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ABSTRACT : The study area lies between Mikir Hills and the Shillong Massif in Assam – Arakan basin. The area is bounded by
Brhamputra river in the North and is an elongated valley aligned in the NW-SE direction. Tertiary  outcrops ranging in age from
Tura to Girujan formation are exposed in the area. A number of gas shows have been reported in the area from Kopili, Brail and
Bokabil formations in the SE part of the valley. In late 80’s this valley was considered a major graben. Seismic data was acquired
in 1990-91 and in 1998-2000 in the area. Two high amplitude reflections were mapped. The reflections were thought to correspond
to the top of Sylhet limestone and to basement. Other studies have indicated that the lower reflection can be a multiple of the upper
reflection. Conclusive resolution of the issue has a significant bearing on the prospects of the area. The study being presented in
the paper has concluded that a very high velocity layer (~4500 m/s), corresponding to the basement in the area, exists at very
shallow depth. This study includes the analysis of raw seismic data. Neural Network was used to pick First break times and
Tomographic Inversion was used to derive the interval velocity along the seismic line on the picked first breaks.

INTRODUCTION

The  study area lies in a valley situated north of the
Mikir and Shillong Masiff and forms part of the Brhamputra
valley. A major part of this valley is covered with alluvium,
except the southeastern part, where Tertiary outcrops ranging
in age from Tura to Girujan formation are exposed

Near the northeast fringe of the Mikir Hills, well-A-1
encountered 67m of trap followed by 337m of lower Gondwana
sediments over lying the Archean basement. On both sides of
the Kopili valley Pre Cambrian genesis, Proterozoic
metamorphosed sediments and porphyritic  granitic intrusive
are exposed. Outcrops located towards eastern part of the
valley around Lumding vary in age from Paleocene to Mio-
Pliocene (Fig.1). The geological mapping shows  it as a youthful
rugged terrain having a number of hills rising above 300m. It
also shows uplift and rejuvenation during recent times.

The Gravity-Magnetic data acquired way back in
1968-69 also established Kopili valley as a graben having more
than 2000m of sediments.

In 1990-91, 48 fold seismic data was acquired in this
area. The data was studied at two places separately. They
mapped three reflectors, viz., A, B & C corresponding to Barails,
Sylhet and the Basement respectively  (Fig.2). Initially there
was a view that C can be multiple of B. however, later this
possibility was ruled out. They differed only in estimation of
the thickness of the sediments. The estimated thickness
ranged between 2000m and1500m. They opined that the

Figure 1: Geological Map of the study area

Paleogene and older sediments hold promise from entrapment
point of view.

However, many doubts existed about the actual
thickness of the sediments in the valley and also about the
exploration potential of the area, in spite of the presence of
the Gondwana sediments.
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The work being presented in this paper includes the
analysis of raw seismic data from NW part of the valley
acquired in 1998-99.The processes used in the study has
unambiguously estimated the thickness of the sediments in
the valley.  The processes used are First break times picking
using Neural Network and Tomographic Inversion to drive
the interval velocity along the seismic line. It was concluded
on the basis of this study that a very high velocity layer
(~4500 m/s) exists at very shallow depth, which may
correspond to the basement.

Recording parameters of  the seismic data used in
the  study are as following ( map of the area is  shown in
Fig.1):

No of channels : 96
 Group interval : 25m
Shot interval : 25m
Mode of shooting : End-on
Near offset : 100m
Far offset : 2475m
Spread length : 2375m

The  distinct refraction events of a high velocity layer
(may be  basement) were used to generate the interval velocity
profile using Neural Network and Tomographic  Inversion.
The procedure has produced a distinct velocity profile,
wherein, basement can be identified beyond doubt.

METHODOLOGY

Neural Network has been used to pick the first break
arrival times.  (Raw gathers with first arrival and refraction
marked are shown in Fig.3a –3c). Neural network first creates

Figure 2 : Seismic line showing mapped reflector C and reflector B

Figure 3a : Raw Shot Gathers

Figure 3b : Raw Shot Gathers
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a training data set of these arrival times and then, learns to
pick the first break energy using various attributes of these
picks. The learning phase is completed when the network
classifies all the training data set correctly.  Using the
knowledge gained in learning phase, the first break arrival
times for the entire data set is picked in batch mode. Wrong
picks are edited by displaying first break times on the shot
gathers interactively.

Turning ray tomographic method uses these first
break arrivals to produce the velocity model. The available
software is recommended to use to obtain the near surface
velocity variations up to a depth of about 1200m. Since in this
case the basement is very shallow and a long spread length of
2475m has been used for data acquisition, this method can
safely be used to produce the desired velocity model. The
method works by tracing the turning rays through the initial
model. The time picks obtained from ray tracing are subtracted
from the actual first break picks to obtain residual travel times.
Adjusting the slowness field in a sparse matrix inversion
process then reduces these residual travel times.

In this particular study the initial velocity model
(Fig.4) was created by reading first break time for a single shot
in turning ray tracing module. This model was used as input
velocity model for Tomographic Inversion. The gross velocity
field obtained after the first few iterations was thought to be
correctly derived as the velocity model was matching with the
basic structural features of the seismic section. Ray tracing
and subsequent steps were repeated to take care of small
structural features in the seismic section as they could affect
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the ray paths significantly. After little such iteration, inversion
step was repeated five times to bring out subtle lateral velocity
changes in the final velocity model. Parameters like Damping
factor, Minimum Eigen vector were mainly changed in the
inversion process. Final output velocity model is shown in
Fig.5.

CONCLUSION

The method of Neural Network and Tomographic
Inversion of refraction arrivals has been used for the first time
on interactive processing workstation to study the structural

Figure3c : Raw Shot Gathers

Figure 4 : Initial velocity model

Figure 5 : Final velocity model
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configuration. The study has brought out that this method
can be successfully used to estimate the depth, configuration
and structural style of the basement based on interval
velocities. The velocity of the upper reflector, B, is much  higher
than the velocity of any sedimentary rock. From this, the
position of the Basement has been decisively calculated
without leaving any place for doubt. It can be concluded by
doing the back calculations that the lower reflection, C, is
indeed, a multiple. This interval velocity can be utilized for
other purpose like  subtle stratigraphic correlation, etc. Since
Tomographic Inversion method has got its own limitations,
other suitable tools can be used to further investigate the
wide-angle data to derive its full  benefits.
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