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Abstract

Seismic refraction method of geophysical investigation has being used over the years in investigating subsurface
formations and most importantly in identifying depth to bedrock. This has found application in both engineering
and geoscience disciplines. Ripping or removal of rock beds for construction purposes may be due to
urbanization or industrialization which is basically an environmentally influenced approach to optimizing
operation, safety and durability. This study analyzed the rippability potential of sedimentary rocks of a parkland
in Southwest Nigeria. Seismic refraction survey was employed to realize velocity of various lithology units the
generated shock waves traversed and based on this, the rippability potential was inferred. Most profile location
has three layers delineated while a fourth layer was delineated in some few locations. Average velocity for layers
are 740 m/s, 1535.21 m/s, 2310 m/s and 2900 m/s for layers 1, 2, 3 and 4 respectively. The maximum vertical
thickness is in excess of 12 m. The rock units are highly-weathered to weathered, therefore rippability is between
casy and hard and achievable.
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1. Introduction

Rock uniaxial strength, degree or extent of weathering, structural properties and abrasiveness are numerous
indices upon which rippability of rocks are based (Bienawski, 1973; Bailey, 1975; Smith, 1986; Earthworks,
2003). Sedimentary rocks are known to be most rippable. This is partly because they often exist without planes
of weaknesses like cleavage or schistocity. However, their stratification or lamination patterns may constitute
positively to their rippability. According to Smith (1986), physical characteristics such as frequent planes of
weakness, weathering, moisture content, stratification, brittleness, low shear strength and low seismic velocities
are favourable for ripping. Whereas, massive unlayered crystalline rocks with high shear strength and high
seismic velocity are often difficult to rip (Caterpillar, 2010).

Over the years, refraction seismic has been used successfully in deducing rock velocities for purposes
ranging from environmental, engineering to geological and others. This study makes an assessment of a virgin
location that is opening up to urbanization and construction of industrial and residential facilities for the
subsurface rocks rippability potentials towards siting structures. Erection of structures and making basic
amenities available are the primary pointers to urbanization. The ground water potential of this area has been
studied and documented in Rotimi et al., 2014, and this serves as a report of further subsurface geophysical
soundings carried out in the study area. Bedrocks are believed to be denser than regolith and top soil variants,
they are expected to be competent and most resistant to weathering and movement and thus carry the weight of
constructions such as building and road without failure. Hence, seismic refraction method of geophysical
investigation is arguably the best and most field efficient method for determining the velocity to bedrock
(Church, 1974). The increase of velocity with depth is the natural concept upon which seismic refraction thrives,
however if the inverse becomes the case then there is a cause for concern.

1.1 Theory of Seismic Refraction

Understanding the theories in seismic refraction is based on the awareness that the subsurface is composed of a
series of layers separated by plane and even dipping interfaces. Seismic velocities are also uniform within each
layer and layer velocities increase with depth such that raypaths are restricted to vertical plane containing the
profile line.

1.1.1 Two Layer Case

Suppose we have a case of flat interface between two horizontal layers as illustrated in Figure 1.
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Figure 1: Direct, reflected and refracted wave along the horizontal interface between 2 layers.

From Figure 1, A indicates the source from where shock energy is released, B and C are points of
detection of reflected ray and the distance between source S and detector D is X. Equations 1 to 26 represents a
stepwise approach to computing depth to bedrock in seismic refraction. The velocity in medium 1 or first layer is
V; and that of medium 2 or second layer is V, (assuming that V,> V). Then travel time t is X/v1 which gives us
the distance-time curve for the direct wave as shown in Figure 2 where straight line passes through the origin to
give a slope G which is equal to the inverse of the velocity, hence G= Yy (Reynolds, 1997; Sharma, 1997;
Kearey et al., 2002). The refracted ray then travels to the interface B and then follows the path BC on the surface
of a deeper layer where a velocity V, operates, the ray then bounces back to the surface along the path CD which

is inclined at the critical angle 6.
It then follows that the travel time along refracted raypath ABCD is
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Plotting a time distance curve a slope of G,='/y, will be derived and the intercept of the curve t;, where
t;=intercept time
Hence, it can be given as
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Figure 2: Time-Distance Curves. Left is for forward shooting. Right is for forward and reverse shooting.

Close to the shot point, the direct ray is the first to be recorded. The faster velocity of the lower layer is
the refracted ray and this overtakes the direct ray to obtain the first arrival. The point where the refracted and the
direct ray meet is called the crossover point, then when traced to the horizontal axis we obtain the crossover
distanceX,, (Kearey et al., 2002). In order to compute X, the travel times for the direct and the refracted rays
are equated as:
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By implication therefore equation (23) shows that X, is more than twice the depth to the refractor.
1.1.2 Depth Calculation
To calculate the depth Z from the time-distance curve (Figure 2), the intercept time t; needs to be considered,
hence using equation (21)
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1.2 Concept of rippability
Weaver, (1975) opined that geologist and engineers work hand in hand most times handling earth related issues.
Their approach to the same problem is often widely different. Murphy III ef al., (2011) defines rippability as an
effective property of a material and not in any way an intrinsic property. Rippability depends primarily on
equipment being used and not observer invariant. This is basically a function of the strength of the ripping tool
or machine as it strives to counter the resisting power of the rocks as entrenched in its density. It is possible to
characterize unrippable crystalline rocks as being intact with low porosity, high ultrasonic and seismic velocity,
high elastic modulus, high strength, high electrical resistivity, low fracture density and high rock quality
designation (RQD) (Murphy III et al., 2011).

Rippability is often classified in 3 categories qualitatively. It may be rippable, marginal and/or non
rippable (Wickham, et al., 1972; Jennings, et al., 1970). It may be placed on a scale of 0-100 with 0 being highly
rippable and 100 being unrippable. By and large, rippability is dimesnsionless (MacGregor, et al., 1994).

2 Materials and methods

2.1 Data Acquisition

For this study, it was expedient to undertake the forward, reverse and intermediate shooting. The instruments
adopted for this investigation include: cables, compass clinometers, D.C battery, geophones, GPS, hammer,
plate, and seismograph. The instruments were then connected to the seismograph which record the signals picked
up by the array of geophones after energy has been detonated through the weight drop using the hammer and
plate. The battery serves as energy source to the seismograph itself. Twenty-four (24) channel full geophone
array was used on a split spread pattern such that one of its ends is connected to the battery while the other end is
connected to the hammer through the cable. Sequel to appropriate equipment set up, the seismograph was
powered and armed, before shots were taken through the hammer against the plate to release energy. The records
were adequately taken and saved on the seismograph for accessibility and in preparation for processing and
interpretation. This was done severally to obtain a whole lot of data for different offsets namely 2m, 4m, 6m,
8/9,12/13 etc. Shots were taken for twenty-two (20) different profiles on a whole, with profiles P;s, P;9 and P,
lying parallel to profiles P;s, P;s and P;;. Furthermore, all these six (6) profiles run perpendicular to profiles P;-
P, (Figure 3). Elevation and bearing of location was observed using a GPS and compass enabled device.

2.2 Data Processing and Interpretation

Field data generated and stored were recalled from the seismograph, this was analyzed by picking the first
arrivals using the ‘SEISMIC IMAGER’ computer software. The ‘Pickwin’ module on the software assisted in
plotting signals, signals were plotted with shot distances being plotted against arrival times as shown in Figure 2
using a geophone offset of 4m. A twenty-two (20) profile plot which consist of the forward, reverse, and
intermediate were obtained. Then the first arrival times were picked before saving the first arrivals such that it
can be later applied to obtain seismic refraction plots (see figures under results and discussion) using the
Plotrefrac. Then the depth model was generated using the tomography as represented in Figures shown in results
and interpretation section, such that velocity estimates were obtained to the top of the third (3") layer in order to
have a near accurate seismic section. Invariably, the fourth (4™) layer (greater than 12m investigation) would not
have been accurately described, hence not treated in details, since our zone of interest really lies above this layer.
Numeric results obtained from all these are presented in table 6. From the seismic data, the velocities of sound
were determined in the first, second, third and fourth layer.
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3. Study area

The regional geology of the eastern Dahomey basin is as documented in (Burke et al, 1971; Whiteman 1982;
Omatsola and Adegoke, 1981; Slansky, 1962; Adegoke et al., 1970; Ogbe, 1970; Kogbe, 1976; Rotimi ef al.,
2014) this is as presented in Table 1. The study location has an area extent of approximately 1.2 Km”shown in

Figure 3.
Table 1: Regional generalized stratigraphic setting of the eastern Dahomey basin SW, Nigeria.
AGE FORMATION LITHOLOGY
AKko et al., 1980 Omatsola and Adegoke, 1981
ILARO ILARO FORMATION SANDSTONE
o EOCENE FORMATION
& OSHOSUN
= FORMATION/ OSHOSUN FORMATION/ SHALE
E PALEOCENE AKINBO AKINBO FORMATION
E FORMATION
EWEKORO
FORMATION EWEKORO FORMATION LIMESTONE
ABEOKUTA ARAROMI
%))
8 MASTRICHTIAN FORMATION g FORMATION SHALE
A
= 25 AFOWO SANDSTONE
% TURONIAN £0 FORMATION AND SHALE
E E 5 ISE
5 BARREMIAN < FORMATION SANDSTONE

Undifferentiated Precambrian crystalline basement rocks
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Figure 3: Location map of study area (Rotimi ez al., 2014)

4. Results and discussion

4.1 Layer 1

Recorded velocities for this layers across the 20 profiles traversed range from between 615 m/s — 930 m/s. The
average value of 740 m/s and 4.4 m was recorded for velocity and layer thickness respectively. This layer from
Rotimi et al., (2014), corresponded to the topsoil/regolith. This is grossly loose but stable. Ripping this unit will
pose no resistance as it is just fairly consolidated (Figures 4-15).

4.2 Layer 2

The highest velocity recorded for this layer occurs across all profiles is approximately 1900m/s. the lithology
modeled thickness is placed at between 3.27 m — 8.89 m. Average velocity for this layer is about 1535.21 m/s
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and an average thickness of 5.32 m was realized. This units is interpreted as lateritic clay deposit upon which the
topsoil/regolith of layer 1 is conformably laid. Ripping this unit will also be easy although it is evidently more
compacted than layer 1. Being a lateritic clay deposit with fair compaction and sediment size less than 0.2 mm,
lamination and fissility is hitherto immature and hence still a slightly compacted deposit (Figures 4-15).

4.3 Layer 3

This is the most compacted of the investigated subsurface unit. It can be inferred from the recorded velocities
that it has higher density. The highest velocity of 2816.23 m/s was recorded across all 20 profiles. Layer
thickness range from between 5.93 m to 12.22 m. this unit is interpreted as Sandy clay with patches of silt and
alluvium. Porosity for this unit is expected to be good and permeability suspected to be fair. Good water bearing
aquifer may be found in this layer which is supposed to boast of fair capillary pressure for fluid flow. Hence,
source of ground water that can be explored for both domestic and industrial purposes. This unit is also rippable
(Figures 4-15).

4.4 Layer 4

This layer is located well beyond 12 m and was sampled/ encountered beneath few of the 20 profile lines
investigated. The velocity recorded here is greater than 2900 m/s and from literatures consist of lateritic sand,
gravel and clay clastics generated from the underlying metamorphic basement protolith (Figures 5, 11, 13 and

15).

- F-aiting Layered model © & of layers = 3
)
P 4
”‘- ¥
o SN PRe-. I ' '
o E - ——
el 4
~ ™ ¥ ' = 115y
-t . iz
s ~ ; i3
: -""\\ -~ o il % g :%
k= ) 4 -'\«-.\ > | 1 3 ar ??x!
/ \ A » ]
! \ “ g - .
! \ R - =H "
> '/ —p - S =i %
/ / \
/ = 12
4 X 39)
28 £ * LR
r /7 05
[ $3
! = | : . ! !
« 3 B “ 4 B ™ Lt )
a 4 " » “ “ " - o 4 ia » ! :
» i o a0 13 e
Seace= 30
<10 0 e 20 E L @ 50 [ m 83 = 100 13 120 130 1. 150,
s AA,—‘\MAJM_.A,Q;-VN_ﬁ \le —_— |
g - AN - S o il ]
14 — e L 1Ler= e
12 ———
f— L
2] =
et
E® 3
@ 34
s
=
" b =
w 44 T Tt
= 3 77 IS
" ) [~ p
B 4 4 \‘
L vy Ly e ATl
64 S, - e > o~ \ 5
e . N e 5
L ’_/- S R / o L~
> A, 5,
74 Aeget P v o . =5 [ \ ~ }{ \
/ N / 4 /
by v YA
\ Y

Figure 4.Various plot sections for Seismic refraction of Profile 3. (a) is Travel/ arrival time vs. distance chart, (b)
Plot of arrival time vs. shot distance (c) Depth Model showing different layers obtained from seismic profile 3
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Figure 5.Various plot sections for Seismic refraction of Profile 4. (a) is Travel/ arrival time vs. distance chart, (b)
Plot of arrival time vs. shot distance (c) Depth Model showing different layers obtained from seismic profile 4
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Figure 6.Various plot sections for Seismic refraction of Profile 5. (a) is Travel/ arrival time vs. distance chart, (b)
Plot of arrival time vs. shot distance (c) Depth Model showing different layers obtained from seismic profile 5
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Figure 8.Various plot sections for Seismic refraction of Profile 7. (a) is Travel/ arrival time vs. distance chart, (b)
Plot of arrival time vs. shot distance (c) Depth Model showing different layers obtained from seismic profile 7
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Figure 9.Various plot sections for Seismic refraction of Profile 8. (a) is Travel/ arrival time vs. distance chart, (b)
Plot of arrival time vs. shot distance (c) Depth Model showing different layers obtained from seismic profile 8
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(b) Plot of arrival time vs. shot distance (c¢) Depth Model showing different layers obtained from seismic profile
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Figure 14.Various plot sections for Seismic refraction of Profile 17. (a) is Travel/ arrival time vs. distance chart,
(b) Plot of arrival time vs. shot distance (c) Depth Model showing different layers obtained from seismic profile

17

95



Journal of Environment and Earth Science Www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) jo i
Vol.5, No.6, 2015

L)
-]
1) {mj
o Fha ) 103
= ' w
o o ¥
; NG g g3 300
- P el
3w ey et N 15 2 255
EE P Hods” 7 &3 210
i /o‘r i / = = 155
0 Jof 3 120
3 7 X 075
"
ig = 030
° 4 14 24 34 44 sS4 €4 74 (krnis)
Al 1 21 =4 1" s L2 ) e
« D1srance will € Distance {m)

? ]t < -
L —T - . - :,_.-r*—‘ Aﬁ\)(,,—
b - e ‘,__,_“Ih;.‘;.\.s___
™ ' S5, oA R R
S—-— s & au =2y s } S
b “ Triggmt ——— 1 1 ™ s [~

Figure 15.Various plot sections for Seismic refraction of Profile 20. (a) is Travel/ arrivai time vs. distance chart,
(b) Plot of arrival time vs. shot distance (c) Depth Model showing different layers obtained from seismic profile
20

5. Conclusion

The rippability potential of the Sedimentary rocks of in Jubilee Parkland Estate, Southwestern Nigeria has been
analyzed and the following conclusions can be drawn;

1. The respective profiles (20) on the location have been surveyed with subsurface layers delineated, where some
have 3 layers and others 4 layers. There is an increase in seismic velocity with depth which obeys the natural
concept, and average velocities of each layer have been obtained. First layer is 740 m/s, second layer is 1,535.21
m/s, third layer is 2,310 m/s and fourth layer - 2,900 m/s, all average values.

2. Vertical thickness of this location is in excess of 12 m and the respective lithologies are highly weathered with
an easily achievable rippability range of easy to hard.

3. The thickness of each layer has also been presented with layer 1 (4.4m) composed mainly if regolith, layer 2
(5.32 m) made up of lateritic clay deposit, layer 3 (5.93-12.22 m) consisting of sand, clay and patches of silt and
alluvium; and layer 4 (>12m) composed of clay, clastics, lateritic sand and gravel. Probable ground water source
has been identified as layer 3 which can be exploited for both industrial and domestic use.
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