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SEISMIC VELOCITIES AND GEOLOGICAL CONDITIONS AT

TWELVE SITES SUBJECTED TO STRONG GROUND MOTION

IN THE 1994 NORTHRIDGE, CALIFORNIA, EARTHQUAKE:

A REVISION OF OFR 96-740

by

James F. Gibbs, John C. Tinsley, David M. Boore, and William B. Joyner

INTRODUCTION

The Northridge, California, earthquake of January 17, 1994 (moment magnitude 6.7) 

was perhaps the best recorded earthquake in history from the standpoint of strong ground 

motion. As part of the U.S. Geological Survey's ongoing program for documenting the 

relationship between strong ground motion and geologic and seismic site conditions, 12 

boreholes, each approximately 100 meters deep, were drilled at sites affected by the 

Northridge earthquake. Ten of the boreholes were located at strong-motion recording 

sites; the other two were located at sites in the Sherman Oaks district of Los Angeles 

to evaluate an apparent relationship between site conditions and building damage noted 

there. At each site lithologic descriptions were compiled from observations of drill cuttings 

and cored samples. Four different types of electric logs were made, and downhole P- and 5- 

wave velocities were measured. The results of the logging were reported earlier in Open-File 

Report 96-740 (Gibbs, et al., 1996). A revision of those results is presented in this report. 

The sites are geographically shown in Figure 1 and listed in Table 1, which gives references 

to information regarding the strong-motion data. Appendix A contains for each site: a 

location map, S- and P-wave time-series records, a time-depth plot, velocity profiles with 

a generalized geologic log, and tables giving arrival times and velocity values. Appendix 

B contains tables of P- and S-wave velocity models and the Poisson's ratios obtained 

from those models, and Appendix C contains figures comparing the velocity profiles from 

the original open-file report, the revised models, and where available, velocities models 

computed from suspension logging. 

REVISION OF OPEN FILE REPORT 96-740

We have made a number of changes to the borehole velocity models previously
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published in OFR 96-740. The need for these changes was partially motivated by our 

discovery that the distance from the geophone to the first depth marker (molded to the 

stress cable) was 4.5 meters instead of 5 meters as assumed in the analysis reported in 

OFR 96-740. As a consequence, all depth measurements in OFR 96-740 are in error by 0.5 

meter. This difference in depth affects only the velocities of the shallow layers, changing 

the velocities by 5   10%; it had little or no effect on the velocities of layers below 10 meter 

depth. The measurement depths and velocity models have been corrected in this revision. 

Another reason for this revision is that when using the ratio of P- and S-wave velocities 

in OFR 96-740 for the calculation of the dynamic Poisson's ratio cr, some results were out of 

the accepted range of values (0.0-0.5). The out-of-range Poisson's ratios usually occurred 

in the top 10 meters where source offset from the borehole (usually 4 meters) is comparable 

to layer thickness. We will explain some of the possible reasons for the out-of-range values.

1. In OFR 96-740 the velocities reported were determined from P- and S-wave measure­ 

ments that were made independently, using source locations at different azimuths to 

the borehole and thus different source-to-receiver paths. The computation of Poisson's 

ratio, however, assumes the same path for P- and S-waves. Lateral heterogeneities 

will be particularly important for velocities at shallow depths, and therefore the Pois­ 

son's ratios computed assuming a common path may have unacceptable values, even 

though the P- and S-wave velocities may be well determined for the individual paths. 

We expect these affects to be most important at shallow depths.

2. Because of the short travel times, errors in picking the arrival times have more influence 

on the shallow velocities than the deep velocities (especially for P waves). In addition, 

for some of the models the velocity of the top layer is constrained by a single data 

point. For these reasons, Poisson's ratios for the shallow layers are more likely to be 

less well determined than those for the deeper layers.

The influence of these factors may result in a Poisson's ratio that is out of the accepted 

range of 0.0-0.5. This will occur if ^ < 1 or if 1 < ^ < \/2, in which case a > 1.0 or
* s *s

cr < 0, respectively. Although cr < 0 is theoretically possible (e.g. Fung, 1968), we decided 

that our P- and S- velocities should yield a between 0.0 and 0.5. We made corrections to 

the velocities using one or more of the following procedures: repicking shallow arrivals



(usually P arrivals because small changes in P travel-times have greater effect on cr), adding 

a shallow layer, and/or adjusting layer thickness to ensure that Poisson's ratio was in the 

range 0.0-0.5. In most cases the greatest changes (compared to determination of velocity 

without consideration of a) were in the P-wave velocities at shallow depths. Overall, the 

changes in velocity required to produce acceptable values of a were small and were only 

in a few layers. Calculations of Poisson's ratios for the preferred models are contained in 

Appendix B. Because of items 1 and 2 discussed above, the values in Appendix B may not 

represent the true Poisson's ratios of the materials at shallow depths.

Finally, we have reassessed layer interfaces on the bases of residuals to the travel-times 

and correlations with geological and geophysical logs.

The models presented here have been corrected for the refraction effects of the wave- 

path caused by soil layering. The program takes depths to layer interfaces and observed 

travel-times and uses an iterative process that accounts for the wave refractions at the layer 

boundaries for each measurement depth. The differences between the velocities computed 

in this way and those computed from times corrected to vertical (with no correction for 

refraction at layer boundaries) are small.

Although the changes to the earlier velocity models are minor, we believe the current 

models are an improved representation of the borehole data. Appendix C contains figures 

comparing the new velocity profiles to the previously published results as well as comparing 

those results to velocity profiles computed from suspension logging for a number of 

sites. The plots of the suspension logging results include both the "point" measurements 

(velocities averaged over 1 meter intervals) and averages of those measurements over the 

depth range of the layers in revised models, where the averages are computed by dividing 

the depth range by the travel-time over that depth range. For convenience of the reader 

the material in OFR 96-740 has been included here, so that this report supersedes and 

replaces OFR 96-740.

REGIONAL GEOLOGIC SETTING

The San Fernando Valley (Figure 2) is one of several east-west-trending, deep, 

alluviated basins situated within the Transverse Ranges structural province of southern
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ZLU

Alluvium, unconsolidated, poorly sorted alluvial fan deposits 
of gravel and sand east half of SF Valley and rather soft, 
fine sand, silt, and clay in west half of SF Valley.

Landslide deposits, not differentiated; arrows show 
direction of relative displacement of slide mass.

Older alluvium, terrace deposits, plus Pacoima Formation 
of Oakeshott (1958). Poorly consolidated alluvial deposits 
of gravel, sand, silt, and clay. Noticeably deformed at ground 
surface. Weathering includes red and strong brown oxides.

Saugus Formation (undifferentiated, or upper member) lower 
member (Qsr) is Sunshine Ranch member of Oakeshott (1950). 
Upper member continental folded conglomerate; lower member 
in part marine; Lower Saugus strata better consolidated than upper 
Saugus strata.

Pico Formation: blue, sandy shale, siltstone with sandstone and 
conglomerate lenses; mainly marine, often slightly cemented and 
consolidated.

Repetto: Blue and brown mudstone, siltstone, sandstone, and 
conglomerate; marine, arkosic.

Modelo (Puente) Formation: arkosic conglomerate, sandstone, and 
diatomaceous and silicious shales; marine.

Topanga Formation: Brown, tan and gray sandstone and con­ 
glomerate; marine. Includes interbedded andesite and basalt 
flows as map unit Tb.

Martinez, Domengine, and Las LLajas formations: Sandstone, 
dark shale, and conglomerate; marine, greenish-black. Includes 
marine deposits of Paleocene (Tpe) and Eocene (Te) age.

Chico Formation: Massive brown sandstone with subordinate
thin beds of shale; marine. Locally known as Chatsworth Formation
and is of late Cretaceous age.

Basement Complex: Includes undifferentiated metamorphic and 
granitic rocks of eastern basement complex of Yerkes (1965) and 
in Santa Monica Mountains, the Santa Monica Slate (western 
basement complex of Yerkes (1965); these suites have continental 
and oceanic crustal protoliths, respectively.

Freeway linework scanned from aerial photography, positioning is not precise.

Fault, dashed where location is approximate, dotted where concealed.
Note: faults shown are schematically depicted and are not comprehensively mapped.
NHFZ = Northridge Hills Fault Zone; MHFZ = Mission Hills Fault Zone;

SPRR = Southern Pacific Railroad

Red (light) triangle is USGS study site at an accelerograph location; black (dark) triangle is 
USGS study site that does not correspond to an accelerograph site.

Epicenter of 1/17/94 Northridge, California, earthquake

Figure 2. Explanation.



California, a region noted for its intense and relatively young deformation and its locally 

complex structural setting. The regional geology has received recent intense scrutiny and 

reevaluation of its neotectonic setting, chiefly owing to the San Fernando earthquake of 

2/9/71 (Wentworth et al., 1971) and the Northridge earthquake of 1/17/94. The San 

Fernando Valley encompasses more than 300,000 acres below its drainage divides and above 

the confluence of the Los Angeles River with the Arroyo Seco. Of these, about 120,000 acres 

comprise the relatively gently sloping, alluviated basin floor, now very densely populated 

with homes and businesses (Brown, 1975; California State Water Rights Board, 1962). 

The valley fill strongly reflects the geology of the surrounding mountains and foothills, a 

characteristic with implications for regional interpretations of shear-wave velocity profiles. 

Consequently, conspicuous differences in sediment supply distinguish the eastern from the 

western portions of the San Fernando Valley, with the dividing line being the Bull Creek 

drainage, which is situated between Balboa Blvd. and Interstate 405.

The eastern half of the alluviated San Fernando Valley receives sediment from 

steep drainages characteristic of the rugged San Gabriel and Verdugo mountains. These 

mountainous terranes expose mainly crystalline granitic and metamorphic rocks of the 

eastern basement complex of Yerkes (1965). Consequently, the valley fill deposits located 

east of Interstate 405 are relatively coarse-textured and are comprised mainly of sand, 

gravel, and cobbles deposited by the powerful high-gradient streams draining such principal 

watercourses as Big Tujunga, Little Tujunga, and Pacoima canyons. These sediment 

transport systems have shunted the Los Angeles River southward nearly to the Santa 

Monica mountains, thereby limiting the areal extent of the sediment eroded from the 

Santa Monica mountains.

The western half of the San Fernando Valley receives alluvial sediment from numerous 

drainages dissecting the Santa Monica mountains, the Santa Susana mountains, and the 

Simi Hills. These drainage basins are smaller than those of the San Gabriel mountains, and 

are eroding uplands comprised mainly of Mesozoic, Tertiary, and early Quaternary uplifted 

marine and nonmarine sandstones, siltstones, and mudrocks (Winterer and Durham, 1958, 

1962). A small area of the Santa Monica mountains exposes rocks of the western basement 

complex of Yerkes et al. (1965) locally represented by the Santa Monica slate. The alluvial

8



deposits thus are significantly more fine-textured at most localities west of Interstate 405 

compared to those east of Interstate 405. The western portion of the valley contains 

significant occurrences of very shallow ground water (California State Water Rights Board 

(1962); Tinsley et al. (1985), Tinsley and Fumal (1985)). Areas characterized by high 

sedimentation rates owing to persistent overbank flooding and fine-grained debris-flows 

(relatively common events prior to implementation of flood control measures in the western 

San Fernando Valley [King et G/., 1981]) and a persistence of shallow ground water are 

distinguished by relatively low values of shear strength and contained the lowest shear- 

wave velocities we measured in this study.

ACCELEROGRAPH SITES AND AREAL GEOLOGY

The sites we investigated and herein report comprise a relevant set of data for exploring 

aspects of site dependent effects of the Northridge earthquake. However, we caution that 

these sites do not encompass a complete sampling of the region's varied geology. Six sites 

occur on recent alluvium deposited by streams draining Cretaceous and Tertiary marine 

sediments. Of these, five sites are located on relatively fine-textured surficial deposits 

(chiefly well-bedded sequences composed of poorly consolidated, loose to slightly dense 

silty sand, sandy silt, silt, and clayey silt) in the western half of the San Fernando Valley 

(ELC, RIN, WOC), and in the south-central San Fernando Valley (SOP, SOW), and one 

site is located in southeasternmost Simi Valley (KES) on sand and silt deposits derived 

from the Cretaceous Chatsworth Formation, (the sedimentary rock that forms the visually 

impressive brown-weathering sandstone that crops out in the northwestern San Fernando 

Valley and eastern Simi Valley areas). About 12 meters of Quaternary sediment overlies the 

Cretaceous bedrock at this point in Simi Valley. At one site (SVA), Pleistocene sandy and 

silty alluvial deposits overlie strata of the Saugus Formation or its stratigraphic equivalent.

Boreholes drilled at three sites (JMB, JGB, SCW) penetrated various thicknesses of fill 

and soft Holocene alluvial deposits before encountering the Saugus Formation of Winterer 

and Durham (1962). The Los Angeles Dam (LAD) site is the only site we investigated 

that was within the lower (Sunshine Ranch) member of the Saugus Formation; shear-wave 

velocities for the LAD site are higher than those measured in the other Saugus Formation



sites. The 12th site was located at Olive View Hospital (OVH2), in coarse, gravelly alluvial 

fan deposits derived from Wilson Canyon, which drains granitic and metamorphic rocks 

of the San Gabriel mountains. This site is the only site on deposits typical of much of the 

eastern half of the San Fernando Valley.

GEOLOGIC AND GEOPHYSICAL LOGS

Generalized logs of earth materials underlying the drill sites were prepared from (1) 

mud logs of cuttings that were noted during drilling, (2) "undisturbed" samples obtained 

using a Pitcher sampler (which provided glimpses of the materials encountered at depth), 

and (3) a suite of geophysical logs (spontaneous potential, resistivity, caliper, and natural 

gamma ray logs; these logs are not included here, but will appear in a later report) obtained 

prior to installing and grouting the casing in the borehole. From these logs we can delineate 

the thickness and character of basin alluvial deposits and underlying bedrock. Electric 

logs enable findings to be extrapolated to other parts of the basin and to other basins 

in southern California. Physical properties noted in the abbreviated descriptions include; 

depth, color, texture or lithology of alluvial deposits, probable geologic age, and correlation 

with regionally mapped geologic units.

P- AND S-WAVE TRAVEL-TIME DATA

Shear waves were generated at the ground surface by an air-powered horizontal ram 

(Liu, et ai, 1988) striking an anvil at either end of an aluminum channel 2.3 m long. The 

ram was driven first in one direction and then in the other to generate pulses of opposite 

polarity. A switch attached to the shear source triggered the recorder and established the 

reference for the timing of arrivals. P-waves were generated by striking a steel plate with 

a sledge hammer. The recorder was triggered by a switch attached to the handle of the 

sledge hammer. P- and S-wave sources were offset from the borehole (same horizontal 

distance but different locations) to minimize the effect of waves traveling down the grout 

surrounding the casing. The offset was 4 m at all sites except Jensen Main Building, where 

it was 5 m.

Downhole measurements were made at 2.5 m intervals (starting at 2 meters depth) 

with a three-component geophone clamped to the casing by an electrically-activated lever
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arm. A second three-component geophone was placed on the surface 5 to 10 m from the 

shear source for recording an on-scale reference trace (useful for amplitude studies and 

timing verification). The data were recorded on diskettes using a 12-channel recording 

system.

DETERMINING VELOCITY PROFILES

The procedure for determining velocities is summarized in Figure 3. Because the 

orientation of the downhole geophone could not be controlled when moving from one 

depth to the next, the azimuth of the horizontal geophones relative to the source was 

unknown and changed with depth. To minimize the effects of those changes, the horizontal 

components were rotated to the direction that maximized the integral square amplitude 

within a time interval containing the shear wave (Boatwright et a/., 1986). P- and S-wave 

arrival-times were determined from the time series displayed at each depth on a 20-inch 

computer screen. The P-wave arrival-time was obtained from the vertical trace, and the 

S-wave arrival-times were obtained from the average of the rotated horizontal traces for 

ram strikes in opposite directions. The arrivals were timed to the nearest millisecond, 

probably a realistic precision for clear arrivals uncontaminated by noise.

A trial set of layer boundaries was chosen for the S-wave model, based on the lithologic 

descriptions and geophysical logs. The travel-time data were fit in a least-squares sense 

by a model made up of constant velocity layers, taking into account refraction across the 

interfaces between layers (program VELSLANT, available on request from the authors). 

The travel times were weighted by the inverse of an assigned normalized variance. A 

normalized standard deviation of 1 was assigned to the clear arrivals and values up to 

5 were assigned to the others. The residuals were examined, and layer boundaries were 

added, if necessary, to reduce large residuals or to remove systematic trends in the residuals. 

This was an iterative process conducted by the team of authors of this report. The process 

continued until the team was satisfied that the interfaces were consistent with the borehole 

seismic data as well as the geological and geophysical logs. The P-wave travel time data 

were analyzed initially with the set of layer boundaries finally determined for the S-wave 

data. Layer boundaries were then added if needed to fit the data and deleted if not needed.
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Figure 3. Flow-chart outlining the data processing and steps in the interpretation.
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Commonly, an additional layer boundary corresponding to the top of the zone of water 

saturation was needed to fit the P-wave data. P- and 5-wave profiles for all twelve holes 

are plotted in Appendix A. The upper and lower bounds on the plots show approximate 

68 percent confidence limits. The bounds are not symmetrical because they are based on 

the inverse velocities in the layers.

SUMMARY VELOCITY PROFILES

Figures 4-6 show the S-wave velocity profiles determined from the borehole measure­ 

ments at the twelve sites. The velocity profiles are plotted at the same scale for ease of 

comparison. Figures 7-9 show the P-wave velocity profiles for the same sites as Figures 

4-6, respectively.
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Figure A-l. Site location map for the borehole at Epiphany Lutheran Church. The 
accelerograph is located approximately 50 meters from the borehole.
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TABLE A-1. S-wave arrival times and velocity summaries.

Location: Epiphany Lutheran Church Coordinates: 34.21170 118.60510 Hole_Code: 275 

hoffset = 4.00 travel-time file: elcs.tt 

n layers = 7
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SAN FERNANDO QUADRANGLE
CALIFORNIA-LOS ANGELES CO. 

7.5 MINUTE SERIES (TOPOGRAPHIC)

UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

Angeles Dam

* , '6 . 

r'«knoiiwodd ^*

Figure A-6. Site location map for the borehole at Jensen Generator Building. The 
accelerograph is located approximately 25 meters from the borehole.
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Figure A-7. Horizontal component record section (from impacts in opposite directions) 
superimposed for identification of S-wave onset. Approximate S-wave time picks are indi­ 
cated by the inverted triangles.
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Figure A-8. Vertical component record section. Approximate P-wave arrivals are indi­ 
cated by the solid circles.
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Figure A-9. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

SAN FERNANDO QUADRANGLE
CALIFORNIA-LOS ANGELES CO. 

7.5 MINUTE SERIES (TOPOGRAPHIC)

Jensen Generator

Converter West

Jensen Main

Figure A-ll. Site location map for the borehole at Jensen Main Building. The ac- 
celerograph is located approximately 40 meters from the borehole.
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Figure A-12. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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Figure A-13. Vertical component record section. Approximate P-wave arrivals are 
indicated bv the solid circles.
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Figure A-14. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

SANTA SUSANA QUADRANGLE
CALIFORNIA 

7.5 MINUTE SERIES (TOPOGRAPHIC)

WKnolls Elementary

SCALE 1:24000
o 1 MILE

1000 1000 2000 3000 4000 5000 6000 7000 FEET

1 KILOMETER

Figure A-1G. Site location map for the borehole at Knolls Elementary School. The 
accelerograph is located approximately 25 meters from the borehole.
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Figure A-17. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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Figure A-18. Vertical component record section. Approximate P-wave arrivals are 
indicated by the solid circles.
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Figure A-19. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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UNITED STATES ' 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

SAN FERNANDO QUADRANGLE
CALIFORNIA-LOS ANGELES CO. 

7.5 MINUTE SERIES (TOPOGRAPHIC)

Sylmar Converter West

Jensen

Angeles Dam

1 KILOMETER

Figure A-21. Site location map for the borehole at Los Angeles Dam. The accelerograph 
is located approximately 35 meters from the borehole.
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Figure A-22. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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Figure A-23. Vertical component record section. Approximate P-wave arrivals are 
indicated by the solid circles.

53



0

CD
E

Q. 
CD
0

0

10

20 - 

30 ~

40-^

50 -_

60 ~

70 :

80 ~

90 :

Time (sec)

0.05 0.1 0.15

Los Angeles Dam

Figure A-24. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.

54



s v
elo

city
 (m

/se
o

Lo
s 

A
ng

el
es

 D
am

 (
LA

D
)

p V
e|o

city
 (m

/se
c)

c
0 

-j

 4 
n

20
 -

q
n
 

o
u 40
 -

5
0

-

60 7
0

-

80
 -

-

20
0 

40
0 

60
0

i 
i 

i 
1 

i 
i 

i 
1 

i 
i 

i 
1 

i 
i

Dep
th 

(mete
rs)

90
 

i 
i 

i 
| 

i 
i 

i 
| 

i 
i 

ij-,
. 157

e

79

80
0 

10
i 

i 
i

7 53
3 71

3

9 i 
i 

i

00
 

Ag
e 

Llt
r

O
T

 n

1
0
-

- -2
0
-

3
0
- 

-4
0
-

-5
0

- 

-6
0
-

-7
0
-

 
 

~~

-8
0

-

r»
r» »
u

-2
0
 

-4
0
 

-6
0

-8
0

-1
0
0
 

-1
2
0
 

-1
4
0
 

-1
6
0
 

-1
8
0

-2
0
0

-2
2
0
 

-2
4
0

-2
6

0

- 
28

0 

- 
30

0

o<
.U

M
--

D
ep

th
--

Ft

eistocen
e

^
 

Pliocen
e 

and/o
r 

Ear
ly 

PI

X
 

Lowe
r 

Saug
us 

Formatio
n 

(Sunsh
ine 

Ranc
h Memb
er)

w
=

E

ip
§
5

 :
"'
V

M
-

^
=

V
:

m ^^
=  

',
~

^
r
'-

' 
M

o 
', 

»
 '«

 

-
:V

>
^

'
^
:
^

 
*
K

S
H

H
X

H

?=
S

5S
!

:i|
|

^^ To
ta

l c

O
liv

e 
cl

ay
 a

nd
 s

ilt
; 

ha
rd

, 
st

ic
ky

, 
pl

as
tic

. 
O

liv
e 

si
lty

 s
an

ds
to

ne
; 

lu
tu

m
 c

em
en

t; 
pu

nk
y.

 
Y

el
lo

w
is

h 
br

ow
n 

pe
bb

ly
 s

ilt
st

on
e 

w
ith

 c
la

y.
 

Lt
. g

ra
y 

pe
bb

ly
 s

an
ds

to
ne

; a
rk

os
ic

, 
ha

rd
. 

G
ra

y 
an

d 
br

ow
n 

si
lts

to
ne

, 
sh

al
e.

 
|3

 G
ra

y 
sa

nd
st

on
e;

 p
eb

bl
y,

 li
th

ic
; C

O
s 

ce
m

en
t. 

-

D
k.

 b
ro

w
n 

sh
al

e 
& 

si
lts

to
ne

; 
ea

sy
 d

ril
lin

g;
 

so
fte

ns
 r

ea
di

ly
; d

is
se

m
in

at
ed

 C
O

3.
O

liv
e 

si
lty

 s
ha

le
; v

. 
ha

rd
, s

tic
ky

, 
pl

as
tic

; 
sa

nd
y 

an
d 

es
p.

 s
ilt

y 
in

 lo
w

er
 p

ar
t. 

O
liv

e 
m

ud
st

on
e;

 3
5-

45
%

 s
an

d;
 s

ec
tio

n 
be

gi
ns

 to
 c

oa
rs

en
 d

ow
nw

ar
d.

G
ra

yi
sh

 b
ro

w
n 

gr
av

el
ly

 m
ed

. t
o 

co
ar

se
 

sa
nd

st
on

e;
 li

th
ic

 a
rk

os
e;

 w
ea

kl
y 

ce
m

en
te

d.

Pa
le

 b
ro

w
n 

& 
It.

 g
ra

y 
gr

av
el

ly
 s

an
ds

to
ne

; 
m

od
er

at
e 

so
rti

ng
; v

. c
om

pa
ct

, 
co

ns
ol

id
at

ed
, 

fe
w

 g
ra

ve
l-r

ic
h 

be
ds

; 
no

 c
ar

bo
na

te
 n

ot
ed

; 
bi

nd
er

 h
ol

ds
 c

la
st

s 
fo

r e
as

y 
dr

ill
in

g.

O
liv

e 
m

ud
st

on
e,

 lo
ca

lly
 s

an
dy

; d
en

se
 a

nd
 

ha
rd

; g
ra

ve
l l

en
se

s 
ra

re
; n

o 
ca

rb
on

at
e.

G
ra

yi
sh

 b
ro

w
n 

cl
ay

ey
 s

an
ds

to
ne

 &
 o

liv
e 

gr
ay

 s
ilt

st
on

e;
 fi

ne
 to

 c
oa

rs
e 

sa
nd

; 
lo

ca
lly

, v
er

y 
de

ns
e;

 s
lo

w
 d

ril
lin

g.

Li
gh

t g
ra

y 
co

ar
se

 s
an

ds
to

ne
 w

ith
 m

in
or

 
fin

es
; 

lit
hi

c 
ar

ko
se

; v
er

y 
de

ns
e.

O
liv

e 
br

ow
n 

sh
al

e 
an

d 
si

lts
to

ne
 w

ith
 

m
in

or
 s

an
d;

 d
en

se
, 

st
ic

ky
, 

pl
as

tic
.

To
ta

l d
ril

le
d 

de
pt

h 
= 

32
0 

ft

C
n 10
 
- _ -

30
 - - -

'5
0
- 

60
 -

8
0

- 

90 &\
J

1(
,,

,,
!<

,,

/-
s W 0 Q) >*
x

Dep
th

1 ' 
' '

 1 
' ' 

')0
0 1,
 , 

, .
 

,

89
8

i 
i 1

2 2^

1 1
 1 

1 i
 i 

i

20
00

,,
!,

,,

39

17
C

us
!

23
13 1 1
 1 

1 1

30
C

,1
 , 

, ,
 ,

)5 1 1 1
 1 

1 1
 i

Fi
gu

re
 A

-2
5.

 
S-

 a
nd

 P
-w

av
e 

ve
lo

ci
ty

 p
ro

fi
le

s 
w

ith
 d

as
he

d 
lin

es
 r

ep
re

se
nt

in
g 

pl
us

 a
nd

 m
in

us
 o

ne
 s

ta
nd

ar
d 

de
vi

at
io

n.
 

G
en

er
al

iz
ed

 g
eo

lo
gi

c 
lo

g 
is

 s
ho

w
n 

fo
r 

co
rr

el
at

io
n 

w
ith

 v
el

oc
iti

es
.



CA
CO

  r-

"-

|

CA

X 
4->

o
o
CO

c
CO

CO
o
E

CO

c_ 
c_
CO

CO

CO
2

to

,
^£

LU

en

S3
CO

o

0)

o
n:

o
0
ro
oo
"^
00*

"~ II
O CO

fO (0
O X
CNJ CO

ro

   
CA
CO

CO

 5
o
O 4->
CJ 4J

 
CA o
CO

CO
««

<*-

CO

CO i°«
CA >
CO CO

CO 4-> 
O)
c

o
coo
o  -J-J- 

    II
c
0 4->
._ CO 
4-> CA
«!<«-

0 0

coinro«  CNJ
4->t>T-ro»o 
s- T- r\j r\j r\j

I

cooeoovj-  >»in«4-«-o 
4->oooro>o
S- T- CNJ CNJ CNJ

">

coT-moro
4->cooro>o
S- «- CM CM CM\^s

4->O*-v?O

.* CNJ in in in
JZ « 

^%4->oovj->3- 
s-        
ja'rvjooroo 
TJ T~ rj

cor-T-rom
E in NO r^ co

I

E*in S Is- Is-
^_j

>

coN-toroo
E?in>2islr£
N^

^

§>o^in<=.

JC T-T- vj"

ENO omin
ja Is- in ru oo
"°

^ N

O\OCNJCNJOO
coooooo
CAOOOOO

v«/ to o o o O

TJOOOOO
CA I
c_

CA

s*\

CA

O)
>
CO

CA ro N- CNJ \O O 

4J O O O O O

>ooooo
4-1

^ NCNJ \O CNJ \O CNJ

v^O«-T-»-CNI

4->O OO OO

^"N\O OO O CNJ vj"

"O

'^oino mo
^.^CNJ ^^ r^- o^ CNJ
"O « 

CD CU L. CO 
>JC CO - O
   -U g JC CO
L. E 4-> CO

co t- co CD a. *-x
O CD t_jc    ' ttl C ~Q W~Q 
t- CD COtVD 0) "- C4->C 
D (11 E COTI JC 0-r- 0 -D-D 
OJC CO O CO OJC 4-> - O E O C C
CO 4-< CO C_ t_ E O ^N CO .r- CO OO

Es- D> CD o cu co    co o o
E  -   aitucu4->E -D tutu
O O 4-> T3 T3 JZ    C t_ X C- COCO
L.U. CO 4->O *O 4-> O CO 4-> Ol -D
s- cu co 4-> to o o.-r- a. c t- t-
^s JC-*-OOE f^H   'CO CO O OCOCU

  4-> co *- o ai co    co L. co co o co o a. Q.
CO ^^ 4-* L. CJ ^<^^ CO > Cj> L. ^ L. 4-* Q)

TJ JZ -03 XS- CD4->CO.ttCD4-> C_ Ol CO CO Ol C04->4-> 
C 4-1    O J3 S-L.EUL.O) 0>4->>4->CU CUCU 
OCDOl TJ 1- >«-  - 4-> E Q. CO (Us- t- CO CO 
O Q.TI CO C CD D 4-> O Q. CO Es-E CUS-S- 
Ol O CO O 4-> CO^ C TJ C t- CO O C Q.

C C043Q.CUECC04-''~4-'tU'^C  "" (U »J      
C CO CU L. O E JZ v^ O CO 4-> L. CO 4-> O L. CO CO 
 r-   - >4-> CU O +-> TJ    -O   - CU E 01 X  X CU s- CU XX 

CO CD L. O 4-> S-X E4->4->4->X S-4->4->
O» 2 E    E II co s- co C   co   co C    -
ECOi OTI CO O .r-Oi "  COCO  '   COO 
.r- C/5 L. E <-  ' > "-OCDO "- O O
4->O> S-Cx-S-tUOICTJS-L. _<_< <S-L. _   '

co>    4-> >T)o<uotu(-a>a.tuotu(-tucu
    0 JC CO XI  > XtU>X> XtU>> 

CA CD   > 4-> ^ TO    4-> D>*O 4-> t_ E CO X CU E CO X
t- >CO UCtU"->C-CDCUO  'CDS- S-O  'COS-S-
CU4-I  C   -    > O CO CO   - CO +J   > O L. O 4-1   ' O O

4-> CO L.     Q.L.CDO T)>ja4->S- O 4->S-
OICUL.L. CUL.  >COCCUOOOS-4->S-4->OOS-4->4->
E s- CD tu T> s- s- 4-> o> co co TJ ^ ja o    ja o     

>O>os- > 4-> co E4->E co EE
CCTI CO "-    TJ COTJ  ' O CO X  X'  O CO X    

> O D> O O)4-> -CO D C  4-> C   
JZJZt-COCOCDCO"-COUffJTITIJZ.N^(j|_ t_jc^UI-t_
4->4^CUt  tUt  24-*(  O E C  *  4-'tJOCJ>CJ>CU4-'OOCUCU
Q.Q.CO E co o c_ tu E O>CD co a.    2 tu Q.Q.-     2 Q. 
co co ja o *^- 2>   * cj> > o  *  4-* tu tu jc tu o co Q. cj> jc tu o o.
TfD O4->4->CDja > CO O COCO l_Tl4-> >  ' v^ D TJ 4-" >     D

C II II II II II II II II II II II II II II II II II
O ^"^ ^^
.r- CA O ^v^v
4-> ^-^ cu ^ ^v^v^v^v co co
CO ^* CO E CO^^^^/^CO CO 4-> 4-" CO "^ "^
C^CO ^s*^ v^ E E CO ^ ">»S- S- "^ 4-> 4->

O ^^ ̂ ^ (/) ^ CO *^- CO 4^ *~ ^x^^ ^ 4^ *~ ^x^^ ^
X TJ TJ 4-J 4^ ^ CO L. TJ 4^ ^ ^ ^ TJ 4^ ^ ^ ^

LU

CNJ *^ T*~ T*~ co o \o ro *^ in in co co ro ^O *  o^ *^ **~ *^ ro oo oo r^- co r^- CNJ CNJ m CNJ T~
OOOOOOOOOOOOOOOOOOT-OOOOO«-OOOOOO
ooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooo

cococo^^cMc5roro5^^!n2Si^r^coooS!c5c^ooo°^i^ ScNJ
vo^^^^^^^^^^^^^o^^^^^^NOi^i^-r-r-r-r-N-is-is-

«-ooooinoinoinoinN-oo«-CNjvj-in>ON-oo«-rOvS-in\oooooo

ooooooooooooooooooooooooooooooo

incoSvOo°v0^5co 5§ofoKc>Pi oP>inoi2^Jr?^Stoor3

ooooooooooooooooooooooooooooooo

\OOOOCNJv9-\OOOOCNJv9-\OOOOCNJv9-\OOOOCNJv9-\OOOOCNIv9-\OOOOCNJv9-v9-

inoinoinOLnOLnoinoinoLnOLnoLnOLnoinoinoinomOLn
>»i^c>c\j>»N.o»c>j>»i^-ONC\j>»i^^r\j>»i^ONCNj>»i^ONC\j>»i^ONCNj>a'iv-.oo

56

^B

«*-
o 

o»
«B
o.

«B
ra

OK

?
Ov

gf
-j
**l
«A

5c



o oro
oooooooo^->i^^(>(>(>(>uiuiuiui^^^.F~uiuiuiuicvjrocvjcvj-»-»-»-» a.
................... ................ .3 (f> r.

r. O '

r^j rorvjrvjrvjrvjrvjrvjrvjrvjrvjrvj » » » » » » » » » » « » o. n    o
 +»
-r .P-r- -o
_  . o  

OOT r o oi
 * y> <
n 3 fD
  (Q

» O O O^» r. ro Q)  J    -1
QJ fD ~1
< (/J  
  O QJ 

....... ............................ .-I i a)   

ro 
< -*» ui
Q)   

<    so _._»_»_»_»_._._»_»_._._._._._._._._._._._._»_._. (Q ro 3
Q.

   < 
oi ro Q.  - 

TJ O 
O

r* O   
i-t O it 

O >< -J 
Q. OT

01 3
rt- QJ

______________ l-»O-»fD fD -1
<^i\i-»uir\Jui****uio-»ix>o-»o-«Jwo-»(>-p^-»r\j|\i-»(VJr\jro-»-»ooor>J-«jr\JO (/>  

v-» ro
(/>

ui
Q. 3 -P>

oorviro  » it    *
CO ui O IV> -«J O" U IV>

OT O 
r*

O 3-11 
UI UI CO ** -«J Tr -»

 ^ UI
m -c»

<<<r.Q.< <<rfQ.-I OT < rf «-» O. O. X < O3 
C    ̂^3-rl-C ^-^^3'rt'OT   01 < OT ^'^TJ rxjrvJ » » <^ UI
/->/->-f,7<-O"^^ ^3;*ro"Q. <Q < ~i   -f»3<  ui *>  ->J ro oo 3 <o
-K -»»rt >~+ ^^ 3 3-^^^^^.  (art <->rt'^aj  » »OUI'O>*N O
rf r+^N -h-K^N ^sOT33^ ^^ OTV- 3 UJUJUKOOOOT
^N^NOTr.r.OT OT»-^^^OT 3OT ^f CO  **

^** O OT   < O
**^ **^ O *"~ ^~

n n n n n n n n n n n n n n n n n 3 roro » » '-v m
r\jouiooo3 | C- <r.Q.C^^' <i-*Q.~IOTOTOO)<O"(Ur*i-t'OQ.Q. <OUIUI%OO)1>^ O

TJOJD3-JDTJOTOJD3TDJD1-I- O<JD« < OCTfDfD Or\JI>JOOOOOT O
TJ C *~ ^'TJ TJ JD Z *^ "^ 'TJ OT Q) (Q 3 JD T O JD 3 OT TJ TJ ^^ CL
JDJDOOr^JDJDJDOOr* ^>3 3"O ~Jrt'S~Ifl>~IJDrt-«-f fD

  3 it   3CO)«rl-«QO(QO< C 
.^ *   r* JD r* .^ JD *~ r^JDrffl)"! JDJDEU (X JD C JD JD ~   "^   fNJ INJ  * -^ ^^
    < OT O   X   < OT O    Q.OT O.      OT   Q.3 3 UI>O'O**%O3 (M 
33OT3rt-3OT rt-<-f>OJD< Osl O fNJ PvJ PvJ ^- -J
    O O"-"  -O CT'^Q.O) O)JDrt--t\-KQ.JDO)-K3 -«J'O »IV» <O OT UI 
r»r--*OOr»-*r»-*OOOID3tO« -JIB ~l T JD JD >^

-hrt O -*»rl-O"<Q. OU-JTJ    ~J fD r* 
OO-  r+O-IO-  it W   Q> Q) O <     3   r. ID
-K-KO) »  O -K -KOI« OO)niT< JD3O O)< T

 < Q> 3 JO >< 0> 3 T r* a.(Q r* . (Q 7T r*    SO OT Q. 
<<JDX <X<JDX <  n X OT3-Q  

Q.O i 0) 3 
  3 C ID

OO  OO)O  <  '
OO3     O3O3     i O   <
    3 O)   O)   3 O) -KO) II L _

 <  < JD -»» JD  <   *< (0 3 JD   O" 'CLr*O JD rt <      
JDJD1 O rl-fD-Irl-fOO^^ 3" 3 O 1 JD O) 3

    rt- JO   3   (0 rt rl-OT33JDT>r.O) 3 
33 it   3 3 1 JD   (0 rt  ** C   O 3 r* OT 

TJ 3 O OT-I3Q. S^NOTrfOJDO fD
-K-KJO 3-»«3 OT TJOr*C<03OT Q.TJ O 
JDfO-I -KJD fDTJ 3 rf   1 < 1 Q. JDO)O 
JDfD JDrf<r*JD JD1O3-J-K O" O    rt O 
rt rt OT JDJDJDJD1 r+O)^Q>ri-O) -»» < O"~ 3" Q.

JD
TJTJ O 
fl> JD O -'-'Bi
OT OT
JD JD
O O
O O

BlBt

OT O OT OT
O JD

TJ  TJ O
JO n- JD O

OT «  OT 
JD   JD 
O3O 
O   O

Q.OT Q.

it SO 7T QJ r* O) -K>< CT" 
fD < OT    ̂^ O "I rt \^ OT 
-IJD   OTfOO »J» r*   
OT.  IMx^ 3OO   3- ^ 

JD r* O3 JD -K 
rt Q. Or* fD Tl 1
  3-Q.Q.i-l- O O 
3 it JDJDJD -"~>3 
JD O O) <Q -K3
 ^ n 3 -i -i ID n> to
« r* 3"O JD O OT 3"O 

3- Q.JD 3 JD C 
Q.JD OT O) -I 

  -I O) O 
JD 1 JO

O -» IV) -» r\J 7C

..... -^
UI ** (VI ** <O r*

UI <O UI O <O r* 

 OUIUIQNQNOT

. JD      
TJ



UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

SAN FERNANDO QUADRANGLE
CALIFORNIA-LOS ANGELES.CO. 

7.5 MINUTE SERIES (TOPOGRAPHIC)

/
iew Hospital

SCALE 1:24000 
o 1 MILE

1000 1000 2000 3000 4000 5000 6000 7000 FEET

1 KILOMETER

Figure A-2G. Site location map for the borehole at Olive View Hospital. The accelero- 
graph is located approximately 30 meters from the borehole. Another borehole near this 
site, "Oliveview" was published in USGS Open-File Report 82-833 and was located ^ 
kilometer southwest from the Olive View Hospital site shown above.
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Figure A-27. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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Figure A-28. Vertical component record section. Approximate P-wave arrivals are 
indicated by the solid circles.
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Figure A-29. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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Figure A-31. Site location map for the borehole at Rinaldi Receiving Station. The 
accelerograph is located approximately 10 meters from the borehole.
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Figure A-32. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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Figure A-33. Vertical component record section. P-wave arrivals are indicated by the 
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Figure A-34. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

VAN NUYS QUADRANGLE
CALIFORNIA-LOS ANGELES CO.
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Figure A-3G. Site location map for the borehole at Sepulveda V.A. Hospital. The 
accelerograph is located approximately 30 meters from the borehole.
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Figure A-37. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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Figure A-38. Vertical component record section. P-wave arrivals are indicated by the 
solid circles.
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Figure A-39. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.

75



S-
W

av
e 

Ve
lo

ci
ty

 (
m

/s
ec

)

0 
20

0 
40

0 
60

0 
80

0 
10

00
0 

i 
i 

i 
I 

i 
i 

i 
I 

i 
I 

i 
i 

, 
I 

i 
I 

, 
i 

, 
n 

,

1
0
-

2
0

- 

3
0

-

4
0

-

5
0

-

6
0

- 

7
0

-

o
n

J
3
5
4
 

27
8 37

1 1 1

? 
II 5

07
o 

ii 
oj 

;:
E 

:: 

i.
 

37
8

0) Q
 

1  
 
 
 i

52
0

i   
56

9

O
U

 
-
| 

i 
| 

i 
| 

i 
| 

i 
T 

, 
| 

. 
| 

, 
, 

. 
| 

,

- 
1

0
-

-2
0

- 

-3
0
-

-4
0
- 

-5
0
-

-6
0

-

-7
0
-

on 90

-2
0

-4
0

-6
0

 

on

C

O
U

-1
0
0
 

-1
2
0

-1
4
0

-1
6
0
 

-1
8
0

-2
0
0
 

-2
2
0
 

-2
4
0
 

-2
6
0

-2
8
U

 

-3
0
0

m
-D

ep
th

-ft

S
ep

ul
ve

da
 V

A
 H

os
pi

ta
l 

(S
V

A
)

P
-W

av
e 

V
el

oc
ity

 (
m

/s
ec

) 

Ag
e 

Li
th

ol
og

y 
0 

10
00

 
20

00
 

30
00

I/ <D c

J
 

Pliocen
e 

and
 

Pleistoce
ne 

?

F
ill

,, 8
 

E 
8

1
1

5
 

TS

Alluviu
m, 

mediu
m dens
e to
 

dense

3
 

j)
 

Alluviu
m, 

dens
e to
 very
 

dens
e 

n (
 

Saug
us 

Fm
. or equiva
lent 

?

'_
L-

'J
^'

.

*,' 
1  .

' ' 
".:

 

O
K

S
-f

l"
:

^
- 

V
-"

;

':  
-  :^

>
'

  /
';$

 

 
 
 
 *
_

"  
".'

". 
.V

.  
 ! 

*

*
v
v
:?

~

."
 "

>
 "

 "

^
K

X
--

£

-~
-y~

-~
^

30
0 

Fe
et

ri
n

. 
u

ra
yi

sn
 u

ru
w

n 
si

n,
 l

uu
st

s 
lu

 s
i. 

U
BM

SB
. 

(j
 

B
ro

w
n

 t
o

 r
ed

di
sh

 b
ro

w
n
 s

ilt
y 

cl
a
y;

 s
tic

ky
, 

p
la

st
ic

; 
%

 s
an

d 
in

cr
. 

d
o
w

n
w

a
rd

; 
no

 c
a
rb

o
n
a
te

. 
Y

e
llo

w
is

h
 b

ro
w

n 
g
ra

ve
lly

 s
a
n
d
 a

t 
2

5
-2

8
 f

t. 
Y

e
llo

w
is

h
 b

ro
w

n 
cl

a
ye

y 
si

lt;
 d

e
n

se
, 

si
 s

tic
ky

, 
. n

 
si

. 
p
la

st
ic

; 
fe

w
 l

ith
ic

 s
a
n
d
y 

b
e

d
s 

&
 g

ra
ve

l. 
' 0

 
Y

e
llo

w
is

h
 b

ro
w

n 
cl

a
y;

 s
tic

ky
, 

p
la

st
ic

, 
si

 d
e
n
se

; 
fe

w
 s

a
n

d
 a

nd
 s

ilt
 i

n
te

rb
e
d
s;

 n
o 

e
ff

e
rv

e
sc

e
n

ce
 

-
 

o
r 

fo
ss

ils
; 

sl
ig

h
tly

 h
a
rd

 y
e

t 
fr

ia
b

le
. 

C
h
ie

fly
 y

e
llo

w
is

h
 b

ro
w

n
 s

a
n

d
; 

si
. 

d
e

n
se

; 
2
0
  
 

m
o
st

ly
 n

o
n

-s
tic

ky
 a

n
d
 n

o
n

-p
la

st
ic

. 
R

ig
 c

h
a

tt
e

r;
 d

e
n
se

 g
ra

ve
l 

at
 b

a
se

 o
f 

se
q
u
e
n
ce

. 
_
 

C
h
ie

fly
 m

e
d
iu

m
 s

a
n

d
 w

ith
 s

o
m

e
 s

ilt
 a

nd
 c

la
st

s 
o

f 
g
ra

ve
l 

to
 1

08
'. 

%
 g

ra
ve

l 
in

cr
e
a
se

s 
be

lo
w

 
_
_
 

90
 f

t. 
D

en
se

; 
n
o
tic

e
a
b
ly

 h
a
rd

e
r 

d
ri
lli

n
g

 b
e
lo

w
 3

(J
 ~

 
8

0
ft

.

Li
gh

t o
liv

e 
br

ow
n 

cl
ay

 a
nd

 s
an

dy
 c

la
y;

 fe
w

 s
tri

ng
er

s
of

 s
ilt

 a
nd

 s
an

d;
 c

la
ys

 s
tif

f, 
st

ic
ky

 a
nd

 p
la

st
ic

; s
om

e 
be

ds
 o

f b
ro

w
n 

an
d 

ye
llo

w
 b

ro
w

n 
cl

ay
; 

ha
rd

, 
st

iff
. 

4
0

S
ilt

y 
fin

e 
cl

ay
ey

 s
an

d 
an

d 
sa

nd
 w

/ f
ew

 p
eb

bl
es

.
5

0
-

B
ro

w
n 

cl
ay

; s
tic

ky
, 

pl
as

tic
, 

si
. 

st
iff

; s
i. 

ef
fe

rv
es

.
as

 d
is

se
m

in
at

ed
 c

ar
bo

na
te

.

O
liv

e 
br

ow
n 

cl
ay

; s
tif

f, 
ha

rd
; c

om
m

on
 fi

ne
 r

ed
di

sh
- 

br
ow

n 
m

ot
tle

s 
an

d 
tu

bu
la

r 
po

re
s 

(p
al

eo
so

l?
). 

gQ

O
liv

e 
sa

nd
 w

ith
 s

om
e 

pe
bb

le
s;

 li
th

ic
, 

si
. d

en
se

 to
 

de
ns

e;
 %

 g
ra

ve
l i

nc
re

as
es

 b
el

ow
 2

18
'; 

m
in

or
 

_
 

ra
ve

lin
g 

fro
m

 2
18

-2
25

'.

O
liv

e 
si

lt;
 v

. 
ha

rd
 in

 p
la

ce
; 

so
fte

ns
 r

ap
id

ly
 in

 w
at

er
; 

y
n
 _

 
fe

w
 c

la
y-

ric
h 

pa
rti

ng
s;

 fe
w

 th
in

 s
an

d 
be

ds
;

M
ai

nl
y 

si
lt 

an
d 

cl
ay

ey
 s

ilt
; v

. 
st

iff
, 

ha
rd

. 
_
 

Fe
w

 th
in

 p
eb

bl
y 

sa
nd

 b
ed

s.

58
5 86

1

? 3 0) f
 

10
57

Q

12
51

- -

S
m

oo
th

 d
ril

lin
g 

w
/o

 c
ha

tte
r.

C
hi

ef
ly

 o
liv

e 
sa

nd
 w

ith
 s

ilt
 b

ed
s 

an
d 

oc
ca

si
on

al
 

gr
av

el
 le

ns
es

; v
. d

en
se

.

N
ot

e:
 D

ep
th

 o
f l

ith
ol

og
ic

 lo
g 

ex
ce

ed
s 

de
pt

h 
of

 g
eo

ph
ys

ic
al

 lo
gs

 
ow

in
g 

to
 p

lu
m

bi
ng

 p
ro

bl
em

s 
ar

is
in

g 
du

rin
g 

gr
ou

tin
g.

F
ig

ur
e 

A
-4

0.
 

S
- 

an
d 

P
-w

av
e 

ve
lo

ci
ty

 p
ro

fil
es

 w
ith

 d
as

he
d 

lin
es

 r
ep

re
se

nt
in

g 
pl

us
 a

nd
 m

in
us

 o
ne

 s
ta

nd
ar

d 
de

vi
at

io
n.

 
G

en
er

al
iz

ed
 g

eo
lo

gi
c 

lo
g 

is
 s

ho
w

n 
fo

r 
co

rr
el

at
io

n 
w

ith
 v

el
oc

iti
es

.



to o «- ro CM CM >» >» 
^«- ro M o o r  CM
4-> CM O CM >O CM t  O

to r>- in in o >» in KI ^«-OOMO>»«-
*- »  OOrvjNO'  NDCO

co rvi M co in «- r
^.NO'  »  NO^ 
4J»  OI\JNO(\Jh-CO

4->NON-LTiLriOh-NO

<u ro uj:
CD

Q.
.__ Q)

co 0)~o0)~O
0) - . 

C04->d)I-I-EU
EH- O) tO O 

4->
~o
0)

-O COTJ 
C4-> C 
O  O 
O E O
Q)   0) 
CO - CO

TO 
C I- X L.o o> *-> <u
U CL  Q.

K o o o o
0) 0) 
CO CO

"2 i-i-
O 0) 0)go- 0-
CO *-  *- 

<u <u

4J>OC\ir*-CMCMO>* 
H- .......

4-> T-»-»-CM 
T3

Erorviroinroinin

O O 4->"O~O-C
I_ LL. 0) 4-> O

H- 0) CO 4->
^x .c   - co E  

. 4-> (0 »  Od)CA->- <UL- 
CO ^N 4-> I- O w   CO > Q) 

"D .C -JD XH- CO 4-> CO .M CO 4-> 
C *-  ' O J3 H-1-EOI-C1)
O to OJ "DU>U'^4-»E _ _ _ _ 
O CLT3 CACO)34->OCL CO E H- E (UH-H- 
C1J OO)O4->CO S^C "DCC-CO O C Q. 
C04->EO-^D ^ 4-> 0>  0) I- C C   4-> CC

     >4-> 0) O +-  T3    .Q    0) E <1) X  X Q) H- 0) XX
COCO I-O 4-> H-X E4->4->4->X H-4->4->

0) 2 E  E H tOH- CD C    CO  CO C      
E CO   OTJ OJ O   O i     C O C O   - COO
  C/> L. £<-  >    O CO O    O O 
4->0) -*-C   H-Q)Q)CT3H-I_ _. _ _ H_ i_ __

§ 0)  4-' >-DOO)O(l)I-(l)Q.Cl)OCl)C-(l)Cl) 
J:CA ^L > xw>x> xo>>

CA CO  ' 4-> J^ O>   4-> OrC 4->l-ECDX 0) E tO X 
C- > tO OCO)'i->I-CO(l)O >COH- H_ O ' tOH-H- 
Ci>4->  C      > O CO CO  CO 4J    O I- O 4->    O O 
4J 01 L. «  - Q.C-COO "D>jQ4->H- O 4-><4- 
d)(l)l_l_ 0)1-  COCd)OOOH-4->H-4->OOH-4->4-> 
E 1*- CO O"D<*-H-4-> 0) CO COT3»-x_Q O     J3 o    

><UO<«- > 4-> co E«->E CO EE 
C C"D  CA      "D CO"D   O CO X  X"- O CO X-   

"~ >O D) OO>4->»C03 C  4J C  

I

-«  (\J 
">»v*^>OO>OOir>
E M CM M -J- M in in

__
4->4->d)I-(UI-24->l- 
Q.a.L4Ed)O 
<U<U.QO  >     '

OO)4J»fODcO"-to:JtoTJ~O--
C"-4->OO(l)(l)<U4->OO(l)<U 
(UCO Q-      2 <U Q. Q.      3 Q. 
4-><Ud).C(l)OCOQ.(l)^(l)Oa. ' -

(0 ^"*
C ^N O)
(0^>4-»^x

II II II II II II II II II II II

O ^^ ^^
Q) ^** ^** ^** ^** *-*(/) (/)

r^SS"! i££§££

Eooooooin

O (-
O OJ
 *!  X

Eoooooom

 CMCMCM«-CMT-CMrOCMrO«-CM«-

m o -j- -j- -j- CM o >o CM t\j *- «- >o o -j- co CM r*- «- in o M >o 
ELnooo«  cMrororo-J-in>ON.h~cooooooooo»-»-f\irvirviMM 
^xro ro r\j ro ro ro ro ro ro KI ro ro ro ro ro ro ro ro ro M >» -* -* -J- -J-  -*  -* -* -J-  -*

^^ v* CO O O >O O C\J -J- v* vl- CM v* O >O CO >O >O O >O >O CO CO O CO >O CM >O v* O CM

O4-I
.  (LI ' ^oinOLnoinOLnOLnOinomOLnoinoinoinoinoinoinoin 

T3 «-«-«-«-CM CM CM CM ro ro ro ro v»  <» -* v» in in in in >o »o >o >o r^ r>^

77



CO
CU

CO
E

CO

X
4->

0
0

_^
CU

CM

   
CU

73 
O
U

CU
~0

3C

o
£fc
1^^

 J-
oo

n
O CO
O C-
o cu
CM CO

 * ~c
ro

   
CO 
CU
4->
CO
c

o
0 4J
U 4-1

 
Q_
CO
>

'eoox>OinN.

>
^^
cooiMO^in 
4->eo>Oroeo
^^
__»

>

coo moo
«^»-f\J>OO
4->o\eo»3-«-

~
4JN.f\JOO

JC 
4->

4JN.Ot>«3-

ja{5ot>5
73 *~''~ fvj

co«-m>o>o
Ein(>oro"3 "~'~
>

COOl/lOO

Eineoo«-
^^i
>

««xOO>Oinin 
EincoocM
~ «-«-

^ ^
Eooom

JCCM CM«-

Eooom
Ja^fMto^
*jf\iro

r^

CU CM CM O  «- O O
COOO OOOO
*" * to to co co to to
73OOOO OO 
CO I I

CO

^ t

CO

CO CU C- CO
>JC tU - 0

»§  ^j C _g~ Q)
C- E 4-> CO

cu c- tu co Q. *^
O CO C-JC      tU C 73 C073 
C_ CO COCUT3 CU  C4-«C
3* flj E Q) T3 _g~ o "~ O T3 T3
OJZCOOCUQJC 4-> - OEO CC

EN- o) co o cu co-^ co o o
£(_   CU tU tU 4-> E 73 CU tU 
OO4-»7373JC   c c- XL. eoeo
L- u- CU 4->O 73 4-> O CU 4-> CU 73 

S- tU CO 4-> CU O Q."- Q. C C- C_
*^ jZ"-eo e ^»N  -to tu o ocutu 

  4->co«-ocuco  cue- co co o co OQ.O.
to ^> 4-1 C- O v^_   CO > CU (-  >C-4-> CU

 Q jc -ja x*4- co *-  co -^ co 4-> L. cu eu cu cu co 4-> 4->
C 4-f  i O JQ ^4  C  E O 1  CD CU4-J^4-*CU CUCU 
O CO CU 73(->C_  4->E Q.O) CU S- L. CU CU
O Q.73 CO C CU D 4-i O Q. CO E N- E 0)*4-S- 
CU O <L> O 4-> V> -^ C 73 C C- CO O C Q. 
CO 4-> E 0   3 ^» 4-> CU   Q) «- C C   4-> CC 

C C04->Q.CUECC04-> 4-> CU   C   CU4J    
CCOCUC-OEjC^^OCU4-lC-CU4-> O C-CUCU 
      > 4-> CU O4-<73   JQ  CUECU X  X cU s- CU XX

tu 2 E  E II CON- co C   co  co C     
E CO i O 73 CU O   Oi      COCO     COO 
   /) (_ £(_  >    O CO O   OO
4->O) S-C   S-CUCUC73S-C- _._._.H-C_        

CCU   4-> >730CUOtUC-CUQ.CUOCU(-CUCU
- OJCCO XI  > X«U>X> XCU>> 

(/) CO     4-> H O>    4-> O>73 4-> L. E CO X CU E CO X
1- >CO OCCU  >C_COCUO  -COS- S-O  'COS-S-
cU4->  c     > o co co   eo 4->     o c- o 4->     o o
4-1 0) L.    Q.C-COO 73>JQ4-»S- O 4->S- 
CU tU L. (- CUC-  'COCCUOOO4-4->H-4->OOH-4->4-> 
Et-COCU73s-S-4->CUCOC073^^ja O    JQ O    

> CU OH- >4-> CO E 4-> E CO EE 
CC73  CO       73 C073    O CO X  X  O CO X   

"~"~>O O) UD)4->>C03 C"- 4-> C  
JCJC(-CUCOCOCO->-C03c07373JC.^O(- C-JC.^OC-C_
4->4->tUC-tUC-34-'L.D.EC  4->OOtUtUtU4->OOtUtU
Q.Q.CO EtUOC-CUEracOCO CL      2 CU D. Q.      2 CL
cucujao  >  «tu>o  4->tucujccuocoQ.cUjccuoa.
7373O4J4->cOja>cooeoeOC_734J>   v^3734->>  «3

   
C II II II II II II II II II II II II II II II II II
O ^"* ^"*
.  eo o r^r*
4_i r*  ++, eu ^^ ^^ ^^ ^^ ^^ eo eo 
ra ^« eo E w^f^f^tn w 4-> -t-> w ^ *«»
C ^^ co ^^ ̂ ^ ^^ E E eo *>* ^xH- H~ *^x 4-1 4-*

X7^7^*2 4-« > 'eo C_735^"> >734-<j£~>>
LLJ

*-CMCMCMO*->O«  «  *->oroir\*-ir\ir\rocMOMr\oir\ir\ro 
ooooooooooooooooo«-oooooo
O O OOOO OOOOOOOOOO OOOO OOOO
OOOOOOOO OOOO OOOO OOOO OOOO

oooooooooooooooooooooooo

«-
t

i
b.

<0

Eooooeoooooeoeoeoeooooc\jroirvr^.eoo«-c\i»3-in>ois--F-o»o»-c\iro»3-

«- c
^ «  c\j ro ro »* ir\ >o Is- eo eo o* o «  CM CM ro »* ir\ >o Is- Is- eo O* o «  «  CM ro »*
73 «- *- r- «- <r- «- <r- <r- «- «- <r- <r- C\J CM CM CM C\J CM

^Oineoin^ineoinoinoinoinoinoinoinoinoinoinoinoin
*^CNJ»*r^CSCNJ»*r^O>CNJ»*r^t>C\l»3'S-C>C\l»3'N.C>C\J»3> N.C>C\J>J-N.C>C\J»3>
"D «-»-« «- rvi rvi rvi rvi ro ro ro ro »3- »3- »3- »3- in in in in >O O >O >O N- N-

78



UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

VAN NUYS QUADRANGLE
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Figure A-41. Site location map for the borehole at Sherman Oaks Park. No accelero- 
graph is located at this site.
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Figure A-42. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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Figure A-43. Vertical component record section. P-wave arrivals are indicated by the 
solid circles.
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Figure A-44. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

VAN NUYS QUADRANGLE
CALIFORNIA-LOS ANGELES CO.

7.5 MINUTE SERIES (TOPOGRAPHIC^

Sherman Oaks Park

Sherman Oaks Woodman
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Figure A-46. Site location map for the borehole at Sherman Oaks Woodman. No 
accelerograph is located at this site.
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Sherman Oaks Woodman

Figure A-47. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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Figure A-48. Vertical component record section. P-wave arrivals are indicated by the 
solid circles.
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Figure A-49. Time-depth graph of P-wave and S-wave picks. Line segments show the 
hinged-least-squares fit to the data points.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

SAN FERNANDO QUADRANGLE
CALIFORNIA-LOS ANGELES CO. 

7.5 MINUTE SERIES (TOPOGRAPHIC)

Jensen Generator Bldg.

Sylmar Converter West

Angeles Dam
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Figure A-51. Site location map for the borehole at Sylmar Converter West. The 
accelerograph is located approximately 10 meters from the borehole.
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Figure A-52. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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Figure A-53. Vertical component record section. P-wave arrivals are indicated by the 
solid circles.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

CANOGA PARK QUADRANGLE
CALIFORNIA-LOS ANGELES CO 

7.5 MINUTE SERIES (TOPOGRAPHIC)
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Figure A-56. Site location map for the borehole at White Oak Church. The accelero- 
graph is located approximately 50 meters from the borehole.
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Figure A-57. Horizontal component record section (from impacts in opposite direc­ 
tions) superimposed for identification of S-wave onset. Approximate S-wave time picks are 
indicated by the inverted triangles.
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APPENDIX C 

Comparison of velocity models from OFR 96-740 and this report
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Figure C-1. Comparison of S-wave models Epiphany Lutheran Church.
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Figure C-2. Comparison of P-wave models Epiphany Lutheran Church.
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Figure C-3. Comparison of S-wave models Jensen Generator Building, and a model 
derived from averaging suspension data over the equivalent depth intervals of the new 
model.
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Figure CM. Comparison of P-wave models Jensen Generator Building.
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Figure C-5. Comparison of S-wave models Jensen Main Building, and a model derived 
from averaging suspension data over the equivalent depth intervals of the new model.
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Figure C-G. Comparison of P-wave models Jensen Main Building.

124



0

20

40

.E"5.
CD

60

80

100
0

Knolls Elementary School 
S-Wave Velocity

New model 

OFR 96-740

500 1000

velocity (m/sec)

1500

Figure C-7. Comparison of S-wave models Knolls Elementary School.
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Figure C-8. Comparison of P-wave models Knolls Elementary School.
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Figure C-9. Comparison of S-wave models Los Angeles Dam.
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Figure C-ll. Comparison of S-wave models Olive View Hospital.
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Figure C-12. Comparison of P-wave models Olive View Hospital.
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Figure C-13. Comparison of S-wave models Rinaldi Receiving Station, and a model 
derived from averaging suspension data over the equivalent depth intervals of the new 
model.
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Figure C-14. Comparison of P-wave models Rinaldi Receiving Station, and a model 
derived from averaging suspension data over the equivalent depth intervals of the new 
model.
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Figure C-15. Comparison of S-wave models Sepulveda V.A. Hospital, and a model 
derived from averaging suspension data over the equivalent depth intervals of the new 
model.
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Figure ( -!(). Comparison of P-wave models Sepulveda V.A. Hospital, and a model 
derived from averaging suspension data over the equivalent depth intervals of the new 
model.
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Figure C-17. Comparison of S-wave models Sherman Oaks Park.
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Figure C-18. Comparison of P-wave models Sherman Oaks Park.
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Figure C-19. Comparison of S-wave models Sherman Oaks Woodman, and a model 
derived from averaging suspension data over the equivalent depth intervals of the new 
model.
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Figure C-20. Comparison of P-wave models Sherman Oaks Woodman.
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Figure C-21. Comparison of S-wave models Sylmar Converter West.
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Figure C-22. Comparison of P-wave models Sylmar Converter West.
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Figure C-23. Comparison of S-wave models White Oak Church.
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Figure C-24. Comparison of P-wave models White Oak Church.
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