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ABSTRACT

Several relatively thick (>3 km deep) Cenozoic basins, including the Livermore and the San
Pablo basins, may locally enhance strong ground motions in the San Francisco Bay area,
California. As part of a crustal-scale, three-dimensional seismic velocity and density model for the
Bay area, we have compiled data from sonic and density logs from oil test wells in the Bay area to
better understand strong motion resonances generated by these basins. As a followup to a
previous U.S. Geological Survey Open-file Report 97-687 that compiled 61 sonic and density logs
from 51 oil test wells from the Bay Area, we have compiled here an additional 71 sonic and density
logs from 59 oil test wells. Fifty-eight of the oil test wells are new to this report. The well data are
primarily from the Vacaville, Pittsburg, Brentwood, and Hollister oil fields, and Salinas Valley,
and provide measurements from the surface to as deep as 5 km. More than half of the wells are
located in San Benito and Monterey counties. The logs were hand digitized at non-uniform
intervals between 3 and 30 m to capture the significant variations with depth for frequencies up to 2
Hz. This report (1) presents the locations, elevations, depths, stratigraphic and other information
about the oil test wells, and (2) provides plots showing the density, sonic velocities, and two-way
travel time as a function of depth for each sonic log.
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INTRODUCTION

Several relatively thick (>3 km deep) Cenozoic basins in the San Francisco Bay area,
California, including the Livermore and San Pablo basins (Fig. 1), are defined by inversion of
gravity anomalies, seismic reflection and refraction profiles, and borehole control [Meltzer et al.,
1987; Smith, 1992; Wright and Smith, 1992; Jachens et al., 1995]. We; have compiled sonic and
density logs from oil test wells in the Bay area as part of a crustal-scale three-dimensional seismic
velocity and density model for the Bay area being developed to better understand strong motion
resonances generated by these basins. Brocher et al. [1997] compiled 59 sonic and density logs
from 51 oil test wells in the San Francisco Bay area (Fig. 1).

We present data from an additional 71 sonic and density logs from 59 oil test wells in the
Bay area to categorize the velocities and densities of these Cenozoic sedimentary basins. The data
include logs for 58 wells not discussed by Brocher et al. [1997]. The well data are primarily from
the Vacaville, Pittsburg, Brentwood, and Hollister oil fields, and Salinas Valley (Fig. 1), and
provide measurements from the surface to as deep as 5 km subsurface.

The locations, elevations, and depths of the oil test wells, as well as the lease name, well
number, operator, name of the oil field, and completion year are presented in Table 1. In this table
the wells are ordered by latitude from north to south. This information is taken without verification
from the Well History Control System (WHCS) One-line File, an on-line digital well-log database
leased from Petroleum Information by the USGS Office of Energy Resources at Denver. Because
the logs were run over a 32-year interval between 1958 and 1990, Table 1 provides information on
the type of sonic and density tool used to make the log, as well as the other tools which were run
simultaneously with these tools (normally caliper, spontaneous potential, and gamma-ray). Many
of the sonic logs were made using older tools with short spans between the source and receivers.

Table 2 provides information on the lithologies and stratigraphy encountered in the holes,
taken from the compilation of Bay area wells by Powell et al. [1997]. Age control, either from

unpublished hydrocarbon industry sources or from Special Reports by the California Division of



Mines and Geology;-is currently available for 23 of the 59 wells. Most wells penetrated
sedimentary units of Eocene to Cretaceous age, although a few Eocene units were penetrated. In
Table 2, we have tabulated the depths to the tops (and in some cases, the bases) of these Miocene

to Cretaceous units.

WELL LOG ANALYSIS

Sonic and density logs were hand digitized at non-uniform intervals between 3 and 30 m to
capture the significant variations of the logs with depth for frequencies up to 2 Hz. The sampling
interval was adequate to estimate linear trends in the data over these intervals. We note that this
sampling interval is not sufficiently dense for the calculation of high-frequency (say >10 Hz)
synthetic seismograms. For higher-frequency synthetics, it would be necessary to redigitize the
logs with a finer sampling interval.

For the 45 sonic logs, we picked transit times (Uus/ft) as a function of depth down the well.
For the gamma-gamma density logs, we picked bulk density in g/cm3 as a function of depth down
the well. For the neutron density porosity logs, we converted the logged density porosity (¢) back
to formation density (Pgg) USing pgg = Pm + (Pt - Pm)9, where the matrix density py, = 2.65 g/cm3,
and the fluid density p¢=1.0 g/cm3 [Ellis, 1987]. Well depths are measured from an arbitrary
reference datum on the drilling platform, usually located about 4 m (12 feet) above ground level.
The downhole depths reported here have not been corrected to the ground level datum. Cased
intervals of the wells and open-hole sections identified on the logs as having cycle skipping
problems were not digitized. In some cases log data associated with washouts, thick mudcake,
invasion of drill fluids or large deviations from the general trend of density and sonic values that
generally have less than 10 meters depth extent were ignored [Ellis, 1987].

The digitized sonic log data were converted from transit times to velocities (m/s) and both
the sonic- and density-logs depths were converted from feet to meters. Figures 2 to 72 show sonic

velocities and densities as a function of depth for each well.



We caution that we have not attempted to independently verify the accuracy of the data that
are presented here in digital form. In commercial, open-hole geophysical well logging, there are
many sources of possible errors. Independent data for verification could be bulk density
measurements of core samples for the density logs and (downhole) seismic check-shot surveys for
the sonic logs. Thus, we have not yet determined the absolute and relative accuracy of these digital
data. Thick mudcake noted between 360 m and 600 m depth for the Plaskett No. A-1 well may be
responsible for the lowered densities measured in this depth interval (Fig. 67).

Oil test wells having the longest sonic logs include: Atlantic Richfield Company/Mantelli
#1(Fig. 14), Standard Oil Co. of Calif./Simon Newman #1 (Fig. 25), Humble Oil and Refining
Co./Wico-Bankhead No.1 (Fig. 19), K.L. Burns Co./Simon-Newman 12-1 (Fig. 26), Humble
Oil and Refining Co./Myrvin C. Carey et UX #1 (Fig. 16), Brazos Oil and Gas Co./Antioch Unit
A No.1 (Fig. 10), Shell Oil Co./Pagano #2-4 (Fig. 21), Gulf Oil Corp; (Chevron)/Porter Sesnon
No.1 (Fig. 9), and Phillips Petroleum Co./Vierra A No.1 (Fig. 20). The longest density logs are
from the following wells: Standard Oil Co. of Calif./Smart et al #48-9 (Fig. 68), Standard Oil Co.
of Calif./Simon-Newman #1 (Fig. 55), Chevron USA Inc./United California Bank No. 1 Redrill
No.1 (Fig. 48), and Atlantic Richfield Co./Mantelli #1 (Fig. 52).

We have calculated two-way travel times from the sonic logs and displayed these in Figures
73to 117. In most cases, this calculation required us to extrapolate sonic velocities to the surface.
In some cases, the distance over which the first measured sonic velocity was judged to be too great
to extrapolate it to the surface. In these cases, we calculated two-way travel times starting at the

top of the sonic log.

DATA AVAILABILITY
The compiled density and sonic logs and calculated travel time curves shown in Figures 2
to 117 are available as Excel5 spreadsheets using anonymous ftp. The anonymous ftp address is:
andreas.wr.usgs.gov. Change the directory (cd) to /pub/outgoing/sfbay. The files are named

Sonic.x15.bin and Density.x15.bin (Excel5), in Mac Binary II format. Tables 1 and 2 of this report



is also in this ftp site, labeled as Table 1 and Table 2. The Open-file Report text is available in
Word6 as OFR98-xxx.wd.bin.
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ABBREVIATIONS USED IN TABLE 1:

BHC - Borehole Compensated Sonic Log

CNFD - Compensated Neutron Formation Density

CFD gg - Compensated Formation Density (gamma-gamma)
CNF (ds) - Compensated Neutron Formation Density (Dual Spaced)
Cal. - Caliper

D.F. - Drilling Floor

G.L. - Ground Level

GR - Gamma Ray

K.B. - Kelly Bushing

SP - Spontaneous Potential

TD - Total Depth

T3R3R - Sonic tool spacing (in feet) between transmitter (T) and receivers (R)
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Table 2. Borehole Stratigraphy

Well Name Depth (feet) | Depth (m)
| (Top of Fm.) | (Top of Fm.)

West Dunnigan No. 1-13
All Upper Cretaceous

Sun Lepori No. 1
All Miocene

English Creek Core Hole No. 3
Markley (U. Eocene)

Nortonville (U. Eocene) 1260 384
Domengine (M. Eocene) 2110 : 643
Capay (L. Eocene) 2210 673
Paleocene 3410 1040
Upper Cretaceous 4300 1310

Capital Company No. 1
Capay
Upper Cretaceous 4576 1395

McCulloch-Macso 1
All Upper Cretaceous

Armold Ranch #1 Redrill #1
Eocene/Paleocene

United California Bank No. 1 ;
Markley (U. Eocene)

Nortonville (U. Eocene) 6620 2018
1
i
Boylan Unit One
Nortonville (U. Eocene)
Domengine (M. Eocene) . 1500 457
Cretaceous 1810 551

Perry #1 Rediill
Markley (U. Eocene)

Nortonville (U. Eocene) 2180 665
Markley (U. Eocene) 2500 762
Nortonville (U. Eocene) 3650 1112
Domengine (M. Eocene) | 3950 1204

Perry #1 Redrill #2

Markley (U. Eocene)
Nortonville (U. Eocene) 2030 619
Domengine (M. Eocene) 2510 765
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Table 2. Borehole Stratigraphy

Porter Sesnon No. 1
Markley (U. Eocene)

Nortonville (U. Eocene) | 4592 1400
Domengine (M. Eocene) 5103 1556
Capay (L. Eocene) 5858 1786
W-Igmilton SS (L. Eocene) 6914 2108

|Antioch Unit A No. 1
Domengine ( M. Eocene)

Capay (L. Eocene) , 3686 1124
Hamilton SS (L. Eocene) 4845 1477
Martinez (freshwater) 5290 1612
Martinez (Paleocene) 5625 1714
Cretaceous 7444 2270

Prewett Gas Unit No. 1

Meganos (Paleocene) i
Martinez (Paleocene) | 4600 1402
Base of Martinez (Paleocene) 6400 1951

Heidorn No. 2-4
Martinez (Paleocene)
Cretaceous 5180 1580

L and W No. 2-14 |

Base of Domengine (M. Eocene) ! 2780 848
Base of Capay (L. Eocene) 4105 1251
Base of Meganos (L. Eocene) 4700 1432
Channel Fill | 6540 1994
Fault (?) f 6540 1994
l
Mantelli #1 '
Sidney/Nortonville (U. Eocene)
Domengine (M. Eocene) | 4720 1440
Capay (L. Eocene) ' 5300 1615
Cretaceous C/D/E zones f 5600 1707
Cretaceous F/G/H zones ‘ 13300 4055
Basement 15250 4649
S.0. Troliman No. 1 |
Upper Tertiary 5
Tice Fm. 1710 521
Oursan 2280 695
Claremont 2600 792
Sobrante 3000 914
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Table 2. Borehole Stratigraphy

Unconformity ; 3400, 1036
Trollman SS 3400 1036
Lower Miocene ‘ 3800 1145
Nortonville (U. Eocene) ‘ 4800 1463
Undiff. Eocene 5040 1536
Martinez (Paleocene) 5846 1783
Pagano No. 2-4
Nortonville (U. Eocene) i
Unconformity 4170 1271
Domengine (M. Eocene) 4140| 1262
Martinez (Paleocene) 4700 1433
Danian 6000 1829
Starkey SS (U. Cretaceous) 6100 1859
Tracy sand (U. Cretaceous) 7200 2195
Delta shale (U. Cretaceous) 7500 2280
Winters sand (U. Cretaceous) 8550 2606
[Lupin #2
All Cretaceous

|
Lupin_No. 3 Redrill |

_|All Cretaceous

Simon Newman #1
Nonmarine Miocene
Eocene A zone 3220 981
Upper Cretaceous 3740 1140
C/D zones 7200 2195

| |
Mello #1 | ;
Laguna Seca 1 ’
Garzas SS 3500 1067
Cretaceous 4170 1271
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WELLS WITH SONIC OR DENSITY LOGS

39
b ® West Dunnigan
Point Arena
i t Vacaville
] H o
o |san @
] PABLO c ’
BASIN oncor
38 ) &)} [ Brentwood
] Pinole Point 00
] LIVERMORE [~
BASIN
EVERGREEN
- BASIN
B o ‘
La Hondca) { LY
7] CUPERTINO
1 BASIN @ ingomar
37
N Sargentc§
[ J
i [
[ J
] Gonzales
Prospect d @ Vallecitos
SALINAS
. cVALLEY‘
1 oih W
Monroe . Spanish Flats West
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[ ]
] King
City
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Figure 1. Map showing locations of wells having sonic or density log values tabulated in this report (solid
filled circles). Shaded regions show selected Cenozoic basins inferred from inversion of gravity data
[Jachens et al., 1995]. Selected oil fields are labeled (e.g. Concord, Livermore, La Honda, and Sargent
fields). Locations of sonic and density well logs discussed by Brocher et al. (1997) are shown as open circles.
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Texaco Incorporated, English Creek Core Hole No. 3
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Occidental Petroleum Corporation, Capital Company No. 1
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Texaco-AGIP, Chesholm #1
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Cities Service Oil Company, 1-Wallace-A Redrill #2
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Chevron USA Inc; United California Bank No. 1 Redrill No. 1
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Chevron USA Inc; Perry #1 Redrill #2
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Atlantic Richfield Company, Mantelli #1
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Standard Oil Company of California, Tannehill Ranch Core Hole #9
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G.E. Kadane and Sons, West Dunnigan No. 1-13
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Standard Oil Company of California, Sun-Lepori No. 1
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Texaco Incorporated, English Creek Core Hole No. 3
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Occidental Petroleum Corporation, Capital Company No. 1
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McCulloch Oil Exploration Inc; McCulloch-Macson UHL No. 1
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Chevron USA Inc; Arnold Ranch #1
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Gulf Oil Corporation (Chevron), Porter Sesnon No. 1
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Brazos Oil

and Gas Company, Antioch Unit A No. 1
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Brazos Oil and Gas Company, Prewett Gas Unit No. 1
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Shell Oil Company, Heidorn No. 2-4
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Shell Oil Company, L and W No. 2-14
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Atlantic Richfield Company, Mantelli #1
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Humble Oil Refining Co; Myrvin C. Carey et UX No. 1
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Standard Oil Company of California, S.0. Troliman No. 1
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Shell Oil Company, Cunha No. 1-1

2.0 ¢

-
o
,
‘
%,
%
%,
7,
i
1
!

ey
=N
'
i
P
%
(/
7,

=
(N
i
‘o
|
i

'f,ozl . - PR

-t
o
|

Two-Way Travel Time (sec)
o
©

o
o
2
|
|

°
H
’
%
1
|
|
i
|

>

0.0 ¢
0] 250 500 750 1000 1250 1500 1750 2000 2250 2500

Depth (m)

Figure 89. 103



Humble Oil and Refining Company, Wico-Bankhead No. 1
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Phillips Petroleum Company, Vierra A No. 1
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2.6

Shell Oil Company, Pagano No. 2-4
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E.C. Brown Operator, Lupin No. 3 (Redrill)
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Milton L. Johnston Operator, Frazen #1
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Standard Oil Company of California, Simon Newman #1
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2.0

K.L. Burns Corporation, Simon-Newman #12-1
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E.C. Brown, Operator, Mello #1
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Occidental Petroleum Corporation, Bingaman #1
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U.S. Geological Survey, Law #CB-1
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W.W. Holmes, Towle No. 1-12
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Texaco-AGIP, Chesholm #1
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Phillips Petroleum Company, Olsen No. A-2
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Texaco Incorporated, Clark #1
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Standard Oil Company of California, Keenan #37
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Seaboard Oil and Gas Company, De Alvarez No. 21-5
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Phillips Petroleum Company, Doud A #1
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Koch Exploration Company, Arroyo Seco Fed. No. 48X-11
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Phillips Petroleum, Hansen #1
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Cities Service Oil Company, Plaskett No. A-1
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Cities Service Oil Company, 1-Wallace-A Redrill #2
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Chevron USA Inc; Section 8, Thompson Canyon USL #1
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Pennant Operating Company, BCB-Doud D-3-32 Redrill
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Beach, Church, and Bell, Salinas Land Co. #1
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