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ABSTRACT: This paper systematically investigates and compares the petroleum geology elements and oil
and gas exploration potential in the deep-water basins along the conjugate passive margins between Morocco
in NW Africa and Nova Scotia in Canada. Both the deep-water basins along the passive margin in Morocco
and its conjugate passive margin deep-water basin in Nova Scotia have undergone similar multiple stages of
tectonic evolution. These conjugate basins both have Jurassic and Cretaceous source rocks; Triassic sand-
stone, Jurassic—Cretaceous carbonate and sandstone, and Miocene—Pliocene sandstone reservoirs; multiple
sets of mudstones and regional Triassic salt as caprocks. These characteristics indicate good hydrocarbon
accumulation conditions and exploration prospects. The comparison also reveals that the key exploration
targets in the deep-water basins of Morocco should be Tertiary turbidite sandstone reservoirs and Jurassic—
Cretaceous sandstone and carbonate reservoirs. Compared with the Scotian Basin, the Morocco deep-water
basins may have Paleozoic play potential sourced from the mature Silurian hot shale source rock that extends
from the onshore NW African Plate. The prospective exploration targets in the deep-water Scotian Basin
should be focused on the Jurassic and Cretaceous deep-water turbidite sandstone reservoirs formed by
widely-developed large river systems.

KEY WORDS: conjugate margins, Morocco, Nova Scotia, tectonic evolution, petroleum geology, explo-

ration potential.

0 INTRODUCTION

Recently, conjugate margins have been a research focus for
explorations of petroleum deposits and investigations of Earth
history, plate tectonics, ocean science, basin evolution, etc. At-
lantic margins are a type conjugate margin, and they have been
studied to reveal the evolution process of rifted continental mar-
gins and lacustrine to deep-water turbidite depositional systems.
Many of the major hydrocarbon-bearing basins of passive conti-
nental margins are distributed on both sides of the Atlantic Ocean.
Most basins in the Atlantic margins remain under-explored
despite ongoing production in some basins since the 1970s. At
present, many hydrocarbon discoveries have been made in the
passive margin basins of the Gulf of Mexico and Brazil and West
Africa on both sides of the South Atlantic Ocean (Modelevsky
and Modelevsky, 2016; Zou et al., 2015; Liu et al., 2008). How-
ever, due to differences in evolutionary time span and geologic
history during the evolution between the basins at the passive
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continental margin of the Central Atlantic and the South Atlan-
tic, these basins have different petroleum systems and hydrocar-
bon distribution characteristics (Tari et al., 2012). Fewer oil and
gas exploration activities and limited oil and gas discoveries
have occurred in the passive continental margin basins along the
Mid-Atlantic Ocean compared with those along the South Atlan-
tic Ocean. This difference is especially apparent in the Moroccan
deep-water basins of the passive continental margin along the
east coast of the Central Atlantic Ocean, which has a current wa-
ter depth of 200+ m based on IHS or basin with deep-water de-
posits; in addition, the proven oil recoverable reserves of the ba-
sins are only 37 million bbls and natural gas recoverable reserves
are only 0.68 Tcf (IHS Markit, 2017) and the majority of the oil
and gas discoveries occurred on land. Compared with the on-
shore area, the offshore area of Morocco is characterized by lim-
ited hydrocarbon exploration activities, few discoveries and few
drilled wells, e.g., only 1 subsea gas field and 2 subsea oil fields
with relatively small reserves were found. In contrast, the Sco-
tian Basin in offshore Canada, which represents the conjugate
continental margin of the Moroccan offshore area, has proven
recoverable reserves of 1.4 billion bbls of oil and gas (IHS Mar-
kit, 2017; Tari et al., 2012; Labails et al., 2010), which is almost
40 times more than that of the Moroccan offshore area. There-
fore, the deep-water basins in the passive margin offshore
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Morocco may have good potential for oil and gas exploration
since they have a similar geology as the conjugate Scotian Basin.
The purpose of this study is to compare the geologic evolution
and petroleum geology in the deep-water basins between the pas-
sive margin of Morocco and its conjugate margin to investigate
the differences in geology and future exploration potentials.
Based on the theory of plate tectonics and an analysis and com-
pilation of regional geological data, including basin evolution,
stratigraphic correlation, source rock and reservoir data, the
characteristics of the oil and gas geology in the deep-water ba-
sins of offshore Morocco and along the Canadian conjugate pas-
sive continental margin were compared to reveal their similari-
ties and differences in geologic history, basin evolution, petro-
leum systems and hydrocarbon exploration potential. The results
can provide a reference for the study of tectono-sedimentary evo-
lution, petroleum geology and hydrocarbon exploration in deep-
water basins along the passive margins of the Mid-Atlantic Ocean
and in other similar conjugate passive margin basins.

1 REGIONAL PROFILE

Classic shallow to deep-water basins widely developed in
the passive margins along both sides of the Atlantic Ocean, and
these basins are characterized by similar tectono-sedimentary
evolution (Tari et al., 2012; Labails et al., 2010). Four sedimen-
tary basins formed offshore Morocco: Rharb, Doukkala, Essa-
ouira and Tarfaya from north to south (Davison, 2005). Across
from the offshore Morocco region, the Scotian Basin formed
along the Canadian Nova Scotian margin conjugates to Morocco
(Fig. 1). The basins along the passive margin of Morocco have
experienced evolutionary stages of Cambrian rifting, Ordovician—
Devonian passive continental margin development, Carboniferous—
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Permian Hercynian foreland effects, Triassic rifting and passive
continental margin development since the Jurassic. The Rharb,
Ducara and Essaouira basins experienced uplift and denudation
due to the Atlas orogeny (Davison, 2005; Hafid, 2000). The
Scotian Basin of Canada and the sedimentary basins of offshore
Morocco have experienced a similar evolution, including rifting
and passive continental margin development since the Triassic,
while the pre-Triassic strata developed in the Moroccan side
seem to be absent in the Canadian side. With the gradual expan-
sion of the Atlantic Ocean, these basins on both sides developed
a similar paleogeography, basin structure and stratigraphic se-
quence (Campbell et al., 2015) , which can be clearly seen from
the paleogeographic map generated by Gplate software con-
strained by tectonic setting and depositional environments (Fig.
2). However, the strata in the sedimentary basins offshore Mo-
rocco are more completely developed and include Paleozoic—
Cenozoic sedimentary strata. During the Cambrian—Ordovician,
the entire Moroccan region was part of Gondwanaland and dom-
inated by sandy sediments; during the Silurian, extensive trans-
gression created mudstone deposits rich in organic matter (Gam-
bacorta et al., 2016); during the Late Carboniferous—Permian,
the strata were uplifted and denuded due to the Hercynian orog-
eny; and since the Triassic, the Pangea continent has been grad-
ually broken up and offshore Morocco has experienced an exten-
sional movement. In addition to carbonate rock, sandstone and
mudstone formations, regional evaporites also formed in a re-
stricted environment (Michard et al., 2008; Davison, 2005). In
particular, the Tafelney Platform area of Morocco shows widely
developed evaporative salt rocks and thicker sedimentary strata
above the salt compared with that in the corresponding parts of
the Scotian Basin (Tari et al., 2012). These evaporites can provide
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Figure 1. Regional map showing the distribution of conjugate passive continental basins in Morocco and Canada across the Central Atlantic Ocean.
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Figure 2. Paleogeographic map showing conjugate offshore basins in Morocco and Canada during the Jurassic (160 Ma).

good seals for oil and gas plays. The Scotian Basin of Canada
formed on the Precambrian crystal basement of Laurasia and has
undergone sedimentation since the Triassic breakup of Pangea.

In the sedimentary basins of offshore Morocco, Triassic
evaporite, Triassic source rocks, and Cretaceous and Tertiary
mudstone, shale, sandstone and carbonate reservoirs (Dutuc et
al., 2017) provide good hydrocarbon accumulation conditions.
In general, the deep-water basins along the passive margin in
Morocco have experienced multiple stages of basin evolution
during the Paleozoic, Mesozoic and Cenozoic; however, the Ca-
nadian deep-water Scotian Basin only experienced basin evolu-
tion during the Mesozoic and Cenozoic.

2 DATA AND METHODS

The research data of this paper are mainly compiled from a
large number of published and unpublished data, including data
from 115 wells and 22 seismic cross sections covering Novo
Scotian Basin and its conjugate basins in Morocco. In addition,
the geologic, reservoir, source rock and production data from
several commercial databases from IHS and Wood Mackenzie
are also used to analyze the geologic evolution and petroleum
systems regionally and locally. Gplate software was employed
to reconstruct the paleoplate locations of Morocco and Nova
Scotia in Canada and their surrounding regions during the Early
Silurian to reveal the paleogeography. Based on seismic data
and drilling data interpretations and statistical and analysis re-
sults for the source rocks, reservoirs, and reserves between the
different basins, systematic investigations and comparisons have
been performed for the petroleum geology elements, such as
source rocks, reservoirs, and cap rocks, in the deep-water basins
along the conjugate passive margins of Morocco and Nova

Scotia, Canada. In combination with the structural and sedimen-
tary evolution of the two sides of the Central Atlantic Ocean, the
differences and similarities in hydrocarbon source rocks, reser-
voirs, traps, seal, and play types in basins on the two sides are
analyzed. Finally, the deep-water oil and gas exploration poten-
tial of the Atlantic Ocean passive margin basins are discussed
based on the geology, petroleum system, and reserve character-
istics.

3 COMPARISON OF THE PETROLEUM GEOLOGY
BETWEEN OFFSHORE MOROCCO AND NOVA SCO-
TIA IN CANADA

The Morocco area experienced multiple stages of geologi-
cal evolution and has undergone sedimentation since the Pre-
cambrian. The area hosts multiple sets of marine and continental
deposits from the Precambrian, Paleozoic (Cambrian, Ordovi-
cian, Silurian, Carboniferous and Permian), Mesozoic (Triassic,
Jurassic and Cretaceous) to Cenozoic as well as multiple sets of
source, reservoir and cap rocks from the Paleozoic to the Ceno-
zoic, which constitute multiple sets of source-reservoir assem-
blages. In comparison, the strata developed on the Canadian side
include only sandstone, mudstone, carbonate rock and salt rock
from the Triassic to the Tertiary, and the plays were mainly
deposited during the Jurassic and Cretaceous (Fig. 3). Triassic,
Cretaceous, Jurassic and Tertiary plays have been discovered in
the onshore Morocco area. Oil and gas discoveries have also
been made in the offshore Morocco area. In 1969, the Ras Juby
Oilfield in the Upper Jurassic carbonate was discovered offshore
in the Tarfaya Basin. In 2009, the Anchois Gas Field in the
Eocene—Miocene deep-water turbidite sandstone was discovered
in the Rharb Basin. In 2014, the Sidi Moussa 1 Oilfield in the
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Upper Jurassic shallow-water carbonate was discovered in the
Aaiun-Tarfaya Basin (IHS Markit, 2017). The above findings
show that the deep-water basins along the passive continental
margins offshore Morocco should also have favorable conditions
for hydrocarbon accumulation. According to the Canadian As-
sociation of Petroleum Producers, the first offshore well in Nova
Scotia was drilled in 1967 and the first offshore discovery oc-
curred at Sable Island in 1971. To date, approximately 127 ex-
ploration wells have been drilled in offshore Nova Scotia, result-
ing in 23 significant discoveries. Petroleum exploration has been
conducted in the onshore sedimentary basins of Nova Scotia
since the 1860s. More than 125 exploration wells have been
drilled in various onshore areas, with small amounts of petro-
leum discovered in approximately one-third of these wells. To
date, there has not been any commercial production of oil or nat-
ural gas resources in onshore Nova Scotia.

3.1 Comparison of Source Rocks between Offshore Mo-
rocco and Nova Scotia

The geochemical parameter total organic carbon (TOC) of
the shale/mudstone and marl in the offshore Morocco area and
Canada, which are along the eastern and western sides of the
Central Atlantic Ocean, respectively, indicates that the Jurassic
and Cretaceous mudstones are two major source rocks rich in
organic matter (Davison, 2005) (Table 1). Potential source rocks
could be found in the unexplored Silurian, Devonian, Carbonif-
erous and Triassic strata. The Jurassic source rock, which mainly
formed in a shallow sea to bathyal environment during the pas-
sive continental margin stage, has primarily Type II organic mat-
ter, TOC contents of 0.4%—4.3% (1.6% on average), and R, values
of 0.8%—1.8%. The Jurassic source rock began to generate oil and
was also in the gas generation stage in the Late Cretaceous. The
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Upper Jurassic Oxfordian shales in the Essaouira Basin are a
good source rock with Type II kerogen, TOC up to 4.3%, and
thickness of at least a 10 m (Davison, 2005). The Cretaceous
source rock, which mainly formed in an open bathyal to deep-
sea environment during the passive continental margin stage,
largely presents Type II/III organic matter and has TOC contents
of 1.6%—2.8% (1.8% on average) and R, values>0.5%. The Cre-
taceous source rock began to generate oil in the Pliocene and has
remained in the oil generation stage. Five sets of hydrocarbon
source rocks are observed in the Scotian Basin, and they range
in age from Aptian, Valanginian, Tithonion-Kimmeridgian, and
Callovian to Early Jurassic (Association (OERA), 2016). The
hydrocarbon source rocks of the lower cretaceous Aptian and
Valanginian deltaic mudstone have Type III kerogen and the av-
erage TOC values of 2% and 1.5%, respectively (Association
(OERA), 2016). The Upper Jurassic carbonate platform-delta
transitional mudstone of the Tithonian Verrill Canyon formation
is the main hydrocarbon source rock of this basin, and it presents
Type II-1II kerogen and an average TOC values of 3% (Associ-
ation (OERA), 2016). The source rock of Middle Jurassic Miaine
stage fluvial mudstone has Type II, III kerogen and a TOC value
of 2% (Association (OERA), 2016). The hydrocarbon source
rock of Lower Jurassic drift stage marine mudstone has Type 11
kerogen and a TOC values of 0.5%-2.49%, which is similar to
that of Morocco. In general, the main hydrocarbon source rocks
on both sides are distributed in Jurassic and Cretaceous mud-
stone strata. However, due to the differences in sedimentary en-
vironments after the rifting of the Atlantic margins, the Mesozoic
delta in the Scotian side is more widely developed and the high
amount of terrestrial input produced more gas-prone source
rocks, whereas the Moroccan side has more oil-prone source
rocks.

Table 1 Petroleum system elements for hydrocarbon accumulation factors in conjugate sides of Central Atlantic passive margin basins

Region Basin Oil and gas accumulated elements
Source rock Reservoir Seal
West Scotian Jurassic—Cretaceous shale, Type II/III kerogen, Upper Jurassic to Lower Cretaceous sandstones, with po- Jurassic—
coast of Basin with an average total organic carbon (TOC) of rosity of 2%-39.1% and permeability of 0.12-2 380 md Cretaceous
Central 3%, up to 10% shale
Atlantic
East coast Rharb Lower and Middle Jurassic shale and marl, Paleozoic fractures and decomposed granite, Lower Juras- Tortonian
of Central Basin mainly Type II/III, with the TOC values of 1%— sic sandstone and carbonate rocks, and Miocene sandstone mudstone of
Atlantic 7% and limestone; up to 8% porosity and 700 md permeability the Miocene
in the fractured granite reservoirs; 20% porosity and 1 000
md permeability in the Lower Jurassic sandstone reservoir
Doukkala  Silurian black shale, mainly Type II/III kerogen, ~ No proven reservoir, potential Jurassic submarine fan sand- Paleozoic—
Basin with a maximum TOC value of 2.4% stone with average porosity of 15% Cenozoic multiple
mud-rock layer
Essaouira  Oxfordian Marine shale of Upper Jurassic, Type ~ Upper Jurassic Oxfordian sandy dolomite with a porosity of  Triassic—Jurassic
Basin 1I kerogen, with the TOC values of 0.49%—4.3% 5%—20%, and a permeability of 2-80 mD, Upper Triassic flu-  evaporite and
vial sandstone and Lower Jurassic marginal Marine sandstone inner shale
Tarfaya The Lower Jurassic—-Middle Jurassic mudstone Upper Jurassic limestone with porosity of 5%—35% and av- ~ Upper Jurassic
Basin  with TOC values of 0.5%—2.49%, Type II/III ker- erage porosity of 10% and Lower Cre-

ogen, and HI of 500-700 mghc/gTOC; Upper
Cretaceous shale with a TOC values of 1.6% to
2.8% and Type II kerogen

taceous shale
and Upper Cre-
taceous and ter-

tiary shale
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3.2 Comparison of Reservoirs and Caprocks between Off-
shore Morocco and Nova Scotia

In the offshore Morocco area, the proven reservoirs are
mainly observed in the Upper Jurassic carbonate rock and
Miocene—Pliocene sandstone reservoirs (Table 1), while the po-
tential reservoirs are observed in Triassic sandstone, Lower—
Middle Jurassic sandstone and carbonate rock, and Cretaceous
sandstone and carbonate rock (Fig. 3). The Upper Jurassic car-
bonate reservoirs mainly formed in the shallow sea environment
of the passive margin (Addi and Chafiki, 2013). The Upper Ju-
rassic carbonate reservoir in the Cap Jub Oilfield of the Tarfaya
Basin has a depth of 2 982 m, a porosity range of 5%—-35%, and
an average porosity of 10% (IHS Markit, 2017). The Early Cre-
taceous Neocomian submarine delta fan developed in the
Tarfaya and Essaouira basins of offshore Morocco, and they
could host good sandstone reservoirs (Sibuet et al., 2012). The
Miocene—Pliocene turbidite sandstone reservoirs were mainly
formed in the deep-sea environment during passive continental
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margin. The Middle Pleistocene—Pliocene turbidite sandstone
reservoirs in the Anchois Gas Field in the Rharb Basin have a
depth of 2 359 m and a maximum net thickness of 40 m (IHS Mar-
kit, 2017). A fair amount of natural gas reserves have been found
in the Triassic sandstone reservoirs in the Tendrara Oil Field of the
Atlas Basin, indicating that Triassic sandstone reservoirs may also
be deposited in the offshore Morocco area. Reservoirs of the Sco-
tian Basin are from the Upper Jurassic to Lower Cretaceous deltaic
sandstones sediments of the Missisauga and Logan Canyon for-
mations, which have a thickness of several kilometers, porosity of
2%-39.1%, and permeability of 0.12-2 380 md (Zhang et al.,
2015). In addition to the mudstone caprocks in the Middle
Jurassic—Pliocene strata, Triassic evaporite (salt) rocks are distrib-
uted across the whole basin in offshore Morocco in the form of salt
walls, salt domes and salt stock canopies, which pierce into the
Tertiary strata (Fig. 3) and provide favorable structures for oil and
gas accumulation (such as presalt anticlines and post-salt anti-
clines and monoclines) and capping conditions.
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Figure 3. Columns of the strata and petroleum system elements (source rocks and reservoirs) in the conjugate passive margin basins in Morocco and Canada
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4 COMPARISON OF THE EVOLUTION AND RESER-
VOIRS OF THE DEEP-WATER BASINS IN MOROCCO
AND CANADA

The deep-water basins along the passive margins in Morocco
and Canada have undergone multiple stages of basin evolution but
with some differences. The Moroccan deep-sea basins have under-
gone multiple stages of evolution from the Paleozoic to the pre-
sent, while the Canadian deep-water Scotian Basin began to settle
and has gradually formed since the Triassic. During the Cenozoic,
the deep-water basins in Morocco were squeezed and uplifted due
to the influence of the Atlas orogeny, while the deep-water Scotian
Basin continued a passive margin evolution in an extensional en-
vironment (Fig. 4) (Kidston et al., 2002). In addition, due to the
differences in tectonic evolution, the continental shelf of the deep-
water Scotian Basin is wide and provides more lateral depositional
space, whereas the continental shelf of the Moroccan deep-water
basins is narrow and the steep continental shelf and continental
slope allow for rapid settlement and provide ample space for ver-
tical sediment accumulation (Tari et al., 2012).

The reservoirs in the terrestrial and offshore basins of Mo-
rocco are distributed in the Paleozoic, Triassic, Jurassic, Creta-
ceous and Neogene stratas (Table 2). Among these reservoirs,
the Triassic sandstone reservoirs contribute the largest reserve
of 78 mmboe (43% of total reserves). The Neogene and Jurassic
sandstone and carbonate reservoirs are dominated by continental
and neritic facies. The reserve of Neogene marine sandstone
reservoirs is 48 mmboe (contributing 27% of the reserves), and
the reserve of Jurassic neritic carbonate reservoirs is 38 mmboe
(contributing 21% of the reserves). The Cretaceous sandstone
reservoirs are dominated by deep-water facies. The reserve of
Cretaceous sandstone reservoirs is 9 mmboe (5% of total

(a) Scotia

Depth (km)
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reserves). In addition, continental Paleozoic granite and slate
reservoirs have also been found in Morocco, and their reserves
are 5 mmboe (2% of the total reserves). The reservoirs in the deep-
water Scotian Basin are mainly distributed in the Jurassic and Cre-
taceous neritic facies of sandstone and carbonate rock strata. The
reserve of shallow-water Jurassic sandstone reservoirs is 187
mmboe (13% of the total reserves), and the reserve of shallow-
water Jurassic carbonate reservoirs is approximately 150 mmboe
(11% of the total reserves). The reserve of the Cretaceous neritic
sandstone reservoir is 287 mmboe (20% of the total reserves), and
the reserve of Cretaceous deep-water turbidite sandstone reser-
voirs is 172 mmboe (12% of the total reserves). Most of the dis-
covered reservoirs in the Moroccan deep-water basins are Triassic
and Neogene deep-sea turbidite sand bodies, while most of the dis-
covered reservoirs in the deep-water Scotian Basin are Jurassic
and Cretaceous shallow marine delta sand bodies (Fig. 5).

Table 2 Reserves distribution in various types of reservoirs in Moroccan

and Scotian basins

Region Geological time 2P reserves of different reservoirs (mmboe)
of reservoir  Cyrhonate  Sandstone  Granite Total
Morocco Cretaceous 0 9 0 9
Jurassic 35 3 0 38
Neogene 5 43 0 48
Paleozoic 0 0 5 5
Triassic 0 78 0 78
Nova Cretaceous 23 499 0 521
Scotia Cretaceous/
Turassic 0 633 0 633
Jurassic 153 92 0 245
Morocco

110 Ma

Asthenosphere

Nova Scotia
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Figure 4. Tectono-stratigraphic evolution of the Moroccan margin and its conjugate Nova Scotian margin (compiled after Tari et al., 2012), (a) tectonic and basin

evolution in the conjugate margins from 180 to 110 Ma; (b) stratigraphic correlation of the conjugate margins.
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The main reason for this difference in reservoir age and fa-
cies may be that in the Cenozoic, Morocco experienced uplifting
and denudation due to the Atlas orogeny and a large amount of
transportable materials formed at the source of rivers, which pro-
vided favorable conditions for the supply of clastic rocks into the
deep-sea basins. However, the difference in the ancient river dis-
tribution among the geological periods between these two re-
gions may be the main factor. According to Gabor Tari’s study,
the multistage Cretaceous delta deposits were formed in the Sco-
tian Basin in the west side of the Central Atlantic, while the latest
drilling in the offshore Moroccan area on the east side of the
Central Atlantic indicates that only Tan-tan deep-water fan dep-
ositions were developed in the Early Cretaceous; therefore, oil
and gas accumulation in Morocco depends on the presence of
reservoirs (Tari et al., 2012). Additionally, there may be too few
deep-water drilling wells in the offshore Morocco area to reveal
the deep Jurassic and Cretaceous reservoirs.

5 COMPARISON OF THE REPRESENTATIVE DEEP-
WATER OIL AND GAS FIELDS BETWEEN THE
CONJUAGED MARGINS IN MOROCCO AND CANADA

Hydrocarbon exploration activities in the deep-water basins
of Morocco started very early, and in 1919, a small number of
oil and gas discoveries were made onshore. To date, 14 oil fields
and 36 gas fields have been found onshore, and they have total
oil reserves of 19.3 mmbbl and natural gas reserves of 0.5 Tcf.
The Anchois 1 Gas Field discovered in 2009 was the first oil and
gas discovery in the deep-water area of Morocco, and it has
natural gas reserves of 0.1 Tcf. The Upper Jurassic shallow-
water carbonate Sidi Moussa 1 Oilfield, which has reserves of 4
mmbbl, was discovered in the Moroccan offshore deep-water
zone in 2014 (IHS Markit, 2017). In the Anchois 1 Gas Field,
the water depth is 384 m; the reservoir is the abysmal facies of
the Miocene—Pliocene turbidite sandstone (Fig. 6), which has a

thickness of 90 m and a porosity of 26%; the source rock is
Miocene—Pliocene shale with abysmal facies with Type III-1I
kerogen, which has reached the stage of gas generation; the
caprock is shale from the same layer as the reservoir; and the trap
is a stratigraphic-structural trap. The discovery of the Sidi
Moussa 1 Oilfield and the Anchois 1 Gas Field reveals the de-
velopment of deep-water Upper Jurassic shallow-water car-
bonate rock and Miocene—Pliocene turbidite sandstone in Mo-
rocco and indicates the future direction of oil and gas exploration
in the area. Thus far, limited oil and gas fields with small gas
reserves have been discovered in the offshore Morocco area.
Since the first oil and gas discovery in 1969, 25 oil and
gas fields have been discovered in the deep-water Scotian Ba-
sin. The oil and gas fields are mainly distributed offshore, with
oil reserves of 79 mmbbl and natural gas reserves of 7 Tctf (IHS
Markit, 2017). The Annapolis G-24 Gas Field was discovered
at a water depth of 1 678 m on the Nova Scotia slope in 2002
and was the first deep-water oil and gas discovery in the Sco-
tian Basin. The Cretaceous Barremian—Hauterivian high-
quality turbidite sandstone gas reservoir with a net thickness of
27 m was encountered in the gas field. The gas field is located
in a large anticline development zone associated with the salt
structure and has natural gas reserves of 1 Tcf (Fig. 7). The
source rocks of this gas field are mainly Jurassic or Lower Cre-
taceous mudstone with Type III/II kerogen, and they have al-
ready entered the stage of gas generation (Mukhopadhyay et
al., 2006). The main caprock is the mudstone in the Lower Cre-
taceous Barremian—Hauterivian Formation, and the gas reser-
voir is an anticline trap sealed laterally by the salt structure.
The Lower Cretaceous Barremian—Hauterivian turbidite sand-
stone has not been drilled through in Well Annapolis G-24 (As-
sociation (OERA), 2016), indicating that there may be thick,
high-quality Lower Cretaceous turbidite sandstone reservoirs
in this area. The exploration results indicating a large amount
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of oil and gas reserves have been confirmed despite the limited Canada. Lower Cretaceous high-quality turbidite reservoirs
discovery of oil and gas fields in the Scotian Basin in offshore have an enormous potential.
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Figure 6. Interpreted seismic cross section showing the Middle Pleistocene—Pliocene turbidite sandstone reservoirs in the Anchois 1 Gas Field cross section of
the Morocco Rharb Prerif Basin (modified after IHS Markit, 2014).
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6 ANALYSIS OF THE TYPE OF PLAYS AND EXPLO-
RATION POTENTIAL BETWEEN THE CONJUGATED
MARGINS IN MOROCCO AND CANADA

Seismic data and regional geological profiles show that
there are various hydrocarbon accumulation plays in the deep-
water basins of the passive margin of offshore Morocco. Most of
these plays are related to the salt structure, e.g., the presalt Tri-
assic sandstone anticlinal plays, Middle Jurassic and Lower Cre-
taceous sandstone and carbonate post-salt reverse thrust plays,
Cretaceous post-salt sandstone and carbonate anticline plays,
and Tertiary turbidite sandstone plays. In addition, various types
of salt diapir and stratigraphic pinchout plays are present (Fig.
8). Based on the stratigraphic development characteristics of the
deep-water basins of the passive margin in Morocco, the key ex-
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ploration target in Morocco should be the Tertiary turbidite sand-
stone play and the Jurassic and Cretaceous sandstone and car-
bonate plays. Currently, multiple oil and gas discoveries have
been made in the deep-water Scotian Basin in the passive margin
conjugate to Morocco and the deep-water Senegal Basin in the
passive margin of southern Morocco, indicating that the Moroc-
can deep-water basins also have good potential for oil and gas
exploration.

The available data show that similar to offshore Morocco,
oil-gas accumulation plays related to salt structures have devel-
oped in the deep-water basin of the passive margin of Nova
Scotia. These plays include the presalt Triassic sandstone anti-
clinal plays, the Jurassic and Cretaceous sandstone and car-
bonate plays (Tari et al., 2012), various types of plays associated
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with salt diapir, lateral fault sealing, salt diapirs and stratigraphic
pinchout plays. Based on the stratigraphic development and ex-
ploration status of the deep-water basin along the passive margin
of Nova Scotia, the key deep-water exploration target should be
the plays of the Jurassic and Cretaceous deep-water turbidite
sandstone. Compared with the Moroccan deep-water basins, in
the Scotian Basin, the Triassic presalt sandstone and Tertiary tur-
bidite sandstone plays may also have some exploration potential
and should be considered in future work.

A comparison shows that similar reservoirs developed in the
Mesozoic and Cenozoic formations in the deep-water basins of the
conjugate passive margins of Morocco and Canada. However, the
comparison and analysis of the Paleozoic granites and slate plays
and the basin evolution of the onshore Sidi Fili, Baton and Bled
Defa oil and gas fields show that Paleozoic strata may have devel-
oped in the passive continental margin on the Morocco (east) side
of the Central Atlantic Ocean. According to the position of the an-
cient plates reconstructed by Gplate software, the Moroccan basins
that formed on the African plate during the Ordovician—Silurian de-
veloped in a stage of passive continental margin development (Fig.
9). At this time, Silurian source rock probably developed in the off-
shore marine environment, which may have provided hydrocarbon
to charge the Paleozoic strata (Gambacorta et al., 2016). Therefore,
offshore Morocco may have Paleozoic plays.

7 DISCUSSION
Due to differences in the tectonic and sedimentary evolution
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of the passive continental margin basins on both sides of the
Central Atlantic, the geological conditions for oil and gas accu-
mulation vary. In the Jurassic and Cretaceous, because of the de-
velopment of the extensive river system on the Scotian side, del-
taic progradation resulted in the abundant sediment supplies for
rich terrestrial gas prone organic matter (Type III kerogen),
whereas because of the fewer rivers on the Moroccan side, the
limited supply of terrestrial organic matter led to the predomi-
nance of oil-prone source rock (Type II/III kerogen). The off-
shore Morocco side likely has limited high-quality Jurassic and
Cretaceous source rocks rich in organic matter but may also have
Silurian source rocks as previously discussed.

Large differences in reservoir development are observed on
both sides, with sandstone reservoirs mainly developed in the
Scotian Basin in the Jurassic and Cretaceous due to the large ter-
restrial sediments input by deltaic progradation because of the
extensive river systems and carbonate rock reservoirs mainly de-
veloped on the Moroccan side due to the less-developed rivers
and reduced input of clastic sediments. In the Tertiary, the Mo-
roccan side had more river systems and more dramatic tectonic
uplifting than its conjugate Scotian Basin, which resulted in a
greater clastic supply from Atlas orogenies and the development
of more sandstone reservoirs in the Moroccan basins (especially
Essaouira Basin). This result implies that exploration in the Sco-
tian Basin should be focused on Jurassic and Cretaceous reser-
voirs while that on the Moroccan side should be focused on the
Tertiary reservoirs in a deep-water setting.
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Figure 9. Paleoplate locations reconstructed by Gplate software during the Early Silurian in Morocco and Nova Scotia and their surrounding areas, which shows

the favorable marine environment for the development of the Lower Silurian hot shale in current offshore area.
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8 CONCLUSIONS

(1) Both the Mesozoic to Cenozoic deep-water basins along
the passive margin in Morocco and its conjugate passive margin
in Nova Scotia, Canada have undergone similar tectonic evolu-
tionary stages of Triassic rifting, passive continental margin de-
velopment since the Jurassic, and Tertiary compression, uplift
and erosion.

(2) Due to the conjugate basin evolution, the plays on both
sides of the Central Atlantic basins include presalt Triassic sand-
stone anticlinal plays, post-salt Middle Jurassic and Lower Cre-
taceous sandstone and carbonate reverse thrust plays, post-salt
Cretaceous sandstone and carbonate anticline and unconformity
plays, salt dome-related plays and Tertiary turbidite sandstone
plays. In addition, various types of salt diapir and stratigraphic
pinchout plays are observed. However, the Scotian Basin is dom-
inated by gas-prone Mesozoic source rocks due to the develop-
ment of large deltas while the conjugate Moroccan side is dom-
inated by oil-prone limited source rocks due to the reduced sed-
iment supply and development of a carbonate platform. Conse-
quently, the producing reservoirs on the Scotian side are domi-
nated by sandstones while those on the Moroccan side are dom-
inated by carbonates. Turbidite sandstone reservoirs started to
develop in the Essaouira and Rharb Prerif basins on the Moroc-
can side in the Tertiary due to the significant uplift of the Atlas
Mountains.

(3) The discoveries in the deep-water basins of Morocco are
mostly in Tertiary turbidite sandstone and Jurassic carbonate
rock; however, these discoveries are much smaller in terms of
number, reserves, and production compared to that of the conju-
gate deep-water Scotian Basin. The key near future exploration
targets in Morocco should be the Tertiary turbidite sandstone
plays and the Jurassic and Cretaceous sandstone and carbonate
plays. The mature Silurian shale source rock that likely devel-
oped and the Paleozoic plays in the offshore Morocco area could
be potential targets for Morocco, whereas the Jurassic and Cre-
taceous deep-water turbidite sandstones should be the key explo-
ration targets in the deep-water Scotian Basin.
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