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ABSTRACT

Wide-angle seismic reflection and refraction data were obtained in the vicinity of the San
Andreas, Hayward, and Calaveras faults during the Bay Area Seistnic Imaging eXperiment
(BASIX) to define the crustal structure in the San Francisco Bay Area of California. In
September, 1991, the U.S. Geological Survey's (USGS's) R/V 8.P. Lee's airgun array,
totalling 96 liters (5824 cu. in.), was used as a seismic source for a marine reflection survey of the
lower Sacramento River delta, San Francisco Bay, and the continental margin. This source was
recorded on a temporary onshore seismic recorder array deployed by investigators from Stanford
University, the USGS, the University of California at Berkeley, and Woods Hole Oceanographic
Institution. The USGS deployed 18 three-component and 5 vertical-component land stations
which continuously recorded the airgun signals on analog tape. The seismic stations (five-day
recorders), deployed by the USGS to record the airgun signals, stretched from Golden Gate Park
in San Francisco 160 km east to Copperopolis in the Sierran foothills. In this report, we describe
the experiment, provide the locations and times of operation of all the onshore BASIX recorders,
present the scheme followed to reduce the USGS five-day recorder data to seismic sections, and
illustrate the wide-angle seismic data obtained by the five-day recorders.
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INTRODUCTION

The Loma Prieta magnitude 7.1 earthquake of October 17, 1989 served both as a reminder
of the active transpression along the San Andreas fault system and as a catalyst for studies aimed at
better understanding the crustal structure in its vicinity (U.S. Geological Survey Staff, 1990).
Resultis from seismicity and trenching studies indicate that the San Andreas fault is not the only
‘major earthquake hazard in the San Francisco Bay Area. Recent seismicity compilations (e.g., Hill
and others, 1990) show that the Hayward, Calaveras, and Greenville faults are seismically active,
and the historical record indicates that these faults are capable of generating large-magnitude
earthquakes (Ellsworth, 1990).

To date, seismicity, potential field data, and surface mapping have not revealed the nature
of the subsurface connections of these faults, if any. Subsurface connections have been proposed
to accommodate the fault-normal compression occuring across the San Andreas fault (Namson and
Davis. 1938). Active rranspression across the San Andreas and East Bay fault systcms has been
inferred from stress and geodetic measurements, focal mechanism smdies, and other data (Zoback
and others, 1987). The ongoing transpressional tectonics requires subhorizontal decollements to
accommodate both the compressional and strike-stip motion (Namson and Da\}is, 1988), but the
geometry of these surfaces in the San Francisco Bay Area, and their relation to the San Andreas

and East Bay faults, is currently unknown.

A subsurface connection between the San Andreas and East Bay faults has also been
prdposed on the basis of thermal and mechanical modeling of the lithospheric slab window
generated by the Mendocino triple junction (Furlong, 1984; Furlong and others, 1989). Either
decollement or thermo-mechanical mechanisms for connecting fanlts beneath $an Francisco Bay
may explain the observed temporal pairing of large earthquakes occuring on the San Andreas and
Hayward-Calaveras faults (Kerr, 1990).

Onshore wide-angle profiling by Catchings and Fuis (1991) support the hypothesis that

large-amplitude reflections from the mid-to-lower crust and upper mantle may have increased



ground motions produced by the 1989 Loma Prieta earthquake at some distant sites (Somerville
and Yoshimura, 1990), and provide additional motivation for the delineation of subhorizontal
structures in the middle- to lower-crust, Given that reflections from the top of the upper mantle are
frequently the most energetic arrivals at larger ranges, obtaining a better understanding of these
focusing effects is critical for predicting strong ground motion patterns from expected earthquakes
in the Bay Area.

In the following we describe and present the primary wide-angle seismic data resulting
from an onshore-offshore seismic reflection/refraction investigation of the crustal structure beneath
San Francisco Bay. These profiles were acquired as part of the Bay Area Seismic Imaging
eXperiment (BASIX), whosé core programn included deep seismic reflection profiling conducted in
Scptcfnbcr, 1991, using a rnarine airgun array and a telemetered hydrophone array (Furlong and
others, 1991; Hart and Clymer, 1991; McCarthy and Hart, 1993). The wide-angle profiles were
obtained to look for structures in the middle and lower crust which may accommodate the observed
fault-normal compression as well as to place constraints on the subsurface dips of the major faults
in the Bay Area, The wide-angle data were also acquired to obtain a better understanding of wave

propagation characteristics in the Bay Area.

DATA ACQUISITION

Operations on the 5. P. Lee

BASIX providled an opportunity to obtain wide-angle seismic_: reflection/refraction profiles
in the vicinity of the San Andreas, Hayward, Calaveras, and Green Valley faults. The 12-element
airgun array towed by the R/V §.P. Lee, totalled 96 liters (5858 cu. in.), generated seismic
signals for a reflection profile along the northern half of San Francisco Bay (fig. 1). Due to
shallow water depths in the Sacramento River and San Francisco Bay, each airgun was buoyed at a
depth of 7.6 meters (25 fect) by a separate Norwegian buoy (McCarthy and Hart, 1993). The '

seismic reflection profile stretched along the Sacramento River from Rio Vista in the western Great



Valley through the Cargninez Strait to the San Francisco Bay and seaward to the Golden Gate,
Because up to 120 telemetered moored hydrophones were used to obtain the seismic reflection
data, the seismic profile was acquired in 13 separate, overlapping, segments (lines), each about 27
km long (figs. 2 and 3; Table 1). '

* Lines 101 to 109 form a continuous E-W profile across the Hayward-Rodgers Creek,
Concord-Green Valley, and Antioch faunlts. The narrow navigatable channel along lines 101 o 109
cansed these overlapping lines to be essentially coincident (fig. 2). Lines 110 to 113 were acquired
to provide information on the crustal block between the San Andreas and Hayward faults. Lines
110 to 113 were acquired along a NW-SE trend in San Francisco bay proper and the S.P. Lee
tracklines for these lines show greater divergence (fig. 3). Lines 201 and 202 constitute a short
ENE-WSW transect from Alcatraz Island through the Golden Gate to beyond the San Andreas and
San Gregorio faults (figs. 1 and 3).

The field operations for the reflection profiling resembled those of an onshore profile
(McCarthy and Hart, 1993). Each day the moored hydrophones were shifted along the profiles; at
night the 8. P. Lee steamed along the hydrophone array while firing the airguns. The seismic
reflection lines were acquired at night between 8 PM and 6 AM (local time) to minimize cultural
and wind noise and interference from ship traffic. Along 10 of the 13 lines the S.P. Lee fired the
airgun array while steaming along the line, then reversing course, duplicated the line by steaming
in the opposite direction, further doubling the number of airgun shots avatlable for stacking seismic
signals. The nominal shot interval along all the reflection profiles was 50 m except along. lix‘les 201
and 202, which were obtained using 75 m shot intervals. More than 15,000 separate airgun shots

were recorded during BASIX.
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Figure 3. Expanded view of study area showing BASIX lines 110-113 and 201-202 (in
various patterns) and wide-angle stations used to record these lines.



TABLE 1, R/V 8.P, Lee Airgun Firing Times and Locations

UCT End

UCT Begin  Lat. (N) Long. (W) Lat. (IN) Long. (W)
line DayHRMIN Deg Min, Deg.Min. DayHRMIN Deg, Min, Deg. Min,
101 2480424 38 05.24 121 4475 248 1215*% 38 02.85 121 53.43
102 2490706 38 04.98 121 45.17 249 1045 38 03.60 121 59.47
103 2500901 38 03.60 121 4790 2501300 38 02.20 122 07.50
104 2510518 38 02.76 122 06,22 - 2510712 38 03.94 122 03.15
105 2520213 38 03.46 122 17.39  2521227* 38 03.89 122 02.11
107 254 0250 38 00.15 122 22.00 2541017* 38 02.76 122 10.57
108 2550350 . 3757.04 122 57.75 255 1048* 38 03.67 122 14.66
109 256 0330 37 53.29 122 25.77 256 1100* 38 03.24 122 18.63
110 257 0500 37 52.78 122 24.66  2571152* 38 QL.34 122 23.13
111 258 0609 37 45.54 122 21.64  2581230% 37 36.46 122 17.04
112/ 2590346 37 36.47 122 17.02 259 1053 37 57.58 122 26.69
OBS-1#

113 2600518 37 47.14 122 20.40  2601217% 37 57.10 122 26.40
201 2610512 37 47.55 122 31.92 261 1030* 37 50.79 122 24.83
202 2620330 37 49.04 122 23.39 262 1115% 37 45.83 122 48.19
TRI1# 2621311 37 46.08 122 32.52 262 1417 37 40.80 122 32.80
OBS2#262 1417 37 40.80 122 32.80 2630430 37 12.52 123 31.22

#These lines were intended solely for recording by wide-angle recorders, no reflection
profiles were obtained along these lines. :

*The S. P. Lee reversed course along these lines and stopped approximately where it began;
thus, the end time indicates when the S.P. Lee ceased firing the airgun array, and the end
Jatitude and longitude indicate the location of the S. P. Lee at the farthest distance it reached
from the beginning of the line.

In addition to the 13 reflection lines, the airgun array on the S.P. Lee was used solely as a
seismic sonrce for wide-angle profiles along three other lines: these include the NW-SE trending
Line 112/0BS-1 in San Francisco Bay; a short transit leg, Line TR-1, south of the Golden Gate;
and the E-W trending Line OBS-2 on the continental margin (fig. 1; Table 1). Lines OBS-1 and
OBS-2 were obtained along two separate deployments of 6 USGS ocean bottorn seismometers
deployed by investigators from the USGS Branch of Atlantic Marine Geology and Woods Hole
Oceanographic Institution (Holbrook and ten Brink, 1991; Brocher and others, 1991). The shot
interval along Line 112/0BS-1 was 50 m. The shot interval for Lines TR-1 and OBS-2 was

doubled to 100 m; Line OBS-2 was located coincident to seismic reflection Line 13 of Lewis
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(1990) in order to provide deep structural control on the continental margin west of the San
Andreas fault (figs. 1 and 4).

Within San Francisco Bay, navigation of the S.P, Lee and the airgun array was
accomplished vsing a combination of GPS and land-based high-resclution Del Norte radio
navigation, and is considered accurate to a few meters. Only the GPS positions were used during
the reduction of the wide-angle data, yielding source location accuracy of a few tens of meters.
Navigation for Lines 202 and OBS-2 seaward of the San Andreas fault was accomplished using a
combination of GPS operated in a selected availability mode and tho-rho Loran-C, and is
considered accurate to within 150 to 200 m. Shot instant times for the airgun array on the S.P.
Lee were written to the seismic trace headers and recovered from these headers as described by
Brocher and others (1992). A Kinemetrics True Time Satellite Clock Receiver Model 468), sét
for the local delay appropriate for the GOES satellite, and stabilized using a high-precision Cesium
oscillator, provided the absolute time base recorded on the 8.P. Lee. The shot instant times are
thus considered accurate to the nearest millisscond. These shot instant times were recovered from
the seismic trace headers when the data were dernultiplexed at the DISCO data processing center,
and were merged into one computer file per seismic line along with the final navigation for the S.

P. Lee.

Operation of the Onshore Array of Temporary Seismic Stations

A temporary array of 23 seismic stations, consisting of 18 three-component five-day
recorders and 5 vertical-component seismometers telemetered to the 3-component recorders (Table
2), was used to record the entire set of seismic reflection lines acquired by the S. P, Lee. The
analog three-component, five-day seismic recorders are described by Criley and Eaton (1978).
These ingtruments have been used primarily for recording aftershock sequences and teleseismic
studies of the lithosphere and record continuously using 1/2 inch analog magnetic tape. The
combined frequency response of the 1 Hz geophones and internal five-day recorder electronicé is

heavily weighted to frequencies less than 15 Hz,
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The field procedures used to deploy the five-day recorders were identical to those described
for a similar experiment in north-central California (Brocher and others, 1992). Recorders were
deployed near roads and were tumed on prior to the commencement of the acquisition of the
seismic reflection lines. At five sites in the eastern Great Valley and Sierran foothills west of
Stockton (Figure 1), seismic signals from a vertical-component seismometer were telemetered to an
adjacent five-day recorder. These sites were chosen for telemetry because of the dense station
coverage telemetry provided there and because minimal radio interference was expccted in this

location. Recovery of data from the 5-day recorders for the BASIX study averaged about 90%.

TABLE 2. 5-day Recorder Station Locations and Elevations

Station Station Latitude (N) Longitude (W) Elevation
Abbrev, Name Deg, Min. Sec, Deg, Min, Sec, (m)
GOoGP Golden Gate Park 37 46 14.503 122 28 33.928 99
ALCZ Alcatraz Island 37 49 37.152 122 25 30.084 39
TILD Tilden Park 375431192 122 15 16.713 261
PACO Paradise Cove 37 53 49.139 122 27 49220 46
PTSP Pt. San Pedro 37 59 01.060 122 27 21.226 106
PINO Pt. Pinole 38 00 34.106 122 21 50.306 9
DAIS Day Island 38 06 11.854 122 29 20,724 39
SELB Selby 38 03 16.689 122 14 30.752 64
BENC Benecia 38 03 43.348 122 08 26.564 42
CONC Concord 38302 22.384 122 01 45.292 7
PITT Pittsburg 38 00 31.457 121 54 38.691 35
COLV Collinsville 38 04 58.344 121 51 12,702 0
MONT Montezuma Hillg 38 04 14.636 121 48 09.276 15
RIOV Rio Vista 38 07 34.636 121 40 11.983 18
MCDR MacDonald Road 37 57 52.517 121 28 15.961 -3
VIGN Vignolo Road 38 00 14.238 121 10 59.749 17
MURR* Murray Road 37 59 39.470 121 06 56.574 26
PETE* Peters 37 58 48.146 121 02 20.808 38
BELL Bellota Road 37 59 26.225 120 58 53,148 a1
DUCR* Duck River 37 58 20.993 120 54 25,947 91
ROCR* Rock River 37 58 17.351 120 51 19.805 83
BLHI Black Hill 37 59 01.722 120 47 22.479 204
GOPM* 37 56 51.258 120 46 20.499 285

Gopher Hill Mine

*Station consisted of a transmitter broadcasting signals from a vertical seismometer only,
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Of the 23 stations deployed during the experiment (Table 2), a set of 3 stations in Golden
Gate Park (GOGP), on Alcatraz Island (ALCZ), and in Tilden Park (TILD) weré deployed to
record reflection lines 201-202 and OBS-2 in an in-line and off-end geometry. Three other
stations, at Parédise Cove (PACO), Pt. San Pedro (PTSP), and Pt. Pinole (PINO), all located on
the western shore of San Pablo Bay, were deployed to record reflection lines 110-112/0BS-1 in an
off-end geometry. The primary focus of our experiment, however, was the deployment of 17
stations along and off-end to reflection lines 101-109. As indicated in Figure 1 and in Table 2, this
later set of stations stretched 160 km eastwards from Day Island (DAIS) on the western shore of
the San Francisco Bay to Gopher Hill Mine (GOPM) in the Sierran foothills. Due to fears of
signal loss through the peat layer in the Sacramento Delta (Vuillermoz and others, 1987), only one
station, at MacDonald Road (MCDR), was deployed in the Great Valley. While a station in the
Farallon Islands was desired, available funds did not permit the deployment of a recorder on these
islands. We relied on stations in the permanent USGS CALNET earthquake network to fill gaps in
our deployment of temporary recorders (Figure 1).

The five-day recorders and transmitter stations were deployed over a period of several days
and were turned on prior to the acquisition of seismic reflection lines. Table 3 therefore provides a
listing of the times for which each five-day recorder actually recorded data. Short (1-hour-long)
gaps in the recording not shown in Table 3 were caused by the need to change tapes and refurbish
the 5-day recorders at 4 to 5 day intervals. These short gaps occurred during daylight hours, when
the $.P. Lee was not firing its airgun array. Thus, no wide-angle data were lost by the need to
ma.intain the 5-day recorders. Where possible, we attempted to deplﬁy the seismometers on hard
rock to improve signal quality. The locations and elevations of the temporary seismic stations
shown in Table 2 were determined from USGS topographic quadrangle sheets and are thought be

accurate to within several tens of meters.
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TABLE 3. 5-day Recorder Times of Operation

Station Station Time On Time Off
Abbrev, Name _ ID Hr Min, JD Hr,Min,
GOGP Golden Gate Park 2472159 - 265 1830
ALCZ Alcatraz Island 242 2007 266 1900
TILD Tilden Park 246 2059 263 1822
PACO Paradise Cove 246 2235 266 2300
PTSP Pt. San Pedro 246 2124 267 2300
PINO Pt. Pinole 246 1753 266 1846
DAIS Day Island 246 1933 266 2000
SELB Selby 246 2218 249 2300
252 2236 263 1942
BENC Benecia 247 2320 263 2128
CONC . Concord 247 2350 2522300
254 0220 263 2021
PITT Pittsburg 247 1914 263 2231
COLV Collinsville 249 2145 266 2127
MONT Montezuma Hills 246 0045 251 1200
253 0124 262 0000
262 2305 266 2015
RIOV Rio Vista 246 2206 247 0030
2522148 261 1900
262 1935 266 1850
MCDR MacDonald Road 249 2145 251 2007
252 0136 267 0010
VIGN Vignolo Road 244 0010 267 1720
MURR* Murray Road 2452144 249 0700
250 2055 266 2220
PETE* . Peters 2452144 249 0700
250 2055 266 2220
BELL Bellota Road 245 2144 249 0700
250 2055 266 2220
DUCR* Duck River 2452144 249 0700
2510358 266 1800
ROCR* Rock River 245 Q216 266 1800
BLHI Black Hill 245 0216 266 1800
GOPM* Gopher Hill Mine 2450216 266 1800

*Transmitter station consisting of vertical component seismometer only.

Additional wide-angle seismic profiies were recorded onshore throughout the Bay Area by
permanent seismic network stations of the CALNET earthquake array and by temporary arrays of

Refick recorders deployed by Stanford University and by the University of California, Berkeley
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(Figures 1-3). Investigators from Stanford University deployed PASSCAL Reftek recorders
mainly in a fan geometry with respect td the reflection lines to determine whether there exist offset
of crustal and Moho reflections across the major strike slip faults in the area (Klemperer and
BASIX Working Group, 1991). The locations of the 38 starions occupied by researchers at
Stanford University are provided in Table 4 and Figure 1. The Stanford University investigators
deployed 5 PASSCAL recorders in-line to reflection Lines 101-108 on the Marin Headland (stations
A1-A35), 3 recorders in-line to reflection lines 201-202 (B2-B5), and 14 east-west (E-W) pairs of
recorders in fan geometry north of the Bay (stations N1-N6) and south of the Bay (stations 57-
§14), The CALNET, University of California, Berkeley, and Stanford University/PASSCAL
recordings are described elsewhere. .Table 5 provides the locations of ocean-bottom seismometers
deployed during BASIX by investigators from USGS/Woods Hole and the Woods Hole
Oceanographic Institution. Table 6 provides the locations of Reftek recorders deployed by the

University of California, Berkeley.

TABLE 4. Stanford University PASSCAL Recorder Locations and Elevations

Station Station Latitude (N) Longitude (W) Elevation
Abbrev. Name Deg. Min, Sec, Deg, Min, Sec {m)
Al D Ranch, Pt. Reyes 38 02 15 122 57 45 79
A2 Drake's Bay Beach 38 04 30 122 52 26.5. 29
A3 Sarnuel Taylor :

State Park 38 02 20.5 122 42 56.5 73
Ad Lucas Valley

Ranch 38 03 00 122 40 29.5 85
A5 Ignacio . 38 03 43 122 34 385 73
B2 San Pablo Reservoir 37 56 47 122 14 25.5 104
B4 Martinez 37 58 26 122 07 31.5 98
B5 Pacheco 37 58 51.5 122 04 435 27

16



TABLE 4. Continued.

Station Station Latinude (N) Longitade (W)  Elevation
Abbrev. Name Deg, Min, Sec. Deg. Min, Sec, {m)
NIW Salt Point 38 34 25.5 123 21 07.5 145
NI1E Seaview Ranch 38 32 56 123 13 50 431
N2W Geyserville 38 44 08 122 58 59 111
N2E ‘ Geyser Peak 38 45 49.5 122 50 32.5 1020
N3W Jerusalem Grade 38 49 47 122 29 49 291
N3E Knoxville 38 45 58 122 16 13 261
N4wW Pt. Reyes 38 10 345 122 56 225 180
N4E Tomales 38 14 30 122 55 58 113
N5SW Windsor 38 32 57 122 50 24 50
NSE Franz Valley 38 36 44 122 41 31 114
N6W Iron Mt. 33 33 43 122 15 58 533
N6E Rocky Ridge 38 31 45 122 05 38.5 506
STW Pescadero 37 17 16 122 23 14 178
S7E Arata Ranch, 37 17 52.5 122 21 48 216
Pomponio
S8W Russian Ridge 37 19 18 122 13 Q2.5 591
S8E Jasper Ridge 37 23 59 122 12 54.5 183
S59W Coyote Hills 37 33 23 122 05 47.5 6
S9E Rancho Armroyo 37 36 02.5 121 58 06 393
S10W Mill Creek Road 37 31 48 121 52 19 486
S10E Sunol Wilderness 37 32 53.5 121 49 31 265
S1IW Del Valle 37 32 58 121 39 59 276
S11E Arroyo Mocho, 37 33 11.5 121 34 00 750
Mines Road
S12W Cascade Ranch, 37 08 05 122 19 19 32
Afio Nuevo '
S1ZE Last Chance Road, 37 06 10.5 122 15 54 265
Big Basin
SI3wW Bear Creek 37 09 41 122 01 34 671
SI3E Soda Springs, 37 10 03.5 121 55 49 Q51
‘ Lexington Res.
S1l4w Silver Creek 37 17 19 121 46 43 108
S14E Jos. Grant County 37 20 13 121 40 55.5 799
Park

Note: Deployments Al-A5 and B2-B5 were located inline to the seismic reflection lines 101-108.
Deployments N1-N6 and S7-S14 have a fan geometry to the seismic reflection lines, and were
located to the north and south of the San Francisco Bay, respectively.
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TABLE 5. USGS Ocean-battom Seismometer Locations and Depths

OBS Latitude (N) Longitude (W) Depth
jin) Degg Min, Deg. Min, I
OB5-1 Deployment
Al 37 33.4046 | 122 11.7081 15
A2 37 40.5028 122 18.9071 10
C4 37 46.1819 122 20,8038 17
A8 37 52.1990 122 24,2006 16
o 37 57.5991 122 26.9887 -

A8
A2
Al
C4
C9

OBS-2 Deployment

37 14.962
37-19.185
37 22.36
37 31.60
37 37.008

123 25.21
123 15.684
123 08.30
122 50.94
122 40.469

2710
1330
860
100
g0

18



TABLE 6. Locations of Reftek Recorders Deployed by University of California Berkeley

Channel

Latitude (N)*

Degrees

Concord Naval Weapons Station

Longimde (W)*

Degregs

East Array (recorded lines 101, and 103-5)

O‘tkﬂ«lﬁ-'—"l\-‘mé v ln B b e

South Array (recorded lines 108-110)

la LV NN O RV

North Array (recorded lines 107-110)

=R Sl R

East Array (recorded lines 113 and 201)

onlh o b LD

est Array (recorded lines 103 and 105)

38.04054 121.98863
38.04054 121.98977
38.04054 121.99091
38.04054 12199205
38.04054 121.9931%9
38.04054 121.99433
38.04054 121.99569
38.04054 121.99683
38.04054 121.99797
38.04054 121,99911
38.04054 122.00025
38.04054 122.00139
Point Pinole
37.97802 122.36200
37.98133 122.36147
37.98209 122.36093
37.98285 122.36039
37.98362 122.35985
37.98438 122.35930
37.99657 122.34690
37.99731 122.34627
37.99804 122.34563
37.99878 122.34500
37.99771 122.34438
38.00025 122.34373
Bay Bridge
37.83226 122.31532
37.82215 122.31645
37.82204 122.31760
37.82192 122.31874
37.82181 122.31989
37.82170 122.32103

Flevation

13
21
21
18
15
13

12
12
15
16
17
17

18
18
13
18
18

Uk el D G0 ey Al

[0 S T O
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TABLE 6 continued.

Latitude (IN)* Longimde (W)* Elevation
Chanpel Degrees Degrees (m)
Bay Bridge

West Array (recorded lines 113 and 202)

3 37.82159 122.32217 2

2 37.82147 122.32331 2

1 37.82136 122.32446 2

4 37.82124 122.32560 2

3 37.82113 1122 32675 2

6 37.82102 122.32788 2

*Coordinates are for the North American Datum of 1927.

DATA REDUCTION

Data Playback

The playback and digitization of the five-day recorder tapes, the formating of the digitized
data into SEG-Y format, and the subsequent processing of the record sections were nearly identical
to those described by Brocher and others (1992). We digitized the analog five-day recorder data at
100 samples/sec by running the software program called xdetectv using an Everex 386/25 MHz
computer with 4 Mbytes of internal memory and 330 Mbytes of hard disk memory. Xdetectv is a
version of xdetect, described by Tottingham and Lee (1989). The analog tape drive was manually
positioned to the desired time on the tape for the start of digitizing with the aid of an IRIG-C clock
code reader. Up to 260—minuteu10ng.blocks of analog data were digitized in a single pass requiring
about 13 minutes of playback time. The digitized data were temporarily stored in Seismic Unified
Data System (SUDS) format on the Everex cornputer (Ward and Williams, 1992), then wansfered
to a 2 GBy1e disk drive on the VAX 11/785, where the data were demultiplexed into two different
time code channels and 6 seismometer channels (three low-gain channels and three high-gain

channels).

20



The time of the digitized files were determined using recorded WWVE time code broadcast
from Denver, Colorado, in addition to a recorded internal IRIG-C clock code, both of which were
recorded continuously at each station. Because WWVB time is accuraie to a few milliseconds, we
uscd the WWVE clock code to determine the time on 99% of the digitized files. When WWVER
code could not be used, however, we relied on the internal clock code in IRIG-C format.

We converted the digitized WWVB clock code to a binary signal by equating the largest
positive values (generally in the range of +3000 to +5000 counts) as equal to one and all smaller
values (generally in the range of +1000 to +2000 counts) as zero. We filtered this binary code to
remove short (1 to 3 sample long) noise pulses in the time code. A software program,
SUDIRIGTOVRB.FOR, decoded the times of the minute marks on the time code and determined the
sample number at the beginning of each minute mark. A second software program,
SUDTOSEGY.FOR, counted second marks (where the binary code changes from zero to ong) to
determine the time within the digitized file; this time was verified and updated using the sample
numbers of the minute marks. The digitized file was broken into individual traces for each airgun
shot based on the reduced travel time for that receiver using a velocity of 6 or 8 km/s. Th= reduced
travel time was calculated from a list of shot times and locations, the receiver location, and the
reduction velocity (6 or 8 km/s). Twenty-three seconds of data were saved for each trace. The
individual traces were then writien in SEG-Y format to a 9-track digital tape (see below).

Most of the software used for this processing sequence was described by Brocher and
others (1992). The record sections were then filtered and plotted using DISCO Processing
Software as described by Brocher and Moses (1990). On many of the sections shown here, a
predictive deconvolution, based on the Wiener-Levinson algorithm, has been applied. We used a
(0.5 s operator length, a 0.01 s gap, and a 4 s design window centered on the first arrivals for the
deconvolution of the entire trace. |

The redundancy of airgun shotpoints caused by the overlapping and reshooting of lines
allowed us to deiermine whether features observed in the data result from complexities introduced

by the geology or whether they resulted from equipment malfunctions or digitizing problems. The
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relatively high-fold of the wide-angle data (up 1o 5-6 fold along lines 101-109) and high-coherence
of the data also allowed us to stack the wide-angle data to improve signal to noise levels. For the
two line segments defined by lines 101-109 and 110-113, we binned the data according to range
and stacked the data within bins 50 m wide after reduction to 8 km/s. Reduced record sections
plotted with a scale of 4 to 5 inches per second suggest that there is little relative moveout for

arrivals within this short range bin,

SEG-Y Tape Format

The wide-angle seismic reﬂect_.ion/refracrion profiles were written to 9-track tapes in SEG-Y
format. For most recorders three traces were writien for each shot: trace 1 contains the high-gain
N/S horizontal seismometer component; trace 2 containg the high-gain veriical seismometer
component; and trace 3 contains the high-gain E/W horizontal seismometer component. Each trace
contains a 240-byte trace header of 2- and 4-byle integers describing the spe.ific trace and 2301 2-
byte integer data samples. For stations consisting solely of a transmitier, only a single trace is
written for each shot and receiver pair; trace 1 containg a high-gain vertical seismometer
component. The location of each value in the SEG-Y trace header as described by Barry and
others (1975) was slighdy modified as described by Luetgert and others (1990). All trace integer
values were byte swapped from DEC to SEGY~IBM format and are writien in SEGY-IBM 16INT
format. An End of Tape (EOT) mark was Wrij;ten at the end of each 12-inch, 6250 BPI, SEG-Y

tape.

DESCRIPTION OF THE DATA
In the following section we describe the data in terms of the four major lines acquired -
during the BASIX experiment in the order the lines were collected. In general, the quality of data
acquired by stations in the-.- Coast Range (ALCZ, PACO, PTSP, PINO and DAIS), East Bay Hills
(TILD), and eastern Sierra foothills (DUCR, ROCR,, BLHI, and GOPM) are superior to those

acquired east of Concord and in the Great Valley. A peat layer underlying the Sacramento Delta
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east of Concord (Vuillermoz and others, 1987) is thought to account for the lower signal levels of

the stations in the middle of our array (CONC, PITT, COLV, MONT, RIOV, and MCDR). Data

from stations in the Great Valley (VIGN, MURR, PETE, and BELL) near Stockton (Figure 1)

were probably adversely affected by cultural noise and poor propagation characteristics of the .

Gireat Valley fill. The quality of the recorded data is generally highest for those stations nearest the

airgun source and decreases as the distance of the five-day station to the airgun line increases.

Table 7 presents a list of the source-receiver ranges recorded by each station for each of these lines

*

and indicates the closest approach of the airgun array to the recorder.

TABLE 7. Offset Ranges of Wide-angle Seismic Profiles

Station
Abbrev,

GOGP
ALCZ

PACO
PTSP
PINO
DAIS

SELB
BENC
CONC
FITT
COLV
MONT
RIOV
MCDR

Station
Name

(Golden Gate Paik
Alcatraz Island
Tilden Park

Paradise Cove
Pt. San Pedro
Pt. Pinole
Day Island

Selby

Benecia

Concerd
Pittsburg
Collinsville
Montezuma Hills
Rio Vista
MacDonald Road

Recor

Lines 101-109

bt 2 1D
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\otfno
- O]

1
L
b
o

S v
B 0oChiLl

—oln b~
Lot
TSay
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AR TN
[FX]

1
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3

1 1
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LQLJJI'-‘N-DDD'J

GO h Lh Lh L R e
i el el = R e
Liipgoonamtace

o I el e =
F’:““ovl—-mmoq

oh 2

Lines 110-113
(including
OBS1)

26.1-8.5-30.4
Not recorded
34.1-12.3-18.2

e
s

1

o
o

L
Cwhnr Dok

38.

Poind
~1 B L R
90— LN D MDD
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TABLE 7 continued.

Station
Abbrev,

VIGN
MURR*
PETE*
BELL
DUCR*
ROCR*
BLHI
GOPM*

Station
Abbrev,

GOGP
TILD

PACQO
PTSP
PINO
DAIS

SELB
BENC
CONC

COLV
MONT
RIOV
MCDR
VIGN
MURR*
PETE*
BELL
DUCR*
ROCR*
. BLHI
GOPM*

- Station
Name

Vignolo Road
Murray Road
Peters

Bellota Road
Puck River

Rock River
Black Hill
Gopher Hill Mine

Station

Nameg

Golden Gate Park
Alcatraz Island
Tilden Park

Paradise Cove
Pt. San Pedro
Pr. Pinole
Day Island

Selby

Benecia

Concord
Pittsburg
Collinsville
Montezuma Hills
Rio Vista
MacDonald Road
Vignolo Road
Murray Road
Peaters

Bellota Road
Duck River
Rock River
Black Hill
Gopher Hiil Mine

R

Lines 101-109

Lines 110-113

(including

OBS1)
108.6-47.7 111.8-103.7-108.2
114.6-86.6 117.6-109.6-115.0
121.3-86.3 124 3-116.4-122.9
126.4-91.5 129.4-121.4-127.1
132.9-97.9 135.8-127.0-134.8
137.5-76.6 140.3-131.3-139.4
143.2-82.0 146.2-137.2-144.5
147.6-87.0 150.3-140,1-150.3
Recorded Ranges (km)
Lines 201-202 Line TR1 Line OBS2
17.4-4.5-11.4 5.8-11.5 11.6-111.4
22.7-1.0-3.9 12.4-19.2 19.3-118.6
30.8-14.8 209358 35.9-136.1
23.0-5.8-11.1 16.7-24.9 24.9-120.6
30.5-14.2-19.4 Not recorded Not recorded
37.9-17.1 31.3-39.6 39.7-135.3
40.6-27.8-33.0 37.8-47.0 47.0-134.6
49.2.26.2 41.6-49.2 49.2-146.7
56.8-32.7 48.3-55.1 55.2-154.2
63.9-39.1 54.4-60.2 60.3-79.9
72.0-47.0 61.7-66.5 66.6-167.5
79.9-54.9 Not recorded Not recorded
70.8-58.4 Not recorded 142.6-179.2
84.5-71.5 Notrecorded 91.4-192.4
107.9-82.3 96.8-90.5 1194-1994
133.6-108.0 122.4-125.0 125.1-2244
139.3-113.7 128.0-130.4 130.5-229.5
145.6-120.1 134.3-136.6 136.7-235.2
150.8-125.2 139.5-141.8 141.9-240.4
157.0-131.4 145.6-147.7 147.8-245.8
161.5-135.9 150.1-152.1 152.2-250.1
167.4-141.8 156.1-158.1 158.1-256.0
171.1-145.6 159.7-161.5 161.5-258.7
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Lines 101-109, which have a combined length of 63 km, were recorded at source-receiver
offsets ranging from as little as 0.7 kin to as large as 147.6 k. These recordings show a large
delay in Pg arrival times across the Hayward fault and berween the Green Valley and Antioch faults
(figs. 5-26). An observed 0.8 s delay of Pg at a range of about 43 km on Figure 9 is consistent
with a down-to-the-east offset across the Green Valley fault A smaller down-to-the-west offset is
observed across the Antioch fault on the same figure at a range of about 60 km. Strong
diffractions having a lower phase velocity than Pg can be u;ar.:ed to surface locations of the Green
Valley and Antioch faults. Stations in the western Sierran foothills (DUCR, ROCR, BLHI, and
GOPM]) record arrivals having an apparent velocity close to 8 km/s and are interpreted as upper
mantle refractions, or Po.

The onshore recordings of lines 110-113 (this includes line OBS1), spanning a length of
49 Jan, range from an inline to distinctly fan configuration. The inline stations (PACQ, PTSP,
PINO, and DAIS, shown in figs. 27-29) represent single-fold plots of portions of lines 1 10-113
and display a very linear Pg arrival having an apparent phase velocity of 5.95 km/s. Fan data
plotted in Figures 30 to 33 for stations east of Selby (SELB) represent stacks of portions of lines
110-113 (Shots 1-157 and 531-707 of Line 110, Shots 181-520 and 618-798 of Line 111; Shots
97-121 of Line 112; and Shots 7-51 and 687-906 of Line 113), Source-receiver offsets from 1.6
to 150 km were recorded by the five-day recorders. Wide-angle reflections from two-way travel
bmes (twit) between 6 and 8 s recorded on stations in the vicinity of San Pablo Bay are particularly
well-displayed on Figure 28 for station PTSP. Reflections at 9 and 11 s twtt are also observed.

Lines 201-202 span a distance of about 25 km. Onshore recordings of these lines were
made at offsets as small as 1 km to as large as 171 km (Figures 34-45). The 610 8§ s twtt
reflections imaged on lines 110-113 are also observed on recordings of lines 201-202 made at
- stations ALCZ, GOGP, and TILD (Figures 34-35). The onshore recordings of these lines show
an abrupt truncation of a wide-angle reflection at the San Andreas fault, as we]l as diffracted

amivals which originate at the fault zone,
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Lines TR1 and OBS$2 transit the continental shelf and slope, and for the plots presented
here, records obtained from these lines have been merged (figs. 46-66). Wide-angle recordings of
line OBS2 are very similar to recordings obtained along the Afio Nuevo transect during seismic
reflection Jine 32 by Brocher and others (1992). The quality of the recordings obtained during
lines TR1 and OBS?2 are generally inferior to those for other lines, probably because OBS2 was
obtained during daylight when cultural noise levels are higher, and because the recordings
represent only single-fold data. These profiles, which captured source-receiver offsets ranging
from 11.6 to 258.7 kun, show Pg arrivals having phase velocities close to 6 km/s. The first
arrivals are cutoff at offsets greater than about 60 km perhaps by a low-velocity zone (figs. 46-67).
Faint but coherent refractions from the upper mantle, Pn, emerge as first arrivals at ranges of about
90 km on the record from Day Island (DAIS). Pg arrivals can be traced as secondary arrivals to
distances beyond 130 km.

26



GOGP

Wast

T~ X/8, sec

Srdnieeasny
bl sl
c‘a‘-:i :

2

oA ;-. e
Y g 3 L
e Ry T
Seietaon

S ‘??é EIEEEE
ot “ﬁ%%?‘}’%?&f .3
ST ST s O
Sl pUe s
PR E L ST 2
SRR SR A L Ll
e e

i’--a Pt AL ST
S A
SR Y
O

U2 __:_h,. \-r;:y'?!-"l‘i
A Y

27

Range, km

y reduced using a

FIGURE 5. Receiver gather for station GOGP from lines 101-109. The record section has been linearl

velocity of B km/s and trace amplitudes have been scaled according 1o Range{]-T.



. h.cumcmm 01 Suipaosoe paeos Uaaq sy sepniidure 90En puw s/ § Jo LIID0[2A € BuIsn
p2onpal £LIeaut[ 139 S2Y UOTIHEs PIodal AU, "SOI-10T SAuI[ WOl ZOTY UOnes 10§ JoUiEd 19412331 PAA[0AU0I3Q "9 HHNDL

Ly "eBuey
og ot
R R s Ao
%ﬁ.ﬁ Rt %w R .W?..Pea&ﬁw Eete: .,....5 . ﬂ;%....wwﬁ: s
R R e i
ey T Dl T AR R e e oF Lk TRy o e e
&.%Mﬂnwm{rm\a ....._ .%ﬁw—.. v.w.:.._ ln...f_, - _r\\.)“.w\w.uﬂvdum_ﬁw”. r.qu.n!....d.’_ﬁ
1, ..
S _

S

T-X/8, s8¢

2 b
AT
b ..g..m-..'j‘n.—...:
L 0 ._r.-.-. ; b
et
A R R e

1S9

e

28



TILD

T - X/8, sec

’ SR
GEEn ‘}z .fﬁ'}ﬁ‘ﬁ*ﬁ&' 1 2
L A pn R
1Y {f?“f :
"‘Ef 5 Piﬁ?é_—;—:ﬂ‘} SRR
: {g-;ﬁigﬁ;ﬁ B Lk Eb
Ciraaiviia ihitiy
i3 i‘ggﬁ SRR EY WAL (I
EaAL Y 3% DRERANERRAR
SR AN AT AN TN LA £y Ty
XL RUER I
X SIYREhA ALY ;‘1"1 g t:l "}{4':2"’““
TR 4% Py T e S \% A
;r’-ﬁ&ﬁ.&:;-ﬁf@izgﬁiﬁﬁgﬁm LAty ; @
i ";’L_:iﬁ.'!" %;E‘;;:_KE{;:}_‘ 'qi-;*’r;.f;c:.ru?:vﬂr‘."rr;.?‘:‘:*ﬁ‘-.ﬂt 2 2 - u--'

4

LY RINSEILIIIY 00
ks FEA Y AN TR

29

Range, km

n TILD from lines 101-109. The record section has been linearly reduced

FIGURE 7. Deconvolved receiver gather for statio

¢ been scaled according to Ra_ngeﬂ-?.

using a velocity of 8 kim/s and trace ampliludes hav



: h.mmmﬁm 01 SWwpI00E PAEDs U ALY SIPM[dUIR 2081 pue SAUY g JO Amooraa B Buisn
paonpal AjTeat]] uoaq SBt ONISS P10 ST, “60T1-10] SAUI WL QDY UONEIS 1oJ 19U1eT JSAI2021 PIAJCAUCIT "§ HINDIL

wy ‘afiuey

09 ot 02
] 1 1 . | -

- X/8, sec

T

,,:
L)
Lo
N, Y
SRR
e

,
i
£
WY T il
AR

Fowy

SR
e N
vwm.._“_.m?.

30



- X/8, sec

T

et Areleasond
et Ry

" goBuey 01 Burp1008 pafeds usaq aary sapmdse aoen pue s/ury § Jo AS0[aA B Suisn
paanpa: ALEaU] U4aag SBU UOLS P10l U, "6CI-T0T SSUL. Wol} 4S.Id UONRIS 10 1a11ed JOAI000E PIAICAUCIN] ‘6 HHIDI

wy 'eBuey

S
L&‘Q‘l‘:{.- ;
i A

A

s
?
.
s
{Ei-
P

.nm&.. .vn.\m..ﬂmnk AR N LR T T i AT e T SR e S e et aﬁfﬁiﬁpﬂu fotwE
S : e TSR S : e e T kg i

i
Y
!"

A

¥

[ oo ! ey
SRR

N S Ay
S R e
g ahl : gt s Wi i b e
i L ,__.ZFM“.&& : .riwﬁﬂﬁ“&ﬂwm...:-..
e Fadi R A T AR A S e DT
l ..... G ... . . Ay u. “ -'.g.\.’.‘_. -m.%l.'-..r.ni. L._.--Jnﬂ-'._ m LT
ke : e s e o Y R e
e e R e n A G
S R T TN L o

.
By O L
o o T
. n .“Lf . .- < y
i e A
o Piog b ..........n,..x."m.. R i
St T L, R T e far
J.r..;l.ﬁ.fiui. e .‘.....v.._(......ﬂ..
S e .H._Uhmﬂ.,. R

; Chpoes LN .. P i) o
Rt ey S A N S P R B Ty
; ; W.F:[.mn:ﬁ#f..ﬁﬁ.ﬂh!!@xiﬁﬁn%tk;.\ . ....u,.ﬂr..w.\."‘amn.r.q
I " By 1 1) s |
R OsE NG A S R
o L

B0 EEA S s b= s

pA
R Fr PRt

1583

150M

31



x/8, sec

T-

gPduey 01 SUip10928 Pajess uasq aaey sopnyjdure 20813 pue sAUY § Jo 1100724 B Fuisn
paanpal A[IBSUl[ U29g SeY Uen2as PIodar gL, "§0T- 10T Soul wo) QNI UONES 10 I5HIE3 J19AT00A1 Par[0anodad 0T HUNDIL

Ly ‘eBusy

Gon

=T
1
P e P At A
R Ay
rse e

A X el

Pt m.rmaﬁ AWI.,.M#PA.,P

e e L
P

L v g

AT Sl
. N a N

i

wmwm“_,y

Sl

P ; : A
LR A Ly, . : ; : :

LA et R L T 3 et Iy M PR PR .”-.-_ht.up.. -
f.ﬂ-r_.u_. i W ..q.wn. ..«W W&! y kT - EACE A S o T oy m‘ A=
oo e e e R D A S AT AN e
1se3 1588

ChId

32



DAIS

Westr Y

Waest

e L ST
1

i
.
1yix

%
L T R

YN

RIOH ﬁ? SR

A itfl,-"-' 1)',,& é\
S LR T
ey
T A AR e ey

Ol N e A

* o
il

o g’::_ ,.-'-_' ""1": ot

IS

il

¥ !

33

il ._-L.:-:'
by AT
TR

60

40

20

Range, km

101-109. The record section has been linearly reduced

FIGURE 11. Deconvolved receiver gather for station DAIS from lines

07

using a velocity of 8 kny/'s and trace amplitudes have been scaled according to Range



SELB

West

: "f‘- "H&"

P
-:z“:h‘h‘ﬁg-ﬁ‘ ; %?
fien o iE o WL

=)
e

ud

R A
f.i' v
e

T - X/8, sac

i ainies

kX

0
e H
i

Sy

e - ".-. "ﬁ;‘{j :
Wi
Jera b7 ¥rr »

i s‘-{f‘;‘rﬁq

LT ] 3u%] 0 EWNW)
LN -

34

40

Range, km

ather for station SELB from lines 101-109, The record section has been linearly reduced
ing 1o RangeD.”

using a vetocily of 8 kmy/s and trace amplitudes have been scaled accord

receiver g

FIGURE 12. Deconvolved



. ,_.ldmm:um 01 SuIpso39e PA|RIs UFAq ArY sapnp{dure 20831 pue SAuY § Jo £3150194 ¢ Juisn
paonpal ALJEsul] U33q SBY UGS PI0JA UL "601-[01 SIUL] WOL) DNTF UONEIS J0] JPER 18A1323) PAa10aU0R €1 AUNDIL

wry abuey

1A
(3117}

. ” -.l_‘”fl
5 ™.

T - X/8, sec
L

SN
B
T

¥
%
5
LK

Ed
3
ﬁ.l

{3

N
A
A
113

[

, ;,-.f:.
i.‘\_ %
e

- A R

1SBM

35



N, )
o e Y

Lo

P o adie

i
et L
Py J‘t‘fi';fg.;_f‘:f

_’-“:"G‘:'-' Ay

%

T - X/8, sec

36

VR o :
LRI SRS Tt b
g ; [ ot o i L I 5

'_-..'r-u-.
3 _:_f

Range, km

ion CONC from lines 101-109. The record section has been linearly reduced

FIGURE 14. Deconvolved receiver gather for stat

ing to Range'j-?.

locity of 8 km/s and trace ampliludes have been scaled accord

v

using a ve



T - X/8, sec

oy

A
dosdes
HEE

At
B
15'-;3 il
AR

37

oy
LY
Be A vl

2y, e
oF f.':';’?.;'_?

e g ea d 7

X - Fol
X

b
e pp n R TR n-;-ﬁ:j.@;—*‘i—.- 3
L

2E

el

e
S

g B ol

TR

. o, =
YT
e e

]
R
&1

Lk
i
R
i,

7,
i o e
it

T ‘f.-"‘k-ef.":‘?
IyEhd s
Y %afiﬁéﬁé‘%%

o
=

SR 5

i

S

.l

EE Y R ERT
ér%’tf‘}’;-.*"x ;

ekl

¢

iyt
s
St

- h‘:h‘i:l.

Ranga, km

FIGURE 15. Deconvolved receiver gather for station PITT from fines 101-109. The record section has been linearly reduced

using a velocity of 8 km/s and trace amplitudes have been scaled according to Rangel-7.



East

T - X/8, sec
=
G L ST ITLIR AN _
) T C e - ='-'}-':'r,_4:i_"_-_:-,_____ )

. T el et

COLY

2 i
iy Sl Tl N L]
LSS

PR
Sany
i
: J,-r.'-‘;sli_fr‘h: -
AR R ar

40

Ranga, km

-109. The record section has been linearly reduced using a

ding 10 Rangeﬂ-f.

[T R B e B,
P

oS
X e Y ""4 T,

=T P e 35 —‘é“?_"n:-'; o e

o fyg_%}v g L T e SR .:31._

T H TR w‘ﬁﬂﬁ&i}a&t}m @3}}|

Pk, ;-_,2‘-__7_,_ : 1 _,___, T‘:-‘:
ﬁ}%ﬁ?ﬁﬁf‘éﬁi !
:"?F} e

38

velocily of 8 km/s and trace amplitudes have been scaled accor

FIGURE 16. Receiver gather for stalion COLV from lines 103



MONT

T - X/8, sec

wvenen N s Ll s
ALy L S A AR AR
H I‘Fs‘% SR %‘\\
Pt v :h,;:‘k 3
- ‘ e e, S
i -.-;_a%?t“&\
= 2 H
' -3:*'-‘,';"';}'\ Y
o s NN
FrRRtt:
g ey M
S

lines 101-109. The record seclion has been linearly reduced
to Rangeﬂ-T.

Range, km

elocity of 8 km/s and trace amplitudes have been scaled according

FIGURE 17. Deconvolved receiver gather for station MONT from
using a v



U2aG SARY STEOTINES PIOJAL AU,

T - X/8, sec

4-gP3urY 01 Jurpioode pajeas Uaaq ey sapmnpdure sov1) pue sjuny g Jo £1120194 © 3uisn paonpor Apuaur]
‘60T-SOT ST WOy YD PUE ADTY SUODE:S 10J $131ped 13412091 PAAJ0ARCIT 8T HANDIA

iy efiuey

0B 05

sy
.....WA..__.}_ B ] et B
SETe it it @?EH
Ea A
e
T

3
.-”-
~ L

....ﬂi..

ER A 4
Jwﬂ_.mw..mﬁwwykﬂd... o h.w_q_.....n_. NP Ll M T e

158M

40



' ndumzmm 01 SuIp10d0E pojess usaq aary sapmirdure 9981 pue s/ury g Jo Auaoroa e Juisn

paanpa h_hmvzﬁ U2aq SEU UONIes PI03al U, "60T1-107 SIUl Wl NOFA UCLIEIS 10] ._m_.—w_wm 1AL PRATOAT023T 41 FUNANIH

A/8, zec

T

wry "aBuey

og oot
i iy ._~_ AT o
SpE

RN
J‘(.

.w__l

A
HERE T o e S WA
HE Qmﬂw.n ﬁﬁuﬁﬁﬁ.ﬂwxvﬁwﬂw _.... o]
RN

..e..__. ...»#......r ._w.w.m

o
!

s ) o
s . SN,
uam" _..r...__.vum?k.. : %ﬁu%.ﬂwﬁdﬁ% LA P
SR TN S e
& ,..,J@\%_.wm.ﬂ et ﬁﬁ.u_ohff ﬂfﬁmnﬁﬁ., .. #@m\wﬂ%&m\&,ﬁwﬂ@rﬁm%a
..__mi.ﬁhww_gm#_.. . o T e R mﬁ.ﬂfhﬁfﬁyﬁm R e e e

155
MOIA



' hdmm:am 01 BUIpIOIOE PAAES muu_u aauy sapmdure soex pue /Y § Jo 1204
g Sursn paonpal A[1B3UN UI3Q Sey UenISs Proda) AL “601-F01 S woaf YW vones hE Jored Jea100y 07 4UNDId

wy 'eBuey

ool

|
s T AL e
NG

Gat

PR
PR

e

- X/8, sec

T

b

A
e
g ._u. o

by

ooy
L
W5

.,,.f..m,‘.:.
e AT
e
I1Safh

42



" opPBuEy O SuIp1000r PATROS U3Aq S4Bl sapniidwie 2081 pue A0y f JO L1034
2 Ju1sn paonpor A{zaul] 199q SBY UONI3IS PICOA YL, "GOT-RCT Saul] Wwolj 5114 Uonels Jo} 12yied 1941900y 17 H¥NOId

Ly "abuey

- X/8, sec

T

43



: h.m_mm:dm 0l
paonpos A7IE3UN U93Q SEY UCHDIS P10 AL 601

- X/8, sec

T

JUIPIOIIE PAJEIS UIA] DRy SAPUIdE 20BN pur S/ury g Jo A1a0jea & Juisn

t0!

SouT[ Wolf 1A UONES 0] 1a1ed 19412021 PAA[0AU0IS( 7T TUNDI

wy ‘sfuey

44

o .M.u..u:.“a
i Tl
J..rﬁv..\ .J.._.\‘_.\-._..ME..".-..

eaded ..w_.-._w”ﬂ-f e

:}.vm

)

T4



£ PBUEY 01 BUIPI03IE POJEIS UBIY ARy sapnduIe a2en pue sfury § Jo A100fea v Fuisn
pasnpal A[JeOUl] U] SEY UOTIIS PICOM L "GOT-10] Soul] wel} YD1 UONEIS 107 19yied J9AI3031 PAA[0AU0IT €T TN

Wy ‘sbusy

=i

Xx/8

T-

r._,.._.,.:_..ﬁ

__ %_i

HONAa

45



. h.cumzum o) Furp1ooom pajeas Uadq ARy sspuiifdure 20BN pue S/ur{ § Jo b_uﬁupmm_:m:

paonpa) KIEaU}| 23 SBY UOLIRS PI02AN A, "G -0 S3UI] Wolj OO UONTIS 10] JAIES JIATDIN PIAJOAUDR( vT HUNOL

T - X/8, sec

Wy ‘abBuey
02l
A I

: TR o LIRSS et
N TR, o
e
n.u......mL “M u‘mﬂwﬂwﬂxﬁ.f )
_ e

. .F%h,‘#%%e.r 3

s
PRIt
.\Nﬂ.ﬂrﬁ.q.j._ v

v
.,

ol
e X ...L_....ﬂ.m.
RS

"
R P A

IO

, .. LT E e ;
" sy 8 St ...ti-.m._.w‘
iy ...,n...h,.“.___._._,,n. : i&vzf.._,u....{\..i %
Lo e et M D i

A e o

Pl
Py ._v.._ﬂ :

)
.1...&““15
g Pt

.f........_., u.tlrr.m,m

: L Lol &l A

[l ..;L.ﬁ:"... R 5 p_.._..m.l.u,.._....wu.,..ﬂ...s.. .%

S J.M&EHHH_..H S i
T e el e

H0k

46



' ppeRuE 01 SUIPIO3L PAIRIS UIDQ ARY sapmpdure 20e1 pue spuy g Jo AU00[RA 7 Fuisn
pasnpal £Tesur] ua3q Se1| UOHI8 PIOdA AL, '60T-101 AUl WOolf TH'TH Uoneis 10j Jied 19419091 paa[0Au0da(d ¢7 AUNOI

Uy ‘abuey

i (kT

L

A
Y el
SRl

A

T - %/8, se¢

e L S S L e

e T g F R e Tt

N S i e ....‘.Mﬁm.u..:,. o
o £ .ﬁn.ﬁ.ﬂﬁﬁwﬂ¢ _.w.w_.w?ﬁ-ﬂ-_ W!ﬁl r.l

e ]

47



' h.mmm:mﬁ 0]

Juiploooe pafeas ussq darY saprurdure soen pue SAUY § JO AN20[2A € Suisn

paonpal A[Jeaul] U0q SBY UOHDAS PI0DAL AL, "601-T01 SUT[ WOLT WAOD UCHELS 10} IIET 19A19090 POAJOAUCIS(T 9T HUIDIT

0ol

s
AT
i sr,.._.hu sm.u

LT

T - X/8, sec

A
:
2
+
i,

cans
Pty
s

wy ‘afuey’

0zi

e TR T AT

eﬁwuﬂ - s _.wﬂ..my
SR h«m

Eh

.u.___pq b
SR

..I... Y awm.. .G..._..wtﬂ_vh...l

15844

48



TILD

GOGP

rh\-ﬂp _ﬂ_'t:!':h

£ B """r't \i"ﬂ -=';" L

wF g:"l"

h%’ 1-535!"’ "*""‘"'

Wﬁiﬁ“&ﬂ

SN S SN
.17‘:;:‘?\":15 = b é’%’ﬁ

w-e—‘»wmh ml_i-zf;ﬁ@,t
ey .
b r _"g) '13-',1 r#-}:w-c f

T - X/8, sec

LT

J"" ‘&td =
hﬁ??&%ig
'I_ff_i_e oAy r"'i;i
?-’.fr.r}‘ﬂ ..'J.ll!. A 1 _..-"'?r"(’.

‘ﬁi.p'.‘.ll»‘?‘ _,. ; (5 f-j -

2 5?%?%'&

St
w..v,- .
-

-C'l'--f'-

,--"_'L-..

""* ,? -:',5‘:'.-3 o
,ﬁ}"“" '-"1:"‘\-,-' };__.‘% i\"ﬁ“ J.E
=il *Elfts;’i’ LW_JW#S ,f*

49

i
:"‘fr{*%

-“-w;.t":».":':ﬂ:a. S .n,..c'"

*’*: -:::~f~s':{-*~fw‘ . ﬁfﬁffx’ -

et “" =5 mﬂ."""pﬁ""'{rn

.l'i"\?-\-"’h o)

é f“‘

j ¥, -,m fa’ﬂ-&‘h

-::Jf-‘-lf'-e..«r-uf

15

15

12.3

20

30

25

15

11.1

25

Hange, km

FIGURE 27. Deconvolved receiver gathers for stations GOGP and TILD from lines 110

-113. The rec[?%d sections have been

linearly reduced using a velocity of 8 kmfs and trace amplitudes have been scaled according to Range



PTSP

PACO

W

ey
a.\‘-!

N
F

f
t
5
-

j

t\.l i-—l }

~wm&ﬂaﬁﬁﬁﬁ;f
-ft Ay "\3’-‘"!’.; ‘!-:‘
“113*4;1§g?

‘E

L
;;
I

:-

"w. \, ,.W'a-".t rr}

rH;:f‘E‘ _.5"' @3—

\'u.‘, 1 't.\'- ﬂi\"'\i
{:»?c* 3

u-;-.*;-.t ) f:f'n‘.‘i

333

i {ﬁ:‘;{\é &?‘, i}&(

Ax

(3 ¥
i“iﬁﬁ‘*‘w 4‘;5:#
} :‘._-. E.«\.r

%’:”‘é{{i

lc‘ "fj

STEERANERS

‘-1'1?-1-1

i

a0

??

i)
J

> E@zjﬁﬁm ?ﬁi‘@ e
““.?53 {L“‘ 74

o
s

_- ;;-:j-

;
ﬂ!‘t’;g\!? e e

40

10

1.6

i0

30

Hange, km

-113. The record sections have been

FIGURE 28. Deconvolved receiver gathers for stations PACO and PTSP from lines 110

07

linearly reduced using a velocity of 8 km/s and trace amplitudes have been scaled according to Range



DAIS

PIND

Z FEESTYIONASR “\ ! |
‘T?f\‘:\:‘;{%‘{» ‘qi- ": 5 f\. i.%lt‘?-‘.‘ %
u.‘)}.r r_,{,:‘}})‘} ,":{ 35 r. A’-‘?,.?.-f ' T "

T-X/8, sec

= o

{..‘.\.1,.1 IL'\‘\ |_|5.

‘.'?_tft::‘:‘.__. ‘ fll.-..;"."?__.-‘-" . *i ,_,
‘ ._.f—-l- 4:-.-1¢"=!7 (&‘q

'Z")‘J“I

::-;Q_,j}-r’ (,)r
:’a‘}}}

1,,,4} ﬁn)}'.:} ix LU&;{E{ (ﬂ? 4 f

:r:-.'r -‘,"} "'
3_'1* o a8 :}ﬁ“"ﬂmf' i MY

e '*‘*m.““** S
i Hmnw: {Q}

st

_1
?f Ri!}é
:)‘ F‘;hf fj,, 3
J}:& fr amdd

it AL
i *?M%‘(s’

20

=
-

g v

a1

Rangse, km

ines 110-113. The record sections have been

AIS from |

FIGURE 29. Deconvolved receiver gathers for stations PING and D

cording 10 Rangaﬂ'-?.

& been scaled ac

linearly reduced using a velocity of 8 km/s and trace amplitudes hav



38 35

AT

T a e b b i A
SRR P

ALk T Wi

CONG

50

I TaE
1?%’{*—:; e T L 2 ¥ %:?Ez%ﬁ?g%z
%;ﬁr%é S NI Rl 'éﬂ :éﬁ’, o
SR e

o
¢ 1

= 3#-‘2“*—‘:’?" SER WL AN L B LR

ST Q"?"." R e L P

.@;{ﬁ%ﬂg’ﬁv@% Sprpalicens

e

e e R e S Ay
£ w’-é— oo %@?ﬁ%‘}ﬂ% o
'.b_i'-'_"é.f::- _"_‘-{‘?J :
LI A R
STSTNEY

BENC

o Ty

Loty e S
o Ty ‘;ﬁ:‘::;:- gt ]
o S SR R Y

L e

[na]
|
&
" 453 Mﬁ%@%ﬁ%ﬁ% 3

52

Hange, km

1005

o Rangeﬂj,

thers for stations SELB, BENC, and CONC from lines 110-113. The record sect

have been linearly reduced using a velocity of 8 kmy/s and trace amplitudes have been scaled according

FIGURE 3{. Deconvolved receiver ga



T - X/8, sec

w‘;;'ﬂ‘:' 3 ﬁeﬁf:ﬁ
“""“"“‘“‘:’ “5“‘3#&?}?, i “”:‘.-‘;??‘V-f"-'f'?“

RIOY

1_
=
O
=
-1;14.'_-:“ 'n;gQ“ Kl
ﬁ:-"i’::f;?b 28
=
v “ L e :

Wﬁ‘ '
2 “:r.-'" e
SIS f;a"j“--

3:".‘:4“ -'-.:_a pe )

coLY

PITT

-t

ek

70 70715 70

75

56 5858 55

60

65

51

5553 54

60

48 45

45 45

53

Range, km

FIGURE 31. Deconvolved receiver gathers for stations PITT, COLY, MONT,

and RIOV from lines 110-113. The record

ding to Rangel-7.

sections have been linearly reduced using a velocity of 8 kmfs and trace amplitades have been scaled accon



T - X/8, sec

[#=]

i
e et L e M S

'fﬁ?;-fz?-.gnaﬁf
= g
Dt W e R
e

L DL TR L St 2 oyt ;

it B RS LR AR

SRS R N i LR

RS P L ELSA S e
wm |!-5.-|-'. -;-Er.--i'-'.t{sq'-ﬂ.?. .a"ﬂ*‘.‘ﬁ‘-ﬂ-.ﬁi’%ﬁﬁ.‘-ﬂ Lﬂ%{%ﬁﬁ{m&?&ﬁﬁe}i ﬁéﬁﬁiﬁ‘}='
1

g
LA S
Y
]

_ﬁ._ _... by _\.A.G.

TR

: %.ﬁﬁ -

[a PR LA
i S
= o] o i
= pA e
S r s
SRR
£

A |
I T,
Fas
P
.

b My

S
""F'f-“"?"ﬁ- P s S Lt s oy

et o L E

LA
\

54

124

120

118

111

110 110

105

858684

80 80

Rangs, km

FIGURE 32. Deconvolved receiver gathers for stalions MCDR, VIGN, MURR, and PETE [rom lines 110-113. The record

ity of 8 km/s and trace amplitudes have been scaled according to Rangeﬂj_

sections have been linearly reduced using a veloc



T - X/8, sec

el
—

il S P A
A S
il

X . Pt A oy s vl
L m ﬁ‘? 2 s e g ey W AR X
w ﬁ e Tgﬁﬁgﬁ_!tglr

2]

1
R
a LY T

AT

BLHI

1

oy
" SEEg
Tl a5
S et

T -“"r_{-a_‘m 3 B EAL e Lt
73] E‘.?L'b;.'-i':'-w-%-’,'\-'-.iijﬁ .:,:-. £ ,.’_-_-:..1--.1.5‘;" :

2 )
1 i |
= w -
[ P N t . ! )
T YRR A LA LR B e e AN L W o
«-wﬁﬂ:ﬁf‘ja’ﬁ a5 i%";-:@*-? Z FriAy Q?ft,_

S e P
=

AL R -
el
A e

X

s PR
R P AARE A A e
Gyt v A e N s T L

T b e o N Yo g P it LS

L e e B TA e L il

PR

. AT a

-

Pricehs
gt
S

eher -

ROCH

e
AL el
(2] etk -
1 1
=] -
1

- - . LI . ]
=z ¥ i AR I IR D A B Y AN TR SR T T
F PRl S e e wﬁ
Bl g
R e I afa%?%‘a‘fjﬁ'
3 %ﬁfﬁ&ﬂ%mﬁﬁ%f !
“"-""‘ ';1 :'__il. Oy AT ke A { ;ﬁi‘ﬂ%

S N ey

BUCRH

_'; H ——

RO TR 5 ot el
- 7 -ty X .

% SRR AN s -ivﬁ.g."q.

T o Q PEATERL Iy

%

R

]
o
e Lo d ) =
2 i v el ry

e 1o
SR SR

55

150

140 145

145

140 140

140

132 135

130 35

125 128 128

122

Rangs, km

FIGURE 33. Deconvolved receiver gathers for stations BELL, DUCKR, ROCR, BLHI, and GOPM from lines 110-113. The
record sections have been linearly reduced using a velocity of 8 km/s and irace ampliludes have been scaled according i0

Range0.7.



. h.n.umqmm 0} m:_uEuUm P2[EDS U329 2avy $opmndule aoen pue s;uary § Jo ARJ0[9A € Juisn paonpar Aresun
U30q SARY SUCMISS PIOSDI BYL "ZUT-10T SOUI wol) ZTY put OO0 SUONERIS 10] SISIEE IR0 PIA0AU0 PE FUNOI

wiy ‘abuey

X/8, sec

T

+.

¥ +}...u..l._..‘_.\ e

iR 2L A
i

....‘__m..m,_n hn
2

L5
e

.w‘.. . .
g

Rer ~ ;v
- SRR N

=

56



. hdumnmm 01 uIpI1020E pa[Ras uAaq 9aey sapii[dwe 20Bx pue sy § Jo A11oofaa € Buisn paonpat
A(1B3UL] U3 SARY SUOTIDOS PIOJAI SUL "ZOZ-10T SUI WoI] OV d PUE (F]LL SUOHRIS JOJ SI211RE JOAL3Y "¢ HUNDI

ury ‘efuey

st

2 1”...,.:”” i

e o e

“ e Caher, g,
o -, e, i oy St

x R AN e 2

. . R e Yo LA AT e

o d G T WS LA LAY

' L iy o L M T b S P N,

e afl T My et Sy

- S e s e, s S

e F e, T S

i e L b N.h.l. e

o ke

.._.W.m_.m.m.__

V2 DR A
o Heh W

aN

W
=

a7



. hdum:m.m H SuIpIeoor pajess usdq aAry sspnindure 9081 pue ST § JO £1007134 © Juisn paonpar Apeaun|
u9aq DARY SUOLIJAS PI0IAI 3, "Z0Z-10T SSUI[ W] ONId PUE dS1d SUOREIS 19] S1aU1ed 19A12021 PAAIOAUCIST 9¢ HUNDIA

wy 'eBuey

og 0e gl ng

R

ok

e

?:-f'
draany

S
h e,
AR

i
3

]
¥
o

ot
i
5&% ;

3

T - X/8, sec
b o
AL

i 'in

Ty
e
£ XY

o

%‘-—
"y

=+
P E e ——

]
|

2
sinedy

T A R e
bl
vﬂ)m;%.} Byl DY

PR o S S e L S
g MS

A BT

1

T

w -
=
e,

s¢



. n.eum:mﬁ 01 SU1pI0dIR pa[Ras U ey sopnypdue 20u pue syury g 30 A100aa v Juisn poonpar Apreous|
U9q 9ARY SUONIBS PIODAN BY L "Z(OT- 10T SUN WOL §TIS PUB Sy SUOTIEIS 10] SIANET ISAT309] PAA[0AU003(T "LE TUNDIT

- X/8, sec

T

wy efuey

e
e M.L_ ."”w.f:....‘..._‘,}.v
A -ﬁe LTy
(YR LY Rl

O]~ m R
N

g

AR SRR T S s g g e

I
*
[l

.
-
L)

¢ 08 or

Sy
HIBIER
erahivy

.

59



‘ h.@um:nm o1 SuipIoade Pauas uddq Saey sapuiyjdure 9eN pue sy g Jo 41120134 ® BUisn paonpas
£JIe3U1] U33Q SABY SUONADS PIOIA AUL "Z0Z-T0T SUY| Wot) JNOD Put JNHE SUOHEIS 10 S131383 1911203y "€ HANDIH

Ly ‘efuey
09 o 05
]
A R G
” ; O T U
o b 1 ' (g Sl
..__‘_.._?._,h._.__k .,m_ e _.h..r. ]
p_.n_.-_\.a..-.......v_‘ u.._-t—r Ay, My 1.
Sa TG
r Aol P ey

(et

i o freid s A

o) N Tt et ) i I
s _,_ﬁ_m._.,ﬁ_ﬁ e ,_._“.“_w.“.w_"."ﬁ.ﬁ s
i ._;.v.uw__.r_mﬂ.u. ! .Mw.__ a1 :..n___-‘_.ti. 0 [ Wil g in

LY
s St

a), é..._ﬂ_,... Ay e |
Ny %ﬁﬂw Wit

T - X/8, sec

LA e Lt
R ﬁﬁ?ﬁwﬁew
9 i SR
d__.:i_..-_r L vl -
3 ‘._u 1..;“”%.&1 ._..w__
A S ._....w.a_ i
&w.u.__d__h_ﬁ... o W.rm
L:EJH-“ZI..‘ Ml
u..m,m“_.
L
o
A
B
\...n u_...m__
T
Loy

ok .
RN
I, o \___...,..__... e

e 3 : F ..___m_“_ o .
X : LT Wt T el
B I MO S j SRR e g
#q_. S e e : o phh Ty R A .
ekl v e Y ; ' 4 " " ki iy
R R : . Sl AT it

S

- . SHOD AN3A

60



' n.cmmﬁm 01 JUIPI0IOE Paeas uaaq Ay sapmirjduwie 3e1 pue sy g Jjo £11se[@a e Jujsn pasnpa:
A|Je3ui] U2eg SARY SUCHODS PIOJAL AL, “ZOT- 10T SAUI] WOL ATOD PUe 1LId SUCHES 10] S1ay1ed 19419094 '68 FUNOIL

, 580

x/8

T_

wy ‘auey
09 DG
B (?.I.{..Lﬂ Il - S r e 5,
."wnﬂa:___u__.? ._._.ec..v_.__ 4 A A 1N4 e
i A

e

T
..@.
—rity
g
)
T

=
2
H

o ik
BN

=1y
i
LEN

_L'-
7

e

i

N
AT0D M

3 _Ma_u T T
) N4 bRty et oy /
et ; PO Tl e R Pt R ) R
. 3 ] e i )
?m.:_w*b.__ﬂ..m_ﬁ__m_.”___ T ,ﬂf W.__ ﬁhﬂ.:ﬁﬁﬁ; mﬂnqw‘ﬂmn.u_fh&@mﬁn\w ey
\ Lt ¥, 35 e Sl Pk, BT
AR E A Y RO |..vu_t.r--Wu.._....rrb._.Hﬂ“.ﬂ“.,v..c_M.....mm_...._._ln— .__...__.._w“_r,_uﬂ._r.._m.u_u

w

i i L WAL
L A L e N_.mrﬂ,,.
S
P e L b i
r R
.Q?...Hﬂ_»m.__...wﬁ ek

Kot dn

T e
H.m,.ﬁ ;\%ﬁ%mﬁﬁ, Sl

o Lw..,_an.m,f..wm_ RRfSE:
ﬂwﬂﬁ%@m@ﬂwﬁw.ﬂk
T uﬁm%}.w.mmm.nhﬂa
5 Qi

1104

6l



' h..dmm:mm 01 Jurpioooe pajeas uaaq aaey] sapanjduze 0ovN pue sfury § Jo Lia0fRa e Buisn paoupal Apeauy|
UIaq IABY SUDRIAS DIDIDI AL, "ZOT- 10T $aUl WOIJ AOIY pue Y NOW Suones 10] SIONRT 12412021 PAATCAL0I O D

Wy aduey

Ss o8

bl
Rk
bk ook

.‘wﬂr\_

SBC

N

5

o,
ot L)
o

oy
o

oy

- K/8

T

La

: -

) f__-_.f.u___uﬂwa_.“_.._...__...h_.u...w“ 3
___._K._-.B___._Tu\.{t. !

; bl e

i p“f.._w oy
A
O —miieain,

o ul

N S o
3 L Al .........u...,\m_. Ly v
S e S

En gy ARl

ACH

62



X/8, sec

T-

" -pPBuny] 01 JUIPI0IOR PIEIS UIIQ IARY sapmdue 208N pue STy § JO A100[94 € fusn paonpar
A[IR3UI[ U9 SARY SUOTIOS PIOJAI L, "ZOZ-TOZ SAUN WOL NDIA PUBR WADIA SUOTIRIS J0] SISUITT JRAI00Y [+ H¥NDIH

Ly

o oel

P
S,

___.w..._u it
% X o _u.._wr
Rt %ﬁwﬁm i

A
i .%_.ﬁﬁy.

h i .w.__.___m :
l h.._wu._..
e

R S,
KA M e

Y R AT S b

e,

4 o et "y e ! :

r.“_._. .hﬂ.ﬁ-&.ﬁ.....%%..ﬂ..“ﬁ. __."..M”‘..:u«u - A i .__.___._._M_.. i) _..__,_fm.h__.f
2l n.aﬂ....._.s_.‘.ﬁ__..c_u.m.#a__.‘_ QRS S R A
mZ MS

s

S

v i : _“..L._Pq
At
A

63



-peduey 01 Suipiodoe pajess usaq ey sapmfdwe 20811 pur spury g Jo A1190j34 e Suisn paonpal jyeaur
U33Q DATY SUOIISS PIOIAI UL, "ZOT- 10T SUT| WOIj H1Ad DUe MA(IN SUDNEIS IO SISIET 19A19031 PAAJ0AU0IST Ty HUNDIL

tuy "afiley

gzl oel

¥ —umiesa:
IRy Ly

I e _ﬁm

. ..:___.mu...

o
I

e
A i
h...\n.d..)u L

Q (o o 3y
9 et 5
Lr ] | 4
o 3
] | Tnh—
* po .._..Mﬂuw.: 1)
1 TR
T

e
h i

g

o ; s PR
i R

; ..‘..,ﬂ...fﬂ__. hm.m,mu,__ﬁ%fﬁhﬁwitu& FeAe
AT e i A
P S ; L ot el
O e, I Mﬂ.w A

SRR

e B Ll
ety
(i Ay ekt L
e R
AT AN e .a_.u‘_.u..._.ar.ﬂmﬂ:ﬂﬁwﬁw?

Zh -
3N

64



. hdumﬁm 01 SUIpI0008 pPafeds usdq SAEY SIpMIdE 90BN PUB S/ § JO ANI0[3A B Juisn paonpai Apeauy
U33Q 2ABI] SUOLIIS PI031 Y, "Z0OZ-10T SSUL[ WoI] YD Pue TT g SUONEIS 10] SIAUTET I9A1I091 PIAIOALOI(T " THUOL]

wy "sbuey

oEt

wﬁ%ﬂwﬁ
e i..ﬁ_ o T

rmeﬂwm

v

e

b

; ey
g

Ay A

h,

e

X/8, seC

o

T

. A
. P
e
..Ju
Ll

el

DR
o P e e
NG
N_.l.._._“. .......T..h-..

Ak
N

s
v T

H2ond

65



gdduey ol FuIpI00ae PATEIs USRG ARy saprrdure 95E1 pur s/ § JO AND0]3A B Juisn paonpal Lueauy
1133 SABY SUONDAS PI0JST ALY, "ZOZ-10Z SOUI[ WoIJ TH 1 PUB YDOU SUCHES 10] S1I11ed JOAII3I POAIOAUCI] Eu TUNOL

wy 'ebuey

-
R A
L

- X/8, sec

T

M AN
\.%-(r..m.:.

ity
]

...,1. ﬁm}
v L4

Rkl e o

i S R

e 5
e

A e
Zt I.........TL....L. YR

Ik

HO0H

66



'ppP3uT 01 JUIpI0sIT Pajeds u3ad ALY sapmdwe saen pue sy g Jo A1zoea & Juisn

pannpas £|Teauy] U29Q el ONNIS PI0JAI YL, TOT-10Z SAUY[ WOIJ NJOD UONEIs 10] 19Y1eS 12AIA03I PRATOAU0I(T "S¥ HUNDIH -

wy "abuey

e thf.,.mnw,..”."a
ot et L
g AT A
: 7.‘._“.‘._‘.&.-41‘_.{: Drde sl ol
B e A L
.“..n....fi.‘..h...w_:..ﬁm.ﬂm,. Sk

T = X/8, zec

67



T - X/8, sac

Rangs, km
GOGP from lines TR and OBS2. The record seclion has been linearly reduced us

ing a

FIGURE 46. Receiver gather for station

o Rangeﬂ-—*".

velocity of 8 kmy/s and trace amplitudes have been scaled according



e Bu1Sn pasnpal £1eaur] 4Isq SBUY UOTOAS pi

X/8, sec

T

";+P8UeY 01 UIPICOOR P2YRIs U3 SARY SIPNIIUR B PUE S/UTy § JO AI30[0A
A1 UL, "ZSHO PUe Y[, $aul] Woaj Z) Ty UONEIS 103 IS 13A1939Y "ty TUNDIL

1wy '‘efuey

0o ook

|
L e 8 L L St 3 T
ﬁﬂmﬁﬁ%ﬂh‘ﬁﬂ{u@ﬂ-ﬁ; .

o b
1_._...-.. «.H._.-_...-
R

o L
Y

E T

sl
I

ey -._an_. B e )
b R LR
e I ._.{ b ’.-.
. e
SN

A ]

Py
FinEr

Tl

AT
EEE
o,

i
qﬁg

[ _.a.r.-_-w..:..
%ﬂ.&-m&p?d\i.:... .h_.-u-_-
It g PR e

o et
g ..._.._.-

._ﬁ.u.__M__w_f.ﬁ nﬂ_ :
. e,
k ...r.r.ﬁ_v._..-._.p...“r. v
e g b e
et Ny A S mtr..ipru
AT, A A e
i
i

G
K

1]

Rk

RO,

o .”J._,n...“.“.,-. L

b 2 S T

g ralol, !

i

et
Pl

.
Hﬂ_._q..«.. !
g,

L _....m....._.._.._.__,w(..._..

¥ Y ; \ﬁwﬁwﬂ 3y

G 2l
Tty ...._“. Iy M LA
TR ety

PR AL S R gy

IO

69



g an
RS
gt

x .

T
i
s
LA
ik
e
¥
Iy

Awatan
et

.

iy}

-

A

L
R ag

e el
. Y
ey e

T - X/B, sec

70

Range, km
om lines TR and OBS2. The record section has been linearly reduced us

FIGURE 48. Receiver gather for stalion TILD It
veloeity of 8 km/s and trace amplitudes have bee

v

ing a

n scaled according o Rangeﬂ-?.



T - X/8, sec

-

Thﬂ: record section has been linearly reduced using a
N

i

e

T B I M S 0

AL, i
S

ooy
¥, e X o
.m‘{»‘;‘q'i,"g-' ¥

1

P
LI ;:‘__.
DR
55
- _‘

G
e

oEes
LICE TR
e -.:a:_f Tl Iy,

b o~

71

Range, km

FIGURE 49. Recciver gather for station PACO from lines TR and OBS2.
velocity of 8 km/s and trace amplitudes have been scaled according to Range



v Jursn paonpa Apeaul] ud

T - X/8, sac

L

' dum:ax 01 SUIPI0DIE PA[RIS U] IABY sapmndwe 33en pue squry g Jo 1190794
q SBY UON23S PI0dS] AL TSHO PuUe YL $aul] Wol] ONId Uones 107 121183 19A1203Y 05 FUNDLL

wy 'ebusy

o8
RS ...“.J: ..r_..ﬁ._,...__

0Z1
a8 A Ly u_ Al ke LR BT AN
A T
A = o

: At Sy L
AT A L et e L R A
aﬁ.ﬁ.,mm% VR e
i A R SR g )
SR A e
AR LA
A SN
Al R u..,_ﬁ.._.fc_u. e "
Al
R ___h_.w.,.%_c_%._%e_;ﬂ.;“_‘f;..,‘r.
R e O

1_ ﬂ
§

5 WL

e
el
..‘mw...._mmj. !

A
W

,._.A.p_.f

N T ..."_ f._..p_.# ) ! ) .‘ 1l .. q_v
AR S ; ’ LA .-w_‘...._-
ﬁ? Y il i e oy
fomet] e st Rk,
Ao e e (B G \.nu B
i AR
LRy . . hach) 1Ty y

L LA

e
WL A g g
.I.,.NW o .“_:_w_,“.&u._nﬁ

™, l.o._
h,ﬂ_.m..
!
TN
o A

T A
ik

72



*1-gP3URY 01 TUIpIoase Pafeds uaq ALY SIPMIGUTE 30R1 PUE SAUTY § JC KI0[9A

£ duisn ﬂuuzﬂm._ A)IB3UI] U324 SBY U035 PI0I3 N[ "ZSHO PUB WL SOUN Wwol] STV UCHeRIS 10] FI2Med 12419299 "¢ SINDI
. . wy 'sBuey

o P
R

.,.J,....m.,..ﬁ

~ X/8, sec

T

NN RN R S
bx B et ) ; L gl g S o "
e mnuqu#.mu..ﬁ...\ﬂ R e h_m__...{o.ﬁ.,....

P .a._.w_ﬂ”_.__.. r “.MW_MM.. Wit
A S

W N
3 h, ; v & ¥ X ! i e ™ ,
: j}.-mﬂq._.._i,u.. R ) iy R et ) o o e .._p.__;._.._._..._._..w.._q.t.r.ir
Heued ha,.,\..._.a_._,”_,_mﬁ ,.?..FM ! Atk e e T R : B
. | . MS

A P e FowEh D

73



T - X/8, sec

. hdmm%m 01 Surpaoage pajeas u2ay 2y saprufjdure 3den pue sy § Jo Anooaa
® Susn paonpar [feau]] UA3Q SEY UOTID3S PIoddl YL "ZTSHO PUE AL S3ulf Woly q15S UONELS 10J I9YIEd J9A1993Y 7S TANDIL

wy 'ebBuey
001 ‘ ovL
| 1 | -
B
)
LI
[] .
S R
I {
H‘. 1
i : _
- m .
| m _
i v o
V. il
‘“ M .__ _...7...“_“ _._._,-____.W_W_ I._"“
b w " wﬁ ___._u..._._r ..._r_ -
| 4 > Gl
m 1 ._. _”.__. 4y ﬂ
Yoot [ 4
] i : . b,
; _ & M
I - W
boo s - o
i | 3 -
ml_ .“ 1 .."_._“ i
R ! ¥
biod ' b ..w.&
: v ! " Lt .
M. : ! u.,h” B
[ mf
8 _ i -
N T _uu...__..__r
oL ; e
Vi " o ﬁw.
LA u. . ...._.ﬁ..u
i __.1 ik
L ¥
a1 “ -

74



' PBuey 01 3UIPI00Ok PA[EIS UBA ARy sepmrdure 0eN pue s/ury § Jo A00feA
2 UISN POND3T £]1eaul Uaq SEY UONOIS PIOdR) 3L, "ZSHQ PUE YL SUI WolJ DNHE uones 10) 19yied 19410054 €€ TUNOLI

N R 0
_.__!.. . L ___._“.—_..“_. -_.L,.J....J...h._-.f.

wy ‘abuey
09 00t ov!
v TR FEMNED gy AL :
o : O e e.\w.h WA 3
posr R s R R
Y ._—-__._. y L I .L_._ _W Capye s

....~n_._...-a
..-ﬂ‘“mfi .--__ ¥ " ", B
ANt A
L (S
: A...-“_a_..“_."__._-_m;__, o ."_.._._..__ ;
LA S
‘.x, .._..a..__._“"_.,....J.,._....__...h__F ) ___._.__._.M

o=l

]

Ly
AL

- X/8

T

oY
o

ol

| ; i ; : o
p A R el e e
b e S i i it

(N

..eﬂb._ ....-.-__q_.‘d- p....
v i e . X1
S F A AR R b iy TR
MS
JNZH

75



St

[

T - X/8, s&cC

76

Hange, km

TR and OBS2. The record seclion has been |

ing a

arly reduced usi

ne

FIGURE 54. Receiver gather for station CONC from lines

o Range[}-7+

velocily of 8 km/s and trace amplitudes have been scaled according



y BEC

T-X/8

" PBuey 01 FUIPI0IOE PATRIS USAQ aaey Sapmdure 9oel) pue spny g Jo A11001eA
© 3UISn pasnpal ALEUT] 133Q SEU UOND3S PIOIAL AL, "ZSHQ PUR YL SAUH WOL) I 1[d UONTS 10] Tyied 10A1000Y '¢C FHADLI

wy ‘ebuey
og ogt
& ~pzapenate ‘o BT R : R G __,ﬁ.ﬁ..“uﬁ.u&ﬂ_ﬂhﬁwﬁ r
: ] G : P m.fwﬂ_wﬁm& "

R

&3

P

)
o

P

SR T

By

B

)

'

P

o L

e
LT

Py
- T

5

T

P
L

gl'.

AR
5
P

=2

—

o
£

77



1 -pPBuey 01 JUIPICIOR Pa[eds 133 ALy gapundure 20w pue sy g jo 41120194 © farsn paonpar
A[TBQUI] U292 DABY SUCHISS PICIA (], "ZSHO PUL LI, S| WoIf AQTY Pu LNOIW SUONRIS 103 SIMILE 1941309 "9C HUNDLL

wy ‘abuey

asit 0Ll

1
¥ I«\_u.q‘ﬁ”_.rv_ﬂv_pwﬂ-.

08l

1
o LG

_r_”"__..h.__..__ ..__.

"
gy o
i iy
..._.fr.-.__ 0 ._.?.-..._..-_._A._.__
[ ;
L

£
e H..“\

_.m-mv..h

R

3
FE L

T - X/8, seq

i e,
o g
.m__._.._n.:,"_.._

Y Mg o ek W

EL

18



. h.aumzﬂ_ o1 Supiooow pateas u20q 4By sapuyfdue S0en pue sy § Jo A1120[9A €
Suist poonpal ApJeaus| Uaaq SUIj HOTIADS PIoodl Y] ZSHO Pue YL S3ui] woll HADW uones 107 saied 1sA1003y "L € HUNDH

wy 'aBuey

it

Fa

Y
T

Seriedd

Ak

&

R e
et g
=% T

o

u\_.s...rﬂ.._.f

sed
o

T - X4/8,

il
o,

Sy A
S e Ty e g
: S ki
-
sl b

-
T
(3
h

it

79



' pP3uey 01 FuipI0d3e Po[ess Uaag daRy sopmijdwe a3en pue sy g Jo A100[24
v Juisn pasnpal K[Raur] Uaaq SeY V0TS PI0dAI AU L, "ZSHQ PUB Y, SAUI[ WO) NOIA UONEIS [0] 1018 19413099 '8S HANDIA

Ly 'efbley

ogl

orl

T - X/8, sec

80



T - X/8, sec

3 : 5 Fre
A i) o

L DS T
SN Y aixi-}i\'zi}}k et Tl
RSt

LA

Lr
TREERS
™~ r '-l'

q'ﬁ'-i%

AT

81

-y

Aubieryity,
EERGe A,

e

=]
-
—

Range, km

ing

ly reduced usi

near

TR and OBS2. The record section has begn 1
0 Rangeﬂj_

a velocity of 8 ks and trace amplitudes have been scaled according

FIGURE 59, Receiver gather for station MURR from lines



: ..u._uum:mm 01 FuIp10ade pa[ess udaq Ay sapmIfduwie 35eN pue sfuny § Jo A30{9A
 Juisn paonpaa Apieaul] U33q SBY UOTIDAS PICdAl UL "ZSHO PUR WL Saur) wolj J1Hd U0Nes 10] Jaqied 19419093 09 HUNOL

wy ‘abusy

ogt

: »
oy 3 . T e Ly |p.+._._..__.-_-._-.-..u.__.l...\...wl. hn -_u..u.i.-.a_d..n_.ﬂm
bR i S N Ry
B g e N e v Mw%ﬁ_“."nﬁ_i.m&._ Y L

! :

i,
X i e :

RaiAd

- X/8, sec

T

82



: " -gF3ury 01 JUIPIOIIE PARIS U] DAY sapmijdure gaen pie s/uny § Jo A1100[34
v JuIsn paonpol ALTeUI| u2aq SRy UOTIIS PIOIAI A, "ZSHQ PUB YL, Soul] Woly g UOEIS J0J JaEd 19A1939y 19 HUNDEE

wy 'efiuey

TR

ik
A

- X/8, se¢

T

i
P PN A

83



' gRauey 01 Surp100o8 pajas usaq aiey sapmirjduwe soen pue s/ury g Jo AN0124
v JuISn paonpar AR U] S UOTIIAS PIOYAI A, "gSHO PUR YL S Wol) YD UOHEIS 10} 13Y1eg 131309y 79 HUNOIL

wy "ebuey

- X/8, sec

T

84



’ h.:mm:mm 0] JuIPI0ooE PAEIS U33Y 24Ary sapniijdun: aden pue sAuY § Jo A1nepA
v Suisn paonpal A[Jeaur] Usaq SeY UONIIS PI02al 4L, 'TSHO PUB WL SIUY| Wodf YD UOHEIS 10§ 13188 19413094 "£9 HUNON

i

e
[
A

, 380

x/8

T-

ey

-

.h.?____ X
Jeal i
A o)
4 T v AT
Ao S ..,_.__,..\__
3

] ST

.._._p
oy i et

: s ._.._..“."_.ﬂ‘.. ] ﬂﬁ

N ...._-_—__\r » I AR TERE Sy

Py, s b.»-u._..a...._ﬁ..u.,.,._,..__.

85



. h.:mmnmm 01 Suip10age PafEas Uaaq aAty SApMIIIR 30BN pue SAIY § JO A10]IA

mmEmn pasnpal A[1BaUT) 49sq SEY UOMNIIS PI0dal Y, "ZSHO PUe YL, s2ui] Wl JH T Uones 10] 1ay1ed 1941800 po HUNOIL

- X/8. sec

T

ﬂ.._. - . GH. .'.1_ . .}
e i : LA
__.a_.w_._”v T ; prheh oy

L

il
..}M..__.e...'\.... AL
R
et n.

T
aFary

Loy

-y ‘eBuey

0og

ARSI gt
" Fa _r_”..w_f. by
L

86



= X/Bl seC

T

uny

.._...
al
n -ﬂhl.JI. b ..-J'—.-..'-J

" gPiuey 01 SUIpI0007 Paess useq aAry SOpMIUWE 208N pue S § Jo A10Pa e
Juisn paonpa) AESUI[ US3G LY UOTIZOS PI0IAT AU, "ZSEO PUR YL SAUI WioL) WJQD UONES 10) Joed 12A1203Y 69 FUNDIL

‘aBuey

bt
=]

S
‘ sa%%;%g
S
i)

Yy
::f&
A3

b et
=

i
Y __.

i}
wr

a1 ¥

e

R
.i:f';;f
L

W

-

B
s
b
i

,m_.ﬁ,..ﬁuwm

87



ACKNOWLEDGEMENTS

We thank Jill McCarthy of the USGS for organizing and heading the BASIX project.
Numerous private landowners kindly gave us permission to locate USGS 5-day recorders on their
property. We thank Mr. Kevin Shea of East Bay Regional Park District, Mr. Bamey Barrons of
Giolden Gate Park, San Francisco, and Mr. Brian Hunter and Mr. Jim Swanson of the California
Department of Fish and Game for providing access to property under their jurisdiction. John
Coakley, Dave Croker, and Gonzalo Mendoza of the USGS-Menlo Park deployed the 5-day
recorders. We are pleased to acknowledge the able seamanship of the Captain and crew of the
§.P. Les and the technical assistance of the USGS Marine Facility for preparing and maintaining
the airgun array. Jon Childs, Pat Hart, Watt Olsen, and Kevin O"Toole provided valuable
technical assistzncs onboard the R/V §.P. Lee. Steve Holbrook provided the USGS OBS
locations, depths, and along track locations. Rick Clymer provided the University of Califomia
Berkeley recorder locations. Simon Klemperer provided station locations for the Stanford
University Refiek recorders. Dan Pope and Vicki Goetcheus helped to digitize the five-day analog
tapes. Willie Lee and Phil Dawson provided assistance in getting the new digitizing system
working. Will Kohler, Jim Luetgert, and Peter Ward provided programming assistance.
PASSCAL loaned Stanford University the Refiek recorders nsed during the BASIX experiment.
Jim Luetgert and H.M. Iyer provided useful comments on an earlier draft of this report.

This work was supported by the National Earthquake Hazards Reduction Program.

REFERENCES CITED

Barry, K.M., D.A. Cravers, and C.W. Kneale, 1975, Recommended standards for digital tape
formats: Geophysics, v. 40, p. 344-352. '

Brocher, T.M.. §.L. Klemperer, U.S. ten Brink, and W.S. Holbrook, 1991, Wide-angle seismic
profiling of $an Francisco Bay Area faults: Preliminary results from BASIX: Eos (American
Geophysical Union Transactions), v. 72, p. 446.

Brocher, T.M.. and M.J. Moses, 1990, Wide-angle seismic recordings obtained during the TACT
multichannel reflection profiling in the northern Gulf of Alaska: U.5. Geological Survey Open-
file Report 90-663, 40 pp.

Brocher, T.M., M.I. Moses, and S.D. Lewis, 1992, Wide-angle recordings obtained during
seismic reflection profiling by the S.P. Lee offshore the Loma Prieta epicenter: U.s.
Geological Survey Open-file Report 92-245, 63 pp.

Brocher, T.M., M.J. Moses, and §.D. Lewis, in press, Evidence for tectonic wedging west of
the San Andreas fault based on onshore-offshore wide-angle seismic recordings: U.S.
Geological Survey Professional Paper,

Catchings, R.D_, and G.S. Fuis, 1991, Influence of crustal structure on the 1989 Loma Prieta
earthquake and associated destruction: Eos (American Geophysical Union Transactions), v.
72.p. 338.

Criley, E., and I. Eaton, 1978, Five-day recorder seismic system: U.S. Geological Survey Open-
file Report 78-266, 85 pp.

Elisworth, W.L., 1990, Earthquake history, 1769-1989: U.S. Geolegicar survey Professional
Paper 1515, p. 153-187.

Furlong, K.P., 1984, Lithospheric behavior with triple junction migration: An example based on
the Mendocino triple junction: Physics of the Earth and Planetary Interiors, v. 36, p. 213-223.

Furlong, K.P., W.D, Hugo, and G. Zandt, 1989, Geometry and evolution of the San Andreas
(ault zone in northern California: Journal of Geophysical Research, v. 94, p. 3100-3110.

88



Furlong, K.P., I. McCarthy, and T. McEvilly, 1991, Geometry and kinematics of the Pacific-
North American Plate Eoundary in the San Francisco Bay Area: A testable model for BASIX:
Eos (American Geophysical Union Transactions), v. 72, p. 445-6.

Hart, P.E., and R. Clymer, 1991, Geometry of San Francisco Bay Area faults: Preliminary
results from BASIX: Epg (American Geophysical Union Transactions), v. 72, p. 446, 1991,

Hill, D.P., L.P. Eaton, and [, M. Jones, 1990, Seismicity, 1980-86: [/.S. Geological Survey
Professional Paper 1575, p. 115-151.

Holbrook, W.S., and (.S, ten Brink, 1991, San Francisco Bay and Margin Seismic Experiment:
Ocean bottom seismometer operation, September, 1991: Woods Hole Oceanographic
Institution, Prelimingry Cruise Report.

Holbrook, W.5., and W.D. Mooney, 1987, The crustal structure of the axis of the Great Valley,
California, from seismjc refraction measurements: Tectonophysics, v. 140, p. 49-63.

Klemperer §.L., and BASIX Working Group, 1991, Bay Area Seismic Imaging eXperiment:
Fan-profiling to image the maximum depth of penetration of the San Andreas, Hayward, and
Calaveras faults: Egs (American Geophysical Union Transactions), v. 72, p. 446.

Kerr, R.A., 1990, Worse News for the Bay Area: Science, v. 249, p- 860. ,

Lewis, 5.D., 1990, Deformation style of shelf sedimentary basins seaward of the San Gregorio
fault, central California: Egs (American Geophysical Union Transactions), v. 71, p. 1631,
Luetgert, J., S. Hughes, J. Cipar, S. Mangino, D. Forsyth, and I. Asudeh, 1990, Data report for
O-NYNEX the 1988 Grenville-Appalachian seismic refraction experiment in Ontario, New

York, and New England: 1/.S. Geological Survey Open-file Report 90-426, 51 pp.

McCarthy, I, and P.E. Hart, 1993, Data report for the 1991 Bay Area Seismic Imaging
Experiment (BASIX): U.5. Geological Survey Open-file Report 93-301, 27 pp.

Namson, I.5., and T.L. Davis, 1988, Seismically active fold and thrust belt in the San J vaguin
valley, central California: Geological Society of America Bulletin, v. 100, p. 257-273,

Somerville, P, and 1. Yoshimura, 1990, The influence of critical Moho refiections on strong
ground moiions recorded in San Francisco and QOakland during the 1989 Loma Priels
carthquake: Geophvyical Research Letters, v. 17, p. 1203-1206.

Toutingham, D. M., and W. H. K. Lee. 1989, User manual for XDETECT, in W. H. K. Lee,
editor, Toolbox for seismic data acquisition, processing, and analysis: International
Asxocégtion of Seismaology and Physics of the Earth Interior (IASPEI) Software Library Vol.
1, p. 89-118.

U.S. Geological Survey staff, 1990, The Loma Prieta, California, earthquake: An anticipated
event: Science, v. 247, p. 286-293.

Vuillermoz, C., A.J. Bertagne, and R. Delzer, 1987, Sacramento delta: new approach to seismic
exploration in areas of near-surface problems: Oil & Gas Journal, v. ?, p. 63-66.

Ward, F, L., and F. Williams, 1992, The Seismic Unified Data System, Version 2.0:
unpublished manuscript, 147 pp.

Zoback, ML.ID,, and others, 1987, New zvidence on the state of stress of the San Andreas fault
system: Science, v. 238, p. 1105-1111.

89

W L8, GOVERNMENT PRIMTIMNG GFFICE: Had - 7R£.124/99122



