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Abstract

In this research, the reservoir quality of the Kalash Formation
(Upper Cretaceous/Lower Paleocene) within the Rachmat Oil Field,
Concession 13, located in the eastern part of the Sirte Basin, was
evaluated. The field, discovered in November 1976, has been
producing from the Kalash Formation. The study focused on
analyzing the reservoir quality concerning the structural geology
and sedimentological characteristics of the Kalash Formation within
the Upper Cretaceous level. The formation exhibits a diverse
lithology consisting of limestone interbedded with dolomite.
Logging data, including Gamma Ray (GR), Resistivity, Neutron,
and Density logs, were employed in the analysis. Advanced analysis
using Techlog and Surfer software was carried out to assess the
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petrophysical properties of five wells: L1-13, L2-13, DD1-13, DD2-
13, and S1-13. The results revealed that the dolomite within the
Kalash reservoir exhibited good quality, with porosity ranging from
5.5% to 13%. Structurally, the sedimentology of the Rachmat oil
field is influenced by a legitimate closure, bordered to the west by a
down-to-east normal fault intersecting the Hagfa Formation. The
spatial relationship between wells L2-13, L1-13, and S1-13 at the
Maastrichtian level indicates the presence of a reef at well L1-13,
with L2-13 representing the back reef and S1-13 the fore reef area.
The absence of hydrocarbons at the Cretaceous level in L2-13,
which is up-dip relative to L1-13, suggests a geological barrier in
the form of the fault separating the two wells, likely acting as a seal
and hindering hydrocarbon migration.

Keywords: Reservoir Quality, Structural and Sedimentological
System, Sirte Basin, Kalash Formation, Upper Cretaceous/Lower
Paleocene, Rachmat Oil Field.

2 Copyright © ISTJ b gine okl (3 gia
Al 5 o glall 4 sall dlsall



International Scienceand ~ VOlume 35 ) g g ol iyt i

«Tfasc\g:i&g ﬁﬁlﬁ?ﬂ‘ Part 1 alaal) i“g;i-_—»j %

October 2024 s

$2024/10 /30 g i gdsall o W dialy  22024/10 /6 sgobhy A3 gl oM a3

(a OIS (08 nganlly AonsSl Linglanlly LAY Baga Aady
(ohil) cladly Jia o bl Cpasalll) ) (Sotad) (Gailidal) sl
Ll iy Gags (0a A0 gial) 13 jay)

S dae Aaan Fgalsad) Clal Jousil) s Hrd A zd T O dalud
Sl tiga A dana
Lad (el ¢oalila daals calall LIS (G ) agle and !
L ¢ ygin cblall coliayall Ll ZaanslSY) ¢ mV) asle aud?
L clgsas clgn caala caslall LIS (a1 agle aui 3

Lad el e dde A8 Y] agle aud
Lol gyl cdghll Amals ¢ 5ladly Taaall A< cJagil) duaria aud®

osama.hlal@gmail.com.m.milad@zu.edu.ly

oadld)
313 (i) (sl gslal) (gadlbal) (HIS (055 038 B20m Al 02a o
LS &3 G gags e Fdll eiall B adlsll (13 LaeY) ¢ Jaiil) cladl) Jas
B2y COUad e andl 3 L GBS S (e iy 1S5 (1976 e 3 sl
(sianall Ja13 SIS (€3] gl ailmlly 2iSsgl) Lo slgendly ddbaiall ¢ 30
Ao el Al (cpsall Ay all ALl ailadl) dasils ¢gslell (gl
s . Casaglsall ca Lo fall (gnl) aal) (e (35 (531 gsiiall aglsilll jaal
5 Resistivity  Gamma Ray <dlaw &l &b e cJaneal) Slily aladial
Surfer 5 Techlog maliy aladiul safie Julas ¢))a) &3 .Density 5 Neutron
Ja0s Cnagloall o ) il i Ul dedd A ) ALl (ailiadll sl
Lall) e 13 A 755 e bt duslue g das Bass el (AS OBA
g call G oang gy (Pheb led) b Jin (& gl A (il
&l 13 A o e 138 lials 0sS5 ae adaliy (38 ) Jiad (e paaida

3 Copyright © ISTJ Ak sine qolall (3 s
Ayl g o shell 40 sal) dlaall



mailto:osama.hlal@gmail.com

International Scienceand ~ VOlUuMe 35 aaxd) g g ol iyt i

Imtrwaational beimrs mad Taviasiags demraal

kﬁgtﬁﬁﬂ:m1 Part 1 Al I S TIJ %

October 2024 5!

$2024/10 /30 gl ddsal) Ao W dialy  a2024/10 /6 i 43 sl aMiu) o

O LKA Al i L (alas i) g 8 (L 113 ) A8l )i lajlasl
dilaye Glad 25y A plidoiele i Ao L2-13 L1-13 S1-13 )
aahie S1-13 Lalal) dalsyall Gledll L2-13 Jiar cua o i) L1-13
@bl juanll (ggine vie ClisgnSoHugl) Cile ads AueleY) dslasall el
e~ easlen Sala M L1138 ) il aije pmlisil sa5 (L2-13 (4
ey sS Of daimall (g (535 ¢l (38 G daay ) g auall caaal) dsng

+ligSo el Bas aiey s

uf)SE Qg ‘Lfyjb ‘;\:\S‘)ﬂ\ (,LL.J\ cub;l\ Bag ;\,.\At\ﬂ.d.“ Slalsyy
il iledly Jis IS

1. Introduction

Rachmat oil field is situated on the upthrown side of the major Etel
normal fault, positioned between the Hagfa trough in the east and
the Beda Raguba high in the west. Located approximately 30 km
north of the Ora oil field in Concession 13, this field was first
discovered in November 1976 by the initial DD1-13 well (refer to
Figure 1). The primary production comes from the Kalash
formation, with additional output sourced from the M59 member of
the Paleocene Beda Formation, totaling a cumulative production of
3,772,378 barrels. The secondary significant well, L1-13, represents
a distinct reservoir between the L1-13 and DD1-13 pools. The
Kalash reservoir exhibits the most promising potential for
production in the Rachmat region, boasting two different types of
lithology and reservoir quality, including porous rock with good
permeability. The primary objective of this study is to assess the
geology of the Rachmat oil field, examining the correlation between
the structures of DD1-13 and L1-13, as well as the reservoir quality
indicated by the Kalash Formation's thickness, lithology, and
sedimentary environment influence on deposition. By integrating
these findings with geological data, a deeper understanding of
reservoir quality can be achieved.
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The study utilized data sets from Harouge Oil Company, comprising
geological and petrophysical data, along with references to
published papers. The primary methodology involved Petrophysical
analysis of five designated wells (DD1, DD2, L1, L2, and S1-13)
incorporating Electrical logs such as Gamma-ray, Neutron,
Resistivity log, Electrical resistivity, Sonic log, and Formation tops.
Software was employed to determine Petrophysical properties like
Porosity, water saturation, and net pay for the Kalash formation,
which were then integrated with geological data to assess reservoir
quality in the research area.

Figure 1: Location map of Rachmat oil field in concession 13 —Sirt
Basin[1]

2. Geological Setting

The Sirt Basin, situated onshore in Libya, is delimited to the north
by the Gulf of Sirt, to the northeast by the Cyrenaica Platform, to
the southeast by the Jabal Al Dalmah Arch, to the south by the
Tibisti Massif, to the southwest by the Murzug Basin, and to the
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west by the Hun Graben [2-5]. Known as the region's youngest and
most hydrocarbon-abundant basin, it covers approximately 600,000
kmz2. The Sirte Basin represents a late Mesozoic and Cenozoic triple
Junction continental Rift, which emerged during the late Jurassic
Period due to tensional tectonic activities in the mid Mesozoic [6].
By the early upper Cretaceous (Cinomanian) era, the fundamental
structural configuration of the Basin was established, characterized
by a northwest elongated shape comprising northwest-southeast
trending Platforms or uplifts (Horsts) and Troughs (Grabens), see
Figure 2. Formed through intracratonic rifting, the Sirt Basin
experienced episodes of stability and structural reversal phases. The
basin gradually subsided during the Cretaceous and Tertiary epochs,
particularly peaking in the Eocene period with the maximum
subsidence rate [7].

During the Oligocene to Miocene epochs, the existing structural
components of the Sirt Basin consist of numerous NNW-SSE
oriented depressions of grabens interspersed with intervening
horsts. These features include the Hon Graben Waddan Platform,
Maradah (Al-Hagfa) trough, Ad Defa Waha Zelten Platform,
Ajdabiya trough, Amal-an Nafurah platform, Maragh trough, and
Cyrenaica platform aligned from west to east [8]. The sedimentary
processes were influenced by both tectonic and eustatic forces,
leading to localized high rates of sedimentation, with the
distribution of distinct lithologies being controlled by
paleotopographical variations characterized by ridge-and-trough
configurations. The oil field under investigation can be divided into
three paleogeographic zones depicted in Figure 3: 1) the northern
area characterized by predominance of peri-reef sediments, 2) the
central region dominated by protected middle shelf deposits, and 3)
the southern area comprising dolomitized inner platform sediments
that may have experienced intermittent emergence. Lateral changes
in facies distribution are evident across the region, with argillaceous
strata being most concentrated in the central area. Discontinuities
exhibit a prominent development in the southern region, gradually
diminishing in occurrence towards the northern area as the sediment
sequence thickens. The majority of these discontinuities are linked
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to transient terrestrial exposure in the southern region, characterized
by localized dissolution processes within the northern formations.
These discontinuities serve as indicators of interruptions in
sedimentation, with associated processes that hold the potential to
enhance the reservoir capacity of underlying sediments [8]. The
Heira Formation encompassed the irregular pre-existing
paleotopography, addressing challenges in correlation and variable
thickness within this lithological unit. Sedimentation within the area
is influenced by a series of tectonic phases, resulting in localized
high sedimentation rates. During the Paleocene period, shallow
carbonate deposits formed on the crests, while argillaceous
carbonates and marls accumulated in the basins. The deposition of
carbonate units continued to be influenced by the presence of
paleotopographic crests and basins, as well as the minor reactivation
of NW-SE faults associated with the rift activity. The Mabruk
carbonate reservoir member comprises a limestone sequence
deposited in shallow marine environments, transitioning laterally
and vertically into shale compositions.

Suncor Exploration and Production
areas shown in Yellow

Figure 2: Sirt Basin major structural features, location of study area
marked by red arrow [9, 10]
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3. Geological Setting of Rachmat Oil Field

The Rachmat field is located on the upthrow side of the major Etel
fault trending northwest-southeast. Structural cross section. Figure
3 shows the structural style of the Rachmat field. A normal fault of
up to 120’ vertical displacement separates the Rachmat, field from
the dry hole S1-13. This fault intersects the Zelten formation in well
DDI1-13 at 4,050° subsurface. A normal fault trending north-south
with about 150 of throw separates L.2-13 from L1-13 at the Kalash
level. There is a direct relationship between the structure and
development of the reservoir facies in the Rachmat area. The Hofra
formation, M59 member, and lower Beda are paleo-structural
reservoirs. However, the Kalash formation has stratigraphic
structural elements [1].

Figure 3: Structural cross section shows the structural style of the
Rachmat field

4. Reservoir Quality Based on Petrophysical Analysis

The Petrophysical analysis applied for four selected wells located at
the Rachmat oil field by using Techlog 2015 software, starting by
loading the electrical logs including GR, Neutron, Density, sonic,
and resistivity logs, also formation tops have been loaded to identify
all the zones in area study, then sorted the logs and submit the cut-

8 Copyright © ISTJ Ak sine qolall (3 s
Ayl g o shell 40 sal) dlaall



International Scienceand ~ VOlume 35 ) g g ol iyt i

Imtrwaational beimrs mad Taviasiags demraal

kﬁgtﬁﬁﬂ:m1 Part 1 Al I S TIJ %

October 2024 5!

$2024/10 /30 g i gdsall o W dialy  22024/10 /6 sgobhy A3 gl oM a3

off parameters, then calculations and results carried out as layouts
and tables.

4.1 Determination VVolume of Shale

There are many different methods to determine the volume of shale
(Vsh); the basic methods of shale volume determination use the
following indicator GR.In this study only the gamma-ray log was
used to determine the shale Contents in the Kalash Formation
reservoir in four wells only, shale volume indicator. The simplest
procedure is to rescale the gamma-ray between its minimum and
maximum values (in one consistent geologic zone consisting of both
clean and shale) from 0% to 100% shale. The gamma-ray (vsh) is
defined as a relationship between (GRmin) and (GRmax), and the
formula can be written as: vsh= (GRlog —GR clean)/(GR sh — GR

Vsh: is the volume of shale (API). GR log: is the Gamma-ray
reading on the log. GR clean: this is the minimum reading on the
log. GR sh: is the maximum reading on the log.

4.2 Porosity Determination

Porosity logs neutron and density logs are used to determine the
density porosity (D) and the total porosity (@N-D) of the Kalash
Formation reservoir.

4.3 Density Porosity

The density porosity (D) was determined based on the type of
reservoir rock from Equation 2

@D = (pbma- pblog)/(pbmax- pfl)................ Eq(.2)

Where: pb =bulk Density, gm/cc (log). pfI =Fluid Density, (equal 1.1
gm/cc). pb ma =Matrix Density, equal 2.71 gm/cc (for limestone). @D
=Density Porosity.

figure 4 summarizes the average effective porosity in the study area,
which ranges from 5.2% in well L1-13- to a high effective porosity
of 13.5 in well DD1-13
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Figure 4: Porosity map of the study area by Surfer software

4.4 Determination of water Saturation (SW)

In petrophysical terms, water saturation (SW) can be defined as the
fraction of a rock's pore space that is filled with water. When the
water saturation is less than 100%, hydrocarbons are typically
present. Water saturation calculations based on resistivity logs in
clean (non-shaly) formations with uniform intergranular porosity
adhere to Archie's water saturation equation. Table 2 presents a
summary of water saturation values in the research area, ranging
from 4.5% in well L1-13 to 66% in well L-13, as illustrated in the
water saturation map depicted in Figure 5.

WellName  Average water saturation
(%)
11-13 45 - n
- n : 1
12-13 66 . +
DD1-13 284
DD2-13 50.6
51'13 3‘ ! — ..—

Figure 5: Average water saturation map of the study area by surfer
software
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4.5 Net Pay thickness

The Net pay thickness of the reestablished Netts intervals having
porosity less than or equal to the cut-off porosity (8%) and having
water saturation greater than the cut-off water saturation (50%). To
determine the net reservoir, the porosity of the established net sand
must be calculated figure 6 shows a summarized Net pay thickness
and map of Net pay thickness in the study area ranging from 2 ft in
well S1-13- to 40 ft in well LL1-13.

Well Name

1113

L2-13

0D1-13

DD2-13

$1-13

Net pay thickness
fr)
40
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37.5
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&/
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L

U

T

/
\

e ".*;’)

P_I ~3

Figure 6: Net pay thickness map of the study area by surfer software

5. Petrophysical Analysis Results

In this section, the results of the petrophysical analysis will be
presented individually for each well, for a more detailed idea about
the nature of the reservoir.

Well DD1-13 is the main one of the acquired wells, as it was the
first well to be drilled in the area, it was also the well in which the
formation tops were provided. The well was drilled to test the
hydrocarbon potential of the Kalash Formation, it penetrated the top
Kalash at a depth of 6172 feet and the thickness of the unit59 feet
figure (7), well DD1-13 The result of petrophysics analysis of the
Kalash reservoir in this well was started to determine of shale
volume by use GR log only by equation before, the volume of shale
in this well figure (8) shows the average volume of shale (green
color represent the volume of shale) the volume of shale is high
where GR 1is high and average of volume of shale. The second
calculation is porosity by neutron and density logs are used to
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determine the total porosity (UN-D) of the Kalash Formation
reservoir. The first determines the density porosity (@D based on the
type of reservoir rock from the Equation and the neutron porosity.
They determine the net pay thickness. The net pay thickness of the
reservoir denotes intervals characterized by porosity equal to or
lower than the cut-off porosity (9%) and water saturation exceeding
the cut-off water saturation (50%). The net pay result in this well
(highlighted in red to indicate the net pay zone) depicts an average
net pay thickness of approximately 46 feet. Well DD2-13 was
drilled to assess the hydrocarbon potential of the reef sediment in
the Kalash Formation. It encountered the upper sand layer at a depth
of 6301 feet with a thickness of 175 feet. The petrophysical analysis
of the Kalash reservoir in this well commenced by determining the
shale volume solely using the GR log by means of an equation. The
average shale volume (indicated in green to represent shale volume)
is elevated where the GR reading is high, averaging around 4.8%.
Subsequently, porosity was calculated using neutron and density
logs to ascertain the total porosity (@N-D) of the Kalash Formation
reservoir. The density porosity (@D) was initially determined based
on the reservoir rock type utilizing a pre-existing equation.

Wernovoxrazs

- 6200

TOP KALASH

F 6225

F 6250

BKALASH

F 6275

Figure 7: Well DD1 -13 in study area
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Figure 8: Show average porosity result of well DD1-13

Following this, the neutron porosity was directly derived from the
neutron log. The total porosity corresponds to the average of the
combined neutron and density porosities after the removal of shale
porosity, resulting in an average effective porosity of approximately
10.2% in this well. Water saturation was determined based on
Archie’s water saturation equation, resulting in water saturation
values in this well (depicted in green for the oil zone and blue for
water saturation) averaging at 4.1%. The net pay thickness was then
assessed, representing reservoir intervals with porosity equal to or
less than the cut-off porosity (9%) and water saturation greater than

the cut-off water saturation (50%). The petrophysical results of the
well are depicted in Figure 9.
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Figure 9: Show petrophysics result of well DD2-13

Well L1-13 was drilled in order to assess the hydrocarbon potential
of the Kalash Formation. It successfully reached the upper sand
layer at a depth of 6280 feet with a thickness of 196 feet. The
petrophysical analysis of the Kalash reservoir in this well began by
determining the shale volume using the GR log equation
exclusively. Figure 10 illustrates the average shale volume in green,
with an average effective porosity of approximately 8%. Water
saturation was determined based on Archie’s method, where green
indicates the oil zone and blue represents water saturation. The
calculation of net pay thickness involved identifying intervals with
porosity equal to or less than the cut-off porosity of 10%, water
saturation exceeding the cut-off value of 50%, and permeability
greater than 100 md. The average net pay thickness was
approximately 40 feet. Similarly, Well-S1-13 was drilled to explore
the hydrocarbon potential of the Kalash Formation, encountering
the top reservoir layer at a depth of 6640 feet with a thickness of 44
feet as depicted in Figure 11.

14 Copyright © ISTJ b gine okl (3 gia
Ayl g o shell 40 sal) dlaall




International Scienceand ~ VOlUuMe 35 aaxd) g g ol iyt i

Imtrwaational beimrs mad Taviasiags demraal

Zomegm, - part1dad ey 2

October 2024 s

$2024/10 /30 g i gdsall o W dialy  22024/10 /6 sgobhy A3 gl oM a3

well: S1-13

H

n: b
tion datum: Al
oral depth: Longit
ordinate system: Lati

e
GRYI
Reference
FT) GR LLD DT
: © 885 250 A

g

8

3
F

[
940§

— 6700

?ﬁ B.KALASH

Figure 11: Well S1-13

The petrophysical analysis of the Kalash reservoir in this well
commenced with the assessment of shale volume through the
implementation of the GR log exclusively through an equation. The
shale volume in this well was determined to be 11.4%.
Subsequently, porosity was calculated to be 11.4%, average water
saturation at 21.7%, and the net pay thickness was ascertained. The
average net pay thickness is reported as 147 feet, as illustrated in
Figure 12.

Figure 12: Show petrophysics result of well S1-13
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6. Structure Relates to Reservoir Depositional Facies

Based on the available well data, a strong correlation exists between
the structure and reservoir facies development within the study area,
with the reservoir exhibiting stratigraphic and structural trap
elements. The Kalash Formation demonstrates significant potential,
particularly when situated within a high structure (Palae-high
structure), where increased leaching of carbonate rock promotes
porosity development. Conversely, locations within low-structure
areas tend to exhibit limited porosity, forming tight porosity zones.
In DD1-13, the Kalash reservoir displays superior quality,
characterized by favorable porosity and permeability trends aligned
in a North-South orientation and extending southeast towards well
L1-13. This reservoir primarily comprises dolomite with moderate
porosity and an absence of porous limestone. Variability in the
thickness of the Kalash reservoir is observed. The drilling operation
aimed to target the Beda structure's summit, a lower Paleocene reef
indicated by seismic interpretations. However, the outcome
revealed a smaller structure, positioned on the upthrown side of a
fault that separates wells S1-13 and L1-13. Well S1-13 is situated in
the eastern-central region of concession 13, approximately one-
kilometer northeast of well L1-13, having been drilled on the
downthrown side of a northwest-striking fault believed to be
associated with the Raguba-Etel high zone.

The thickness of the Kalash reservoir in well DD1-13 measures
approximately 44 feet, with indications of fault-related section
disruption. The Cretaceous sediment in this well is comparatively
thinner than that in wells S1-13, L1-13, and L2-13. The gradual
thickening of the Maastrichtian Kalash formation from L1-13 to S1-
13 may have been attributed to eastward step faulting towards the
trough axis, interrupted by slightly thicker deposition at L1-13,
resulting in a 26-foot section thickness increase. This phenomenon
can be attributed to reef growth surpassing sedimentation along the
flanks. In well L1-13, the Kalash reservoir comprises 156 feet of
white to light tan dolomite, characterized by medium to coarsely
crystalline structure. There is a sudden facies transition over a short
lateral distance between well L1-13 and S1-13, where the dolomite
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rock in L1-13 signifies reef or carbonate buildup, while S1-13
represents fore-reef or open-water limestone facies due to its
offshore deeper water location. Well L2-13, situated 2 kilometers to
the west of L1-13, revealed only traces of brown, micro-crystalline,
argillaceous dolomite with thin beds of argillaceous limestone.

The majority of the Cretaceous section in L2-13 consisted of porous,
wet sandstone. Being positioned higher on the flank of the
Beda/Raguba high, L2-13 exhibited a thinner stratigraphic section
compared to L1-13, with every unit being thinner except for the
Cretaceous layer. This observed change in facies from dolomite and
sandstone to predominantly sandstone led to a 50% increase in
thickness. The dolomite buildup at L1-13 suggests shallow water
carbonate deposition, contrasting with the transition to clastic
sediments at L2-13.

The DD2-13 was drilled 600 meters Northwest of DD1-13 drilled
in limits of the Rachmat structure (Hofra high), the target of the well
was the Paleocene reef as well DD1-13 the result of the well was
lower than DD1-13 about 137 feet and no reef was found and porous
dolomite is absent, the facies distribution changes due to fault
controlling deposition. The DD2-13 was drilled 600 meters
Northwest of DD1-13 drilled in limits of the Rachmat structure
(Hofra high), the target of the well was the Paleocene reef as well
DD1-13 the result of the well was lower than DD1-13 about 137 feet
and no reef was found and porous dolomite is absent, the facies
distribution changes due to fault controlling deposition.

The geological history of the region during the Maastrichtian period
suggests the presence of a narrow ridge at well locations L1-13 and
S1-13, which likely extended in a northerly or northwesterly
direction, separating the Hagfa Trough from a depression to the west
at well L2-13. The sedimentation of the Kalash Formation
commenced with subsidence towards the eastern region along the
fault's hinge zone, leading to a transgression by the Maastrichtian
Sea.

The inundation in the study area was relatively shallow, as
evidenced by the fauna remains. Favorable conditions for reef
development were present along the fault's hinge zone, resulting in
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the formation of carbonate structures at well L1-13, while normal
marine limestone was being deposited in the fore reef. The gradual
thickening of the Maastrichtian Kalash Formation from well L2 to
S1-13, reaching a thickness of 26 feet, can be attributed to the
continuous growth of the reef, which outpaced sedimentation in the
surrounding areas. Subsequent rapid subsidence occurred during the
Danian period, leading to the deposition of limestone from the
Kalash Formation in wells L1-13 and S1-13. This subsidence
persisted into the Paleocene and early lower Eocene periods,
characterized by the rapid eastward thickening of marine sediments
toward the Hagfa trough. The subsidence may have been triggered
by fault movements towards the eastern section, converging towards
the trough's exit.

7. Conclusion

The well S1-13 was drilled on a legitimate structure with closure to
the western boundary, delineated by an east-to-west normal fault.
This fault intersected the Hagfa formation, resulting in the up-
thrown block 13 being tested by the well, as well as placing L1-13
in a down-dip position. The interrelation among wells L2-13, L1-
13, and S1-13 at the Maastrichtian stratum indicates the
development of a reef at L1-13, with L2-13 representing the back
reef and S1-13 depicting the fore reef area. The absence of
hydrocarbons at the Cretaceous level in L2-13, situated up-dip from
L1-13, signifies the presence of a barrier between the two wells,
with the fault serving as a sealant that impeded hydrocarbon
migration.
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