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Seismic velocities and geologic logs from borehole measurements

at seven strong-motion stations that recorded

the 1989 Loma Prieta earthquake

by

Gibbs, James F., Thomas E. Fumal, David M. Boore, 

and William B. Joyner

INTRODUCTION

The Loma Prieta earthquake of October 17, 1989 (1704 PST) was recorded at 131 

strong-motion stations located through-out the San Francisco Bay area (Maley et al., 1989, 

Shakal, et al., 1989). This data set has enormous value for engineering and seismologi- 

cal studies regarding earthquake ground motions. Using shaking-damage to man-made 

structures from the 1906 San Francisco earthquake, Lawson (1908) recognized that ground 

motion intensity could be correlated with differences in local site geology. In order to quan 

tify the effect of local geology (Borcherdt, 1970; Borcherdt and Gibbs, 1976) on ground 

motions from the 1989 earthquake detailed geologic and geophysical data are needed. To 

plan the acquisition of these data a meeting was held on July 6, 1990 at the USGS in 

Memo Park, California. Eighteen scientist and engineers representing thirteen institutions 

attended the meeting to coordinate drilling and data aquisition plans at strong-motion 

stations. The USGS agreed to participate in geologic and geophysical data collection at 

sites drilled by other agencies.

This report contains the results of the field effort by the USGS for the following eight

boreholes (Figure 1).
1. Alameda Naval Air Station
2. Gilroy #2 (EPRI)
3. Gilroy #2 (USGS)
4. Outer Harbor Wharf
5. San Francisco International Airport
6. Treasure Island
7. Veterans Hospital - Palo Alto
8. Yerba Buena Island
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Figure 1. Generalized map showing the locations of boreholes (triangles) included in 
this report.



FIELD MEASUREMENTS 

Drilling and Sampling Procedures

Drill sites in this study were chosen in order to provide detailed geologic, geophysical 

and geotechnical data at several "deep soil" sites and at two rock-soil site pairs, namely 

Yerba Buena Island (rock)- Treasure Island ("soft soil") and Gilroy #1 (rock)- Gilroy #2 

("stiff soil"). Gilroy #1 has been previouly investigated (Fumal et al, 1982) and is not 

included in this report. At each site a pilot hole approximately 5 inches in diameter was 

drilled for sampling purposes using rotary wash drilling with bentonite mud. At most sites 

this pilot hole penetrated about 15 meters into bedrock. At Gilroy #2 (USGS) and at 

Alameda Naval Air Station drilling was stopped about 1 to 2 meters into rock. At San 

Francisco International Airport, drilling was stopped 5 meters into rock because the bit 

twisted off.

"Undisturbed" samples were taken inside Shelby tubes (3-inch outside diameter) using 

either a push sampler, a fixed piston (Osterberg) sampler, or a Pitcher barrel, depending 

on the stiffness of the sediment. These samples were allowed to drain of free water and 

sealed with wax plugs and endcaps. Standard penetration tests were carried out in sandy 

sediments above 30 meters in accordance with ASTM Standards D1586. Below 30 meters, 

penetration samples were taken with a 340 Ib. hammer and 2-inch inside diameter sampler. 

Rock cores (NX-size) were taken at Palo Alto Veterans Hospital, Oakland Outer Harbor 

Wharf and Yerba Buena Island. "Undisturbed" samples collected at Alameda Naval Air 

Station were taken by Dr. Kyle Rollins of Bringham Young University for testing. All 

samples taken at Palo Alto Veterans Hospital went to Wood ward-Clyde Consultants for 

analysis. Portions of penetrometer samples obtained at Treasure Island, Oakland Outer 

Harbor Wharf and San Francisco International Airport were sent to Professor I.M.'Idriss 

at the University of California at Davis. All other "undisturbed" samples went to Professor 

Kenneth Stoke of the University of Texas at Austin for testing.

After completion of the pilot holes, the holes were reamed to 8 or 10 inches depending 

on the size of the casing installed. Gilroy #2 (USGS), Alameda Naval Air Station and 

Palo Alto Veterans Hospital were cased with 4-inch inside diameter, class 200, poly vinyl- 

chloride pipe capped at the bottom. The other sites were cased with 5-inch inside diameter



polyvinyl-chloride pipe.

The annular space around the casing was tremie grouted by pumping a water-cement - 

bentonite mixture through a 1-inch steel pipe installed next to the casing. This provides 

good coupling between the casing and the wall of the borehole, and provides a sanitary seal 

preventing contamination of ground water. Grouting; was done in stages of about 50-60 

meters to prevent collapse of the casing. The California Division of Mines and Geology

plans to install a strong-motion instrument package g,t the bottom of each 5-inch hole to
i 

supplement surface recordings.

Geologic Logs

Geologic logs are based on descriptions of drill cuttings, samples, reaction of the

drill rig, and inspection of nearby outcrops. Sedimelnt samples are described using the 

field techniques of the Soil Conservation Service (1951). Descriptions include sediment 

texture, color, and the amount and size of coarse fragments. Texture refers to the relative

proportions of clay, silt, and sand particles less than 2 millimeters in diameter. This is

determined visually and by feel without using labonitory tests. As such, this system is 

easier to use in the field than other classification systems. The dominant color of the 

sediment and prominent mottles are determined from the Munsell soil color charts.

Descriptions of rock samples include rock name, weathering condition, color, grain 

size, hardness, and fracture spacing. Classifications o:' rock hardness and fracture spacing 

are those used by Ellen et al., (1972) in describing hillside materials in San Mateo County, 

California.

Most information needed for describing relatively well-sorted soils and such properties 

of rock as lithology, color, and hardness are readily obtained from cuttings. Inspection of 

samples and nearby outcrops is necessary for determiijiing the nature of poorly-sorted ma 

terials and fracture spacing. Reaction of the drill rig ite useful in determining approximate 

sediment texture and in determining degree of fracturing because the rate of penetration 

in rock is highest for very closely fractured and crushed materials and drilling roughness 

generally is at a maximum in closely to moderately fractured rock. In-situ consistency 

of soil is determined largely from standard penetration measurements and rate of drill 

penetration.



Site Geology

The very near-surface geology at four of the sites, Alameda Naval Air Station, Oakland 

Outer Harbor Wharf, Treasure Island and San Francisco International Airport is similar, 

consisting of 1 to 13.5 meters of artificial fill overlying 1 to 15.5 meters of soft Holocene 

Bay mud. At the first three of these sites, these deposits are underlain by 55- to 130- 

meter thick sections of stiff Pleistocene Bay mud and clayey or sandy alluvial deposits. 

At San Francisco Airport, however, the Pleistocene Bay mud is only about 3 meters thick 

and the deposits underlying the Holocene Bay mud are almost entirely dense marine and 

continental sand.

The near surface geology at the two "stiff soil" sites, Palo Alto Veterans Hospital and 

Gilroy #2 is quite dissimilar. Palo Alto Veterans Hospital is underlain by about 4 meters 

of Late Pleistocene alluvium overlying 128 meters of poorly sorted alluvium of the Santa 

Clara Formation. Gilroy #2 is underlain by 13 meters of Holocene alluvium, 8 meters of 

late Pleistocene alluvium and 18 meters of Pleistocene lacustrine deposits overlying poorly 

sorted alluvium of the Santa Clara Formation. The Santa Clara Formation at Gilroy #2 

is generally coarser-grained than that at Palo Alto Veterans Hospital.

Three deep holes have been drilled at Gilroy #2; we present results in this report for 

two of them. During Fall 1979, the USGS drilled a 182 meter deep hole at Gilroy #2. 

This hole bottomed 2 meters into hard sandstone, probably graywacke of the Franciscan 

assemblage similar to that underlying Gilroy #1. This hole was located about 100 meters 

northeast of the strong-motion recorder. No sampling was attempted in this hole. The 

Electric Power Research Institute funded a second deep hole (EPRI #1) during Fall 1990. 

This hole, located about 60 meters northeast of the strong-motion recorder, penetrated 

about 8 meters of firm sandstone of the Miocene Monterey Formation and 7 meters of 

sheared serpentinite. A third deep hole (EPRI #2) was drilled during fall 1991 in order to 

further investigate the bedrock. This hole, about 4 meters north of EPRI #1, penetrated 

14 meters of siltstone, 11.5 meters of serpentinite and 50.5 meters of sheared to closely 

fractured shale and siltstone of the Franciscan assemblage. The serpentinite and sheared 

shale may be part of a fault zone named the Carnadero Fault by Dibblee and Brabb (1978). 

The geologic log from EPRI #2 is included for reference but at this time (March 1992)



the USGS has not logged EPRI #2 for velocity data.

The strong-motion instrument on Yerba Buena Island is located in a small building 

at the top of the cliffs on the southwest corner of tjie island. This building is founded 

on slightly weathered to fresh, moderately to widely fractured sandstone and minor shale 

of the Franciscan assemblage. Because of landscaping, the borehole is located about 160 

meters north of the strong-motion instrument. This hole penetrated about 15 meters of 

deeply to moderately weathered sandstone. The fresh rock below 15 meters was largely 

very closely to closely fractured shale with some sandsi;one, and may be more characteristic 

of the material beneath the strong-motion recorder ihan is the weathered rock near the 

surface at the borehole site. 

Travel-time Data

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

mer (Liu, et al., 1988) striking anvils attached to the ends of a 2.3-meter-long aluminum

channel. The hammer can be driven in both horizontal directions to generate positive 

and negative shear pulses. The switch that determines zero time is a piezo-electric sensor 

attached to the shear source. The source is offset from the borehole to prevent the direct 

arrival from traveling down the grout next to the casing. The source offset is 2 to 5 meters 

depending on the depth of the borehole. Shallow holes (30 meters or less) are generally 

offset 2 meters, while boreholes deeper than approximately 100 meters are offset 5 meters. 

Travel times are corrected (for slant offset) to vertical by the cosine of the angle of ray 

incidence.

P-waves are made by striking a steel plate with a [sledge hammer at the same intervals 

described above. The recorder is triggered by the sledge hammer making electrical contact 

with the steel plate.

Measurements are made by lowering a three-component geophone into the borehole 

and clamping it to the casing with an electrically actuated lever arm. A second three- 

component geophone is placed at the surface approximately 10 centimeters from the shear 

source and is used as a check of the switch triggering t!ie recorder for zero time. Depending

* In this report shear-wave(s) and S-wave are used interchangeably as well as P-wave 
and compressional-wave.



on geologic information, measurements are repeated at 2.5 or 5.0 meter intervals. The 2.5 

meter spacing is used when the layering of the sediments is thin (under 10 meters) and 

generally from the surface to 30 meters depth.

The data are recorded on magnetic tape cassettes in digital form on a twelve channel 

recording system.

DATA INTERPRETATION and PROCESSING

The flow-chart, Figure 2, describes the processing and interpretation proceedures. The 

magnetic tape cassette contains 18 recorded traces from each depth. These include data 

from the surface three component geophone and the downhole three-component geophone: 

A total of 6 traces for each source type (positive horizontal, negative horizontal, and 

vertical). As mentioned previously, the surface geophone is used only to check timing.

The orientation of the downhole geophone cannot be controlled when moving from 

one depth to the next, so that horizontal components are not generally oriented parallel 

and perpendicular to the source. This causes slight phase shifts, timing differences and 

amplitude variations. To minimize these effects, when timing shear-wave arrivals, the hor 

izontal components are combined (rotated) to obtain a single component of motion. The 

direction of motion is determined by maximizing the integral square amplitude within a 

time interval containing the shear wave (Boatwright et al., 1986). Rotated traces are plot 

ted on a 20-inch computer monitor and the first shear-wave arrival is timed for each of 

the horizontal rotated traces. Two arrival times are obtained from picks of positive and 

negative shear-wave arrivals. Timing of the arrivals is done to one millisecond precision. 

The two time-picks are not always identical, due to interfering waves obscuring the first 

shear-arrival, slight phase shifts, or amplitude differences. If the time difference is greater 

than about 5 milliseconds a mistake in phase correlation (perhaps due to a reversed trace, 

noise etc.) can be suspected and a repick may be necessary. The two picks are aver 

aged for velocity determinations. On clear traces one-millisecond picking accuracy can be 

maintained; however, because of lower signal-to-noise ratios and interfering waves in the 

deeper sections of the boreholes, this accuracy cannot always be achieved. The arrivals 

are weighted by the inverse of an assigned normalized variance. A normalized standard 

deviation of 1 was assigned to the accurate picks and values ranging up to 5 were assigned
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Figure 2. Flow-chart outlining the data processing and interpretation steps
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to the others.

For determining the final velocity model there are a number of ways to proceed. In 

previous reports ( e.g., Gibbs et al., 1975) we determined the initial layer boundaries 

from the travel time plots by eye and then added or subtracted layers based on geologic 

boundaries consistent with the data. We also required at least three data points in each 

layer. This requirement limited the velocity determination to layers greater than 7.5 meters 

in thickness. The problem with this proceedure is that a mismatch (overlap or underlap) 

of the line segments sometimes occurred at the intersections of the layers, resulting in a 

discontinuous travel time curve. To address this problem we are now using a least-squares 

program (Press et al., 1986) that fits the travel time data with line segments hinged 

at each selected layer boundary from the surface (forced through zero) to the bottom 

data point. Initial layer boundaries are chosen from the geologic log and are adjusted, 

if necessary, to reduce residuals and for consistency with the data. The S-wave travel 

time data are analyzed first; layer boundaries are initially the same for the P-wave model, 

and are then adjusted, if necessary, by adding a layer for the water table or reducing the 

number of layers. The velocity plots (e.g. Figure 23) show upper and lower bounds which 

approximate 68% confidence limits. These bounds are not symmetrical because they are 

based on the standard deviation of the slope of the least-squares line fit to the travel time 

plots (the inverse of the velocity).

SUMMARY OF RESULTS 

S-wave velocities

Figure 3 summarizes shear-wave velocities obtained at the five sites in the San Fran 

cisco - Oakland area, four with thick sections of sedimentary deposits including Holocene 

bay mud and one rock site at Yerba Buena Island. Velocities measured in the present and 

previous investigations (Gibbs et al., 1976, 1977) suggest a linear increase in shear-wave 

velocity in Holocene bay mud with increasing thickness of overlying fill. The previous 

studies indicated shear-wave velocities of 100 meters/second or less for Holocene bay mud 

overlain by about 1 meter of fill and 145 meters/second for mud overlain by 7 meters of fill. 

Values obtained for bay mud in the study are: San Francisco Airport shear-wave velocity 

= 100 meters/second, with 2 meters of fill, Alameda Naval Air Station shear-wave velocity
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= 114 meters/second with 5 meters of fill, and Treasure Island shear-wave velocity = 177 

meters/second with 13 meters of fill. Well determined velocities obtained for artificial fill 

ranged from 135 to 250 meter/second.

Sedimentary deposits below 20 meters at Oakland Outer Harbor Wharf and about 30 

meters at Treasure Island and Alameda Naval Air Station are predominantly Pleistocene 

estuarine clay, and the velocity profiles at these sites are very similar. Shear wave veloci 

ties obtained in the Pleistocene bay mud range from 200 meters/second at 27.5 meters to 

365 meters/second at 140 meters. In contrast to the sites with large thicknesses of Pleis 

tocene bay mud (Alameda Naval Air Station, Oakland Outer Harbor Wharf and Treasure 

Island) sediments below 6.5 meters at San Francisco Airport are largely dense sands of 

the Colma Formation. Shear-wave velocities in these deposits are significantly higher than 

the Pleistocene clay at all depths, ranging from 260 meters/second at 6.5 meters to 770 

meters/second at 150 meters.

Unfortunately, we were unable to measure shear-wave velocity in unweathered rock at 

either Treasure Island or Oakland Outer Harbor Wharf due to poor transmission of energy 

across the sediment-bedrock interface and wave interference that obscured the shear wave 

arrivals. The value at Treasure Island (645 meters/second) is an average value for an 

interval containing both weathered and fresh rock. At Oakland Outer Harbor Wharf only 

one or two reliable measurements were obtained in rock so an average value was calculated 

for the sediments and rock below 131.5 meters. This should not be taken as indicating 

there is no velocity contrast at the sediment-rock interface, only that we were unable to 

resolve the contrast with our data.

As noted earlier, the rock encountered in the borehole at Yerba Buena Island has a 

much thicker weathered zone and is more closely fractured than the rock underlying the 

strong-motion instrument site. Consequently, the velocities measured in the borehole are 

significantly lower than the expected values for the rock at the instrument site.

Figure 4 summarizes the shear-wave velocities obtained at Palo Alto Veterans Hospital 

and Gilroy #2. Because interfering waves obscured the shear wave arrivals, we were unable 

to measure shear-wave velocity below 70 meters in the Gilroy #2 EPRI hole. The USGS 

Gilroy #2 borehole was drilled in 1979, when a preliminary velocity logging was done with

11
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measurements made at 20-meter intervals (Joyner, et al., 1981). When it was relogged in 

1989 the casing was blocked at 120 meters (Gibbs, 1992). At Gilroy #2, the sedimentary 

deposits from about 21 to 40 meters consist of late Pleistocene lacustrine clay. Velocities 

in these deposits (270 to 335 meters/second) are slightly higher than those obtained for 

Pleistocene bay mud at these depths. Below these deposits and below about 4 meters at 

Palo Alto Veterans Hospital are poorly sorted fluvial and alluvial fan deposits of the Plio- 

Pleistocene Santa Clara Formation. Shear-wave velocities in these deposits range from 260 

to 980 meters/second. The higher velocities correlate with higher percentages of gravel or 

a greater degree of cementation (Fumal 1978) in the lower parts of the deposits. 

P-wave velocities

Figures 5 and 6 summarize compressional-wave velocities at the five northern sites 

and the two southern sites respectively. There is a poorer correlation between P-wave ve 

locity and lithology than S-wave velocity and lithology because P-wave velocity is strongly 

affected by degree of saturation. Note that even though saturated, the P-wave velocities 

measured in the Holocene bay mud are less than the velocity of P-waves in water (« 1500 

meters/second). The explanation for this may be the presence of trapped gas (Brandt, 

1960) has reduced the P-wave velocity (e.g. air, methane from decaying organic matter).

The appendix lists the detailed results, organized alphabetically by borehole. Figures

and tables for each site are arranged in the following order:

1. location map
2. geologic log
3. record sections
4. time-depth graph
5. velocity profiles
6. velocity tables

13
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Figure 7. Site location map for borehole at Alameda Naval Air Station and Oakland 
Outer Harbor Wharf. The borehole is located within 15 meters of the strong motion 
recorder.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen et al., 1972)

hard   hammer bounces off with solid sound
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacina

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis 
integration of rock, deep and thorough dis 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948}

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistencv

v. soft

soft

medium

stiff

v. stiff

hard

Texture:: the relative proportions of clay, silt, and 
sand belbw 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

Color: Standard Munsell color names are given for 
the doninant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 + 3/8 in in ID sampler)
S - Thin-wall push sampler
0 - Osterberg fixed-piston sampler
P - Pitcier Barrel sampler 

CH - Ca ifornia Penetration (2 in ID sampler) 
DC - Dieimond Core

Figure 8. Explanation of geologic logs.
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SITE: ALAMEDA NAVAL AIR STATION DATE: 5/20/91
£ -
£0 
oo

UJ
'Ul

. 
HI O DESCRIPTION

o                         
SAND, yellowish brown, well sorted, v. fine to fine grained (ARTIFICIAL FILL) 

_ ................ loose

32 IJSEjIiillJliiiJl olive, dense

5                                       
CLAY, mottled, v.dk. gray and olive, v. son (HOLOCENE BAY MUD) 

S : r§r§:=:=| dk. greenish gray, abundant shells

?i-i-=-=-d-1 o
    ^ dk. olive to brown, peaty

v.dk. greenish gray, stiff

SAND TO LOAMY SAND, Oliver brown, v.fine to fine grained (MERRITT SAND) 
 15 

S

507 SE

P~.. ; ,, ; .. ::: ....

25_______________________________ 
SAND TO LOAMY SAND, dk. greenish gray, v. fine to medium grained

p ......... with thin beds of SILTY CLAY

~~~ ^ ̂  SILTY CLAY, v.dk. greenish gray, v. stiff_________(PLEISTOCENE BAY MUD)
30' ~ "                                     

Figure 9. Geologic log for Alameda Naval Air Station borehole.
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SITE: ALAMEDA NAVAL AIR STATION DATE:
BLOWS/ 

FOOT
SAMPLE 

TYPE

  WI^MMM

p

s

GRAPHIC 
LOG

&SF3 
 i-yKSii

P&QrB=

EW=§i^

^jd=y

rTS-^J-^Z  i 

|_~=5!^_2|

*^

I «

S ? DESCRIPTION 
° £ ____________ I    _______________

onOU

^w

SAND

-35

*»

-40

-45

-50

-55

fin  DU

gure 9. (Continued).
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SITE: ALAMEDA NAVAL AIR STATION DATE:

oo
_i u.

UJ

CO O

m <P
O E

DESCRIPTION

60-

£815-65

dk. olive gray, abundant wood fragments

ii-70

GRAVELLY SAND, mostly quartz, dk. gray sandstone, reddish brown chert 

FINE SANDY LOAM, dk. greenish gray

75

GRAVELLY SAND

CLAY LOAM TO SILTY CLAY, v.dk. greenish gray, v. stiff 

1-80

-85

u 

-90                                

Figure 9. (Continued).
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SITE: ALAMEDA NAVAL AIR STATION

DESCRIPTION

CLAY, olive gray, softer

CLAY LOAM to V.FINE SANDY CLAY LOAM, (PLEISTOCENE ALLUVIUM)

It. olive brown, v. stiff

it. yellowish brown

CLAY, greenish gray

CLAY LOAM, grayish brown

dk. greenish gray to greenis h gray

Figure 9. (Continued).
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SITE: ALAMEDA NAVAL AIR STATION DATE
BLOWS FOOT

SAMPE 
TYPE

GRAPHIC 
G
LO £ DESCRIPTION

120-

-1

SAND, dk. gray to v.coarse size 

130

SANDY CLAY LOAM, olive, v. stiff

-135

GRAVELLY SAND, olive gray

140

SHALE, black, hard (FRANCISCAN ASSEMBLAGE)

-145

-150

Figure 9. (Continued). 26
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Figure 10. Horizontal-component record section from impacts in opposite horizontal 
directions superimposed for identification of shear arrivals. S-wave arrivals are shown by 
the accent marks. An early arriving wave-train starts to build in amplitude at about 100
meters and continues to the bottom of the borehole;
in the fluid-filled borehole. Identification of S-wave arrivals below 100 meters, although 
slightly lower in frequency than the earlier arriving energy, is less certain due to interference 
by the early arriving wave.
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Figure 12. 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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S Velocity (m/sec)
100 200 300 400 500 600
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(O

.2 "o

o. <D
Q 100-

150-

r (ARTIFICIAL FILL)

(HOLOCENE BAY MUD)

SANO TO LOAMY SAND (MERRITT SAND)

LOAMY SAND, with thin beds of SILTY CLAY

SILTY CLAY (PLEISTOCENE BAY MUD)

FINE SANDY LOAM 

GRAVELLY SAND

CLAY LOAM TO SILTY CLAY

CLAY

(PLEISTOCENE ALLUVIUM)

CLAY 
CLAY LOAM

SAND

SANDY CLAY LOAM

GRAVELLY SAND 

SHALE (FRANCISCAN ASSEMBLAGE)

Alameda Naval Air Station

Figure 13. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities.
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Alameda Naval Air Station
Figure 14. P-wave velocity profiles with dashed lines representing plus and minus one 

standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities.
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(ADJOINING
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"-XV -  
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OFFICE

WONTEREY STREET

Project No. 
90CQ588A EPRI Fi«ld Exploration

Wood ward-Clyde Consultants

SITE PLAN 
GILOROY NO. 2

Figure 15. Detailed site location of Gilroy #2. Notice the location of EPRI and USGS 
boreholes relative to strong-motion recorder.
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Figure 16. Site location map for Gilroy #2.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen et al., 1972)

hard - hammer bounces off with solid sound
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacina

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis 
integration of rock, deep and thorough dis 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
Correlated with penetration resistance: (Terzaghi and 
Peck, 1948)

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 + 3/8 in in ID sampler) 
S - Thin-wall push sampler 
0 - Ostcrberg fixed-piston sampler 
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diarnond Core

Figure 17. Explanation of geologic log for Gilroy #2 (EPRI #1).
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SITE: GILROY *2 EPRI 1 DATE: 9/21/90
BLOWS/ 

FOOT SAMPLE 
TYPE

S

"IT

S

S

P

~P~

P

r~P~"

GRAPHIC 
LOG

BiBl
__-____.-i__ __ _

'  '.> :'  y.^.v''

:'' ' ' '. ' " t :'  
       .   .:  :

' /.' / X   '  .  A*

-' ''. ' '? ' '." .'

.......

m>&&*
S®8S 
£?:<£o> 
s^o°61 
98S&-
tt*W °>^<?> 
>-$,v.o\'
3S8S?

M

7°^^^==

=B:^=^sPs

^l=-^=~

*^
i £
i 5 DESCRIPTION°3

-o                           
SANDY LOAM, dk. yellowish brown (HOLOCENE ALLUVIUM) 

_ dk. gray to dk. grayish brown

-5

SILTY CLAY LOAM, dk. grayish brown to brown

   

LOAMY FINE SAND, brown, medium to coarse grained 
-10

SAND, well sorted, v. coarse grained, some gravel

" CLAY, pale brown, v.stiff (LATE PLEISTOCENE ALLUVIUM)
^

_15 SAND

SANDY FINE GRAVEL, brown, mostly graywacke fragments 

MM

-20

CLAY, yellowish brown (PLEISTOCENE LAKE DEPOSITS) 

dk. greenish gray, v. stiff

-25

 on ..,__,
\J\J

Figure 18. Geologic log for Gilroy #2 (EPRI #1).
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SITE: GILROY *2 EPRI 1 DATE:
BLOWS FOOT SAMPLE 

TYPE
QRAPHIC 

LOQ
DESCRIPTION

- FINE SANDY LOAM, dk. greenish gray p ........ <-.

SILTY CLAY, v. dk. greenish gfay
-35

11^

SANDY LOAM

-40 GRAVELLY SAND, strong bro>jvn, dense

P~^,?_''~_

*""'""'"" 45

GRAVEL

GRAVELLY SAND, yellowish bjrown

1-50
GRAVEL

- f9&&i£ 
P , T _ .(

IrSSS"
55

 $£&*
GRAVELLY SAND, yellowish brown 

SANDY CLAY, brown to strong brown

60

PLEISTOCENE ALLUVIUM

Figure 18. (Continued).
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SITE: GILROY *2 EPRI 1 DATE:
UJ

00
-I U. 
GO

oc 
o

I- o
o. *; DESCRIPTION

 60    

GRAVEL 
Kr;.Vfcv.y?L

GRAVELLY SAND, yellowish brown

pmr
-[ ".- ; ".  ".-,

>65
GRAVEL

iil_
^ GRAVELLY SAND 70

fefl^i^fiJ

*' f*M . GRAVEL

SAND CLAY 
GRAVEL

 75 GRAVELLY SANDY CLAY LOAM, olive brown, v.poorly sorted

H
. if -/i **i 

* » V^.^jV

g^j
t ,"4i  [     O'

^ KE
pfiy;

K

IB
v^r 
j^jyr

''» i"- 1'. '.'.'.'.'.'  
 t.i'.'-'.w-'Z?:

GRAVEL 

^fe^~ GRAVEL

 90

Figure 18. (Continued).
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SITE: GILROY *2 EPRI 1 DATE:

00
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CD

UJ

$
tr  a. *-ui «
Q E

DESCRIPTION

90-
GRAVEL, dk. yellowish brown, v.poorly sorted,

texture of matrix is SANDY CLAY LOAM

SANDY CLAY LOAM

GRAVEL

SANDY CLAY LOAM

-100

105 
DH         SANDY CLAY, strong brown

SANDY CLAY, occasional thinl lenses of gravel

SANDY CLAY LOAM, v. dense, v. poorly sorted

GRAVEL 

SANDY CLAY 

_ t GRAVELLY SANDY CLAY LOAM, brown, v. dense

3* '  ^

120

Figure 18. (Continued).
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Figure 18. (Continued).
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Gilroy #2, EPRI Borehole

Figure 19. Horizontal-component record section from impacts in opposite horizontal 
directions superimposed for identification of shear arrivals. S-wave arrivals are shown by 
the accent marks. An early arriving wave-train starts to build in amplitude at about 70 
meters and continues to the bottom of the borehole. Interference to S-wave arrivals below 
70 meters made picks too uncertain for velocity determinations .
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Figure 20. Vertical-component record section. P-waves are shown by the solid circles.
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Figure 21. 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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S Velocity (m/sec)
200 400 600
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(O

100-
Q.
<D
Q

150-
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(LATE PLEISTOCENE ALLUVIUM)
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FINE SANDY LOAM 

  SILTY CLAY 

SANDY LOAM
GRAVELLY SAND 

23C GRAVEL 
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SANDY C
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GRAVEL
SANDY CLAY LDAM
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PLEISTOCENE ALLUVIUM

(MONTEREY SHALE)
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Figure 22. S-wave velocity profiles with dashed 1 
standard deviation. The statistics are done on the sl< 
of the limits will not appear symmetrical. Simplifiec 
with velocities.

nes representing plus and minus one 
ope (reciprocal velocity) so that some 

geologic log is shown for correlation
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Figure 23. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. The statistics are done on the slope of the line segments (reciprocal 
velocity) so that some of the limits will not appear symmetrical. Simplified geologic log is 
shown for correlation with velocities.

47



T
A

B
L

E

d(
m

)
2.

5
5
.0

7.
5

10
.0

12
.5

15
.0

17
.5

20
.0

22
.5

25
.0

27
.5

30
.0

4*
 

32
.5

00
 

35
.0

37
.5

40
.0

 
42

.5
45

.0
47

.5
50

.0
52

.5
55

.0
 

57
.5

60
.0

65
.0

 
70

.0

3.
 S

-w
av

e 
ar

ri
va

l

d
(f

t) 8
.2

16
.4

24
.6

32
.8

41
.0

49
.2

57
.4

65
.6

73
.8

82
.0

90
.2

98
.4

10
6.

6
11

4.
8

12
3.

0
13

1.
2 

13
9.

4
14

7.
6

15
5.

8
16

4.
0

17
2.

2
18

0.
4 

18
8.

6
19

6.
9

21
3.

3 
22

9.
7

ti
m

es

t(
se

c)
 
si

g
 
rs

d
l/

si
g

.0
14

3
.0

23
7

.0
33

3
.0

46
5

.0
56

6
.0

64
5

.0
70

2
.0

73
8

.0
79

5
.0

89
2

.0
99

9
.1

09
0

.1
17

6
.1

25
7 

1
.1

32
3 

2
.1

41
4 

2 
.1

47
0 

2
.1

51
6 

2
.1

57
1 

2
.1

62
2 

2
.1

66
2 

2
.1

69
8 

2 
.1

73
8 

2
.1

78
4 

2
.1

86
9 

3 
.1

93
0 

5

-.1 .6 -.
8 .5

-1
.2 .5 1.
3 .1

-1
.0 -.
7 .7 .5 -.
3

-.
1

-.
7 .3

 
.4 .0 .1 .0 .0 -.
2
 

-.
2 .1 .3

 
-.

2

an
d 

ve
lo

ci
ty

 s
um

m
ar

ie
s 

fo
r 

G
ilr

oy
 #

2
 (

E
P

R
I 

#
1
).

dt
b(

m
) 

dt
b(

ft
) 

tt
b(

s)
 

v(
m

/s
) 

vl
(m

/s
) 

vu
(m

/s
) 

v
(f

t/
s)

 v
l(

ft
/s

) 
vu

(f
t/

s)
.0

 
.0

 
.0

00
 

17
3 

16
6 

18
2 

56
9 

54
4 

59
6

2.
5 

8
.2

 
.0

14
 

17
3 

16
6 

18
2 

56
9 

54
4 

59
6

5
.6

 
18

.4
 

.0
25

 
28

8 
26

5 
31

6 
94

6 
86

9 
10

38
13

.0
 

4
2

.7
 

.0
60

 
21

2 
20

6 
21

7 
69

4 
67

7 
71

2
21

.4
 

70
.2

 
.0

76
 

51
7 

49
4 

54
2 

16
97

 
16

21
 

17
80

32
.5

 
10

6.
6 

.1
18

 
26

7 
26

3 
27

2 
87

8 
86

2 
89

3
39

.4
 

12
9.

3 
.1

40
 

31
8 

30
3 

33
4 

10
42

 
99

3 
10

95
50

.0
 

16
4.

0 
.1

62
 

46
8 

44
3 

49
6 

15
36

 
14

53
 

16
29

70
.0

 
22

9.
7 

.1
94

 
63

0 
59

1 
67

4 
20

66
 

. 
19

38
 

22
13

E
xp

la
na

ti
on

:
d(

m
) 

=
 d

ep
th

 i
n 

m
et

er
s

d(
ft

) 
=

 d
ep

th
 i

n 
fe

et
 
 
 
 
 
 
 
 
 
 
 
 t(

se
c)

 =
:^

M
Ti

va
i 

ti
m

e 
in

 s
ec

on
ds

 {
S-

w
av

e 
ar

ri
va

l 
ti

m
es

 a
re

 
 
  
 
 
 
 
 

th
e 

av
er

ag
e 

of
 p

ic
ks

 f
ro

m
 t

ra
ce

s 
ob

ta
in

ed
 f

ro
m

ha
m

m
er

 b
lo

w
s 

di
ff

er
in

g 
in

 d
ir

ec
ti

on
 b

y 
18

0°
)

si
g 

=
 s

ig
m

a,
 s

ta
nd

ar
d 

de
vi

at
io

n 
no

rm
al

iz
ed

 t
o 

th
e

st
an

da
rd

 d
ev

ia
ti

on
 o

f 
be

st
 p

ic
ks

rs
dl

/s
ig

 =
 l

ea
st

-s
qu

ar
es

 r
es

id
ua

l 
di

vi
de

d 
by

 s
ig

m
a

dt
b(

m
) 

=
 d

ep
th

 t
o 

bo
tt

om
 o

f 
la

ye
r 

in
 m

et
er

s
dt

b(
ft

) 
=

 d
ep

th
 t

o 
bo

tt
om

 o
f 

la
ye

r 
in

 f
ee

t
tt

b(
s)

 =
 a

rr
iv

al
 t

im
e 

in
 s

ec
on

ds
 t

o 
bo

tt
om

 o
f 

la
ye

r
v(

m
/s

) 
=

 v
el

oc
ity

 i
n 

m
et

er
s 

pe
r 

se
co

nd
vl

(m
/s

) 
=

 l
ow

er
 l

im
it

 o
f 

ve
lo

ci
ty

 i
n 

m
et

er
s 

pe
r 

se
co

nd
 *

vu
(m

/s
) 

=
 u

pp
er

 l
im

it
 o

f 
ve

lo
ci

ty
 i

n 
m

et
er

s 
pe

r 
se

co
nd

v(
ft

/s
) 

=
 v

el
oc

ity
 i

n 
fe

et
 p

er
 s

ec
on

d
vl

(f
t/

s)
 =

 l
ow

er
 l

im
it

 o
f 

ve
lo

ci
ty

 i
n 

fe
et

 p
er

 s
ec

on
d

vu
(f

t/
s)

 =
 u

pp
er

 l
im

it
 o

f 
ve

lo
ci

ty
 i

n 
fe

et
 p

er
 s

ec
on

d
* 

se
e 

te
xt

 f
or

 e
xp

la
na

ti
on

 o
f 

ve
lo

ci
ty

 l
im

it
s

G
IL

.S
 

2-
20

-9
2 

2:
36

p
Pa

0«
 1

 o
f 

1



T
A

B
L

E
 4

. 
P-

w
av

e 
ar

ri
va

l 
ti

m
es

d(
m

)
2.

5
5.

0
7.

5
10

.0
12

.5
15

.0
17

.5
20

.0
22

.5
25

.0
27

.5
30

.0
32

.5
35

.0
37

.5
40

. 0
42

. 5
45

. 0
47

.5
50

.0
52

.5
55

.0
57

.5
60

.0
4*

fc 
65

.0
CD

 
70

.0
75

.0
80

.0
 

85
.0

90
.0

95
.0

 
10

0.
0

10
5.

0
11

0.
0 

11
5.

0
12

0.
0

12
5.

0 
13

0.
0

13
5.

0 
14

0.
0 

14
5.

0
15

0.
0 

15
5.

0 
16

0.
0

16
5.

0 
16

7.
5 

17
0.

0
17

2.
5 

17
5.

0 
17

7.
5

18
0.

0

d
(f

t)
8

.2
16

.4
24

.6
32

.8
41

.0
49

.2
57

.4
6
5
.6

73
.8

82
.0

90
.2

98
.4

10
6.

6
11

4.
8

12
3.

0
13

1.
2

13
9.

4
14

7.
6

15
5.

8
16

4.
0

17
2.

2
18

0.
4

18
8.

6
19

6.
9

21
3.

3
22

9.
7

24
6.

1
26

2.
5 

27
8.

9
29

5.
3

31
1.

7 
32

8.
1

34
4.

5
36

0.
9 

37
7.

3
39

3.
7

41
0.

1 
42

6.
5

44
2.

9 
45

9.
3 

47
5.

7
49

2.
1 

50
8.

5 
52

4.
9

54
1.

3 
54

9.
5 

55
7.

7
56

5.
9 

57
4.

1 
58

2.
3

59
0.

6

t(
se

c)
 
si

g
 
rs

d
l/

si
g

.0
08

0
.0

13
4

.0
16

6
.0

19
7

.0
22

3
.0

25
6

.0
29

8
.0

33
0

.0
35

1
.0

36
3

.0
38

4
.0

39
5

.0
41

5
.0

42
6

.0
43

6
.0

44
7

.0
45

7
.0

47
7

.0
48

7
.0

49
8

.0
50

8
.0

51
8

.0
52

8
.0

54
8

.0
56

8
.0

58
9

.0
62

9
.0

64
9 

.0
66

9
.0

69
9

.0
71

9 
.0

73
9

.0
76

9
.0

78
9 

.0
80

9
.0

83
9

.0
86

9 
.0

88
9

.0
91

9 
.0

92
9 

.0
95

9
.0

97
9 

.0
99

9 
.1

02
9

.1
06

0 
.1

08
0 

.1
09

0
.1

10
0 

.1
11

0 
.1

12
0

.1
13

0

1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2

.0 .1 -.
1 .1 -.
2

-.
2 .5 .3 -.
2

-.
5 .1 -.
3 .2 .1 .0 -.
1

-.
3 .5 .4 .3 .0 -.
3

-.
6 .2 -.
4

-.
8 .7 .3 -.
1 .5 .1

 
-.

3 .3 -.
1
 

-.
5 .1 .7

 
.3 .9

 
-.

6 .0 -.
4
 

-.
4
 

-.
3

-.
2
 

.2 .1 .1
 

.0
 

.0 -.
1

an
d 

ve
lo

ci
ty

 s
um

m
ar

ie
s 

fo
r 

G
ilr

oy
 #

2
 (

E
P

R
I 

#
1

).

dt
b(

m
) 

d
tb

(f
t)

 
tt

b
(s

) 
v(

m
/s

) 
vl

(m
/s

) 
vu

(m
/s

) 
v
(f

t/
s)

 v
l(

ft
/s

) 
v

u
(f

t/
s)

.0
 

.0
 

.0
00

 
31

2 
29

8 
32

7 
10

23
 

97
6 

10
74

2.
5 

8
.2

 
.0

08
 

31
2 

29
8 

32
7 

10
23

 
97

6 
10

74
5
.6

 
18

.4
 

.0
15

 
47

4 
43

7 
51

7 
15

54
 

14
32

 
16

97
13

.0
 

42
.7

 
.0

23
 

87
2 

82
2 

92
9 

28
62

 
26

97
 

30
48

21
.4

 
70

.2
 

.0
35

 
72

5 
69

9 
75

4 
23

80
 

22
93

 
24

74
32

.5
 

10
6.

6 
.0

41
 

16
73

 
15

73
 

17
87

 
54

88
 

51
59

 
58

63
39

.4
 

12
9.

3 
.0

45
 

20
95

 
18

65
 

23
91

 
68

74
 

61
18

 
78

44
50

.0
 

16
4.

0 
.0

50
 

21
37

 
19

91
 

23
07

 
70

13
 

65
32

 
75

70
73

.0
 

23
9.

5 
.0

61
 

19
55

 
19

08
 

20
03

 
64

13
 

62
61

 
65

72
15

5.
0 

50
8.

5 
.1

01
 

20
83

 
20

67
 

20
99

 
68

33
 

67
81

 
68

86
16

6.
7 

54
6.

9 
.1

07
 

17
52

 
16

23
 

19
05

 
57

49
 

53
24

 
62

48
18

0.
0 

59
0.

6 
.1

13
 

22
91

 
20

00
 

26
82

 
75

17
 

65
62

 
87

99

E
xp

la
na

ti
on

:
d(

m
) 

=
 d

ep
th

 i
n 

m
et

er
s

d(
ft

) 
=

 d
ep

th
 i

n 
fe

et
t(

se
c)

 =
 a

rr
iv

al
 t

im
e 

in
 s

ec
on

ds
 (

S-
w

av
e 

ar
ri

va
l 

ti
m

es
 a

re
th

e 
av

er
ag

e 
of

 p
ic

ks
 f

ro
m

 t
ra

ce
s 

ob
ta

in
ed

 f
ro

m
ha

m
m

er
 b

lo
w

s 
di

ff
er

in
g 

in
 d

ir
ec

ti
on

 b
y 

18
0°

)
si

g 
=

 s
ig

m
a,

 s
ta

n
d

ar
d

 d
ev

ia
ti

on
 n

or
m

al
iz

ed
 t

o 
th

e
st

an
d
ar

d
 d

ev
ia

ti
on

 o
f 

be
st

 p
ic

ks
rs

d
l/

si
g
 =

 l
ea

st
-s

qu
ar

es
 r

es
id

ua
l 

di
vi

de
d 

by
 s

ig
m

a 
d
tb

(m
) 

=
 d

ep
th

 t
o

 b
o
tt

o
m

 o
f 

la
ye

r 
in

 m
et

er
s

d
tb

(f
t)

 =
 d

ep
th

 t
o 

bo
tt

om
 o

f 
la

ye
r 

in
 f

ee
t 

tt
b
(s

) 
=

 a
rr

iv
al

 t
im

e 
in

 s
ec

on
ds

 t
o
 b

o
tt

o
m

 o
f 

la
ye

r
v

(m
/s

) 
=

 v
el

oc
it

y 
in

 m
et

er
s 

pe
r 

se
co

nd
 

v
l(

m
/s

) 
=

 l
ow

er
 l

im
it

 o
f 

ve
lo

ci
ty

 i
n 

m
et

er
s 

pe
r 

se
co

nd
 *

v
u

(m
/s

) 
=

 u
pp

er
 l

im
it

 o
f 

ve
lo

ci
ty

 i
n 

m
et

er
s 

pe
r 

se
co

nd
 

v
(f

t/
s)

 =
 v

el
oc

it
y 

in
 f

ee
t 

pe
r 

se
co

nd
v

l(
ft

/s
) 

=
 l

ow
er

 l
im

it
 o

f 
ve

lo
ci

ty
 i

n 
fe

et
 p

er
 s

ec
on

d
v
u
(f

t/
s)

 =
 u

pp
er

 l
im

it
 o

f 
ve

lo
ci

ty
 i

n 
fe

et
 p

er
 s

ec
on

d
* 

se
e 

te
x

t 
fo

r 
ex

pl
an

at
io

n 
of

 v
el

oc
it

y 
li

m
it

s

G
1L

.P
 

2-
20

-9
2 

2:
23

p
Pa

go
 1

 
o

f 
1



Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen et at. 1972)

hard - hammer bounces off with solid sound 
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al. f 1972)

cm

0-1

1-5

5-30

30-1 OO

>100

ID

0-1/2

1/2-2

2-12

12-36

>36

fracture soacino

v. close

close

moderate

wide

v. wide

V\ feathering:
Fresh: no visible signs of weathering 
Slight: no visible decomposition of minerals, slight

discoloration
Moderate: slight decomposition of minerals and dis 

integration of rock, deep and thorough dis 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948}

blows/ft.

0-4

4-10

10-30

30-5O

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Figure 24. Explanation of geologic log.

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moisi: soil (Soil Survey, Staff, 1951).

% *
PfftCfNT SAND

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of

S - Thin

samples

SP - Standard Penetration 1 + 3/8 in in ID sampler)
wall push sampler

0 - Ostorberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core
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SITE: GILROY *2 EPRI 2 DATE: 10/16/91
BLOWS/ 

FOOT
SAMPLE 

TYPE
GRAPHIC 

LOG

!!i8B

".' !-".-'.v-'.'A: ; ; -i':'.:

'". »' _' ."/>",. »'-«9

rinr-jrjr.

^r=r=nr=^
z"ir"-T"ir'ir"i

ii-£i HHEi-

ffiij&'J
8*91
:*%-?>Av»

?v>T%2r.-/> 
.iXKlSLY

P&5Mx
JtS&W.

Pp$

^ ^^'
*     ^   "^

-JjT  ̂ s*"S^^

^^^^

^ 
I «

£ 1 DESCRIPTIONoj

-0                                       
SANDY LOAM, dk. yellowish brown (HOLOCENE ALLLUVIUM) 

- dk. gray to dk. grayish brown

- 5 GRAVELLY SAND

SILTY CLAY LOAM, dk. grayish brown to brown

LOAMY SAND, brown, medium to coarse grained 
-10

- SANDY FINE GRAVEL

_ CLAY, pale brown, v. stiff (LATE PLEISTOCENE ALLUVIUM) 

-1 5i \j

SANDY FINE GRAVEL, brown, mostly graywacke fragments

-20

CLAY, yellowish brown (PLEISTOCENE LAKE DEPOSITS) 

  dk. greenish gray, v. stiff

-25

:
on\j\j

Figure 25. Geologic log for Gilroy #2 (EPRI #2).
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SITE: GILROY #2 EPRI 2 DATE

BLOWS FOOT
SAMPE 

TYPE GRAPH LOG
Si 5
0 E

DESCRIPTION

60-

GRAVEL

GRAVELLY SAND, yellowish brown
 65

GRAVEL

ft"?.*:*.*'

-70 GRAVELLY SAND

GRAVEL

SANDY __.. 
GRAVEL 

gfrg>;.tt|-7 5 GRAVELLY SANDY CLAY LOAM, olive grown, v. poorly sorted

-80 

85

GRAVEL

90   

Figure 25. (Continued).
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SITE: GILROY ^2 EPRI 2 DATE
BLOWS FOOT

SAMPLE 
TYPE

GRAPHIC 

LOG
DESCRIPTION

90-
GRAVEL, dk. yellowish brown, v. poorly sorted,

texture of matrix is SANDY CLAY LOAM

GRAVEL 

SANDY CLAY LOAM

it-100

-105

GRAVEL
- SANDY CLAY LOAM, v. dense, v. pjoorly sorted 

GRAVEL I

110
GRAVEL

 .'  t.' .' ""  
GRAVEL

- GRAVEL 

120                 

Figure 25. (Continued).
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SITE: GILROY #2 EPRI 2 DATE:
BLOWS/ 

FOOT
SAMPLE 

TYPE
GRAPHIC 

LOG

;.':ft..  ' ! /. ;; <
. f ^Sf-   *L/.

?'v'r:Pfe
 :tf-)'; .*.'-. :.'
  *.."* '. . .".*

 <    . ."  ' '   .' &.&
.  !/  *....v;   -.. p... .

'f&itt,
  yg-ViY 
v;^'' 1;-.'.?!-

  "'.l*'&  .* .' 
. ..;;;i«f'V^v
  : : -y<»;';v'

'.'M..'. '!'.; ..  .'. .
i-'.--fl--.-^J

V^'iV»'v

^  ^   ^
*&&
mw&
.v^V:\V; '. :

'.^JJSij;a.-woftw
%Rfe
rfe^
*^fe,

^^ ifr.:-»-^::
^r^g ^v;.;/;-
    ^'' :V

:/» - r- "41

e^fe
^fes»v^:>:-^:  : '»:  . . ;:.' >" . 

».:-:.'ii .'^i

^^?
:.:wja?-.:'
r'!.v.\'5tt.v! «: .>: >  ;' .' .
j^^
fe;.y/tf.^ J:i^- ;-y

 ;-;y TI.".;;I
:^.W'
[feTOJi! 1
? ,';.'.';'.'.'.'.'.',.'

«-»

2S 
S^J DESCRIPTION0 J
120 ...,.,__,

GRAVELLY SANDY CLAY LOAM, brown, v. dense 

-1 P*5

-130

-135
_ GRAVEL

-140

-145 

1 ^n

Figure 25. (Continued).
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SITE: GILROY #2 EPRI 2
BLOWS/ 

FOOT
SAMPLE 

TYPE
GRAPHIC 

LOG

*' tV" f '*fl' '
i':':'.'O""-.<

  fr/i?-'-'".
H';V.'.':'''d.'i'

t*^37*W

K'.'fffti-;
<?!*   .  . *:.." 

 ?/ #.- --''A''

.".:^*". ' I'"-'. 1 ""*'
^ ."   *   .   '
w'-         '.*
 .   . -     .   *  
'*      " -tr * v

^^TTT  -':.

.'  ?.*'  *. tf
" " *'*'rfl ' "

-:.-". IT-. .£ :^ :j

."!ryf";'; 'V-*
 " .".*vr*       .**
' * ' '"*« " * *-"-
  * *    *'  . -^:»
 " ' -"-I " ' * 'r  '
.    - "O"  -  

y.-,';-.;y,.;i-.'f.

?S%

:T^^
 "-' "*" ill  -"-* 
'!''  .  .".'  '
.' '.'.' '.'V.'tf-:^

~     i  

DATE:
z *

1 1 DESCRIPTION

1 SO

-155

 

A p n  1 DU

-165

- SILTSTONE, brown, deeply weathei
v. close to close fractut 

-170

mm

  

-175

-

-180              

ed, (MONTEREY SHALE) 
e spacing

Figure 25. (Continued).
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SITE: GILROY #2 EPRI 2 DATE:

£" £o
oo

u. 
CD

.* :
 

ui   
O E

DESCRIPTION

-180

~ SERPENTINITE, v. dk. greenish gray, sheared, texture is SANDY CLAY 

Some hard, closely fractured blocks

-185

190

_ SHALE, gray, sheared to v. closely fractured

195

 200

205

 210

Figure 25. (Continued).

57



SITE: QILROY #2 EPRI 2 DATE:

£0 
oo
-i u. 
00

I «Ul £

a* £g is- «
^ "  I ^ O CL *- 2 >. I < j Jui «

S °3
DESCRIPTION

210

215
SHALE, black, closely to v. closely fractured

220

H225

230

'235

Figure 25. (Continued). 58



WELL PUMP 
WATER STORAGE 
TANK

BUILDING
(ADJOINING
PROPERTY)

G O
^STOCKPILE
**vww

MOTEL ROOMS

PAVEMENT

LANDSCAPING

FILTER HOUSE 
COMG INSTRUMENT

WATER STORAGE TANK 
WELL PUMP

STOCKPILE

FIELD

OFFICE

NONTEREY STREET

Protect No. 
90C0586A EPRI Field Exploration

Woodward-Clyde Consultants

SITE PLAN 
GILOROY NO. 2

Figuxe26. Detailed map showing location of Gilroy #2 (USGS) relative to strong- 
motion instrument.
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 UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

Monterey
Late Pleistocene

Qreek ,***?serpentmite

GILROY #2

Holocene alluvium * y<&>,'

Franciscan 
sandstone

Franciscan greenstone --od.. -
16Q

SCALE 1:24000 
o 1 MILE

1000 1000
I 

2000 3000 4000 5000 6000 7000 FEET
  i I   ' I I I    I

C 1 KILOMETER

PRELIMINIIT CtOlOCIC MP «F TIE CRITTENDEN QMDMN6LE, SINTI CUM, SINTI CRUZ IND SIN ICNITO COONTICS. C«LIFOIIII
  - BV 

Thomas W.^Dibbl**. Jr. and Ecrt E. Brabb

isn

Figure2 7. Site location map for Gilroy #2 (USGS).
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1Definitions of terms used for descriptions of sedimentary deposits ar

Rock hardness: response to hand and geologic 
hammer: (Bten et al.. 1972)

hard - hammer bounces off with solid sound 
firm - hammer dents with thud, pick point dents or 

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture spacing

v close

close

moderate

wide

V wide

Weathering: 
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight 
discoloration 

Moderate: slight decomposition of minerals and dis 
integration of rock, deep and thorough dis 
coloration 

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck. 1948)

blows/ft.

O-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistencv

v. soft

soft

medium

stiff

v. stiff

hard

Texture: 
sand belo 
indicated 
Determin 
the moist

/
4

J

r
 XN
/Ni.OAM1 

/SAND\SA

% *

Color: S 
the dom 
prominen

Types of

SP - Star 
S - Thin- 
0 - Oste 
P - Pitch 

CH - Cali 
DC - Oiai

d bedrock materials

the relative proportions of clay, silt, and 
w 2mm. Proportions of larger particles are 

by modifiers of textural class names, 
ation is made in the field mainly by feeling 
t soil (Soil Survey, Staff, 1951).

tOO* 

TO/ J?

7 CLAY \

*/ T A ̂ > ' A / W" / \ /SILTY\ ' » 

/ \ / CL*V \ o

I I»L * T \ \ »v\

\ CLAY LOAM V LOAM \«P

LOAM   c / V
\ LOAM / \
\ /SILT LOAM _ \ o

.SANDY UOAM\ ____ / / \«R . j . . y  v* i>i* ttit
PEKCINT iAND

tandard Munsell color names are given for 
inant color of the moist soil and for 
t mottles.

samples

idard Penetration 1 + 3/8 in in ID sampler) 
wall push sampler 
rberg fixed-piston sampler 
er Barrel sampler 
fornia Penetration (2 in ID sampler) 
nond Core

Figure 28. Explanation of geologic logs.
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GILROY #2 USGS 9/26/79

SANDY LOAM, dk. brown, mostly fine to 
medium grained sand, with lenses of 
coarse sand and gravel.

SANDY GRAVEL, mostly <30 mm
10

SAND, poorly sorted to v. coarse 
size.

SANDY T:LAY and SILT LOAM, yellowish 
brown mottled It. grey________

SANDY FINE GRAVEL, dk. greyish brown, 
20 mostly <10 mm, well sorted

SILTY CLAY, greyish brown to grey

.30 dk. grey

SILT LOAM, dk. grey

40

FINE SANDY LOAM, yellowish brown 
SAND, yellowish brown-strong brown

SANDY GRAVEL, yellowish brown lenses 
of coarse sandy clay loam

50

m
60

GRAVELLY SAND

Figure 29. Geologic log of Gilroy #2 (USGS) borehole.
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GILROY
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60
USGS 9/26/79

SANDY CLAY, yellowish brown

SANDY TINE GRAVEL, yellowish brown 
poor'y sorted to 10 mm.

SANDY CLAY, yellowish red poorly 
sorted with lenses of SANDY 
GRAVEL

SANDY LAY, yellowish brown

90

and
Intertedded GRAVELLY COARSE SAND

SANDY CLAY LOAM poorly sorted

100

lense$ of SANDY CLAY, greyish brown

MO

^-120

Figure 29. (Continued).
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GILROY *2 USGS 9/26/79

°5-U'.

120

130

Interbedded SANDY GRAVEL and SANDY 
LOAM, poorly sorted

-140

150

160
SANDY CLAY, reddish brown to 

greyish brown, v. firm, some 
lenses of sandy loam

-170

grading coarser

180
SANDSTONE, greyish brown to grey, 

medium to coarse grained

Figure 29. (Continued).
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Figure 30. Horizontal-component record section from impacts in opposite horizontal
directions superimposed for identification of shear arrivals. Two set of picks are shown, S 
wave onset (solid circles) and first trough (filled). S-wave onset picks are used for velocity 
determinations.
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Figure 31. Vertical-component record section. P-wave arrivals are shown by the solid 
circles. Intermediate traces at 2.5 meter intervals are excluded for clarity.
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Figure 32. 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 33. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplifiec I geologic log is shown for correlation 
with velocities.
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Figure 34. P-wave velocity profiles with dashed lines representing plus and minus one 

standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

OAKLAND WEST QUADRANGLE
CALIFORNIA 

7.5 MINUTE SERIES (TOPOGRAPHIC)

OAKLAND OUTER HARBOR WHARF

f.v

SCALE 1:24000 
o 1 MILE

       i " ' '      '
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  ' ' ' '
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Figure 35. Site location map for Oakland Outer Harbor Wharf (this is the same as 
Figure 7). The borehole is within 15 meters of the strong-motion recorder.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (EWenetal.. 1972)

hard - hammer bounces off with solid sound 
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

0-1

1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacino

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis 
integration of rock, deep and thorough dis 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck. 1948)

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 +3/8 in in ID sampler)
S - Thinfwall push sampler
0 - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 36. Explanation of geologic logs.
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SAND, v.dk.greenish gray, well sorted, very fine to fine grained 

CLAY, v.dk. greenish gray

SAND, v.dk. greenish gray, well sorted, very fine to fine grained 

CLAY, v.dk. greenish gray, stiff

Figure 37. Geologic log for Oakland Outer Harbor Wharf.
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Figure 37. (Continued).
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Figure 37. (Continued).
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Figure 37. (Continued).
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Figure 37. (Continued).
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Figure 37. (Continued).
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Figure 38. Horizontal-component record section from impacts in opposite horizontal 
directions superimposed for identification of shear arrivals. S-wave arrivals are shown by 
the accent marks.
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Figure 39. Vertical-component record section. P-wave arrivals are shown by the solid 
circles.

81



0.1

Time (sec)
0.2 0.3 0.4

50-

(0 

JD"55
E

GL 
<D

100-

150-

0.5
I

Outer Harbor Wharf
Figure 40. 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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weathered

SANDSTONE, fresh

Oakland Outer Harbor Wharf

Figure 41. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities.
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Oakland Outer Harbor Wharf

Figure 42. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

MONTARA MOUNTAIN QUADRANGLE
CALIFORNIA-SAN MATEO CO. 
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INTERNATIONAL AIRPORT
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INIERNATIONAT AIRP

SCALE 1:24000
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Figure 43. Location map for San Francisco International Airport. The borehole is 
located within 15 meters of the strong-motion recorder.
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definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer; (Ellen etal., 1972)

hard - hammer bounces off with solid sound
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et at., 1972)

cm

0-1

1-5

5-30

30-1 OO

>100

In

0-1/2

1/2-2

2-12

12-36

>36

fracture soacino

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis 
integration of rock, deep and thorough dis 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck, 1948)

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistencv

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

Color: Standard Munsell color names are given for 
the domiinant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Staridard Penetration 1 + 3/8 in in ID sampler)
S - Thin-wall push sampler
0 - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 44. Explanation of geologic log.
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SITE: S.F.INTERNATIONAL AIRPORT DATE: 2/21/91
BLOWS FOOT

SAMPLE 
TYPE

GRAPHIC 

LOG
DESCRIPTION

o                        
.,....._....  SANDY CLAY LOAM, mottled dk. grayish brown and olive, poorly sorted

SJL ^::^£ ~ occasional pebbles
5E ££££?; - FINE SANDY CLAY LOAM, v.dk. greenish gray

I] _ SILTY CLAY, black, stiff (HOLOCENE BAY MUD)
O EI-EJ ri.-i.-:
_ H~-^KE v.dk. greenish gray, soft
S II'll
S_E===Bi:=i-5
S^
s
S iiill:" V.FINE SANDY LOAM to LOAM, olive to pale olive

IT
s^ 
s

 1 0 LOAMY SAND, v.dk. grayish brown, moderately well sorted 

SAND, v.dk. greenish gray, well sorted, v.fine to fine grained

SE

ZTT L SILTY CLAY« Greenish gray, v. stiff (PLEISTOCENE BAY MUD) 

S -^^

V.FINE SANDY CLAY LOAM, greenish gray (COLMA FORMATION?) 
o  :::*«* V.FINE SANDY LOAM, olive gray
O v&&&:'-/i

-20
r* SANDY LOAM

GRAVELLY SAND 

S ill!!? - SILTY CLAY LOAM, dk. greenish gray

SAND
S _iiiili-25

SAND

SAND 
c"i - » : LOAM, v.dk. greenish gray
& _ jfeS&viV/^i " 

LOAMY SAND, olive gray, poorly sorted to v.coarse size
30                          

Figure 45. Geologic log for San Francisco International Airport.
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SITE: S.F. INTERNATIONAL lRPORT DATE
BLOWS FOOT

SAMPLE 
TYPE GRAPH G

LO Si  DESCRIPTION

P

p - SIBI? ~ V.FINE SANDY LOAM, v.dk. greenish gray

V:^« ^

SAND, yellowish brown

*

FINE GRAVELLY SAND 

_ _ |   CLAY, pale olive, v. stiff 

P  ::.:>:--::v::f- 40 V. FINE LOAMY SAND, grayish brown

SAND

LOAM, olive, sand is v.fine 

dk. greenish gray
:,.,,-^,.|~45

p - n^IL

" "" SILTY CLAY, dk. greenish gray

-50 LOAM » dk- 9 reenish gray, sanld is v.fine

-^^!«:

SAND, It. yellowish brown (COLMA FORMATION)

 55

FINE GRAVEL
LOAMY FINE SAND to V.FINE SANDY CLAY LOAM, It. yellowish brown, v.dense

Figure 45. (Continued).
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S!
BLOWS/ 

FOOT

TE
SAMPLE 

TYPE

P

P

P

: S.I
GRAPHIC 

LOG

' i  ' ?  ;'  }  './'
;    .'   '/   ;  '  ':

 ^ '  '  . / vV

££':v£.VA*

v;v::v.: ;Vv:

 %'/A?/:|'-'.V:

Bill
&%$$&£

'?A""!.Vi':v:v'-v.v''-": 
^  :ft'::'tt'i'"'-:': '-::-:::

 ^v:@'^^

^ iVv-^^-i^X-'V/

£$:££

:K:i:-S'i:

.;i:-''V:^' ;; . . .;;:;'-:
<£  : ; V'.  '. i'S''

(?Cs":7iSV}

>v^^-

F. INTERNATIONAL AIRPORT DATE:
^* 

x £
S; 5 DESCRIPTION°!

fiOt)L)   --
'

-65

FINE SANDY CLAY LOAM, yellowish brown, paleo sol? 
SANDY LOAM, strong brown, sand to medium size

-70

-75

yellowish brown 
_on ou

- FINE GRAVELLY SAND, yellowish brown, v.dense

-

0 _ FINE SANDY LOAM, yellowish brown 
-85

_ SAND, dk. yellowish brown, well sorted, v.fine to medium grained, v.dense

no  o \j

Figure 45. (Continued).
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SITE: S.F. INTERNATIONAL AIRPORT DATE;

£0
oo

UJ

CO o

i 2

0 6
DESCRIPTION

90- 

1-95

SANDY LOAM, yellowish brown

SAND, strong brown, well sorted, v.fine to medium grained, v.dense

100 

M10

brownish yellow

....... -115

P

 120

Figure 45. (Continued).
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SITE: S.F. INTERNATIONAL AIRPORT DATE:
BLOWS/ 

FOOT
SAMPLE 

TYPE

P

GRAPHIC 

LOG

.ti^i^lVs"

  KC':iVl*V.\;

 !^>£yj::V:;

&$&

%;':/&&':

'" '. *.V  "?; "   *. 
."  .    .   .".  '  
'. ..' ;: . ;/; .'

:V--.:.v. : .v.;:

  i   _   .-     

^I *

£ 2 DESCRIPTION
Qj

120

-125 

-130

MUDSTONE, v.dk. greenish gray, soft (MERCED FORMATION)

-135

-140

 »

-145

-150                                        

Figure 45. (Continued).
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SITE: S.F. INTERNATIONAL AIRPORT DATE:
BLOWS/ 

FOOT
SAMPLE 

TYPE
GRAPHIC 

LOG

ilii
$888si*;:;*; : : : : : : :  
8888 
8888mm

*-*, 

H 2
S 1 DESCRIPTION
0 3

1 SO

SANDSTONE, It. gray to medium gray, (FRANCISCAN ASSEMBLAGE)

fresh, hard

-155

-160

-165

-170

-175

-180

Figure 45. (Continued).
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S-WAVE

Q_ 
CD 
Q

0
Time (sec)

0.1 0.2 0.3
Time (sec)

0.1 0.2 0.3 0.4

°?<*--~^

San Francisco Airport

Figure 46. Horizontal-component record section from impacts in opposite horizontal 
directions superimposed for identification of shear arrivals. S-wave arrivals are shown by 
the accent marks.
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Q_
^ 
O

0
Time (sec)

0.1 0.2 0.3

P-WAVE
Time (sec)

0.1 0.2 0.3 0.4

-SjIWfy^^

San Francisco Airport

Figure 47. Vertical-component record section. P-wave arrivals are shown by the solid 
circles.
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0.1

Time (sec) 
0.2 0.3 0.4 0.5

50-

to
«  »
<D
E

CL 
<D
Q 100-

150-

San Francisco Airport

Figure 48. 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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S Velocity (m/sec)
200 400 600 800

50-

co 
JD "S

E

CL 
(D 
Q 100-

150-

SANDY CLAY LOAM (ARTIFICIAL FILL)
SILTY CLAY (HOLOCENE BAY MUD)

V. FINE SANDY LDAM TO LOAM 

SAND

SILTY CLAY (PLEISTOCENE BAY MUD)
V. FINE SANDY LOAM (COLMA FORMATION?)

SAND 

SAND

LOAM

SILTY CLAY 
LDAM

(CDLMA FORMATION)

FINE SANDY CLAY LOAM 

SANDY LDAM

FINE GRAVELLY SAND 

FINE SANDY LOAM 

SAND

SANDY LDAM 

SAND

(MERCED FORMATION)

Jiggi; SANDSTONE (FRANCISCAN ASSEMBLAGE)

San Francisco Airport

Figure 49. S-wave velocity profiles with dashed 
standard deviation. The statistics are done on the 
of the limits will not appear symmetrical. Simplified 
with velocities.

lines representing plus and minus one 
slope (reciprocal velocity) so that some 

geologic log is shown for correlation
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P Velocity (m/sec)
500 1000 1500 2000 2500

50-

co 
£"S
E

Q. 
<D 
Q 100-

150-

f~*f SANDY CLAY LOAM 
gg: SILTY CLAY

(ARTIFICIAL TILL) 
(HOLDCENE BAY MUD)

V. FINE SANDY LOAM TO LOAM

^i' 'SAND

pH^i SILTY CLAY (PLEISTOCENE BAY MUD)
V. FINE SANDY LOAM (COLMA FORMATION?!

#£: SAND

%.%. SAND

' LOAM

LOAM

3&g; SAND

SANDY LOAM

(COLMA FORMATION) 

DAM

_;:..  FINE GRAVELLY SAND

FINE SANDY LOAM

   : :|| _SAND

'"""' SANDY LOAM

'$g SAND

MUDSTONE

X SANDSTONE 
 :i :

(MERCED FORMATION)

(FRANCISCAN ASSEMBLAGE)

San Francisco Airport

Figure 50. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

OAKLAND WEST QUADRANGLE
CALIFORNIA 

7.5 MINUTE SERIES (TOPOGRAPHIC)

C **» «*t*-;g!S
^~^ x ^^r / 47.^..

SCALE 1:24000 
o 1 MILE
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1 KILOMETER
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Figure 51. Site location map for Treasure Island and Yerba Buena Island. For Treasure 
Island, the borehole is located within 15 meters of the strong-motion recorder.
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Definitions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Elten et a!., 1972)

hard - hammer bounces off with solid sound 
firm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

^ 
1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacina

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis 
integration of rock, deep and thorough dis 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck. 1948}

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling
the moist soil (Soil Survey, Staff, 1951).

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

Types of samples

SP - Standard Penetration 1 + 3/8 in in ID sampler)
S - Thin-wall push sampler
0 - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 52. Explanation of geologic log.
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SITE: TREASURE ISLAND DATE: 11/19/90

£0 
00
-j u. 
m

til
>UJ Jo«2oc -1 

o

Q. * 
in ®
O 6

DESCRIPTION

° GRAVELLY SAND (ARTIFICIAL FILL) 
"~ Sand, It. olive brown, well sorted, fine to medium

 *"- %P\\#£l!   SAND, olive gray, well-sorted, very fine to fine, loose 
S

7 r5Pi
6
6 p̂ s
2 SP  HilllHlllllllli very loose

IT" SIS ~ Clay 

5 t__ !Zrr^
O £:%:£ #*  _ SAND, v. dk. greenish gray, well-sorted, fine to medium grained

7 _SE........ FINE SANDY LOAM, v. dk. greenish gray, loose

0 "5P" !!!!!!! " very loose

- CLAY, v. dk. greenish gray, soft (HOLOCENE BAY MUD) 

--------- "1 5

O^~_~_~_~^_

Q " Z-E-E-^-C-- with shells

~O __________

SHELLS, 10-50% dk. greenish gray SAND
 30                  

Figure 53. Geologic log for Treasure Island.
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SITE: TREASURE ISLAND DATE:

00
-JU. 
00

tu
'tu

0

E 2 
-I DESCRIPTION

-30-

SANDY LOAM, v. dk. greenish gray, some shells and gravel

-35

. CLAY

  LOAMY FINE SAND, v. dk. greenish gray to olive gray

CLAY, dk. greenish gray, stiff to v. stiff (PLEISTOCENE BAY MUD)

i

[ 
^^-^ -45"^T 

SAND

SAND

60

Figure 53. (Continued).
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SITE: TREASURE ISLAND DATE:

00 
-i u. 
CD

UJ

l!
CO O

-, Q. ~
in 0)
O 6

DESCRIPTION

60-
SILTY CLAY, v. dk. greenish gray, stiff to v. stiff

SAND

 70

 75
FINE GRAVELLY SAND, dk. greenish gray

P .-:.//» "80r  »_ «    .'. ; 

" " SILTY CLAY, v. dk greenish gray 

j-85

WOOD

SHALE, pale olive, deeply weathered, 

texture is SANDY CLAY
 90                    

(FRANCISCAN ASSEMBLAGE)

Figure 53. (Continued).
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Time (sec)
0 0.1 0.2 0.3 0.4 0.5
.... i.... i.... i.... i....

S-WAVE
Time (sec)

0.1 0.2 0.3 0.4 0.5

Treasure Island

Figure 54. Horizontal-component record section from impacts in opposite horizontal 
directions superimposed for identification of shear arrivals. S-wave arrivals are shown by 
the accent marks.
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Time (sec) 
0.1 0.2

P-WAVE

0.3 0
Time (sec) 

0.1 0.2

Treasure Island

Figure 55. Vertical-component record section. P-wave arrivals are shown by the solid 
circles.
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20-

40 H

CD
 i  »
<D

f 60

80-

100-

0.1
I

Time (sec) 
0.2 0.3 0.4

I

Treasure Island

Figure 56. 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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S Velocity (m/sec)
200 400 600 800

20-

</>
5 "5

£ 
£60
CD 
Q

so

ft
*,BI.Hi

j^jj^iU

GRAVELLY SAND (ARTIFICIAL FILL)

SAND
FINE SANDY LOAM
CLAY (HOLOCENE BAY MUD)

SHELLS 
SANDY LOAM

CLAY
LOAMY FINE SAND
CLAY PLEISTOCENE BAY MUD) 

SAND

FINE GRAVELLY SAND

(FRANCISCAN ASSEMBLAGE) 

SHALE

SANDSTONE

Treasure Island

Figure 57. S-wave velocity profiles with dashed lines 
standard deviation. The statistics are done on the slope 
of the limits will not appear symmetrical. Simplified 
with velocities.

representing plus and minus one 
r^ (reciprocal velocity) so that some 
geologic log is shown for correlation
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CLAY (HOLOCENE BAY MUD)

SHELLS
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LOAMY FINE SAND
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"SHALE
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Treasure Island

Figure 58. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities.
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UNITED STATES
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

PALO ALTO QUADRANGLE
CALIFORNIA 

7.5 MINUTE SERIES (TOPOGRAPHIC)

PALO ALTO 
VETERANS 
" HOSPITAL

SCALE 1:24000 
o 1 MILE

1000 0 1000 2000_____3000 4000 5000 6000 7000 FEET
F=r~E ' ' I '   ' '  ' '   ''  I

1 KILOMETER

Figure 59. Site location map for Palo Alto Veterans Hospital. The borehole is located 
within 15 meters of the strong-motion recorder.
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initions of terms used for descriptions of sedimentary deposits and bedrock materials

Rock hardness: response to hand and geologic 
hammer: (Ellen et al.( 1972)

hard - hammer bounces off with solid sound 
firm - hammer dents with thud, pick point dents or

penetrates slightly 
Sfjyft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

0-1

 1-5

5-30

30-100

>100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacina

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis 
integration of rock, deep and thorough dis 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck. 1948)

blows/ft.

0-4

4-10

10-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

blows/ft.

<2

2-4

4-8

8-15

15-30

>30

consistency

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated ', by modifiers of textural class names. 
Determination is made in the field mainly by feeling
the moist soil (Soil Survey, Staff, 1951).

tAND

Color:
the dominant
prominent

Standard Munsell color names are given for 
color of the moist soil and for 

mottles.

Types of samples
i 

SP - Standard Penetration 1 + 3/8 in in ID sampler)
S - Thin-wall push sampler
0 - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 60. Explanation of geologic log.
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SITE: PALO ALTO VETERANS HOSPITAL DATE: 8/29/90

BLOWS FOOT SAMPE 
TYPE

GRAPHIC 
LOQ

DEPTH (meters

DESCRIPTION

24

30

C

CLAY, dk. grayish brown, v. stiff

mottled brown and yellowish brown

(LATE PLEISTOCENE ALLUVIUM)

SANDY CLAY LOAM, yellowish brown, (SANTA CLARA FORMATION) 
VV ^^" - 5 some fine gravel

j*5j?.$ - FINE GRAVEL 
52 £5. ;;;;;;; SANDY CLAY, pale brown

31 JJE
10

FINE GRAVEL

SANDY CLAY LOAM, yellowish brown, up to 40% fine gravel

507
4* ,..,

1 5

507 ££  ;? '«£$  SANDY GRAVEL, dk. yellowish brown, poorly sorted 
3* '^ o

^^ 20

P '.'.'.'.'.'.'.' SANDY CLAY LOAM, mottled pale brown and yellowish brown  ^O

SANDY GRAVEL 

strong brown
30        

Figure 61. Geologic log for Palo Alto Veterans Hospital.
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SITE: PALO ALTO VETERANS HOSPITAL DATE
UJ

so
00
-i u. 
0

oc
O

X «

m   
Q E

DESCRIPTION

___, 30
73 CA

yellowish brown 

100 CA^ '.'.'.'.'.'.'. - strong brown

40 

p ;;;;;;; yellowish brown

3-45

LOAM to SILTY CLAY LOAM, yellowish brown

FINE GRAVEL

SANDY CLAY LOAM, poorly sorted, 10-20% fine gravei

-55

P -^'-C^v'

j/-;;^^ ~ 
K'»'riQ.".;'.?.v

60

Figure 61. (Continued).
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SITE: PALO ALTO VETERANS HOSPITAL DATE:
BLOWS/ 

FOOT

60/ 
6"

507 
5*

SAMPLE 
TYPE

P

CA

P

I»A

P

GRAPHIC 
LOG

y£ .??. ."?r

>3fe 
:i«>i/:>/V
i't.'.'.'i>...'.''''.i:

^#£"W
> <.'' j'i

 fffffovy-
.i.'V.-oO''"-

^?ft
' t'^u-'-3 "

####
   " "t^vv-V'P 

^^ 

^S^?

':.^Wffy

 tf&te
:»;yg''»;.^'.
g*>^^l^«"Prj

!'/ ;;  ;'i>.V*

^' !>w:;-yi^.- ' :     . »?

' .  V-'i'r- A
t-'>:'^'."''.tff ;

',-  -;;'^-^ 

* U1''  ''* :  '"
i^iVvylJZ

^SS
^  ;-(Vv? 

^^

^S%
 .jri:*:::"?
$^*

SS^
.tl»,'."-''lAr'

^*

x £

6 5 DESCRIPTION**

nnou
SANDY CLAY LOAM

  oo
FINE GRAVELLY SANDY CLAY LOAM, yellowish brown, v.dense

-70

-75

FINE GRAVEL

-80

-

  oo

^0

Figure 61. (Continued).
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SITE: PALO ALTO VETERANS HOSPITAL DATE:
BLOWS/ 

FOOT

507 4*

SAMPLE 
TYPE

CA"

GRAPHIC 
LOG

E-'VvV'fr

sffiliffi
Ci.'.»rAvj 

:X\*-.VAJ
:; .#£' -.«]
   Vi.'.'i"'..'!''
'. ;t '.'. ., '.'.^ 

ifo'''?''';'.'"'/.''?

^y^i.ir-n5£*d 
ip%&
*****
fiV^jliPi-- 

£.-.;: i^^1

*£*&

. 'liV.-.'.' .'  ' ':

£j£^>
;'-'-.'^'.^-'.

l!/;:^:-:?^;: --.g.-|f''if"i-
 ... .--.lii--,^

'!' ( 'f'.'l' 1"..'

::?,. ,: ?  ;.'.'.v;*Vf.'::Pf''
 '.'.' '.' '! '' :'.'
: .'»:;  * : : : 

K->.;:..^.:1

i^^
 - «   »  

»V.   '« * ?". ; *-  

.-»'«*.   !*/*. 
 " ; **  / .« »'
**   *.**"-"* «-*.\
."  i-*" * * ;  

V   '*-°** */.

 *.V:    ";i :> 
* " *-*"/   "* "

" , o * *   "-. " *

''  W&-J

 ^ ^»

t^
 ..'. >  -vy.-i
 :.g:'V'-j?'!.-

<^s

£S
Si? DESCRI
°3

on

-95

 »

-100

1 n*> i \j \j

GRAVELLY SAND

SANDY CLAY LOAM, strong 

Ion£.\J                          

PTION

brown

Figure 61. (Continued). 120



SITE: PALO ALTO VETERANS HOSPITAL DATE:
BLOWS/ 

FOOT SAMPLE 
TYPE

P

.

P

DC

GRAPHIC 
LOG

*' # '»  

"»?.;v,;-:;/ ;' # #;  
':  '."  .' : .'. ' 
.'»-g   ; '  - ;

<>   ..' ! -ft-:

ttt:-&
'.g.-.' :; * .':

 .  . ;  >.;.
»-v"i0.v-.
'. . ^-  .'   :

*3*±&
'-' I"'

  ' ^'. : '^?/.'

v ; :»: '/:.';
<>'.. '  ;   ; '  
rlT^i

     L'^I.'-.
^/*.%

*^,
i S

S 1 DESCRIPTION
« J

 ion

  i ^Io

-130

SILTSTONE, greenish gray, firm (MERCED FORMATION?) 

-135

-140 GRAVELLY

M»

-145

   

-150

Figure 61. (Continued).
121



0
Time (sec)

0.1 0.2 0.3

S-WAVE

0

Q_ 
CD
O

Time (sec)
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.*%.H '.^^ f \^\ ^.^*"V"X'V^ti
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^^<^^^^

Veterans Hospntal - Palo Alto

Figure 62. Horizontal-component record sectiori from impacts in opposite horizontal 
directions superimposed for identification of shear arrivals. S-wave arrivals are shown by 
the accent marks.
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0
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0.1 0.2 0.3
o

JZ
H  '

Q_ 
CD 
Q

P-WAVE

4 0

-mN v^Ww-^ 
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i ^j^^^f^^^^

l^l\j\^^  

Veterans Hospital - Palo Alto

Figure 63. Vertical-component record section. P-wave arrivals are shown by the solid 
circles.
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E

Q_ 
<D 
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i
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VA Hospital (Palo Alto)

Figure 64. 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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S Velocity (m/sec)
200 400 600 800 1000

50-

<D*-«
<D

S
<D 
Q 100-

150-

(LATE PLEISTOCENE ALLUVIUM)

SANDY CLAY LOAM
SANDY CLAY

GRAVELLY SANDY CLAY LOAM

SANDY GRAVEL 

SANDY CLAY LOAM

(SANTA CLARA FORMATION)

FINE GRAVEL

SANDY CLAY LOAM 

GRAVELLY SANDY CLAY LOAM

GRAVELLY SAND

1MERCED FORMATION?)

VA Hospital (Palo Alto)

Figure 65. S-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. The statistics are done on the £lope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities. i
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SANDY CLAY LOAM

FINE GRAVEL

SANDY CLAY LOAM 

GRAVELLY SANDY CLAY LOAM
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(MERCED FORMATION?)

VA Hospital (Palo Alto)

Figure 66. P-wave velocity profiles with dashed lines representing plus and minus one 
standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation
with velocities.
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Figure 67. Detailed map showing location of the borehole relative to the strong-motion 
recorder.
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UNITED STATES
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OAKLAND WEST QUADRANGLE
CALIFORNIA 

7.5 MINUTE SERIES (TOPOGRAPHIC)

\ . "/ -^H\ r~**<

CONTOUR INTERVAL 20 FEET

Figure 68. Site location map for Yerba Buena Island (same as Figure 49).

130



Defirations of terms used for descriptions of sedimentary deposits and bedrock materials

Rode hardness: response to hand and geologic 
hammer: 4EUenetal.. 1972)

hard - hammer bounces off with solid sound 
1irm - hammer dents with thud, pick point dents or

penetrates slightly 
soft - pick points penetrates 
friable material can be crumbled into individual grains 
by hand.

Fracture spacing: (Ellen et al., 1972)

cm

Q-1

1-5

$-30

30-100

^100

in

0-1/2

1/2-2

2-12

12-36

>36

fracture soacina

v. close

close

moderate

wide

v. wide

Weathering:
Fresh: no visible signs of weathering 

Slight: no visible decomposition of minerals, slight
discoloration

Moderate: slight decomposition of minerals and dis 
integration of rock, deep and thorough dis 
coloration

Deep: extensive decomposition of minerals and 
complete disintegration of rock but original 
structure is preserved.

Relative density of sand and consistency of clay is 
correlated with penetration resistance: (Terzaghi and 
Peck. 1948)

Wowsrtt.

O-4

IMO

1O-30

30-50

>50

relative 
density

v. loose

loose

medium

dense

v. dense

falowsfft.

<2

2-4

4-8

8-15

15-30

>30

consistencv

v. soft

soft

medium

stiff

v. stiff

hard

Texture: the relative proportions of clay, silt, and 
sand below 2mm. Proportions of larger particles are 
indicated by modifiers of textural class names. 
Determination is made in the field mainly by feeling 
the moist soil (Soil Survey, Staff, 1951).

Color: Standard Munsell color names are given for 
the dominant color of the moist soil and for 
prominent mottles.

of sTypes of samples

SP - Standard Penetration 1 + 3/8 in in ID sampler)
S - Thin-Wall push sampler
0 - Osterberg fixed-piston sampler
P - Pitcher Barrel sampler 

CH - California Penetration (2 in ID sampler) 
DC - Diamond Core

Figure 69. Explanation of geologic log.
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SITE: YERBA BUENA ISLAND DATE: 10/25/90
BLOWS/ 

FOOT
SAMPLE 

TYPE

-MMH*M

DC

GRAPHIC 

LOG

:^vv-v ; '

SS&'iv X.yXv

S&xS  >: : : >: : 
:&88&

§: : :$& * * * * * * * !

>IvXvX

SSiSiS: : : : : : : : 

^ - ^ ^ . - - _

 ^ ,^^_^_^^i

             
_ _ .._.     

^i «

&5 DESCRIPTION
oj

GRAVELLY SAND, some asphalt fragments

SANDSTONE, yellowish brown, moderately weathered, firm fragments to 20 cm 

deeply weathered, texture is SANDY CLAY LOAM

-5

~ SANDSTONE, v.dk. yellowish brown, moderately weathered, v. firm, 
moderately fractured

^

-10
v. firm to hard

-15
SANDSTONE, dk. gray, fresh, hard, moderate to wide fracture spacing

~~ Interbedded SHALE and SANDSTONE, close to moderate fracture spacing

r20
SHALE, black, hard, v. close to close fracture spacing

-25 

-30

Figure 70. Geologic log for Yerba Buena Island.
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S-WAVE

Time (sec)

o

jjff$^^

Yerba Buena

Figure 71. Horizontal-component record section from impacts in opposite horizontal 
directions superimposed for identification of shear arrivals. S-wave arrivals are shown by 
the accent marks.
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^[^^   '
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Yerba Buena

Figure 72. Vertical-component record section. P-wave arrivals are shown by the solid 
circles.
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0.01»
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Yerba Buena Island

Figure 73. 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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S Velocity (m/sec)
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1JT 10H
£ "S
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GRAVELLY SAND

SANDSTONE
deeply weathered

SANDSTONE
moderately weathered

SANDSTONE, fresh

Interbedded SHALE 

and SANDSTONE

SHALE

Yerba Buena Island
Figure 74. S-wave velocity profiles with dashed lines representing plus and minus one 

standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities.
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P Velocity (m/sec)
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interbedded SHALE 
and SANDSTONE
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Yerba Buena Island
Figure 75. P-wave velocity profiles with dashed lines representing plus and minus one 

standard deviation. The statistics are done on the slope (reciprocal velocity) so that some 
of the limits will not appear symmetrical. Simplified geologic log is shown for correlation 
with velocities.
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