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INTRODUCTION
" The COCORP crustal reflectionvprofile across the San Andreas fault

at Parkfield has defied‘interpretation. The reason for this was unclear;

~i.e., whether lack of coherent reflettions.was caused by the complex

geology, by,inadequaté procéssing, or by poor data. Our goal was to

reprocess the data to obtainAédequate reflection quality and ‘then to

_interpret this data.

THE ORIGiNAL SEISMIC SECTION

.The origfna1-seismic se;;ion produced by the seismic contractor
kFig. 1) doés not show coherent reflections and is basically uninterpret-
able._ Other than alshallow reflection from Téftiary sediments on the SW |

side and a weak diffraction at 2.0 sec in the fault zone, nothing is visi=

ble. The numerous short events are irregular, discontinuous, and lacking -

"in character so that nothing can be correlated. Final stage proceésing

such ‘as migration by the contractor ‘had also failed to produce any notice-
able improvements;' We, therefore, felt that we had to go back to the be-

ginning to evaluate what the problem'was.

GEOLOGY
- Consideration of theigeology and line location is a necessary first-

step attack on a problem of poor data.--Geology of the area is available

from Dickinson,,1966a; Dickinson, 1966b. A crustal crosé-section through the

area at Cholame was obtained through the courtesy of Ben Page and appears in

‘Figure 2. The geology is.relative]y'simple SW of the fault where flat-lying
Tertiary sediments overlie the Salinian granite block. The striking feature

here is that not even the contact between Tertiary sediments and granite, a -
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major acoustic discontinuitys appears in the reflection data. This strik-

ingly illustrates the magnitude>of the problem with the seismic data.

~ NE of the fault zone, Franciscan rocks are present, overlain by some ‘in-

folded Tertiary sedimentary rocks. These rocks are highly folded thrust-
faulted, and contain serpentinités. Geologic relations here might be so.
complex as to preclude coherent reflections, but not even the simple syn-

clines (Fig. 2) find expression in the seismic section. The,geoTogy pro-

vides a clue to likely seismic velocities as well as possible reflection

response.

REPROCESSIRG ‘
' Possible causes Qf poor data quality are as follows:

1) noisey field records, 2) static corrections, 3) incorrect stacking

velocity, 4) complex raypaths that don't stack or ray kinking, 5) re-

verberations, 6) surface conditions, 7) complex geology. Our studies have .

shown that the first five of these make important contributions to degrade

the dafa.

Sufprisingly, the worst problem is poor quality of field data (Fig. 3).

. The correlated field records are extremely noisey. This noise problem was

pointed out to the seismic contractor over one year ago by T. McEviIly and
me. ~ The contractor has investigated the problem and is still not sure bfv
the cause .except that the noise aﬁpears to be generated Qithin the instru-
ments instea& of ground noise. This ghou]d not happen. v, S
This inst}ument noise was left in the final ﬁtacked seismic section
by the contraétér. We have Qone back.té‘the original data and severely
edited it in order fo zero the traéésvthat are noisey. Although this ap-.

proach eliminated most of the noise, it also eliminated at least one-third

of the data. R?f‘ECtionS are. certainly- present.on the field records and
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‘'do not appear in the stack, clear evidence for the poor quality of the

stack.

Most of the recent reprocessnng was carrled out usnng the computer ,'

facnlltles of Amoco Productlon Company in Denver thanks to the generosuty

. of Malcolm Knock of Amoco.. The computer processing, istself, was done by

Mark A. Bronston of Amoco, one of our recent geophysics graduates. Many
‘tens of hours of computer'time were contributed to the project by Amoco.

"Much effort was directed toward-better static corrections for the

data. Static corrections were calculated by computer-based automatic static

routines using special processing ""tricks'', and static corrections are as

large as.le ms. Clearly data quality must be seriously degraded in the CDP

‘stack by static corrections that are this large. A computer program had been

develoned to determine static corrections from refraction first breaks. The
next stage Was:to apply static cerrections that were refined by hand, but
5uppbrt was terminated before this step could be started.

Velocities were studied by generating a large number of constant-velocity
stacked eeismic sections (Figs. 4 and 5). These sections showed that shallow
reflections from Tertiary sediments on the SW end of the line are enhanced
by stacklng at a lower velocity (2.1 km/s) than had previously been used,.and at
hlgher velocities a band of diffractions along the San Andreas fault zone
appears (Fig. 5). Also evident at high stacking velocities are dipping
events that are probably reflected refractions crisscrossfng the seismic
sections. | |

Cemplex geology may be accompanied by velocity variations such that
raypaths are.complex and reflections-don't stack in phase. Thi; problem was
attacked by dsing variable range stacks; i.e., near?, middle-, and far-trace

stacks. This approach has the effect of keeping raypaths similar and
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minimizing'the ray-kinking brob!em. Variable range stacks resulted in

some improvement and cleaned the data up. Some shallow reflections in the -

. fault zone appear in a near-trace stack (Fig. 6). A far-trace stack was -

used for interpretation because this seemed to provide the best data quality

(Figs. 7 and 8).

Autocorrelograms showed that multiple reflectons. in the form of fairly

short-period reverberations were also present in the data.. Initial attempts

to deconvolve these multiples were not very successful.

éong]omerafes ét the surface on the SW side of the prbfi]evand complex
geology of. the Francfscan on the NE side are.not major facﬁors‘but,may~cdn-
tribute somewhat to decreased data dua]ity. THevreasqn for tﬁe podr seismfc
§ections-is the comhined effecg:of five factors, instrﬁmént‘noise,'bad static
corrections, incofréct Velocifies,.ray-kinkiﬁé, and reverberations,.of which

instrument noise is the most serious. cause.

INTERPRETATION
Only a»minimal interpretation has been attempted because processing is

far from complete. The success of any interpretation is probably limited

by effects of instrument noise on the data. The far-trace stack (Figs.'7

and 8) was chosen for interpretation because it seemed to represent the

best data. Individual "reflections" are not as wiggly as on the original

section (Fig. 1) and show better coherence. The results. of this interpreta-

tion were presented at the Fall 1979 American Geophysical Union Meeting
(Bronston, et al,, 1979). The seismic section suffers from prominent mute

zones in the upper part and from a band of unusual character at 6 sec that
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may be a'pfpcessing artifact. fhéreis,'however, a distinct change in.
character in the eQeﬁts belowb7 sec. Earlier, fhis was interpreted in
termg of a.thrust_sq that the Salfnian block was allochthonously overlying
Franciscap on the SW side of the'fault. ‘Further conéideration of this
seismiérsection leads us to believe that,data_duaiity,iéistilf not adequate

for such a conclusion and that the events present may be multiple reflections.

SEfSMIC MOﬁEL

A seismié'moael (synthetic seismogram) was generéted from known geology
and qaﬁ be used as an estimate of the seismic response along the Parkfield
line (Fig. 9). The model SW of the faulﬁ consists of Teftiary sediments
ovérlying granife,‘inclusions'in granite, higher velocity lowér crust,'and.
a Mdho marked by é transitioﬁ thfouéh lenses of peridotite. The.fault zone
fs markéa by lower velocities énd heterogeneities. NE éf the fault zone,
a faulted sYncline i§ underlain by fo]déd'and thrust~faulted Franciééan
tontaining'serpentihite, peridotite, and'b]ue schist bodies; the Franciscan »
is underlain'by oceanic léwef crust in thrﬁst slices. The seismic fesponse_
of thgse struc;uresAis a complex series of conVex upward reflection and
diffraction arcs. THe Moho'zone is a chaotic series of arcs that woula
appear as composite (multicyclic) reflections. Thus events looking like
diffractions woqid be common on béth sides ﬁf the San Andreasvfaulf zone as

well as in the fault zone itself.

CONCLUSIONS
The poor data quality ih the COCORP Parkfield crustal reflection line
is caused by the combined effect of a number of factors; of which noisey

field records probably caused Ey the recording instruments is the most
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- serious prbb]em. Reprocessing éf‘the'data was stopped at an intérmediéte
Stagé'becauﬁé support was-withdrawh. :Improving'seismic dafa in a case
such as thig,involves a number of pésses on the data with feedbackiin
which velocity‘and étatic corréctioﬁQAare gradually‘fmbroved on each pass;
More interactions are necessary to éftain the full poténtialrof this d;ta
set, bat tﬁe final result_will probably never really be good because of
poor quality of the‘original.fieid data. Comp[ex‘géology_is not the major
cause of poorvdata qua]ity.:uThe pobr qﬁélify of thi; data ﬁet was pointed.
out to-U.S.-Geoiogical Su;vey“bérsonne]‘before we started to work on the
project. The inadeduacies of the field recording wefe discussed with the |
seismic contractor and may result in eithér reshéoting the.line or re-

corrélating’ahd editing the field data to produce a cleaner data set.
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Figure 1. COCORP Parkfield "final section” r+:leased by Cornell. This seismic section

is- unusable, Only some poor reflections from Tertiary sediments are visible
+in the upper left. - ' i
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Figure 8. Enlargement of the lower part of the far-trace stack shown
|n Fig. 7. ‘ .
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Figure 9. .

Synthetic seismogram generated to approximate the seismic

response of the crust at Parkfield.
is a complex series of arcs.

The seismic response
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