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Figure 19. Stacked guided-wave shot gathers for Profile HW2 (guided-wave survey HGW3), showing (A) without
time shifts to account for differences in propagation velocities and (B) with time shifts to account for differences in
propagation velocities. Source was located at SP2: recording array was located along Profile HW2. There is about
350 m between the source and the recording array. High levels of cultural noise, which are prevalent before P-wave
arrival, are shown on shot gather, especially between channels 1 and 30 and near channel 105. Such high levels of
cultural noise make it difficult to evaluate guided waves. P waves (P), S waves (S), and guided waves (GW) are
inferred on shot gather. Data were band-pass filtered between 1.5 and 12 Hz. Locations of cross streets are shown.
Other abbreviation: ms, millisecond(s).
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Figure 20. A, Plot of all peak ground velocities (PGV) of guided waves for each recording channel along part of
Profile HW2 (guided-wave survey HGW3), showing locations of nearby cross streets. B, Travel times of PGV values
shown in A. Extremely high PGV values centered near Highway 101 have travel times and velocities that are
inconsistent with those expected for guided waves; thus, we suggest that very high PGV values observed for
stations near Highway 101 result from freeway noise and not from guided waves; most other PGV values along
Profile HW2 are much lower. Slightly higher values are seen on channels 1 to 30, and those higher values may
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Figure 20 (cont.) result from cultural noises (cars or subway); however, travel times for slightly higher PGV
values are generally in time frame expected for guided waves. C, Plot of PGV of guided waves along part of Profile
HW?2 (guided-wave survey HGW3) south of Yucca Street. High cultural noise is prevalent for channels 1 to 30,
making it difficult to determine whether higher PGV values in that range result from guided waves. D, Travel times
of PGV values shown in C. Relatively high PGV values (red dots) slightly south of Carlos Avenue and south of
Yucca Street have travel times and propagation velocities that are consistent with expectations of guided waves;
thus, we suggest possible faulting at those locations (see dashed green lines). Other abbreviations: m, meter(s);
ms, millisecond(s); s, second(s).
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rate of 0.5 ms. Cultural-noise levels were high along North Argyle Avenue at the time of data
acquisition, and the resulting shot gathers were noisy (fig. 21). As a result, we evaluated Vs data that
were derived from the surface-wave (Rayleigh wave) data using the MASW technique (fig. 22).
Combining the tomographic V'p and the MASW Vs data, we evaluated Vp/Vs ratios and Poisson’s ratios
along Profile HW2 (figs. 23, 24, respectively).

Profile HW2 1> Model

We used the data from the HRR3 survey to develop a Vp model (fig. 22) for Profile HW2. The V'p
values range from 400 m/s near the surface in the south to about 3,300 m/s at about 70 m depth near the
center of the profile. An abrupt change in shallow velocities (~400 m/s) is observed at Carlos Avenue,
with higher velocities to the north at shallow depths and progressively thicker lower velocity materials
southward toward Hollywood Boulevard. The abrupt change in shallow Vp at Carlos Avenue is similar
to the change in V'p seen along Profile HW1 at the apparent Hollywood Fault (fig. 7). The abrupt change
in Vp along both Profiles HW1 and HW2 occurs coincident with the zone of apparent high PGV values
seen from guided waves. A similar change in V'p also is observed just south of Yucca Street, where PGV
of guided waves is locally high. Thus, both guided waves and Vp are suggestive of near-surface faulting
slightly south (10-25 m) of the center of Carlos Avenue and about 20 to 35 m south of the center of
Yucca Street.

Profile HW2 V’s Model (from MASRW)

From Rayleigh waves generated during the HRR3 seismic survey, we a developed MASW-based
Vs model (fig. 23) for Profile HW2. Our V's model shows that Vs ranges from 200 m/s near the surface
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Figure 21. In-line P-wave shot gather along Profile HW2, south of Yucca Street. High cultural noise levels are
particularly noticeable for channels 1 to 15. Multiples, owing to bouncing of seismic source (AWD), are prominent at
travel times greater than 200 ms. Zone of asymmetric surface waves and refracted arrivals is present north and
south of shot point, demonstrating large differences in structure to south versus to north. Locations of nearby
streets are shown. Other abbreviations: m, meter(s); ms, millisecond(s); s, second(s).
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Figure 22. Tomographic P-wave velocity (7#) model along Profile HW2, showing locations of cross streets.
Prominent ’p anomalies are present along seismic profile, such as abrupt shallowing of 400-m/s velocity contour
near Carlos Avenue. Similar change in velocity is observed at near-surface trace of Hollywood Fault along Profile
HW1. This is also same location that relatively high PGV values are observed on guided-wave PGV plots (see fig.
20). We interpret second change in shallow-depth 7 south of Yucca Street, also consistent with guided-wave PGV
values, to infer faulting. Other abbreviations: m, meter(s); s, second(s).

on the southern profile to about 675 m/s at about 30-m depth south of Carlos Avenue. From the south
end of Profile HW2 (at Hollywood Boulevard) to approximately Carlos Avenue, a 7- to 10-m-thick zone
of low-Vs (<300 m/s) materials is present in the near surface; this layer pinches out at Carlos Avenue in
a manner similar to that seen in the tomographic » model (fig. 7). Between that 7- to 10-m-thick layer
and the base of the model, Vs is high relative to the north end of Profile HW2. A major lateral transition
in Vs is observed at all depths of the model, suggesting that a major change in structure is present, likely
caused by faulting. Our Vs model also shows that a pronounced, southward-dipping, low-velocity zone
is present south of Yucca Street, as was also inferred on the V'p» model. This southward-dipping velocity
structure may infer a southward-dipping fault south of Yucca Street. Both the V'p and Vs models suggest
that an isolated zone of relatively high velocities is present near the surface between meters 130 and 160.

Profile HW2 Vp/Vs Model (V» Tomography and Vs MASRW)

Using Vp from the tomography model (fig. 22) and Vs from the MASW-based model (fig. 23),
we developed a Vp/Vs—ratio model (fig. 24) for Profile HW2. Our model suggests that V'p/Vs ratios range
from about 1.5 near the surface south of Carlos Avenue to about 4.8 below 10 m depth between Carlos

29



£ 0
£ Profile HW25.. 5 2= §F
= =1 = = —
23 2F 82 £F 25
Vs(m/s)
South North \
8§ 8 B
¢ NomoF e Distance {m)

0 10 20 30 40 50 60 70 80 90 100110120 130 140 150 160 170 180

HWD1B-2AMASW inversion 1

Figure 23. S-wave velocity (¥s) model along Profile HW2, inferred from Rayleigh waves using the multichannel
analysis of surface waves (MASW) method. ¥’s model shows abrupt increase in Vs north of Carlos Avenue, with
shallow structure similar to that modeled for /> model. Higher velocities (>400 m/s) are abruptly terminated near
Carlos Avenue, suggesting slightly northwestward dip of probable fault. Change in Vs also is observed south of

Yucca Street, with prominent near-vertical low-velocity zone, inferring possible southwestward dip of fault there.

Locations of nearby streets are shown. Other abbreviations: m, meter(s); s, second(s).

Avenue and Yucca Street. The zone of highest V'p/Vs ratios is relatively wide near the top and decreases
in width with depth, which suggests that two opposing faults join at depth. Thus, on the basis of our Vp,
Vs, and Vp/Vs models, we suggest a northward-dipping fault near Carlos Avenue and a southward-
dipping fault south of Yucca Street.

Profile HW2 Poisson’s Ratio Model (7> Tomography and ¥'s MASRW)

Using the same Vp and Vs models as used to develop our Vp/Vs—ratio model, we developed a
Poisson’s ratio model for Profile HW?2 (fig. 25). The Poisson’s ratio model infers a similar structure as
that of the Vp/Vs—ratio model. Generally, subsurface materials in the upper about 20 m along Profile
HW?2 differ markedly from south to north, with the major change occurring at Carlos Avenue. This
lateral variation in Poisson’s ratio values suggests a significant change in shallow-crustal properties that
are likely related to groundwater saturation. Because faults usually act as groundwater barriers, this
pronounced lateral change in Poisson’s ratio is consistent with the presence of a fault near Carlos
Avenue. The highest Poisson’s ratio values along our model are confined to a zone between Carlos
Avenue and Yucca Street, which would be consistent with bounding faults near Carlos Avenue and
slightly south of Yucca Street.

Summary of Seismic Indicators of Faulting along Profile HW2

We evaluated five seismic models along Profile HW2, including (1) PGV of guided waves from
two source locations, (2) tomographic Vp, (3) MASW Vs, (4) hybrid tomography/MASrRW Vp/Vs ratios,
and (5) hybrid tomography/MASgRW Poisson’s ratios. All of these models show prominent changes in
shallow-depth structure near Carlos Avenue and slightly south of Yucca Street that are consistent with
shallow faulting in those locations. We interpret these images as indicating a shallow-depth, northward-
dipping fault near Carlos Avenue and a shallow-depth, southward-dipping fault south of Yucca Street,
with both faults merging in the shallow subsurface.
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Figure 24. 1’»/Vs ratio model along Profile HW2, derived from combination of our Ve tomography model and our
MASRW Vs model. Shallow-depth, abrupt changes in Ve/ Vs ratios are present in vicinity of Carlos Avenue and
south of Yucca Street. Prominent Vp/Vs-ratio high is present at slightly greater depths between two abrupt changes
in Vel Vs ratios. This structure can be interpreted as showing two opposing fault traces. Locations of nearby streets
are shown. Abbreviation: m, meter(s).

Summary of Observations, Hollywood Fault

We evaluated 13 seismic models and data combinations along Profile HW1 at the First
Presbyterian Church of Hollywood parking lot (fig. 3). All of those data are consistent with near-surface
faulting near meter 106 of Profile HW1, slightly south of Carlos Avenue. On the basis of the combined
seismic data, we interpret the fault to slightly splay near the surface, having both northward and
southward dips at shallow depths but a northward dip at depth. On the basis of the location of the fault
identified in core borings and CPT transects at the Hollywood Courthouse building and our observed
location along Profile HW1, we suggest that the fault strikes about N. 87° E. and has variable dips in the
shallow subsurface. However, on the basis of the unmigrated reflection images, we suggest that the fault
dips slightly northward at depth.

We evaluated five seismic models and data combinations along Profile HW2 along North Argyle
Avenue in Hollywood. All of those data are consistent with, but not definitive of, near-surface faulting
slightly south of Carlos Avenue and south of Yucca Street. Furthermore, additional fault traces may be
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Figure 25. Poisson’s ratio model along Profile HW1, derived from combination of our ¥» tomography model and
our MASRW 77s model. Shallow-depth, abrupt changes in Poisson’s ratios are observed in vicinity of Carlos Avenue
and south of Yucca Street. Prominent Poisson’s-ratio high is present at slightly greater depths between two abrupt
changes in near-surface Poisson’s ratios, which we interpret as a highly saturated zone between two faults.
Locations of nearby streets are shown. Abbreviation: m, meter(s).

present along Profile HW2, but the high levels of cultural noise in our data make it difficult to infer
faulting elsewhere along North Argyle Avenue. On the basis of the fault locations along Profiles HW1
and HW2 inferred from our data, we suggest that this strand of the Hollywood Fault strikes almost due
east-west between the core boring/CPT transect at the Hollywood Courthouse and our seismic profile
along North Argyle Avenue. Although traces of the fault may have variable dips in the shallow
subsurface, we suggest that the overall dip is near vertical, with a slightly northward dip at depth.

Santa Monica Fault Data Acquisition (Beverly Hills)

On May 26, 2018, and on June 6, 2018, we conducted guided-wave seismic surveys across the
suspected near-surface trace of the Santa Monica Fault in Beverly Hills, Calif. The recording array for
both seismic surveys was located on the east side of Lasky Drive, between Moreno Drive and Santa
Monica Boulevard (fig. 26). We refer to this profile as Profile BH1, and we refer to the two individual
surveys as BHGW1 and BHGW2.

Survey BHGW1 was about 300 m long and consisted of approximately 149 recording sites, but
six of the sites were not used because they would have blocked driveways. The data from survey
BHGW1 were recorded on 4.5-Hz horizontal-component sensors, spaced at 2-m intervals, but data were
not recorded at 20 sites owing to instrumental failures. The sampling rate was 2 ms. The seismic source
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Beverly Hills Guided Wave Lines 1 and 2

2200

Distance in Meters:  Channel Sp

Figure 26. Google Earth image of Santa Monica Fault in our study area in Beverly Hills, showing locations of
seismic surveys (BHGW1, BHGW2) recorded along Profile BH1 (cyan line). Scale (in meters [m]) is included along
Profile BH1. Seismic sources were generated at SP1 and SP2 (red stars) at the near-surface trace of Santa Monica
Fault, as inferred from geologic mapping. Recording arrays for BHGW1 and BHGW2 surveys were located in same
place, except that BHGW?2 survey extended farther north by about 50 m. Red arrows show zones where high PGV
values (that have travel times consistent with guided waves) were recorded.

(227-kg AWD) used to generate guided waves was located approximately 30 m southwest of Century
Park East and about 100 m southeast of Santa Monica Blvd, within an alley northwest of a parking
garage. The first AWD shot started on May 26, 2018, at 21:42:05 (local time; 04:42:05 UTC), and the
last shot was completed at 22:24:46 (local time; 05:24:46 UTC) on the same day. We stacked a total of
198 individual shots to form a guided-wave shot gather.

We decided to acquire a second seismic guided-wave survey (BHGW?2) along Laskey Drive on
June 6, 2018, when we discovered that the expected fault crossing was at the approximate north end of
the BHGW 1 survey, near the intersection of Lasky Drive and Charleville Boulevard. The recording
stations for the BHGW?2 survey were in the same locations as that of the BHGW1 survey, but the length
(350 m) of the recording array for BHGW?2 was slightly longer (fig. 26). Profile BH2 consisted of 174
recording stations, but recorders were not deployed at 13 stations because they would have blocked
driveways. We used the same sensors (4.5-Hz), station spacing (2 m), and sampling rate (2 ms) for the
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BHGW?2 survey as was used for the BHGW1 survey. However, the seismic source (SP2) for the
BHGW?2 survey was located at SP2, about 80 m southwest of Heath Avenue and about 130 m southeast
of Santa Monica Boulevard (fig. 26). The first shot started on June 6, 2018, at 22:05:42:36 (local time;
05:42:36 UTC), and the last shot was completed at 23:01:37 (local time; 06:01:37 UTC). A total of
about 198 AWD shots were generated. Owing to instrumental failures, we did not obtain data from 19 of
the 174 seismic recorders.

Santa Monica Fault Data Analysis

The seismic sources for the BHGW1 seismic survey were located about 500 and 647 m
southwest of the southernmost and northernmost ends of Profile BH1, respectively (fig. 27). We chose
this site (SP1) to generate seismic sources because it was the location of a previous coring and CPT
transect, in which an active trace of the Santa Monica Fault was identified. Because the source was not
centered with respect to the recording array, a difference in travel time from the south end to the north
end of the array was observed. To evaluate the PGV of the guided waves within the same time window,
the “moveout” of the travel time was removed by shifting the time of the more distant arrivals on the
north end of the profile. Thus, the actual travel time of the guided waves on the north end of the
recording array was greater by about 500 ms than what is shown in figure 27.
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Figure 27. Stacked guided-wave shot gather for BHGW1 seismic survey. Source is located at SP1; recording
array is located along Profile BH1 (distance between source and recording array ranges from about 500 to about
650 m). Long propagation distance and high level of cultural noise resulted in poor signal-to-noise ratios. P waves
(P), S waves (S), and guided waves (GW) are inferred on shot gather. Data were band-pass filtered between 1.5
and 12 Hz. Location of Charleville Boulevard is shown. Other abbreviation: ms, millisecond(s).
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Guided-Wave Data Analysis for Profile BH1

The signal-to-noise ratio of the data acquired during the BHGW1 seismic survey was low (fig.
27) owing to excessively high cultural-noise levels during the ~21:00- to ~22:00-hour local time frame
on May 26, 2018, which was a Saturday evening. However, even with the low signal-to-noise ratios, we
were able to evaluate PGV of guided waves (fig. 28) within the time frame (>1.5 to 3 s) expected for
shear-wave and guided-wave arrivals. On the basis of travel time and amplitude, we infer the presence
of low-velocity guided waves south and north of Charleville Boulevard and possibly near the south end
of Profile BH1. The observed high values of guided-wave PGV (fig. 284) correlate with the expected
guided-wave travel times (fig. 28B). Our data show that the highest PGV values arrived at the recording
array at about 2,500 ms (2.5 s; ~0.5 s added to arrivals on the north end of the profile shown in fig. 28B),
and because the source was approximately 650 m from apparent fault zone, this suggests that the guided
waves traveled at about 250 m/s. The earliest shear waves arrived at the recording array at about 1,500
ms (1.5 s), suggesting an average Vs of about 330 m/s. These velocities suggest that the guided waves
travel at about 75 percent of the velocity of the shear wave. Along Profile BHI, the most prominent high
values of PGV are observed between channels 60 and 150 (between meters 118 and 298) of the
recording array, which extends from slightly south to slightly north of Charleville Boulevard (fig. 28).

Beverly Hills Profile BH2 Guided-Waves

The signal-to-noise ratios of the data from the BHGW?2 seismic survey (fig. 29) were higher than
those of the data recorded for the BHGW 1 survey. As a result, the shear-wave and guided-wave arrivals
are more apparent on the BHGW?2 data. The higher signal-to-noise ratios may have resulted from
stronger signals because the seismic source (SP2) was closer to the recording array, but the higher ratios
may also have resulted from lower cultural-noise levels present later in the evening (~22:00 to ~23:00
local time). Lower noise levels also were likely on a Wednesday evening (June 6, 2018) than on a
Saturday evening.

From the data obtained during the BHGW?2 seismic survey, we evaluated PGV values of guided
waves from the time of the shear-wave arrival (~1 s) to about 3.2 s (includes a 0.5-s time shift on the
north end of the profile; see fig. 30). Our PGV values are averaged over three consecutive arrivals to
limit large variations from a single arrival. On the basis of travel time and amplitude, the low-velocity
guided waves appear easy to identify. High-PGV values (fig. 304) correlate with the expected guided-
wave travel times (and velocities) along Profile BH2 (fig. 30B). Our data show that the highest PGV
values arrived at the recording array at 2,000 to 2,500 ms (2.0-2.5 s; includes the time shift), and, using
distance from the source (368—510 m) to the fault traces, we found that the guided waves traveled at
about 185 to 200 m/s. These guided-wave velocities are lower than those estimated for the BHGW1
survey because of the greater distance and deeper propagation depth of guided waves between SP1 and
the BHGW1 recording array. The earliest shear wave for the BHGW2 survey arrived at the recording
array at about 1,500 to 2,000 ms (1.5-2.0 s), suggesting an average Vs of about 245 to 255 m/s. This
suggests that the guided wave travels at about 75 to 78 percent of the velocity of the shear wave.

Along Profile BH2, the most prominent late-arriving, high-PGV values are seen at stations
(channels) 120 to 135 (meters 238-268) and 145 to 152 (meters 288—302) of the recording array; these
stations were located in the vicinity of Charleville Boulevard, suggesting that prominent fault traces are
present in that area. However, late-arriving, locally high PGV values also were observed near stations 11
to 28, 78 to 82, and 95 to 102. The high-PGV values observed at these stations also coincide with late
arrivals that are consistent with guided waves. Similarly PGV-value zones also were seen on the
BHGWI1 survey, which were contaminated with cultural noise. Because of the consistent travel-time
delays and high amplitudes, we suggest that each of the high-PGV values listed above likely are fault
related. Because of the prominent PGV peaks and observed travel times (velocities) near Charleville
Boulevard, we suggest that those probable faults are the ones most directly connected to the fault trace at
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Figure 28. A, Plot of peak ground velocity (PGV) of guided waves for each recording channel along BHGW1
survey. Highest PGV values (red dots) were concentrated on north end of recording array, both north and south of
Charleville Boulevard; indications of relatively high values also are present at several locations along Lasky Drive.
B, Plot of time of arrival of corresponding PGV values shown in A. Note that highest PGV values coincide with
delayed phases that arrive at about 1.9 to 2.1 seconds (s) or more (after 0.5-s time shift applied). Arrival times have
been shifted downward on north end of profile by about 0.5 s relative to south end of profile. Owing to low signal-to-
noise ratios for BHGW1 survey, uncertainty is high in possible fault traces. Location of Charleville Boulevard is
shown. Other abbreviations: m, meter(s); ms, millisecond(s); s, second(s).
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Figure 29. Stacked guided-wave shot gather for Profile BH2. Source is located at SP2; recording array is located
along Profile BH1 (distance between source and recording array ranges from about 370 to about 510 m). Shorter
propagation distance and lower cultural-noise levels resulted in higher signal-to-noise ratios than recorded for
BHGW1 survey. P waves (P), S waves (S), and guided waves (GW) are inferred on shot gather. Data were band-
pass filtered between 1 and 8 Hz. Location of Charleville Boulevard is shown. Other abbreviation: ms,
millisecond(s).

the seismic source (SP2). The probable fault traces near Charleville Boulevard also are likely to be near-
surface traces. Because multiple high-PGV zones are present along the BHGW?2 survey, we suggest that
the near-surface Santa Monica Fault is distributed along several traces along Lasky Drive.

Summary of Observations, Santa Monica Fault, Beverly Hills

We acquired only guided-wave data along Lasky Drive in Beverly Hills because we did not have
the requisite permission to conduct in-line, active-source surveys. Additionally, we had little direct
knowledge of the location of traces of the Santa Monica Fault where we could place our seismic sources.
As a result, we conducted two guided-wave seismic surveys along Lasky Drive. Before conducting the
first survey (BHGW1), we did not realize that one of the main traces of the Santa Monica Fault may
have been located near the intersection of Charleville Boulevard and Lasky Drive, which was the north
end of the BHGW1 survey. Upon learning of this possible location of the fault trace, we chose to
conduct a second survey (BHGW?2) that extended northward of the possible fault trace.

The signal-to-noise ratios of data from the BHGW1 survey were low, but the data from that
survey appear to be consistent with probable faulting north and south of Charleville Boulevard. In
addition, the data indicate that additional distributed faulting may be present along Profile BHI,
particularly south of Charleville Boulevard. However, because of the low signal-to-noise ratios of the
data, we have lower confidence in the data from the BHGW1 survey.
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Figure 30. A, Plot of peak ground velocity (PGV) of guided waves for recording channels along BHGW2 survey.
Because data were not recorded for some stations and because some sensors were not leveled when deployed,
we opted to average each PGV value relative to the two closest PGV values to obtain a more stable result. High-
PGV values (yellow shading) were concentrated along several locations along Lasky Drive; highest PGV values are
near Charleville Boulevard. B, Plot of time of arrival of corresponding PGV values shown in A. Arrival times have
been shifted downward on north end of profile by about 0.5 second (s) relative to south end of profile. Highest PGV
values coincide with delayed phases that arrive at about 2 s or more (shifted time), consistent with guided waves,
suggesting prominent faulting near Charleville Boulevard, but additional faulting appears to be present at areas
along the profile (yellow shading). Location of Charleville Boulevard is shown. Other abbreviations: m, meter(s); ms,

millisecond(s); s, second(s).
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Data from the BHGW?2 survey contained much higher signal-to-noise ratios, and the BHGW2
data also are indicative of faulting near the intersection of Charleville Boulevard and Lasky Drive. In
addition, the BHGW?2 data also are consistent with the presence of as many as three other fault traces
along Lasky Drive. Importantly, all five of these high-PGV zones can be inferred on both the BHGW1
and BHGW?2 data (figs. 28, 30). Thus, we suggest that distributed shallow-depth faulting likely is
present at several locations along Lasky Drive.
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