings
over a short interval of vertical well section. The high values of GR
log display spikes, which indicatethe presence of thin layers of mud
within the limestone successions. Those spikes subdivide the
stacked upper clinoform facies into parasequences or bedsets. The
thickness of these parasequences changes systematically upward
through the clinoform top from thick to thin and thick again (Fig.
4B).
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4.4.1.2. Distalslope

The declivity of the distal slope varies from one place to another
along the clinoform interval. The seismic facies of the distal slope
consist of subparallel to chaotic and semi-continuous to continuous
reflections of moderate amplitude. The reflections become more
chaotic and less inclined basin ward. The distal slope clinoforms
terminate against the upper surface in two areas along the plat-
form. They extend laterally into the basin and become nearly hori-
zontal (Fig. 4A). Their overall morphology suggests that they are
possibly mass transport deposits, in which sediments are eroded

from platform top and margin, transported downslope by gravity
induced flows, and redeposited along the lower slope, toe of slope,
and basin. Well A2, which penetrates through the nearly horizontal
clinoforms basin ward, also shows a serrated wireline log motif,
but is distinctly different in its high GR readings (Fig. 4B). This Well
shows that the distal slope facie is comprised of thick limestone
successions with more shale units compared to the proximal slope
(Fig. 4B). The log pattern along the distal slope is generally ser-
rated, but a few tens of meters of funnel pattern cycles are also pre-
sent. The irregular serrated log pattern may represent the deposits
in the lower and deep marine slopes (Emery and Myers, 1996).

111



Abdalla et al./Libyan Journal of Science & Technology 14:2 (2023) 103-113

However, due to limitation of wireline log and core data, other
depositional systems in the studied sequence are difficult to recog-
nize and delineate, hence, only two depositional subsystems are
emphasized in this study.

5. Conclusions

The internal geometry and depositional system of a Middle Eo-
cene prograding clinoforms within the continental rift Sirt Basin
were interpreted using wireline logs and 3-D seismic reflection
profiles. This work reached the following conclusions:

1. The prograding clinoforms are bounded by a downlap sur-
face at the base and by a truncational surface at the top.

2. Six seismic facies were identified based on seismic facies
and attribute analyses (SF1 to SF6). The seismic facies show dif-
ferent geometries and indicate complex lithology and deposi-
tional systems. SF1 and SF2 that developed in the proximal area
show progradational pattern on seismic section and wireline

Erosion of

clinoform top pstal siope (SF2)

I Sea-level

—\_

Incised valley

logs. SF3 formed basinward of SF1 and SF2 and shows subparal-
lel pattern on seismic section and serrated log motif. SF4 devel-
oped below the clinoform complex and displays hummocky in-
ternal configuration and was interpreted as a basin floor fan. SF5
is a channel-shaped facies formed on top of the proximal cli-
noforms and was interpreted as an incised valley. SF6 is seen as
broken reflections on vertical seismic sections and as circular
features on time slices. SF6 was interpreted as karst features de-
veloped on top of the clinoforms.

3. Two depositional systems were delineated: a proximal
slope characterized by a sigmoidal and oblique parallel seis-
mic pattern and by a funnel log trend, and a distal slope char-
acterized by a subparallel seismic reflections and serrated log
motif.

4. Seismic facies and attribute analyses have proved to be
a highly effective method for delineating carbonate facies and
depositional systems.
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Fig.8. Schematic model of the studied clinoforms during its subaerial exposure showing the interpreted depositional system based on the seismic facies
and attribute analyses. The seismic facies and attribute analysis, and the log facies and their stacking patterns enabled the subdivision of slope system into
two different subsystems: proximal slope shown in blue and located close to the platform top and margin and distal slope outlined in light blue and located
basinward of the proximal slope. The two subsystems are named on their position along the slope profile. The identified seismic facies and stratigraphic
surfaces are shown on the model. The study area is outlined by the dashed blue box, and the section on the right is a speculation of the initial platform.
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