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ABSTRACT
The geomorphology of the West African Guinea Plateau is a product of Jurassic-toCretaceous rifting that created the Central and Equatorial Atlantic Oceans. Large-scale
tectonic activity in this region produced several volcanic events, creating the Los
Archipelago ring-dike structure and large seamount chains such as the Sierra Leone Rise.
Seismic investigation of the south-central Guinea Plateau shows a large area of structural
doming and numerous downward-pointing cone-shaped anomalies interpreted to be
related to intrusive or extrusive magmatic events. Normal faults above and below the
anomalous interval are interpreted to be associated with the conical features. Thinning of
sedimentary rocks is observed above the conical anomalies and is interpreted to be
related to the magmatic features. The interpretation of the structures as magmatic in
origin correlates with either the Cretaceous onset of rifting in the Equatorial Atlantic
region or the formation of the post-Cretaceous Sierra Leone Rise.
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CHAPTER 1: INTRODUCTION

The continental shelf comprising the Guinea Plateau along the Equatorial West
African coast has a unique geomorphology that is a reflection of the complex tectonic
processes associated with Mesozoic continental break-up of Africa and South America
(Figure 1). Continental rifting in this region resulted in extensional and transtensional
structures, the general features of which are well understood, but some geological events
observed in this area remain enigmatic. Specifically, the influence of the initial-break-up
transform-fault systems and their relation to the volcanic history of the offshore Guinea
Plateau are not well defined. This work uses 3-D seismic reflection data to investigate
conical features found within sedimentary sequences and relates them to the overall
geologic history of the Guinea Plateau.

Geologic Setting
The formation of the Atlantic Ocean basin is a consequence of nearly 200 million
years of tectonic extension as the supercontinent Pangea rifted apart starting in the Late
Triassic. Within the first 20 million years of Pangean rifting, North America separated
from South America and Africa, and opened the Central Atlantic seaway. Pangea
separated into two smaller continental plates, one linking North America and Eurasia, and
Gondwana, consisting of the South American, African, Indian, Antarctic, and Australian
continents we recognize today. By approximately 120 Ma, the Southern Atlantic Ocean
began to form by rifting in the south between Africa and South America, yet the
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continents remained joined at the Equator for another ca. 8 Ma. By the Late Cretaceous,
at about 112 Ma, rifting began to create the Northern and Equatorial Atlantic Oceans, and
resulted in the full separation between Africa and South America by ~100 Ma (Moulin et
al., 2009; Blakey, 2011).
Before the Equatorial Atlantic opening, much of the relative plate motion between
Africa and South America was accommodated by dextral transform shearing along
fracture zones (Benkhelil et al., 1995). The fracture zone located southwest of the Guinea
continental margin divided the once-connected continental shelf of Gondwana, now
represented by the Guinea Plateau and the Demerara Rise off the northeastern coast of
South America (Figure 2). It is this continental break-up geometry and resulting
transform fault zone that has shaped the southern edge of the Guinea Plateau into an EW-striking continental slope. Aside from this feature of the plateau, the passive margin
comprising the Guinea Continental Shelf is generally oriented northwest-southeast.

Volcanic History
In typical extensional tectonic settings, volcanic activity is common as crustal
thinning permits mantle-convection-driven decompression melting to penetrate into and
through the Earth’s crust. Such magmatic activity in the Equatorial Atlantic is observed
in the Los Archipelago ring-structure (Figure 1). This 11 km wide structure, located off
the coast of Conakry, Guinea, is a mantle-derived nepheline syenite island complex with
an emplacement age of 104.3 Ma (Moreau et al., 1996); it is interpreted to be related to
Late Cretaceous rifting that completed the break-up of Pangea.
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In addition to Cretaceous volcanism, the region southwest of the Guinea Plateau
has experienced significant post-Cretaceous volcanic activity (Table 1 and Figure 1).
Southwest of the Guinea Plateau, the Sierra Leone Rise is host to numerous seamounts,
composed mostly of alkali basalt, that are prominent features in the seafloor bathymetry.
Many of the seamounts of the Sierra Leone Rise have been geochemically analyzed for
the age of formation; all those studied are Cenozoic in age, dated from 58 Ma to 37 Ma.
Farther away, the Cape Verde Islands, 1,020 km to the northwest of the Guinea Plateau,
have a range of published ages from 20 to 0 Ma (Duprat et al., 2007). What is striking
about the Sierra Leone Rise is the post-Cretaceous magmatic activity that projects into
the Guinea Plateau. The seamount closest to the main area of interest in this paper is the
58.6 Ma Nadir Seamount (Bertrand et al., 1993). This trend of volcanism is not observed
onshore, but may be present in the shelf subsurface where thickness of the continental
crust is greater and could have prevented magmas from reaching the surface.
High-quality 3-D seismic reflection data collected in 2010 by Hyperdynamics,
Inc. provides a means to further understand the structural, tectonic and volcanic history of
the Guinea Plateau. An ~885 km2 area of new 3-D reflection data on the southern extent
of the offshore plateau contains over 170 inverted cone-like anomalies that occur at a
depth of approximately 2,400 m within the shelf sedimentary rocks. The occurrence of
the anomalies, and the nature of structural and stratigraphic effects on surrounding rocks
suggests that these features are volcanic or plutonic in origin. The purpose of this work is
to present the properties of these anomalies, describe their characteristics, and propose
possible interpretations regarding their identification. Finally, conclusions regarding the
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broader volcanic and geologic history of this area can be drawn from these
interpretations.
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CHAPTER 2: DATA ANALYSIS AND INTERPRETATION
New 3-D data on the offshore Guinea Plateau provides new insights for better
understanding the structural, sedimentary, volcanic, and tectonic configurations and
history of the West African margin. An essential element in this investigation is the
identification of features that appear to cut through parts of the sedimentary rock
sequence, are restricted to a zone below an observed unconformity, and which exert
significant structural and stratigraphic controls on overlying rocks. These features, which
are inferred to be volcanic and/or plutonic in origin, also have important implications for
rift-related volcanism or post-Cretaceous magmatic activity in the region.

Study Area and 3-D Seismic Data
The Guinea Plateau is a ~81,026-km2 prominence of the continental shelf located
off the west coast of The Gambia, Guinea-Bissau, the Republic of Guinea, and Sierra
Leone (Figure 1). The western boundary of the plateau trends northeast-southwest, and is
bound by the Cape Verde Basin. The southwestern edge of the shelf is cut by a major
fracture zone that was the locus of continental separation between West Africa and the
Demerara Rise during the Cretaceous (Benkhelil et al., 1995; Moulin et al., 2010). South
of the Guinea Plateau across the transform zone is the Sierra Leone Basin. The Guinea
Plateau has been extensively imaged by 2-D seismic reflection data (not shown), and
recently, by two 3-D seismic data volumes collected in 2010 by Hyperdynamics, Inc. The
GU-2B-1 well, drilled in 1977, lies in Survey Area A along an undulation in the western
edge of the shelf. Horizons used in the interpretation of the seismic data in Survey Area B
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are tied into this well via 2-D seismic profiles that lie between the two data areas. The
primary focus area for this work is Survey Area B, which lies on the southern edge of the
plateau and is highlighted in red in Figure 1.
The 3-D seismic reflection volumes for Surveys A and B cover ~2,816 km2 and
~885 km2 respectively (Figure 1). The high-resolution (25 x 25-m bin spacing) 3-D
seismic volumes are tied into the GU-2B-1 well in time. Because of the differing survey
parameters and processing for the various 2-D surveys, they do not always correlate
perfectly with the 3-D volumes. The 3-D volumes were migrated to depth, and from these
data, coherency and semblance volumes were generated for interpretation purposes. The
coherency and semblance volumes were created in the IHS Kingdom and Landmark
Graphics software programs, respectively. Both volumes display similar features, but the
coherency data display cone margins with higher resolution while the semblance data
display faults with more clarity.

Structure of the Central Atlantic Rift System
The Guinea Plateau is the geomorphological consequence of continental rifting
and opening of the Atlantic Ocean between the African and South America Plates over
the last 200 million years. Its shape reflects the rift-transform geometries that have
resulted from opening of the Central Atlantic Ocean, creation of the Mid-Atlantic Ridge
in the Equatorial Atlantic, and formation of the conjugate rift-bounded system in
Equatorial South America. The Guinea Plateau has two main structural features: a broad
continental shelf and a continental slope that trends north-south, and a steep southern
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bathymetric gradient that trends east-west (Figure 1). The continental shelf represents a
typical passive margin shelf caused by Jurassic to Cretaceous rifting that opened the
northern Atlantic Ocean. The southwestern indentation of the Guinea Plateau is bordered
by a rift-related transform zone that is characterized by a left-stepping geometry formed
during continental breakup. To the southwest of the continental margin, a chain of
seamounts identified as the Sierra Leone Rise extends southwestward from the plateau
toward the Atlantic spreading ridge.
Separation between the Guinea Plateau and the Demerara Rise was
accommodated by several million years of transform motion before large-scale rifting
and separation took place (Benkhelil et al., 1995). The Demerara Rise is an extension of
the continental shelf off the coasts of Suriname and French Guiana in South America.
Both submarine plateaus are linked by a complex set of fracture zones that can be traced
across the Mid-Atlantic Ridge. This area of the central Atlantic did not completely
separate until Late Cretaceous to Early Tertiary time (Benkhelil et al., 1995).
The Guinea Plateau continental shelf is composed of several kilometers of mostly
continentally derived sedimentary rocks that contain normal faults, canyons, channels,
thick sediment sequences, and unconformities due to sea level fluctuations,. Surveys A
and B provide high-resolution images of the shelf sequences and, because of their
separate locations on the shelf, each survey provides a different view of the plateau
environment. Survey Area A images the shelf closer to the African continent with
deposition of clastic rocks of continental origin, while Survey Area B shows the present
outer shelf environment, where the rocks are still mostly continentally derived, but are
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finer-grained and likely mixed with carbonate lithologies. In addition, faults within the
two data areas differ. Some of those in Area A have very large-offsets, and listric
geometries, and those in Area B have small offsets, are planar, and have steep dips. Both
seismic volumes display cone-like anomalous features, although the nature of the
anomalies differ between the two surveys. Those found in Survey Area A are
significantly larger and have a different shapes than those in Survey Area B. The
lithology log from the GU-2B-1 well in Survey Area A shows basalt was encountered
within the Cretaceous shelf sediment, an indication of prior volcanic history in the region
(Hyperdynamics Inc., 2010). The composition, nature, and source of the basalt are
unclear from the log, but its presence indicates that the continental shelf was subject to
volcanic activity, likely related to rift-related continental separation in the Cretaceous.

Conical Structures and Deformation
Throughout Survey Area B, over 170 downward-pointing conical structures are
observed in 3-D data within the continental shelf at a depth of 2,400 m below sea level
(Figures 3 and 4). These anomalies have average maximum diameters of 1,368 m and
heights

of

402

m.

They

have

average

aspect

ratios

(diameter/height) of 3.4, and their average volume is 0.24 km3 (Figure 5). The cones
appear to cut the Albian unconformity and overlying sedimentary rocks and terminate
~300 m above the Albian unconformity. The seismic signatures of these structures are
inconsistent, with some anomalies displaying a strong peak-over-trough relationship at
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the top of each cone, and some the opposite. The internal structure of the anomalies is not
well imaged, possibly due to energy scattering.
Each anomaly appears to cut the sedimentary rocks below a depth of 2,500 m, and
at that depth, diverge outward and dome at the top. The overlying sedimentary rocks are
subparallel to the slightly domed tops of the features, with rocks as shallow as ~1,500 m
affected by the deeper anomalies.
One of the most prominent features observed within the seismic reflection data is
a 362.6-km2 structural bulge consisting of chaotic, strong peak-over-trough reflectivity
(Figure 4 and Figure 6). It occurs at a depth of ~2,300 m within the stratigraphy and,
below this feature, data quality is degraded probably due to energy scatter. Cone
anomalies are observed within this area at the same stratigraphic interval as the strong
reflections on top of the bulge, and approximately within the same depth range as the
anomalies found throughout the dataset.

Normal Faulting
Within the ~1,500-m interval between the Albian unconformity and the Top-ofCretaceous sedimentary rocks, over two hundred normal faults cut ~1000 m of the
sedimentary rocks below and above the structures and seem to be restricted to that
stratigraphic interval. The strikes of these faults are organized into two distinct patterns:
oriented ~N30ºE below the depths of the anomalies and ~N80ºE above the cones (Figures
7 and 8). Many faults maintain a 60º dip angle, yet they do not display a consistent
vergence. The faults have varying vertical extents, from ~10 m up to 1,000 m, and have
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relatively small offsets on the order of 10-20 m. Many faults intersect the cones, either
tangentially or by bisecting them, but cannot be observed within the anomalies due to
energy scattering.

Isopach Analysis
The observation that overlying sedimentary rocks are deflected upward suggests
either post-depositional deformation of the rocks in response to cone emplacement, or
depositional draping and thinning and possibly differential compaction above the
downward-pointing conical structures. Thinning of the sedimentary package is observed
to be on the order of ~400 m over the bulge capped by the strongly reflective events in
the center of Survey Area B, and is also observed over individual cones to be on the order
of ~100 m.
Several reflections were mapped above the top of the cone anomalies to determine
the amount of thinning (Figure 9). Sedimentary rock isopachs were calculated between
the mapped horizons (Figures 10-13). Isopach 1 (Figure 10) extends from the top of the
anomalies to an Upper Cretaceous marker. Circular features of thinner sedimentary rock
are evident above the cone anomalies. The change in thickness from the side of the
anomalies to the crests is measured to be on the order of 77 m, with the large central
bulge displaying thinning of ~260 m. Within the interval labeled Isopach 2 (Figure 11),
from the Upper Cretaceous marker to the Maastrichtian horizon, stratigraphic thinning of
15-25 m is observed over individual conical anomalies and ~80 m over the central bulge.
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In the shallowest interval, Isopach 3 (Figure 12), from the Maastrichtian to the Top of the
Cretaceous sedimentary rocks, thinning over the anomalies is greatly diminished, on the
order of 10 m or less, with thinning over the central feature on the order of ~140 m.
Isopach 4 (Figure 13), the interval from the top of the anomalies to the Top of the
Cretaceous horizon, shows the total amount of sediment thinning over the central feature
to be on the order of 400 m, and over the top of the cones, ~100 m.
The thinning observed in the sedimentary rocks attenuates with increasing
distance above the cones. The sedimentary rocks just above the anomalies show a greater
amount of thinning above the cones while the rocks 400 m or more above the structures
display significantly less stratigraphic thinning. Attenuation of interval thicknesses
extends as much as 800 m above the top of the conical features.

Interpretation of Seismic Data
Several interpretations regarding the identification of the conical structures were
considered, such as karsts, reef build-ups, salt domes, volcanic eruptive centers, and
intrusive laccoliths or lopoliths. The first three interpretations are considered unlikely, as
the features observed have very consistent circular and downwardly pointing conical
shapes unlike karst topography or carbonate reefs, and do not display the type of
buoyancy-induced migration behavior associated with salt domes. The most likely
interpretations, extrusive volcanics or intrusive domes, are more consistent with the
tectonic history of the region. Volcanic events often have relatively circular shapes, and
although the source of the magma has not been observed in the seismic data, the
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consistent shape of the anomalies suggests a cylindrical source at their base with
widening toward the top to form downward-pointing cones. In addition, the large domed
region in the center of Survey Area B might be caused by volcanic-related or intrusioninduced inflation rather than by salt deformation, karst topography, or reef structures as
the conical features are also observed within the feature. The primary question associated
with the interpretation of these structures is whether they were formed by an intrusive
volcanic event or by an extrusive eruption sequence. The observations made from the
seismic data may potentially be explained by either interpretation, and the implications of
both scenarios are addressed below.
The shape of the sedimentary rocks above the anomalies closely follows the shape
of the cone tops of each anomaly and of the large inflated region, possibly indicating an
intrusive event that “punched up” through the previously deposited sedimentary rocks
and lifted the overlying load. Such an event can cause significant mechanical thinning of
the uplifted sedimentary rock layers at least proximally to the intrusion. In the Henry
Mountains laccolith, Johnson and Pollard (1973) showed that the Entrada Sandstone was
structurally thinned by as much as ~50 percent, from 8.9 m to 4.9 m, due to the
deformation caused by a diorite porphyry intrusion. The compositions observed in the
Sierra Leone Rise seamounts are dominantly alkali basalt (Table 1), which is much less
viscous than diorite and may be less conducive to small-scale intra-stratigraphic doming.
Still, it might be possible that basaltic magma migrated upward, incorporated upper
crustal material into the melt, and intruded the mid-Cretaceous sediments at ~2,400 m
depth. In addition, some of the anomalies show asymmetrical shapes that might be
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interpreted as dikes cutting through stratigraphy (Figure 14). Alternatively, these shapes
may be explained by faulting or extrusive processes.
The isopach thinning might also be explained by deposition over bathymetric
highs such as low-relief or eroded extrusive volcanic edifices. Given the draped
deposition observed above the cone structures, such conformable sediments sitting above
a <100 m topographic high must be derived from suspension settling in a relatively calm
marine environment followed by post-deformational differential compaction. The
significant distance from the GU-2B-1 well in Survey Area A limits reliable correlation
to the overlying sedimentary rock lithologies in Area B. In the well, the equivalent
interval that contains the cone anomalies consists of interbedded sands and shales, but in
Area B, positioned on the outer shelf, this interval should inherently be composed of
finer-grained sediments. Finer-grained sediments might be deposited by suspension
settling and could possibly drape over seafloor topography. If the continentally-derived
sediments were coarser and transported further out onto the shelf, they could have been
deposited between the volcanic edifices and would have onlapped onto the cone surfaces
until the topography was buried.
The presence of depositional onlap onto these structures clearly would support an
extrusive volcanic hypothesis, but after detailed inspection of the 3-D data surrounding
the anomalies, the presence of onlap remains unresolved. Insufficient resolution on the
tops and sides of the structures makes observation of deposition onto their flanks
difficult. In addition, many of the sediment layers directly overlying the cones are quite
thin throughout the dataset, and they tend to thin further on the flanks and crests of the
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cones, as well as in other locations in the seismic volume. The difficulty in following the
thinner reflections as they approach the anomalies is in defining the observed thinning as
onlap when the reflections directly above and below the thin layer do not display the
same thinning above the cone crests. Often, what may be interpreted as a thin reflection
pinching out might otherwise be explained by tuning of the neighboring peak or trough
(Figure 15). Since the topography associated with the cones is ~50 m, sediments might be
expected to onlap onto the cone margins if they were deposited after an eruptive event
occurred.
The interpretation of normal faulting in Survey Area B is such that both sets of
faults, those oriented northeast below the cones and those aligned east-west above them,
are associated with the volcanic features, but in different ways. The faults observed at the
base of, and below, the cones might be interpreted as possible conduits for volcanic
material to rise into, or through, the shelf sedimentary rocks. The faults observed above
the cone anomalies may be related to the volcanic events themselves by way of
accommodating emplacement or other deformational strain, but they might also have
formed by post-deposition lateral changes in differential compaction within the
sedimentary rocks. Their coincidence with each anomaly provides evidence that they are
related to the cones, but their direct relevance as essential components of the conical
features remains unclear.
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Discussion
An intrusion-related interpretation of the conical features would indicate that the
volcanism was post-Cretaceous in age, since the 67 Ma Cretaceous sedimentary rocks
would have been deformed by the intrusions. This could correlate to the Paleocene
magmatic activity observed in the Sierra Leone Rise. The closest dated seamount to Area
B is the 58.6 Ma Nadir Seamount (Bertrand et al., 1993). The source of post-Cretaceous
volcanism in this region remains controversial. Recent studies of post Cretaceous
magmatism have suggested that the rejuvenation of a mantle plume originally related to
Jurassic to Cretaceous rifting in the upper mantle below the West African region occurred
in the Cenozoic as a result of mantle upwelling (Hoernle et al., 1995; Wilson, 1997).
Although a magma source was present, its relation to Cretaceous rifting in the Equatorial
Atlantic is not well established. The close proximity of Survey Area B to a fracture zone
south of the plateau allows for the possibility that active volcanism may utilize existing
fracture zones or other faults as conduits for magma escape, a process suggested by
Clemens and Mawer (1992) for felsic-type magmas. Although direct evidence for deeper,
large-scale faulting below the cones is not imaged in the 2-D and 3-D data, it might be
plausible that pre-existing fracture zones from the rift-transform phase of tectonic activity
may have provided preferred pathways for magma to ascend.
The composition of the magma in this region is likely to be alkali basalt since that
is the primary type of magma reported in the region (Table 1). Basalt intrusions are
reported in the Faeroe-Shetland Basin in the North Atlantic. These are interpreted to have
intruded post-rifting along pre-existing normal faults in country rocks (Thomson, 2007).
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The difficulty in applying an intrusive interpretation here lies in the consistent interval at
which the anomalies occur. There is very little variation in emplacement depth; all of the
downward-pointing cone structures occur within the same stratigraphic interval, with
variations in depth of less than 300 m. Corry (1988) suggested that buoyant magmas of
similar composition emplaced in the same area can intrude to approximately the same
depth range within ~1 km of each other, and that compositional variations are small
within laccolith groups. Rock layers just above the anomalies might have played a role in
the emplacement of these features. Strongly anisotropic beds, such as shales, can provide
a barrier to intruding magmas, as they show strength perpendicular to the bedding plane
(Corry, 1988).
If the interpretation that the cone anomalies represent low-relief or eroded
extrusive volcanic edifices is correct, it can be inferred that the features were emplaced
during the middle Cretaceous. The cones appear to cut through Albian sedimentary units
and terminate ~300 m above them, indicating that late Cretaceous sedimentary rocks
were deposited above the volcanic features. Log data from the GU-2B-1 well show
basaltic breccias in Albian and Aptian sedimentary rocks, but not in the younger units. A
Cretaceous extrusive volcanic event thus would correlate with the onset of rifting in the
Equatorial Atlantic region and could represent the timing during separation of the
Demerara Rise and Guinea Plateau.
While this interpretation would account for the consistent conical shape of the
features, stratigraphic thinning observed above the cone anomalies, and the consistent
stratigraphic level at which the anomalies occur, it is unclear to what degree a ~100-m
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bathymetric high can affect ~800 m of sedimentary deposition. Small topographic
mounds might be expected to be covered by the deposition of sedimentary rocks
relatively quickly. The ambiguity of onlap features in the data perhaps can be explained
by hemipelagic, suspension-settling drape over the cones followed by differential
compaction, and would provide an explanation for variable thicknesses above the cone
interval (Figures 10-13). The timing of extrusive magmatic activity would then be midCretaceous in age, between the Albian and the Maastrichtian, since late Cretaceous
sedimentary rocks are deposited above the cones. This would correlate with the onset of
continental rifting in the Equatorial Atlantic.
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CHAPTER 3: CONCLUSIONS
The regularity of shapes and the restricted stratigraphic interval within which the
downward-pointing anomalies occur suggest a magmatic origin, and that other possible
causes, such as karst, reef build-ups, or salt-migration features are unlikely. The large
area of doming found within the data likely is associated with the cones, as they occur
within the same stratigraphic interval and display consistent associations with the
overlying sedimentary rocks. The genetic association of the observed normal faults with
the cone structures is unresolved, although the faults below the cones might have served
as migration pathways for deeper magma sources. The shallower faults could have
partially accommodated differential compaction or other deformation-induced strain. The
thinning of sedimentary rocks above peripheral cone anomalies is on the order of ~100 m
with thinning above the large inflation area closer to ~400 m. The cause of thinning is the
central issue addressed in this paper, and does not completely rule out either hypothesis
for the formation of the conical structures.
Whether the downward-pointing cone shapes are a result of extrusive volcanism
or a collection of relatively small-scale intrusive bodies is difficult to resolve
unequivocally. A field of basalt laccoliths or lopoliths might create the cone structures
and could deform and possibly thin the overlying sedimentary units, yet the very
consistent interval at which they terminate would require explanation.
Both interpretations could be correlated to known magmatic activity in the area.
In the extrusive scenario, the magma would be Cretaceous in age given its relationship to
overlying sedimentary units, and would likely be the result of rifting in the Equatorial

25
Atlantic that began at 110 Ma. In the alternative intrusive case, the magma would be
post-Cretaceous in age and probably would correspond to the formation of the Sierra
Leone Rise seamounts that trend northeast-southwest to the margin of the Guinea Plateau
and the survey area.
That these bodies represent an extrusive volcanic field is not the only possibility,
but may provide a simpler explanation of the observations. Eruptive volcanic centers can
result in cone-like features, would erupt at the same paleosurface, and could be buried by
hemipelagic drape. In this scenario, the anomalies and the large bulge would be related to
extrusive volcanic events of mid-Cretaceous age associated with onset of the rifting that
created the Equatorial Atlantic Ocean. The close proximity of these volcanic bodies to
large-scale, rift-related transform features, such as the fracture zone southwest of the
plateau, suggests that their mechanism of emplacement might have been facilitated by
existing crustal fractures.
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Figure 1. Map of Guinea Plateau and surrounding regions showing continental shelf and
Sierra Leone Rise. Primary data area, Survey Area B, labeled in red. Fracture zone along
which Guinea Plateau and Demerara Rise separated shown south of Guinea Plateau as
solid line. Western extent is approximate.

Figure 2. Map of the northern Equatorial Atlantic. Note the Demerara Rise, once connected to the Guinea
Plateau, now separated by rift-related transform faults.
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Figure 3. Seismic Display of Conical Structures. Typical seismic line displaying cones (arrows) at 2,400 m depth.
Approximate line location A-A’ shown in map inset. Time horizons: Top of Cretaceous (orange), Maastrichtian (yellow),
Upper Cretaceous marker (green), and Albian (purple); Top- of-Cones horizon mapped for isopach purposes (pink).
Anomalies vary in size, but can be up to ~1000 m in diameter and 500 m in height. They have topographic relief of up to
100 m from crest to side.
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Figure 4. Coherency Slice. Plan view at 2,390 m depth displaying cones as circular features and area of
structural doming within the ellipse. Blue color represents greatest dissimilarity between traces while red
colors displays greatest similarity.
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Figure 5. Histograms of Cone Characteristics. N = 166 for each histogram. Cone diameter
measured across anomalies where cone margins meet the top. Cone height measured
from dome apex to convergence point between margins.
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Figure 6. Seismic Display of part of Structural Bulge. This feature lies within the approximate center of Survey Area
B. Approximate line location shown in map inset.
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Figure 7. Semblance Slice at 2,785 m depth. Plan view of linear features representing
faults oriented in two directions: ~N30ᵒE and ~N80ᵒE. Areas colored in blue represent
greatest dissimilarity between seismic traces, which occur at truncations, faults, etc.;
yellow areas represent greatest similarity.
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Figure 8. Semblance Slice at 1,820 m depth. Plan view of linear features representing
faults oriented primarily ~N80ᵒE. Colors shown as described in Figure 7.

Figure 9. Seismic display of isopach intervals used in analysis. Isopach 1: interval from Top-of-Cones (pink) horizon to Upper
Cretaceous marker (Upper K; in green). Isopach 2: interval from Upper Cretaceous marker (K; in green) horizon to Maastrichtian
(yellow). Isopach 3: interval from Maastrichtian horizon (yellow) to Top Cretaceous marker (orange). Isopach 4: interval from
Top of Cones (purple) to Top Cretaceous marker (orange).
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Figure 10. Map of Isopach 1. Interval is from Top of Cones to Upper Cretaceous marker horizon.
Notice the relatively small circular features (some indicated by arrows) and area of “bulge” visible in
map. These are areas of stratigraphic thinning above anomalies.
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Figure 11. Map of Isopach 2. Interval is from Upper Cretaceous marker horizon to Maastrichtian horizon.
Notice the circular features and area of bulge visible in map. These are areas of stratigraphic thinning
above anomalies. Compare with Figure 10.
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Figure 12. Map of Isopach 3. Interval is from Maastrichtian horizon to Top of Cretaceous marker. Notice the
circular features and area of bulge visible in map. These are areas of stratigraphic thinning above anomalies.
Compare with Figures 10 and 11.
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Figure 13. Map of Isopach 4. Interval is from Top of Anomalies to Top of Cretaceous marker. Notice the circular
features and area of bulge visible in map. These are areas of stratigraphic thinning above anomalies. Compare
with Figures 10, 11, and 12.
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Figure 14. Profile of cone with complex margins. Right side at top of cone is disrupted
and may represent lateral intrusion, lateral faulting, and/or slumping.
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Figure 15. Example of possible onlap. Thin reflection indicated in photo appears to pinch
out or be truncated by an unconformity, but might alternatively be a result of destructive
interference.
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Table 1. Volcanic History of the northern Equatorial Atlantic. Note the span of ~50
million years of volcanic quiescence after initiation of rifting in this region.

