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In 2000, this project has progressed in California, with emphasis on compressional tectonics
in Transverse Ranges, and in the North Anatolian continental transform in Turkey, as an
analogy to the San Andreas transform.

The 1994 Northridge and the 1971 San Fernando ruptures in their regional tectonic
context as illuminated by small earthquakes. Earthquakes can be used to characterize
the faults that generate them. Aftershocks provide information on the geometries of
mainshock ruptures, but also on many other faults that interact with these ruptures, both
structurally and dynamically. We used our relocated and quality controlled focal
mechanisms for southern California to map seismogenic faults in the central transverse
Ranges and to test for interactions between these faults as manifested by temporal changes
in the seismogenic regime. Small earthquakes may illuminate seismogenically insignificant
but structurally important faults. An example may be diffused seismicity which is
interpreted to stem from flexural folding induced by the 1994 rupture in the hangingwall
block of the Santa Susana thrust fault (Figure 2A). This fault is the main regional structure
illuminated by background seismicity from the San Fernando 1971 mainshock rupture to
the Ventura basin (Figure 1A). It is consistently characterized by a flat and a listric ramp
(Figures 2A and 3C). This shape is maintained across the Chatsworth lateral ramp that
connects the relatively shallow flat controlling the 1971 rupture to a deeper flat north of the
1994 mainshock rupture (figures 3B and 2A). Ongoing seismicity is steadily improving
constraints on the westward extension of this master fault system into the Ventura basin
area. The 1994 rupture as imaged by aftershocks matches well in position, shape, and slip-
geometry results obtained from the mainshock. In addition, seismicity suggests that the
rupture is twisted, increasing in dip and in strike (clockwise) with depth (figure 1B). The
deepest aftershocks on the rupture are stable in rate and kinematics suggesting creep near
the brittle-ductile transition. This northwest-striking southeast-dipping 1994 rupture is
interpreted as a transfer fault connecting the east-west striking and south-dipping Pico fault
with a parallel fault to the northwest, possibly the buried eastward extension of the Oak
Ridge fault (sketch in Figure 2). An intense cluster of seismicity characterizes the
northwestern upper terminus of the 1994 mainshock rupture where, according to our
interpretation, it intersects the Santa Susana thrust and the Oak Ridge(?) fault (figure 2).
This interpretation was independently supported by the temporal clustering of the
seismicity. Seismicity in 1997 is dominated by a small cluster that highlights the Oak
Ridge(?) fault (Figure 2B). Thus, distinct structure interpreted on the basis of slip-plane
geometries were found to be temporally distinct as well. The structure associated with the
1994 Northridge mainshock is complex; it is possible that static triggering does not account
for the aftershock because the "rupture" models are too simplistic.

A Major Rupture Sequence on the Northern Anatolia Continental Transform. We have
almost completed basic analysis of data from the RAMP/IRIS network we deployed in
collaboration with USC on the Karadere segment of the Northern Anatolia right-lateral transform
(NAT) for almost 1/2 year during the 1999-2000 destructive sequence in northwestern Turkey. Our
data covers the eastern end of the M7.4, 120km-long Izmit rupture and at western end of the M7.2,
60km long Duzce event, from a week after the Izmit mainshock on 17 August, to 3 months after the
Duzce mainshock on 12 November. We base our preliminary observations on about 3000 quality-
selected hypocenters and 500 focal mechanisms. We are improving these data by the cross-
correlation technique and by including data from additional seismic stations. The Karadere segment
strikes N70E, about 20° from the local E-W trend of the right-lateral transform. This transpressive
geometry is not reflected by the purely transcurrent subvertical rupture, but is manifested by relative



high topography and by thrust earthquakes. The relatively small 1.5 m right-lateral surface
displacement and a remarkable scarcity of aftershocks with corresponding kinematics may manifest
slip-induced locking of this segment by increased fault-normal compression. Both ends of the
segment are marked by changes in strike, gaps in surface rupture, and intense clusters of
aftershocks involving many faults. These clusters are sharply bounded by surfaces extrapolated
eastward and westward, respectively, from the Izmit and Duzce ruptures. Some of the secondary
seismogenic faults may accommodate transform motion by clockwise rotation. Most of the
aftershocks along the Karadere segment are concentrated on a subhorizontal 2-3km-wide strip
marking the 13-to-15-km-deep floor of the seismicity. Focal mechanisms suggest a subhorizontal
plane with slip parallel to the rupture. This kinematics is consistent with a vertical right-lateral
rupture intersecting a detachment and stepping to the north below it. The pattern of seismicity
changes markedly with the Duzce mainshock: before it seismicity is confined to the south of the
fault and then afterwards shifts north of the rupture. This shifts, begins to occur about 10 days prior
to the rupture. Thus we have tentatively observed a precursory change in the seismicity that may be
responding to precursory slip on the future rupture. This work is now proceeding with a grant
from the NSF

Continental Breakup in Southern California. We have submitted an NSF-Margins
proposal in collaboration with UCSB and the University of Oregon for a multichannel
seismic reflection survey of the Salton Sea with correlative ground and earthquake
investigations. We are also working on a manuscript using earthquake and geologic data to
test rotation and irrotational tectonic models of the Salton Trough region.

Recent and Expected Products and Publications

Armbruster and Seeber 1998, updated files of focal mechanisms and slip-planes for south
California as well as a version of QKVIEW to visualize these data in SCEC data base.
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Figure 2. Fault interaction at the upper NW corner of the 1994 Northridge rupture. A: vertical section normal to the
strike of the inferred 1994 mainshock rupture (Figure 1). The position of the intersection between the 1994 rupture
(purple) and the Santa Susana thrust (in red) was interpreted from slip-plane geometry. The temporal distribution of
the seismicity provides independent support. B: two vertical sections of the slip planes in 1997 within the boxed
area in A. Slip planes in a tight second-order sequence in 1997 (compare with Figure 1) define a steep south-
dipping east-west striking plane just below the intersection between the 1994 rupture and the Santa Susana thrust,
possibly the buried extension of the Oak Ridge fault (3D sketch in C). Normal faulting is prevalent within the
footwall block common to this fault and the Santa Susana thrust. The M4.4 reverse-slip mainshock of this second-
order sequence was triggered by a M4.4 normal-slip event that occurred 3 km away a day earlier.



~

‘HLMYVd T

NVISIT34

WHYT

0L

‘HLVNVSNS T
VLNVS T

NO 3dN.LldNyd 4
3Jv4HNS 1
S 6L St

‘(paysep) souerd diys jo siseq ay) uo pajejodenxa

SI SIAB(J pUB UOSWEN Wolj a1nonng “sporrad juarejip ur difs SJA 03 [9[[ered suonoas [eonisp D ‘duwrer

oy jo puaq Joddn | [euorsualxs,, 9yl 9A0qe sinej reuou-1j9[ dods e pue dwrel [e1dje] ay) eurwnyfr souefd
diis ‘uonoas [eontaa g “(pory) st axmydnr aoejans) paysep st souefd difs woiy parryur axnydni yooysurew
1L61 92U JO JudIXa oy, or[q ST (1L6] T8 10 QUONIYAY) Yooysurew ayy Joy suerd difs oy, ‘mara dew

1Y Yooysurew $°9JA [L61 OpUBLId, ues ayi Iaije juswkordep uoness yiuow-g e woly saued dijg ‘¢ a1y

| I
— \ —
X
u < \ \%_\,_vﬁ
— ~ - X {50+ @ 0 _.H
o/ \k ) »/
- e W L . —
L e \ -
IR S R A - Lﬁ.\xx 7 diNVH TvH3LVT _|
4 ® 4 k HLHOMSLVHO
- d x i
| WYGH -
3S3.011 Joaam | dIGNISNEHL N [TLHOM N\ MNM
B TYWHON 4| dIQ-S 3SHIATH ‘e v 437 8)
gy . S
Ty = —— = AITIVA Ly o
Y OQNVYNHIH NYS =771 o LI
< N i T P
P
ty
2
8
D
&

1 p
~TIvd_ "\, ~Gya3 108 ;
| Y Q(uﬂa\q ﬂh amw.‘.
wy O} "0l O\
126} 2
\ | 0F 811 %6{

1 _m_w




