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Abstract

During the cycle of major interplate earthquakes at subduction zones, the stress state on the plate interface
between the overriding and downgoing lithospheres varies with time. Based upon recent studies of interplate
mechanical coupling at subduction zones etc., we discussed the dynamic background of the so-called “doughnut
pattern in seismicity” which is sometimes apparent (just) prior to major interplate seismic slip. We assume that
the tightly coupled plate interface and the neighboring zone have inhomogenuous structures, even on a smaller
scale. By utilizing a 2-D plate interface model with a large asperity, for temporal change of the location of
“DMIC (the depth of the maximum interplate coupling)” on the plate-interface, we inferred the following
characteristics associated with the seismic doughnut pattern.

The depth of the upward penetrating in-plane crack front is always (just) below DMIC on the interface.
During quiescent stage, DMIC is deeper, although slightly shallower beneath the asperity zone, because the
shear strength is higher there. Minor events occur to form the seismic doughnul pattern during this stage.
Prior to the instantaneous rupture of the asperity, DMIC rises up the interface with the exception of the zone
beneath the asperity. During this stage, the asperity tends to suppress the upward movement of the crack front
just beneath the asperity, forming a concaved dish-like shape of DMIC on the interface. The rising velocity
of the crack front might be accelerated just prior to major seismic slip. Such time-dependent dynamic
movements of the crack front give rise to the occurrence of seismic events with smaller-magnitudes at arcas
surrounding the tightly coupled plate interface whereas few events on the asperity, forming a seismic “dough-
nut” pattern. During the instantaneous rupture process of the large asperity, DMIC beneath the asperity is
pushed up.

Thus, temporal changes in the depth-variable interplate coupling at subduction zones would provide the
dynamic origin of the seismic doughnut pattern.

Key words : Major interplate earthquakes at subduction zones, Plate interface, Doughnut pattern in seismicity,
Depth of the maximum interplate coupling
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Fig. 1 A result of numerical simulation of upward in
-plane crack front penetrating [rom the bot-
tom line on a to-be-ruptured plane with three
rows of circular asperity (modified from Gao,
Rice and Lee, 1991). All asperities have the
strength (K.) twice as large as of elsewhere of
the plane. Contour lines indicate the crack
front, due to (effective) stress load increase
from 1.0 to 1.3 at 0.02 step.
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A Model for DMIC Penetration Into a Large Asperity on the Plate
Interface ot Pure Underthrusting Type at Subduction Zones

a: Quiescent Stage

Coupling Front

A s
W
: Y
Asper{tyﬂ E
o
Q & 5
| omic A °
Coupling End
b: Prior to a Large Seismic Slip Coupling Front
R
o
°
5
°
o
L
Coupling End
C: Breaking of the Asperity (a Large Underthrusting Earthquake)
d: Just After the Major Seismic Slip Coupling Front
bl
o
{Espsry] E
o
L i :
o

Coupling End

H2 #odAALTELBTLr— MERETOTL—
MERE LS5 7y — FEMEER SRR
L 25 | (DMIC) oA o HIZE Lo 2 X%
TV, SRECE, AHEOEIZDATET 3
RNERTAR) 74 #{RET S, 22T, 7Lb—
NEAHEER & i, 7 — b RS - iz
L — b EESEAIT CIAEA T 2 B AKE
B EAHTEREDCNG TS mMNY 5y ¥
DOWHERTRE, B DMICOETFTTHLZ Lz
WM, KHEY A 700 [BREEE ] ic gy, &
B, CORMRT A 7 4 TOMEAEIER
Jed,, TAY 74 FHDDMIC BT < &
L, RESEEET OB T, 7A2) 74T
FzBR»T DMIC 28 R4, Z O, 7 2
ARUT4EDMIC O FRZIHTFA2E% 524 5,
ZDizsh, DMIC Mk L e 5, 7 A~ 5 4
DFRMOA LB THRLEY =T, #FheEh

ZTLTTARD) 7 4 BEERIE, 7 v — MEREOMH
TORABEDEI/NEG {57, DMIC IZAEERH -
BA5. THDIHML 2 KITE TV TORMBO—4 4
INTHDEEZH(E2EH). &8, KT v —
PRSI ORR S BRSO RN s EE I m
F—F —TH—FETRRVWERET S, Ht, v —¢
BRI EZOHEBEEmA—F—T8 [THE | ©H2 b
EBAD,

CZT, Pl AMIEO— A 2 LOHmT, 7 A
V74 BT S REHIcEL T 4. ZOBER, 7R
AT O S TR (K 2ah, ETBHEIO A) S
M OTHREE (] 2at, B) ToO®ARTEH O

MBEIMMBDr 7y 7 REEAERE—F G5,
T AN T 4 DEERCHHE T 5 KM ORIz i,
T AN 7 4 FDDMIC #8 ERH L T# OBk
Bieasd, PO Ay 70 o 7aikg] i, ¥EkE
Tv— b DIFHR (72BN 1) AR
T DA (R Thb, £, 2y
TV U BT, TV — BRI OB
HIMT B,

Fig. 2 A shematic 2-D model for temporal change of
the location of “DMIC (the depth ofthe maxi-
mum interplate coupling)” on the plate inter-
face at subduction zones with pure underthrus-
ting. We assume that a large asperity exists at
the plate interface which ruptures only when
during a large interplate seismic event. In this
paper, “the interplate coupling” corresponds to
the shear resistance force, acting on the plate
interface, against the regional stress load due
to the continuing relative plate convergence.
[ere, it should be noted that the depth of the
upward penetrating in plane crack front is
always (just) below DMIC. During the quies-
cent stage of the large interplate earthauake
cycle, DMIC is deeper, but slightly shallower
beneath the asperity zone, because the shear
strength is higher there. Just prior to a large
seismic slip, DMIC tends to rise except the
zone beneath the asperity. During this stage,
the asperity forces to suppress the rising of
crack front beneath the asperity, forming a
concave-like shape of DMIC. At zones shown
by “A" and “B” surrounding the large asper-
ity, the fronts of the cracks of mode II and 111
types are extending, respectively. During a
large seismic slip that is the instantaneous
rupture stage of the asperity, DMIC beneath
the asperity would rapidly ascend to some
extent and finally become obscure itself. “Cou-
pling front” is the starting site of mechanical
(or dynamic) interaction between the oceanic
and continental plates on the plate interface
near the trench axis. “Coupling end” is the
deepest portion of the plate interface.
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Fig. 3 A vertical cross section model of the intraplate
deviatoric stress pattern within the oceanic
lithosphere both at the outer rise and at the
intermediate-depth double seismic zone, dur-
ing the cycle of great interplate earthquake at
subduction zones. Small inset map in the right
shows the cross section view of the HDS (the
horizontal deviatoric stresses) at the outer
rise. The along-strike location of DMIC on
the plate interface during this stage might
change as shown in Fig.2. 1). Quiescent
period. 2). Just before the great interplate
earthquake. The interplate coupling becomes
dominant. 3). Occurrence of great interplate
earthquake. 4). Just afterwards.
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Fig. 4 a). A simplified model for temporal change of
the crack front location of deeper and shall-
ower cracks surrounding a near-to-be-ruptur-
ed large asperity on the plate interface at
subduction zones. Here, we assumed that the
plate interface and the neighboring zones are
both inhomogenuous enough to excite seismic
events with smaller-magnitudes under the
large deviatoric stress condition (just) prior to
the major interplate earthquake. The crack
front movement due to smaller seismic [ailure,
if any, (just) prior to the instantaneous rupture

so-called “preslip

phenomenom,” might be accelerated. Bold

of the asperity, i.e.,

lines show the hypothelical locations of crack
front at selected time steps. Arrows indicate
the sense of the crack front movement. b).
Doughnut patiern in seismicity, just before the
instantaneous rupture of the large asperity on
the plate interface at subduclion zones.
Together with the preslip process, strain rate
on and around the plate interface changes
especially at the horder area of the asperity.
This strain rate change would excite seismic
events with smaller-magnitudes on and
around the plate interface, in contrast to calm-
ness at the approximately fixed plane of the
asperity. By removing the intraplate smaller
events before the instantaneous fracture of the
asperity, “the doughnut pattern in seismicity”
on the interface would be dominant.
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