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Abstract. A workshop of the Commission on Controlled
Source Seismology in the International Association of Seis-
mology and Physics of the Earth’s Interior was held at
Karlsruhe, F.R.G., on August 1-6, 1977. The aim was the
comparison of various interpretations derived from a set
of several explosion seismic data. These same data had been
distributed to the participants before the meeting who inter-
preted them by different inversion methods. In the work-
shop itself the interpretations of the various authors were
discussed, especially with respect to differing or conflicting
results. Out of the distributed data two sets were discussed
in more detail: A synthetic crustal record section whose
source structure was not known to the participants, and
a record section of real field data which was part of the
LISPB experiment through the British Isles in 1974. Meth-
ods of interpretation were based on the travel-time informa-
tion and the calculation of synthetic seismograms. This
paper summarizes and compares the interpretations
achieved before, during and after the workshop. The variety
of velocity-depth functions reflects primarily the differences
in the correlation of phases by the various workers. Never-
theless, it can be concluded that the main structural charac-
teristics for both data sets were worked out by all partici-
pants.

The use of synthetic seismograms during the interpreta-
tion of seismic data proved to be very important in arriving
at a model which approximates the truth from among the
many possible velocity-depth models which satisfy the trav-
el-time observations alone. Only laterally homogeneous
structures were considered in this workshop.

Institute of Geophysics, Ziirich, Contribution No. 360
Geophysical Institute, Karlsruhe, Contribution No. 247

Key words: Crustal structure — Explosion seismic data —
Interpretation methods — Travel times — Synthetic seismo-
grams

Introduction

The Commission on Controlled Source Seismology (CCSS)
in the International Association of Seismology and Physics
of the Earth’s Interior (IASPEI) held a workshop on
“Comparative Interpretation of Explosion Seismic Data™
at Karlsruhe, West Germany, on August 1-6, 1977. A prime
objective of this workshop was for a group of seismologists
to compare independent interpretations of a number of
identical data sets provided before the meeting in the form
of record sections. The groups were free to use whatever
inversion methods they preferred.

Two out of five data sets of different character and
origin which received the highest attention will be discussed
here in detail: A synthetic record section for a crustal struc-
ture which was kept unknown to the interpreters (Data
Set 1), and a crustal record section from the LISPB experi-
ment in Great Britain (Data Set 2) (Bamford et al., 1976;
1978). Both data sets contained only compressional phases.
To stimulate fruitful discussions, participants were re-
quested to submit their interpretations well in advance in
order to distribute them prior to the workshop. Thirty par-
ticipants contributed to the workshop, and those listed as
authors have been working intensively with the two data
sets discussed here.

The success of the workshop was greatly enhanced by
the direct access to computer facilities which allowed the
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immediate computations of travel times and synthetic seis-
mograms for models as they resulted during the discussions.
A summary of the results was presented at a poster session
of the IASPEI meeting in 1977 in Durham, England
(Bamford et al., 1979).

Data Set 1: Synthetic Record Section

The inversion of a synthetic record section computed for
a given crustal model has the advantage that it is possible
to check how closely the inverted models approximate the
given “true” model. Furthermore any discrepancies in cor-
relation or identification of secondary arrivals and how
much they affected the inversion could be studied, since
the phase-identifications in terms of the original model were
available during the workshop.

Figure 1 shows a simple crustal model from which the
synthetic record section in Fig. 2 was computed in Karls-
ruhe, using the reflectivity method (Fuchs and Miiller,
1971). In order to produce a realistic case numerical noise
was added to the synthetic seismograms. The resulting inter-
ferences caused phases which could be mistaken as true
arrivals due to structure, as will be seen in the following
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Fig. 1. Model for the synthetic record section (Data Set 1) in Fig. 2

discussions. Twelve different velocity-depth models were
produced by participants of the workshop (Fig. 3).

Out of the many methods of interpretation for crustal
refraction data only the most frequently used were applied
to these data and only those will be discussed in detail.

Models B, C, D, F, G and H come very close to the
original structure A and vary little from each other. The
models B, C, D, F were derived using the following scheme:
— Prograde travel-time branches were correlated and a pre-
liminary model from apparent velocities and intercept times
was determined. Critital distances were fixed by the qualita-
tive study of amplitudes.

— Travel-time curves by stepwise adjustment were calcu-
lated, starting from the previously derived preliminary mod-
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Fig. 3. Models derived from the synthetic record section in Fig. 2
by various authors: 4) Original model; B) G. Miiller; C) Braile;
D) Ansorge, St. Mueller, Banda; E) Giese; F) Fliith; G) Mykkelt-
veit; H-K) Bessonova, Fishman, Reznikov, Sitnikova; L) Geyko;
M) Jurov; N) Pavlenkova
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— Synthetic seismograms were calculated by means of ray
theoretical methods (Cerveny et al., 1977) or the reflectivity
method by Fuchs and Miller (1971).
Figure 4 shows an example of travel-time curves for model
D (Fig. 3). Synthetic seismogram sections are shown in
Figs. 5 and 6 for models D and F (Fig. 3), using the ray
theoretical and reflectivity methods, respectively. In all
cases the travel times and amplitudes fit the original data
quite well. Models B, D and F contain no velocitiy gra-
dients, in agreement with the original model.

Mykkeltveit (Model G, Fig. 3) uses a different approach
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Fig. 4. Travel-time curves by Ansorge, Mueller, Banda for Data
Set 1 (Fig. 2), (reduction velocity 6 km/s)
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(Mykkeltveit, 1980). After identifying one arrival as the
reflection from an interface, he varies the angle of incidence
and calculates for each ray pairs of velocity » and depth
z, which lead to the same value of travel time 7 and distance
x thus forming a curve in the v,z-diagram. This procedure
is repeated for another arrival of the same phase, i.e. the
same reflection observed at a different distance. The inter-
section of the corresponding two curves in the v,z-diagram
defines the correct velocity-depth value for this reflection.
This method is applied after the parameters of the top layers
have been deduced by conventional means from the correla-
tions ¢ and b in Fig. 7. The arrows of Fig. 7 show the choice
of points for modelling the structure at greater depths. Once
a layer is identified, it is included in the known velocity
distribution and the procedure is repeated for the determi-
nation of v and z in the next layer. Finally, the velocity
of the lower halfspace is estimated from the apparent veloci-
ty of the refracted wave h in Fig. 7. The resulting velocity-
depth model G in Fig. 3 is almost identical to the original
one. This excellent agreement is obtained thanks to the
existence of very well developed under- and over-critical
reflections, due to the first-order discontinuities.

Another inversion technique is applied by Giese (Fig. 8).
Starting with a very similar correlation of travel-time curves
(see for comparison Figs. 4 and 8), he determines a first
approximate model using, for prograde branches, the equa-
tion
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Fig. 5. Synthetic record section
by Ansorge, Mueller, Banda
calculated for Data Set 1 using

the ray theoretical method
xM)  (Cerveny et al., 1977)

Fig. 6. Synthetic record section
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Fig. 8. Travel-time curves and model E (Fig. 3) for Data Set 1
by Giese

X q/vp-t/x—1 .
Zp=— |/ —— th v,=dx/dt,
) I/v,,~t/x+1 with vy =dx;

and for retrograde branches the equation

Zmax:%'l’ UP't/x_l,

as well as the x2 —t% method (Giese, 1976).

This first model already contains velocity gradients.
Negative velocity gradients are then introduced in order
to limit the observed distance of certain travel-time

T
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branches, e.g. phase ¢ in Fig. 8. The resulting model (Fig. 8
and model E in Fig. 3) deviates slightly from the original
one, but the main structural features are clearly obtained.
This model was not specially checked, however, by the re-
calculation of synthetic seismograms.

The models H to N in Fig. 3 have been determined
by methods widely used in the USSR. The interpretations
were based only on the kinematic features of the waves.
Starting with essentially the same correlation as shown in
Fig. 9, the travel-time branches are identified as reflected
or refracted phases in a first step for all models.

Bessonova, Fishman, Reznikov and Sitnikova used the
so-called Tau-method (Bessonova etal.,, 1974, 1976) to
derive models H to K in Fig. 3. After correlating travel-time
curves in the record section, discrete travel times #(x) are
inverted into delay times t(p) = t(p) — px(p), p being the ray
parameter. Bounds on the delay times arising from a given
accuracy of travel times #(x) are used to generate extreme
bounds on the velocity-depth distribution (Fig. 10), which
themselves are not possible solutions.

Based on the correlations chosen by Bessonova et al.
with an accuracy of +0.03 s, the deduced extremal bounds
on the velocity-depth distribution (Fig. 10) do not exclude
the possibility of low-velocity zones. Consequently the two
models I and K in Fig. 3, which are those preferred by
the authors from the variety of possible models, show
details which the original model does not contain. Models
H to K satisfy the travel-time observations equally well.
Phases caused by the upper boundaries of low-velocity
zones may easily be missed depending on the actual signal
to noise ratio. In addition, the relative amplitudes of phases
are widely governed by the velocity gradients across bound-
ary zones; therefore only the use of synthetic seismograms
allows separation of models with the same kinematic char-
acter. Model L (Fig. 3) was determined using a program
by Geyko (1970), which is based on the method developed
by Gerver and Markushevich (1967). In this procedure the
depths of reflectors are estimated from the near-critical re-
flections and the vertical velocity gradient above the reflec-
tors from the reversed branches. The entire time-distance
curves are used for the determination of minimum and max-
imum velocity in the layer between the reflectors. Thus the
solution for each layer, i.e. for each segment of the function
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Fig. 9. Data Set 1 with travel-
time correlations by Jurov and
Pavlenkova
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Fig. 10. Velocity-depth structure for Data Set 1 by Bessonova et al.
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od); velocity-depth models with: .....wide-low-velocity zone
(Model I in Fig. 3); narrow low-velocity zone (Model K in
Fig. 3); — — — — without low-velocity zone (Model H in Fig. 3)

v(z), consists of three parameters: the lower boundary of
the layer, the maximum velocity and the minimum velocity
in the layer. The depths of v, and v,,, depend on the
velocity gradient obtained (Model L, Fig. 3). This model
agrees with the observed travel times to within the standard
deviation of +0.05s, although the resulting amplitudes
have not been checked.

Model M (Fig. 3) was derived by Jurov who identified

120

the nature of the phases b, d, ¢, g (Fig. 9) either as refracted
or reflected arrivals by the analysis of the effective velocity,

v,(x) (Riznichenko, 1946):
x dx
todt’
If v,(x) is constant or increases with x, the wave is consid-
ered to be a reflection, if v,(x) decreases with x, the wave
is considered to be a refraction or diving wave. Velocity
depth functions were calculated by assuming first-order dis-
continuities, which allows the 1> — x> method for reflections
(Fig. 11) and the intercept-time method for refractions.
Jurov (1978) concludes that the vertical average velocity
o is related to the effective velocity v, at x/2220.5-2.0 by
7=0.995 v, for reflections from boundaries in the upper
crust and §=~0.98 y, for P, P reflections.
The #-values were used for the calculation of layer velo-
cities. These were compared with the apparent velocities
of the waves b, d, e, g (Fig. 9) at large distances. Slight
differences were observed only for the layer between the
boundaries b and d. Its layer velocity was determined as
5.985 km/s while the apparent velocity of the wave ¢ at
the distance range 50-70 km is 6.01 km/s. It was supposed,
therefore, that two layers exist between the boundaries b
and d. In the upper layer the velocity increases with depth
up to 6.01 km/s, in the second layer the velocity is smaller.,
To prove this assumption an attempt was made to identify
reflections from the top of the low-velocity layer. Such re-
flections were not found, but it is possible to consider the
wave g'" as peg-leg reflections (a channel wave) inside the
low-velocity layer (Fig. 9). The next layer considered in
detail was the fifth layer having a gradient zone at a depth
21-24 km in model M (Fig. 3), which corresponds to the
time-distance curve g (Fig. 9). This zone is caused by a
correlation where v,(x) seems to decrease with x because
of interference between phases ¢ and g (Fig. 9). The #(x)
curves calculated for the model M of Fig. 3 coincide with
the correlated curves within a standard deviation of
+0.03s.
Pavlenkova (Model N, Fig. 3) inverts the first-arrival
times into depth using a formula by Pavlenkova and Smel-

janskaja (1969):

I/UP_U.
-2
Vp+0

v (x)=
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where 5=> and vp is the apparent velocity at distance x.
t

The obtained depths z(vp) are plotted as crosses in Fig. 12.
Pavlenkova assumes that the average velocity ¢ is equal

to the effective velocity v, (x=0), therefore, for the reflec-
tions b, d, e, g (Fig.9) the average velocities o =v,(x) or v,(vp)
and depths z(v,) or z(v,) are determined point by point. The
depths are plotted versus v, as open circles in Fig.12. To
determine the real depth of the boundaryitis necessary to take
z from the curve z(v,) at the largest v, which corresponds
to the time-distance curve minimum in reduced scale. The
lowest vp of a reflection determines the highest layer velocity
in the medium above the reflector. Thus, three main values
were estimated for each reflection: The depth of the inter-
face, the maximum layer velocity (vp) above it and the aver-
age velocity. Between the boundaries d, e, g (Fig. 12) maxi-
mume-layer velocities of 6.25 and 7.15 km/s were deduced.
For the upper part between interfaces b and d the apparent
velocity of first arrivals increases from 6.0 to 6.1 km/s.
However, for the entire layer an average velocity of 6.0 km/s
was determined. A low-velocity layer, therefore, had to be
introduced (Fig. 12). After checking the model by the calcu-
lation of travel times, only slight depth corrections of the
reflectors were necessary (continuous line in Fig. 12). Con-
siderable deviations in the depth to the Moho appear be-
tween the determinations from reflections and refracted ar-
rivals (see crosses in lower part of Fig. 12). In order to
explain the weak phases g’ (Fig. 9) a low-velocity layer was
assumed immediately above the Moho.

The three models L, M, N in Fig. 3 are in good agree-
ment with the given time-distance curves. Depths of the
main discontinuities and average velocities based on the
strong reflections have values similar to those in the initial
model, irrespective of the method with which these values
were derived. In comparison with the original model, depths
differ by not more than 200 m and average layer velocities
by not more than 0.05 km/s.

All three models have, however, similar additional
details. Low-velocity layers are caused by the correlation
of first or later arrivals with too high apparent velocities.
This leads to positive velocity gradients in the top layer
which are not real. Furthermore, the introduction of low-
velocity layers is supported by the correlation of weak
phases g’ and g’ (Fig. 9) which have been interpreted as
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multiple reflections inside such layers. From later calcula- During the workshop synthetic record sections (Fig. 13)
tions of time-distance curves for the initial model, Jurov were calculated for some representative velocity-depth mod-
concludes that these phases g’ and g”" may also be inter- els from Fig. 3 (Models E, I, L, N), which deviate substan-
preted as converted waves. tially from the original model. For better comparison, a
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Fig. 14. Composite summary of models derived from Data Set 1
by various authors. EE Models falling inside a +0.04 km/s,
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synthetic section was also recalculated for the original mod-
el, using the same source function as for the other four
cases, without adding numerical noise (A, Fig. 13).

The synthetic sections for models E, I and N are very
similar and come closest to the original. A common differ-
ence from the original is a relatively weak P, P phase at
distances greater than 110 km. In addition, phases from
the middle crust are slightly more complicated in model I
than in the original section between distances 40-90 km.
The gradient in the upper crust of model N leads to greater
amplitudes of the P, phase than observed originally. Addi-
tional phases originating from the low-velocity zones in
models E and N cannot be resolved. The wave field for
model L is characterized by higher amplitudes of all phases
and a more rapid decrease with distance than in the original
section.

All models presented in Fig. 3 are combined in one
diagram in Fig. 14. For simplicity only models falling
outside a +0.04 km/s, +0.2km band centered on the
correct model are displayed. The diagram also shows the
Tau-method bounds derived by Bessonova, Fishman, Rez-
nikov and Sitnikova which are not to be mistaken as possi-
ble velocity-depth models. As the stated deviation of al-
lowed correlations by Bessonova et al. is rather small
(+0.03 s) it is not surprising that some of the other models
fall outside the Tau-bounds in Fig. 14.

In conclusion it can be said that all models show the
main boundaries at almost identical depths. This is due
to the fact that all interpreters have identified the main
phases in the same way. Differences in the models stem
from small amplitude phases caused by numerical noise
or interferences and by differences in the identification of
phases which decay rapidly in amplitude with increasing
distances. Although small variations in velocity, e.g. the
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proportional to distance squared (Whitmarsh)

deduced velocity reversals in models E, I and N, cannot
be resolved, it is apparent from these examples that the
use of synthetic seismograms during the interpretation of
seismic refraction data is important in arriving at a model
which approximates the truth from among the many possi-
ble velocity-depth models which satisfy the travel-time ob-
servations alone.

Data Set 2: Crustal Record Section
from the LISPB Experiment in Great
Britain

The LISPB crustal record section (Fig. 15) was selected out
of a series of crustal profiles recorded in 1974 in northern
Britain (Bamford et al., 1976). This section was plotted with
amplitudes normalized to the same maximum value in each
trace and with broad-band filtering (1-30 Hz). During the
workshop, the same data were replotted with the true ampli-
tudes multiplied by distance squared (Fig. 16a) and with
narrower band-pass filtering (e.g. 1-8 Hz). In the following
some of the individual interpretations were selected with
special emphasis on the personal approach of the author.
The interpretation by Whitmarsh (Figs. 15-17) is based
mainly on arrivals identified on a true amplitude record
section (Fig. 16a). The section shows two clear sets of arriv-
als which can be correlated from trace to trace. The first
set is visible from 110 to 220 km and the arrivals have
an apparent velocity of about 6.4 km/s. The second set is
seen between 80 and 110 km, but can also be faintly dis-
cerned between 135 and 150 km, and contains arrivals with
an apparent velocity of about 7.9 km/s. The above two

VELOCITY (KM-S™)

5 6 7 8 9
0 i 1 1

10

DEPTH
(KM)

20+

304

40 T T T

Fig. 17. Preferred velocity-depth model for Data Set 2 used to cal-
culate the synthetic record section in Fig. 16b by Whitmarsh

phases are assigned to branches ¢ and e respectively of a
hodochron curve calculated from the final model (Figs. 16a
and 17). The interpretation also depends to a lesser extent
on the relatively high frequency normalized-amplitude
record section (Fig. 15, originally distributed). This section
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Fig. 19. Velocity-depth model derived by Mykkeltveit for Data
Set 2

is valuable because it enables the identification of some
other phases (falling on hodochron branches a, ' and f),
which are too weak to be positively recognized on the true
amplitude section (Fig. 16a). First arrivals at relatively
short ranges, belonging to branches a and &', are barely
visible on Fig. 16a because of the distance-squared ampli-
tude factor. A speculative branch b (Fig. 15) may also be
identified, but the fact that the corresponding arrivals are
apparently greatest in amplitude on traces where there is
considerable noise before the first arrival means that some
doubt exists as to the reality of this branch. It can also
be poorly discerned on Fig. 16a. Lastly a branch f can be
identified from a set of relatively high frequency first arriv-
als with an apparent velocity of about 8.4 km/s.

Various velocity-depth models were used to calculate
hodochrons which fitted the observed times. Subsequently,
synthetic seismograms were calculated for the most promis-
ing velocity-depth models by the reflectivity method (Fuchs
and Miiller, 1971), reaching a preferred model (Figs. 16b
and 17). This model has a near constant velocity upper
crust (6.0 km/s) and a lower crust of steadily increasing
velocity (6.15-7.4 km/s) overlying a first-order Moho dis-
continuity at about 33 km depth.

According to Whitmarsh, the best models seem to be
those for which the near cusps of the » and ¢ retrograde
branches occur beyond 110 km (so that only a relatively
small amount of subcritically reflected energy appears at
shorter ranges) while the e—f cusp occurs at about 90 km.
Since arrivals of branch d are apparently not clearly seen,
the positive gradient responsible for it was adjusted to give
a very short prograde branch. Consequently, there are large
phases at 130 and 140 km in Fig. 16b which are not evident
in Fig. 16a. Although quite a satisfying fit of amplitudes
has been obtained out to 160 km, the calculated amplitudes
of supercritical reflections at greater ranges are systemati-
cally too great. An alternative conclusion is that the ampli-
tudes at shorter ranges are too small, but it is hard to
see how these amplitudes, particularly around the e-f cusp,
could be radically increased. Since the calculated amplitude
of wide-angle reflections at large distances is insensitive to
changes in the velocity structure adjacent to the reflecting
zone (Braile and Smith, 1975) the reason for the discrepancy
may lie in the horizontal plane layered structure necessarily
assumed for the synthetic seismogram program. In practice
there may be significant lateral changes in structure causing
the discrepancy, but these were not a subject of discussion.

Mykkeltveit (Figs. 18-20) interprets a variety of possible
phase correlations in the distance range 90 to about 150 km.
Several models yielding acceptable travel times have been
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derived all with identical structures above 13 km and below
35 km. These models were subsequently checked using nor-
malized synthetic seismograms with the reflectivity method
(after Fuchs and Miiller, 1971). The model, shown in
Fig. 19 with the resulting travel times shown on the record
section of Fig. 18, has the following characteristics:

— The transition b provides — at least in part — an explana-
tion for the large amplitudes observed at distances beyond
about 150 km at a reduced arrival time of about 0.5 s.

— The layer ¢ with a higher velocity gradient produces a
reversal in the travel-time curve associated with relatively
large amplitudes.

— A layer d with a gradient equal to the one of layer b
results in a travel-time branch extending to less than
160 km. This feature, however, may not be satisfactorily
modelled as can be seen from Fig. 20.

— The Moho, transition layer e, is associated with another
reversal in the travel-time curve, The corresponding ampli-
tudes on the synthetic section (Fig. 20) are slightly too high,
but this and the overlying layer seem to be optimal in the
sense that energy is being spread out in the triangular area
between the branches b and f (Fig. 18). No correlation of
phases can be made in this part of the section that could
be attributed to a major first-order discontinuity of the
velocity-depth curve,

Fig. 22. Model, travel times and synthetic seismograms
derived for Data Set 2 by Hill

In the interpretation of Mooney (Fig. 21) the direct wave
(P,) arrival is modelled with a 5.5 km/s surface velocity
which rapidly reaches 6.0 km/s. A zero or very slightly posi-
tive upper crustal velocity gradient is assumed because of
the low (P,/P,P) amplitude ratio at 70 km and beyond.
A discontinuity at 13 km is indicated by the phase P, P
and a jump in seismic velocity from 6.05 km/s to 6.14 km/s
was chosen to match the observed critical point and appar-
ent velocity. Continuing in depth, the observed arrival times
and apparent velocities of phases P;P"" and P, P are mod-
elled with discontinuities at 20 km and 31 km, respectively.
The upper mantle velocity is based on the clear P, arrivals.
Lateral heterogeneity is evidenced by the sudden 0.3 s offset
in the P, arrival times between 195 km and 205 km. In
this model (Fig. 21) the Moho discontinuity has been spread
over a kilometer to avoid large amplitude subcritical reflec-
tions, and an initial mantle velocity of 8.0 km/s has been
used to match the observed position of the P, P critical
point. A positive velocity gradient below the Moho is indi-
cated by the high P, apparent velocity and (P,/P,,P) ampli-
tude ratio.

Hill (Fig. 22) emphasizes a commonly observed aspect
of crustal refraction profiles. In particular, the P, first arriv-
als appear to decay rather abruptly at distances of 60-80 km
and the arrivals preceeding P,/P, P between this distance
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range and the P, cross-over distance are often emergent
with complicated wave patterns. One possible interpretation
of this phenomenon is suggested in Fig. 22 involving slight
negative velocity gradients beneath the major crustal re-
fracting horizons. This model does seem to explain the fea-
tures indicated, however, the intermediate phase is defini-
tely too strong.

Giese (Fig. 23) correlates the later arrivals quite differ-
ently. While Whitmarsh, for example, correlates the wave
Py P as a single group (Fig. 15), Giese tries a strict phase
correlation (Fig. 23) thereby obtaining separate branches
which are offset by 0.3-0.5s. Applying the method de-
scribed above, Giese derives a model which is characterized
by a sequence of alternating high and low velocity zones
in the lower crust (Fig. 23). The amplitude ratios in each

trace of the synthetic section match the observations rea-
sonably well.

Figure 24 shows a selection of velocity-depth functions
derived for the LISPB crustal record section by various
participants. The variety of these results reflects primarily
the differences in phase correlations as was shown in detail
by some examples. It can be concluded that in general all
models show a clear crust-mantle boundary at about 35 km
depth. Only two models show a slightly shallower Moho
and in one model the Moho does not appear as a specific
boundary. Velocity inversions are of minor importance. The
transition to a higher-velocity lower crust has been located
by most authors between 20 km and 25 km depth. While
differences in details are quite obvious, the main character-
istic properties, i.e. a more or less constant velocity in the
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upper and a gradient zone in the lower crust, are rather
well determined. During the workshop, after replotting the
data with true amplitudes (Fig. 16a) and a narrower band-
pass filtering (Fig. 25), the participants discussed extensive-
ly the possible correlations. This discussion resulted in the
agreement that the velocity-depth function shown in Fig. 24
(Model K) may be the best one. Figure 24 also contains
Tau-method bounds calculated by Orcutt for the same data
(diagram L). Due to the independent correlations and error
bounds this band of allowed velocities does not necessarily
comprise all the models shown in this figure, though the
final model (K) satisfies these conditions which were de-
rived independently.

For some selected models synthetic seismogram sections
were recalculated. They are presented in Fig. 25 together
with a synthetic section for the agreed solution (model K
in Fig. 24) and an original record section with a narrower
band-pass filtering (1-8 Hz). The P, phase is best repro-
duced by models G and K. The velocity jump at about
15 km depth (models G, H, K) produces arrivals which
can easily be recognized in the original section but with
slightly too high amplitudes. Only an additional strong ve-
locity increase between 20 and 25 km depth connected with
a positive velocity gradient in the lower crust provides the
observed energy recorded in front of the large amplitude
phases at 80-100 km and beyond 150 km distance (models
G and K). The large amplitude phases between 80 and
150 km are basically fitted by all models. However, the criti-
cal distance for the P, P phase resulting from model H
is slightly too short because of the large velocity contrast
at the crust-mantle boundary and its shallower depth. In
addition to the data presented here, the reversed and over-
lapping record sections together with a geological section
were available during the workshop (Bamford et al., 1978).
These illustrated quite clearly the need to take full account
of lateral variations when interpreting explosion seismic
data. In the present case a laterally homogeneous structure
had to be assumed for the interpretation of the selected
data.

Conclusions

A comparison of the final results (tigs. 3, 14, and 24) for
the synthetic data set and for the observed record section
may be a good starting point for a concluding discussion.
The models for the synthetic record section scatter much
less in their velocity-depth distribution than those for the
real data set. These differences are quite obvious from the
much narrower range of possible correlations in data set 1
as compared to the large variability in data set 2. The vari-
ety of velocity-depth functions computed for these data
prior to the workshop reflects primarily the differences in
the correlation of phases of the various workers. The differ-
ent methods of inversion applied subsequently lead to struc-
tures with the same main features when the initial correla-
tions are similar. The inversion technique has only a minor
influence on the character of the model. To some extent
preconceived ideas about the velocity structure on the part
of the individual interpreter may bias the number and iden-
tification of correlations. This results in structural details
which can only be verified with high quality data and ampli-
tude modelling.

Apart from clearly correlatable refracted arrivals (i.e.
P, and P, phases) the most reliable waves for estimating
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the main parameters of the velocity model are the reflec-
tions, especially if they are recorded at undercritical dis-
tances. They enable the determination of depths of bound-
aries and the corresponding average velocities with very
high accuracy. For this purpose all methods are good
enough, even approximate formulas for homogeneous
media, if the results are controlled by direct travel-time
calculations. The correlation of short and weak phases is
problematic and can be the reason for major differences
in derived structure.

The scatter of models for the LISPB data could be
reduced considerably during the workshop by the use of
a true amplitude record section with appropriate filtering.
The final model (Fig. 24) satisfies the data best if lateral
variations are neglected. The participants of the workshop
realized, however, that better criteria are needed for a more
objective and reliable correlation of phases. As a basic result
it can be stated that the main effort has to be put into
the acquisition of dense and high quality data which then
have to be subjected to a careful processing with filtering
and true amplitude recoverage as a basis for any inversion
method. In addition, inversion methods for inhomogeneous
media should be further developed and applied. The inter-
pretation of seismic data obtained in inhomogeneous media
was one of the topics of the subsequent workshop by the
Commission on Controlled Source Seismology at Park City,
Utah (USA), in 1980 (Mooney, 1981). The same subject
will be further discussed at the next meeting in Ziirich in
1983.
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