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Introduction

Ground shaking produced by the Loma Prieta earthquake was recorded at 90 free-field
strong-motion accelerograph stations. These recordings demonstrate once again the strong
correlations between both amplitude and frequency content of ground motion and the near-surface
geologic materials underlying the instrument stations (U.S. Geological Survey Staff, 1990). At
a given distance, accelerations at sites on alluvium were generally greater than those at rock sites,
and accelerations at most sites on Bay mud were much larger than those at alluvial sites. Joyner
and Fumal (1985) have advocated using near-surface shear-wave velocity as a means of
quantifying these variations in site geology rather than the simple rock-soil classifications used
in the past.

Prior to the earthquake, shear-wave velocity had been measured to depths of 20 to 105
meters at fourteen sites, principally stations of the Gilroy and APEEL arrays (Gibbs et al., 1975,
1976, 1977; Fumal et al., 1982; Shannon and Wilson, Inc., and Agbabian Associates, 1980).
Since the earthquake, several agencies, including the U.S. Geological Survey and the Electric
Power Research Institute, have proposed drilling boreholes to depths of 30 to 195 meters at 25-30
additional sites for the purposes of investigating near-surface geology and obtaining downhole
shear-wave velocity measurements. It is unlikely that analysis of data from these new sites will
be completed before winter 1992. In response to demand for shear-wave velocity data, I have
collected data from the previously investigated sites into this report. In addition, I am providing
estimates of shear-wave velocity for the upper 30 meters at the remaining seventy-six sites. This
is intended to be an interim report; I plan to issue a revised report when data analysis for the new

sites is complete.



Geologic Maps
Each station was plotted on the best available large-scale (1:12,000 to 1:125,000) geologic
map (Figures 1-55). In addition, I personally visited about 70 of the sites. This served as the
basis for estimating the shear-wave velocity profile at each site where velocity had not been
measured. Because of time constraints, I made no attempt to gather borehole data at these sites
although such data would allow me to improve the velocity estimates. I will do this for the

revised report.

Velocity Profiles

Measured velocity profiles and geologic logs for the stations of the Gilroy and APEEL
arrays along with those for Gilroy-Gavilan College and Hollister City Hall are shown in Figures
56-69.

During the past two decades, the U.S. Geological Survey has made downhole
measurements of shear-wave velocity at over 70 sites in the San Francisco Bay region. These
sites were grouped according to geologic map unit. As most of the boreholes penetrated to a
depth of 30 meters, an average shear-wave velocity profile was calculated to this depth for each
map unit. These calculated profiles were used directly to provide estimated profiles for most of
the strong-motion stations on rock and alluvium. These estimated profiles appear in Figures 70-
95 as showing mean velocity and standard deviation for each depth interval along with the
average velocity to a depth of 30 meters. For some sites, mostly on rock units, a single measured
profile was judged to most closely approximate the estimated profile at that site. These profiles
appear in Figures 70-95 as showing the velocity for each depth interval without standard

deviations.



Estimated velocity profiles for sites underlain by artificial fill and Bay mud are shown in
Figures 96-103. For some of these sites a velocity profile was constructed using the estimated
thickness of the Bay mud from the map of McDonald et al. (1978) and average velocities for fill,
Bay mud, and the underlying sediments and rock. At other Bay mud sites, a velocity profile was

constructed using borehole data and velocity data from similar or nearby sites.
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Stations are grouped in the following table according to geologic map unit. Within each group they are listed according to distance

from the rupture. For an alphabetical cross-reference, see page viii.

Velocity
Station Geologic Map Unit Geologic Map Profile

page page
Corralitos Landslide derived from shale of Highland Way 2 125
Lexington Dam abutment Sandstone of Franciscan assemblage 4 126
Gilroy #1 Sandstone of Franciscan assemblage 6 111
Saratoga - Aloha Ave. Santa Clara Formation 8 127
Santa Cruz - UCSC Metasedimentary rocks (schist) 10 128
Gilroy #6 - San Ysidro Up. Cret. and/or Paleo-Eocene rocks 12 112
Hollister SAGO Quartz monzonite 14 129
Cherry Flat Reservoir Chert of Franciscan assemblage 16 130
SAGO South Granodiorite 14 129
Stanford Linear Accelerator Santa Clara Fm./Miocene sandstone 18 131
Woodside Fire Station Butano (?) sandstone 20 132
Monterey City Hall Granodiorite 22 129
APEEL #9 Crystal Springs Santa Clara formation 24 113
APEEL #7 Pulgas Water Temple Butano (?) sandstone 24 114
APEEL #10 Skyline Blvd. Butano sandstone 24 115
Belmont 2-story office bldg. Sandstone of Franciscan assemblage 24 126
Hayward - CSUH stadium Leona Rhyolite 26 116
Hayward City Hall FF-S Gabbro - diabase 26 163
Hayward City Hall FF-N Gabbro - diabase 26 162
Patterson Pass Road Cierbo Sandstone 28 134
LLNL Site 300 Neroly Fm. 30 134
So. San Francisco-Sierra Pt. Sandstone at San Bruno Mountain 32 135
Bear Valley #7 - Pinnacles Rhyolite 34 136
San Francisco - 1295 Shafter Chert of Franciscan assemblage 54 130
San Francisco - Diamond Hts. Sandstone and shale of Franciscan assemblage 36 126
Piedmont Jr. High School Sandstone and shale of Franciscan assemblage 38 126
San Francisco - Rincon Hill Sandstone and shale of Franciscan assemblage 40 126
Yerba Buena Island Sandstone and shale of Franciscan assemblage 42 159
San Francisco - Pacific Hts. Sandstone and shale of Franciscan assemblage 40 126
San Francisco-Telegraph Hill Sandstone and shale of Franciscan assemblage 40 126



Velocity

Station Geologic Map Unit Geologic Map Profile
page page
San Francisco - Presidio Serpentinite 44 133
Berkeley - Strawberry Canyon Ciaremont shale 46 137
Berkeley - Memorial Stadium Sheared rocks of Franciscan assemblage 46 138
Berkeley - Lawrence Berkeley Lab. Upper Cretaceous shale 46 139
San Francisco - Cliff House Sandstone of Franciscan assemblage 56 126
Golden Gate Bridge Surficial deposits/Serpentinite 44 133
Point Bonita Sandstone and shale of Franciscan assemblage 48 126
Richmond City Hall Prking Lot Plio-Pleistocene alluvium 50 127
Mare island Holo. Bay mud/Cretaceous shale and sandstone 52 140
Gilroy - Gavilan College Late Pleistocene alluvium 6,62 117
Saratoga - West Valiey College Late Pleistocene coarse-grained alluvium 8 141
San Jose - Santa Teresa Hills Late Pleistocene alluvium 58 142
Anderson Dam downstream Late Pleistocene alluvium 58,66 142
Coyote Lake Dam downstream Late Pleistocene very coarse-grained alluvium 60 143
Gilroy #7 - Mantelli Ranch Late Pleistocene alluvium 62 160
Halls Valley Late Pleistocene alluvium 58,84 142
Fremont - Mission San Jose Late Pleistocene fine-grained alluvium 64 144
Fremont - Emerson Court Late Pleistocene fine-grained alluvium 64 144
Sunol Fire Station Late Pleistocene alluvium 68 142
APEEL 2E John Muir School Late Pleistocene fine-grained alluvium 70 118
Hayward BART parking lot Late Pleistocene alluvium 70 142
Sandia National Lab. Late Pleistocene alluvium 28,68 142
LLNL East gate Late Pleistocene alluvium 28,68 142
LLNL NW comer Late Pleistocene alluvium 28,68 142
Oaldand 2-story office bidg. Meritt Sand 70,72 145
Big Sur Late Pleistocene alluvium 74 146
Berkeley 2-story hospital Late Pleistocene fine-grained alluvium 70 144
Capitola Holocene alluvium 76 147
Gilroy 2 - HWY 101 Motel Holocene coarse-grained alluvium 62 119
Gilroy Old Firehouse Holocene coarse-grained alluvium 62 149

vi



Velocity

Station Geologic Map Unit Geologic Map Profile
page page
Gilroy 3 - Sewage Treatment Plant Holocene fine-grained alluvium 62 120
Gilroy 4 - San Ysidro School Holocene medium-grained alluvium 62 121
Hollister Airport Holocene fine-grained alluvium 78 122
Agnew Holocene fine-grained alluvium 64 148
Sunnyvale - Colton Ave. Holocene fine-grained alluvium 64 148
Hollister City Hall Holocene fine-grained alluvium 78 122
Hollister - South and Pine Holocene fine-grained alluvium 78 122
Milpitas 2-story bidg. Holocene fine-grained alluvium 64 148
Salinas Holocene alluvium 80 147
Calaveras Reservoir South Holocene coarse-grained alluvium 64,82 149
Bear Valley 12 - Williams Holocene alluvium 86 147
Bear Valley 5 - Callens Holocene alluvium 88 147
Dublin Fire Station Holocene fine-grained alluvium €8 148
Bear Valley 10 - Webb Holocene alluvium 90 161
Livermore - Fagundes Ranch Holo. fine-grained alluvium/Plio. siltstone 68,92 150
Los Banos Holocene alluvium 94 147
Greenfield Holocene alluvium 96 147
Tracy sewage treatment plant Holocene alluvium o8 147
Bitterwater Holocene alluvium 100 147
Olema Holocene coarse-grained alluvium 102 149
Palo Alto 2-story office bldg. Artificial fill/Holocene Bay mud (8 m) 104 151
APEEL 2 - Redwood City Artificial fill’Holocene Bay mud (9.5 m) 106 123
Foster City Redwood Shores Artificial fillHolocene Bay mud (9.5 m) 106 124
(APEEL 1)
Foster City - Menhaden Court Artificial fillHolocene Bay mud (15 m) 106 152
San Francisco Intern’l. Airpt. Artificial fillHolocene Bay mud (6 m) 106 153
Alameda Naval Air Station Artificial fill'Holocene Bay mud (17 m) 108 154
Oakland Outer Harbor Wharf Artificial filllHolocene Bay mud (7 m) 108 155
Emeryville Artificial fil'Holocene Bay mud (4 m) 108 156
Treasure Island Artificial fillHolocene Bay mud (13 m) 42 157
Larkspur ferry terminal Artificial fillHolocene Bay mud (18 m) 110 158

vii



Station Geologic Map Velocity Station Geologic Map Velocity
page Profile page page Profile page
Agnew 64 148 Berkeley - 2- 70 144
story hospital
Alameda 108 154 Big Sur 74 146
Naval Air
Station
Anderson 58,66 142 Bitterwater 100 147
Dam
downstream
APEEL 2 - 106 123 Calaveras 64,82 149
Redwood City Reservoir
" South
APEEL 2E - 70 118 Capitola 76 147
John Muir
School
APEEL #7 - 24 114 Cherry Flat 16 130
Pulgas Water Reservoir
Temple
APEEL #9 - 24 113 Corralitos 2 125
Crystal
Springs
APEEL # 10 - 24 115 Coyote Lake 60 143
Skyline Blvd. Dam dwnstrm.
Bear Valley 88 147 Dublin Fire 68 148
5 - Callens Station
Bear Valley 34 136 Emeryville 108 156
#7 - Pinnacles
Bear Valley 90 161 Foster City - 106 152
10 - Webb Menhaden
Court
Bear Valley 86 147 Foster City - 106 124
12 - Williams Redwood
Shores
(APEEL 1)
Belmont 2 - 24 126 Fremont - 64 144
story office Emerson Court
bldg.
Berkeley - 46 139 Fremont - 64 144
Lawrence Mission San
Berkeley Lab. Jose
Berkeley - 46 138 Gilroy- 6,62 117
Memorial Gavilan
Stadium College
Berkeley 46 137 Gilroy #1 6 111
Strawberry
Canyon

viii




Station Geologic Map Velocity Station Geologic Map Velocity
page Profile page page Profile page
Gilroy 2 - 62 119 Lexington 4 126
Highway 101 Dam abutment
Motel
Gilroy 3 - 62 120 Livermore - 68,92 150
Sewage Fagundes
Treatment Ranch
Plant
Gilroy 4 - San 62 121 LLNL East 28,68 142
Ysidro School gate
Gilroy #6 - 12 112 LLNL NW 28,68 142
San Ysidro comer
Gilroy #7 - 62 160 LLNL Site 300 30 134
Mantelli
Ranch
Gilroy Old 62 149 Los Banos 94 147
Firehouse
Golden Gate 44 133 Mare Island 52 140
Bridge
Greenfield 96 147 Milpitas 2- 64 148
story bldg.
Halls Valley 58,84 142 Monterey City 22 129
Hall
Hayward 70 142 Oakland Outer 108 155
BART parking Harbor Wharf
lot
Hayward City 26 162 Oakland 2- 70,72 145
Hall FF-N story office
bldg.
Hayward City 26 163 Olema 102 149
Hall FF-S
Hayward - 26 116 Palo Alto 2- 104 151
CSUH story office
stadium bldg.
Hollister 78 122 Patterson Pass 28 134
Airport Road
Hollister City 78 122 Pidmont Jr. 38 126
Hall High School
Hollister 14 129 Point Bonita 48 126
SAGO
Hollister - 78 122 Richmond City 50 127
South and Hall Parking
Pine Lot
Larkspur ferry 110 158 SAGO South 14 129
terminal




Station Geologic Map Velocity Station Geologic Map Velocity
page Profile page page Profile page
Salinas 80 147 Santa Cruz - 10 128
[8/e])

Sandia 28,68 142 Saratoga - 8 127
National Lab. Aloha Ave.
San 56 126 Saratoga - 8 141
Francisco - West Valley
CLiff House College
San 36 126 South San 32 135
Francisco - Francisco -
Diamond Hits. Sierra Point
San Francisco 106 153 Stanford 18 131
Intern’l. Linear
Airport Accelerator
San 40 126 Sunnyvale - 64 148
Francisco - Colton Avenue
Pacific Hts.
San 44 133 Sunol Fire 68 142
Francisco - Station
Presidio
San 40 126 Tracy sewage 98 147
Francisco - treatment plant
Rincon Hill
San 54 130 Treasure Island 42 157
Francisco -
1295 Shafter
San 40 126 Woodside Fire 20 132
Francisco - Station
Telegraph Hill
San Jose - 58 142 Yerba Buena 42 159
Santa Teresa Island

Hills
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Measured velocity profile for site:
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COMPLETED 31/33/79
Geologic unit: Holocene fine—~grained alluvium

Measured velocity profile for site: HOLLISTER CITY HALL

Estimated velocity profile for sites: HOLLISTER AIRPORT
HOLLISTER-SOUTH&PINE
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Figure 67
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Geologic unit: Artifical fill/Bay mud
Measured velocity profile for site:

APEEL #2 REDWOOD CITY

123

Figure 68



SHEAR WAVE VELOCITY (m/sec)
100 200 300

1

DEPTH (m)

T

N
o

1 T T T 1 —— o
. STV CLAY, v. ot

grcy, So7F

-

-~
o

I“““'i L

-

T

! 193
HETHH

g8

MM

Stt

"2l S LAY,
with abve 3 4
monks, Sramer

e

osit

LT, T T, LN
T I
AN P L U R LA

v

bs

L

———r—f—y-

COARSE SAND and
GRAVEL

S€Ec

. VoV, 7,7
(DI IR M B

R L B
o0

[

STV CLAY

groysh
» ¥ SY Y

MM

LT

Vs=115

HM

Geologic unit: Artifical fill/Bay mud

Measured velocity profile for site:
FOSTER CITY -REDWOOD SHORES (APEEL 1)

Figure 69
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Geologic unit: Landslide derived from marine shale and sandstone
of Highland Way

Estimated velocity profile for site:
CORRALITOS
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Geologic unit: Sandstone and shale of the Franciscan assemblage

Estimated velocity profile for sites:

BELMONT 2-STORY BLDG S.F.-DIAMOND HEIGHTS
LEXINGTON DAM ABUTMENT S.F.-PACIFIC HEIGHTS
PIEDMONT JR. HIGH SCHOOL S.F.-RINCON HILL
POINT BONITA S.F.-TELEGRAPH HILL

S.F.-CLIFF HOUSE
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Geologic unit: Santa Clara Formation

Sites: RICHMOND
SARATOGA

' Figure 72
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Géologic unit: Metasedimentary rocks (schist)

Estimated velocity profile for site: SANTA CRUZ

128

0 200 400 600 800 1000
T T T T T T Y T |
4 '[3
L :Ut
:
I 1
I t
1t
o
[ !
' |
|
n |
!
{
P
|©
- |
- 1
|
t !
L ' i
!
F !
- {
! I
L 1
'o
L (0]
1O
- [
i
|
I i
r |
L. V3=670 |

Figure 73



DEPTH (m)

SHEAR WAVE VELOCITY (m/sec)

0 500 1000 1500 2000
0 N T .r 1 v v v 1 | B T T
L i
i e
(=
L 1 . .
P
L
L. P
o
L
L | :
I
®
ton
- ! .
P
10 | |
- |
|
! 1
|
1
- |
| I
1.
o I E
! I
=
o ' :
20 |- : :
1N
r 'ws
o.
: e
i |
L |
|
L |
[ |
|
i 7 |
sol Vs=870 n=5 |

Geologic unit: Granodiorite

Estimated velocity profile for sites: HOLLISTER SAGO
MONTEREY CITY HALL
SAGO SOUTH

Figure 74
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Geologic unit: Chert of Franciscan assemblage

Estimated velocity profile for sites: -CHERRY FLAT
1295 SHAFTER
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Geologic unit: Santa Clara Formation/Unnamed Miocene sandstone

Estimated velocity profile for site: SLAC

Figure 76
131



DEPTH (m)

20

30

SHEAR WAVE VELOCITY (m/sec)

10

200 400 600 800 1000 1200
1 LB | 1 1 1 I 1 | ¥ I I 1
|
|
Il\)
lon
|O
|
! i
{
|
|
]
}
|
|
lon
1O
'O
u
|
{
|
|
! !
)
|
}
i
|
]
| oo
1O
|O
|
|
{
Vs=485 |

Géologic unit: Butano(?) Sandstone

Estimated velocity profile for site: WOODSIDE

Figure 77
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Geologic unit: Serpentinite

Estimated velocity profile for sites:
GOLDEN GATE BRIDGE

PRESIDIO

Figure 78
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Geologic unit: Miocene sandstone
(Neroly Sandstone, Cierbo Sandstone)
Estimated velocity profile for sites:

LLNL SITE 300
PATERSON PASS ROAD
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Geologic unit : Sandstone at San Bruno Mountain

Estimated velocity profile for site:
SO. SAN FRANCISCO-SIERRA POINT

Figure 80
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Geologic unit: Miocene rhyolite
Estimated velocity profile for site:
BEAR VALLEY #7 PINNACLES
Figure 81
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Géologic unit: Claremont shale
Estimated velocity profile for site:
BERKELEY-STRAWBERRY CANYON
Figure 82
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Geologic unit: Sheared rocks of Franciscan assemblage

Estimated velocity profile for site:

BERKELEY MEMORIAL STADIUM

Figure 83
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Geologic unit: Upper Cretaceous shale
Estimated velocity profile for site:
LAWRENCE BERKELEY LAB
Figure 84
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Géologic unit: Artifical fill/Holocene bay mud
Panoche Formation (Cretaceous shale&sandstone)

Estimated velocity profile for site: MARE ISLAND

Figure 85
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Geologic unit: Late Pleistocene coarse—-grained alluvium

Estimated velocity profile for site:

SARATOGA-WEST VALLEY COLLEGE
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Geologic unit: Late Pleistocene alluvium

Estimated velocity profile for sites:

ANDERSON DAM DOWNSTREAM LLNL NW CORNER
HALLS VALLEY SANDIA NATIONAL LAB
HAYWARD BART SAN JOSE-SANTA TERESA
LLNL EAST GATE SUNOL

Figure 87
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Geologic unit: Late Pleistocene very coarse—-grained alluvium
Estimated velocity profile for site:

COYOTE LAKE DOWNSTREAM
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Geologic unit: Late Pleistocene fine—grained alluvium

Estimated velocity profile for sites:

‘BERKELEY 2-STORY HOSPITAL
FREMONT
FREMONT-MISSION SAN JOSE

Figure 89
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Geologic unit: Merritt Sand

Estimated velocity profile for site:

OAKLAND 2-STORY OFFICE BUILDING
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Géologic unit: Late Pleistocene alluvium/
Sandstone of Franciscan assemblage

Estimated velocity profile for site:
BIG SUR

_ Figure 91
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Geologic unit: Holocene alluvium

Estimated velocity profile for sites:

BEAR VALLEY #5 CALLENS GREENFIELD
LOS BANOS
BEAR VALLEY # 12 WILLIAMS
BITTERWATER SALINAS
CAPITOLA TRACY SEWAGE PLANT
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Geologic unit: Holocene fine—grained alluvium

Estimated velocity profile for sites:
AGNEW
DUBLIN FIRESTATION

MILPITAS 2-STORY BLDG
SUNNYVALE-COLTON AVE

Figure 93.
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Geologic unit: Holocene coarse-grained alluvium
Estimated velocity profile for sites:
CALAVERAS RESERVOIR

GILROY OLD FIREHOUSE
OLEMA

Figure 94
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Geologic unit:
Holocene fine-grained alluvium/Pliocene sandstone&mudstone

Estimated velocity profile for site:
LIVERMORE - FAGUNDES

Figu
150 gure 95



DEPTH (m)

30

SHEAR WAVE. VELOCITY (m/sec)

10

20

200 400 600
| 1= 1 y T y t T T v ! y 1
;1o
o
M I
L
1S
1 .
|
|
|
|
f
I
I
|
|
|
|
|
|
|
l .
N
jon
|
|
o
o
.
Do
I
I
' Vs:175

Geologic unit: Artifical fill/Holocene bay mud

Estimated velocity profile for site: PALO ALTO 2-STORY BUILDING

. Figure 96
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Geologic unit: Artifical fill/Holocene bay mud

Estimated velocity profile for site:

FOSTER CITY-MENHADEN COURT

Figure 97
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Geologic unit: Artifical fill/Holocene bay mud

Estimated velocity profile for site: SF.INTERNATIONAL AIRPORT

Figure 98
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Geologic unit: Artifical fill/Holocene bay mud

Estimated velocity profile for site: ALAMEDA NAVAL AR STATION

Figure 99
154



DEPTH (m)

30

SHEAR WAVE VELOCITY (m/sec)
200 400 600

10

20

1 T 1 T t T T Y y 1

T T Toek ]
T T oe 00€
T Tovy

"~ o0z

Vs=230

Geologic unit: Artifical fill/ Holocene bay mud

Estimated velocity profile for site: OAKLAND OUTER HARBOR

Figure 100
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Geologic unit: Artifical fill/ Holocene bay mud

Estimated velocity profile for site: EMERYVILLE
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Geologic unit: Artifical fill/Holocene bay mud

Estimated velocity profile for site: TREASURE ISLAND

Figure 102
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Géologic unit: Artificial fill/Holocene bay mud

Estimated velocity profile for site:
LARKSPUR FERRY TERMINAL

Figure 103
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Geologic unit: Sandstone and shale of the Franciscan assemblage

Estimated_velocity profile for site: YERBA BUENA ISLAND
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Geologic unit:_Late Pleistocene alluvium
Unnamed marine sedimentary rocks
Estimated velocity profile for site: -
GILROY #7-MANTELLI RANCH
Figure 105
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Geologic unit: Holocene and Late Pleistocene alluvium
Miocene sandstone,shale and conglomerate
Estimated velocity profile for site: *

BEAR VALLEY #10 WEBB

Figure 106
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Geologic unit: Leona Rhyolite
Estimated velocity profile for site:
HAYWARD CITY HALL FF-N
Figure 107
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Geologic unit: Gabbro-Diorite

Estimated velocity profile for site:
HAYWARD CITY HALL FF-S

Figure 108
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