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Summary

We began a multidisciplinary, collaborative effort to define the earthquake potentlateand
Quaternary expression of the Puente Hills blind-thrust system (BéfBath metropolitan
Los Angeles. ThePHT extends frondowntown Los Angeles southeast into northern
Orange County, and consists of three distinct geometric segthahtsayposesignificant
hazards to the metropolitan region. In 2000, we develo@® anodel of thePHT and its
overlying foldsusing industryseismic reflection profiles angell control. Structurarelief
and kink-band widths at the modeledse Quaternanyereused todefine minimumlong-
term slip rates of 0.5 to 0.9 mm/yr for these segments.

To assesdate Quaternaryactivity on the system, we acquired a set of high-resolution
seismic reflection data in collaboratianth USGS researcher§om Pratt,Rob Williams,
Jack Odum, andBill Stephenson. These profilesage folds above thePHT extending
continuously upwards to less than 8 m depth, where well-defined dip panels are on the order
of ~20 mwide. These shallowolds supportrecentactivity onthe PHT, which reportedly
sourcesthe 1987 Whittier Narrows (M 6.0earthquake (Shaw and Shearég99).
Moreover, these foldsyhich did not grow duringhe 1987 event,imply that much larger
earthquakes have occurred on BtdT that include localizedurface deformationgiaving
demonstrated that recent folding is clearly discernible at borehole/trench depttigtahd
activegrowth triangle extends into the shallewbsurface as discrete feature, we plan in
2001 toproceedwith the excavatiorphase of this researcExcavationswill define the

precise geometry of near-surface folding, anavide 14C samples fonge control. These
data will provide the basis for defining fault slip rates, slip/event, andgihe of pastvents
given the known location, depth, and geometry of the underlying Puente Hills thrust.



3D Model Construction

The PuenteHills blind-thrust system consists of kast three distinct fault segments
extending from downtown Los Angeles east to the Coyote Hills in northern Orange County
(Shaw and Shearet999).Each of these faukegments i®verlain byone or morefolds

(kink bands) that deform Quaternary strata. These fault-relateddelddop inresponse to
motions through bends in fault planesabovepropagating fault tips (Suppe, 19&)ppe

& Medwedeff,1990). Moreover, thesdolds grew while sedimentswere being deposited
above themyielding patterns of deformed growth stratsat reflect underlying fault
geometries and slifSuppe efal., 1992). In2000, we combined images of these growth
folds with direct fault-plane reflections to model the three-dimensional geometry of the PHT
(Figure 1) and to map Quaternary slip on the fault segments.

Figure 1: Perspective view of 3model ofthe Puente Hills blind-thrust systeleneath
northern Los Angeles. WCS: Western Coyote Segment; ECS: Eastern Coyote Segment.

The size and shape of segmentshef PuentdHills blind thrustshoulddictate the patches

that rupture in large earthquakes, thereby controliwgntmagnitudes. Thregeometric
segment boundaries the fault systemwere proposed byShaw and Sheargf999). In

2000, wehave extendedour mapping to define the eastern portion of the fayktem
beneath the Coyote Hills. The mapped surface contains a discrete kink band that follows the
trend of thesouth-facing fold scarp anithe inferred fault ramgFigure 2).Topographic
distinction of the Western and Eastern Coyote Hills (Wright, 1991), and the change in trend
of the subsurface kinlband,suggestghat an additional segmebbundary existbetween
Western andeastern Coyote Hills. Ware in theprocesses of refininghe fault map to
determine if this new segmelnbundary idimited to theupperfew kilometers of thdault,

or if it persists atlepth andthus may form an earthquake segmdmbundary.The most
reasonable scenario based on curgeametric ananechanical modelingesults suggests

that the Eastern and Western Coyote ramp segments merge abodepkand thus may

not be expected to behave as independent seismic sources.

Using anew 3-D model of the Quaternariplds based orseismic images andells, we
calculated totaslip and slip rates alontpe rampsegments using measures of both fold
limb width and total uplift (Figure 2). Minimum long-termaverageslip ratesfor the
segmentsary from 0.5 to 0.9mml/yr, and slip rates generally decrease by a factor of one
third near the segmerdoundaries. These resultiggestthat the geometric segment



boundaries ofthe faults have played a role in slipaccrual,and thusmay represent
earthquake segment boundaries. vEoify this, we plan to compatdeng-term slip rates
acrosseach of the faulsegmentwith late Quaternary slip rates and paleoseismic records
obtained through ongoing near-surface investigations.
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Figure 2: Perspective view of 3D structunabdel showing themappedsegments of the
Puente Hills blind thrustind the baseQuaternaryhorizon beneattthe CoyoteHills
segment. Dipmagnitude isdisplayed ascolors on theQuaternary surface. Rexblors
correspond to steeply dipping regioasdilluminate the kinkband developedbove the
tip of the Coyote thrust ramp.

High-Resolution Seismic Data Acquisition

In 2000, we acquiretbur reflection profiles atwo sites above theSanta FeSprings (1:

Carfax Avenue) and Western Coyote (2: Troyay) segments ahe Puentdills thrust.
Preliminary processing of theslatafrom the Carfax sitendicate that we imaged kink

band (growth trianglejbove theSanta FeSprings thrussegment thagxtends upwards to

at least 8 m depth (Figures 3, 4). The standard Minisosie data imaged a package of coherent
reflections that define the kink band1&0 to 250 ndepth (Figure3). Thefold is imaged
preciselyabove theshallowest portion of th&ink band defined bythe deepindustry

seismic data. Thkink bandimaged in theMini-Sosie datadips tothe south atabout 15
degrees, and is about 200 meters wide at 200 meters depth.

High resolution hammer-sourckata at theCarfax site images theld at depths up to 8m
(Figure 4). The shallow fold involves six discrete seismic reflections in the upper 25 meters.
The shallowestold scarp islocated on thenorth side ofthe profile, preciselyabove the
surface projection othe anticlinal axialsurfaceimaged in theMini-Sosie and industry
reflection data. A=12 m depth, thdold consists oftwo discrete dip panelacross a
disturbed zondhat is 60 meters wide. Thavo panels may represent foldirgpove a
multibend fault-bendold, or separatesurface foldingevents. At 8 m depth, thield has
narrowed to less than 20 meters in width, consistent with the narrowing upward ghterns
are diagnostic of growth folding above fault-related folds that growirdybandmigration
(Suppe et al., 1992).

These discrete folds imply that large earthquatis localizedsurface displacementave
occurred on thd®HT. Definition of thelocus of shallow foldingabove anticlinalversus
synclinal axialsurfaces irthe high-resolutiondatawill help to differentiate between fault-
bend and fault-propagation fold kinematics. This distinction dictates the appropriate method



of defining long-term geologic slip rates @ach fault segmeniMoreover, the images
define that thefolding extends to depthshat can be reached bstandard borehole
excavations. The presence and continuity of seismic horizons imaged in the hammer-source
datasuggesthat distincthorizonswill be penetrated by thsurfaceexcavations, which we

plan to begin i2001.These investigationwiill yield late Quaternary fault slipates, the

details of the segmentation of the fault and associated folds, andebegyast earthquakes

on the thrust system. Potentially, trench investigations will provide estimates of slip/event (a
proxy for magnitude)for these paleoearthquakes. By combining these near-surface and
deepsubsurfacanvestigations, wewill addressthe fundamentatjuestion ofhow blind-

thrust earthquakeare manifested in folded near-surfateposits through aonfluence of
subsurface and surface data. Thus, our results will document a significant earthquake hazard
beneath Los Angeles, while developing new methods to identify and characterize blind faults
elsewhere in the world.
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Figure 3: A) Industry data imaging a forelimb growth triangle above the Santa Fe Springs fault segment. B)
Mini-Sosie data (preliminary processing) acquired at Carfax site imaging the fold limb between 100 and 250 m
depth. C) Interpreted version of Mini-Sosie data with folded horizons and axial surfaces.
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Figure 4: A) Interpretation of Mini-Sosie data at Carfax site from Figure 3. B) High-resolution hammer-
source reflection profile acquired along the same path (Note shotpoints numbers change to reflect closel
source spacing on hammer line). C) Interpreted version of Carfax hammer line, showing folded horizons
between shotpoints 400 and 470. D) Interpretation of Carfax hammer line, with automated horizon
interpolation. The shallow fold scarps are located above the anticlinal axial surface imaged in the Mini-
Sosie data, and produce about 2.75 m of structural relief at about 8 m depth.



