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Sedimentary Basin Site Response for Different Basin Types in Southern
California

C. C. Nweke,! J. P. Stewart,2 P. Wang,® and S. J. Brandenberg?*

ABSTRACT

Site response effects are described by ergodic ground motion models, which are developed using global data from
sites with diverse site conditions, using the time-averaged shear-wave velocity in the upper 30 m (Vsso) and isosurface
depths (z1.0 or z25). Site responses in sedimentary basins may have specific dependencies on the geometry and extent
of the sedimentary structure in addition to Vss and isosurface depths. We investigate here the effects of basin-to-basin
categorization on site response. Using southern California data, we highlight differences in mean site amplification
for eight large sedimentary basins with different geologic origins. The mean response in all basins shows significant
relative amplification at long periods (T > 0.5 sec) and none at shorter periods (T < 0.3 sec). Comparisons of basin-
specific responses reveal that coastal basins exhibit greater levels of relative long-period amplification than inland,
fault-bounded sedimentary basins.

Introduction

Sedimentary basins are formed from a variety of geologic processes that include subsidence (sinking
ground), spreading zones (rifts), and faults (dropping blocks, pulling-apart, wrenching) [1]. These
forming mechanisms induce variations in dimensions (lateral and vertical extents), shape, and
orientation, leading to complex features that vary between basins [2]. Moreover, the depositional
environment under which the accumulation of sediments occurred also introduces significant
variability to the evolution of a basin. From an engineering perspective, basins are depressions on the
earth’s surface filled with sedimentary deposits that are deep and decrease in thickness towards their
margins [3]. Examples of basins include the Valley of Mexico basin (including Mexico City) [4], the
Kathmandu basin in Nepal [5], and the Los Angeles basin in California [6].

In the NGA-West2 ground motion models (GMM), basin seismic responses are represented
using a combination of a shallow profile indicator via the time-averaged shear-wave velocity in the
upper 30 m (Vs3o), and a deep profile indicator via the depth to a 1 km/s or 2.5 km/s shear-wave velocity
isosurface horizon (z1.0 or z25). In addition to basin sites, there are also small-scale sediments, colluvial
deposits, and weathered zones in mountainous/hilly areas. Because similar values of Vs3 and
isosurface depth may occur both in basins and other sedimentary structures, ergodic models are unable
to differentiate between site responses in basins and non-basins. Nweke et al. 2022 [7] proposed site
response models that distinguish basins from other geomorphic provinces (valleys, mountain-hill
regions), which were found to produce distinct amounts of long- and short-period amplification.
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Moreover, because southern California contains a variety of sedimentary basins having different
geologic origins, we investigate here whether site response conditioned on Vszo and isosurface depth
varies between basins in a manner that can be linked to their geologic origin.

Basin Geology

Basins form in southern California in continental and oceanic settings. Fig. 1 shows eight major basin
structures including the Los Angeles basin (LAB), the Ventura basin (VB), the San Fernando basin
(SFB), the San Gabriel basin (SGB), the Chino basin (CB), the San Bernardino basin (SBB), the
Coachella Valley basin (CVB), and the Imperial Valley basin (IVB). These basins can be further
categorized into three general types. First, the three westernmost basins (LAB, VB, SFB), which were
formerly connected, experienced intermittent subsidence and uplift that provided continental and
oceanic sediment depositional environments [8]. These are referred to as coastal basins and they are
deeper than other basins in the region. Second are the inland basins that have shallower depths and
were formed as transform-graben induced valleys that were filled with sediments from erosion of the
adjacent uplifted blocks [9,10]. This type of basin includes SGB, CB, SBB, and CVB. The third type
is based on IVB and is identified as a step-over basin where a down-dropped graben is combined with
volcanic and geothermal activity associated with local crustal spreading [11].
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Figure 1. Map showing the locations of southern California basins, recording stations, and adjacent
faults.

Database
A California-specific ground motion database [12, 13] has been developed to facilitate the analysis in
this study. This database adopts the California-specific data from NGA-West2 [14] and supplements
it with additional recordings and stations from events that have occurred since 2011 (termination of
the NGA-West2 data aggregation). The total California database now has approximately 13,000
recordings at 1034 stations from 225 events. The site portion of the database has been updated with



respect to Vszo based on recent availability of measured data, and improved proxy combinations [15,
16]. The isosurface depths have also been updated to reflect the improvements in the southern
California community velocity models, CVM-54.26.M01 [17] and CVM-H v15.1 [18].

Residual Analysis
A residual, R;j, is computed as the difference between the natural log of the recorded ground motion
and a model prediction.

Ri]' = ln(yij) - [.“ln.ij (MirFi' (ij)ij ’ VS30rZI.O)] (1)

where index i refers to an earthquake and index j refers to a recording station. The quantity Yj;is a
ground motion observation expressed as an intensity measure. The term u,, ;; is the mean prediction
in natural log units of a ground motion model giving the parameters within the parentheses of Eq. 1.
We employ the use of the Boore et al. 2014 GMM [19] where M is the moment magnitude, F is the
style of faulting parameter, Rj, is the Joyner-Boore distance, and other parameters are as previously
defined. From the residuals, using mixed-effects analysis [20], we remove random effects that have
systematic differences associated with the events (event terms, ng) to isolate those differences
associated with the sites (site terms, 7).

Riji = ¢ + gk + Ns jic + Eijie 2)

where c is an overall model bias for ground motion model k and &;; is the remaining residual when the
event and site terms have been removed. For a given intensity measure, the mixed-effects analysis
provides estimates of cx, ng for all events, and ng for all sites. The site terms used to assess the site
response associated with basins are estimated based on residuals that do not incorporate basin effects
(21 1s omitted from the GMM arguments to keep its effects in the residuals) and categorized into
respective basins following the outlines in Figure 1.

Mean Basin Site Response

Figure 2 shows the mean of the site terms for different basins in southern California plotted against
oscillator period. The means across all basins combined exhibit a lack of bias for periods less than
about 0.3 sec, but for longer periods the combined basin sites exhibit relative amplification (indicating
under prediction) that peaks between 4-6 sec. The coastal basins (LAB, SFB) exhibit similar trends to
the combined basin sites though LAB shows higher relative amplification at long periods. For short
periods (T < 0.8) sec SFB exhibits higher relative amplification compared with the combined basin and
LAB. The inland basins generally display relative de-amplification at long periods (CB, CVB, SBB)
with SBB showing minimal bias. SGB is the exception with appreciable relative amplification at long
periods. At short periods, there is no consistent behavior amongst the inland basins, with CVB and CB
exhibiting relative amplification and the others (SBB, SGB) showing relative de-amplification. Similar
to the coastal basins, the step-over basin (IVB) shows relative amplification at long periods but it also
shows relative de-amplification at short periods. The mean of site terms for VB is not shown due to an
insufficiently low number of sites (< 5 sites).

Discussion
The trends displayed in Figure 2 are generally aligned with expected site response physics. The deeper
basins such as LAB, SFB, and 1VB would have low resonant frequencies that manifest as significant
long period site response and show as positive means. Whereas the shallow inland basins would
resonate at higher frequencies and therefore exhibit null or negative means in site response at long



periods and positive means at short periods. The variations we observe from basin to basin, particularly
between the inland basin types, may be explained by the three-dimensional nature of seismic wave
interactions with their sedimentary structure. For example, Langenheim et al. 2011 [8] show that the
SFB shape and orientation is complex with a deeper bowl-like Sylmar subbasin (approx. 8 km at its
deepest) attached to the wedge-like Northridge valley basin (approx. 4 km) to look like a ladle or scoop
from its cross-sectional view. This may be the reason for the positive relative amplification at long
periods and some short periods, which is unlike other deep basins.
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Figure 2. Mean of site terms for different sedimentary basins in southern California

Conclusion

The proposed individual basin categorization scheme was intended to differentiate the site responses
between different basins in southern California and introducing them to the GMMs reveals features
that are to some extent expected. For example, the deeper coastal basins with larger sedimentary
deposits and structure have larger ground motions at long periods where their predominant periods
resonate. Inland basins generally show relative amplification at shorter periods (T < 0.2 sec) where
their predominant periods are expected to resonate. These observations suggest that the geologic
history and evolution of sedimentary basins have a quantifiable impact on the site response beyond
their effect on Vs3o and isosurface depth. This is further investigated in an expanded study to discern

the scaling features of the proposed basin types.
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