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SSA 2005 Abstracts

Recurrence of Large Paleoearthquakes along the North
Anatolian Fault System

KONDO, H. and AWATA,Y., Active Fault Research Center,
AIST, OZAKSOY, V., YILDIRIM, C. and EMRE, O., General
Directorate of Mineral Research and Exploration (MTA),
Turkey and OKUMURA, K., Dept. of Geography, Hiroshima
University

We propose a recurrence model of large earthquakes along
the North Anatolian Fault system (NAFS) focused on fault
geometry and slip per event, mainly based on geological and
paleoseismological data along the 1944 Bolu-Gerede surface
ruptures. The segments along the NAFS can be classified into
three types of fault segments; superior fault segment (c.f.
Gerede segment) that have relatively large slip per event, and
simple and straight fault geometry; segment with minor fault
discontinuities that have relatively small amount of slip per
event (< 3 m) and consists of the termination of the earthquake
segment; and middle of the former two types of segments. Each
segment has its own characteristic slip distribution during a
large earthquake, although the variety of the amount of slip is
different among individual segments. The amount of long-term
slip rate along the entire NAFS does not seem to be uniform.
Superior segments activate with highly regular recurrence
intervals to release most of the accumulated moment inone
large earthquake event, therefore seismic coupling rate should
be nearly 100%. When this type of earthquake occurs, a
superior segment tends to trigger neighboring fault segments up
to the boundaries of the second type. The pattern of multiple
segments including the superior segment may be changeable
from event to event, but the total rupture length at one event
should be roughly consistent with the scaling law between
rupture length and maximum slip. On the other hand, the
second type of segment has relatively irregular recurrence
intervals and slip per event. This type of segment functions as
the initiation and termination of the multisegment rupture.
These different characteristics of fault segments on fault
geometry, slip per event, and recurrence patterns through
earthquake cycles should allow us to understand the variation
of faulting behavior.

Why Earthquakes on High-angle Reverse Faults Produce
Voluminous Aftershocks and Triggered Mainshocks:
Inspired by the 2004 Niigata-ken Chuetsu Shock

TODA, S. and KONDO, H., Active Fault Research Center,
Geological Survey of Japan, AIST and STEIN, R. S., U.S.
Geological Survey

The 23 October 2004, Mjma 6.8 Niigata-ken Chuetsu, Japan
earthquake produced extraordinary numbers of moderate to



large aftershocks, including four M >= 6 and more than 100 M
>= 4 shocks in the first month. The Niigata shock exhibits 10
times more M >= 5.5 aftershocks and 3 times more M >= 4
aftershocks than the much larger Kobe (Mjma 7.3) shock. This
difference is also evident in magnitude-frequency relation: The
Niigata sequence displays a Gutenberg-Richter distribution
rather than the typical pattern seen at Kobe, in which the
mainshock is significantly larger than the largest aftershocks.
Here we argue that these attributes are all a product of slip on
high-angle (50-60 degrees) blind reverse faults, which are not
optimally oriented to relieve the compressional tectonic stress.
At Niigata, these faults originated as tightly spaced normal
faults during the mid-Tertiary opening of the Japan Sea.
Reverse slip on these faults today causes short-wave-length
active folding at the surface and the high surface strain rates
measured by GPS. But such slip is ineffective at shortening the
crust. Coulomb stress modeling reveals that slip on unfavorably
dipping blind reverse faults cannot fully relieve the tectonic
stress, and instead raises the stress in close proximity to the
mainshock rupture. In contrast, slip on low-angle thrust faults,
or on optimally oriented strike-slip faults such as at Kobe,
drops the stress over much of the surrounding region, lowering
the aftershock productivity. The local stress increase associated
with blind reverse fault slip thus leads to abundant triggered
earthquakes and a higher than normal likelihood of successive

mainshocks.
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