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Abstract

Teleseismic events have been selected from a database of earthquakes with
three components which were recorded between February 2005 and January
2007 by five seismic stations across the Garoua rift region which constitutes a
part of the Cameroon Volcanic Line (CVL). The iterative time deconvolution
performed by [1] applied on these teleseismic events, permitted us to obtain
P-receiver functions. The latter were subsequently inverted in order to obtain
S-wave velocity models with respect to depth which were then associated to
the synthetic receiver functions. This made it possible to explain the behavior
of the wave and the medium through which they traveled. The main results
obtained indicate that: (1) The lithosphere appears to be thin in its crustal
part with a mean Moho depth of 28 km and S wave velocity of 3.7 km/s. (2)
In its mantle part, the lithosphere is thick in nature having a thickness that
varies between 42 km and 67.2 km. The greatest depth is noticed towards the
center located around Garoua while the least depth corresponds to a location
around Yagoua in the North. The Low velocity zone which makes it possible
to determine the depth of the lithosphere was seen to have a thickness which
varies between 42 km and 118.8 km. (3) The synthetic receiver functions as-
sociated to shear velocity models reveal that, on one hand the wave has really
undergone a conversion and multiple conversions such that the existing Ps
phase and subsequent reverberations PpPs and PpSs have mean times of 3.7 s,
11 s and 17.6 s respectively. On the other hand, they reveal an attenuation
shown by the decrease in the amplitude of the aforementioned phases along a
South-North direction in the Garoua rift.
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1. Introduction

The Garoua rift region is the continuation of the Northern section of Cameroon
Volcanic Line and the part of the large Benue trough which, is situated between
the latitude 8" and 11° North and longitudes 13° and 16° East. It is bounded to
the west by the Federal Republic of Nigeria, to the North by the Mandara
Mounts and to the south by the Adamawa plateau (Figure 1).

Structural and geological studies by [2] and [3] show that the Garoua basin is
an E-W to N120 trending trough infilled by Middle to Upper Cretaceous marine
sandstones. These sediments have also been described by [4] and [5]. The Ga-
roua sandstone series overlap an approximately E-W trending trough called the
Tcheboa trough, similar to the Figuil, Hama-koussou and Mayo-Oulo basins [6]
[7]. The whole region of the Garoua basin presents outcrops of sandstone and
intrusive granites, which form the basement complex below the sediments, and
intrusive diorites along the Poli-Lere axis [8]. Some hypovolcanic dykes are also
found within the Garoua sandstones. The basaltic lavas (Figure 1) found here
are similar to those of the Cameroon Volcanic Line [9]. The basin is limited by

normal faults which outcrop on its northern and southern borders [3] [8] [10].
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Figure 1. Simplify geological map of Garoua rift region (modified after [11]).
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Some geophysical works have been carried out in the Garoua rift region and
particularly in the Garoua basin area. The regional structural setting of the Ga-
roua Basin is characterized by three major normal faults striking mainly in the
NW-SE to NNE-SSW direction [12]. The continental crust underneath the basin
(about 24 km) is thinner than the normal crust, but may be a little thicker to the
east. This thinning of the crust is due to extensional regional stress and the uplift
of the Asthenosphere is as a consequence and this result from an isostatic com-
pensation. This leads to an average sedimentary pile thickness of about 6 km
from results obtained by [11] and [12]. This thinning is probably due to the ex-
tensional process of basin formation in the Cretaceous. The Moho is found to be
uplifted in the basin, and would be the result of this extension and the associated
thermal and isostatic compensation. [13] reveal a crustal thinning in some parts
of the Central African Shear Zone (CASZ) including the Garoua basin. Other
gravity studies by [14] [15] and [16] suppose an uplifting of the upper mantle
resulting in an abnormally thin continental crust. The continental crust is thin-
ner below the trough and its associated basins (15 km to 24 km thick) than the
normal 33 km [13] [17] and [18]. [19] used records of quarry blasts (active
source seismic data) on a North-South profile across the Adamawa plateau per-
formed a study of the crustal structure associated with the Adamawa plateau and
the Garoua Rift. This study revealed a considerable thinning of the Crust when
moving south of the Adamawa Plateau towards the Garoua Rift region. The
Crust thins from 33 km south of the Adamawa Plateau to about 23 km at the
Garoua rift region. The crustal thickness of 22 km obtained by [18] varies as a
function of the density contrast between the lower crust and the upper mantle.
Recently gravity data acquired from Earth Gravitational Model (EGM-2008)
were analyzed by [20] to estimate the sedimentary thickness, extension and shape
of the Garoua Basin, North Cameroon. Two dimensional (2-D) forward modeling
of the gravity data using Grav2dc v2.06, which uses the Talwini’s algorithm was
conducted along three profiles oriented NE-SW, NNE-SSW and WNW-ESE to
verify the lateral variations of the sediment pile beneath these profiles. Accor-
dingly, Garoua is made up of alternating succession of horsts and grabens
bounded to the north and south by normal faults infilled with sedimentary rocks
underlain by a rifted basement. The gravity models suggest an average thickness
of sediments of 9 km with a graben-shaped and extents over 80 km. [21] used the
surface waves tomography to indicate that the mantle beneath the CVL is characte-
rized by slow seismic wave velocity and the lithosphere-asthenosphere boundary is
shallower than 100 km (~60 km). [22] from the receiver functions technic ap-
plied on the Raleigh waves have shown that, the crust is thin with the mean
thickness of 25.5 km for an average crustal S-wave velocity of 3.4 km/s. [23] used
body wave tomography to image the mantle seismic structure beneath Came-
roon using data from the 2005-2007 CBSE network. They found that a conti-
nuous low velocity zone (Vs = —2% to —3%) underlies the entire CVL to a
depth of at least 300 km and attributed this to a thermal anomaly of at least 280
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K. [24] stacked the receiver functions using a 3-D velocity model, revealing Ps
conversions from the mantle transition zone discontinuities at depths of ~410
and 660 km. Results yield a nearly uniform transition zone thickness (251 * 10
km) that is similar to the global average, implying that any thermal anomalies in
the upper mantle beneath the CVL do not extend as deep as the transition zone.
[25] stacked receiver functions to study crustal structure using earthquakes rec-
orded by the Cameroon Broadband Seismic Experiment. In regions of the CVL
unaffected by the Cretaceous extension associated with the breakup of Gondwa-
na (e.g. the Garoua rift), Vp/Vs ratios are markedly low (network average 1.74)
compared to hot spots elsewhere, providing no evidence for either melt or
cooled mafic crustal intrusions due to CVL magmatism. The character of P-to-S
conversions from beneath the CVL also indicates that lower-crustal intrusions
(often termed underplate) are not present beneath the region. Although the pre-
vious investigations of the lithosphere where done with artificial seismic sources
which led to interpretations leaning on inappropriate velocity models [13] [17]
[18] [19] or with potential methods [11] [14] [15] [16] [20] that present a low
resolution power or studied the crust using active sources [19] on one hand. The
other investigations provided important measurements and high-resolution im-
age of the lithospheric structure in Cameroon using the stack method of the re-
ceiver functions resulting from the surface waves [25] or focused mainly on the
mantle [23] and [24] in other hand. In this present work, we will come out a 1-D
velocity model of S-waves of the lithosphere from the inversion of the P-waves
receiver functions having the properties to propagate beyond the crust. This
shear wave velocity models could also provide information regarding its struc-

ture.

2. Data and Methodology
2.1. Data

The data used in this study consist of the earthquakes recorded by 32 portable
broad-band seismometers installed across the country between January 2005 and
February 2007 by the Cameroon Broadband Seismic Experiment. The data were
collected by a team of geoscientist from the University of Yaounde I and the In-
stitute of Geological and Mining Research-Cameroon in partnership with re-
searchers from Pen State University in the United State of America. The seismic
network comprised 5 broadband stations (Table 1) equipped with a broad-band
seismometer (Guralp CMG-3T or Streckeisen STS-2), a 24-bit Reftek digitizer
and a GPS (Global Positioning System) clock (Figure 2).

Data were recorded continuously at a rate of 40 samples per second. In the
study area, two stations (red color) were installed in 2005 January and operated
during 2 years; the remaining four stations (yellow color) operated only during
the second year of the experiment. The station spacing during the second year
(2006) of operation was about 50 to 150 km [26]. From the earthquake data rec-

orded, the teleseismic events that occurred at epicentral distances between 30°
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and 95° with magnitudes My > 5.5. have been selected (Table 2) to construct the
S-wave velocity models beneath the different stations of the Garoua rift by ap-

plication of the P-wave receiver functions technique.

12.0

20N

6.0 8.0 10.0 12.0 14.0 16.0

Figure 2. Colour elevation map showing seismic station locations and shear zones. The
circled numbers refer to station codes, for example, 28 refers to station CM28 and the
blue rectangle represents the study area (Modified after [22]).

Table 1. Characteristics of the different stations which recorded the teleseismic events.

SZ‘;:;‘:“ Town I“St;f:f 00 otitude (") Longitude (°) El‘(’gi)"“
CM28 Poli 2006 9:07 8.45 0.48
CM29 Garoua 2005 10:42 9.35 0.26
CM30 Figuil 2006 10:42 9.35 0.26
CM31 Yagoua 2006 9:24 9.75 0.29
CM32 Maroua 2005 10:05 10.33 0.33
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Table 2. Events with magnitude My > 5.5 used for the study.

E t dat E t ti Epi tral
vent date vent time Latitude () Longitude (*) Depth (km) Magnitude picentra

mm/dd/yy h:min:s distance (°)

10/20/05 21:40:04:01 38.152 26.751 10 5.5 33.1
12/05/05 12:19:56:06 -6.224 29.83 22 6.4 21

12/09/05 23:30:23:09 -6.176 29.709 10 5.5 20.9
01/08/06 11:34:55:06 36.311 23.212 66 6.5 30.2
02/22/06 22:19:07:01 -21.324 33.583 11 6.5 34.5
03/15/06 14:19:48:07 -21.136 33.719 10 6.5 339
09/17/06 07:30:11:00 -17.694 41.827 10 5.5 37

09/24/06 22:56:21:07 -17.737 41.814 10 5.6 37.5

2.2. Methodology

2.2.1. Computation of the Receiver Functions

The treatment of the teleseismic is based on the receiver function method. The
receiver functions are time series, computed from three component seismo-
grams, which show the relative response of earth structure near the receiver.
They are generated by the time domain iterative deconvolution method of [1],
applied to seismograms constituted to the North, East and Vertical components
which are then rotated into radial, transverse and vertical components respec-
tively which can be used to image velocity contrasts across discontinuities.

The computation of the receiver functions began with a visual inspection in
order to confirm the presence of the signal. Then after, if the wave forms which
appear on the three components of the seismogram can be identified (Figure 3),
then the selected waveforms were decimated to 10 samples per second, win-
dowed between 20 s and 140 s after the leading P arrival, de-trended, tapered
and high pass filtered above 50 s to remove low-frequency, instrumental noise.

Radial and transverse receiver functions were then obtained from the filtered
traces by rotating the original horizontal components around the corresponding
vertical component into the great circle path (Figure 4), and deconvolving the
vertical component from the radial component through the iterative time do-
main déconvolution procedure of [1], with 200 iterations using the Gaussian a =
2.5 corresponding at to the frequency 1.2 Hz because, it helps to discriminate
gradational transitions from sharp discontinuities in the receiver structure under
the station [27].

To complete the estimation of the receiver functions, the recovery percentage
of the original radial waveform was evaluated from the rms misfit between the
original radial waveform and the convolution of the radial receiver function with
the original vertical component [26]. Events that were recovered to less than 85
percent were rejected. The remaining waveforms were visually inspected for co-

herence and stability (Figure 5).
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Figure 5. Example of the good receiver function computed at station CM28. The horizontal
axis represents the time in second (s) while the vertical axis represents the amplitude of
P-wave in millimeter (mm).
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2.2.2. Inversion of the Receiver Functions

In this work, the P-waves were inverted to obtain an S-wave velocity model that
produces an estimation of shear velocity structure beneath a given seismic sta-
tion. There is no guarantee that a unique inversion result will be obtained, as the
method seeks to minimize the differences between observed and synthetic (or
predicted) receiver functions. The inversion was performed using the Rftn96
program developed by [28] and [29]. The method is based on a linearized inver-
sion procedure that minimizes a weighted combination of least squares norms
for each data set, a model roughness norm and a vector-difference norm be-
tween inverted and pre-set model parameters. The velocity models obtained are
consequently a compromise between fitting the observations, model simplicity
and a priori constraints. The velocity models are associated at the synthetic re-
ceiver functions. Synthetic seismograms are generated using a fast three dimen-
sion ray tracing scheme based on [30]. The earth model is parameterized in
terms of constant velocity, planar, dipping layers over half-space. The P and S
wave velocities, density, strike and dip angles, and thickness are specified for
each layer in the model. Synthetic vertical radial and transverse seismograms are
generated by specifying a back azimuth and ray parameter for the plan of P-wave
incident at the base of the model. The starting model used in this inversion con-
sisted of an isotropic medium of constant velocity layers that increase in thick-
ness with depth. The thicknesses of the first, second and third layers are, respec-
tively, 45 km, 90 km and 80 km, while the thickness increases by steeps of 5 km
between 0 and 45 km depth, by 10 km between 45 and 135 km and by 20 km be-
low the depth of 135 km. Also the linear shear wave velocity increase in the crust
from 3.2 to 4.0 km/s and from 4 to 4.7 km/s in the lithospheric mantle overlying
a flattened PREM (Preliminary Reference Earth Model) model [31] for the man-
tle. Having determined path lengths for each layer, the arrival time for each
phase can be calculated. In addition, to the P-arrival and Ps conversions, the
synthetic seismogram may include the free-surface multiples associated with

each interface.

3. Results and Discussions
3.1. Results

The different results coming from the inversion of the receiver function com-
puted for the five seismic stations studied are shown in Figure 6 (a, b, ¢, d and
e).

The different interpretations are presented in Table 3 and Table 4.

Regrouping the types and times of different conversions and multiple conver-
sions coming from the curves of synthetic receiver functions from the Garoua
rift stations, Table 3 shows that, a good agreement exists between the curves,
and the wave has really undergone conversion. The particularity in this area
come from the station located in Garoua where, attenuation of the wave starts

being observed by the variation of the conversion and the subsequent reverbera-
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tion time and the weakness in the amplitude of the phases which, finally disap-
pear at the station CM32 situated at Maroua. This can be due to inelastic materi-
al behavior or internal friction during wave propagation and expresses the hete-
rogeneous character of the crust and anisotropy within the sub-crustal lithos-
phere of this zone.
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Figure 6. (a), (b), (c), (d), (e): Shear velocity profiles for Garoua rift region (Cameroon Volcanic
Line). Moho: Mohovicic discontinuity; LAB: Lithosphere-Asthenosphere Boundary; LVZ: Low
Velocity Zone.

Table 3. Interpretation of the synthetic receiver functions.

Station Localities Percent of Signal Power Fit tps (s) tppps () tppss (5)
CM28 Poli 89.77 3.2 10.5 15.5
CM29 Garoua 76.40 3.1 9.9 13
CM30 Figuil 79.90; 87.50 3.2 10.5 13.5
CM31 Yagoua 68.74 4.5 10.7 18.2
CM32 Maroua 92.46 4.6 13.5
Table 4. Interpretation of the S-wave velocity profile.
Average Moho Thickness Average Average . Average.
Station Localities crustal Vs depth interval of lithospheric ‘depth of lithospheric
(kms) (km)  LVZ(km)  Vs(kmfs) LihosPhere  mantle
(km) thickness
CM28 Poli 3.7 264 57.6<LVZ<95.4 3.9 57.6 31.2
CM29 Garoua 4 264 67.2<LVZ<116.7 4 67.2 40.8
CM30 Figuil 4 264 564<LVZ<1104 4 56.4 30
CM31 Yagoua 3.6 264 42<LVZ<109.2 3.7 42 15.6
CM32 Maroua 3.8 36 564<LVZ<116.7 3.9 56.4 20.4
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The velocity models obtained by inversion of the receiver function followed
by the different values coming from Table 4 for the Garoua rift sector allow us
to say that the crust is thin with a mean S-waves velocity of the of 3.8 km/s and
the mean thickness of 28 km except at Maroua where it is 36 km. While the li-
thospheric mantle has a mean S-wave velocity of 3.9 km/s and its thickness va-
ries between 15.6 km and 40.8 km. The low velocity zone is located between 42
km and 116.7 km of depth and the discontinuities are situated at 26.4 km of
depth for the Moho except for the Maroua station where it is located at 36 km
and between 42 km and 67.2 km for the Lithosphere-Asthenosphere Boundary
(LAB).

3.2. Discussions
3.2.1. Comparison of the Synthetic Receiver Functions Results by Station
and with Previous Estimates

Observing the different times of Ps phase and subsequent reverberations (PpPs
and PpSs) obtained at each station (Table 4), in addition to their different am-
plitudes, one notes respectively an increase and a decrease from the station
CM28 to station CM32. This leads to the deduction that the wave is converted
and attenuates according along the South-North direction of the Garoua rift.
Previous estimates of the conversion time in the Garoua rift region have been
carried out by [25] and the comparison with the new estimates is shown in Ta-
ble 5.

Comparing the values of this study with those obtained by [25], one observes
that, there is slight difference with respect to the different conversions. This dif-

ference can be explained by the method used in computing the same data.

3.2.2. Comparison of the Shear Wave Velocity Model Results by Locality
and with Previous Estimates

a) Comparison of the shear wave velocity model by locality

The shear velocity models obtained in each locality present a thin behavior in
the crustal part of lithosphere. This behavior is supported by [11] [19] and [22].
The mantle part of the lithosphere is thick, with the depth of the lithosphere that
varies beneath the Garoua rift region between 42 km and 67.2 km (Figure 7). It
comes out again that, the deepest part of the lithosphere is located in the center
of the rift (Garoua) and the section having the least depth is located at the North,
more precisely in the Yagoua locality (Figure 7).

b) Comparison of the shear velocity model results with previous estimates

Many studies have already been carried out on this behavior and the depth in
this area by some geoscientist like [11] [22]. Comparisons with previous esti-
mates of the shear wave velocities as well as with the thickness of the crust and
lithosphere are done in Table 6.

Table 6 shows that, estimates of average S-wave velocity (Vs) in the crust are
in very good agreement with the previous estimates [22] based on the same

seismic data in the Garoua rift region. The main difference between this study and
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previous studies is at the level of the depth of the Moho. This difference comes
from the type of data and method used (active data, surface data and geopoten-
tial method). On the depth of the lithosphere, no evaluation has been done till
date but for one study on the Cameroon volcanic line (covering the Garoua rift
region) which situated the depth of the lithosphere to approximately to 60 km
[21]. The lithospheric depth has been determined by the existing of the low
velocity zone started at the same depth. This low velocity zone has been con-
firmed by [23] that found a low-velocity anomaly beneath the CVL extending to
at least 300 km plausibly related to a thermal perturbation.
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g 60 CM32
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2
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Figure 7. Variation of the depth of lithosphere beneath the Garoua rift region.

Table 5. Comparison of arrival times of the different Ps phases and the subsequent
reverberants with those of previous results.

This study by inversion Other study by stacking

Reference
of the receiver functions of the receiver function)

Region

tps () tppsp (s) tppss (s) tp, () thpsp (s) tppss (s)
Garoua rift [25]
3.7 11 17.6 3.2 10.5 14

Table 6. Comparing shear velocity model with previous estimates in the Garoua rift.

Type This Others Types of
. References
of result study studies data used
Average Vs 3.7 37 Seismic [22]
of crustal (km/s) ’ ’ earthquakes
Seismic
23 . (19]
explosion
Average depth .
11
moho (km) 28 24 Gravity [11]
455 Seismic (22]
’ earthquakes
Average depth of between

Lithosphere (km) 42 and 67.2
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4. Conclusion

Iterative deconvolution has been applied on teleseismic events recorded between
2005 and 2007 to obtain the receiver functions. These receiver functions have
been inverted to study the lithosphere-Asthenosphere Boundary beneath the
Garoua rift region. It was found from this study that: 1) The synthetic receiver
functions associated to the shear velocity model obtained show the existence of a
Ps phase and subsequence reverberations PpPs and PpSs at 3.7 s, 11 s and 17.6 s
respectively. The amplitude of the subsequent reverberations decrease and final-
ly disappears at station CM32 passing through stations CM29, CM30 and CM31.
The existence of the different phases and the low amplitude of the different
phases lead to the deduction that, the wave has really undergone conversion and
attenuation along the South-North direction of the Garoua rift region. 2) The li-
thosphere has a thin nature in its crustal part with the Moho located at a mean
depth of 28 km according to the S-wave velocity of 3.7 km/s. The lithosphere is
thick in its mantle part with its limit depth that varies between 42 km and 67.2
km of depth. The deepest part of the lithosphere in the Garoua rift region is si-
tuated towards the center that is located around Garoua while the least depth is
situated around Yagoua to the North due to the existence of the first low velocity
zone (LVZ) in the upper mantle whose thickness also varies between 42 km and
116.7 km. The different results obtained in this study have been compared to
previous results existing in this region. Some similarities have been noticed in
some cases like in the velocity of the S waves in the crust and the time of PpPs
phase. The main differences with other results were noticed in the times of Ps
and PpSs phases and Moho depth. These differences can be justified by the type
of method or data used. In this study, though studies have been carried out on
the boundary and the behavior of the lithosphere, it will never the less be im-
portant to carry out a study on the origin of the variation noticed in the depth of
the lithosphere.
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