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This paper aims to investigate the genesis of clastic dykes and soft-sediment deformation structures in the Mamfe Basin, South
West-Region, Cameroon. Results from this study portray the following: (1) The clastic dykes are extrusive and were generated
from preexisting soft-sediments that penetrate fissures caused by seismic activity. It can be concluded that clastic dykes originate
from seismic shacking, probably induced by volcanic-tectonic activity and magmatic dykes that cut across the Precambrian and
Cretaceous formations of the Mamfe Basin. (2) The soft-sediment deformation structures (flexures, sheared foliations, anticlinal
folds, load casts, and flame structures) are likely triggered by seismic shocks. The inferred influence of seismic activity results from
rifting and rapid subsidence of basin-fill during the Cretaceous. Some of these soft-sediment deformation structures (SSDS) are
induced by fluidization and liquefaction triggered by rapid sedimentation within tectonically active settings, as well as density
variations illustrated by local occurrence of load casts with weak lateral extensions. (3) The synsedimentary features (joints, faults,
filled fractures) are related to local stress triggered by gravitational sliding, because the fractures were filled by unconsolidated
clastic materials.

1. Introduction

Sediments transported and deposited within sedimentary
basins may undergo modifications during lithification and
diagenesis while still in their weak (soft) state. These mod-
ifications may create sedimentological signatures such as
load casts, flames, flexures, and dish-like and fold structures
which help in tracing their origin, causes, and geotectonic
settings of the sedimentary basin. According to [1, 2], these
modifications may be related to gravitational effects, fluid
movement, density contrast, sediment instability, and over-
loading influence by mechanism of fluidization or lique-
faction. Primary occurrences of soft-sediment deformation
structures (SSDS) within sedimentary environments are seis-
mically induced (Moretti and Pedro 2016) [1]. Fluidization
and liquefaction within sedimentary environment take place
during seismic shocks which influence other local effects
[1]. Yang et al. (2016) [3] suggested a wide variety of

geological agents as triggering mechanisms for SSDS such
as liquefaction or fluidization by earthquake-induced shock
waves, adjustment to gravity in successions with reversed
density gradients, shear stress, sudden overloading by mass-
transported sediments, slumping or slope failure, large-scale
deformations resulting from tectonic activity, and interme-
diate or small size SSDS commonly result from exogenic
processes such as glaciotectonism and overburden-induced
diapirism.

Classification of deformation structures by [4] within
sedimentary formations is linked to morphological features
such as load casts, flame structures, clastic dykes, disturbed
laminitis, slumps, recumbent folds, and sedimentary faults
[5, 6]. Faults occurring within sedimentary environments
may be either synsedimentary or postsedimentary. According
to Benard (2002) [7], synsedimentary faults are characterized
by filled fault planes (fault traces filled with correlative
deposits) and do not cut all the formations of a stratigraphic
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Figure 1: (a) Map of Africa showing the location of Cameroon; (b) map of Cameroon showing the Benue trough and the Mamfe Basin; (c)
simplified geologic map of the Mamfe Basin [8] showing the study areas; (d) sketch location map of investigated site.

succession, whereas postsedimentary faults display opposite
characteristics to the former.

The aim of studying soft-sediment in the Mamfe Basin is
to (1) identify the different inherited deformation structures,
(2) interpret and discuss the genetic mechanisms of deforma-
tion using data collected from the field, and (3) propose the
most likely mechanism responsible for the genesis of clastic
dykes and soft-sediment deformation structures.

2. Study Area

The Mamfe Basin is located in the Manyu Division, South-
West Region of Cameroon in Africa (Figures 1(a) and 1(b)).
This basin covers an area of 130 km length and 60 km width
[2]. Its fluviolacustrine sedimentary infill (Figure 1(c)) has
been dated in the late Cretaceous age [9–11]. Sedimentary
lithologies are exposed along rivers (around Munaya and

Nchemba), and the beds are frequently cut by magmatic
dykes of basaltic and doleritic compositions.These magmatic
rocks (dykes) have been attributed to theTertiary age bymany
authors; [11, 12]. The Cretaceous sedimentary formations
(Cross river, Nfaitok, Baso, and Ngeme; see Figure 1(c)) are
thought to rest on a Precambrian granitic-gneissic basement
[12].

Tectonically, the Mamfe Basin is thought to have been
formed during Late Jurassic–Early Cretaceous as a result of
basement rifting associated with the reactivation of an E-
W trending mylonite zone within the Pan-African basement
[12]. The rift propagated along existing lines of weakness
and broadened during the Upper Jurassic time [12]. Rifting
in this basin is believed to have been accompanied by
rapid subsidence due to thermal recovery of the lithosphere
following a thermal disturbance that led to stretching and
thinning of the crust beneath the basin [13].
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Figure 2: Detailed stratigraphic columnar sections of the Cretaceous sediments showing the different lithofacies and associated clastic dykes
and soft-sediment deformation structures.

The sedimentaryMamfe Basin is a south-eastern trending
Cretaceous rift basin that bifurcates off the Benue trough
and is linked to the West and Central African Rift System
(WCARS) [8]. Like the rest of the WCARS, the Mamfe Basin
is linked to the opening of the South Atlantic Ocean. Its
formationwas associated with the breaking up of Gondwana-
land (southern supercontinent) and subsequent separation of
South America plate from Africa plate [1].

3. Materials and Methodology

Soft-sediment deformation and clastic dykes were stud-
ied on outcrops locations found in Mbakang, John Hault,
Egbekaw, and Nfaitok (Figure 1(d)). Graphic logs were drawn
to illustrate the vertical sequence variation of lithofacies
and their relative thicknesses. Structural orientations were
determined using clinometers following standard procedures
[14]. Geographical coordinates of each visited locality were
recorded with a Garmin GPS (model 76TM). The GPS
coordinates were later transferred onto a Minna geodesic
datum georeferenced base map of the Mamfe Basin using
Global Mapper 13. Suffer 11 was used to draw the location
map. Lithofacies assemblage and facies analysis was based

on observable variations of physical parameters (grain size,
color, sedimentary structures) and the use of a hand lens
for fine-grained lithofacies using physical visible variation,
color parameter, and grain size technique referring to the
grain size scale and with the use of hand lens. Dilute
hydrochloric acid was used to test the presence of carbonates.
The above parameters have been used to construct summary
lithostratigraphic columns within the study area (Figure 2)
using suffer 11 and Adobe Illustrator cartographic software.

4. Results

4.1. Description of Clastic Dykes. Bulge clastic dykes of dark
greyish medium grained carbonate clastic rock occur on
top of surfaces in Nfaitok (Figure 3(a)) and a light grayish
medium grained clastic rock at the surfaces in Egbekaw
(Figure 3(b)). Locally, they rise 6–10 cm above the bedding
planes of the bed-rocks and have a thickness of 11–15 cm.
A few of them are less than 7m long while others extent
to about 12–15m at most. The bed-rocks are different from
these clastic bulges in their grain size and color. The clastic
dyke infill reacts vigorously with dilute hydrochloric acid
and shows difference in strike direction. The clastic dykes
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Figure 3: Photograph of a clastic dykes at Nfaitok. (a) Series of fractures of millimetric sizes seen at both sides of the clastic dykes. (b) The
rocks at the contact with the clastic dyke are platy with upwards bulges.
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Figure 4: Photograph of a clastic dyke at Egbekaw cross cutting a silty shale bed showing (a) a normal dextral fault, (b) normal sinistral fault
with fault plane filled by clastic dykes.

were found at Nfaitok (Figure 3) strikes N120∘E–N150∘E, but
at Egbekaw (Figure 4) bulges strike N80∘E–N90∘E. These
dykes are parallel to each other, branch to a specific direction
(SW–NE), and discordant to the bedding plane of a fine-
grained shaly bed-rocks (Figure 3).

4.2. Soft-SedimentDeformation Structures. Soft-sediment de-
formation structures occur at Mbakang and John Hault
quarries. These areas expose weakly consolidated mudrock
interbedded with friable sandstones. Locally, beds dip 20∘
towards the SW (Figure 5) and 45∘ to the N (Figure 6(a)).
These structures appear locally with a weak lateral extension
ranging from 5m to 15m.

At John Hault (Figure 5), a layer of weakly consolidated
mudrock is deformed by anticlines with symmetrical to
asymmetrical limbs. The folding is specific in the lower part
of the profile and fades progressively towards the top of the
profile (Figure 5). Layers of the upper parts are composed
of uncharacterized weatheredmaterials which are completely
undisturbed. The folded layer at one point is displaced by
a NW–SE striking high angle fault. This fault extents to the
underlying sediments layer, but its continuation downward
cannot be evaluated. The normal fault plane is filled with

uncharacterized clastic material which also stains part of the
hanging wall.

At Mbakang, the occurrence of soft-sediment deforma-
tion structures is observable at a smaller scale. Soft-sediment
deformation structures like flexures, load casts, and flame
structures are seen occurring in slightly clay enriched layers
(Figure 6(b)). Large fractures of about 6–8 cm width and
smaller fractures of less than 3 cm width are seen filled with
unconsolidated sandy facies (Figure 6(c)). Sandy clay lens
structures (Figures 6(a) and 6(b)) are displaced by micro-
faults with variable displacement magnitudes. These faults
planes have three different orientations (NW–SE,NNW–SSE,
and E–W) representing low to high angle faults. These fault
planes are also filledwith uncharacterized clasticmaterial like
the one found at the John Hault quarry.

5. Discussion

5.1. Origin of Clastic Dykes in the Mamfe Basin. Clastic
dykes can be extrusive, sugtructive, or Neptunian depending
on their origin and factor mechanisms that lead to their
formation [15]. Clastic dykes at Egbekaw and Nfaitok are
recognized on the basis of their obvious difference with
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Figure 5: Field view and line drawing of exposed section in the JohnHault quarry where sandstone, silty shale, mudrock, and uncharacterized
reddish brown material are observable. Folded and normal faulted mudrock beds occur.

the bed-rocks. Bulge structures displayed by these dykes
indicate they may have been forced upward to the surface
by strong shocks through cracks created at the time of their
expulsion (intrusion), when they were still in a fluidized state.
These dykes react vigorously with dilute HCl indicating the
presence of carbonate cements. One could therefore suggests
that their compacted nature is related to carbonate cements
as time is not a prime factor of lithification as compared to
cementing material. Hydrocarbon expulsion and extensional
fractures are absent in this locality. Open fissures (extensional
cracks) created by tectonics may have been filled by weath-
ered transported detritic material forming the clastic dykes
(Figure 7). However, the evidence supporting this assertion
is invalid in the studied area as no clastic dykes have been
seen cutting the Precambrian basement formation and the
funnel structures are absent [15]. Consequently, these clastic
dykes may have originated from magmatic processes which
generated strong shocks that forced the water-mixed clastic
material to move upward to the surface before being lithified
(Figures 7 and 8). This point is supported by the intense
upward shearing of the shale beds at the contact with the
clastic dykes. The concomitant occurrence of Tertiary vol-
canic magmatic dykes (Munaya and Nchemba river) and the
presence of coaly layers mixed with volcaniclastic materials
were found tens of kilometers away from the studied areas.

5.2. Origin of Soft-Sediment Deformation Structures in the
Mamfe Basin. Soft deformational structures affecting sedi-
mentary rocks may develop during and after their deposi-
tion. These sediments in their fluid states may experience
breakdown in the unstable grain fabric creating a pore
fluid overpressure which may lead to the deformation and
intrusion of the overburden [16]. Fluidized (water-mix)
sediments underlying an overpressured superficial material
(in the case of Mbakang and John Hault) may be affected
by disequilibrium compaction as a result of uneven distri-
bution of loads and density variations [10]. Disequilibrium
compaction resulting from uneven distribution of loads and
density variations will affect most parts carrying a high
density of the overburden material leading to the formation

of folds, flexures (stretching), foliations, load casts, and
flame structures. Soft sediments researchers [1, 7] suggest
fluidization driven by gravitational forces as trigger of the
formation of soft-sediment deformation features.

The genetic classification of SSDS based on whether or
not seismic activity has promoted their formation remains
a problem under survey in field studies. Török et al. (2017)
[17] and Van Loon (2014) [18] concluded that fluidization and
liquefaction may play a major role in the genesis of SSDS
with little exposure to seismic shocks. This could be true in
the cases of the John Hault anticlinal structure resting on
a volcaniclastic breccia layer mixed with coal. In the case
of Mbakang, evidence of seismic influence is faint with the
occurrence of baked margins in brecciated, sheared, and
boudinized magmatic dyke with a strike of N60∘E in Ajayuk
Ndip, some 3 km to the north.This is amagmatic event linked
directly to extensional stress.

The above evidence could only suggest double effects
on the origin of SSDS, with the major fluidization and
liquefaction being triggered by rapid sedimentation, uneven
distribution of load, and grain variation density followed
by the effects of seismic shocks. The local occurrence or
weak lateral extension (10–20m) of the SSDS (load casts,
flame structures, anticlinal folds) in the basin may suggest
that these structures are likely unrelated to seismic activity.
Accordingly, [18, 19] states that “non seismic originated SSDS
have weak lateral extensions.” On the other hand, the rifting
and rapid subsidence (Late Jurassic–EarlyCretaceous) during
the formation of the Mamfe Basin may have been influenced
by seismic activity that triggered the occurrence of soft-
sediment deformation structures. According, to Moretti and
Pedro (2016) [1], SSDS within sedimentary environments
are triggered by seismic shocks or are seismically induced
influencing other local effects.

Njoh et al. (2015) [10] point out that the Mamfe Basin
has a fluviolacustrine depositional environment. A cyclic
change in the fluvial deposition of sandstones (arkose) to
a lacustrine shale environment (Figure 2) may have played
a vital role in the formation of some SSDS found in the
study area. In particular, the rapid deposition of sand
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Figure 6: (a) Field view and line drawing of exposed section in the Mbakang quarry with stretching of small clayey layers within the beds.
(b) Detailed view and line drawing of the exposed section where sandstone is pinched out to the southern direction showing large and
small vertical fractures filled with clayey sandy materials. (c) Detailed view and line drawing of the exposed section where the soft mudrock
layer displays a flexure, load cast, and flame structure with lenses of clay rich sandy facies while the sandy beds display faults with variable
orientations and displacement magnitudes.

produces a reverse density gradient which destabilizes and
possibly fluidizes the underlying sediments. This destabi-
lization causes synsedimentary subsidence which facilitates
ductile deformation of the water-mix sand sediments. This
hypothesis is supported by the observation that this basin

is formed by extension accompanied by rapid subsidence
[13].

The occurrence of synsedimentary structures (faults,
joints, filled fractures) cutting the deformed bedsmay suggest
that the extensional fault activity produced seismic shocks
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that mobilized the fluidized sediments creating wall cracks,
whichwere later filled bymaterial, andminor displacement of
layers. However, the above reconstruction is uncertain as (1)
the continuation at depth of these synsedimentary structures
cannot be evaluated and (2) none of the materials filling the
fractures are well consolidated.

According to Török et al. (2017) [17], the origin of
the filled fractures, joints, and faults within sedimentary
formations has a question mark whether they were formed
by tectonic forces or due to gravitationally controlled slope
movements. Gravity factors may be considered in the case
of this study since debris made of fine clastic materials
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particularly prone to gravity sliding is found at the basement
of the profiles, filled fractures, and fault planes.

The separation of deformed beds from the overlying
undeformed layer may indicate density and rheological dif-
ferences [5].

6. Conclusions

(1) Information from synsedimentary deformation
structures reveal two major stratigraphic units: a
lower deformed unit, unconformably overlying by a
nondeformed unit.

(2) Deformed structures (flexures, sheared foliations,
anticlinal folds, load casts, and flame structures) are
likely triggered by seismic shocks. The suggested
influence of seismic activity would result from rifting
and rapid subsidence of the basin-fill during the
Cretaceous. Some of these SSDS (load casts and flame
structures) are induced by fluidization and lique-
faction triggered by rapid sedimentation within a
tectonically active setting, as well as density variations
illustrated by the local occurrence of load casts with
weak lateral extensions.

(3) Synsedimentary features (joints, faults, filled frac-
tures, and filled fault planes) are likely related to
local stress induced by gravitational sliding. However
it cannot be excluded that tectonic stresses could
have also played a role in the formation of the
fractures, particularly if some of them were not filled
by unconsolidated clastic material.

(4) The clastic dykes are extrusive features asmaterial was
obviously intruded from below, exploiting fissures
that opened during the intrusion. The genesis of
clastic dykes appears to have been influenced by
tectonic-volcanic processes that created fissures and
generated seismic shocks promoting the fluidization
of sediments at depth and their upward movement
to the surface prior to lithification. This conclusion is
supported by the fact that no clastic dykes have been
observed to cut the Precambrian basement formation
of the Mamfe Basin.
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