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INTRODUCTION

The 1982 seismic prospecting program at Lekken West con-
sisted of two seismic lines south of the area previously
covered in 1979-1981.

Downhole seismic velocity measurements were carried out in
the second diamond drilling, denoted Borehole 2 in this

report.

Laboratory measurements of sonic velocities and densities
carried out at The Technical University of Norway (NTH) are

also reported.
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2.DATA ACQUISITION

2.1

Reflection Seismic Lines

Two seismic lines have been measured, extending south-
wards from lines 79 III and 80 III respectively, see
overviewmap, Appendix 2.1.

Recording instruments, field techniques and field
parametres were similar to those previously applied in
Lokken West (A/S Geoteam reports 4034.05 and
4034.06) .

The lines are denoted Line 82 I and 82 II.

Line 82 I consist of 57 new stations and 13 stations

along the southern termination of Line 79 III.

Line 82 II is likewise composed of 69 new stations and
9 stations along Line 80 III at the southern termi-

nation.

Altogether 46 shots were fired along Line 82 I,

whereas 61 shots were fired along Line 82 II.

The actual data acquisition was carried out in June
1982. The recording along Line 82 I was partly
exposed to noise from nearby agricultural activity,
however, we do not believe that the noise experiehced
is significant with respect to the main result

reported.
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Seismic Velocity Logging

Borehole 2 in Sugustadmarka was subjected to downhole
seismic velocity measurements, subsequent to the
reflection seismic measurements along Lines 82 I and
82 II. One record was taken every 10 metres from top
of hole down to the bottom, which was encountered at
974 m measured with the borehole geophone lead.

Borehole 2 is located on Line 80 III, and the drilling
target was the seismic discontinuity at about
300 milliseconds twt (two-way-time) found in the

seismic section at line metres 800.

The recording layout was equivalent to the layout used
for logging of Borehole 1 in 1981, Report 4034.06.
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DATA PROCESSING AND RESULTS

3.1

Processing of Data

Processing of data has been carried out at
A/S GEOTEAM's processing centre applying Disco
seismic processing programs installed in a VAX 11/780

computer.

The crooked line option for data acquisition geometry
was utilized ©prior to CDF (common-depth-family)

gathering of traces.

Seismic Line Identification

The seismic lines are displayed in Appendix 2.2. This
appendix also shows the seismic 1lines previously

measured in the years 1979-1981.

A projecting direction is defined by a starting-point

and an end-point:

Line 82 I : _Start point at CDP_1:

x=-750 y=406

x=102 y=406

Line 82 II: Start point_at CDP 10:

x==-214 y=1067

x=457 y=630
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The CDP-families are defined according to the crooked
line option of the geometry program, which gathers all
reflection points whose normal projection to the
selected line falls within a 5m interval.

Seismic Section

Filtered stacks of Lines 82I and 82II are shown in
Appendices 3.1 and 3.2 respectively.

The sections do not show reflectivity of significant
continuity within the area and depth range of main
interest, except for a very shallow reflector from
about CDP 77 - CDP 100, twt 70-85 milliseconds.

During processing, however, we have found that many
CDF's (Common Depth Families) show 1line-up of
reflected events which may be followed through 3-4
CDF's.

The reflected events appear at different times

unconformable with continous reflecting interfaces.

Appendix 3.3 and 3.4 show examples of these

"short-duration" reflections.

The origin of reflected energy found on CDF-level is
most likely associated with point reflectors or
reflectors of lateral extent of the order of a few

tens of metres.

After stack, the continuity of reflected energy is no
longer distinguishable from the continuity of back-

ground noise.
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Velocities Based on Seismic Velocity Logging,
Borehole 2

The data recorded in Borehole 2 are plotted in a
depth-versus-time frame in Appendix 3.5.

First arrivals are identifiable with dereasing

signal-to-noise ratio from top of the hole.

Secondary phases with velocities corresponding to
sound in water are clearly visible, however, the
origin of these phases are uninterpretable as related

to geology.

The velocities determined from first arrivals reveal a
much more complex model than previously found in Bore-
hole 1.

Borehole 2 may be interpreted as composed of 4 velo-

city intervals as indicated in Appendix 3.5.

The interval velocity 0-890 m applies as an average
velocity for depth calculations of the marked
reflector found in Line 80 III, line metres 800,

300 milliseconds twt.

The average velocity down to depth 890 m in Borehole 2
is 3-4% higher than the corresponding average velocity

found in Borehole 1.
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Impedance Contrasts from Borehole Samples

Laboratory testing including sonic velocity- (54 kHz)
and density measurements have been carried out at The

Technical University of Norway (NTH), Trondheim.

Three sets of samples are reported here, two sets from

Borehole 1 and one set from Borehole 2.

The two sets of samples cover the depth range
379-440 m and 992-1029 m respectively.

Density, velocity and seismic impedance as function of
depth in the borehole are displayed in Appendix 3.6.
This appendix also includes equivalent information
from the depth range 670-680 m, previously reported in
A/S GEOTEAM's report 4034.06.

The sets of samples analyzed and displayed all show an
impedance variation that would be expected according
to the seismic model implied by the seismic sections
at Borehole 1, presented in A/S GEOTEAM's report
4034.05.

The samples analyzed cover the depth interval
840-930 m.

Density, velocity and seismic impedance as function of

depth of hole are shown in Appendix 3.7.
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The impedance contrast shown represents the most
marked constrast encountered in the Lekken West area.
The corresponding reflection coefficient is -0.13

(laboratory measured data).

Applying in-situ measured velocities of Appendix 3.5,
and the laboratory measured densities of Appendix 3.7,

the corresponding reflection coefficient is -0.09.
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INTERPREATION AND CONCLUSIONS

The seismic sections of Lines 82 I and 82 II seem to
indicate that few high density-velocity contrast of signi-
ficant magnitude exists in the area covered and depth range
300-1500 m.

However, apparent reflections which are continous across
3-4 common-depth-families are commonly found, see

Appendices 3.3 and 3.4.

Due to the very short spatial duration of these reflec-
tions, they are indistinguishable against background noise
in the seismic sections. The origin of these reflections
may be point sources or near point sources of lateral
extent of the order of a few tens of metres, positioned at

varying distance from the surface.

In broad, Lines 82 I and 82 II seem to support the
impression of the southern termination of Lines 79 III and

80 III, which shows reflections fading out southwards.

A shallow reflector appears at CDP 77 - CDP 100 of Line
82 1I, probably extending to the end of the line.

The reflector dips about 25 degrees to the north. A two-
dimensional (in-line) interpretation is given in
Appendix 4.1, displaying the broad outline of the reflector

and its probable extension.
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It should be remembered, however, that shallow reflectors
in the depth range 0-300 metres in general may be over-
looked by the seismic technique applied due to decreasing
signal-to-noise ratio. To cover the shallow depth interval
0-300 m it is therefore adviseable to apply some other geo-
physical technique, as for instance IP-measurements.

Borehole Information

The seismic velocity logging carried out in Borehole 2

reveals a highly varying seismic velocity with depth.

In particular the 6800 m/s velocity found for the depth
interval 770-890 m is interesting from a geophysical point
of view. We believe that the dyke consentration indicated
by the geologic log for this hole accounts for this high
velocity.

The 6800 m/s interval velocity brings the average velocity
up to 6350 m/s from surface to the depth 890 m. The out-
standing impedance contrast corresponding to the seismic

target was found at this depth.

Pre-drilling estimates of depth to the reflector was about
830 metres, applying a seismic velocity of 6000 m/s. The
difference between estimated and real depth found by
drilling is explained by the difference in velocity of
about 6%.
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Impedance versus depth calculated from laboratory measure-
ments of sonic velocity and density are all in accordance
with reflectors found in the seismic sections.

It is reason to believe that the sonic velocities measured
on small samples are lower and show greater variaton across
the reflecting interfaces that the in-situ velocities

determined by borehole seismic logging.

The estimated reflection coefficient determined from labo-
ratory tests are -0.13 for the particular boundary in Bore-
hole 2, and -0.09 according to the in-situ velocity and

laboratory determined densities.

In conclusion, these values for reflection coefficients
across rock-type boundaries in the crystalline rocks at
Lokken West are higher that previously anticipated. This
fact encourages the use of the reflection seismic method
for structural mapping and geological model building in
crystalline rocks in general and in Lgkken West in parti-

cular.

Oslo, 1 desember 1982

for A/S GEOTEAM

. .! [

“-Anders Dahle -
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Reflection Seismic Lines
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