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INTRODUCTION

In 1981, 1982, and 1983 the U.S. Geological Survey (USGS) aquired
seismic refraction data along seven transects in the Great
(or Central) Valley of California and its bordering regions. These
transects were part of a geophysical study of the Great Valley which
also included seismic reflection data (Zoback et al., 1984),
aeromagnetic, gravity (Cady 1975). These Geophysical data were
combined with surface geological data and geological borehole data to
better constrain interpretations of the structure and evolution of
this classic Mesozoic and early Cenozoic forearc.

Data from the southern cross—strike (east-west) profile shown on
the insert to figure 1 has been published by Murphy and Walter
(1984). The three shorter cross—strike profiles will be presented in
a future report. This report is a compilation of the refraction data
from the three axial profiles (figure 1). The data have been
archived at the National Geophysical Data Center in Boulder,
Colorado. Tapes are available from

U.S. Department of Commerce
National Oceanic and Atmospheric Administration

325 Broadway
Boulder, CO 80303

Appendix C contains a description of the tape format.

COMPLETED ANALYSIS

Three papers presenting analysis of the seismic refraction data
from this report were written by Hwang and Mooney (1986), Colburn and
Mooney (1986), and Holbrook and Mooney (1987). Holbrook and Mooney
and Colburn and Mooney presented 2-D velocity models of the central
and western axial profiles, derived by forward modeling travel times
using a 2-D raytracing algorithm (Luetgert, 1988; Cerveny, 1977) and
modeling amplitudes with ray theoretical synthetic seismograms
McMechan and Mooney (1980). In contrast to this method, Hwang and
Mooney used a reflectivity synthetic seismogram method (Fuchs and
Muller, 1971; Kind, 1978; 1979) to model data from one of the shot
points (SP 11) on the western profile. Comparision of all three
models were presented in Colburn and Mooney.



Figure 1.
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Qt = Quaternary
Tert = Tertiary sediments; Tv = tertiary volcanics; um =

K = Cretaceous sedimentary rocks, largely the Great Valley

Sequence; Fran = Jurassic and Cretaceous Franciscan melange; MGr =

Mesozoic granites and granodiorites of the Sierra Nevada;

Mz-

undifferentiated Mesozoic rocks, including Sierra greenstone belt.



Interpretation of a typical cross-strike (east-west) transect,
constrained by all the geological and geophysical data sets, is
presented by Wentworth et al. (1987). A more focused study of the
Franciscan assemblage and Great Valley sequence interface is
presented by Wentworth et al. (1984). These papers present evidence
for overthrusting from the west and soleing of the Coast Range Thrust
into the basement.

DESCRIPTION OF THE AXIAL PROFILES

Three profiles were deployed along the axis of the Great Valley
between October 1981 and June 1982 (figure 1). The western profile
extended from Tracy, California southeast to Mendota, California
(west of Fresno). Three shots, fired at shot points 11, 7, and 10,
were recorded along this profile. Shot points 10 and 11 were located
within the profile and shot point 7 was 4 kilometers east of the
profile. Within the northern portion of the profile, between shot
points 10 and 11, the seismic recorder station spacing was 1
kilometer; south of shot point 10 the spacing was increased to 5
kilometers. Along the central profile seismic recorders were
deployed from Manteca, California southeast to Helm, California
(southeast of Fresno) with a station spacing of approximately 2
kilometers. In-line shots fired at shot points 14, 15, and 16 were
recorded along this profile. The profile deployed along the eastern
edge of the Great Valley extended southeast from Herald, California
(Northeast of Lodi) to Madera, California (northwest of Fresno) with
a station spacing of 2 kilometers. Three in-line shots were fired at
shot points 17, 18, and 19.

Locations and elevations for seismic recordering stations and
shot points were determined using USGS 1:24,000 topographic maps.
All the locations (Appendix A) are estimated to be accurate to within
15 meters.

Seismic sources were generated in 20 cm X 40 m drilled holes.
Each hole was filled with an ammonium nitrate explosive and fired
automatically with a shooting system described by Healy et al.
(1982). A signal from a USGS master reference clock triggered the
shooting system to fire an electic blasting cap, which sequentially
caused the primacord, boosters, and the blasting agent to detonate.
The blasting cap detonation signal (cap break), the USGS master
reference clock's IRIG E time code, and the radio-recleved WWVB time
code were recorded on a Kiowa paper strip-chart record. The shot
origin times were read from the cap break on the paper record
assuming that the explosives detonated at the exact time of the cap
break. The reported shot times (table 1) are accurate to within + 2
milliseconds



SHOT LIST

Shot Shot Shot Time
Number Point Date (Day,Hour,Min, Sec)
4 14 JUN 24, 1982 176:06:00:00.010
5 15 JUN 24, 1982 176:06:15:00.005
6 16 JUN 24, 1982 176:06:30:00.150
7 17 JUN 30, 1982 182:06:00:00.009
8 18 JUN 30, 1982 182:06:15:00.005
9 19 JUN 30, 1982 182:06:30:00.014
12 10 OCT 16, 1981 289:06:30:00.210
13 7 OCT 16, 1981 289:06:45:00.012
14 11 OCT 16, 1981 289:07:00:00.017

Table 1. Shot list. Shot times are Universal Time (UT)

INSTRUMENTATION AND DATA REDUCTION

The recording instruments used in the seismic-refraction surveys
have been described by Murphy (1988) (figure 2). During the anolog
recording process, ground motion is sensed by a 2-Hz
vertical-component seismometer. The voltage output from the
seismometer is split without amplification and sent to three parallel
amplifier circuit boards. Each circuit board amplifies the seismic
signal in three stages and then frequency modulates the signal.
Amplification at the last two stages can be set by the user. An
internal precision clock signal is also frequency modulated. The
three data carrier frequencies, the clock carrier frequency, and a
tape—-speed compensation carrier frequency are summed and recorded on
a cassette tape.

Prior to deployment, field technicians program the memory and
synchronize the clock unit of each instrument with a USGS master
reference clock (the same clocks used to trigger the shooting
system). After the shots have been recorded, the clock unit of each
instrument i1s compared to the master reference clock, and a clock
drift time (in milliseconds) is recorded in the field notes. USGS
master clocks, which drift approximately one millisecond per week,
are periodically checked against the standard WWVB time signal.

Information pertaining to the operation of each instrument is
entered on data sheets. Chronometer corrections at shot time are
calculated from each clock drift time assuming a linear drift rate
(Appendix B). Both the data sheets and the chronometer corrections
are written to a file which i1s used by the digitizing program.
During the digitizing process, the cassette tapes are played back,
and the signals are demultiplexed and demodulated. To
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prevent accidental shifting of the data-carrier frequencies, the
tape-speed compensation carrier frequency is demultiplexed and sent
to a circuit board which continuously adjusts the speed of the tape
deck such that the tape-speed compensation carrier frequency matches
a locally generated reference frequency. An anolog-to-digital
converter converts the signals to digital data which are stored on
8-inch floppy disks. The analog data were digitized for 20 seconds,
starting (X/6 - 2) seconds prior to shot time, where X is the shot
point to recorder distance in kilometers (Appendix B). The sampling
rate for digitizing is 200 samples per second.

The complete system velocity response is roughly flat between 2
and 30 Hz and the approximate ground motion is given by

Ag(t) = A(t) = ACt)
RGLE RsA Ryco Dpsc Dapc (409.6) Rga

where A(t) is the amplitude response and RgLg, Rsa, Rycos,

Dpsc, and Dppc are the amplitude factors of the major components
(table 2, figure 3). The recording unit also performs and records a
series of diagnostic tests and calibrations prior to each separate
seismic window. The calibrations provide a complete system
calibration scheme and are used to verify the actual gain of each
data channel and the operation of the seismometer.



Response (db)

TABLE 2.

Amplitude response values for the major components
of the data acquisition system

component value
ReLg 1 V/cm/sec
Rga dimensionless gain variable V/V
Ryco 25 Hz/V
Dpsc 0.04 V/Hz
Dapc 409.6 counts/V
10 T T T ] T ] T T T

| I | i | 1 | B |
.1 2 % 1 2 5 10 .20 50 100 120

Frequency (Hz2)

Figure 3. Theoretical transfer—function curves for the USGS short-period
aeismic refraction system (both recorder and digitizer). Solid
lines are the displacement and velocity normalized amplitude.
(From Dawson and Stauber, 1986)



MADE FRCMBEST
AVAILABLE COPY

o
z
e

3

‘b
3
3
L
S0

4o

30

20

10

0

LA LA AN A AAN RRRRR ARAARARAS AARASRARASARALE RARASRRAM] |

il
i

-20

DISTANCE (kM)

-30

-40

-50

-60

-70

-80

Frertrrrefredprey
-90

-100

15
1L
13
12
1
0
9
8
7
6
S
4
3
2
1
0
1
-2

0'g /X -1
(03S) 3WIL 430NQad

Figure 4. WESTERN PROFILE

SHOT POINT 10

SHOT 12



MADE FROMBEST
AVAILAELE COPY

vt
100

80

70

-
-
-
-
-

T
50

40

30

DISTANCE (KM)

20

TTTTYY

W T MmN~ OB ® WO W T MM~ O o
0°'8 /X -~ 1
(938) 3WIl a30NA3Y

Figure 5. WESTERN PROFILE

SHOT 13 SHOT POINT 7



MADE FROM BEST
AVAILABLE COPY

n = M N -~ O 0 © ~ O N T M N ~ O -
-

ohe

BEL

n F M N - OO O~ O WM F MN ~ O
0’8 /X ~ 1
3INIL g3doNna3d

- e em em e

-2

[FYTTIFTSTI FRTTI FVETIINTTI FUVYI FYUVI FUSTI PUUTI FFFTI SRUTE SUNTE FUUVU SXUTI XTI FFUTY FUUT

LALSRARANRAAASAAALERALAN RAAASRAAAAARALS RAALS RARAS RARLE ARRA)

™

Tt

(039)

10

-2

30 40 50 60 70 80 S0 100 110 120 130 140 150
DISTANCE (KM)

20

Figure 6. WESTERN PROFILE

SHOT 14 SHOT POINT 11



MADE FROM BEST
AVAILABLE COPY

wn
=

F M N e
- =

OOOF@ID:‘!’)N—O—C}I

mndoalialasolice

[PPUTY FYUST IYTN FYUTA CRUT FUTTY PRV RTATE PNV AUATU FYUTE U
4 , * -

20¢ |

e0e
hOE -

8
80€
60E -

s1E!
e
BiE;
02t |
€
113
L6E
ESE:
h&E

e
B

|
: i

i H H

H |

S T W W e e
H b ad

Y PN
v

Il H

3 H 1
i : .
i | H
oo
i i H
i : ;

LA A AR AN RARAR RSN RARANRARAS RARANRRALE RARL

: H ; ; aida

. T v v H

H il At ALA

i T - ! ,
; f i i

i i H : i H :

MALAI RARAS RAALS RARARAALY |

i 3 i
. + . ; ‘ + ¥
i : : i i ; i
H i ; I H
H H s I : T v
H N ; i ; ;
. . i i i 3
: PR Aviany ; o
v . ¥ ’ A “
: Y * Y C
: . - 19 i . 4 * <
i i i : ¢ i i ) ¢ -
: ; N : : E
: 1 | i ! { N -
r o —— pe
i " ’ - Y 14
: : ; <
' + . v
: : i : i i . -
. . i : : i <
A MY o
H : i H i : E
: i : . : : i E
89E FMANA > - 2 +
: i * i : i E
i N R N : i o
NI i ¢ 3
VEEEYEN Y d P 3
AL ; i
t v: 1 H . pr
i : i : H H E
. el " H i E
22€ WAy ‘
g VA ANAAAN 9 o
AP P Apieipy
113 Sttt oot b ves et 3
: + : VA E
' P - AANAA ‘
: 4 MRS -
EEE Y A’
P APAAA A AN b A
j : i | | i F
; H Lo " E
v
s
v AW/ S
: Y h i H :
P A E
N MAMAAANAN, M C
t VWYV L
. : H E
; i A mn A -
: A E
v ot
: 9

0

-10

T M N e
- e

- -

TOITYTIT[TYTTTrYY

YT

LAAANRARAS RAALY RARLS AR

OOQF‘DID:‘MN—‘O—":‘
-

(038)

0°'g /X -1

3NIL Q30Nna3Y

11

20 30 4o 50 60 70 80 90 100 110 120 130 140 150 160
DISTANCE (KM}

10

CENTRAL PROFILE

Figure 7.

SHOT 4 SHOT POINT 14



MADE FROM BEST
AVAILABLE COPY

w
- e

m
-

o
-

-
-—

o &6 © ~ ®© un T O N
=

-—

o -
]

Laaaslassy

N
&

[T T N

IEETIFUSTE FTUTI FERTUNRTYS FRUTRATTTL T

i H . H . E
e, || . MA e
P : P i i F
EOE : : : . : ’ VMM ki ) 3
hoe ; i R l i : e Bt ; : E
: i oA AN ; S~ : :
sgs: i RS AR i AL S SR AR A ~
L bt sy L ' Wbt
H I i H B H i . “‘ ¥ i . H . -
BoE. ¢ -y v i ; 3
21 L v FOVIE TN DV N YYOR WV PV Y P re E
Lo i o ; : R -
: H H H H H H . -
; i . i A =
H H H H : H H : o
i ; i i i i i : i -
i i i i ! : i ! H H E
€ | et ; — 4+ E
e o dort ————t
B1E ; A v s —
! : ; ; i i ! : ; ; : 3
02 ;  pemarnonny vt panrvod v : ..
! " ' : E
: . . N "
143 " o Wmm
85¢ NI " AT PARI VY H =
L6E Y Y s - v WY T * F
ot b f s i —
hee . Y d ¢ M ] Ty relpaes : " <
. ! i | 1 ! i i ! | i i -
P i oo i [ 3
| E
3
3
E
3
E
E
E
3
3
' E
A -
: E
: i Fo 3
BLE "l e eyt E
BLE » y Yot Yurtmwinbia 3
e A Mot -\
2 A ¥
zié* VR I SV . -
16 i ; — ik
0.€ h | e d -
3
E
E
E
: E
I C

' T 9
; ; ; 1 3
. ; ; ! ; ] 9
H : i A H =
: " o X — :
ohe MM Y 4 Y W g * <
Y i ~ L d vy T
2SE ranm A AAMMANAMAN AR A EM Ay v yar : 3
§§§ e AN AAPAPAAN N A f -, va‘ Yy N - e
~ ' g
e Vv X E
95E 3 S { et
L5€ iy ; e — E
BSE WA VAN ARt A S hernry e 53
-1 - - ; i W A 3
[ B S L s R S S o o L s L s S L e
W F M AN~ O B ©® M~ O WX M N o O e
- -— - -— - -— i 1

(938)

0°8 /X - 4
3Nl Q3dna3ad

12

20 30 40 50 60 70 80 90 100 110 120 130
DISTANCE (KM)

-30 -20 -10

-40

CENTRAL PROFILE

Figure 8.

SHOT 5 SHOT POINT 15



- em em em em e
[PYTTE PRUTY FUUTS FYUYI FUUTE FUUTI CTUTE FUUTE FUTTE FUUTI FUUTI FUUTS ANRTE FRUTI FUTTE SUUTY STTTY
13 . . H H H H H -
¢ r i i " A 5 n'lvn : -
H : ! i ; ; ; ; d
. : H . | ; . | 3
i Lol A\ ;
€0E . + - : - t W o
hoE Whr =
598 rpeAnin v A h *.wm. 3
o Co P : i =
80E i e e el - - o
. ; H i | : 1 L E
, ; : ; ; ; NAA
bae N I | R A S0 3
21E rmmnii -~ v s o e
C P oo R
N ; Lo P E
SIE 4 . o
: ‘ P 3
Lie - -+ + v -~
HHrwessmane ; bins E
4 Mg T -
: i -
+ v
P SR 3
A ; i
: f B H i 3
b 3
i i i -
AN P H E
b P i
: M b i E
FRITY PR PP H E
A\ * E
AAANAAAAA s
el AN~ 3
' W E
: A -
— - E
18€ - . + : - 3
| ; . i 3
i H i : i -
H . : : : -
; i ! 3
123 . : E-
9:€ ANt A- 3
SLE v o~y :
5LEW\I\/\A[\_/\,J\/\AM\. : -
2LE - . - i -
1L€ E
0LE
-
E
-
F
E
E
-
E
b
E
9
E
E
-
-
o
o
-
E
9
E
9

0’9 /X -1
3Nl a30Nna3y

(038)

13

-2

30 4o S0 60 70 80

20

0

-10
DISTANCE (KM)

-20

-80 -70 -60 -50 -40

-90

CENTRAL PROFILE

Figure 9.

SHOT 6 SHOT POINT 16



MADE FROM BEST
AVAILABLE COPY

0w o M N ~ O O ® M~ O W O F M NN -~ O = N
-— - - -— ]

- - ]

[PPTYY FOUTI UYL TYTS FUTE TYVTY FUUTI FUYTY PUVYS PEYYY FYSTS PETTI FYUTS IYUTY PETYY PUTTE IOV

1 i ¢ i ! i E

H ! 1 : -
02H AR~ A AAANA - 3
LN i T Y -

i ; H : 3
L1h & 9

: : 3
Sih b M ) E
LR it raripythenp " 3
21h Peatewioerd iy E
TTH o mpaeparahoysiaiayirymeiy 3
O1h Wt npariosiprs ~ E

H . { =
LOh oAby v 3
90h " bt 3

: L E
SON mbumjumutashrariviars 3
20h whev 3

E
E
E
9
E
-
E
E
E
9
=
-
E
-
E
E
9
E
E
E
E
i NS + y o 3
H ) AA AAAAA AA A p d ]

. - - . hea AN AN 4 v . - : -
20h A A ANV AN M At N AMAAA A E
S5 AN AMAP AN NS AAAASAAA AN i bttt mams
161 ity A ATABNb o damuns A 3

H H : . . N : ! i . : H i N F

T T T e TR T T YT Y rrerprrYT

m T M AN~ D@ ® P~ O W T MmN~ O o
0’9 /x - |
(23s) 3WIL Q3ona3y

14

110 120 130 140 150 160

100

70

60
DISTANCE (kM)

EASTERN PROFILE

0 10 20 30 40 S0
Figure 10.
SHOT 7 SHOT POINT 17

-20



MADE FROM BEST
AVAILABLE COPY

w = m
- e e e

-
-

o OO © ~ L oW ¥ M N e
-—

o - N
[ t

[IFUPY FEYYY VTS PYTTY FUTTY FYVTY FYVTY PRTTY PYVTY PRTVY PRUTE IVTTY PYUPE IVUTY FTPTY FRUVY IV
81h MR AARAN A e AW AAM AN AAAN ANt

H i . H i i i 1 i b4

N ! I D .
S 1h e - " I S
hlh? 1‘ .. ’1:. " _v'f b A . n'k 1' LA: : W \ o u; AF -
2 H " b H 4 A o . o

b H Ty ¥ Y ey T i S E
TTh promgprrvebtig " ~ }eind A ) N 5

Py e Y » e W L 4 v N v >
DI e - : : " il
6D } " v » ¥

i i i i ! -

i i i H i o

[P I . E
S0h b - E
SOh Awwesth A . 3
E0h Romieain o Aoy el

e PPy Haebtm

LR A e e O ot

t 1 -
Ty oA e =
2hh ey M apAA

.

EBN s v M Mgl

hhh b

Ty

T[T,

LAALS RARAE RARLS

Y

M RAMLY ARASSAARLE RAA

LARAR RAARNRARALRAAAS RRAANRARAN AASAS RARRE RS

; TR A o "
v : At NPVt e
s H i I 3 ¢ b i B H H . -
i i i : i i i i i i H i : i -
; i i ; H . L Al i HITY ) l -
: I I B i l H f i i i H E
i i H : H i i i ! i i E
f i i i : i ! i i i i i i -
{ i H : i : ¢ H ¢ ! H l i H -
¢ i ! H i i : H i ! i E

! H : H ¢ : ! : H i H ;

- - * -

h , Y )
ARAAN AN RAZAS RAAAN AR AN RARAS RS RARA!
i I I 1 1 1 I 1 I

gmcnwm:rmm—-o—-r:n

n = M O -~
- -—

- e -

(038)

0'8 /X - 1
3NWIL Q3dnaA3d

15

sy s aamasm—

~80 -70 -60 -S0 -40 -30 -20 -10 0 10 20 30 4o S0 60 70 80
DISTANCE (KM)

-90

EASTERN PROFILE

Figure 11.

SHOT 8 SHOT POINT 18



w T Mm N - O O ©® M~ O U F MO N - O -
-— e e -

- - ] '
[FYTTY FUEYI PRSI CRUTURUNTI JUTTI FUUTE FUUTY ....l...-h.ul..nln..I....Innlun!uu
: . . ; ; . ; 3
e e - . :
Blh b T g T i T i E
Blh A - “ - 4 A & A
L] : 9 ‘ :m. o 1 f'WW' e St
ST Mttty — o e
nin ; ~ v » ; ' b o
[l - DA S e e s " E
U ] ! : i : ) 3
Ty P, Pttt iy - E
(IR : : . SN PR
BOR M AN NAAN A AR AR AARAN N AN i ; E
YV A N R
! i ! : | ' i ! i =
90h - - - : . : . : ~ " - - E
son —— —t— %}
. ; : : ; N : 3
== = R 3
R : : . . : i : H i i i i ¢ E
H ' N N . H N L ! N . 1 1 H -
THE A AR At ; " W o :
> 1 * Y * Y n E.
2hh s v . v 4 . M - E
£hh - . . : e 3
L T I T T T o T T o =g
M ! . E
ShE et v prorath s vl wh . E
TR My A sas e A A A M A AU R et At b samrma
LT (oA Ao oo R o iotersif M sy s oo A g b sl Astg
BHE P AR AP A Ay A R AT SN N At I AN AN AN
Ehh iawdyeaag e S anca ameaahad ¢ 4o v v . -
DSH neviipurd B odndiad " re Sl 2 itedate : otddod i, r
T ————— e s ST~ vl 3
ZST AW A Ao O P T e
E

LAAAS RAAMY ARRANRAALI RARAN RRARE RARL)

preeY

8 Z
1 ' £
1 - 3
- -4 4 % 1
4
] ’ .
4
§Im

LA RARLE ARAAL RAARA

-120

o il o . 5 e

104 It adis iy

LA3 AARARRALASAAMANRRRR)

P i g

ol L) L) L
| RARAS RARLS RARAS RARRS RARAS RARAS RAARN RARAS RANAN RARAI RARLERARLY RAASS RARAIRARAS AARAS RARLS

w F M N ~ O O © N~ W N F M N - O - «
-— e e e =

'
0'g /X -~ 1
(038) 3wWiL a3onaad

16

20 30

10

-S0 -40 -30 -20 -10

DISTANCE (kM)

-130 -110 -90

-140

-150

EASTERN PROFILE

Figure 12.

SHOT 9 SHOT POINT 19



REFERENCES

Cady, J.W., 1975. Magnetic and gravity anomalies in the Great Valley
and western Sierra Nevada metamorphic belt, California Province,
Geol. Soc. AM., Spec. Paper 168, 56 pp.

Cerveny, V., Molotkov, I.A., and Psencik, I., 1977. Ray method in
seismology, Charles University press, Prague, 214 pp.

Colburn R.H., and Mooney, W.D., 1986. Two-dimensional velocity structure
along the synclinal axis of the Great Valley, California, Bull.
Seismol. Soc. Am., 76, 1305-1322,

Fuchs, K. and Muller, G., 1971. Computation of synthetic seismograms
with the reflectivity method and comparison with observatiois,
Geophys. J. R. Astr. Soc. 23, 417-433

Healy, J.H., Mooney, W.D., Blank, H.R., Gettings, M.E., Kolher, W.M.,
Lamson, R.J., and Leone, L.E., 1982. Sudi Arabian seismic
deep-refraction profile: final project report, U.S. Geological
Survey Open-file Report USGS-OF-02-37, 141 pp.

Holbrook, W.S., and Mooney, W.D., 1987. The crustal structure of the
axis of the Great Valley, California, from Seismic refraction
measurements, Tectonophysics, 140, 49-63.

Hwang, L., and Mooney, W.D., 1986. Velocity and Q structure of the Great
Valley, California, based on synthetic seismogram modelling of
seismic refraction data, Bull. Seismol. Soc. Am., 76, 1053-1067.

Kind, R., 1978. The reflectivity method for a buried source, J. Geophys.

Kind, R., 1979. Extensions of the reflectivity method, J. Geophys. 45,
373-380.

Luetgert, James H., 1988. Users Manual for RAY84/R83PLT interactive
two-dimensional raytracing/synthetic seismogram package, U.S.
Geological Survey Open-file Report 88-238, 52 pp.

McMechan G.A., and Mooney, W.D., 1980. Asymptotic ray therory and
synthetic seismograms for laterally varying structures: theory and
application to the Imperial Valley, California, Bull. Seismol. Soc.
Am,, 70, 2021-2035.

Murphy, J.M., and Walter, A.W., 1984, Data report for a

selsmic-refraction Investigation: Morro Bay to the Sierra Nevada,
U.S. Geological Survey Open-file Report 84-642, 37 pp.

17



Murphy, J.M., 1988. USGS FM cassette seismic-refraction recording
system, U.S. Geological Survey Open-file Report 88-570, 43 pp.

Wentworth, C.M., Blake, M.C., Jr., Jones, D.L., Walter, A.W., and Zoback,
M.D., 1984. Tectonic wedging associated with the emplacement of the

Franciscan assemblage, California Coast Ranges, in Franciscan geology
of northern California., ed. Blake, M.C., Jr., Soc. Econ.

Paleontologists and Mineralogists, Pacific Section, 43, 163-173.

Wentworth, Carl M., Zoback, Mark D., Griscom, Andrew, Jachens, Robert C.,
Mooney, Walter D., 1987. A transect across the Mesozolc accretionary
margin of central California, Geophys. J. R. astr. Soc., 89, 105-110

Zoback, Mark D., and Wentworth, C.M., 1986. Crustal studies in central
California using an 800-channel seismic reflection recording system,
in Reflection seismology, a global perspective: Geodynamics series,
vol. 13, pp 183-196, eds Barazangi, M., and Brown, L., American
Geophysical Union, Washington, D. C.

18



Appendix A: Shot Point and Recorder Locations
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SHOT POINT LOCATIONS

LOCATION LATITUDE LONGITUDE ELEV
NUMBER (deg,min) (deg,min) (m)

7 37 29.287 121 2.775 15
10 37 5.824 120 49.774 28

11 37 49.602 121 24.632 0
14 37 42.440 121 12.290 0
15 37 30.897 120 58.208 0
16 37 8.278 120 40.887 0

17 38 5.320 121 6.300 32
18 37 32.102 120 38.219 73
19 37 11.273 120 13.435 80
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Appendix C: SEG-Y Tape Format
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Archive Tape Data Format

Archive datas tapes are written in SEGY standard format
(Barry et al, 1975). Recording density is 1600 bpi, phase
encoded (PE). In order to accomodate seismic refraction data,
some wminor changes have been wmade to the tape header fields. A
complete 1list of header fields is provided in the card image
portion of the reel identification header, shown below:

REEL IDENTIFICATION HEADER BYTES :

3217 -3218 SAMPLING INTERVAL (MICROSECS).

3221 -3222 NUMBER OF SAMPLES PER TRACE.

3225 -3226 DATA SAMPLE FORMAT CODE.

3255 -3256 MEASUREMENT SYSTEM (1 = METERS; 2 = FEET)

TRACE IDENTIFICATION HEADER BYTES :

aacaaoaoaoaoaan
VONOUDdWNP

1 - 4 TRACE SEQUENCE NUMBER WITHIN REEL.
Cio S - 8 TRACE SEQUENCE NUMBER WITHIN REEL.
Ci1 9 - 12 STATION LOCATION NUMBER.
Clz2 29 - 30 TRACE ID CODE (1 = SEISMIC DATA).
C13 37 - 40 SHOTPOINT-RECEIVER DISTANCE (M).
Ciq 41 - 44 STATION ELEVATION (M).
Cis 45 - 48 SHOTPOINT ELEVATION (M).
Cle 49 - 52 SOURCE DEPTH (M).
Cl7 69 - 70 SCALAR TO BE APPLIED TO ALL ELEVATIONS.
c18 71 - 72 SCALAR TO BE APPLIED TO ALL COORDINATES.
Ci9 73 - 76 SHOTPOINT COORDINATE - X.
C20 77 - 80 SHOTPOINT COORDINATE - Y.
ca1 81 - 84 RECEIVER COORDINATE - X.
c22 85 - 88 RECEIVER COORDINATE - Y.
C23 88 - 90 COORDINATE UNITS (1 = METERS; 2 = SECONDS OF ARC).
C24 115 - 116 NUMBER OF SAMPLES IN THIS TRACE.
C25 117 - 118 SAMPLE INTERVAL IN MICROSECONDS FOR THIS TRACE.
c26 121 - 122 INSTRUMENT ATTENUATION IN DB.
c27 157 - 158 SHOT TIME - YEAR.
c28 159 - 160 SHOT TIME - DAY OF YEAR.
C29 161 - 162 SHOT TIME - HOUR OF DAY (24 HOUR CLOCK).
C30 163 - 164 SHOT TIME - MINUTE OF HOUR.
C31 165 - 166 SHOT TIME - SECOND OF MINUTE.
C32 167 - 168 TIME BASIS CODE (2 = GMT).
C33 181 - 182 SHOT TIME - MILLISECONDS.
C34 183 - 184 SHOTPOINT LOCATION NUMBER.
C35 185 - 186 RECORDING INSTRUMENT UNIT NUMBER. .
C36 191 - 192 DISTANCE WEIGHTING EXPONENT (HUNDREDTHS).
C37 193 - 194 SHOT SEQUENCE NUMBER (SHOT NUMBER).
c38 195 - 196 SHOT SIZE (KG).
C39 197 - 200 SHOTPOINT - STATION AZIMUTH (SEC OF ARC).
C40 201 - 204 TIME OF FIRST POINT MINUS SHOT TIME (MSEC)



The data point format is "32 bit floating point", and the
appropriate bytes (3225-3226) of +the binary reel id header

contain a value of 1. The trace amplitudes have not been
adjusted for instrument gain, but the gain correction factor can
be estimated from the instrument attenuation value (att)

specified in bytes 121-122. To correct for gain, the data should
be demeaned and then multiplied by

(att/20)
10 .

The measurement system (bytes 3255-3256 of the binary reel
header) is set to 1, meters.

Shotpoint and receiver coordinates are in seconds of arc (byte
field 89-50). The coordinate scalar multiplier (bytes 71-72) is
set to -100, 80 the coordinates (bytes 73-88) are in hundredths
of a second of arc.

Bytes 157-166 and bytes 181-182 refer to the shot detonation
time. The time of the first data sample is found by adding the
shot detonation time to the time specified in bytes 201-204.
Since there 1is8 no weighting of amplitudes with distance for
archive tapes, the distance weighting exponent (bytes 191-192) is
not used.

Shot sequence number (bytes 193-194) refers to the order in which
shots were fired during the field campaign.

REFERENCE
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