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ABSTRACT

This study presents the results of the reprocessing of extensive
seismic data culminating in enhanced subsurface imaging of the
Negev of Israel. A set of structural maps has been produced, sig-
nificantly improving the understanding of the deeper sedimen-
tary sections of the region. The analysis highlights similarities
between the Judea graben (Israel) and the Palmyra trough
(Syria), suggesting the presence of a late Paleozoic basin, which
is now the Judea graben and the Palmyra trough. We have
made a first attempt to fit the petroleum system into the com-
pressional model that seems to describe more accurately the
observations from the study area. We believe that the petro-
leum system should have additional prospectivity in upper or
even lower Paleozoic sections. In addition, this study identifies
reverse decollement faults in the so-called Judea graben that
detached on top of Triassic evaporite and did not interrupt the
lower petroleum system. We argue that the main hydrocarbon
potential of the Judea graben lies in the Triassic section and
below. In contrast, the Cretaceous and Jurassic sections have
limited potential because they are too shallow and never reached
the oil or gas generation window.

INTRODUCTION

Numerous authors have thoroughly examined the subsurface
geology of southern Israel (e.g., Ginzburg and Folkman, 1981;
Garfunkel and Derin, 1984; Gvirtzman and Weissbrod, 1984;
Druckman et al., 1995b; Gelbermann, 1995; Garfunkel, 1998;
Eppelbaum and Katz, 2015; Gao et al., 2019). Despite exten-
sive drilling for oil exploration in the area, onshore significant oil
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and gas discoveries have been limited (Gardosh and Tannen-
baum, 2014). Although detailed studies have been published
based on drilled wells (e.g., Derin, 2016), seismic data have
been utilized primarily for local prospecting within oil explora-
tion companies.

The history of oil exploration in Israel has been hampered by
poor timing because major drilling efforts started before seismic
acquisition. The coverage of seismic data in Israel and the distri-
bution of exploration wells may give a misleading impression of a
well-explored region. Closer examination reveals, however, that
many wells were drilled based on gravity data or surface geology
rather than on seismic data (Figure 1).

Significant efforts are still needed to comprehend the deep
subsurface geology of Israel to develop high-quality prospects for
oil and gas exploration. This paper outlines the major initiative to
enhance deep subsurface imaging and achieve a more accurate
regional understanding of deeper geologic sections. We have
gathered all available seismic data and reprocessed them using
advanced processing technologies. In addition, we collected most
of the subsurface data from the existing wells and integrated
them with the seismic data (Figure 2). This comprehensive data-
base has shown for the first time the connection between the local
and regional geologic setting, providing a valuable tool for investi-
gating questions related to the depositional and tectonic history as
well as hydrocarbon exploration of the region.

Finally, we considered various existing tectonic models, each
with different implications for the evolution of the petroleum sys-
tem and applied our results to evaluate the region’s prospectivity.

GEOLOGIC BACKGROUND

Despite extensive research on the region, there is no consensus on
the development of the eastern Mediterranean during the Paleo-
zoic (e.g., Robertson et al., 1996). What follows is a brief geologic
history of the study area, considering the two most widely
accepted models, which may affect the petroleum system of the
region.

Cadomian

Regarding pre-Paleozoic, most authors accept the existence of an
active margin along the northern boundary of western Gondwana
(Linnemann, 2007; Garfunkel, 2015; Stewart, 2020; Siegesmund
et al., 2021; Figure 3A). Evidence of the Cadomian basement has
been found in the Avalonia, Iberia, Armorica, Adria, Anatolia,
and Cimmeria blocks (von Raumer et al., 2002; Garfunkel,
2015). During this time the northern part of Gondwana, the
study area, experienced compressional subsidence (foreland?)
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leading to accumulation of more than 2-km-thick
polymictic conglomerate and poorly sorted coarse- to
fine-grained arkose having an unstable heavy mineral
assemblage. Associated intrusions and extrusions of
mostly alkaline composition add to the great thick-
ness of this succession that covered the consolidated
basement. This sedimentary cover is known in the
study area as the Zenifim Formation (Weissbrod,
2005; Garfunkel, 2015).

Paleozoic Era

Differences in viewpoints start from the early Paleo-
zoic breakup of the northern part of Gondwana. Two
different models, extensional and compressional, are
the result.

Extensional Model
After the Avalonian terranes separated from the north-
ern part of western Gondwana in the Early Ordovi-
cian, rifting continued eastward through the Silurian,
further isolating the European terranes north of the
study area (Tiat et al., 1997; Stampfli and Borel, 2002;
von Raumer et al., 2002; Figure 3B). This model is fur-
ther supported by geochemical analysis of Lower
Paleozoic magmatic samples from Anatolia, inter-
preted as products of a rift event (Topuz et al., 2021).
In contrast, rocks from the separate Sakarya terrane
have been classified as being of subduction-related ori-
gin (Topuz et al., 2020).

In the early Paleozoic, the tectonic regime of the
northern part of Gondwana transitioned to an exten-
sional passive margin, fostering the development
of a stable continental platform (Figure 3B). These
conditions persisted until the Hercynian collision
between Gondwana and Laurasia (Weissbrod,
2005). Well data from the study area and adjacent
regions indicate two uplift events: one in the Late
Devonian and another from the early Carboniferous
to Permian (Garfunkel and Derin, 1984; Gvirtzman
and Weissbrod, 1984; Weissbrod, 2005). The latter
was more pronounced, forming the Heletz-
Geanticline Swell and resulting in extensive erosion
of the entire sub-Permian sedimentary sequence
(Figure 3D).

Compressional Model
In this model, unlike the Avalonian blocks, the Euro-
pean blocks remained part of Gondwana until they

collided with Laurussia, triggering the Hercynian
Orogeny (Şeng€or et al., 1984; van Hinsbergen et al.,
2020). Siegesmund et al. (2021) conducted a geo-
chemical analysis of zircon data from the sub-Variscan
metasedimentary rocks in European blocks, which sug-
gested a Gondwana origin of the zircon sources (Figure
3C, E). The model proposes that during the early
Paleozoic, the region was under a back-arc active
margin tectonic regime (Siegesmund et al., 2021),
transitioning to foreland settings during the Hercynian
Orogeny. Candan et al. (2016) analyzed zircons from
metagranites in the Anatolia block and reported that
the area was under continental arc conditions during
the Carboniferous (Figure 3E). The study area was
affected by magmatic activity throughout the entire
Paleozoic era (Weissbrod, 1969; Table 1).

In the latest Carboniferous, the Cimmerian block
started drifting northward from the eastern edge of
Arabia (Muttoni et al., 2009), transforming the region
from active continental margin into back-arc basin
and eventually into passive margin by the Triassic
(Figure 3G). Beginning in the late Permian (Orlov-
Labkovsky and Hirsch, 2003), the study area was
affected by extensional subsidence, changing the sedi-
mentation pattern from clastic to open-marine carbo-
nates (Figure 3F, G).

According to the compressional model, shallow-
marine deposits accumulated in the study area during
the early Paleozoic, similar to those found in a passive
margin setting (as suggested by the extensional model).
In the late Paleozoic, the formation of an orogen to the
north of the study area led to the development of a
foreland basin, causing compressional subsidence. As a
result, the early Paleozoic deposits were not eroded, as

Figure 1. Deep well drilling versus seismic data acquisition
chart. Note that most of the wells were drilled before seismic
acquisition. 2-D5 two-dimensional; TD5 total depth; Tr1PZ5
Triassic1Paleozoic.
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Figure 2. (A) Location map showing the study area and database of seismic and well data that were used for this study. (B) Overview
map of the region, with main tectonic elements.
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in the extensional model but were instead buried and
overlain by sediments from the foreland basin.

Mesozoic Era

Both models propose extensional faulting since the
late Permian–Early Triassic (Figure 3F, G). The
extensional model suggests that faulting began due to
the rifting of the passive margin (Garfunkel, 1998),
whereas the compressional model attributes normal
faulting to the initiation of back-arc extension and
subsidence, followed by the opening of the Neo-
Tethys (Şeng€or et al., 1984).

One way or another, from the Middle Jurassic
(Figure 3H) onward, both models depict the south-
ern margin of the eastern Mediterranean as having
undergone gradual subsidence of a passive margin.
This led to the formation of an aggradational carbon-
ate platform at the southern boundary of the Levant
that lasted until the Late Cretaceous (Gardosh et al.,
2011), whereas shelf sediments accumulated in the
center of the basin.

At the Jurassic–Cretaceous boundary, carbonate
sedimentation was interrupted by an uplift of the
region (Gvirtzman et al., 1998) and sea-level fall (Mar-
cilly et al., 2022), as interpreted from the clastics of the
Heletz Formation (Cohen, 1988). Farther to the south-
east, a regional unconformity formed, eroding progres-
sively older strata from the Jurassic to the Triassic.

With the closure of the Neo-Tethys ocean during
the Late Cretaceous in the eastern Mediterranean,
the tectonic regime shifted to compression due to the
collision between the African and Laurasian plates
(e.g., Sagy and Gvirtzman, 2024). This collision
formed prominent structural features known as the
Syrian arc, which dominated the upper stratigraphic
levels of the Levant (Figure 3I).

In the Late Cretaceous, the sea level began to
rise, reaching its peak during the Danian of the early
Paleogene (>300 m from the current level) (van der
Meer et al., 2022). The carbonate platform sub-
merged, the shoreline transgressed to its maximum
distance from the present-day shoreline (Barrier
et al., 2018), and the shelf advanced southeast, cover-
ing most of Israel. As a result, open-marine carbo-
nates (chalks) and marlstones were deposited in the
shallow and deep shelf environment of the Levant
Basin (Esestime et al., 2016). These conditions per-
sisted until the Bartonian of the middle Eocene.

Cenozoic Era

As the closure of the Mediterranean Sea progressed,
the subsidence rate of the Levant Basin increased sig-
nificantly due to the collision (proforeland) of the
Eratosthenes block and northern Cyprus (Lapierre
et al., 2007; Figure 3J). Folds and faults attributed to
the Syrian arc continued to develop in the eastern
Mediterranean at least until the Pliocene (Sagy et al.,
2018). In addition, in the late Eocene, the sea level
dropped by 70 m (Miller et al., 2005; van der Meer
et al., 2022), leading to the shoreline regression and
an increase in the overall area of erosion. The influx
of terrigenous material resulted in the formation of
a progradational terrigenous shelf over Israel. Since
the Miocene, at least three significant sea-level drops
were described in the region (Druckman et al.,
1995a) that formed the present erosive relief along
the border of the eastern Mediterranean and in the
study area (Figure 3K).

Presentation and reevaluation of the complex his-
tory of the region based on the integrated data set are
the central focus of this paper. Here, we present a
series of structural maps chosen to illustrate the above
history. These maps indicate the close connection of
the Palmyra trough to the studied area (Garfunkel,
2004) and show the similarity between the structural
features in the Palmyra trough and the northern Negev
region. The similar geologic development of these two
basins suggests a coeval development of their petro-
leum systems. In this paper, we analyze the oil and gas
prospectivity of southern Israel as a direct analogue to
the Palmyra trough.

METHOD

Analysis of Drilled Wells

Oil exploration drilling in Israel started in the late
1940s and has had several phases (Cohen, 1988).
Before seismic acquisition began in Israel (1969),
more than 250 wells had been drilled using gravity-
magnetic data and surface geology, leading to discov-
eries in Lower Cretaceous sandstones (e.g., Heletz,
Kokhav) and Middle–Upper Jurassic carbonates
(e.g., Nir-Am, Brur, Zohar).

Tests from the lower Mesozoic and Paleozoic
showed weak gas indications (e.g., Agur-01,

Bartov et al. 1111



Figure 3. The compilation of existing tectonic models for pre-Paleozoic to present. The positions of Gondwana, Baltia, Greenland,
and North America have been taken from GPlates models (Scotese and Wright, 2018; Cao et al., 2024). The basis of the extensional
model was adapted from Stampfli and Borel (2002); the compressional model was adapted from Şeng€or et al. (1984), van Hinsber-
gen et al. (2020), and Siegesmund et al. (2021). All of the models were simplified to provide general understanding of the models.
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Pleshet-01, Zohar Deep-08). Interest in these sec-
tions grew after the 1994 Meged discovery in Triassic
limestones (Mohilla Formation) that is described
below.

To build a reliable geologic model including
Paleozoic section, we analyzed data from 330 wells
(Figure 2), and the following data were collected for
this study.

� Stratigraphic data (markers) related to the regional
geologic maps

� Lithology from mud logs
� Electrical wire-line logging
� Biostratigraphy
� Age dating of igneous rocks
� Velocity data

Since most wells are quite old and were drilled
before the Log ASCII Standard (LAS) format
existed, they had to be digitized (Table 2) and pro-
cessed. This extended database provides a reliable
foundation for geologic analysis, seismic interpreta-
tion, and subsurface mapping down to the top of
crystalline basement.

Seismic Data

Seismic surveys in Israel began in the early 1970s
(Figure 1). As a result, different parameters and data
were used throughout the years. As processing tech-
nologies and computer capabilities dramatically
improved, efforts were made in the present study to
reprocess the data to the same standards using the

Figure 3. Continued. (A) Reconstruction of northern Gondwana during the Cadomian. (B, C) Reconstructions of northern Gondwana
during the Ordovician–Silurian. (D, E) Reconstructions of Gondwana–Laurussia collision during the Hercynian. (F, G) Reconstructions of
the Paleo-Tethys realm during the Early Triassic. (H) Reconstruction of the Neo-Tethys realm during the Middle Jurassic. (I) Reconstruction
of the Africa–Eurasia collision during the Late Cretaceous. (J) Reconstruction of the eastern Mediterranean during the Eocene–Oligocene.
(K) Location map of the current positions of the continents and blocks with main tectonic elements.
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latest techniques, resulting in improved subsurface
imaging. The data include processed data lines with
imaging enhancement by applying MultiFocusing
technology (Berkovitch et al., 2009). Image lines
were digitized from scanned copies of processed
data. The final seismic database consists of more than
8000 km in 524 two-dimensional (2-D) lines.

Gravity Data

In an attempt to assess the deeper parts of the basin
(below Permian), we used gravity data that were
measured in the region. Following the procedure of
Bielik et al. (2013), we ran a three-dimensional grav-
ity model using the gravity effect for each mapped
layer and calculated separately its contribution to the
gravity signal. The objective of this procedure was to
compute the gravity effect of the sedimentary section
from the surface to the top of the Permian and then
subtract it from the Bouguer gravity grid. Interval
densities were derived from the velocity model (dis-
cussed below) using Gardner’s equation (Gardner
et al., 1974). As a result, we obtained the residual
gravity field and calculated the depth of the crystal-
line basement and calibrated it with well data. All
surfaces and density grids were modeled using the
GMSYS-3D program. This produced a residual grav-
ity grid that represents the structure and lateral den-
sity contrast of the Permian section and below.

DATA INTEGRATION AND INTERPRETATION

Stratigraphic Framework

The stratigraphic scheme (Fleischer and Varshavsky,
2002) was correlated across the area using well logs
such as gamma ray, spontaneous potential, resistivity,
and sonic, plotted with lithology logs, markers, and

biostratigraphy (Figure 4). This lithostratigraphic
correlation was aggregated into sequences bounded
by significant unconformities that reflect the main
depositional changes in the history of the region
(Figure 4).

Seismic-to-Well Tie

To integrate the stratigraphic horizons with the seis-
mic data, we used checkshot data from 122 wells in
conjunction with acoustic logs and generated syn-
thetic seismograms for each well. Moreover, for 50
additional wells, acoustic data were reconstructed
from resistivity logs using the Faust equation (Faust,
1953). Subsequently, all 172 wells were correlated
with seismic sections (Figure 5).

Velocity Model Concept

The velocity model concept involved identifying the
primary velocity changes within the section and speci-
fying the velocity as a function of depth, thickness, and
facies. Based on the seismic-to-well tie results, the four
most prominent velocity boundaries were selected:
top Turonian, top Jurassic, top Triassic, and top
Permian. These horizons along with topography were
included in the velocity model. At the western part of
the study area, two additional surfaces were included:
base of Pliocene unconformity and base of upper
Eocene unconformity (Figure 4, Ashqelon-03 well).

The velocities observed for these two horizons,
as well as for the top Turonian, exhibit a distinct
compaction trend (Figure 6). This trend is attributed
predominantly to the clastic lithologies present in the
section. Consequently, velocities for each interval
were calculated separately, accounting for the com-
paction trend (Figure 6A). Unlike the Pliocene and
upper Eocene clastic deposits, the Upper Cretaceous
layers are composed of carbonate rocks, made mainly

Table 2. Summary of Subsurface Well Database in the Study Area

Data Type Number of Wells Data Source

Markers 330 Fleischer and Varshavsky (2002), modified based on biostratigraphy
Lithology from mud log 330 Legacy data from ATLAS Project after processing
Wire-line logging 222 Ministry of Energy after processing; Digitalization
Velocity survey 122 Digitalization
Biostratigraphy 177 Reports
Age dating of igneous rocks 6 Reports, papers
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of chalky material, which therefore significantly
impacts the velocity (Figure 6D).

The velocity of the Cretaceous, Jurassic, and
Triassic are associated mainly with depth, trend,
and facies changes (Figure 7). Since the sequences

are prominently carbonate, the compaction trend
is associated with the marly section mostly in the
southern part of the study area. This spatial trend is
attributed to the influx of clastic material from the
southeastern direction.

Figure 4. Stratigraphic correlation between deep wells including the main unconformities (marked by numbers) and horizons that were
picked in the seismic lines: (1) base Pliocene unconformity, (2) base upper Eocene unconformity, (3) top Turonian unconformity, (4) Lower
Cretaceous (top Jurassic) unconformity, (5) top Triassic unconformity, and (6) top Permian unconformity. B. 5 Bar; Fm 5 Formation;
J1h 5 Hettangian; J1p 5 Pliensbachian; J1s 5 Senimurian; J1t 5 Toarcian; J2a 5 Aalenian; J2b 5 Bajocian; J2bt 5 Bathonian;
J2c 5 Callovian; J3km 5 Kimmeridgian; J3o 5 Oxfordian; J3t 5 Tithonian; K1a 5 Aptian; K1al 5 Albian; K1b 5 Berriasian;
K1br 5 Barremian; K1h 5 Hauterivian; K1v 5 Valanginian; K2c 5 Cenomanian; K2cm 5 Campanian; K2cn 5 Coniacian; K2m 5
Maastrichtian; K2s 5 Santonian; K2t 5 Turonian; L. 5 Lower; MD 5 maximum depth; Res 5 resistivity; SP5 spontaneous potential;
T3k5 Carnian; T3n5 Norian; T3r5 Rhaetian; TD5 total depth; Trias–Jura5 Triassic–Jurassic; U.5 Upper; unc.5 unconformity.
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Our final velocity model was calculated from a flat
datum 1000 m above mean sea level with replace-
ment velocity 2000 m/s to topography. The top
three horizons (Pliocene, Eocene, and Turonian)
were calculated from topography using average
velocities, whereas the rest of the horizons (Jurassic,
Triassic, and Permian) were treated as a “layer cake”
model (Figure 8A).

Depth Conversion and Uncertainty Analysis

After constructing the velocity model, the time hori-
zons were converted into the depth domain. For qual-
ity control of the velocity model, we compared the
calculated depths of the horizons with the measured
depth from the wells and created the “difference

crossplots,” showing the offset values and the double
standard deviation for normal distribution encompass-
ing 95% of all data errors (Figure 8B). The comparison
indicated that the accuracy of the velocity model ran-
ged from 35 to 120 m, depending on the horizon.
Based on these parameters, the isoline intervals were
chosen for constructing structural maps. Following the
analysis, the mapped horizons were fixed to the well
data at the well locations and interpolated in between.
The results are the depthmaps as described below.

RESULTS

The set of depth maps below (Figures 9–15) repre-
sent the chosen significant horizons (sequence

Figure 5. Synthetic seismogram for Pleshet 01, showing the velocity change through the section. Velocity model intervals are marked.
DT5 delta time; E.5 Early; J1h5 Hettangian; J1p5 Pliensbachian; J1s5 Senimurian; J1t5 Toarcian; J2a5 Aalenian; J2b5 Bajocian;
J2bt 5 Bathonian; J2c 5 Callovian; J3km 5 Kimmeridgian; J3o 5 Oxfordian; J3t 5 Tithonian; K1a 5 Aptian; K1al 5 Albian; K1b 5
Berriasian; K1br 5 Barremian; K1h 5 Hauterivian; K1v 5 Valanginian; K2c 5 Cenomanian; K2cm 5 Campanian; K2cn 5 Coniacian;
K2m5 Maastrichtian; K2s5 Santonian; K2t5 Turonian; L.5 Lower; LITHO5 lithology; MD5 maximum depth; RHOB5 bulk density
of a formation; T3k5 Carnian; T3n5 Norian; T3r5 Rhaetian; TWT5 two-way traveltime; Vint5 interval velocity.
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Figure 6. (A) Velocity-depth chart showing the compaction trends for the first three layers of the velocity model. (B–D) Velocity maps
for the top Pliocene (B), top Late Eocene (C), and top Turonian (D), respectively. Expon.5 exponent; K2t.5 Turonian; Q5 Quaternary;
unc5 unconformity.
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boundaries) that were selected in the study area. In
each map, we describe the main observed structures
and tie them to the regional geologic history pre-
sented above.

Top Basement Map

The basement structure beneath the study area has
been investigated by numerous studies using different
methods such as gravity, magnetic, and wide-range
seismic refraction data (Ginzburg and Folkman, 1981;

Rybakov and Segev, 2004; Weber et al., 2004; Bielik
et al., 2013).

Here, we present the top basement map (Figure 9)
that we produced using interpretation of 2-D seis-
mic data up to the Permian (Figure 10) and the grav-
ity stripping method described above. During cali-
bration, we applied a higher basement density in the
northwestern part (Heletz-Gevim uplift) than in
the southeastern part. We used wells penetrating the
Saad or Zenifim Formations (Figure 9; Table 1) to

Figure 7. (A) Velocity-depth chart showing the distribution of the velocities for the “layer cake” velocity model. (B–D) Velocity maps for
Cretaceous (B), Jurassic (Jura) (C), and Triassic (Trias) (D) layers, respectively. k2t5 Turonian; Perm.5 Permian; tend5 tendency.
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limit the minimum depth to the basement or to
account for the actual depth in the cases in which
the basement was penetrated.

In the southern Negev there is an elevated zone
that corresponds to the continuation of the Rutbah
block (Figure 2B). The basement surface in this area
is overlain by a thick Precambrian section (>2 km
in the Ramon-01 well, Figure 10B), the Zenifim For-
mation (Weissbrod, 1969). In the northwestern part
of the area, the Heletz-Gevim uplift is bounded by a
reverse fault. In this zone, the basement surface
almost reaches the top of the Hercynian unconfor-
mity (upper Permian). In the central part of the area,
there is a depression that may be associated with the
Palmyra trough (Garfunkel, 1998) that may hold
remnants of the Paleozoic section.

Comparison of the top of the basement map
with results from various authors (Ginzburg and
Folkman, 1981; Rybakov and Segev, 2004) reveals a
similar structural zonation. However, more features
are visible in our map due to the integration of grav-
ity data with high-density seismic 2-D data.

Top Permian

The top Permian structural map (Figure 10A) indi-
cates a depocenter dipping to the north-northeast that
is also reflected by the continuation of the Judea gra-
ben. The top Permian map corresponds to the upper
Permian shallow-marine carbonate Arqov Formation
(Orlov-Labkovsky and Hirsch, 2003) that overlies the
lower Permian predominantly clastic Saad Formation.
Together, these two formations, consisting of sandstones

Figure 8. (A) Cross section through the velocity model (VM) with the correlated surfaces. Note the horizontal variability in the velocity.
(B) Mismatch in meters between velocity model (surfaces) and actual marker depth, before the adjustment at well locations. L.5 Lower;
RV5 replacement velocity; TVD5 true vertical depth.
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at the bottom to carbonate mudstones at the top, are
interpreted as a near-shore deltaic transgressive trend
covering the Hercynian unconformity. For a detailed
description, the reader is referred to Eshet et al. (1988),
Ziegler (2001), Weissbrod (2005), and Stephenson and
Korngreen (2020).

The resulting thickness map (Figure 10B) between
the top Permian and top basement reveals two elon-
gated depocenters. The first is in the southern part of

the mapped area and is filled by Precambrian arkosic
sandstone sediments that have been penetrated by sev-
eral wells. This is in accordance with the overall view
of the deep Zenifim basin, which was a foreland basin
at that time (Figure 3A). The second basin is located in
the central part of the study area (within the Judea gra-
ben) and possibly is a continuation of the Paleozoic
Palmyra trough (Garfunkel, 1998; Faqira et al., 2009)
that may contain upper Paleozoic (Carboniferous?) or

Figure 9. (A) Regional tectonic map of the area. (B) Depth to basement. The depth was calculated using residual gravity signals cali-
brated to wells in the area. Note the division to sublocations that correspond with the Palmyra trough in Syria. Fm5 Formation.
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even older deposits that have not been penetrated in
the Judea graben (Wood, 2015). The Permian section
in the Judea graben correlates with the section in
the southeastern Palmyra trough in Syria represented
by the Amanus Sandstone (Garfunkel, 1998; Brew
et al., 2001).

The uplifted area in the southern Negev is a con-
tinuation of the Rutbah uplift of southern Syria (Figure
2A). It should also be noted that the seismic section

and thickness map between Permian and basement
(Figure 10B, C) indicate no significant Permian
faulting; the marked normal faults were active in the
Triassic and Early Jurassic (e.g., Garfunkel, 1998).

Top Triassic

The structural map of the top Triassic surface (Figure
11A) exhibits a markedly different tectonic

Figure 10. (A) Top Permian (Arqov Formation) structural map. (B) Isopach map of the sequence between the Permian and basement.
(C) Seismic section showing the thickness change of the Triassic–Permian sequence. J 5 Jurassic; K 5 Cretaceous; PZ 5 Paleozoic;
T5 Triassic; u. Eocene5 upper Eocene.
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Figure 11. (A) Top Triassic (Mohilla Formation) structural map. (B) Isopach map of Triassic sequence. (C) Seismic sections showing the
Lower Jurassic normal and Upper Cretaceous reverse faults under the Negev monoclines. Note the detachment of reverse faults on top of
the Triassic evaporites. J5 Jurassic; K5 Cretaceous; PZ5 Paleozoic; T5 Triassic; V5 volcanics.
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configuration compared to the overlying horizons (see
below). The southeastern part of the studied area
experienced uplifts mostly in the Early Cretaceous
(Gvirtzman et al., 1998) and Late Cretaceous–
Cenozoic (Arkin et al., 1984; Avni, 1991).

The southern area is characterized by an uplifted
structural block, bounded by the northeastern trend,
similar to the position shown in the top Permian
structural map. To the north of the uplifted area is a
subsided depocenter in the so-called Judea graben
that extends toward the present-day Mediterranean
coastline and formed in the Late Triassic–Early Juras-
sic (Garfunkel, 1998). Within this developing depo-
center, three uplifts are visible: the Sifra, the Meged,
and the Heletz-Gevim.

Sifra Uplift
The Sifra uplift is a newly discovered elongated struc-
ture located within the Judea graben. The structure
is bounded by a northeastern normal fault at the
Triassic–Lower Jurassic level and a reverse detach-
ment in the higher stratigraphic levels. This structure
does not appear in the Triassic isopach map (Figure
11B), indicating post-Triassic deformation of the
compressional fault on a detachment horizon below
the top Triassic evaporites.

Meged Uplift
Farther to the north, a similar structure named the
Meged is visible. The Meged structure is an inverse
early Mesozoic fault structure, formed during the
Syrian arc folding events in the Late Cretaceous
(Honigstein and Crasquin, 2011). It is considered
a southwestern extension of the Syrian Palmyra trough.
This structure has been drilled (1998), confirming its
hydrocarbon prospectivity. Estimates of recoverable
reserves vary between 10 and 100 million bbl of oil.
The primary source of oil for theMeged field is consid-
ered to be from the Paleozoic sedimentary section of
the Judea graben (Gardosh and Tannenbaum, 2014).

Heletz-Gevim Uplift
Another prominent feature situated along the shoreline
is the uplifted block called Heletz-Gevim. This block
was uplifted in the Early Triassic (Druckman and
Kashai, 1981; Druckman, 1984), possibly even earlier,
as evidenced by the relatively shallow basement depth
found in the Gevim-01 and Heletz Deep-01A wells as
well as an old (Paleozoic?) reverse fault that bounds

the block from the east (Figure 10C). This indicates a
compressional phase before the late Permian.

The new isopach map (Figure 11B) of the Trias-
sic interval shows a thickening trend toward the
north and east, whereas the western part is thinner,
most likely due to erosion associated with the
uplifted areas mentioned above and the depocenter
located to the north, where the Judea graben is
found. This is in accordance with the stratigraphic
distribution of the Triassic sequence (Druckman
et al., 1982; Derin, 2016) and the location of the
marked evaporitic basins (e.g., Bialik et al., 2012).

Figure 11C shows cross sections alongmajor struc-
tures of the northern Negev (Sifra, Agur, and Qeren).
These anticlines have normal faults in the Triassic–
Lower Jurassic levels and separate detachment faults
that seem to slip along the top Triassic evaporites.

In summary, the structural configuration of the
top Triassic surface is markedly different from the
overlying horizons, reflecting the extensional faulting
system as opposed to the following compressional
Syrian arc system.

Top Jurassic

The structural and isopach map of the Jurassic interval
(Figure 12A) highlights the dramatic changes in Juras-
sic sediment accumulation across the area, which were
strongly influenced by normal faulting during the Early
Jurassic (e.g., Garfunkel and Derin, 1984). The map
shows a pronounced depocenter located under the
Judea Mountains extending toward the southwest.
This feature indicates the extension of the main Juras-
sic depocenter, which was created initially due to
extensional faulting during the Early Jurassic (Garfun-
kel and Derin, 1984; Garfunkel, 1998). This graben-
shaped Jurassic depocenter is pronounced toward the
Sinai area, accommodating thick clastic sections of the
Pliensbachian–Aalenian age (Goldberg and Friedman,
1974; Hirsch and Picard, 1988).

The Early Cretaceous erosion of the central and
southern Negev region further highlights the differ-
ences in Jurassic sediment accumulation patterns across
the area, as recorded by the isopach map. This uncon-
formity progressively erodes older strata toward the
south, including the Jurassic and down to the Triassic.
Near the city of Eilat in the south, the Lower Creta-
ceous lies on top of the Cambrian rocks. Also note-
worthy is the observed reverse correlation between
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the thick Jurassic accumulations and the structural
highs. This reflects the structural change from exten-
sion in the Early Jurassic to compression from the
Late Cretaceous.

A distinct carbonate reef of the Nir-Am Formation
(Oxfordian) is present at the edge of the Jurassic car-
bonate platform (Figure 12C, LP-3552). This reef fea-
ture is a prominent characteristic of the top Jurassic
and is truncated in places by Early Cretaceous erosion.
The Gevar-Am channel incision is a Late Jurassic

(Tithonian)–Early Cretaceous erosional event (Hirsch
and Picard, 1988). The carbonate reef is dissected by
this submarine erosion and subsequently filled with
Early Cretaceous siltstone and marl deposits of the
Gvaram Formation (Figure 12C, line DS-0521).

Top Turonian

The existing top Turonian map that covers the entire
onshore region of Israel (Fleischer and Gafsou, 2003)

Figure 12. (A) Top Jurassic structural map. (B) Isopach map of Jurassic sequence. (C) Seismic section through the Jurassic Carbonate
reef (LP-3552) and erosional Gevar-Am channel cutting into the Upper Jurassic (DS-0521). J5 Jurassic; K5 Cretaceous.
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has been created based on the assemblage of many
local structural maps from different authors based
on seismic reports and well data. This map covers the
whole area of Israel, but because it was not generated
using a unified time-depth conversion model, it con-
tains uncertainties in the areas where there is a lack of
well information. To overcome this issue, we have
constructed a regional integrated velocity model to
create a new depth-converted structural map.

A closer examination of the velocities between
the topography and the top Turonian (Figure 13A)
reveals two distinct compaction trends. The first
trend, characterized by lower velocities, is observed
in wells located near the shoreline (Figure 6A, D),
where thick clastic sediments of the Pliocene and
Oligocene developed. The second trend shows rela-
tively higher velocities and is associated with wells
situated in Late Cretaceous basins, where chalk

Figure 13. (A) Top Turonian structural map. (B) Isopach map of Turonian–Jurassic sequence. (C) Seismic section showing the reverse
faults under the northern Negev structures. Note the onlaps in the adjacent synclines that indicate the structural activity during deposition
(Senonian age). J5 Jurassic; K5 Cretaceous.
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formations have developed. Both trends impact the
velocity model at different localities on the map.

The resulting top Turonian depth map (Figure
13A) highlights structures shaped during the
compressional tectonic events of the Late Cretaceous
to early Cenozoic. For example, the map clearly
illustrates the Qeren and Agur anticlines and the
Revivim syncline onlapping on these structures
(see also Figure 13C). To the east, the Turonian
surface is exposed and truncated, and deeper
upper and Early Cretaceous beds are exposed.

The isopach map of the Cretaceous shows three
different zones (Figure 13B). Near the shoreline, the
carbonate platform is partly truncated by the Plio-
cene erosion in the central part, where the carbonate
platform developed with consistent thickness, and in
the southeastern uplifted area where thinner and
sandier deposits have accumulated (Arkin et al.,
1984; Gvirtzman et al., 1998).

Upper Eocene Unconformity

The lower upper Eocene in the study area is marked
by a regional unconformity caused by a 70-m drop in
sea level (Buchbinder et al., 1993; Miller et al., 2005;
van der Meer et al., 2022). This event led to a shift
from carbonate sedimentation in the middle Eocene to
marly chalk deposition in the late Eocene (Buchbinder
et al., 2005). Offshore, upper Eocene sediments gener-
ally lie conformably over middle Eocene deposits,
except in areas where submarine erosional canyons
formed, such as Ashdod, Afiq, and El-Arish (Druck-
man et al., 1995a; Bar et al., 2008), and in the southern
Negev, where these sediments are absent (Buchbinder
et al., 2005). The structure map (Figure 14A, B) illus-
trates the spatial distribution of submarine canyons
across the mapped area. In the seismic line (Figure
14C), white arrows indicate that Oligocene sediments
are onlapping onto the upper Eocene unconformity.
The southwestern part of the map shows a thicker and
deeper basin that preserved theOligocene section.

Top Miocene (Pliocene Transgression
and Erosional Surface)

Following the regression phase of the Late Miocene
Mediterranean Messinian crisis (e.g., Druckman
et al., 1995a; Ryan, 2009) and the deposition of
lowstand evaporites within shelf canyons, a wide-
spread transgression occurred (Figure 15A). This

transgression created a ravinement surface at the base
of the Pliocene, which is overlain by clay and siltstone
deposits of the lower Yafo Formation (Gvirtzman
and Buchbinder, 1978; Steinberg et al., 2008). This
basal Pliocene erosional surface truncated the shelf
edge in places even cutting into Turonian carbonates
and extended landward, covering the lower foothill
plain of the JudaeanMountains.

Sediment supply during this time was restricted
from the continent by the Judaean Mountains and
deposited mainly within the shelf area (Bar et al.,
2013). As shown by the Pliocene thickness map
(Figure 15B), the Pliocene sediments filled most of
the erosional channels that had formed within the
shelf during the Oligocene and Miocene, such as the
Ashdod, Afiq, and El-Arish canyons. The seismic
profile though the Afiq canyon (Figure 15C) shows
the Pliocene clastics sitting on top of the Messinian
unconformity. There is no evidence of deltaic accu-
mulation toward the incised channels on the shelf
edge on the isopach map of the Pliocene. This is con-
sistent with the claim that the source of the Pliocene
sediments in the region is the Nile (Buchbinder and
Zilberman, 1997; Steinberg et al., 2011).

In summary, the Pliocene transgression and asso-
ciated erosional surface had a significant impact on
the sedimentary architecture of the region, reworking
and infilling the earlier Oligocene and Miocene ero-
sional features.

DISCUSSION

Reprocessing of a large amount of seismic data with
the same parameters and advanced technology led to
improved subsurface imaging. The seismic integra-
tion with existing subsurface data allowed us to pro-
duce the accurate velocity model and understand the
deeper (below Triassic) sedimentary section. Since
the upper part of the section has been well studied,
in this section, we focus on the understudied deeper
part starting from the Lower Jurassic and below.

As described above, two models are proposed for
the development of the region: an extension model,
which envisions the development of a passive margin
starting from the early Paleozoic, and a compres-
sional model, according to which a back-arc or fore-
land basin existed from the early Paleozoic until the
early Mesozoic.
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Here, we favor the compressional model (Figure
3C, E, G) for several reasons: early and late Paleozoic
magmatic activity within the study area (Figure 9;
Table 1) and the high gravity anomaly in the north-
west of the study area are attributed to changes
in basement density. The same anomaly has been
identified in the Palmyra trough (Al-Saad et al.,
1992; Brew et al., 2001). Dating of quartz porphyry
from the Heletz Deep-01 well indicates an early

Carboniferous age of circa 351 Ma, suggesting a
transitional origin from volcanic arc to within-plate
settings (Golan et al., 2018). The analysis of fission-
track ages of apatite and sphene in Precambrian
basement in Sinai reveal the heating event in the
late Paleozoic and Early Triassic (Garfunkel and
Derin, 1984). This suggests that the area under-
went magmatic reworking during the Paleozoic
(see Table 1), which could cause the change in

Figure 14. (A) Upper Eocene unconformity structural map. (B) Isopach map between topography and base upper Eocene unconfor-
mity. (C) Seismic section showing the erosive relations between the sequences along the shelf edge. J 5 Jurassic; K 5 Cretaceous;
L. Eocene5 lower Eocene; u. Eocene5 upper Eocene.
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basement density as indicated by the high-gravity
zone (Figure 9).

From a hydrocarbon prospectivity standpoint,
the extensional model explains the absence of
Paleozoic succession in Israel as resulting from late
Paleozoic uplift (Gardosh and Tannenbaum, 2014).
However, this model struggles to explain oil discoveries
in the region. In contrast, the compressional model
allows for the preservation of Paleozoic sediments that

served as source rocks, filling the Triassic reservoir in
theMeged field.

Several authors have examined the association
between the Judea graben and the Palmyra trough,
providing evidence of their original assembly (Cohen
et al., 1990; Garfunkel, 1998; Meiller, 2011) before
the Cenozoic left-lateral displacement along the
Dead Sea fault (Freund et al., 1970). In this sec-
tion, we discuss the key findings regarding the

Figure 15. (A) Base Pliocene structural map. (B) Pliocene isopach map. (C) Seismic section showing the erosive Afiq canyon. J5 Jurassic;
K5 Cretaceous; u. Eocene5 upper Eocene.
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similarities between these two structures identi-
fied through this work.

The first observation supporting this connection
is the lineament separating the Judea graben from
the uplifted zone in the southern Negev and south-
eastern boundary of the Palmyra trough, separating it
from the Rutbah block (Figure 9). This lineament
shifts laterally along the Dead Sea fault by 105 km
(Freund et al., 1970) and is identifiable as the Sheik
Ali fault in the Golan Heights (Meiller, 2011).

We argue that a late Paleozoic basin within the
mapping area marked by the Judea graben is an
extension of the Palmyra trough (Garfunkel and
Derin, 1984) (Figure 9A). It is important to note that
there is no information about the sub-Permian sedi-
mentary section within the Judea graben because all
wells that were drilled in the area terminated in mag-
matic rock (Figure 4; Table 1) at the base of the
Permian section, rather than in the Precambrian
Zenifim Formation, as claimed by Weissbrod (1969).
We therefore predict a Carboniferous and probably
older sedimentary section under the Judea graben
similar to the section in the southern Palmyra trough
(Brew et al., 2001; Faqira et al., 2009;Wood, 2015).

The second observation supporting this connec-
tion is the existence of reverse decollement faults
under large anticlinal structures in the Judea graben.
Initially, these faults were suggested to be the Late
Cretaceous reactivation of the normal extensional late
Paleozoic–Early Jurassic system (Freund et al., 1975;
Druckman et al., 1995b), but as can be observed in
Figure 11C, the reverse faults are clearly separated
from the underlying normal faults and do not form the
same fault surface. These faults are detachments on
the top of themechanically weak Upper Triassic anhy-
drite. The reverse faults in the southern Negev/Rutbah
area that are penetrated by some wells (e.g., Zohar
Deep-08, Sherif-01) show no sign of reactivation
(Druckman et al., 1995b), indicating the southern
boundary of the Judea graben. This line of evidence
points to the similarity between the structural style of
the faults in southern Palmyra (Chaimov et al., 1992;
Wood, 2015) and that of the northern Negev.

From tectonic, stratigraphic, and petroleum sys-
tem perspectives, we believe the Palmyra trough and
Judean graben originally formed as a single geological
entity. In this case, it favors the compressional regime
model during the late Paleozoic (Şeng€or et al., 1984;
van Hinsbergen et al., 2020) and allows us to predict

that the sedimentary section of the Judea graben
petroleum system extends to the Carboniferous or
even the lower Paleozoic.

Hydrocarbon Prospectivity of the Judea
Graben

The Negev (study area) is divided into three pro-
vinces, each characterized by a distinct petroleum
system (Figure 16A): the Dead Sea system in the east,
the Mediterranean system in the west, and the Judea
graben system in the center. The main contribution of
this paper is about the Triassic petroleum system
within the Judea graben. For a detailed discussion of
other systems, see Gardosh and Tannenbaum (2014).

Given the arguments above, the Judea graben
was connected to the Palmyra trough until the forma-
tion of the Dead Sea rift in the Oligocene. This allows
us to use the prospectivity of the Palmyra as a direct
analogue. Nearly 85% of discovered reserves in
Palmyra are associated with Triassic or Paleozoic
deposits, whereas only 25% are in the Cretaceous
(Figure 16C). This distribution reflects key elements
of the petroleum system. Source rocks in the Ceno-
zoic andMesozoic sections are not sufficiently mature
to generate significant hydrocarbons (Vulama, 2012).
In addition, Triassic evaporites in Palmyra act as both
a regional stress accommodator and an effective seal,
preventing hydrocarbon leakage.

Building on this geologic context, we analyze the
Judea graben petroleum system, considering its evolu-
tion under a compressional regime during the early
and late Paleozoic (Figure 17).

Source Rock
Drilling data from the Judea graben reveals the pres-
ence of organic source rock throughout the section.
While Cretaceous and Jurassic intervals show low
maturation levels for oil and gas generation (Feinstein,
1996), Triassic and older formations have entered the
oil window, with vitrinite reflectance values ranging
from 0.7% to 1.2% (Figure 17).

The oldest source rocks penetrated by wells in the
Judea graben are Permian shallow-marine organic-rich
shales and carbonate beds of the Arqov Formation
having total organic carbon (TOC) values of 1.3% to
4% (averaging 2.6) and type III kerogen (Bein et al.,
1984; Bar Dayan, 2023). In the Palmyra trough, the
oldest analyzed source rocks are Carboniferous

1130 Israel Subsurface Mapping



Figure 16. (A) Geological cross section with the petroleum systems through the study area. The Dead Sea graben petroleum system
was adapted from Gardosh and Tannenbaum (2014). Note the different structural levels that represent the different tectonic histories in
the region. (B) Map that suggests the relationship between the Judea graben and the Palmyra region. Note the shift along the Dead Sea
transform. (C) Distribution of the hydrocarbon (HC) discoveries in Palmyra showing the Triassic as a major prospective target. BOE5 bar-
rels of oil equivalent; bpd5 barrels per day; dist.5 distribution; L. Jura5 Lower Jurassic; OGIP5 original gas in place; OOIP5 original
oil in place; U. Trias5 Upper Triassic.
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Figure 17. (A) Generalized stratigraphic scheme for study area, with depositional environments, petroleum system elements, and tec-
tonic settings according to compressional model. (B) Subsidence curve from the Pleshet 01 well. Note that the sedimentary section from
Carboniferous and below was not penetrated by any well in the Judea graben. (C) Event cart showing the relationship between the petro-
leum systems elements from the Pleshet 01 well. Carbon 5 Carboniferous; Devon 5 Devonian; Gen/Mig 5 generation and migration;
J1h 5 Hettangian; J1p 5 Pliensbachian; J1s 5 Senimurian; J1t 5 Toarcian; J2a 5 Aalenian; J2b 5 Bajocian; J2bt 5 Bathonian; J2c 5
Callovian; J3km 5 Kimmeridgian; J3o 5 Oxfordian; J3t 5 Tithonian; Jura 5 Jurassic; K1a 5 Aptian; K1al 5 Albian; K1b 5 Berriasian;
K1br5 Barremian; K1h5 Hauterivian; K1v5 Valanginian; K2c5 Cenomanian; K2cm5 Campanian; K2cn5 Coniacian; K2m5 Maas-
trichtian; K2s5 Santonian; K2t 5 Turonian; KZ 5 Cenozoic; Ng 5 Neogene; O5 Oligocene; Perm5 Permian; Pg 5 Paleogene; Q5
Quaternary; Ro 5 vitrinite reflectance; Silur 5 Silurian; T3k 5 Carnian; T3n 5 Norian; T3r 5 Rhaetian; Trias 5 Triassic; TD 5 total
depth; TVD5 true vertical depth.
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open-marine shales and carbonates of the Markada
Formation, having TOC values of 0.6% to 1.26%
and type II–III kerogen (Vulama, 2012). These sedi-
ments potentially exist in the unpenetrated section
of the Judea graben.

We note there is also potential for Silurian
organic-rich shales and Ordovician source rocks in
the deep section of the Judea graben-Palmyra trough
system (Figure 17), similar to those found in Jordan
(Gardosh and Tannenbaum, 2014). These sections
could be preserved according to the compressional
tectonic model, explaining the oil prospectivity in
Palmyra and the discovery of the Meged oil field in
the Judea graben.

Reservoir Rock
Several stratigraphic units in the Judea graben are
recognized as hydrocarbon bearing, with the most
promising being the Permian Saad Formation and
the Triassic Mohilla Formation. The Saad Formation
was deposited in a shallow-marine and continental
environment (Orlov-Labkovsky and Hirsch, 2003)
and consists of sandstone with porosities of 8% to
12%. The Mohilla Formation, deposited in restricted
shallow-marine and marginal-marine environments
(Bialik et al., 2012), is composed of the fractured
highly dolomitized oolitic grainstones. The Mohilla
Formation has proven productivity in the Meged
field, with matrix porosities ranging from 5% to 17%
and permeability on the order of 1 md (Givot Olam
Oil, 1995; Calvo, 2014; Gardosh and Tannenbaum,
2014). The Meged-05 well recorded a cumulative
production of 1.1 million bbl of oil, with an initial
rate of 800 BOPD and oil density of 40 API, primar-
ily from fractures. Similar reservoir properties are
observed in fields within the Palmyra trough (Figure
16B), where porosities range from 7% to 12% and
initial production rates exceed 1500 BOPD.

Seal
Late Triassic evaporitic sediments above the fractured
carbonates act as a regional seal in the Judea graben
and Palmyra trough systems. These deposits also
accommodate the compressional stresses of the Late
Cretaceous, preventing hydrocarbon leakage from
deeper horizons into the overlying Mesozoic and
Cenozoic units (Figure 16). In the study area, detach-
ment is observed at the top of the Triassic section
(Mohilla Formation), but no evidence of pre-Triassic
fault reactivation is noted. As a result, the Triassic

anhydrites remain undisturbed by faulting events
(Figure 11).

In the Meged field, wells have encountered an oil
column of?700m, demonstrating the excellent seal-
ing capacity of the Mohilla evaporites. These strong
sealing properties may explain the limited success of
exploration wells targeting Jurassic reservoirs while
highlighting the high prospectivity of the Triassic sec-
tion in the Judea graben and Palmyra trough systems
(Figure 16).

Generation and Migration
The burial history curve that was generated for the
Pleshet 01 well, which penetrated the Permian sec-
tion (Bein et al., 1984), provides no information on
potential Paleozoic source rocks or their alteration by
Paleozoic magmatic activity (Figure 17). For the
Permian and upper sections, the subsidence curve
indicates that maturation began in the Late Creta-
ceous and has continued since then. This implies that
the charging is ongoing since the creation of the com-
pressional structures, supporting the potential for
hydrocarbon accumulation in the region.

Since the Miocene, the tectonic activity has
shifted to the Dead Sea transform fault, implying that
younger structural movements along deep-seated
structures in the region are relatively minor.

CONCLUSIONS

1. Integration of reprocessed seismic data with
wells and gravity has provided improved imag-
ing and understanding of the deeper subsurface
geology in southern Israel.

2. The Late Cretaceous compression phase gener-
ated detachment faults on top of Triassic eva-
porites within the Judea graben, but it did not
reactivate the Lower Jurassic faults, which is
good news for hydrocarbon preservation.

3. The petroleum system in the Judea graben
shows promise, with potential source rocks in
the Paleozoic section, reservoir rocks in the
Permian and Triassic, and seals provided by
Upper Triassic evaporites.

4. The study indicates ongoing hydrocarbon gener-
ation since the Late Cretaceous, with potential
for accumulation in compressional structures
formed during this time.
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5. The findings favor a compressional regime model
during the Paleozoic in the region, which is the
cause of the potential of the hydrocarbons in the
deep northern Negev.
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