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Abstract
Relevance and purpose of the work. Due to its basement fault block pattern in the sedimentary basin, the Southwestern
Gulf of Suez’s Gebel El-Zeit basin is one of Egypt’s most desirable hydrocarbon concessions. However, salt diapers
in sedimentary layers have hindered seismic interpretations in this area, making it challenging to build a 3D central
primary basinal structure. This study uses Bouguer gravity anomalies to input basement complex lateral density
model assumptions to determine the optimal three-dimensional basement depth for the study area.
Research methodology. Based on the concept of sequential 3D spectral layered-earth inversion approaches, through
trials with the Oldenburg and other forward models, many forward optimization strategies and parameterization
sequences with variable constraint parameter assumptions were used to regulate the inversion operations within
a proposed three-stage gravity inversion scheme to identify the optimal depth-density solution with a minimal
computational data misfit. This study statistically analyzes the basement’s relief and complicated lateral density
distribution to determine the best parameters for a 3D depth-density model solution. Zero regional gravity offset
and DC-shift, which forced the mean error to be zero, helped simulate the lateral density model’s best-possible
constraining assumptions.
Results and conclusions. Correlating depth data from many stratigraphical-control wells drilled in the inverted 3D
basement model confirmed the basement relief optimality of the study area. Correlation analysis showed a good
match between the predicted and measured depths, proving the resulting optimality of the basement complex’s lateral
density distribution, minimizing the computational depth error to a minimal percentage.

Keywords: Egypt, Gulf of Suez, El Zeit Basin Area, Bouguer anomalies, spectral layered gravity inversion scheme,
parameterizations and optimization.

Introduction

Gravitational anomalies inversely help in recovering
sedimentary basins, tectonics, and petroleum-rich places.
Given the sources depth, thickness, and shape, determining
the basements undulating surface morphology from gravity
measurements is a nonlinear inverse problem. Different source
assumptions may create discrepancies when determining
sedimentary basin basement depth. The forward Fast
Fourier Transform (FFT) method estimates undulating layer
gravitational or magnetic influences [1, 2].

The slab formula (g = 2nyApt) predicts sediment thickness
at each gravity datum utilizing just the gravitational constant
(g), density contrast (Ap), and slab thickness (f). Iterative
modeling shows nonlinearity [3]. Later articles modified the
technique by increasing iterations, converting to a density-
depth function instead of a constant density, and re-evaluating
the fitting function.

The Bott’s iterative procedure’s step sizes was adjusted
based on the model’s ratio of observed to estimated gravity

anomalies [4]. Silva suggested testing the model if the L2 norm
of the residual vector is lower than in the previous iteration
to speed convergence [3]. The density matched the gravity
model (drill hole gravity data, gamma-gamma density, and
saturated or unsaturated sample density measurements).
Linear, quadratic, exponential, hyperbolic, and parabolic
models reveal that density growth is most significant towards
the surface [5-8]. The environment affects sediment density.

Density data may not match the density contrast function
from density measurements at a few basin locations, making
depth-dependent density contrast challenging to establish [8].
Gravity modeling in sedimentary basins may benefit from
non-density contrast interpretation methods.

Backward computing on the model’s iteration field yields
the analytic solution for the gravity field of a two-dimensional
polygonal body, a three-dimensional rectangular prism, or
a complex undulating layer [3]. Fourier-domain operations
are faster than space-domain operations, as Bott’s technique
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avoids matrix multiplications and inversions. Formulas for
polyhedral bodies with a linear density contrast function,
analytical formulas for prismatic bodies with a parabolic
[9] or cubic polynomial [10] function, and algorithms for
modeling the vertical variation of density contrast with depth
all require an exponential or cubic polynomial fitting function
[6, 11, 12]. Jachens calculated the basement’s growing density’s
gravitational impact and created measures to minimize it
using Bott’s approach [13]. Phelps examined Nevada’s Yucca
Flat basin isostatic anomalies [8].

Tikhonov’s regularized inversion estimates basement
geometry for interpreting gravity data [14]. Inverting
subsurface columns into prisms with known horizontal
dimensions and densities predicts column thicknesses. The
L2 norm of the discrete first-order derivative of the model’s
objective function helps regularize the solution. Martins used

A.IL M. Xaccan u dp. / Ussecmus YITY. 2023. Bun. 4(72). C. 19-39

the L1 norm of the discrete derivative total variation function
to avoid penalizing quick morphological changes during
basement depth inversion [15]. Sun employed nonlinear
inversion to restore smoothness and blockness to the model
[16]. Two early inversions split the research area into smooth-
and blocky-density contrast zones. The last inversion reduces
the Lp model norm.

Feng established a nonlinear inverse approach that
minimizes an objective function by adjusting model
smoothness in the target area using a composite regularizing
function [17]. Edge analysis or first-approximation models
identify unique gravity anomalies. Nonlinear modeling
estimates basement morphology and constant density contrast
[18]. Li and Portniaguine modeled sedimentary basins
without basement estimators [19, 20]. Regularized inversion
is problematic because objective function stabilizers impact
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Figure 1.1. Data and geological setting: a — surface geologic map “after [34]”; b — Bouguer gravity anomaly contour map; ¢ — Topo-
graphic contour map

PucyHok 1.1. [laHHble 1 reonornyeckas o6cTaHoOBKa: a — reofiormyeckasi kapta noBepxHocTu «no [34]»; b — kOHTypHas kapTa rpaBMTaLMOHHON
aHomanuu byre; ¢ — Tonorpadguyeckas KOHTyYpHas kapTa
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Table 1. The reachable and unreachable basement constraint wells that we used to constrain and evaluate the optimality of the inverse
depth model results of our inversion scheme in the study area [35, 36]

Tabnuua 1. [JocTXMMbIE M HEAOCTUXKMUMbIE CKBaXWUHbI, OrpaHnYMBatolime pyHAaMeHT, UCMONb30BaHHbIe ANA OrPaHNYEHUA U OLIEHKU
ONTUMaNbHOCTU pe3ynbLTaTOB MOAENN MHBEPCUBHOM rMy6GuHbI Hallel cxeMbl MHBEPCUM Ha uccrneayemoun Tepputopun [35, 36]

Well symbol Well Name Total Drilled Depth, m Company Status
1st group / wells with T.D Reached Rock Unit [Basement] @ geologic age/ Pre-Cambrian
w8 C9A-1 2577 Conco Abandoned tested oil and gas
W13 QQ89-11 1129 DEOCO Abandoned
W15 Wadi Dib #1 3769 CHEV EGY Abandoned
w17 Gazwarina # 1 2162 Marathon Suspended oil
w18 QQ89-3 2908 SuUco Abandoned
W19 ERDMA-2 4051 Published [37]
2" group / wells with T.D Reached Rock Unit [Nubia Sandstone (Nu)] @ geologic age / Carboniferous-Jurassic
W2 Kabrite west-1 1272 Petrozeit Abandoned oil stain
W3 Gazwarina-2 1272 Marathon Abandoned oil shows
W5 Gebel El Zeit-west-1 1966 Deminex Abandoned
W6 Gebel El Zeit-west-2 2195 Deminex Abandoned
w11 East Ras Gemsa-4 2542 Gupco Abandoned gas shows
3 group / wells with T. D Reached Rock Unit [Matulla Formation (Ma)] @ geologic age / Upper Cretaceous
W9 Khalig El Zeit-1 2509 Devon Abandoned
W10 East Ras Gemsa-2 2538 Gupco Abandoned
W16 Zeit Bay 1 4452 CHEV EGY Abandoned
4% group / wells with T.D Reached Rock Unit [Nukhul Formation(Nuk)] @ geologic age / Lower Miocene
WO Gebel El Zeit-2 3743 GPC Abandoned
5% group / wells with T.D Reached Rock Unit [Rudies Formation (Ru)] @ geologic age / Lower Miocene
w1 Ramadan-1 3760 GPC Abandoned oil and gas shows
W4 Gazwarina-3 951 Marathon Abandoned
W7 C9A-3 2122 Conoco Abandoned
w14 C9B-1 3183 Conoco Abandoned

Table 2.1. An explanation of any acronyms that may be used, along with a taxonomy of the different parameters used in our inversion
scheme’s parameterization of the forward and inverse models

Tabnuua 2.1. O6bsicHeHMe NOGbIX COKpalWeHU, KOTopble MOTYT MCMONb30BaTbCA, @ TakkKe TAaKCOHOMUSA pPasfIMYHbIX NapamMeTpoB,
Mcnornb3yeMbIX B NapamMeTpu3aLum Hawen cxemMbl MHBEPCUUN NPSAMONM U UHBEPCHOW Moaenen

Type Parameter Parameterization meaning
RMSD, ., Root-mean-square deviation of the initial-hypothesized depth-to-basement
RMSD, .. Root-mean-square deviation of the inversely estimated recovered depth-to-basement
3 " CV —RMSD_ ., The initially hypothesized depth-to-basement's root-mean-square deviation coefficient of variation
) & g CV —-RMSD_ .. The inversely estimated recovered depth-to-basement's root-mean-square deviation coefficient
Sg o of variation
g 5 8 CV -RMSD,, The initially hypothesized homogenous basement complex’s density's root-mean-square deviation
S € g coefficient of variation
GE) -g s CV-RMSD, The inversely estimated-recovered homogenous basement complex's density's root-mean-square
< £F deviation coefficient of variation
nc:) IS % CV —RMSD, .0 The initially hypothesized basement complex's lateral density distribution's root-mean-square devia-
° P tion coefficient of variation
®© CV—-RMSD, ... The inversely estimated recovered basement complex's lateral density distribution's root-mean-

square deviation coefficient of variation

DTBa Depth-to-basement actually measured
53w DTB, Depth-to-basement initially hypothesized
g ‘5 g DTBe Depth-to-basement inversely estimated
&3 QE) pb, Basement complex's initial hypothesized homogenous density
'%_ E % pbe Basement complex's inverse estimated recovered homogenous density
] %~ LDDb, Basement complex's initial hypothesized lateral density distribution
LDDbe Basement complex's inverse estimated recovered lateral density distribution

solution fundamental features, regularization parameters, and  depth or contrast function. ITRESC will be tested in Egypt’s

model parameter restrictions. southwest Gulf of Suez El Zeit basin with results comparison.
Several basement depth measurements geologically A prior information and geological setting. The Gulf

confine ITRESC approaches, which approximate density of Suez formed when the African and Arabian tectonic plates
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Table 2.2. (continued)
Ta6nuua 2.2. (npopomkeHue)
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Pre- Ri

. Ap(b-s), Sedimentary-Basement's initially-hypothesized homogenous density contrast interface
@ % Ap(b—s)e Sedimentary-Basement's inversely-estimated recovered homogenous density contrast interface
8,
; § % Ap(LDDb-s), Sedimentary-Basement's initially-hypothesized lateral density contrast interface distribution
% g Ap(LDDb-s)e Sedimentary-Basement's inversely-estimated recovered lateral density contrast interface distribution
]
Q€
DC shift DC shift
[2]
§ " Reg. offset Regional offset
SEg
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L5 Fit. LHC limit Lower high cut limit Filter
g ° g Flt. UHC limit Upper high cut limit Filter
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Figure 1.2. Lithostratigraphic geological column of southern Gulf of Suez including the study area of Gebel El Zeit after [33]
PucyHok 1.2. lutoctpaturpacdmnyeckas reonormyeckas KonoHka rxHomn yactu CyauKoro 3anmBa, BKNntovas palioH nccrnenoBaHum
Fe6enb-anb-3eUT no [33]
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Figure 2.1. The flowchart for the three-stage inversion scheme used in the present research comprises optimization scenarios carried
out at each stage and between stages. Tables 2.1 and 2.2 have a thorough list of abbreviations. Legend shown in figure 2.2

PucyHok 2.1. Brniok-cxema TpexaTanHon cxeMbl UHBEPCUU, UCNONb3YEMON B AAaHHOM UCCnenoBaHUK, BKIOYaeT CLeHapuyM onTUMmn3auuu,
BbINOMHAEMbIe Ha KaXAoMm aTtane u Mexay atanamu. B tabn. 2.1 u 2.2 npuBegeH noapoOHbLIN CNMCOK coKkpalleHun. JlereHaa nokasaHa

Ha puc. 2.2

diverged in the late Oligocene and early Miocene [21, 22].
Low-angle listric normal faulting and dyke injection created
eastward half grabens along the rift's fault blocks [23]. The
subsidence moved the rift axis eastward into the asymmetric
axial grabens in the middle to late Miocene. During the
Pliocene through the Pleistocene/Holocene, the southern Gulf
of Suez intra-rift structural block Esh El-Mallaha was faulted
and raised [24, 25]. As shown in fig. 1.1, g, Faults F1 and F2
follow the Gulf of Suez and run NW-SE in multiple wadis filled
with Quaternary alluvium, juxtaposing Precambrian bedrocks

[26,27]. Deep tectonic faults give the Gemsa-El Zeit Bay Basin a
profound structural complexity. Nubian Sandstone, El Mallaha
Formation, Raha Formation, Thebes Formation, Nukhul
Formation, Lower/Middle Miocene Rudeis and Kareem layers,
Sabkhas, and salt marshes comprise it [25, 28-31].

Metamorphic, granitic, and Dokhan volcanic rocks
dominate the study area’s eastern and western flanks, Gebels El
Zeit and Esh El-Mallaha [32].

Gravimetry can enhance Earth model computations
by investigating the potential field without the direct
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—e— Common pathway for 1st & 2nd & 3rd stages optimization scenarios

pathway for 1st stage optimization scenario

====pathway for 2nd stage optimization scenario

legend

—===—pathway for 3rd stage optimization scenario
—==— Additional constraint pathway optimizing relation between 1st and 2nd stage

Additional constraint pathway optimizing relation between 2nd and 3rd stage

Figure 2.2. The legend for the proposed inversion scheme flow chart shown in figure 2.1
PucyHok 2.2. JlereHaa k npegnaraemon 6rnok-cxeme cxembl MHBEPCUM, NpeacTaBNeHHOM Ha puc. 2.1
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Figure 3. Three interconnected graphs (a—c) represent first-stage data analysis for depth inverse modeling in the inversion scheme. The
y-axis in these graphs shows the first stage of initial guesses and inverse estimates of erroneous parameterization for modeling param-
eters, including basement depth, density, and density contrast. Initial depth error guesses seven trials on the x-axis controlled inverse
estimation. The best solution was estimated on the sixth trial, with a 6.43 percent error. Tables 2.1 and 2.2 list abbreviations extensively
PucyHok 3. Tpu B3aumocBs3aHHbIX rpacmka (a—c) npeacTaBnsloT coboi aHanu3 AaHHbIX NepBOro 3tana Ans rMy6UMHHOro MHBepPCUB-
HOro MoAenupoBaHus B cxeMe UHBepcuu. Mo ocu y Ha 3aTux rpadpmkax nokasaH nepBbIi 3Tan UCXOAHbLIX NPeAnonoXeHU U 06paTHbIX
OLIEHOK OLIMGOoYHOM NapamMeTpu3auumy napameTpoB MoAenMpoBaHusl, BKNioYas rnyouHy ¢pyHaaMeHTa, NNOTHOCTb U KOHTPACT NIOTHO-
cTu. HayanbHas norpewHocTb rMy6uHbLI NpeanonaraeT ceMb NONbITOK 06paTHOM OLEHKU, KOHTpoNupyeMou no ocu x. Jly4uiee pelieHue
6b1510 OLleHEHO B LLIECTOM UCMbITaHUU C olMbKou 6,43 %. B Tabn. 2.1 1 2.2 nogpo6HO NepeyncrieHbl COKpaLleHuUsi

constraint of stratigraphic-control wells. Table 1 lists these  authorized the General Petroleum Corporation of Egypt’s
wells. (GPC) ten-year (1974-1984) proposal to develop a gravity

Bouguer gravity data. This study used a 0.01 mGal map of Egypt by establishing a national base net covering the
resolution Lacoste and Worden gravimeter (Scintrex Inc., whole country and augmenting all foreign companies’ surveys.
USA). The Bureau Gravimetric International (BGI) in Paris  The Egyptian Academy of Scientific Research and Technology
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supervised it. Remeasurements ensured correctness. Raw data
were exported in x, y, and z dimensions, gridding at 1000 m
intervals.

The contour map of the research area was colored using
Bouguer anomalies (Fig. 1.1, b). Remarkable doublet Western
gravity highs suggest local transfer faults intersect Gebel
Esh El-Mallaha. Gebel El Zeit and Esh El-Mallaha display
complicated basement outcrops east and west of Gemsa-El
Zeit Bay, with a vast sedimentary basin in the middle as shown
infig. 1.1,a, b, c.

The Litho-stratigraphic geological column of southern
Gulf of Suez including the study area of Gebel El Zeit is
represented in fig. 1.2 [33].

Inversion Scheme

General Outline. Douglas Oldenburg and others in the
three-stage inversion scheme quantified the El-Zeit basin’s
geologic attributes. The Oasis Montaj program’s GM-SYS ex-
tension sub-routine (Geosoft Inc., Toronto, ON, Canada)
uses a popular spectral layered-earth inversion algorithm for
data reduction, filtering, and optimization, resulting in the
best inversion solution for basement relief delineation. It also
determines the appropriate average density for the sedimen-

EARTH SCIENCES

tary-basement layers, their density difference, depths to the
basement, and sedimentary section thickness under the study
area. Its inversion results were compared to others to establish
if Oldenburg’s constraining parameters produced the best-
solved and most reliable model. For time and effort reduction,
the proposed inversion scheme employs a basic forward mod-
el and six optimization strategies to obtain the optimal initial
and inverse models, three from forward modeling and three
from inverse modeling. The parameterization flowchart for the
proposed scheme’s forward and inverse modeling operations
is shown in fig. 2.1 with a legend in fig. 2.2, and all parameter-
ization abbreviations utilized within our research are listed in
tables 2.1 and 2.2.

Stages of the Scheme. In the first stage, three optimization
strategies have been proposed: one for forward depth model-
ing that uses the unconstrained initial forward constant mean
depth surface within the 3D depth model guess trials; another
for forward density modeling that uses the initial forward den-
sity constraint assumptions of the 3D homogenous two-lay-
ered density model guess trials; and a third for depth inverse
modeling that incorporates both of those for recovering Old-
enburg’s model with the lowest possible error.
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Figure 4. Three interconnected graphs (a—c) show the second-stage data analysis for density inverse modeling in the inversion scheme.
These graphs show the second stage of initial guesses and inverse estimates of erroneous modeling parameterization for basement
depth, density, and density contrast on the y-axis. Initial depth error guesses seven trials on the x-axis controlled inverse estimation.
With a 1.87 percent error, the sixth trial’s optimal solution was likely depth-constrained. Tables 2.1 and 2.2 list all abbreviations
PucyHok 4. Tpu B3aMMocCBs3aHHbIX rpacdmka (a—C) noka3biBalOT aHanv3 AaHHbIX BTOPOro 3Tana Ansi MOAeNMpoBaHUA UHBEPCUBHOMN
NJIOTHOCTU B CXeMe UHBepcuu. AT rpacdmkn nokasbiBaOT BTOPOW 3Tan MCXOAHbLIX NPEANOIoXEeHU N 0OpaTHbIX OLIEHOK OLIMOGO4YHOM
napameTpusauum MoAenupoBaHus rny6uHbl hyHAaMeHTa, NNOTHOCTM U KOHTpAcTa NMoTHOCTU no ocu y. HayanbHasi norpelwHocTb
rnyouHbl npeanonaraeT ceMb NOMNbITOK 06paTHOM OLEHKMN, KOHTponupyemon no ocu x. C ownbkon B 1,87 % onTumanbHoe pelueHune
LEeCTOro UCMbITaHUs, BePOSITHO, ObISIO OrpaHMyYeHo no rny6uHe. B Tabn. 2.1 1 2.2 nepeuncrneHbl BCe COKpalleHus
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In the second stage, three further optimization strategies
are proposed: One is forward depth modeling, where the initial
forward variable depth surface has been used within the 3D
depth model guess trials with varying depth guessing errors,
imposing error reduction constraint assumptions from trial
to trial for parameterization sequences constraining; another
strategy for forward density modeling that applies constraints
to the density contrast guess trials of the initial 3D constant
mean density contrast interface is to separate several guess tri-
als of a homogeneous two-layered density model; and a third
for density inverse modeling that incorporates both of those
second stage’s aforementioned forward strategies for recover-
ing the densities best possible solutions.

The third final stage used three additional optimization
strategies: one for forward depth modeling, which uses an un-
constrained version of the forward variable depth constraint
assumptions derived from the trials of inverted 3D possible
depth models with varying errors in depth calculations; anoth-
er for forward density modeling, which uses the constrained
version of second stage’s inverted lateral density possible mod-
els; and third strategy for the inverse depth modeling, which
makes use of these constraint versions sought to evaluate the
best possible density and density contrast model solutions,

A. I M. Xaccan u dp. / Hseecmus YITY. 2023. Buin. 4(72).C. 19-39

leading to the best possible basement depth model solution
with the minimal inaccuracies. We achieved this low error by
repeatedly refining depth-density model solutions inside the
density contrast constrained-unconstrained optimization sce-
nario between the second and third stages of the proposed in-
version approach.

Results and discussion

A Comparison of the best-possible models in three stag-
es. We identified that for three best-possible forward models,
we could obtain three best-possible inverse models, resulting in
minimal error optimal solutions constrained by the three initial
best-possible mean depth error guessing trials, as highlighted in
fig. 3, 4, 5. Each stage uses a different strategy to generate for-
ward models and locate their matching inverse solutions. The
model’s optimality in minimizing calculational error validated
its reliability and efficacy based on an inversion results analysis
conducted on the entire study area and individual locations.

These forward models were started with the optimal for-
ward initial parameterization guessing sequences, which in-
cluded these parameters for the first stage: Zo -3470 m, pbo
2.77 glcc, pso 2.34 g/cc, Ap(pb—ps)o 0.43 g/cc, Ady 37.65 mGal,
Dc shift 37.652 mGal, filter LHC limit 14000 m, filter UHC
limit 7500 m, convergence limit 0.01 mGal, and regional offset

2 ¢
=]
7]

2

Slls

Trial Ne

=8=(RMSD)e3
=g=Nean (DTB).3
=d=Mean (LDDb),3

~4—(RMSD)03

=¢=Mean (ps)e3

=H=Mean Ap(LDDb-ps)o3

CV-RMSD (%)
(@3/3) sd2p qd pdy

Trial Ne

(CV-RMSD)q3
=t==Vean (DTB)e3

(CV-RMSD)e3

—i—Mean (LDDb)e3
—+—Mean (ps)e3

—s—Mean Ap(LDDb-ps)e3

Figure 5. Three interconnected graphs (a—c) show the third-stage data analysis for depth inverse modeling in the proposed inversion
scheme. These graphs show the third stage of initial guesses and inverse estimates of erroneous modeling parameterization for
basement depth, density, and density contrast on the y-axis. Initial depth error guesses seven trials on the x-axis controlled inverse
estimation. With a 1.63 percent error, the sixth trial’s optimal solution was optimally estimated. Tables 2.1 and 2.2 list all abbreviations
PucyHok 5. Tpu B3auMocBsizaHHbIX rpadmka (a—C) noka3biBalOT aHanu3 AaHHbIX TPeTbero atana Ans rnyouMHHOro MHBepPCUBHOro Mofe-
nvpoBaHusA B NpeanaraemMon cxeme MHBepcuuU. ATU rpacdmMky NokKasbIBakOT TPETUM 3Tan UCXOAHbIX NPeAnonoXeHUn U o6paTHbIX oLe-
HOK OLIMGOYHOM NapamMeTpusauum MoaenupoBaHUsa rMyO6uHbI hyHAaMeHTa, MNOTHOCTU U KOHTpacTa NMoOTHOCTM no ocu y. HavanbHas
norpewHocTb My6uHbI NpeanonaraeT ceMb NOMbITOK 06GPaTHON OLEHKU, KOHTponupyemoin no ocu x. C owmnbkomn 1,63 % onTumanbHoe
pelueHue WecToro UcnbITaHUs GbINo oueHeHo onTuMarnbHo. B Tabn. 2.1 1 2.2 nepeuncneHbl Bce COKpaLleHUs
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0 mGal. These inputs started the forward modeling guesswork
process with 43.6% inaccuracy. For the second stage, these
parameters were included: Z, -3536 m, pb, 2.67 g/cc,
pso 2.21 glcc, Ap(pb-ps)o 0.46 g/cc, Ado 42.661 mGal, Dc
shift 42.661 mGal, filter LHC limit 10000 m, filter UHC limit
9600 m, convergence limit 0.0054 mGal, and regional offset
0 mGal, with 1.78% error in forward modeling guessing. Fi-
nally, for the third stage, these parameters were included:
Zo -3536 m, LDDb, 2.6706 g/cc, pso 2.21 g/cc, Ap(LDDb-ps)o
0.4606 g/cc, Ad, 42.670 mGal, Dc shift 42.670 mGal, filter LHC
limit 20000 m, filter UHC limit 15000 m, convergence limit
0.0001 mGal, and regional offset 0 mGal, with 1.78% error in
forward modeling guessing.

EARTH SCIENCES

The estimated parameters recovered the first stage’s opti-
mal inverse model as follows: Ze -3513 m, pbe 2.77 g/cc, pse
2.34 g/cc, Ap(pb-ps)e 0.43 g/cc, Ade 0.0506 mGal, Dc shift
37.652 mGal, filter LHC limit 14000 m, filter UHC limit 7500 m,
convergence limit 0.01 mGal, and regional offset 0 mGal. These
parameters were estimated with a 6.4% error. Second, recov-
ered the second stage’s optimal inverse model by this sequence
(Ze -3536 m, LDDbe 2.6706 g/cc, pse 2.21 g/cc, Ap(LDDb-ps)
e 0.4606 g/cc, Ade 0.0094 mGal, Dc shift 42.661 mGal, filter
LHC limit 10000 m, filter UHC limit 9600 m, convergence
limit 0.0054 mGal, and regional offset 0 mGal),with 1.78 %
estimation error. Finally, recovered the third stage’s optimal in-
verse model by this sequence (Ze -3534.6 m, LDDbe 2.6706 g/cc,
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Figure 6. The first stage of the inversion scheme involves making optimal forward guesses and inverse estimates for four parameters:
DTB, pb, Apb—s, and Ad. These parameters relate to the complex basement depth (maps A and A’), density (maps B and B"), and density
contrast interface with the overlaid sediment layer (maps C and C’), as well as the data misfit residual Bouguer anomalies (maps D and

D). All maps for each parameter share the same legend and scale

PucyHok 6. MepBbI 3Tan cxembl MHBepPCUW BKIOYaeT B cebsi nonyyeHne onTUManbHbIX NPSMbIX NPeanonoXeHU 1 o6paTHbIX OLIeHOK
AnA YeTblpex napametpoB: DTB, pb, Apb—s n Ad. 3TM napameTpbl OTHOCATCA K KOMMNIEKCHOW rmy6uHe cdhyHaamMeHTa (kapTbl A u A’),
nnoTHocTH (KapTbl B 1 B) 1 rpaHuLie KOHTpacTa NOTHOCTU C NePeKPbITLIM CIoeM ocafouHbIX nopop (kapTbl C u C°), a Takke AaHHbIe,
He COOTBETCTBYHOLINE OCTaTO4YHbIM aHoManusam Byre (kapTbl D u D’). Bce kapThl ANs KaXA4oro napameTpa UMERT OA4HY U Ty Xe nereHay

1 maclutab
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Figure 7. The inversion scheme’s second-stage initial parameterizations and their optimally estimated best-possible inverse estimates
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same legend for each parameter to facilitate comparison

PucyHok. 7. HauanbHble napameTpu3auumn BTOPOro atana cxemMbl UHBEPCUM U X ONTUMarbHO OLleHEHHbIe Haunyylne o6paTHbIe OLEeH-
KU rny6uHbl dpyHAamMeHTa (kapTbl A U A’), KOMMNIIEKCHOW NMOTHOCTU hyHAaMeHTa (kapThbl B 1 B’), rpaHuLbl KOHTPAcTa NIOTHOCTU (PYH-
AameHTa u otnoxeHun (kapTbl C u C') U AaHHble, He COOTBETCTBYIOLLME OCTaTOUYHbIM aHoManusam Byre (kapTbl D u D’). KapTbl npsimoro
npeAnonoXeHuUsi U o6paTHOW OLIEHKM MMEIT OAMHAKOBYIO NereHay Afns KaXAoro napamerpa, YTobbl 06nerynTb cpaBHeHMe

pse2.21 g/cc, Ap(LDDb-ps)e 0.4606 g/cc, Ade 0.0045 mGal, Dc
shift 42.670 mGal, filter LHC limit 20000 m, filter UHC limit
15000 m, convergence limit 0.0001 mGal, and regional offset
0 mGal), with 1.63% estimation error.

We subsequently linked the three-stage best-possible in-
verse parameterization estimates and their errors to assess our
scheme’s overall optimality in minimizing computational error
within this gradual improvement (first, 6.4; then, 1.78; finally,
1.63%) from the first to the third stage. This error sequence re-
sulted from iteratively optimizing in the presence of zero region-
al offsets used as a data-misfit constraint within the three stages,
the mean depth key parameter (first, -3513; then, —-3536; final-
ly, -3534.6 m), the mean density contrast key parameter (0.43;
0.4606; 0.4606 g/cc), the filter LHC limit constraint parameters

(14000; 10000; 20000 m), the filter UHC limit constraint param-
eters (7500; 9600; 15000 m), the convergence limit constraint
parameter (0.01; 0.0054; 0.0001 mGal), and the DC shift con-
straint parameter (37.652; 42.661; 42.670 mGal).

Quantitative interpretation. Fig. 6, 7, 8 show the best for-
ward initial guesses and inverse estimates for the proposed in-
version scheme’s first, second, and third stages. Using a quan-
titative interpretation of the inverse outcomes, we were able
to conclude the following about the optimality of the key and
constraint model parameters that make up the inverse optimal
parameterization sequence in the inversion scheme’s third-last
stage:

1. As illustrated in maps A and A’ in fig. 8, the third
stage’s optimal inversion process’s initial forward depth model
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with guessing parameters of Mean DTB, -3535.9, Max. DTB, —
6460.9, Min. DTB, 0, and SD DTB, 1564.8 m, with an initial
depth inaccuracy of 1.78%, yielding the most optimal in-
versely estimated depth parameters of (Mean DTBe -3534.6,
Max. DTBe -6453.2, Min. DTBe 0, and SD DTBe 1567.4 m)
estimated with a 1.63% depth error. The forward initial mean
depth parameter (Mean DTB, = -3535.9 m) is the closest
approximation to the optimal basement mean depth (Mean
DTBe = -3534.6 m) in the study area. Map A’s basement geo-
logical alteration demonstrates that two primary normal faults
from the surface to considerable depths created the Graben
system underneath the study area. The outcropping basement
rocks in the geological map fit the second-best depth parame-

EARTH SCIENCES

ter (Min. DTBe = 0 m). The third-best maximum depth model
parameter shows that the two main normal faults extend to
-6453.2 meters below sea level in the middle basinal area. Mi-
nor faults run alongside the primary southeast-to-northwest
normal faults on both sides of the central graben. The base-
ment complex’s two normal faults generated the huge sedi-
mentary basin between the eastern El-Zeit and western Esh El
Mallaha mountain ranges in the study area.

2. Third stage of our inversion scheme’s optimal inversion
process started with optimal initial forward density guess-
ing parameters of (Mean LDDb, 2.6706, Max. LDDb, 2.7558,
Min. LDDb, 2.5935, and SD LDDb, 0.0294 g/cc) as a 1.74%
error constraint assumption, resulting in the best possible
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Figure 8. Our inversion scheme’s last third stage optimally initiated forward guesses and their resultant optimal estimates for four pa-
rameters with a 1.63% error in the estimation of the basement depth (maps A and A"), the complex basement density (maps B and B"),
the basement-sedimentary density contrast interface (maps C and C’), and the data misfit residual Bouguer anomalies (maps D and D").
For ease of comparison, each parameter’s forward-guessed and inversely estimated maps share the same legend

PucyHok 8. NocnegHui TpeTumn 3tan Hawemn cxembl MHBEPCUM ONTUMaribHO MHMLMMPOBAnN ynpexaatowme npeanoroXXeHUss 1 X cym-
MapHble oNTUManbHbIe OLIeHKM AN YeTblpex napameTpoB ¢ owmnbkoi 1,63% B oueHke rny6uHbI (yHaameHTa (KapTbl A U A”), KOMNneKc-
HOM NNOTHOCTU cbyHAameHTa (KapTbl B 1 B’), rpaHULIbI KOHTPaAcTa NOTHOCTU (pyHAAMEHTa U ocafouHbIX nopop (kaptbl C u C°) u Heco-
OTBETCTBUSA AAaHHbIX OCTaTOYHbIM aHoManuamMm Byre (kapTbl D u D°). [Ins npocToTbl CpaBHEHUA KapThbl KaXA40ro napamMeTpa ¢ NpsiMmon u

obpaTHOW OLEHKOW UMEIOT OOHY U TY Xe nereHpy
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Figure 9.1. Continued in figures 9.2
PucyHok 9.1. NMpogomxkeHune Ha puc. 9.2

constrained density parameters of Mean LDDbe 2.6706, Max
LDDbe 2.7558, Min LDDbe 2.5935, and SD LDDbe 0.0294 g/cc.
These estimates produced a density solution with a default
1.63% computed depth inaccuracy. The initial 2.6706 mGal
mean density parameter on Map B’ in fig. 8 suggests that
granitic basement rocks dominate the basement complex’s lat-
eral mean density distribution in the study area. The second
and third LDDbe density parameters (minimum 2.5935 and
maximum 2.7558 g/cc) describe acidic igneous rock densities
in which the basement depth laterally confines and best match-
es prior information. Working in that density space helps re-
cover the optimal inverse estimated depth model. Basement
rocks outcrop at zero depth (Fig. 8), map B..

3. In addition, the basement-sedimentary interface in the
study area has been interpreted as a density contrast constrain-
ing assumption within the optimal sixth inverse depth model-
ing trial of our inversion scheme’s third stage, with the follow-
ing parameters: Mean 0.4606, Max 0.5458, Min 0.3835, and SD
0.0294 g/cc. The optimal initialized forward modeling, incor-
porating initially limited forward density contrast parameters
(Mean 0.4606, Max 0.5458, Min 0.3835, and SD 0.0294 g/cc),
yielded these optimum inverse density contrast assumptions.
As shown in Map C of fig. 8, the mean lateral density contrast
(Mean Ap(LDDb-ps)e 0.4606 g/cc) was confined to optimize
distribution on the sedimentary section-basement complex
interface in the research area, with maximum and minimum
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Figure 9.2. An extension of the preceding figure 9.1, together illustrating the three-stage inversion scheme’s six basement total depth
constraint wells’ focused data analysis (shown in figures 9.1 and 9.2) illustrates the indirect constraining process of the three best-pos-
sible models’ solutions for the entire research area. Checks for quality control tests ensure that the best outcomes correspond as
closely as possible to real constraints and desired solutions. The red, blue, and yellow sequences indicate the first, second, and third
best-possible solutions. Green circles represent the quality solutions that are desired. Tables 2.1 and 2.2 have a thorough list of abbre-
viations

PucyHok 9.2. PaclwumpeHue npepabiaylero puc. 9.1, unniocTpupyollee aHanu3 AaHHbIX LWEeCTU CKBaXWH C OrpaHW4YeHHON rnyGuHoun
cpyHAaMeHTa TpexcTyneH4aTon cxemMbl MHBepcUuM (nokasaHHoOM Ha puc. 9.1 1 9.2), unncTpupyeT npouecc KOCBEHHOro orpaHNyYeHust
pelleHUn Tpex Hauny4Wwnx Mmoaenen Ana Bcen obnactn uccrnepnosaHui. [poBepku NO KOHTPOIIO Ka4yecTBa rapaHTUPYHOT, YTO Haunyy-
WMe pe3ynsTaTbl MaKCMMarbHO COOTBETCTBYHOT pearnbHbIM OFPpaHUYeHUAM U KenaemMbiM pewweHusaM. KpacHas, cuHsa v xenTtas nocne-
AoBaTeNnbHOCTU 0603Ha4YalT NepBoe, BTOPOE M TPeTbe HaunyuluMe BO3MOXHbIe pelleHus. 3eneHble Kpyru ob6o3HayalT xenaembie
KayecTBeHHbIe pelieHus. B Tabn. 2.1 n 2.2 npuBeaeH NoapoOHbLIA CNNCOK COKpaLLeHnn

bounds of 0.5458 and 0.3835 g/cc, respectively. These opti-  terpret the optimal model’s Bouguer response. Fig. 8 illustrates
mized density contrast parameters and its best constraint as-  the lateral distribution of linear and normal-colored Bouguer
sumption at the interfaced surface provided an optimal El-Zeit ~ anomalous misfits after recovering the optimal inverse-esti-
sedimentary-basement basinal depth model in the study area  mated model’s solutions. Map D’s linear color legend shows
with a mean minimum error of 1.63% in delineations. the minimal mean data misfit estimations of 0.0045 mGal,

4. We investigated the data-misfit parameters (Mean covering practically the whole study area between estimated
0.0045, Max 14.2795, Min -4.9724,and SD 1.3111 mGal) toin-  and observed Bouguer anomalies with means of de = -24.9139
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and da = -24.9094. The mean Bouguer anomaly’s misfit op-
timality is bounded by 14.2795 and -4.9724 mGal. Map D in
Fig. 7 shows how the substructure of elongated basins in the
sedimentary layer above the basement complex along two sig-
nificant normal faults provided the first viable migration and
oil accumulation zones. These extended basins produced low
Bouguer anomalies on Map D. These basins formed when the
graben systemy’s two main normal faults squeezed sedimenta-
ry layers over a basement complex. Over the middle El-Zeit
basin, fault compression forms subsidiary sedimentary basins.

5. These best constraint parameters of Dc shift 42.6709
mG@Gal, filter LHC limit 20 000 m, filter UHC limit 15 000 m,
convergence limit 0.0001 mGal, and regional offset 0 mGal
maximally constrained the third last stage’s inverse-estimated
parameterization sequence’s optimality, resulting in the opti-
mal model’s minimal errored solutions. The first constraint pa-
rameter (DC shift = 42.6709 mGal) was utilized to predict the
forward initial mean depth parameter (Mean DTB, = -3536 m),
estimating the inverse mean depth parameter (Mean DTBe =
-3534.6 m). The second constraint parameter (filter LHC limit

= 20 000 m) smoothed the optimal inverse-estimated mean
density-depth model and its calculated mean Bouguer anom-
aly response. The third constraint parameter (filter UHC lim-
it =15 000 m) optimized the impact of the second constraint.
The second and third parameters govern the model’s solution
and their data calculation smoothness and non-smoothness.
The calculated and observed Bouguer anomalies are best fit
with a mean misfit Ade = 0.0045 mGal when the fourth re-
gional offset constraint parameter is zero after recovering
the optimal inverse model’s solutions in the study area. The
inversion run stops when the standard deviation difference
between the last two iterations’ data misfit is less than the
fifth convergence limit parameter, which equals 0.0001 mGal.
The fourth and fifth constraint parameters help estimate the
optimal inverse model solution with minimal computational
errors.

Evaluation of the inversion stages

Through indirect analysis of drilled-well data

1 & 2. Fig. 9.1 and 9.2 show constraint wells for quality
control and optimal inversion solution testing. The study area
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Figure 10.2. Continuation of figure 10.1. Continued in figures 10.3
PucyHok 10.2. NMpogomkeHue puc. 10.1. NMponomkeHune Ha puc. 10.3

had nineteen wells, and a gravity inversion was used to get the
optimal 3D basement estimated depth. The DC shift, conver-
gence limit, regional offset, and filter lower and upper high cut
limits were adjusted to manage the misfits of calculated data
and model solutions from the constraints of actual measured
values. After inversion, basement constraint wells were used
as a first quality control test to ensure the inverse depth values
stayed inside the analytic depth domain. As a second quality
control, we checked whether the optimal inverted depth to the

basement was more profound than the total depth of the thir-
teen unreachable basement constraint wells.

Indirect usage of the first and second controls reflects a
forward-initiated unconstrained model without strong depth
constraints, inverting the lateral 3D optimal final depth solu-
tion with minimal error. This strategy works better with less
prior information and considers applying the proposed inver-
sion scheme to a new domain requiring more data for reliable
predictions.
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Figure 10.3. An extension of the preceding figures 10.1, 10.2, and 10.3, together illustrating the efficacy of the inversion scheme’s third-
last stage in extracting two-dimensional gravity models at various seismic line locations (shown in figures 10.1, 10.2, 10.3, and 10.4)
for tackling seismic challenges in the research area. The solutions were tested to see if they could optimally identify, with minimal
misfit between observed and estimated Bouguer responses, the interface between the basement and the sediment in terms of density
contrast and the basement’s depth and lateral density distribution. These tests are carried out to better assess the efficiency of the
certified 3D extraction source

PucyHok 10.3. Pacwumpenue npeabiaywmx puc. 10.1, 10.2 n 10.3, unnroctpupytowee appeKTMBHOCTb TPETbLEro U nocriegHero arana
cXeMbl UHBEPCUW NMPU U3BIIEYEHUN ABYMEPHbIX FPaBUTALMOHHbLIX MoAenel B pPasfMyHbIX MECTOMOMOXEHUAX CEeNCMUYECKUX NUHUMN
(nokasaHo Ha puc. 10.1, 10.2, 10.3 u 10.4) AnA pelleHUs ceMCMMYECKUX 3aAay B palioHe uccneaoBaHuin. PelleHus 6binm npoTecTupoBa-
Hbl, 4TOObI YBUAETb, MOTYT NI OHN ONTUMarnbHO UAEHTU(MLMPOBaTbL, C MUHMMaNbHbLIM HECOOTBETCTBMEM Mexay HabniogaeMbiMU U
OoLleHeHHbIMU oTKNMKamu Byre, rpaHuuy pasaena mexay OyHAaMEHTOM U OTIIOXEHMAMM C TOYKU 3PEHUA KOHTpacTa NNOTHOCTH, a TaKxke
rny6uHbl chyHaameHTa u pacnpefeneHusi NNOTHOCTY No natepanu. 3TU UCMbITaHMA NPOBOAATCA ANA Nyylen oleHKN achekTMBHOCTH
cepTucpmumpoBaHHoro 3D-ucToyHuKa U3BnevYeHus
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3. We examined lateral basement density and base-
ment-sedimentary density contrast in the fourth control test
to assess our inversion scheme’s inverse density estimations.
This control test determined whether a lateral density mod-
el could optimize the basement-sedimentary density contrast
and determine the basement depth with minimal depth esti-
mate error. Graphs B1, B2, B3, B4, B5, and B6 in fig. 9.1 show
the results of this test.

4. This study compared the calculated and actual Bouguer
anomalies at nineteen easily accessible control wells. A tertiary
control test performed across the region may provide a mean
data misfit near zero by terminating the inversion process at
regional null offsets. This scenario shows a minimal data misfit
consistent with the best solution of the depth-density model.
Fig. 9.1, graphs C1, C2, C3, and C4, provide proof of this.

Fig. 9.2, graphs (A2 and A4) demonstrate that the mean
basement depth model’s sixth optimal inverse trial produced
the lowest model calculation error for the first stage of our in-
version scheme. First-stage optimality shows a correlation be-
tween the actual and estimated basement depths of the six con-
straint wells in the following order: W8 - 333.6, W13 - 87.8,
W15 2.0, W17 138.8, W18 221.2, and W19 55.7 m, as a result
of depth estimates in the following sequence: (W8 - 2910.6,
W13 - 1216.68, W15 - 3767, W17 - 2023.1, W18 - 2686.7,
and W19 - 3995.3 m). In the third stage of our scheme, we
adjusted the basement depth model by minimizing the misfit
with the best correlation to actual depths using an estimated
depth sequence (W8 - 2624, W13 - 1044.2, W15 - 3738.7,
W17 - 2135.4, W18 - 2938.3, and W19 - 4035.5 m) with a
more significant reduction of the depth misfit sequence
(W8 - 46.9, W13 84.7, W15 30.2, W17 26.5, W18 - 30.2,
W19 15.4 m). The depth misfit sequence shows that the op-
timal depth model in the third stage of our scheme is more
accurate.

Graph A6 Sequenced percentage depth misfit estimates:
In the sixth optimal depth misfit trial, for the first stage,
W8 12.9, W13 7.7, W15 - 0.05, W17 - 6.4, W18 - 7.60, and
W19 - 1.37 %; for the third stage, W8 1.8, W13 7.5, W15 0.8,
W17 1.2, W18 1.0, and W19 - 0.4%.

Graph A8 shows the re-estimated optimal depth misfit se-
quences relative to the six constraint wells’ actual mean base-
ment depth, showing the percentage coeflicients of variation
for each well. For example, the sixth optimal depth misfit se-
quence in the first stage is re-estimated by W8 12.0, W13 13.2,
W15 -0.07, W17 - 5.0, W18 - 7.9, and W19 - 2.0%, while in
the third stage, W8 1.7, W13 - 3.0, W15 - 1.1, W17 - 0.9, W18
1.1, and W19 - 0.5%.

As illustrated in graphs B3 and B4, the constrained mean
density trial was distributed among the six controlled wells by
lateral density sequence: W8 2.617, W13 2.668, W15 2.634,
W17 2.689, W18 2.665, and W19 2.661 g/cc.

Fig. 9.1. Graph C4 depicts the six wells (W8 - 1.254,
W13 -0.856, W15 - 4.414, W17 1.000, W18 - 0.704, and W19
0.088 mGal) in this data-misfit sequence between estimated
and observed data constraints, used to constrain basement
depth.

Through extraction of 2D gravity models at seismic
lines’ locations

5. Our inversion schemes 3D gravity inverse optimal
depth-density model solution’s fifth quality control test gen-
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erated 2D gravity model cross sections at 2D seismic line lo-
cations along the El Zeit basin’s underlying basement relief.
Fig. 10.1, 10.2, and 10.3 show minimal Bouguer misfits for the
2D optimal solutions of the basement complex lateral density
distribution, the basement-sedimentary density contrast inter-
face, and the basement depth.

As shown in fig. 10.1 map A, indicator lines A-A’; B-B’;
C-C’, and D-D’ (width 14056, 14977, and 19066 m * length
25805 m) indicate the asymmetrical basin’s width along the
northwest-southeast axis, estimated for the southern, middle,
and northern parts of the basin. Delineating the optimal base-
ment relief, which depicts the basement-sedimentary density
contrast interface, shows this optimal sedimentary basin depth
model.

Fig. 10.1B, 10.2, and 10.3 show two-dimensional gravity
inversion results along the research area’s six seismic lines. Our
research areas optimal three-dimensional gravity model was
the sixth inverse model trial in the inverse parameterization
sequence for the third final stage of our inversion scheme,
from which the optimal two-dimensional gravity models were
inversely modeled. The approximately minimal calculated in-
verse data misfit error from this sixth optimal trial validates
the 2D extracted model’s optimal key parameter values.

Conclusions

The present study employs the GM-SYS-3D inversion
code to conduct a multi-dimensional three-stage gravity in-
version within the Gebel Zeit area of the southwestern Gulf
of Suez. Three strategies are utilized to parameterize the for-
ward modeling process by providing initial approximations
and optimizing inverse modeling estimates through multiple
iterations. The depth-to-basement, lateral density distribution
of the basement complex, and lateral density contrast at the
basement-sedimentary interface were estimated using the 3D
depth-density model.

A total of six stratigraphic wells, which were accessible
with total depths to the basement, were utilized as control
measures. The estimated depths to the basement for these
basement control wells exhibited an overall 1.63% coeflicient
of variance in correspondence with their actual total depths to
the basement. The discrepancies in depth ranged from - 1.24%
to 8% relative to the measured mean depth of the basement
and from - 1.24% to 3.8% relative to the total measured depth
of each well’s basement.

The quantitative analysis of the optimal inverse-recovered
model in the third stage exhibited the best-possible correlation
with geological data, with a minimal error of 1.63%. The inver-
sion procedure was employed effectively to model the forward
behavior of three depth-density scenarios inversely. This mod-
el successfully estimated the mean depth of the basement in
the study area, which spanned from 0 to 6453 m beyond sea
level. The resulting mean Bouguer anomaly misfit was found
to be 0.0045 mGal. The average density contrast at the interface
between the basement and sedimentary layers is 0.4606 g/cc,
exhibiting a lateral variation ranging from 0.5458 to 0.3835.
The interface delineates the central basin of the research area.

The presence of salt diapers challenges basement delin-
eation through seismic interpretation in two dimensions.
The inverse problem of accurately recovering the optimal 3D
depth-density model was handled through this model’s solu-
tions’ evaluation at nine seismic lines, resulting in a well-char-
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acterized representation of the basement relief. The complete
recovery of the residual Bouguer image depicts the effect of the
high tectonics of the underlying basement relief on its overlaid
thick sedimentary structure in the study area, yielding valuable
deep geological insights into the advancement of petroleum
resources. The results of this study revealed the presence of a
graben system characterized by two prominent normal faults
that intersect sedimentary strata, originating from a depth of
6500 meters within the Earth’s crust and extending up to the
surface. The Gebel Zeit and Esh-Mellaha ranges exhibit geo-
logical faults that result in the exposure of underlying base-
ment rocks. The phenomenon of basement shallowing in this
particular study area is of significant interest from both tecton-
ic and hydrocarbon perspectives.

The 3D optimal inverse recovery suggests that the study
area is characterized by three distinct basement blocks, which
have been accurately estimated in terms of depth, density, and
density contrast with the overlaid sedimentary blocks. The first
block is a downthrown block located in the middle of the area
and is covered by a substantial cover of sedimentary deposits.
This block is responsible for forming a basin structure known
as the El Zeit basin, which reaches a maximum depth of 6453
m. The other two blocks are located on the western and eastern
flanks and are considered upthrown blocks. These blocks have
zero depths and are associated with the roots of the Gebel Zeit
and Esh-Mellaha ranges, respectively. Numerous fault traps
can be generated along fault planes where minor half-grabens
are formed due to the fault compression within sedimentary
layers. This compression leads to the development of elongat-
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ed sub-basins above the basement complex. These sub-basins
are adjacent to the basement complex, as the basement blocks
uplift through the sedimentary layers and are separated from
it by small anticlinal structures. These anticlinal structures in-
crease the possibility for fault entrapment in the presence of an
overlaid impermeable sedimentary layer above them. The tec-
tonic characteristics of these sedimentary sub-basin structures
are attributed to the vertical displacement of the underlying
basement blocks, resulting in significant upward pressure and
converging towards the central basinal region. The elementary
basinal structure in El Zeit experienced tectonic activity, which
played a significant role in shaping the Nubia sandstone and
creating a deep reservoir formation with a substantial volume
of hydrocarbons in the study area. The deep sedimentary col-
umn in the middle basinal area has the potential to serve as
a source for migrating hydrocarbons through the fault planes
where low pressures exist. This migration is best possibly en-
trapment along the hanging wall sedimentary block above the
eastern and western fault planes, where small anticlinal struc-
tures can form between the compressed sedimentary struc-
tures and the fault planes. The basement foot wall block on
the other sides of the fault planes laterally seals these anticlinal
structures. The impermeable sedimentary layers’ formations
may also vertically seal them.
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MHorocrtyneH4yarasi cxema 3D-rpaBUTaUMOHHONM MHBEPCUM

AT MAKCMMAABLHOM OMNMTUMM3ALIMN MOAEAU MOA3EMHOIO (hyHAAMEHTA
B OacceitHe [ebGeAb-AL-3€eiT, 1oro-3anaaHast 4yactb CysLKOro 3aAmBa,
Ervner

Axmep MNamanb Moxameg XACCAH*?
Kapam Camup U6parum ®APAT?
Anaa Axmeg ®axmu APE®?
Anekcen JlazapeBuy MMCKAPEB!

1CaHkT-leTepbyprckuin rocyaapcTBeHHbIN yHUBepcuTeT, CankT-MNetepbypr, Poccus
2¥YnpaBneHue no sigepHbiM Matepuanam (YAM), Kavp, Ervnert
3YHuBepcutet Anx-Lamc, Kavp, Erunet

AHHOTauums
Axmyanvnocmo u yenv pabomvi. baarogaps 6;10K0BoOIT CTPYKTYpe CI)YHJIaMeHTa B OCaJJOYHOM bacceliHe, I0T0-3a-
nagHasg 9acTh CyslKoro 3ajauBa B 6acceite Te6enpb-91b-3eMT SBISIETCS OMHUM U3 CAaMbIX MPUBJIEKATETbHBIX yrie-
BOZIOPOIHBIX TOPHBIX 0TBOROB Erunra. OgHako co/nAHBIE IOKPOBBI B OCAaJOYHBIX C/IOAX 3aTPYAHAIOT MHTEpIIpe-
TalMI0 CEMICMUYECKUX JAHHBIX B 9TOM PaliOHE, YTO OC/IOXKHAET IIOCTPOEHME TPEXMEPHOI NIEPBUYHON CTPYKTYpPBI
LEHTPaTbHOTO HacceitHa. B 9ToM nccrnenoBanmy rpaBUTAIIIOHHbIE AaHOMATIAN Byre ncnonpsyiorcs g14 BBOfa pefi-
IIOJI0>KEHUI MOJIE/IV CJIOXKHOM JIaT€pa/IbHOMN IVIOTHOCTH (bYHI[aMeHTa IJI1 OIIpefieIeHN sl ONITVMA/IbHON TPeXMEPHO
rny61/[HbI (byHnaMeHTa IJIA VICCTIEyeMOI TepPUTOPUMN.
Memodonozus uccnedoéanus. OCHOBBIBAsICh Ha KOHILIEMIMY TOC/TEOBATEIbHBIX MOAXOOB K TPEXMEPHOIT CIeK-
TPaJIbHON VIHBEPCUM CJIOMICTOM CPefbl, IOCPENCTBOM VICIIBITAHUIL C OHI),T.[CH6YPI‘CKO]7[ U OPYTUMU IPAMbBIMU MOJI€E-
JIAMU, MHOTME CTpaTery IPsAMOI ONTUMM3ALN U IIOC/IEA0BATEIbHOCTY ITapaMeTPU3ALH C IIPEAIIOIOKEHNAMY O
II€PEMEHHBIX OTPAaHMYEHNAX VCIIOIb30BA/INCD I PETYIMPOBAHMA OIEPALMI MHBEPCUM B paMKax IIPeIOKEHHO
TPEeX3TAIlHOJM CX€MBbI IPAaBUTALVIOHHON MHBEPCUM [JIS1 ONIPEE/IeHN ONTYMa/IbHOTO PeUIeHUs 110 rny6MHe U IJIOT-
HOCTM C MUHMMAa/IbHBIM HECOOTBETCTBMEM PACUETHBIX JAHHBIX. B 3TOM MccnejoBaHUM CTaTUCTUYECKY aHANIU3U-
pyercsa penbed (byHnaMeHTa U CJIOXKHOE pacIpefienieHyie INIOTHOCTY TI0 IaTepatn, YTOObI ONPeeTUTh Hauay4iime
IapaMeTphl [/1A CO3[IaHVs TPEXMEPHON MOJENN F}Iy6I/IHbI u m1oTHOCTU. HyrneBple pernoHanbHOe 3HaAU€HNUE CUIIbI
TAKECTU U peryispHas IoMexa, KOTOpble IIPUBEIN K TOMY, YTO CpESHAS omnbka Oblyta paBHA HYJIIO, IIOMOIL/IA CMO-
JeMpOBaTh HaM/Iy4llllie BO3MOYKHBIE OrPaHMYMBAIOIIIIIE IIPEIIOIOKEHIS MOIEIN 6OKOBOJI INIOTHOCTH.
Pesynomamuvr u 6v1600bt. Koppensaunonnble TaHHbIE IO r}Iy6MHaM MHOTMX CTpaTurpadmIecKu-KOHTPOIbHBIX
CKBa)KIH, npo6ypeHHbe Ha MHBepcuBHOI 3D-mopnenu CI)YH,T_[aMeHTa, MOATBEPAVIN ONITUMATBHOCTD penbeda (byH—
TaMeHTa M3y4yaeMoll Tepputopun. KoppenAannoHHblil aHamn3 MoKasas Xopolllee COOTBETCTBIE MEX/y IPOTHO3UPY-
€MBbIMI Y MI3MEPEHHBIMI rny6MHaMM, [O0Ka3aB IIOAYYEHHYIO0 OITHMa/IbHOCTD JIaT€PAZIbHOTO pacIpele/ieHns II0T-
HOCTU Q)yHuaMeHTHoro KOMII/IEKCA, MUHUMUSUPYS 0H1M61<y pacuera F}Iy6I/IHbI [0 MMHVMMAaJIbHOTO ITPOLIEHTA.

Knioueevie cnosa: Erunert, Cysuxuii 3anus, paiioH 6acceitHa 9mb-3eilT, aHoManuu byre, cxema clieKTpanbHO-CIIO-
UCTOV TPAaBUTALIMOHHO MHBEPCUN, TTapaMeTPU3alus U ONITUMU3AIUA.

Hccneoosanus Axmeda I M. Xacana dpunancupyromcs 3a cuem cmunenouu [EGY-6958/16] 6 pamiax coemecmmoil (ucnommu-
menvHoiL) npoepammut mexcoy Apabekoii Pecny6nuxoti Ezunem u Poccuei.
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