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ABSTRACT 

Systems of rift-related fracture zones with two distinct orientations converge at the Guinea 

Plateau, West Africa and influence the geometry of the continental margin. One fracture zone 

orientation formed as a result of the Jurassic opening of the North Atlantic Ocean and the other 

from the Cretaceous opening of the South Atlantic Ocean.  Detailed mapping on the Guinea 

Plateau using 3-D seismic data highlights cylindrical features that are capped by a Late 

Paleocene unconformity.  Most of these seismic anomalies range up to 2 km in diameter, but one 

20-km-diameter feature covers the northwestern corner of one of the two 3-D seismic surveys.  

The larger structure, referred to informally in this paper as the Volcán Structure, has a large 

gravitational response that highlights its aerial extent, but lacks a clear magnetic signature.  High 

seismic amplitudes, non-diapiric morphologies, and onlap onto the flanks suggest these features 

were created by extrusive volcanic events.  Post-rift faulting strikes northwest in both 3-D 

surveys, suggesting a regional tectonic component.  However, the differing characteristics, 

timing, and extension profiles of the faults suggest that the interpreted volcanism in Survey A 

and subregional mass-wasting in Survey B strongly influenced local faulting.  The interpreted 

age of the volcanic field on the plateau is consistent with the Late Paleocene and younger 

Grimaldi seamounts toward the west; in addition, the Volcán Structure is on the same order of 

scale as the seamounts.  Due to the spatial correlations and timing, the post-rift volcanism on the 

Guinea Plateau is likely linked to the same magmatism that created the Grimaldi seamount chain 

that exploited crustal weaknesses associated with the Guinea Fracture Zone. 
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INTRODUCTION 

The passive margin of West Africa records two phases of Mesozoic rifting; North America rifted 

from northern Africa during the Jurassic, while South America rifted from southern Africa 

during the Cretaceous.  The Guinea Plateau, offshore the Republic of Guinea, lies at the 

boundary where all three continents diverged, which in turn creates a structurally complex 

transform margin (Benkhelil et al., 1995).  Two fracture-zone systems with different orientations 

related to opening of the North and South Atlantic Oceans converge at the Guinea Plateau.  The 

Grimaldi and Bathymetrists seamount chains, the Sierra Leone Rise, and seafloor sedimentation 

make the fracture zones difficult to observe using bathymetry and magnetic data alone, but the 

fracture zones can be projected into the area. The projection of the Jurassic-age, WNW-ESE-

oriented Guinea Fracture Zone (GFZ) appears to cut along the steep, linear southern margin of 

the Guinea Plateau and to mark the terminations for the Cretaceous-age, SW-NE-oriented 

fracture zones (Figure 1).  Intersections between the two orientations of fracture zones may have 

provided weakened zones that were exploited by Paleocene and younger volcanism.  Orientation 

of the Paleocene Grimaldi seamounts is parallel to the GFZ, and their emplacement is likely 

influenced by this already weakened crust.  The extent to which this volcanism continued into 

the plateau and towards the modern coastline, however, is not known (Peyve, 2011).  Leaky 

transforms, such as the GFZ (Jones, 1987), may cause issues for oil exploration as close 

proximity to volcanism may result in overcooking oil-producing shales or sandy reservoirs.  

However, pre-existing volcanic features may provide catchments for sediments and may form a 

framework for prospective plays.  For these reasons, understanding the timing, scale, and 

mechanisms of volcanism and faulting along the southern edge of the Guinea Plateau becomes 

important for oil prospectivity of offshore Republic of Guinea. 
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 Two 3-D seismic datasets, surveyed in 2010, and 421 2-D lines spanning the southern 

margin of the Guinea Plateau provide high resolution images of the syn-rift and post-rift sections 

(Figure 1).  Gravity and magnetic data were also collected along with the 2-D profiles.  Survey 

A, the first of the two 3-D seismic datasets, covers a 124 x 24-km area of the continental margin 

and slope, whereas Survey B covers 41 x 25 km.   

Currently, two wells have been drilled on the southern edge of the Guinea Plateau, but 

only the GU-2B-1 well was available for analysis.  GU-2B-1, drilled in 1977 to a depth of 3353 

m, lies within the shelfal portion of Survey A and reached rocks of Barremian age.  The well site 

was chosen based on a domal feature in the 2-D lines extending up to the Top Paleocene 

unconformity, but this well did not find shows of oil.  The later 3-D dataset, Survey A, highlights 

that this dome contains many convex-upward reflections that seem to form paleo-topographic 

highs.  Convex-upward reflections are not constrained to the dome, however, and cover a large 

area of northwestern Survey A.  These features have been interpreted as post-rift volcanic 

edifices, which provide added interest because documented 3-D seismic imaging of volcanics is 

fairly rare.  Survey B also was collected over a possible exploration target that turned out to 

contain many more of these convex-upward reflections.  Post-rift extension is also observed 

through both Surveys A and B, which may provide insight into the stress fields at the time of 

volcanic emplacement.  While oil exploration has moved to focus more on the southeastern 

portion of Survey A and deeper water plays, the University of Arizona Reflection Seismology 

Group has focused more on the northwestern part of Survey A, Survey B, and 2-D lines where 

the interpreted volcanic features and post-rift deformation are prominent.  This paper addresses 

the post-rift volcanics and deformation and their potential link to the Grimaldi seamount 

magmatism. 
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PRE-RIFT HISTORY (112+ MA) 

Starting in the Jurassic, rifting separated North America from Africa and created NW-SE-

trending fracture zones.  The projected Jurassic-aged GFZ may control the southern boundary of 

the Guinea Plateau and appears to terminate at the West African margin. Many different 

interpretations have been made about how far eastward the GFZ extends (Lehner and De Ruiter, 

1976; Jones, 1987; Davison, 2005).  This has implications for plate reconstructions since this 

boundary will mark the northernmost separation point between South America and Africa.  

Furthermore, the extent of the GFZ also dictates whether there was a deep-marine embayment 

between the Guinea Plateau and the conjugate Demerara Plateau during the Jurassic.  The Top 

Jurassic horizon, interpreted on the 2-D lines, becomes heavily faulted towards the southwest 

end of the Guinea Plateau, but the age of faulting is not well constrained.  Since the 3-D seismic 

surveys display many Cretaceous rift structures, and none within the Jurassic, we infer that the 

GFZ does not extend as far east as the 3-D survey areas.  Although North Atlantic rifting was 

well established by the time rifting initiated on the southeastern Guinea Plateau, the older, 

Jurassic-aged rifting is regarded as pre-rift history in this paper. 

SYN-RIFT HISTORY (112 MA – 98 MA) 

The Guinea Plateau was connected to the Demerara Plateau on the east coast of South 

America prior to rifting, based on multiple plate reconstructions (e.g. Benkhelil et al., 1995; 

Moulin et al., 2010).  ENE-trending fracture zones, formed during Cretaceous rifting between 

South America and Africa, terminate at the GFZ on the southern margin of the plateau (Figure 

1). Only Cretaceous rift structures from this event are wholly evident within the two 3-D seismic 

datasets.   
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A dominant feature in Survey A is the Baraka Fault, a large normal fault that parallels the 

modern shelf margin and has about four kilometers of down-to-the-southwest throw (Figure 2).  

Based on horizons extrapolated from the GU-2B-1 well, offset along the Baraka Fault initiated at 

the end of the Aptian (112 Ma); the Baraka Fault is truncated by the Albian unconformity (98 

Ma).  These observations coincide with the timing of rift structures observed in nearby and 

conjugate continental margins (Mascle et al., 1986; Greenroyd et al., 2008).  Many smaller 

normal faults cut through the growth strata created by the Baraka Fault and the down-dropped, 

pre-rift block.  Survey B also records syn-rift faults striking N-S that either splay into or are cut 

by younger NE-SW-striking post-rift faults. 

 Rock cuttings and well logs from the GU-2B-1 well show that volcanism was active 

through both the Aptian and Albian, but became quiescent in Survey A until renewed volcanism 

began in the Paleocene.  The GU-2B-1 well was drilled next to a domal section interpreted to be 

the result of post-rift volcanism, which creates problems when tying the formation tops from the 

well to the surrounding chaotic reflections.  The Aptian and Albian formation tops, however, fall 

within a zone of bright reflections, which are interpreted to be interbedded volcanic flows and 

synrift sedimentary rocks.  Additional bright reflections overlie and protrude above the Albian, 

which could be attributed to reef buildup above these volcanics since limestones occur 

stratigraphically above the volcanics and some thin sandstone units penetrated in the well.  

Additional features with a conical shape are interpreted to be of volcanic origin in Survey B, 

which lies about 100 km west of the GU-2B-1 well (McMillan, 2012).  Horizons extrapolated 

from the well by 2-D lines into Survey B constrain the volcanics there to be post-Albian and 

older than the mid-Maastrichtian unconformity (69 Ma).  These features are interpreted to be a 

result of a late-stage magmatic event associated with rifting. 
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POST-RIFT HISTORY (98 MA – 0 MA) 

Post-rift lithologies 

 The GU-2B-1 well encountered the entire post-rift section in northwestern Survey A.  

Although the rock cuttings are not available, the descriptions, some logs, and interpretations 

provide detailed lithologies from the borehole.  Away from the GU-2B-1 well, rock types are 

poorly constrained, and morphology and regional seismic interpretations are used to determine 

the lithology of structural features.   

 In the Albian section, many basaltic layers with interbedded chloritic claystones and 

sandstones were drilled.   The Turonian section, however, yielded thicker sandstone and gravel 

units with shale and claystone lenses.  The sandstone units thicken towards the middle of the 

Turonian, giving way to much more interbedded shales and sandstones near the top.  The 

remaining Cretaceous units continue this upward-thinning pattern with calcareous shales and 

sandy limestones.  Thicker units of limestone appear beginning in the Paleocene, but sandy-shale 

deposits prevailed since the Oligocene (Netherland, Sewell, & Associates, 2011). 

At the time of post-rift deposition, the Guinea Plateau was likely covered by relatively 

shallow water.  Occasional episodes of subaerial erosion may have occurred, as there are a few 

large regional unconformities.  The abundance of limestone deposits, however, suggests that 

post-rift thermal subsidence mostly kept the plateau submerged.  The post-rift sediments were 

likely derived from drainages off the Rokelides and Fouta Djallon Plateau in the Republic of 

Guinea.  A long-lived, deep channel, fed by the modern-day Konkouré River of Guinea 

(McMaster et al., 1970), continues to incise into the continental margin of Survey A.  Since there 

has not been large-scale tectonic activity since rifting in western Guinea, it is likely that these 

conditions have been similar since the Cretaceous.   
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Post-rift volcanism 

Mapping and description   

The post-rift section of northwestern Survey A contains anomalous zones of convex-

upward reflections up to the top of the interpreted, high-amplitude, Paleocene horizon (Figure 3).  

The structures tend to have highly-chaotic, usually high amplitude, rugose surfaces.  Figure 3 

also shows onlapping reflections truncating onto the uplifted flanks and domed tops of the 

convex-upward structures.  Within the structures, reflections usually are much lower in 

amplitude than the surrounding reflections, which are deformed, and curve up onto the flanks of 

the structures.  In places where reflections are preserved across a structure, they are highly 

arcuate, connecting to the domed reflections on its flanks (Figure 3).  Stratigraphically younger, 

regional doming can be seen around areas where there are large clusters of these features, and the 

northwestern most region of Survey A contains a large domed zone (Figure 2).  This domed 

zone, referred to informally in this paper as the Volcán Structure, shows up prominently on 

gravity maps (Figure 4), and is seismically similar to the smaller scale features.  The Volcán 

Structure also contains many of the smaller scale features on the flanks of the main dome.   

Structures that span the northwestern portion of Survey A are vertically continuous as 

convex-upward reflections until sufficient resolution is lost at depths of around 3000 m subsea.  

In map view, the features are circular or slightly elliptical, and range from 300 to 2000 m in 

diameter; the diameter of the Volcán Structure is roughly 20 km, nearly extending across the 

width of Survey A (Figure 4).  Due to the chaotic amplitudes and highly arcuate nature of the 

reflections, seismic coherency volumes best portray the morphology in map view (Figure 5).  

The incoherent zones do not necessarily form sharp boundaries between structures; the 

boundaries often are zones of deformation around the features, such as might be caused by 



P a g e 	  |	  8	  
	  

strongly folded or fractured rocks.  Depth slices through the coherency volumes reveal that some 

of these convex-upward features overlap and crosscut one another, implying a destructive nature 

of emplacement and different emplacement timing.   

In analyzing only depth slices, such as shown in Figure 5, it can be difficult to visualize 

the true morphology of the features. Morphology is particularly important in this case for 

interpreting the structures since the GU-2B-1 well was not drilled directly into one of these 

features.  Naturally, it is much easier to visualize a structure if it can be seen in three dimensions.  

Using ESRI ArcMap, every circular feature from 0 m to 3000 m in depth was mapped on 

seismic-coherency depth-slices at intervals of 50 m (Figure 6).  Additional circular features, 

besides the ones of interest here, occur in the datasets, so the mapped circles were filtered by 

whether they were vertically persistent for at least 100 m.  Every circle was assigned a depth in 

the attribute table corresponding to the depth at which it was mapped, permitting the features to 

be visualized in 3-D by adding in base height in ESRI ArcScene (Figure 6).  A large zone around 

the Volcán Structure, where slopes were steep, was seismically incoherent due to a greater 

concentration of the superimposed anomalous features.  Many of the smaller features were 

unmappable within a 20-km diameter centered on the Volcán Structure; the innermost 7.5 km of 

Volcán Structure is seismically highly incoherent (Figure 7).  Although there are inconsistencies, 

almost all of the features are roughly cylindrical with depth.  No systematic elongation directions 

are evident, but many of the features are slightly elliptical.  Many features cluster together and 

overlap one another around the GU-2B-1 well, and overlying horizons show significant doming 

centered over the area. 



P a g e 	  |	  9	  
	  

Interpretations   

Since none of these convex-up reflections has been drilled, the interpretation of their 

emplacement is based primarily on morphology and seismic characteristics.  Considering the 

circular shape of the features in plan view, the range of possible geologic structures is limited; 

interpretations considered as potentially plausible explanations for these features were salt 

domes, mud volcanoes, carbonate mounds, and igneous volcanics.  On the northern side of the 

Guinea Plateau, Jurassic salt diapirs are present and have been drilled (Davison, 2005).  Salt 

diapirs often have high-amplitude upper surfaces and rather featureless zones with little 

reflectivity within the salt bodies. They are able to deform rocks as they buoyantly rise relative to 

their surroundings, which can dome surrounding reflectors.  However, they are often irregularly 

shaped, unlike the systematically cylindrical shapes observed in Survey A.  Only miniscule 

amounts of evaporites were encountered in the GU-2B-1 well or reportedly from a later well, and 

no basal layer in which salt bodies would root is visible within seismic resolution.  Furthermore, 

it has been concluded from other research that salt deposits terminate on a basement shear zone 

on the northern end of the Guinea Plateau (Davison, 2005), and that the southern end was likely 

never a closed basin.   

Mud volcanoes have been observed to erupt with lateral extents and patterns that are 

consistent with some of the features imaged in Surveys A.  Mud volcanoes often carry up 

sidewall rocks, which could create a chaotic seismic appearance at their surfaces.  The ‘feeders’ 

of these mud volcanoes are also observed to be “wash-out” zones in seismic data (Graue, 2000; 

Krastel et al., 2003).  However, mud volcanoes are fed by mud diapirs; these diapirs often have 

irregular shapes, like salt diapirs, which are inconsistent with the cylindrical shapes observed in 
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Survey A.  Mud volcanoes also have much smaller height-to-width ratios (Krastel et al., 2003) 

than the features observed in our data. 

Carbonate-mound morphologies can also have similarities to the features in Survey A.  

They have been observed to build far up above the seafloor and develop onlap onto their flanks.  

They can be of similar size, create convex-upward mounds, occur in large patches, and can 

generate high-amplitude, and possibly chaotic, reflections from their surfaces (e.g. Zampetti et 

al., 2004).  However, interpreting the Survey A features as carbonate mounds also presents 

complications.  Carbonate mounds and platforms rarely build in highly cylindrical patterns over 

large vertical extents, and would not be expected to do so as consistently as the features in 

Survey A.  While some features in Survey A are slightly elliptical, their elongation directions 

show no patterns as is common with carbonate mounds and platforms, which often elongate 

parallel to submarine currents or faults (Zampetti et al., 2004; Ruf et al., 2012).  Furthermore, the 

cross-cutting relationships of the features in Survey A imply destructive emplacement and 

variable timing, which is harder to explain through carbonate deposition. 

The geologic process that best fits the observed morphology is volcanic emplacement.  

Deep-rooted rising magma could deform and up-fold surrounding rocks, and could create the 

observed convex-upward reflections.  Localized velocity ‘pull-ups’ from the relatively high 

velocity igneous rock may also account for at least some of the convex-upward reflections.  

Extrusive volcanism could explain the onlap and high-amplitude reflections at the surfaces.  The 

low-amplitude interior zones could be due to disrupted rocks and small feeders.  The fact that 

some of the convex-upward reflections persist (with less apparent relief) above the Paleocene 

unconformity may be explained by differential compaction, as volcanic rocks would be much 

less compactable than the surrounding sediments.  Based on these observations and assessments, 
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we believe that the cylindrical features imaged are volcanic vents that fed a subaerial or shallow 

marine volcanic field in the northwestern part of Survey A. 

Post-rift normal faults 

Description 

Many faults can be seen throughout coherency volumes in Survey B and the northwest 

portion of Survey A (e.g. Figure 5).  Image quality of the faults is much greater in Survey B, 

yielding narrower zones of incoherence, while Survey A’s faults are broader and more difficult 

to map.  These faults were picked mostly on coherency depth slices, which yielded a three-

dimensional image of the fault surfaces and positional control points for fault analyses.  Faults in 

both 3-D surveys strike NE-SW and both NW and SE dip directions are associated with the 

faults (Figure 8).  The fault traces reach up to 6 km long and are often very linear.  Some faults, 

which appear to be curved, can be seen to be made of a series of smaller, linear faults in other 

volumes.  Together, however, slightly varying strikes of the faults create a gently concave-to-the-

northwest pattern in Survey A.  Throws of the faults are relatively small compared to their 

lengths; the throws of individual faults do not exceed 100 meters except for a few cases.  Faults 

in Survey A, in comparison to faults in Survey B, are longer on average, have greater throw, and 

are more abundant.  Faults in Survey B are contained within the Cretaceous units and rarely cut 

the Top Cretaceous (Cretaceous-Tertiary boundary) surface (65 Ma).  An early-Maastrichtian 

gravitational slump is crosscut by one of these faults, which suggests the extensional event to be 

Late Cretaceous in age.  In Survey A, faults also crosscut the entire Cretaceous package, and 

some faults even cut the Top Paleocene horizon (56 Ma).  Individual faults cut through different 

stratigraphic intervals, and no regional detachment layer into which these faults root is visible.  

The similarities in strike between the faults of both Survey A and Survey B suggest that they 
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may have formed from related stresses, and since the two surveys are separated by about 100 km, 

this could imply a regional mechanism for the post-rift extension.  However, the faults are not 

distributed throughout the full extent of the survey areas, which may suggest more local 

deformation than a regional component.  Since the faults are perpendicular to the margin in 

Survey A, the mechanism for extension cannot be attributed easily to gravitationally-induced 

extension towards the margin.  Also, there is no evidence to suggest compression or inversion of 

any kind in the post-rift section.  A younger post-rift faulting episode in Survey A cuts through 

the Oligocene and Paleocene sections, but the fault network is polygonal and likely related to 

shallower, concave-up structures that match the description of mega-pockmark features that are 

common along the modern-day West African continental margin (Pilcher and Argent, 2007).   

Geometric analysis of faulting 

A least-squares best-fit plane was created to fit each fault surface using positional control 

points of the faults exported from the seismic software.  The equation for the plane was then used 

to calculate strike and dip.  This method is more accurate than a three-point problem, as it can 

incorporate any number of points, but it still is limited by the assumption that the fault surface is 

planar.  The fault surfaces mapped in seismic coherency were observed to be roughly planar, and 

so this method is justified for most faults.  In cases where faults are curved, the fault dips are 

underestimated.  Also, some faults had too few control points, and the best-fit plane did not 

accurately represent the fault.   

After omitting these cases, faults from both surveys were plotted on a lower-hemisphere, 

equal-area stereonet (Figure 9).  Since the dip directions alternated NW or SE, the strikes were 

converted to two quadrants for better statistical analysis.  The average strike and dip calculated 

for Survey A is 215.3°, 55.0°, whereas for Survey B it is 230.3°, 53.7°.  This is consistent with 
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observations in each of the datasets and basic Andersonian normal-fault mechanics.  Splitting the 

data up this way shows that there is a 15° difference in fault strikes between the two surveys, 

which is significant enough to question an initial interpretation that the two fault networks are 

related based on similar strikes.  However, it is still possible that local perturbations of regional 

stresses or changes in stresses over time may account for the small variations in strike.  Also, 

since the standard deviation of the strikes (20.3° for Survey A and 16.6° for Survey B) are so 

high, it is possible that this 15° difference may not be significant. 

Fault-slip analysis 

 The magnitude of the post-rift extension was determined by a fault-slip analysis.  Four 

horizons through the Cretaceous sections of Survey B were chosen that intersected the faults at 

different structural intervals, while five were chosen through the Cretaceous to Oligocene of 

Survey A.  These horizons were picked with grid spacing of 250 m, and were edited in order to 

accurately match the displacement and dip when crossing faults.  Polygons of horizon 

displacement along fault surfaces, referred to in this paper as fault-slip polygons, were created 

and used as a measure of extension.  Due to normal errors in picking horizon and faults, the 

fault-slip polygons needed to be smoothed to avoid inconsistencies.  The throws of the fault-slip 

polygons for each horizon were summed along sample lines spaced every 130 m in the inline 

(NW-SE) direction, creating profiles along the crossline (NE-SW) direction that show the 

magnitude of slip and extension (Figure 10).  Sample lines through Survey B covered the whole 

survey length (40.6 km), while the sample lines through Survey A were selected only over the 

faulted area (45.2 km).   

Since the fault-slip polygons, on average, had the largest amount of throw towards the 

centers of the normal faults, it is unlikely that they had a significant strike-slip component.  
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Summed throws for Survey A were also around three to four times those observed in Survey B, 

even after being normalized for sample-line length.  This is partly a product of more faults in 

Survey A, but the larger throws on individual faults were a factor as well.  There is also a zone in 

Survey B where the throws reach a maximum.  This zone is close to a large gravitational collapse 

of the margin, so it is likely that large-scale mass-wasting did play at least some role in the stress 

regime in Survey B.  In comparing the summed throw lengths to the length of the sample lines, 

both surveys experienced less than one-percent extension.   

Dipping Cretaceous reflections 

 The Cretaceous reflections in Survey B dip 1.5° northeast towards the coast (Figure 11).  

An apparent 1.5° dip away from the continental margin indicates that a tectonic process has 

rotated the reflectors, pelagic deposits have accumulated over a pre-existing structure, or 

possibly incorrect velocities were applied to overlying rocks during depth conversion. 

A high-resolution seismic coherency volume revealed channels, including one channel 

with a large crevasse splay that lies on the Top Cretaceous surface (Figure 12).  The shape of the 

crevasse splay and channel can be seen to be dictated or affected by underlying faults, 

constraining the age of post-rift normal-faulting in Survey B to have likely ended by the 

beginning of the Paleocene.  The channel logically would have flowed towards the continental 

slope, but the modern dip of the Cretaceous reflections means that the channel would have 

flowed obliquely uphill if the reflectors had not been tilted post-incision of the channel.  The 

timing of rotation rules out the possibility of pelagic deposition over a pre-existing structure, 

such as over the volcanics described in McMillan (2012).   

Another possible explanation for the rotation is that too-high velocities were applied to a 

‘progradational wedge’ that overlies the tilted reflections during depth conversion.    A simple 
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calculation was done using Survey B horizons in order to determine what percent change in 

velocity would be required to ‘pull down’ the Cretaceous events during the depth conversion 

process.  The ratio between how far the Top Cretaceous horizon has been ‘pulled down’ from a 

designated datum and the thickness of the progradational wedge should be relatively constant 

and low magnitude of values in order for the hypothesis of incorrect velocities to be viable.  A 

regional average for a relatively flat zone in the SW corner of Survey B was chosen as the datum 

for the normalized Top Cretaceous horizon.  The lowest value for the horizon was not chosen as 

the datum since a present-day channel causes the horizon to be locally ‘pulled up’.  Subtracting 

the datum depth from the depth values of the horizon leaves only the magnitude of the ‘pull 

down,’ and creates a normalized Top Cretaceous horizon.  An isopach between the water bottom 

and top Cretaceous surface was created to determine the thickness of the progradational wedge.  

Dividing the normalized Cretaceous horizon by the thickness of the progradational wedge 

yielded a map of percent change in velocity that would be required to ‘pull down’ the Cretaceous 

reflections during depth conversion (Figure 13).  Values grade up to 21%, which is inconsistent 

with the expected constant and low-value results if the velocities were overestimated.  Thus, this 

northeast dip appears to be a real geologic feature. 

Mascle, et al. (1986) noted NNE-dipping horizons on the southern edge of the plateau 

and interpreted that they were tectonically rotated, which may be related to the tilted Cretaceous 

reflections in Survey B.  However, no large-scale fault or fault system has been seismically 

imaged that may account for any post-rift rotation.  Based on gravity modeling and 

interpretation, Jones and Mgbatogu (1982) suggested that the line of initial Cretaceous rifting 

may lie underneath the inner escarpment of the Guinea Plateau.  Gravity data from our study also 

records linear anomalies, some of which are spatially correlated with syn-rift faults (Figure 14).  



P a g e 	  |	  16	  
	  

One anomaly continues under the inner escarpment that separates the two terraces of the Guinea 

Plateau.  It is plausible that a syn-rift fault system may have down-dropped the lower terrace of 

the Guinea Plateau during the Albian.  The tilted Cretaceous layers may be a record of 

reactivation along such a fault system since the Cretaceous.  However, until seismic lines with 

adequate resolution at syn-rift depths over the inner escarpment confirm or refute the existence 

of this fault system, the tectonic process that tilted the Cretaceous horizons remains unresolved. 
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REGIONAL CONTEXT AND CONCLUSIONS 

The Guinea Plateau experienced post-rift extension and volcanism during Late 

Cretaceous to Late Paleocene.  Although the percent extension measured through fault-slip 

analysis was less than one percent, the systematic orientations and large areal extent could 

suggest a regional extensional mechanism.  Geometric analysis of faulting shows that there is a 

15° difference in the strikes between the Surveys A and B.  This could imply that these faults are 

unrelated to one another, but the large range in standard deviations may indicate that the 

difference in strikes is insignificant.  Since the dominant strike in Survey A is perpendicular to 

the margin, it is unlikely that the mechanism can be explained as simple gravitationally induced 

extension towards the margin.  Since the faults in Survey A are extensional, arcuate around the 

interpreted volcanics, and dominantly SE-dipping away from the volcanics, the emplacement of 

the magmatic bodies are likely to have locally influenced the extension. However, since faults in 

Survey B have the greatest throw around an older mid-Maastrichtian gravitational slump, the 

faults may be a gravitational response to the topography of the margin.  Whether these fault 

systems are related to one another or not, they record the stresses of the post-rift Guinea Plateau 

and clearly are influenced by local geology and bathymetry. 

Based on these analyses, we conclude that the extrusive volcanic hypothesis best 

describes the cylindrical convex-up reflections and the mechanism for faulting in Survey A.  

However, in affirming a volcanic hypothesis, it is essential to consider the regional context.  

Importantly, Paleocene and younger volcanism is very prevalent along the southern continental 

slope of the Guinea Plateau and has been well explored and documented (Bertrand et al., 1988; 

Benkhelil et al., 1995; Peyve, 2011).  Volcanism to the west of the Guinea Plateau is 

complicated, but the Grimaldi seamount chain clearly parallels the GFZ (Figure 15).  The 
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Grimaldi and Bathymetrists seamount chains overprint another unrelated volcanic feature known 

as the Sierra Leone Rise.  Kumar (1979) proposed that the Sierra Leone Rise is an oceanic 

plateau formed during an 80-Ma pole displacement during the opening of the Atlantic and is 

conjugate to the Ceará Rise in the western Atlantic.  Since this displacement, the pole for the 

opening of the Atlantic has been relatively constant (Nürnberg and Müller, 1991).  The available 

data do not resolve the origin of volcanism in the area, but due to the stability of pole positions, 

appealing to transtensional forces from plate reconfiguration as the mechanism for the GFZ to be 

volcanically active during the Cenozoic would be problematic.  However, the GFZ clearly 

experienced volcanism during this time. The intersection of two orientations of proximal fracture 

zones strongly weakening the transitional crust along the southern margin of the Guinea Plateau 

is plausible and likely provided preferential pathways for rising magma.   

While not perfectly in alignment, the Survey A volcanic field lies along the trend of the 

Grimaldi seamounts (Figure 8).  Only five seamounts off the coast of the Guinea Plateau have 

been dated, three of which are Paleocene seamounts of the Grimaldi chain.  The interpreted age 

of the volcanic field in Survey A on the plateau is consistent with the age of Late Paleocene and 

younger seamounts (Figure 8).  Due to the spatial relationship, timing, and similar scale of the 

features, the magmatic event that created the Survey A volcanic field and the Volcán Structure is 

likely linked to the same magmatic events that created the Grimaldi seamount chain.   
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FIGURE CAPTIONS 

Figure 1. Seismic data coverage offshore Guinea, West Africa.  Gray lines are 2-D, bold black 

lines are 3-D areas, and the red icon is the location of the GU-2B-1 well.  Only select fracture 

zones are shown. 

Figure 2. Inline profile through Survey A highlighting some of the major syn-rift and post-rift 

features.  The Baraka Fault, a large syn-rift fault, has about four kilometers of down-to-the-

southwest throw.  Syn-rift volcanics were drilled through the Aptian and Albian sections.  

The Volcán Structure and post-rift volcanics are capped by the Top Paleocene unconformity. 

Figure 3. Inline view of interpreted volcanic feature in Survey A.  Normal faults on the right.  

Onlap onto the Top Paleocene unconformity constrains the age of the interpreted volcanics to 

be roughly 56 Ma. 

Figure 4. Bouguer gravity tilt-derivative map over Survey A showing the gravitational signatures 

of interpreted volcanic bodies.  Shaded areas show zones of concentrated volcanic features 

mapped in Figure 7. 
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Figure 5. Coherency depth slice through Survey A at a depth of 1850 m.  Circular features are 

interpreted to be of volcanic origin.  Black symbolizes least coherency.  Faults are displayed 

as linear zones of incoherence.  The Volcán Structure falls within the large incoherent zone 

within the northwestern most part of Survey A. 

Figure 6. Select mapped circular features in Survey A displayed in ArcScene as 3-D features 

with depth.  Features are roughly cylindrical.  

Figure 7. Mapped volcanic bodies in NW Survey A.  ‘A’ marks the innermost incoherent zone of 

the Volcán Structure and the dashed line shows the full extent of the structure.  See also Figs. 

4 and 5.  ‘B’ marks the location of a large cluster of inferred volcanic bodies around the GU-

2B-1 well.  The well, represented as the black icon, did not directly penetrate any of the 

features. 

Figure 8.  Map of faults within the two 3-D surveys displaying differing characteristics, but 

similar strike orientations.  Red faults dip SE, whereas blue faults dip NW.  Note the 

apparent curvature of faults around the interpreted volcanic field and dominantly southeast 

dip direction in Survey A. 

Figure 9. Lower-hemisphere equal-area stereonet of the fault strikes and dips in both 3-D survey 

areas as determined by the best-fit-plane method.  The average strike and dip of each survey 

and the standard deviations (SD) of the strikes are labeled.  

Figure 10. Extension profiles along different horizons through both 3-D survey areas.  Throws of 

faults were summed along the inline direction every 130 m, and a three-percent moving 

average was applied to the resulting extension profile to smooth random picking errors.  The 

magnitude of throw was roughly three-times greater in Survey A than Survey B.  Throw 

through the northwestern part of Survey A was evenly distributed, but the largest amount of 
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throw in Survey B is concentrated around a pre-existing Mid-Maastrichtian gravitational 

slump. 

Figure 11. Crossline section through Survey B highlighting different geologic features that may 

have influenced the 1.5° landward dip observed.  

Figure 12. Depth slice through Survey B showing a large crevasse splay on the Top Cretaceous 

surface.  Since the flow direction is oblique and up-dip from the modern dip of the beds, the 

beds must have been rotated during or after incision of the channel.  

Figure 13. Map of Survey B generated by dividing the normalized Top Cretaceous horizon by 

the thickness of the ‘progradational wedge.’  This yields a percentage error in velocity that 

would have to have been applied to the ‘progradational-wedge’ sedimentary rocks in order to 

‘pull down’ the assumed flat Top Cretaceous surface.  Values are not consistent with a single 

velocity overestimation suggesting that the northeast dip of the Cretaceous reflections (see 

Figure 11) is real.  Profile line A-A’ is shown in Figure 11. 

Figure 14. Bouguer gravity anomalies with superimposed interpreted features.   Note two 

bathymetric terraces on the Guinea Plateau.  Landward-dipping Cretaceous sediments within 

Survey B may have been rotated by reactivation along a syn-rift fault system. 

Figure 15. Regional map of offshore Guinea and Sierra Leone.  Note that the interpreted volcanic 

field in Survey A (56 Ma) matches the spatial trend of coeval volcanics (dark colored) in the 

region.  Also highlighted are onshore older volcanics and the Sierra Leone Rise (lighter 

grays).  Grimaldi seamounts parallel the GFZ, and along with the Bathymetrists seamounts, 

overprint the Sierra Leone Rise, which is an older oceanic plateau.  Select fracture zones are 

shown.  Seamount and onshore volcanic ages from Kharin (1988); Jones et al. (1991); 
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Bertrand et al. (1993); Moreau et al. (1996); Deckart et al. (1997); Peyve (2011); Skolotnev 

et al. (2012).  Onshore volcanic map is modified from Persits et al. (2002).  
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