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Rupture path, solid line, of the Myy 7.9 Denali earthquake. A star towards the left of
center of the figure marks the epicenter of the 3 November 2002 event [Figure courtesy:
Alaska Division of Geological and Geophysical Surveys]
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Aftershocks of the My 7.9 event, from Eberhart-Phillips et al. [2003], also showing three

sub events during the rupture.
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= 0.6cg case. Slip velocity variation along Totschunda is projected on the Denali fault.

Totschunda fault begins at 5X/Rg =58. Vir, Cs,Ro, u, v, —ng and Cp represent rupture
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zone, shear modulus of the medium, slip velocity, initial normal compressive stress and
P-wave velocity of the medium respectively.

Vr 0.6Cs 0.8Cs

¥ =70°

o =-15°

638



Vir=0.9Cs

P=T0° v, =08 p=—15"

‘I: 10c,UR, = 445
| Tatacknnda
i;lg L
= 05}
o |
ol L‘—“"I|
A00 0 100 =200
SX/R,
N 10C,4R, = 705
= L Tarackani
:tI: L
= 0.5
R
o~ ]
A00 0100 =200
SX/R,

Plot of slip velocity along the Denali and Totschunda fault segments for ¥= 70° , Vr =0.8Cs
case. Slip velocity variation along Totschunda is projected on the Denali fault. Totschunda fault

begins at 5X/Rp = 108.

Vr

¥ =80°

0.6Cs

0.8Cs

639

10c, 1A, = 825

ol NN PN
-100 V] 10D
SX/R,
1'_ 10, R, =785
L Tazcknnds
kg
S =]
I:l PR T T T '] PR a1
-100 [V] 10D
SXR,



vr=00¢c,, p= —15

i 20c 1R, = 0.0 .k 20,4, = 1880
3:' | Torchonds 3:' Tothendy
E: [ E] 8 E" 05F
= - 5 J
(b A, . e
=== I 0 0— T 300
10XER, 1IXE,
i 20c,bF, =1985 L 20c bR, = 2085
-"t:F?’ oAk :t:?" 0.5k
= = .
) e )
0 0 200 0 200 00
10NER, 10%E,

Plot of slip velocity along the Denali and Totschunda fault segments for ¥= 70° ,
Vr =0.9Cs case. Slip velocity variation along Totschunda is projected on the Denali fault.
Totschunda fault begins at Z0X/Rp = 380.

q"=g{:'ﬂ_- v=087¢c;, p=— 15°

- [ 20C.H, = 800 : [ 20C,VR, = 2025
: — Tk [ —_— Tk
< L Torchonis o Torchunis
-3:’ [ E—’ 05}
- -
== r ==
L - _J
g ] 00 400 g o Z00 400
10XER, 10XR,
. 20c /A, = 2045 .F 20c,1A, = 2085
o | Torchonis o Totchonds
5?’ 0.5 -3" ]
- -
= r =
- ﬂ
- _ A
0= =00 =00 0 0 200  #00
10XER, 10AR,

Plot of slip velocity along the Denali and Totschunda fault segments for ¥ = 70°, W =
0.87Cs case. Slip velocity variation along Totschunda is projected on the Denali fault. Totschunda
fault begins at Z0X/Rp = 414.

640



(c)

Poliakov et al.) Kame et al.?

Kame et al.2

Y=70°, Vr =0.9Cs

Aochi and Fukuyamal®s)

(d)

1) Poliakov, A. N., Dmowska, R. and Rice, J. R.: Dynamic shear rupture interactions with fault
bends and off-axis secondary faulting, Journal of Geophysical Research, 107, (B11), 2295, doi:
10.1029/2001JB000572, 2002.

2) Kame, N., Rice J. R., and Dmowska, R.: Effects of pre-stress state and rupture velocity on
dynamic fault branching, J.Geophys. Res, 108(B5), cn: 2265, doi: 10.1029/2002JB002189, pp.
ESE 13-1 to 13-21, May 2003.

641



3) Palmer, A. C. and Rice, J. R.: The growth of slip surfaces in the progressive failure of
over-consolidated clay, Proceedings of Royal Society of London A., 332, pp.527--548, 1973.

4) Rice, J. R.: The mechanics of earthquake rupture in Physics of the Earth's Interior, Proc.
International School of Physics 'Enrico Fermi', pp555--629, ed. Dziewonski, A.M. and Boschi,
E., Italian Physics Society and North-Holland Publ. Co., 1980.

5) Nakamura, K., Plafker, G., Jacob, K. H., and Davies, J. N.: A tectonic stress trajectory map of
Alaska using information from volcanoes and faults, Bull. Earthg. Res. Inst., 55, 89, 100, 1980.

6) Ratchkovski, N. A., and Hansen, R. A.: New constraints on tectonics of interior Alaska:
Earthquake locations, source mechanisms, and stress regime, Bull. Seism. Soc. Am., 92,
pp.998- 1014, 2002a.

7) Ratchkovski, N. A.: Change in stress directions along the central Denali fault, Alaska after the
2002 earthquake sequence, Geophys. Res. Lett., 30(19), 2017, doi: 10.1029/2003GL 017905,
2003.

8) Kikuchi, M. and Yamanaka, Y.: Source rupture processes of the central Alaska earthquake of
Nov. 3, 2002, inferred from teleseismic body waves (the 10/23 M6.7 event), EIC Seismological
Note No. 129, revised 5 November 2002. Available from the Earthquake Information Center,
University of Tokyo, at http://www.eic.eri.u-tokyo.ac.jp/EIC/EIC_News/021103AL-e.html.

9) Eberhart-Phillips, D., Haeussler, P. J., Freymueller, J. T., Frankel, A. D., Rubin, C. M., Craw, P,
Ratchkovski, N. A., Anderson, G., Carver, G. A., Crone, A. J., Dawson, T. E., Fletcher, H.,
Hansen, R., Harp, E. L., Harris, R. A., Hill, D. P, Hreinsdéttir, S., Jibson, R. W., Jones, L. M.,
Kayen, R., Keefer, D. K., Larsen, C. F., Moran, S. C., Personius, S. F., Plafker, G., Sherrod, B.,
Sieh, K., Sitar, N., and Wallace, W. K.: The 2002 Denali fault earthquake, Alaska: A large
magnitude, slip-partitioned event, Science, 300, pp.1113-1118, 2003.

10) Ellsworth, W. L., Celebi, M., Evans, J. R., Jensen, E. G, Nyman D. J.,, and Spudich, P.
Processing and modeling of the pump station 10 record from the November 3, 2002, Denali
fault, Alaska earthquake, Preprint For 11th International Conference On Soil Dynamics &
Earthquake Engineering, Berkeley, CA, Jan. 7-9, 2004.

11) Savage, J. C., and Lisowski, M.: Strain accumulation along the Denali fault at the Nenena
river and Deltariver crossings, Alaska, J. Geophys. Res., 96, pp.14481-14492, 1991.

12) Cochard, A. and Madariaga, R.: Dynamic faulting under rate-dependent friction, Pure and
Applied Geophysics, 142, pp.419-445, 1994.

13) Aochi, H., Fukuyama, E., and. Matsu'ura, M: Spontaneous rupture propagation on a
non-planar fault in 3D elastic medium, Pure Appl. Geophys., 157, pp.2003—2027, 2000a.

14) Aochi, H., Fukuyama, E., and Matsu’ura, M.: Selectivity of spontaneous rupture propagation
on a branched fault, Geophys. Res. Lett., 27, pp.3635-3638, 2000b.

15) Aochi, H., and Fukuyama, E.: Three-dimensional non-planar simulation of the 1992 Landers
earthquake, J. Geophys. Res., 107 (B2), cn: 2035, doi: 10.1029/2000JB000061, pp. ESE 4-1 to
4-12, 2002.

16) Oglesby, D. D., Archuleta, R. J.,, and Nielsen. S. B.: The three-dimensional dynamics of
dipping faults, Bull. Seism. Soc. Am., 90: pp.616-628, 2000.

642



17) Ogleshy, D. D., Archuleta, R. J., and Nielsen. S. B., Dynamics of dip-slip faulting:
Explorations in two dimensions, J. Geophys. Res., 105:13, pp.643-13,653, 2000.

18) Ogleshy, D. D., and Day, S. M.: The effect of fault geometry on the 1999 Chi-Chi (Taiwan)
earthquake, Geophys. Res. Lett., 28, pp.1831-1834, 2001.

19) Ida, Y., Cohesive force across the tip of a longitudinal-shear crack and Griffth’s specific
surface energy, J. Geophys. Res., 77, pp.3796-3805, 1972.

20) Andrews, D. J., Rupture velocity of plane strain shear cracks, J. Geophys. Res., 81, pp.5679-

5687, 1976.
(e)
Bhat, H., Dynamic slip transfer from Bulletin of the Dec. 2004
Dmowska, R., the Denali to the Totschunda Seismological Society of
Rice, R. faults, Alaska: testing theory )
and Kame, N. for fault branching America
94, S202-S213, 2004.
2005 2
377-385,2005.
Kame, N. Quasi-static Modeling of American Geophysical 16, Dec. 2004
Non-planar Crack Growth Union Fall Meeting
With/without Open Kinks
Uchida, K., Seismic Wave Radiation of American Geophysical 16, Dec. 2004
and Dynamic Rupturein Union Fall Meeting
Kame, N. Branched Fault Modeling
2004
10 09
2004
10 09
Bhat, H., Dynamic slip transfer from 2004
Dmowska, R., the Denali to the Totschunda 5 12
Rice, R. faults, Alaska: testing theory
and Kame, N. for fault branching,
(f)
1)
2)
3)

643




(2-2)

(a)

(b)

1)

sawada@catfish.dpri.kyoto-u.ac.jp

17100
2)
i i H i meijky y Imz
7'a//( — 7'/a/ _iva//( + /ZZBaﬁ/ /kvﬂ/ , (1)
S mp t<k
D" =0 for 70 <77
/. if . ”

e Tl prar,y D<D,) o (2)

D’ s g for TU<T

7' i DCa S Da

re



D", V" T” (i)
k a B
7-/a//’ 7-/70://’ 7_ra/j
DCai/ Ve, MU
(1) (2) Va//k — (Da/jk _ Da/jk—l)/At.
D" =0 for 7% <T,7,
Da/'/k — faa/j [Da//k—l _’_%Z Z Baﬂ/mr/jk(Dﬁ/Mr _Dﬁ/mr—l)]+ lzal'/' for Da//k < DCa//’
M imp r<k-1
Da/'/'k — Dai/k—l +2iz Z Baﬂ/mr//k(Dﬂ/mr _Dﬁ/mm) + fw// for DCa/j < Da//k'
M imp r<k-1
aalj’ ]jm//’ fc"a// k
£ 2VAL £ - T =T, £ 2|/5Atr i
aa iy o iy ca O
lu _ TCa/ lu _ TCa/ /u
2vAt D./ 2vAt D/
aall’ fl;a//’ f(:‘all TCa/j = 7_/701/7 - 7_/‘0:// 7-0(1” = 7-/0:// 7-rai/
(3) k 7,
,;l IZ’ f(.; 7-,0’ DC ,;’ ,;J’ f(:‘
» Do o B L
7,
4 (3)
(3)
f 7_ _ 1 _ iz z B /mz/'/'l‘la’/(D Imr D /mr—l)
b H _ Tcal/ At/mﬂ <4, -1 i ’ “
2vAat D’
Fi—T i 2V, imeije,? ([ y Ime Ime-1
ca — 'Ca __z Z Baﬁ (D/X _Dﬂ )

fo B £ (4) (5) (6)

Hoimp e<g,” -1
t

CMT
D

[og}

L,

645

(3)

(4)

(4)

(%)

(6)



(3)

u="hx)+v.

Wavel et
Scalogram

2.0 km :

| Asperily
.4 km | [0 Background
[ % Rupturs start point

G.4 km

()

8x 8

192 60
3) 32 8CPU 37 100

646

(7



Dynamic Stress Drop [MPa]
1.6
1.2
0.8
0.4

(a)
Dynamic Stress Drop [MPa] 16 Dynamic Stress Drop [MPa] 16
14 1.4
16 12 16 12
1.2 1 1.2 1
0.8 0.8
0.8 0.6 0.8 0.6
0.4 0.4
0.4 0.4
0 0
(b) 1x 1 ©) 2% 2
Dynamic Stress Drop [MPa] 16 Dynamic Stress Drop [MPa] 16
14 1.4
16 1.2 16 1.2
1.2 1 1.2 1
0.8 0.8
0.8 0.6 0.8 0.6
0.4 0.4
04 0.4
0
()] 4% 4 (e) 8x 8

(c)

(d)

1) Fukuyama, E. and Madariaga R.: Rupture dynamics of a planar fault in a 3D elastic medium:
rate- and slip-weakening friction, Bull. Seism. Soc. Am., Vol.88, pp.1-17, 1998.

2) lda, Y.: Cohesive force across the tip of a longitudinal-shear crack and Griffith’s specific
surface energy, J. Geophys. Res., Vol.77, pp.3796-3805, 1972.

3) Peyrat, S. and Olsen K. B.: Nonlinear dynamic rupture inversion of the 2000 Western

647



Tottori Japan, Earthquake, Geophysical Research Letters, Vol.31, L05604, 2004.

(e)
2004 16 5
12
2004 16 10
10
(f)
1
2)
3)
(3

648




