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Preface

Critical to scientific progress is a continual assessment of the
underlying assumptions and methodologies which are brought to bear on the
problems we choose to examine. The Commission on Controlled Source Seismology
(CCSS) has attempted over the past ten years to assess the state of controlled
source seismology by holding intensive workshops where a common data set is
analysed by many individuals or groups. This report summarizes the results of
the most recent workshop which analysed coincident seismic reflection and
refraction data from south central California, USA. The data set, seismic
profile SJ-6, was provided by the U. S. Geological Survey.

The workshop was held from August 15-19, 1985 at FIT (Fuji Institute of
Training), Susono, Shizuoka Prefecture, Japan with fourteen scientists from
various parts of the world in attendance. This meeting was the fourth
workshop to compare the individual analyses of data which had been distributed
to the participants beforehand. The Susono meeting focused on the problems of
interpreting seismic reflection/refraction data from laterally heterogeneous
terranes, and 1ike the previous workshops, discussions during the meeting
enhanced the individual analyses. 1 hope the results summarized in this
report are of value, not only to the Susono workshop participants, but also to
those who were unable to attend.

Lastly, because the CCSS workshops have been so successful, I think
continuing the comparative analyses of seismic data at our future meetings is
important. I urge all members of CCSS to stimulate the activity within the
CCSS by encouraging discussion amongst us of what should be the focus of our
next workshop.

Hideki Shimamura
Hokkaido University

Geophysical Institute
Sapporo, Japan



Introduction

This report presents interpretations by a variety of authors of coincident
seismic refraction and reflection data from central California, USA. The
purpose of this report is to illustrate and document the various approaches to
the analysis of coincident reflection/refraction data currently being employed
by seismologists woridwide. The individual papers reproduced here are revised
versions of the interpretations presented at the 1985 CCSS workshop in Japan.
One of us (AW) has taken the 1iberty of editing the contributions and we hope
that the author's meaning has not been altered by his doing so. It is hoped
that this report will contribute to the sophistication with which such data
gre collected and interpreted, and encourage the collection of new coincident

ata sets.

The data analysed for this report were distributed in December 1984 to
interested individuals who responded to a CCSS circular describing the plans
for the August 1985 workshop. The seismic refraction data were collected by
the U.S. Geological Survey (USGS) in 1982 as part of a larger investigation of
the deep crustal structure of the California Coast Ranges and the adjacent
Great Valley. The seismic reflection data (1ine SJ-6, for San Joaquin Valley
1ine 6) were collected by Western Geophysical in 1981 and were purchased by
the USGS in 1983 to complement the seismic refraction data.

For the purposes of the workshop, neither the seismic reflection nor
refraction data were made available on magnetic tapes. The refraction data
were made available to the investigators in the form of a USGS Open-File
Report that included large plates of the record sections displayed in trace
normalized and true-amplitude format (Murphy and Walter, 1984). The
reflection data were made availble as paper copies of the 12-second record
sections in migrated and unmigrated format. Addtional information distributed
to participants included a location map and a biography of relevant geologic
literature.

To avoid possible biasing of the interpretations, pre-prints or reprints
of USGS interpretations of this data were not distributed to the
participants. No suggestions were made regarding the method or scope of
analysis to be applied to the data. Since the entire data set is rather large
it was suggested that investigators should feel free to choose to limit their
investigations to a portion of the data.

Acknow1edgéments

We thank Prof. Stephan Mueller and Jorge Ansorge (both of ETH, Zurich,
Switzerland) for their early planning of this meeting and Prof. Hideki
Shimamura for his hospitality during the meeting. Not all of the papers in
this volume were presented at the meeting in Japan, and we thank those unable
to attend for mailing us their contributions. Finally, we thank all of the
participants for their enthusiasm and. interest in this study.

The Editors
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Interpretation of coincident seismic reflection and refraction data
in Taterally inhomogeneous structure: A discussion of the results

Walter D. Mooney and Allan W. Walter
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025

The papers in this volume present a variety of approaches to the analysis
of coincident seismic reflection and refraction data. In this contribution we
summarize the various methods of analysis applied to the seismic data and
compare various authors' results.

Methods
Several of the papers approached the interpretation of the seismic
refraction data separately from the consideration seismic reflection data.
papers 2 through 5 (see Table of Contents) used some variation of the
following analysis steps (see individual papers for details):

1. Correlation of the phases in the record sections.

2, Identification of these phases as refracted, reflected, or
multiple arrivals on the basis of apparent velocity, curvature
of the phase's traveltime, parallelism with an earlier
traveltime branch, or a similar observation.

3. First-arrival analysis for dipping layers using slope-intercept
methods.

4, Mapping of near-surface velocity variations between shotpoints
using time-term, delay-time or similar methods.

5. One-dimensional (1-D) interpretation of first and secondary
arrivals using Herglotz-Wiechert inversion or rapid iterative
traveltime fitting.

6. Creation of a two-dimensional (2-D) model by joining adjacent 1-D
models and information from steps 3 and 4. Adjustment of the
model via 2-D raytracing.

7. Further refinement of the 2-D model based on the comparison of
synthetic seismograms produced by this model with the observed
refraction data.

Papers 6 through 9 follow the same basic approach, with the difference
that the geometry of the seismic discontinuities in the starting 2-D model was
also constrained by the seismic reflection section. The inclusion of
information from seismic reflection sections can be regarded as step 6A:

6A. Adjustment of initial 2-D velocity model for consistency with
seismic reflection section.

A further refinement of the 2-D model, which has not been presented in
this volume but which has since been applied to this data, is the quantitative
modeling of the seismic reflection section by calculation of the synthetic
seismograms for near-vertical incidence. This is sometimes referred to as
"AIMS modeling" in reference to the commonly utilized software package of
GeoQuest International. Papers 8 and 9 approximated this comparison by
plotting the reflection times on seismic refraction depth sections. We regard
this procedure as the last modeling step:



8. Evaluation of seismic refraction 2-D velocity model by comparison
of the vertical-incidence synthetic seismograms produced by
this model with the observed reflection record section.

Papers 10 and 11 used 1inearized inversion methods to analyse the seismic
refraction data. These methods have the advantage of all inverse methods in
that they are less sensitive to the subjective biases of the data analyst.
However, it is generally more difficult to include known geologic and
geophysical constraints into the inverse modeling, whereas these can easily be
included with iterative forward modeling.

Paper 12 applies image processing techniques to a sample of the seismic
reflection data. The processing method described in the paper is accompanied
by figures which show how various features of the reflection record section
can be either highlighted or muted.

Comparison of the Velocity Models

It is not practical to attempt to compare and contrast all of the velocity
models presented in this volume. Instead, we describe some of the common
features of the models for which the authors have completed at least the first
six of the analytic steps described above. In Tables 1 and 3 we 1ist the
approximate depths to selected velocity contours below each of the shotpoints
and in Tables 2 and 4 we compare the principal structural features present or
absent in the models. Tables 1 and 2 describe models east of the San Andreas
{gg}tséi§4-SP8) and Tables 3 and 4 describe models west of this fault

Overall, the models east of the San Andreas fault are in closer agreement
than those west of the fault. Below, we compare some of the structural
features revealed by these models, but we urge the reader to make his or her
own detailed comparisons by examining the model illustrations presented in
each of the papers.

Models for the eastern section of the SJ-6 profile: SP4-SP7

VeTocity models for the eastern SJ-b profile (Morro Bay to Cholame Valley)
are given in papers 3, 4, 6, 7, 9, 10, and 11, Examination of Tables 1 and 2
reveals that all of the models show: the sediments (1.9-5.0 km/s) thickening
westward across the San Joaquin Valley, the higher velocity (4.0-5.0 km/s)
sedimentary strata elevated between SPS and SP4 by a eastward thinning wedge
of intermediate velocity rocks (5.0-6.0 km/s), and a continuous basement whose
average velocity increases rapidly with depth to over 6.5 km/s. In addition,
the models of papers 6, 7, 9, and 10 include a low velocity zone (LVZ) within
the strata above basement. Paper 10 models the LVZ between SP4 and SP8,
whereas the other papers model the LVZ between SP8 and SP5.

The models mostly differ at the top of the basement. The velocity at the
top of the basement (Vp) is laterally uniform in all of the models except
that of paper 6 which shows Vp decreasing eastward from SP6. West of SP6,
the models of papers 4, 9, and 10 show V, increasing from 6 km/s to 6.5 km/s
over a few kilometers of depth, whereas the models of papers 3, 6 and 7 show
Vb increasing abruptly to 6.4 km/s or greater. All of the models lack
velocity inversions within the basement and all have the higher velocity
contours (6.5+ km/s) rising eastward. Paper 10 models the Moho at 27 km depth
between SP5 and SP6, but we believe this depth is speculative. It is our
assessment that the model which shows the best agreement with both the known
geology and the seismic reflection data is that of paper 6.




Modeis for the western section of the SJ-6 profile: SP1-SP4

Seismic velocity modeTs Tor the western end of the profile (Morro Bay to
Cholame Valley) are given in papers 2, 4, 5, 8, 9, and 10. These models, with
the exception of that of paper 2, all show abrupt changes in the shallow
velocity structure at the Rinconada and San Andreas faults. Between the
Rinconada and San Andreas faults the lower velocity sediments thicken
eastward, and below these sediments, the velocities within the Salinian
batholith are higher than those modeled at equivalent depths within the
Franciscan terranes both west of the Rinconada Fault and east of the San
Andreas Fault. :

The models significantly differ in the structures proposed for the lower
crust. Papers 2 and 10 model the crust below 13 km depth with velocities >6.5
km/s. However, papers 4, 5 and 8 interpret delayed high-amplitude secondary
phases seen on the record sections of shotpoint 1 and 2 as evidence for low
velocity zones within the lower crust. The model of paper 4 shows a velocity
inversion plunging westward from 4 km depth at the San Andreas Fault to 27 km
depth near SP2. In paper 5, the authors project a laterally uniform LVZ
across the model between 12.2 km and 22 km depth. And in paper 8, the authors
identify three separate LVZs within the lower crust: one plunges eastward from
~12.5 km depth beneath SP1 to 22 km depth just west of SP3, the second is
defined at the base of the Salinian batholith (12-14 km depth), and the third
is within the San Andreas fault zone. Both papers 5 and 8 model the base of
the LVZs near 22 km depth; in paper 5, the base is the top of a 7.0-km/s layer
and in paper 8, it is the Moho. Of the two models, we believe that of paper 8
best explains the seismic data in terms of what is presently known about the
geologic and tectonic history of the region.

Conclusions

As evident from the discrepancies observed from model to model, there is
not agreement everywhere along profile SJ-6. The discrepanices are in part
due to the fact that not all of the analyses included all eight of the
interpretational steps list above. For example, some authors adopted lower
crustal velocities from the literature, some assumed laterally uniform
velocities in the middle and lower crust, some did not calculate 2-D
synthetics for their velocity models, and some gave no consideration to the
constraints provided by the reflection data. It is likely that a more
complete modeling by all of the authors would have resulted in closer
agreement amongst the models. .

Nevertheless, even if all of the interpretational steps are completed, the
velocity resolution is still limited by the shortcomings of the data. The
reflection data do resolve the geometry where the reflections are absent or
ambiguous, and in modeling the refraction data, differences in depth can be
traded off against lateral variations in velocity.

The uncertainties in the velocity structure along the SJ-6 profile could
be reduced by minimizing the degrees of freedom in the 2-D model. This could
most easily and cost effectively be accomplished by increasing the density of
the refraction data rather than acquiring additional reflection data. The
velocity resolution would improve immensely with:

1) Closer shotpoint spacings (10-15 km). Ideally, shotpoints should be
Jocated so that the structure between adjacent shotpoints is uniform (i.e.
without any major changes in the dip or composition).

2) Smaller station intervals (<0.5 km). A finer sampling of the travel-
time curves would make it easier to detect and correlate seismic phases.



3) An offset between the outermost reversing shotpoints large enough to

record a reversed P, phase. The lower crustal velocities are better
constrained once the depth and geometry of the Moho is determined.

4) Additional seismic profiles recorded within and parallel to the
structural strike of the terranes crossed by profile SJ-6. These
supplementary profiles would intersect the SJ6 profile thereby tying the
structures of the separate terranes to the modeled cross-section.



Table 1

Eastern SJ-6 profile
Approximate depth to velocity contours
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decimal numbers indicate approximate depth in kilometers

Table symbol code:
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*Paper 10 has two models, 10B is the model of Baranova.



Table 2

Eastern SJ-6 profile
Elements of 2-D velocity models from SP4-SP7:

1. Westward thickening of higher velocity sedimentary units
2. Elevation of higher velocity sedimentary units west of SP5
3. LVZ within strata above basement
4, wWedge of 5.0 to 6.0-km/s rocks west of SP5
5. Continuous westward dipping basement surface
6. Velocity near top of crystalline basement <6.2 km/s at SP6
7. Laterally uniform velocity modeled along top of basement
8. LYZ within basement
9. Lower crust with velocities > 6.9 km/s
10. 6.5-km/s velocity contours rise to depths < 5 km east of SP7
11. Moho modeled: depth (km)
Paper Number in Table of Contents
3 4 6 7 9 10 108*
Element 1. Y Y Y Y Y Y Y
2. Y Y Y Y Y Y Y
3. N N Y Y Y Y N
4, Y Y Y Y Y Y Y
5. Y Y Y Y Y Y Y
6. N Y N N Y Y Y
7. Y Y N Y Y Y Y
8. N N N N N N N
9. - Y Y Y Y Y Y
10. - Y N Y Y Y Y
11, - 27 - - - 27 »30
Table symbol code:
Y = yes
N =no

outside the boundaries of the velocity model

*Paper 10 has two models, 10B is the model of Baranova.
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Table 3

Western SJ-6 profile
Approximate depths to velocity contours
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Table 4

Western SJ-6 profile
Elements of 2-D velocity models from SP1-SP4:

Lateral change in shallow structure across Rinconada Fault
Lateral change in deep structure across Rinconada Fault

Lateral change in shallow structure across San Andreas Fault
Lateral change in deep structure across San Andreas Fault
Depression of velocity contours (LVZ) at San Andreas Fault
Eastward thickening of sedimentary strata between SP2 and SP3
Vave of Franciscan rocks (SP1) < Vave of Salinian batholith (SP3)
LVZ in lower crust beneath SP 2: depth to top (km)

LVZ in lower crust beneath SP 3: depth to top (km)

10. Lower crustal layer with velocities > 6.5 km/s west of SP2

OO0 NI HWN -
.

11, Lower crustal layer with velocities > 6.5 km/s east of SP2
12. Moho modeled: depth (km)
Paper Number in Table of Contents
2 4 5 8 9 10 108*
Element 1. N Y N Y Y Y Y
2. N N N N N N N
3. N Y Y Y Y Y Y
4, N Y N Y - Y Y
5. N Y N Y N N N
6. Y Y Y A\ Y Y Y
7. Y Y N Y Y Y Y
8. N N 9.7 15 - N N
9 N 16.4 9.7 13.5 - N N
10. Y Y Y N - Y Y
11 Y Y Y N - Y Y
12 25 27  »30 22 - - »30
Table symbol code:
Y = yes

N = no
= outside the boundaries of the velocity model

*Paper 10 has two models, 108 is the model of Baranova.



Upper-crustal velocity structure between Morro Bay and the San Joaquin Valley,
California, USA, as determined from seismic-refraction data

Kiyoshi Ito
Regional Center for Earthquake Prediction,
Faculty of science, Kyoto University

The upper-crustal P-wave velocity structure between Morro Bay and the San
Joaquin Valley was modeled from seismic-refraction data provided by the
U.S.G.S. (Murphy and Walter, 1984). The analyzed profile extends
northeasterly from Morro Bay to the Kettleman Hills through four shotpoints
(SP1-SP4) and ~70 observation sites. The total profile length is ~100 km and
the site spacing is 1-3 km. The first-arrival traveltimes from the four
shotpoints were analyzed in two stages to derive a crustal velocity model.

For the first stage, the dipping-layer slope-intercept method was agp]ied
to the first arrivals of the three pairs of adjacent shots: SP1-SP2, SP2-SP3
and SP3-SP4, The apparent velocities of the first-arrivals suggests two
sedimentary layers overlying a crystalline basement. Traveltime curves for
these three refractors were selected to satisfy the reciprocity of traveltimes
between reversing shotpoints. Moreover, the time-term method was applied to
all refractions through the basement layer to determine a mean basement
velocity. The average shot spacing, ~25 km, is too large to determine the
velocity throughout the surface layer, so the surface layer velocity at each
shotpoint was extrapolated to half the distance to the next shotpoint. The
velocity structures calculated for the three pairs of adjacent shotpoints were
combined into a composite 2-D structure by modifying the boundary depths so
that the boundaries continue smoothly beneath SP2 and SP3. v ,

For the second stage of analysis, the 2-D ray-tracing method (Cerveny and
others, 1977) was applied to the composite model; the velocity structure was
then iteratively modified to improve the agreement between the calculated and
observed traveltimes. Observed secondary arrivals from the deep crust were
fit by assuming a horizontally-layered uniform velocity structure similar to
that reported by Walter and Mooney (1982).

The final 2-D velocity model is shown in Figure 1. The velocities within
the sedimentary strata vary from 2.0 to 4.9 km/s, and the velocity at the top
of the basement varies from 5.7 km/s in the southwest to 5.9 km/s in the
northeast. The mean upper basement velocity determined by the time-term
method is 5.9 km/s. Between Morro Bay (SP1) and the San Andreas Fault (SP4),
the depth of the sediment-basement boundary ranges from 3.2 to 2 km with
offsets at the Riconada Fault (SP2) and northeast of SP3. Northeast of SP4,
the basement plunges to ~8 km depth beneath the Kettleman Hills; however, the
depth here is not well-constrained because this section of the profile is
unreversed. Additional horizontal velocity boundaries were inserted in the
model at ~12 and ~25 km depth to define the top of the lower crust and the
Moho; these boundaries were based on the velocity structures reported for
similar geologic terranes (Walter and Mooney, 1982). The lower crust was
assumed to have an average velocity of 6.5 km/s and the velocity below the
Moho was assumed to be 7.9 km/s.

v , References
Cerveny, V., I.A. Moltikov, and 1. PSentik, 1977, Ray method in seismology,
Univ. Karlova, Prague, 214 p.
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Murphy, J. M. and A, W. Walter, 1984, Data report for a seismic-refraction
investigation: Morro Bay to the Sierra Nevada, California, U.S. Geol.
Surv, Open-File Rep. 84-642.

Walter, A. W., and W. D. Mooney, 1982, Crustal Structure of the Diablo and
§22;1?2 Ranges, Central California, Bull. Seism. Soc. Amer. 72, pp.

-1590,

Figure Caption

Fig. 1 Velocity cross-section between Morro Bay and the Kettleman Hills.
Model was derived by 2-D ray-trace modeling of the refraction
traveltimes recorded from shotpoints (SP) 1-4 of 1ine SJ-6.
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An interpretation of the seismic-refraction data recorded between
Cholame Valley and the Sierra Nevada, California, USA

Kazuki Kohketsu and Shuzo Asano
Earthquake Research Institute
University of Tokyo, Tokyo, Japan

The crustal velocity structure along the section of 1ine SJ-6 that lies
between the San Andreas Fault and the Sierra Nevada foothills was imaged using
the first-arrival traveltime data recorded from four shotpoints: SP4, SP8,
SP5, and SP6 (Murphy and Walter, 1984)., Data from the adjacent
seismic-reflection survey were used to constrain the model geometry.

Interpretation

1. Western and eastern ends of the profile

The velocity structures at the western and the eastern ends of the
profile, in the Diablo Range and the San Joaquin Valley, respectively, were
obtained by classical dipping-layer analysis of the first-arrival traveltimes
(Fig. 1). In the Diablo Range, the data of SP4 and SP8 reveal a 2.65-km/s
surface layer overlying a 4.45-km/s layer. The 2.65-km/s traveltime branch
has non-zero intercept time at SP8, so an additional thin layer of lower
velocity sediments must exist there. In the San Joaquin Valley the data of
SP5 and SP6 reveal three layers: 1.90, 3.47, and 6.58-km/s, and based on the
results derived for the Diablo Range, we assumed a 4.5-km/s layer exists
between the 3.47 and 6.58-km/s layers.

These initial velocity structures were refiped by ray-tracing calculations
which included the surface topography (SEIS83, Cervefily and Pgénigk, 1983).
The structure was modeled using a 1inear vertical interpolation between
isovelocity interfaces, that is, the model was specified by giving only the
2-D shape of the interfaces and velocities immediately above and below them.
Ray-traced model diagrams and traveltime plots for the eastern and western
ends of the profile are shown in Figure 2.
2. Whole model

We constructed a composite velocity cross-section for the entire profile
(SP4-SP6) by integrating the velocity structures derived for the Diablo Range
and San Joaquin Valley. This was accomplished using the 2-D ray-tracing
method with the following constraints: .

1) For the central section of the profile, SP8-SP5, the initial boundary

shapes were adapted from the seismic-reflection section which shows a

folded structure across South Dome of the Kettleman Hills.

2) Because the velocity of the surface layer differs at the respective

ends of the profile (2.65 and 1.90 km/s), we divided the surface layer

into two segments with different, but Taterally uniform, velocities east

and west of South Dome; the bottom of this layer was then determined by

jterative ray tracings for the profiles SP8 East and SP5 West (Fig. 3a-b).

3) The 3.5-km/s layer observed in the San Joaquin Valley was assumed to

vanish near SP8 because it is not observed in the Diablo Range to the west.

4) A 5.35-km/s layer was introduced into the western half of the model in

order to model the apparent velocities of the first arrivals observed at

ranges beyond 30 km west of SP5 (Fig. 3b) and at ranges 25-50 km east of

SP4 (Fig. 4a).

5) The deepest layer in the composite model was assumed to have a velocity

of ~6.5 km/s because this value was obtained for the fourth layer under
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the San Joaquin Valley. The shape of the upper boundary of the deepest
layer is constrained by the refraction data recorded at distant
observation sites on the reversed profile between SP4 and SP6 (Fig. 4).
The upper boundary of the deepest layer is almost flat from SP4 to 40 km
east from which point it rises eastward under the San Joaquin Valley.

Discussion

Our final composite velocity model is shown in Figures 5 and 6. The
following points remain for further refinement of the model:

1) The vertical boundary in the top layer could be moved horizontally up

to 5 km. If it is relocated, the shape of the lower boundary requires

modification to maintain the agreement between the calculated and observed

traveltimes.

2) An unexplained traveltime advance of 0.2 s is observed ~35 km west of

SP5 (Fig 3b); thus, further adjustments are needed for the upper boundary

of the 5.35-km/s layer under the South Dome.

3) Under the Diablo Range the depth to the upper boundary of the deepest

modeled layer was not well-constrained because the only data available for

constraints are from SP6 West (Fig. 4b).
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An interpretation of the seismic-refraction data recorded along profile SJ-6:
Morro Bay-Sierra Nevada, California, USA

R. F. Mereu
Dept. of Geophysics, University of Western Ontario
London, Ontario, Canada, N6A5B7

Modeling procedure

The seismic-refraction data were modeled using an iterative 2-D
ray-tracing method. First, a simple starting velocity model was created from
a delay-time analysis of the first arrivals. In order to handle both
vertically and laterally varying structures, this mode]l was divided up into a
set of triangular blocks, each with its own linear velocity gradient. This
form of the gradient ensured that the ray-paths traced within each block
formed an arc of a circle, thus enabling the rays to be traced relatively
quickly.

For a given modeling iteration, rays were traced from the source locations
in the model and their calculated traveltimes were compared to the observed
data. Small adjustments were then made to the gradients and boundary
positions to improve the fit between the theoretical and all observed
traveltimes. These adjustments were made by varying both the positions of the
vertices as well as the seismic velocity at each vertex. The modeling
iterations continued until a good fit was obtained between the theoretical and
observed traveltimes. Further refinements to model were then made using a
program which generates synthetic seismograms for laterally and verticall
varying structures. Details of this program were given at the 1983 workshop
held at Einsiedeln, Switzerland (Mereu, 1983).

Modeling results

The final block model for the profile, which required 184 triangles, is
shown in Figure 1. The final velocity model with boundaries and smoothed
velocity contour 1ines is shown in Figure 2a for the section west of the San
Andreas Fault and in Figure 2b for the section east of the fault. Ray-traced
model diagrams for seven of the eight shotpoints, SP1-SP6 and SP8, are shown
in Figures 3a-g, and time-distance plots comparing the calculated traveltimes
and observed traveltimes from these shotpoints are shown in Figures 4a-g.
Synthetic record sections for SP4, SP5, and SP6 are shown in Figures 5a-c.

Conclusions

1) It is assumed that the 6-km/s contour line marks the boundary between the
sedimentary rocks and the basement.

2) Near surface velocities vary laterally from a low value of ~1.9 km/s near
SP5 to ~5 km/s in areas where the sediments are thin or absent such as
near SP2 and SP4.

3) The shallow velocity structure differs east and west the Rinconada Fault.
The basement is closer to the surface on the east side of the fault.

4) The sedimentary strata found west of the San Andreas Fault are
relatively thin and broken compared to those found east of the fault.

5) West of the San Andreas Fault, a reflector, possibly the Moho, is modeled
at a depth of 27 km to account for a set of secondary arrivals seen on the
record section of SP1.

6) The San Andreas Fault effects the refraction observations in that the
refractions do not directly cross it. A wedge of low-velocity material
had to be inserted in the San Andreas frontal zone so that energy arriving



from the west would be deflected downwards and arrive at the surface at a
delayed time. The manner in which this is done may be seen in Figures
3a-c. Interestingly, the fault trace is not imaged by the adjacent
seismic-reflection survey along 1ine SJ-6.

7) East of the San Andreas Fault and west of SP5 in the San Joaquin Valley, an
11-km thick section of sedimentary strata is deformed to such a degree
that the seismic-reflection method poorly images the deep structure in
this area (Fig. 2b). The seismic-refraction observations suggest a
relatively horizontal basement beneath the folded sediments.

8) Across the San Joaquin Valley (SP5-SP7), the basement uniformly rises
towards the surface with the overlying wedge of sediments being
undisturbed.
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