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ABSTRACT : The dispersive characteristics of Rayleigh type surface waves were utilized for imaging the shallow subsurface
layers near Jabalpur, India. The reliability of multichannel analysis of surface waves depends on the accurate determination of
phase velocities for  horizontally traveling fundamental mode Rayleigh waves.  Multichannel recording paves the way for effective
identification and isolation of various factors of noise. Decomposition of a multichannel record into time-frequency format permits
real-time maximization of  S/N ratio during acquisition and processing stages.  Using  “Surfseis”, the MASW data were analyzed
and found that the shear wave velocity (Vs) is  in the range of 200 – 750 m/sec covering a depth range of  30 – 40 m.  A pair of
selected set of results over alluvium soil and granites  are presented here as a case study highlighting the advantages of MASW.

INTRODUCTION

In general surface waves are considered to be noise
on body-wave surveys, however, their frequency dependent
properties can be used to infer near surface elastic properties
(Pork et.al, 1998, Xia et.al, 2000). The most common uses of
dispersive properties of surface waves is to obtain  shear (S)
wave velocity (Vs) profiles  through the analysis of plane wave,
fundamental Rayleigh waves which carry more than two-thirds
of total seismic energy generated, when a compressional wave
source is used.

In early 1980s, a wave propagation method to
generate the near surface velocity (Vs) profile, called Spectral
Analysis of Surface Waves (SASW) was introduced (Nazarian
et.al, 1983). This method uses the spectral analysis of ground
roll generated by an impulsive source and recorded by a pair
of receivers.  The single pair of receivers is configured
repeatedly based on wavelength calculations made during data
acquisition.  The data are analyzed in the frequency domain
to produce  dispersive curves which in turn results the shear
wave velocity (Vs) profiles with only a pair of receivers. Due
to uniqueness of each site, inherent difficulties are encountered,
when analyzing and distinguishing signal from noise besides
being expensive.

Relatively a refined recent replacement of Spectral
Analysis of Surface Waves (SASW)  is the Multichannel
Analysis of Surface Waves (MASW) which makes it possible
to control effectively noise during data acquisition and
processing, and hence ensures highest signal to noise ratio (S/
N).The multichannel recording also allows an effective
coverage of a fairly large area in a continuous mode.  In shear

wave velocity (Vs) profiling, the entire process consists of (i)
acquisition of surface waves, (ii) construction of dispersive
curve (a plot of phase velocity versus frequency) and (iii)
inversion of  Vs, from the calculated dispersive curve.  Care
should be taken in recording broadband surface waves with
minimum noise to allow accurate determination of the Vs
profile.  In MASW, the high S/N ensures high accuracy in the
calculated dispersion curve while the broad bandwidth
improves resolution and depth range of investigation. Higher
mode data have a deeper investigation depth than the
fundamental mode data. Also, the higher mode data increases
the resolution of inverted S-wave velocities, which in turn
dependent on frequency as well as distance from the source.
Further details on MASW and its applications are available
in literature (Xia et.al, 1999, 2000 and Park et.al, 1999).

The application of MASW is gaining greater
importance in the recent past for shallow subsurface
geotechnical investigations. Several characteristics of surface
waves and surface-wave imaging make application of this
technique possible in areas where other geophysical tools have
failed or provided inadequate or questionable results (Miller
et al, 1999).  This emerging tool was made use of mapping
shallow sub surface layers in a complex geological environ in
and around Jabalpur, and a couple of selected set of results
over alluvium soil and granites are presented here as a case
study.

SHEAR WAVE VELOCITY (V
s
) ESTIMATION

The basic field configuration and data acquisition
routine for MASW is almost the same as that of conventional
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CMP, body wave reflection surveys.  However, in MASW the
enhancement of low frequency energy is more in contrast with
the body wave surveys. A 24 channel signal enhancement
seismograph “Strata view” of Geometrics Inc., USA was
employed for data acquisition with 4.5 Hz sensors which
record the lower frequency components as low as 5 Hz
effectively.  The energy source was a 10/20 Kg sledgehammer
all through the survey with 1m group and shot interval.
Standard roll – along technique has been used to achieve a
continuous shot gather. Each shot gather produces a dispersion
curve. Further, the source to nearest receiver offset was
maintained as 5m to achieve desired depth probing.

The Geology of the Jabalpur area is very complex
and the rock groups of Central Indian Shield are exposed and
which are of Archean to recent.  The major rock types in the
area of investigation include Alluvium, Deccan traps, Lameta
Group, Gondwana Super group, Madanmahal Granites and
Mahakoshal group.  In view of the varied and wide range of
rock formations, a reasonably good coverage of about 2000
records spread over 41 profiles were obtained.  The entire
data were processed using ‘Surfseis’ a proprietary software
package of  M/s Kansas Geological Survey, USA.

Some of the  pre-processing steps carried out on 24
shot gather traces include (i) the conversion of data format
from field record format to the Kansas data processing format,
(ii) removal of bad traces / records, (iii) check on alignment
of surface wave with neighboring shot gather records, (iv)
filtering and muting of unwanted signals including reflected
and refracted signals, (v) velocity and frequency analysis to
estimate the phase velocity of surface waves etc.  Then the
data was subjected to Surfseis to generate dispersion curve
from the shot gathers followed by the inversion of the
dispersion curve to get the shear wave, velocity (Vs) profile
and depth.  Finally, 2-D shear wave velocity images were
prepared based on the available shear wave velocity-depth
profiles.

The results of two sets  of field examples are
presented here, in the form of raw field records, processed
records, dispersion curves, velocity models (S-wave velocity
with depth) and finally 2-D velocity images. Figure (1a & 1b)
show the raw field record and the corresponding processed
record over alluvium soil. The dispersion curve (thick line-
phase velocity versus frequency  and  dotted line-the signal to
noise ratio versus frequency) obtained corresponding to the

Figure 1: (a) A 24 channel raw field record over thick alluvium soil   (b) Processed record
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processed record  is given in Figure (2). Further, the velocity
model derived from the above dispersion curve is given in
Figure (3). Based on  the velocity profiles (Vs), the  depth
section obtained is shown in Figure (4) in the form of 2-D
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contour image.  Similarly, raw and processed records, the
dispersion curve, the velocity model  and the depth section
over soil followed by granites  are given in Figures (5a &
5b),(6),(7) and (8) respectively.

Figure 2: Dispersion curve obtained from the processed record.

Figure 3: Velocity (Vs) model derived from the dispersion curve.

Figure 4: Depth section obtained over thick alluvium area, based
on velocity data along 50m stretch. Figure 5 :  (b) Processed record

Figure 5. (a) A 24 channel raw field record over soil followed by
granites.
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Figure 6: Dispersion curve obtained from the processed record.

Figure 7: Velocity (Vs) model derived from the dispersion curve.
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Figure 8: Depth section obtained over granite area based on velocity data along 50m stretch.

RESULTS AND DISCUSSION

Although, Figures (3) and (7) show 10 layer velocity
models, the interpretation of shear wave images were carried
out approximating them to be only three layers.  The first
layer (top layer) identified with velocity (Vs) in the range
200 – 350 m/sec in soil cover, with thickness of 2.5 – 10m is
followed by weathered rock / water saturated sand / silt /
clay zones which constitute the second layer with velocity
(Vs) in the range of 350-750 m/sec and velocity (Vs) of about
750 m/sec or more is assumed to be bedrock velocity.  In
some locations the bedrock is deeper (>30m) and could not
be traced. At these locations the bedrock is presumed to be
greater than 30m, with velocity (Vs) much greater than 750
m/sec.  Also, in some cases, a layer with velocity (Vs) less
than 200 m/sec is noticed and which may be attributed to
loose clay and artificial fill. Layers with velocity les than
200 m/sec is prone to liquefaction (Linda et. al, 2000).

It is found that the chance of successful survey is
usually much higher with the surface wave method than with
other seismic methods particularly in detecting near surface
anomalies. The strong nature of surface wave energy can be
generated by using simple impact source followed by simple
field logistics and processing. Most importantly, surface
waves respond effectively to various types of near surface
anomalies that are common targets of geotechnical

investigations. Continuous recording of multichannel surface
waves show great promise in mapping the bedrock surface,
delineating fracture system, etc. Cross sections generated
based on such a data acquisition contain information about
the horizontal  and vertical continuity of materials as shallow
as fraction of a meter down to depths of more than 100m.
Although, the surface waves are insensitive to cultural noise,
they are sensitive to lateral changes  in velocity.
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