
Vol.: (0123456789)
1 3

Geomech. Geophys. Geo-energ. Geo-resour. (2022) 8:130 
https://doi.org/10.1007/s40948-022-00437-8

ORIGINAL ARTICLE

Reservoir characterization of the middle Miocene Kareem 
sandstones, Southern Gulf of Suez Basin, Egypt

Sherif Farouk · Souvik Sen · John D. Pigott · 
Mohammad Abdelfattah Sarhan 

Received: 14 March 2022 / Accepted: 28 June 2022 / Published online: 18 July 2022 
© The Author(s) 2022

(0.17–0.22 v/v total porosity and 0.15–0.19 v/v 
effective porosity), although it exhibits higher water 
saturation (0.38–0.54 v/v). The reservoir consists 
of very fine to coarse grained, poorly to moderately 
sorted, subangular to subrounded, poorly cemented 
and moderately compacted sublithic, subarkosic and 
arkosic arenites with moderate to good intergranu-
lar porosity. Abundant lithic fragments and poor 
textural maturity of the Rahimi sandstones imply a 
high energy shoreface depositional environment in 
close proximity to the hinterland. Porosity reduction 
is attributed to dolomite cementation, kaolinite, for-
mation of pseudomatrix by mechanical compaction 
of argillaceous lithics, and quartz overgrowth. Long 
and concavo-convex intergranular contacts indicate 
that silica needed for quartz cementation was derived 
by moderate degree of chemical compaction of the 
quartz grains. Partial to near-complete dissolution 
of the labile grains (feldspar and lithics) and dolo-
mite attributed to the reservoir quality improvement. 
Scattered dolomite cements prevented more severe 
mechanical and chemical compaction.

Article highlights 

• The gas-bearing Rahmi reservoir is composed of 
sublithic arenite and has poor textural maturity.

• Carbonate and clay cementations are identified as 
the porosity destroying diagenetic agent.

Abstract In this study, we have assessed the pet-
rographical and petrophysical characteristics of the 
progradational, syn-rift Middle Miocene Rahmi sand-
stone gas reservoir (Lower Kareem Formation) from 
the East Matr and Amal hydrocarbon fields, southern 
Gulf of Suez by integrating sidewall cores and wire-
line logs. We interpreted a reservoir gas gradient of 
around 0.09 psi/ft from the downhole pressure meas-
urements. Based on well log-based petrophysical 
analyses, we interpreted that the Rahmi reservoir in 
the East Matr field has a 0.10–0.18 v/v total poros-
ity, 0.08–0.14 v/v effective porosity, 0.08–0.17 v/v 
shale volume along with water saturation ranging 
between 0.09 and 0.32 v/v. The correlated reservoir 
in the Amal field is observed to have higher porosities 
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• Dissolution of dolomite cement, feldspar and 
lithic fragments contributed to secondary porosity.

• Studied reservoir has a good porosity range along 
with low shale volume.

• East Matr field has lower water saturation, com-
pared to the Amal field.

Keywords Diagenesis · Reservoir characterization · 
Rahmi member · East Matr field · Amal field · Gulf of 
Suez Basin

1 Introduction

Sandstone reservoir characterization requires assess-
ment of depositional textures (size, shape, and sort-
ing), primary composition, facies architecture (geom-
etry, heterogeneity and continuity controlled by 
depositional environment, and changes in the relative 
sea level), and diagenetic alterations. The Gulf of 
Suez Basin (GOSB) includes more than 80 fields pro-
ducing oil and gas from Precambrian to Neogene suc-
cessions. The Miocene sediments hold approximately 
60% of the hydrocarbon accumulations in the GOSB, 
while the remaining is hosted by the Pre-Cenomanian 
Nubia Formation (Peijs et  al. 2012). Numerous geo-
logical and geophysical studies on the evolution of 
the GOSB rifting have been conducted because of the 
huge amount of exploration data and the presence of 
well-exposed Miocene syn-rift strata (e.g., Alsharhan 
2003; El Nady et  al. 2015; Sarhan and Basal 2019; 
Moustafa and Khalil 2020; Sarhan 2020; Elhossainy 
et al. 2021; Radwan and Sen 2021a-d; Sarhan 2021a, 
b). The sandstones of the Middle Miocene Kareem 
Formation are the primary hydrocarbon-bearing res-
ervoirs in the GOSB which accounts for nearly 23% 
of the GOSB production. These sandstones have a net 
pay thickness of 10–200  m, porosity range between 
7 and 33%, and permeably between 20 and 730 md 
(Alsharhan 2003). The Kareem Formation comprises 
of Rahmi and Shagar members. Rahmi Member com-
prises of intercalated shales, sandstones, carbonate, 
and anhydrite. Shagar Member comprises of shales 
and marls, with thin limestone and sandstone beds. 
This work focuses on the Rahmi Member sandstones 
in the East Matr and Amal fields, situated in the 
southern GOSB. Previous literature from Amal field 
covers the board geological modeling (El Araby et al. 

2009), sequence stratigraphic interpretation (Abd El-
Naby et al. 2010), seismic data interpretation (Abuel 
Ata et al. 2012) and pore pressure evaluation (Rama-
dan et al. 2019) of the Kareem Formation. Literature 
lacks in reservoir characterization from the East Matr 
field.

This study integrates cores and well logs of the 
Rahmi sandstone to infer the reservoir characteristics 
which has critical influence on the field development 
and production. The objectives of this work are to: 
(i) interpret the petrographic characteristics, (ii) esti-
mate the key petrophysical parameters from wireline 
logs, (iii) unravel the impact of diagenetic processes 
on petrophysical properties. Using this integrated 
approach provides new insights into reservoir charac-
terization of syn-rift shoreface sandstones.

2  Geological settings

The GOSB is a part of the Red Sea rift system, which 
was formed when the Arabian and African plates 
separated during the Late Oligocene to Early Mio-
cene (Sarhan et al. 2014; Sarhan 2021a; Radwan and 
Sen 2021a). The rift is a 300-km-long depression that 
runs along the NW–SE direction (Alsharhan 2003; 
Radwan and Sen 2021a–d). A sequence of NW–SE 
trending clysmic normal faults define its 60 to 80 km 
width. The array of these faults shifted northwest, 
affecting the UpperMiocene section underneath the 
Nile Delta Basin (Sarhan et al. 2014). The GOSB is 
geologically divided into three tectonic provinces: 
Ataqa in the north, Gharib, and Amal-Zeit in the 
southern part. The three provinces are divided by 
two accommodation faults (hinge zones) with N-NE 
and S-SW directions (Alsharhan 2003). The South-
ern province (Amal-Zeit) extends from the Morgan 
accommodation zone to the mouth of the GOSB, 
where it merges with the Red Sea. It tilts towards the 
SW and is dominated by faults that dip to the NE. The 
studied fields, Amal and East Matr Fields are located 
in the Amal-Zeit Province at the southern part of the 
Gulf of Suez provenance (Fig.  1). The stratigraphic 
section of the GOSB was divided into three rift-asso-
ciated packages by Barakat (1982): Post-rift, Syn-rift, 
and Pre-rift. Miocene successions represent one of 
the most important intervals of the Egyptian stratig-
raphy, as they correspond to one of the most impor-
tant sources, reservoirs, and major seal rocks for oil 
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accumulation in the GOSB (Fig. 2). The Middle Mio-
cene age of the Kareem Formation is inferred from 
the occurrence of Globorotalia fohsi peripheroronda 
and Cassidulina cruysi (EGPC, 1964). The Rahmi 
Member is best represented in the Abu Zenima-1 
Well (EGPC, 1974) which exhibits a maximum thick-
ness of 165 m. The unconformable boundary between 
the Rahmi Member and the underlying Rudeis For-
mation is inferred from the presence of Globigeri-
noides sicanus and Operculina complanata (Youssef 
1986), which is marked at the base of the anhydrite 
interval. The shale and carbonate-bearingShagar 
Member is best represented in the Gharib North-2 
Well which shows a thickness of 297  m (EGPC, 
1964). This member lies between Rahmi Member and 
Belayim evaporites. Langhian to Serravallian age was 
assigned to Shagar (Youssef 1986) due to the pres-
ence of Globototalia peripheroronda and Cassidulina 
cruysia.

3  Data and methods

The datasets used in this study include wireline logs 
from four wells of the East Matr and Amal fields at 
the southern segment of the GOSB (Fig.  1b). The 
composite logs for three wells (East Matr-2X, Amal-4 
and Amal-6 wells) are also available. Four sidewall 

core samples were recovered from the Rahmi Mem-
ber in the well East Matr-2X at 4964 ft, 4965 ft, 4970 
ft and 4972 ft. A cumulative of eight thin sections 
were prepared after vacuum impregnation of the sam-
ples with blue epoxy. The samples were examined 
by scanning electron microscopy technique (SEM). 
X-ray diffraction (XRD) analysis on the four bulk 
sidewall core samples provided further information 
on the whole rock composition and clay fraction.

Due to the unavailability of the core-based petro-
physical measurements, we assessed the well-log data 
from the four studied wells to delineate the potential 
hydrocarbon-yielding zones within the Rahmi Mem-
ber of the Kareem Formation. The petrophysical 
analysis includes the estimation of shale volume, total 
porosity, effective porosity, water saturation, hydro-
carbon saturation and bulk volume of water. Shale 
volume (Vsh) was estimated from gamma ray (GR) 
and neutron porosity (NPHI) logs. Total porosity (Φt) 
was calculated using the bulk-density log as proposed 
by Asquith and Gibson (1982), while effective poros-
ity (Φe) was estimated incorporating the effect of 
Vsh. To estimate water saturation (Sw), we utilized 
Indonesian model (Poupon and Leveaux 1971):

Fig. 1  a Location (red square) of the studied East Matr and Amal fields in the southern Gulf of Suez; b locations of the studied 
wells in the two fields
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Fig. 2  Stratigraphic column of the Gulf of Suez Basin (GOSB) showing the interval studied, after El Diasty et al. (2020)
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where, Rsh denotes the resistivity of shale. Rt denotes 
formation resistivity log, Rw is formation water resis-
tivity, a = tortuosity factor, m and n are cementation 
and saturation exponents, respectively. Based on the 
effective porosity and estimated Sw, we have calcu-
lated bulk volume of water (BVW) following Buckles 
(1965):

(1)Sw =
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(2)BVW = Φe ∗ Sw

4  Results

4.1  Petrographic investigation

The Rahmi Member sandstones are dominantly com-
posed of monocrystalline and polycrystalline quartz, 
lithic fragments along with minor amounts of feld-
spar and bioclasts. The rock fragments include gran-
ite, mudstones, sandstones (calcitic and pyritic), 
dolostone and chert (Figs. 3, 4). The poor to moder-
ately sorted and subangular to subrounded (Figs.  3, 
4) detrital grains indicate moderate to low textural 
maturity of the studied sandstones. Quartz grains dis-
play the rare presence of incomplete syntaxial quartz 
overgrowths. Plagioclase grains, although present in 
minor abundance, exhibit minor dissolution (Fig. 4c-
d). Pore filling pseudomatrix was observed locally 
in all the sandstone samples (Fig. 3a–b). Authigenic 
components include mainly ferroan dolomite, calcite, 
kaolinite and minor illite. Dolomites are the dominant 
authigenic component and commonly shows vari-
ous degrees of dissolution (partly to near complete) 

Fig. 3  Optical photomicrographs under plane polar (a, c) 
and crossed polar (b, d) of the studied sandstones showing 
high amounts of intergranular and smaller amounts of fracture 
porosity (blue) showing the presence of polycrystalline quartz 
(Pqz), monocrystalline quartz (Qz), rock fragments of gra-
nitic (LGr), chart (LCh), limestone (LLm), dolostone (LDol) 

and mudstone composition (LM) along with detrital clays (D), 
partly dissolved ferroan dolostone (FeD) and minor bioclasts 
(B). Orange arrows indicate pore spaces. Samples belong to 
depths (a–b) 4964 ft and (c-d) 4965.5 ft of the well East Matr-
2X
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(Fig. 3a–b, 4a–b). Pyrite occurs as disseminated crys-
tals locally filling pore and replacing some of the 
argillaceous rock fragments. Pore-filling kaolinite 
(Fig. 4b) ranges in abundances between 0.5% and 4% 
by volume. The sandstones dominantly contain pri-
mary intergranular porosity with good pore connec-
tivity. Average pore sizes range from 20 to 500 μm. 

Secondary inter-and intraparticle porosity are also 
commonly observed which are formed due to partial 
to near-complete dissolution of the labile grains (lith-
ics and feldspars) and dolomite cement. Rare frac-
ture porosity is also observed within detrital grains 
(mainly quartz) due to overburden pressure (Figs. 3, 
4).

Fig. 4  Optical photomi-
crographs of the studied 
sandstones indicating the 
presence of polycrystalline 
quartz (Pqz), monocrystal-
line quartz (Qz), lithic frag-
ments of limestone (LLm), 
pyritic sandstone (LPy.
Sand) along with detrital 
clays (D), calcite (C), plagi-
oclase feldspar (Plg), partly 
dissolved ferroan dolomites 
(FeD), kaolinite (Kao), and 
minor bioclasts (B), a under 
plane polar, depth 4970 ft; 
b under crossed polar, depth 
4970 ft; c under plane polar, 
depth 4972 ft; d under 
crossed polar, depth 4972 ft. 
Orange arrows indicate pore 
spaces. Samples belong to 
the well East Matr-2X

Fig. 5  SEM images show-
ing detrital quartz grains 
(Qz), pore filling dolo-
mite rhombs (Dol), partly 
leached to near completely 
dissolved framework feld-
spars grains (Plg) and pore 
filling kaolinite booklets 
(Kao), red arrow indi-
cates illite, orange arrows 
indicate pore spaces, (a–b) 
depth 4964 ft; (c–d) depth 
4965 ft. Samples belong to 
the well East Matr-2X
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The SEM examinations exhibited the presence 
of small amounts of slight- to extensively dissolved 
feldspars grains (Fig. 5a). Rare pore filling and grain 
coating detrital clay minerals and local pore fill-
ing dolomite rhombs were observed (Fig. 5b, d, 6a). 
Pore filling kaolinite booklets are dominant in all 
the studied samples, locally showing vermi-from 
texture of partly corroded pseudohexagonal basal 
sections (Figs.  5b, d, 6a–b). Hair-like illite occurs 
in trace quantities (Fig.  6b) as an alteration product 

of feldspars and replacement of detrital clays. At 
4972 ft depth, common pore filling calcite cement 
is recorded (Fig. 6c-d). XRD results are presented in 
Fig. 7, which indicates that the quartz and calcite are 
the dominant minerals (Fig.  7c). Minor to consider-
able amounts of dolomite, with very minor pyrite and 
very few amounts of feldspars are locally recorded 
(Fig. 7c). The dominant clay mineral throughout the 
analysed samples is kaolinite along with rare amounts 
of illite (Fig. 7d). Depending on the distribution of the 

Fig. 6  SEM images show-
ing detrital quartz grains 
(Qz), pore filling dolo-
mite rhombs (Dol), partly 
leached to near completely 
dissolved framework feld-
spars grains (Plg, or Feld) 
and pore filling kaolinite 
booklets (Kao), calcite 
cement (C), yellow arrows 
indicate quartz overgrowth, 
red arrow indicates illite, 
orange arrows indicate pore 
spaces, (a-b) depth 4970 
ft; (c–d) depth 4972 ft. 
Samples belong to the well 
East Matr-2X

Fig. 7  XRD results of the studied sandstones. a major detrital components; b authigenic components and point counted porosity; c 
whole rock analysis and d clay fraction analysis. Samples belong to the well East Matr-2X
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major detrital constituents (Fig. 7a), the sandstones of 
the Rahmi Member are inferred as sublithic arenite.

4.2  Petrophysical investigation

The studied sandstone interval of the Rahmi Member 
of Kareem Formation is correlated in all the studied 

wells (Fig. 8) based on the low gamma ray and high 
resistivity signatures. The sandstones of the inspected 
zones have been described in the composite logs as; 
colourless, transparent, medium to fine-grained, occa-
sionally coarse-grained, sub-angular to sub-rounded, 
moderately to poorly sorted with calcareous cement. 
We utilized neutron porosity-density cross-plots to 

Fig. 8  Wireline log-based correlation of the studied sandstone reservoir of the Rahmi Member (Kareem Formation) between the 
four studied wells. ‘GR’ denotes gamma ray log

Fig. 9  Cross-plot of neuron porosity versus bulk density indicating lithological composition along with gas effects in the East Matr-
2X and Amal-6 wells
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confirm the lithology, which also exhibit gas effects 
in the East Matr-2X and Amal-6 wells (Fig.  9). A 
porosity and bulk density cross plot (Thomas and 
Stieber, 1975) indicated dominantly dispersed clay 
in all four wells (Fig. 10). The Pickett plots (Pickett, 
1972) are established for all the studied wells indicat-
ing the 100% Sw lines with associated tortuosity fac-
tor, cementation and saturation exponents (Fig.  11), 

which were utilized to determine the water saturation. 
Sandstone from the East Matr wells plot around and 
below the Sw = 25% line, confirming that these inter-
vals have the best hydrocarbon potentiality (Fig. 12). 
However, the majority of the sandstone in the Amal-4 
and Amal-6 wells are concentrated around Sw = 50% 
line indicating lesser hydrocarbon saturation and 
moderate potential for these pay zones (Fig. 13).

Fig. 10  Thomas Steiber Plot of porosity and bulk density indicating dominantly dispersed clay in all four wells

Fig. 11  Pickett plots to decipher the hydrocarbon saturation and input parameters for Sw estimation
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The quantitative assessment for the target zones 
in all the four wells encompassing key petrophysi-
cal parameters are presented in Figs. 12, 13, 14 and 
15. Direct formation pressure measurements avail-
able from the well East Matr-2X indicated a pore 
pressure gradient of 0.09 psi/feet which is repre-
sentative of gas within the Rahmi sandstone reser-
voir (Fig. 13). The target sandstone in the well East 
Matr-1X was encountered between 5256 and 5272 
ft and it is characterized by 0.10–0.17 v/v Vsh, 
0.10–0.18 v/v Φt, 0.08–0.14 v/v Φe, 0.11–0.32 v/v 
Sw and 0.02–0.03 BVW (Fig. 12). The same inter-
val was correlated between 4958 and 4972 ft in the 
well East Matr-2X which exhibits 0.08–0.16 v/v 

Vsh, 0.11–0.16 v/v Φt, 0.07–0.14 v/v Φe, along 
with average Sw of 0.09 and BVW value of 0.01 
(Fig.  13). In comparison, the wells from the Amal 
field represent lower Vsh (0.09–0.10 v/v), higher 
porosities (Φt ~ 0.17–0.22 and Φe ~ 0.15–0.19) asso-
ciated with higher water saturation (0.38–0.54) and 
higher BVW (0.06–0.08) (Figs.  14, 15). However, 
the small ranges of BVW reflect the high-quality 
hydrocarbon-bearing intervals in the investigated 
sandstones in both the fields. A comparison of the 
estimated petrophysical properties (average values) 
of the Rahmi sandstone interval in all the studied 
wells is presented in Fig. 16.

Fig. 12  Petrophysical inter-
pretation of the well East 
Matr-1X indicating well 
log-based key petrophysi-
cal properties of the Rahmi 
sandstone interval, Kareem 
Formation

Fig. 13  Petrophysical inter-
pretation of the well East 
Matr-2X indicating well 
log-based key petrophysi-
cal properties of the Rahmi 
sandstone interval, Kareem 
Formation. MDT pressure 
measurements are plotted 
on the right-most track. 
MDT denotes the forma-
tion pore pressure measured 
by Modular Formation 
Dynamic Tester tool
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5  Discussions

5.1  Inferences on the depositional environment

Kareem Formation was deposited unconformably 
over the Lower Miocene Rudeis Formation. The top 
of Rudeis Formation marks the end of rift climax, 
above which the Kareem sediments were depos-
ited during late syn-rift (Rohais et  al. 2016). A lot 
of previous works (Tewfik et  al. 1992; Salah 1994; 
Rine et al. 1988; Salah and Alsharhan 1997) inferred 

alluvial/deltaic fan or submarine fan system respon-
sible for depositing the arkose-quartz arenite sand-
stones of the Rahmi Member in the southern Gulf of 
Suez. El Araby et al. (2009) inferred that the medium 
to coarse grained, poorly sorted lower Kareem sand-
stones of the Amal field represent proximal fan delta 
to distal submarine fan where high density currents 
yielded rapid transportation and deposition of clastic 
materials. The authors also argued that these coarser 
clastic beds may represent the base of a Bouma 
sequence (El Araby et  al. 2009). El Sharawy (2013) 

Fig. 14  Petrophysical 
interpretation of the well 
Amal-4 indicating well 
log-based key petrophysi-
cal properties of the Rahmi 
sandstone interval, Kareem 
Formation

Fig. 15  Petrophysical 
interpretation of the well 
Amal-6 indicating well 
log-based key petrophysi-
cal properties of the Rahmi 
sandstone interval, Kareem 
Formation
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interpreted the Lower Kareem sands of the southern 
Gulf of Suez Basin (equivalent to the studied Rahmi 
Member sandstone) as the basin floor fan (BFF) being 
deposited during the early phase of relative sea-level 
fall. The sidewall cores taken out in the well East 
Matr-2X were too small to look for any sedimen-
tary feature, however they appeared to be massive 
in nature and devoid of bioturbation. Poor textural 
maturity (variable grain size, poor sorting and round-
ness) and abundance of lithic fragments observed in 
the petrographic analysis, indicate that sedimenta-
tion of the Rahmi sandstone had happened in a high 
energy environment in close proximity of the hin-
terland (Sen and Dey 2019; Baouche et  al. 2020, 
2021). This is a typical characteristic of fan deposits 
(alluvial fans, basin floor fans etc.) (Sen et al. 2016; 
Dey and Sen 2018; Sen and Dey 2020). Kaolinite, 
the dominant clay mineral phase in the studied sam-
ples, infers their sedimentary origin under continental 
conditions (Keller 1970; Tsuzuki and Kawabe 1983; 
De et al. 2020; De and Sengupta 2021; Farouk et al. 
2022). The presence of granite, mudstone, sandstone, 
dolostone and chert rock fragments (Figs.  3–4) pro-
vides clues about the source rocks hinterland. During 
the Miocene period, fan deposits dominated the areas 
of high relief, which was facilitated by the abundant 
sediment supply from the older hinterland rocks. Zaid 
(2013) argued the source areas may have poor veg-
etation cover as a result of semiarid/arid climate and 
alluvial fans associated with the rift boundary scarps 
deposited the Lower Kareem Formation. These fans, 
documented along the basin periphery, especially in 
the southern and central margins existed in the close 
proximity of the Precambrian Basement which acted 
as the primary sediment source.

5.2  Diagenetic processes affecting Rahmi sandstones

The petrographic investigation of the samples from 
well East Matr-2X showed that the Rahmi sandstone 
reservoir was diagenetically altered, which affected 
the porosity evolution with time, and hence the res-
ervoir potentiality. The early diagenetic history, i.e., 
eogenesis is characterized by the (i) infiltration of 
detrital clays (illite etc.) (Figs. 3a, 4a), (ii) rare devel-
opments of quartz overgrowth (Fig.  6b), (iii) mild 
mechanical compaction and (iv) ferroan dolomite 
formation (early). The later stage of diagenesis, i.e., 
mesogenesis is characterized by (i) incongruent dis-
solution of feldspar and lithic fragments (Figs. 4c-d, 
5a, 6a), (ii) further fractures by continued mechanical 
compaction, iii) dolomite formation (late) (Fig.  5b, 
d), (iv) dissolution of dolomite cements (Fig.  3a-b, 
4a-b), (v) calcite cementation (locally significant) 
(Fig.  6c–d), (vi) precipitation of kaolinite booklets 
(Figs. 5b, 5d, 6a-b) and vii) formation of pyrites at a 
much later stage.

Cementation can be very destructive by reducing 
greater than 50% of reservoir porosity (Worden and 
Morad 2000; Ganguli et  al. 2016; Ganguli, 2017). 
Clay minerals and carbonate cementations are domi-
nant in the studied sandstones, as seen in the thin sec-
tions and SEM. Dolomite cements are abundant in all 
the thin sections, however they appear to be affected 
by dissolution (Fig.  3a-b, 4a-b), which enhanced 
reservoir porosity in the process. Extensive ferroan 
dolomite cementation is considered to have happened 
in reducing alkaline pore water conditions (Morad 
1998; El-ghali et  al. 2009). Authigenic kaolinites, 
generally, are the products of feldspar dissolution 
favoured by meteoric water flux of under warm and 

Fig. 16  Comparison of the 
key petrophysical proper-
ties (average values) of the 
Rahmi sandstone intervals, 
Kareem Formation in all 
the studied wells
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humid climatic conditions (Cao et  al. 2017; Abdel-
Fattah et  al. 2022). These kaolinites, occurred as 
scattered patches and pore filling phases, thus reduc-
ing pore throat diameters and have a negative impact 
on reservoir petrophysical characteristics. Presence 
of kaolinites indicates that Al and Si bearing miner-
als (i.e., feldspar etc.) must have been present and the 
porosity–permeability must have been sufficient to 
facilitate the migration of acidic pore water to form 
kaolinites (Zaid et al., 2013). At 4972 ft depth, com-
mon pore filling calcite cement is recorded (Fig. 6c-
d) which choked the pore spaces. Therefore, calcite 
cementation can drastically reduce reservoir storage 
capacity, although it is not dominantly observed in all 
the samples, so it might be locally significant. Quartz 
cementation was observed in the studied samples, 
characterized by minor quartz overgrowths. Over-
growth generally occurs in deep burial diagenetic 
conditions and favoured by higher temperature (Lai 
et al. 2017; Worden et al. 2018; Mutebi et al. 2021). 
Mechanical compaction was inferred based on the 
concavo-convex detrital grain contacts (Figs.  3, 4) 
which implies moderate degree of mechanical com-
paction by burial load.

Dissolution and leaching of the cement and rock 
constituents are very common in the sandstone res-
ervoirs. These can potentially enhance the potential-
ity of tight sandstone reservoirs (Lai et al. 2020; Sen 
et  al. 2021; Wang et  al. 2021; Farouk et  al. 2022). 
Yuan et al. (2015) and Mosavat et al. (2019) pointed 
towards the organic acids and  CO2 being the pri-
mary agent yielding dissolution in sandstones which 
might have generated by the thermal evolution of 
the organic matter. Alternate mechanisms include 
reverse weathering reaction of silicate minerals under 
increasing temperature conditions (Hutcheon and 
Abercrombie 1990) and cooling of high tempera-
ture fluids (Giles and De Boer 1989; Taylor 1996) 
that can also lead to leaching and secondary poros-
ity generation. Bjørlykke (2014) commented that an 
accurate leaching mechanism generating high volume 
of secondary porosity is hard to establish. Having 
said that, dissolution-related secondary porosity is 
very commonly observed in the sandstone reservoirs 
and usually produced by the removal of the soluble 
components such as feldspars, carbonates, authigenic 
mineral cement, detrital grains, and any soluble min-
erals (processes classically described by Lindquist 
1976; Schmidt et  al. 1976; Rowsell and DE Swardt, 

1975; Stanton and Mc Bride, 1976). The sandstone 
dissolution supports the primary pores by creating 
additional secondary intergranular, intragranular, and 
vuggy porosity. Dolomite cements, feldspar and lithic 
fragments appeared to be partially to completely dis-
solved (Figs.  3a-b, 4–6) which significantly contrib-
uted to the secondary porosity network. Darwish and 
El-Araby (1993) linked the carbonate dissolution in 
the Kareem sandstones with the late Miocene- Plio-
cene sea-level fall.

5.3  Inferences on petrophysical characteristics

One of the prominent differences between the log 
signatures of the East Matr and Amal wells are that 
the Amal-4 and Amal-6 reservoir zones have much 
higher gamma ray, i.e., the Rahmi sandstone inter-
val in the well Amal-6 has an average gamma read-
ing of 90 API. Similar observation was also made 
by Nabawy and El Sharawy (2018), where authors 
found similar high gamma-ray signatures within the 
Kareem sandstones in the wells SA-C1 (Shoab Ali 
Field) and GH375-1 (GH376 Field) of southern Gulf 
of Suez. Authors reasoned that such behaviour might 
be contributed by the presence of K-feldspar derived 
from the unroofing basement rock. El Sharawy (2013) 
worked on the core-based petrophysical characteri-
zation of Kareem sandstones from the Hilal, Sidki, 
GS365-1 and Amal fields of southern Gulf of Suez. 
The Kareem sandstone in the wells Amal-9, as inter-
preted by El Sharawy (2013), contained perthite 
feldspar (consists of both Na and K-feldspar) which 
resulted in high gamma ray values against the res-
ervoir. We did not have any thin sections to confirm 
the dominance of K-feldspar or any potassium-bear-
ing mineral in the studied reservoir from Amal field. 
However, the kaolinites observed in the East Matr 
field, are indicative of K-feldspar alteration. Based on 
the high gamma ray values and available literature, 
we decipher that the Rahmi sandstones of the Amal 
field might have more feldspar which experienced 
a higher degree of dissolution compared to East 
Matr field and thus resulted in higher total porosity 
as well as effective porosity (Fig.  16). According to 
Alsharhan (2003), the reservoir quality of the sand-
stones of the Kareem Formation is controlled by the 
variable degrees of diagenetic processes. Nabawy and 
El Sharawy (2018), based on the core-based porosity 
and permeability measurements, concluded that the 
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dolomite content has a negative effect on the reservoir 
quality of the Kareem sandstones in the Shoab, Hilal 
GH376, Younis, Nasim and Morgan fields, southern 
Gulf of Suez. However, in this study, we observed 
that these dolomite cements are affected by dissolu-
tion in the East Matr field contributing to the second-
ary porosity. El Araby et al. (2009) also documented 
partly leached to highly altered feldspar grains from 
the Kareem sandstones of the Amal field (well Amal-
10AST). As a summary, cementation and dissolution 
are interpreted to be porosity reducing and enhancing 
agents in the studied Rahmi sandstone, respectively. 
The Rahmi sandstone, in all the studied wells, are 
characterized by very low shale volume, moderate 
to good porosity and lower water saturation, which 
designates the reservoir as a good quality one. The 
studied gas bearing sandstone interval in the well 
East Matr-2X yielded promising results during well 
testing. The well was completed and tested as a gas 
producer for a flowing period of 3 h at 16/64″ choke 
which yielded an average 2.4 MMSCFD (million 
standard cubic feet per day) gas and 113 STBD (stock 
tank barrel per day) condensate.

6  Conclusions

This study presents the first ever integrated petro-
physical and petrographical assessment of the syn-rift 
Middle Miocene Rahmi gas reservoir from the East 
Matr and Amal fields. Thin section and SEM-based 
petrographic investigation of the Rahmi sandstones 
(Lower Kareem Formation) provided critical infor-
mation concerning reservoir quality, textural and 
mineralogical characteristics. A wide range of detrital 
grain size as well as their poor sorting and angular-
ity reveal short transport distance and quick burial. 
These sublithic arenites were deposited very close to 
the faulted and lifted hinterlands, probably as a con-
tinental fan deposit during the Middle Miocene late 
syn-rift stage. Diagenetic processes heavily affected 
the porosity evolution via cementation and incongru-
ent dissolution of the feldspars. Wireline log-based 
analysis indicates good porosity ranging between 12 
and 22% which consists of both primary intergranu-
lar as well as secondary dissolution porosity. A low 
shale volume indicates that these rift-sands are clean 
in nature. Lower water saturation (as low as 9%) and 

BVW infer that the Rahmi sandstones have very good 
reservoir qualities in both the studied fields.
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