
!"##$%%$%&'()&*+,+-'./(%&+(&-0$&%$+%,+#&
+,'1+(1&/2&3*'%4'(&5/*#'(/$%&

&
&

6**$(&!78'#"%$&
9/%&3*',/%&:'./('*&9';/8'-/87&

<0/-/&#/"8-$%7&=>&?//,;%@&3AB&

!"#$%#$&'()%#*%+,"-%.$/0120%&'3%
$")%4&0"*/)%)#/32'#)%&'3%5*)#3*6)%





3%&/2&CDECF&
GG&/2&HC&0+%-/8+#'**7&'#.5$&5/*#'(/$%&,/(+-/8$)&

&;7&3*'%4'&A/*#'(/&B;%$85'-/87&I3ABJ&

18
0˚

18
0˚

-1
65

˚

-1
65

˚
-1

50
˚

-1
50

˚

-1
35

˚
-1

35
˚

40˚
40˚

45˚

45˚

50˚

50˚

55˚

55˚

60˚

60˚

65˚

65˚



K07&+,'1$&5/*#'(/$%L&

M&$8"<./(&2/8$#'%.(1&
M&+)$(.27&,'1,'&%-/8'1$&8$1+/(&
M&$%.,'-$&',/"(-&/2&,'1,'&'5'+*';*$&
M&+)$(.27&,'1,'&<'-0N'7%&



3*/(1O'8#&5'8+'./(%&
&

!78'#"%$&P&3;$8%@&CDDQ&

��
�Ý

��
�Ý

��
�Ý

��
�Ý

��Ý

��Ý

N

Aleutians

Alaskan Peninsula2c

4 2b

0

100

200

H
, k

m

0 500 1000 1500 2000

C

D

Figure A3

0

30

60
b�

 d
eg

B

0

50

100

Sl
ab

 A
ge

, M
a

0

50

100

V,
 k

m
/M

a

A

AK



3*/(1O'8#&5'8+'./(%&
&

!78'#"%$&P&3;$8%@&CDDQ&

��
�Ý

��
�Ý

��
�Ý

��
�Ý

��Ý

��Ý

N

Aleutians

Alaskan Peninsula2c

4 2b

0

100

200

H
, k

m

0 500 1000 1500 2000

C

D

Figure A3

0

30

60
b�

 d
eg

B

0

50

100

Sl
ab

 A
ge

, M
a

0

50

100

V,
 k

m
/M

a

A

AK



3*/(1O'8#&5'8+'./(%&
&

R+,,$8&$-&'*>@&CDED&

,/8$&
,'S#&
&
&
&

,/8$&
%+*+#+#&



9+,+-'./(%T#0'**$(1$%&
&
M&%,'**&/(%0/8$&2//-<8+(-&



9+,+-'./(%T#0'**$(1$%&
&
M&%,'**&/(%0/8$&2//-<8+(-&



3ABTU3V&

9+,+-'./(%T#0'**$(1$%&
&
M&%,'**&/(%0/8$&2//-<8+(-&
M&(/+%7&)'-'&



9+,+-'./(%T#0'**$(1$%&
&
M&%,'**&/(%0/8$&2//-<8+(-&
M&(/+%7&)'-'&
M&-$,</8'**7&5'8+';*$&%$+%,+#+-7&

3ABTU3V&

CDDW&



9+,+-'./(%T#0'**$(1$%&
&
M&%,'**&/(%0/8$&2//-<8+(-&
M&(/+%7&)'-'&
M&-$,</8'**7&5'8+';*$&%$+%,+#+-7&

3ABTU3V&

CDDX&



9+,+-'./(%T#0'**$(1$%&
&
M&%,'**&/(%0/8$&2//-<8+(-&
M&(/+%7&)'-'&
M&-$,</8'**7&5'8+';*$&%$+%,+#+-7&
M&</-$(.'**7&*+,+-$)&%$+%,+#+-7&)+%-8+;"./(%&

3ABTU3V&



9+,+-'./(%T#0'**$(1$%&
&
M&%,'**&/(%0/8$&2//-<8+(-&
M&(/+%7&)'-'&
M&-$,</8'**7&5'8+';*$&%$+%,+#+-7&
M&</-$(.'**7&*+,+-$)&%$+%,+#+-7&)+%-8+;"./(%&
M&8$,/-$&*/#'./(%&
M&%-'./(&/"-'1$%&

3ABTU3V&



B(&-0$&"<&%+)$Y&
&
M&"<&-/&CW&7$'8%&/2&8$#/8)%&2/8&%/,$&5/*#'(/$%&

18
0˚

18
0˚

-1
65

˚

-1
65

˚
-1

50
˚

-1
50

˚

-1
35

˚
-1

35
˚

40˚
40˚

45˚

45˚

50˚

50˚

55˚

55˚

60˚

60˚

65˚

65˚

0 5 10 15 20 25

18
0˚

18
0˚

-1
65

˚

-1
65

˚
-1

50
˚

-1
50

˚

-1
35

˚
-1

35
˚

40˚
40˚

45˚

45˚

50˚

50˚

55˚

55˚

60˚

60˚

65˚

65˚

0 5 10 15 20 25
# of year of records!

3ABTU3V&



B(&-0$&"<&%+)$Y&
&
M&"<&-/&CW&7$'8%&/2&8$#/8)%&2/8&%/,$&5/*#'(/$%&
M&8'(1$&/2&-7<$%&/2&%$+%,+#+-7&

Z9[%F&)$$<&*/(1O<$8+/)&$'8-0\"'4$%&

[/N$8&$-&'*>@&CDD]&

8$<$'.(1&$'8-0\"'4$%&

Z$!0/(&$-&'*>@&CDDW&

$()&/2&$8"<./(&



B(&-0$&"<&%+)$Y&
&
M&"<&-/&CW&7$'8%&/2&8$#/8)%&2/8&%/,$&5/*#'(/$%&
M&8'(1$&/2&-7<$%&/2&%$+%,+#+-7&
M&'))+./('*&1$/<07%+#'*&#/(%-8'+(-%&/(&)$2/8,'./(&&

9"&$-&'*>@&CDDC&

=>&^'"2,'(T3ABTU3V&



−153.6˚ −153.5˚ −153.4˚ −153.3˚

59.32˚

59.34˚

59.36˚

59.38˚

59.4˚

59.42˚

AU11

AU12

AU13

AU14

AU15
AUC

AUE

AUH

AUI

AUL
AUNW

AUP
AUR

AUS

AUSE

AUW AU20
AU1

AU2

AU3

AU4

AU5

T1

T3

T4

T5

T6

T7

T8

T9
T11

3"1"%.($&A/*#'(/&
&

!78'#"%$&$-&'*>@&CDEE&

M&%"<<*$,$(-$)&;7&-$,</8'87&%$+%,+#&)'-'&
M&)/";*$O)+_$8$(#$&$'8-0\"'4$&*/#'./(&P&-/,/18'<07&



3"1"%.($&A/*#'(/&
&

!78'#"%$&$-&'*>@&CDEE&

−1 0 1
dVp, km/s

W E
−2

0

2de
pt

h,
 km

−4 −2 0 2 4
distance, km

−153.5˚ −153.45˚ −153.4˚
59.34˚

59.36˚

59.38˚

`&E&4,&)$<-0 & &aE&4,&)$<-0&

,/%-&8$#$(-&$8"<./(F&CDDQ&
,'1,'&#0',;$8&)$<-0F&

&CO]&4,&P&WOEC&4,&Ib(!3cd&9$$&$-&'*>@&CDEDJ&
&ECOEH&4,&I<$-8/*/1+#d&R+,,$8@&CDDeJ&



00

50

100
nu

m
be

r o
f e

ar
th

qu
ak

es

−1

0

1

2

3

de
pt

h,
 km

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
year

0

a

b

!78'#"%$&$-&'*>@&CDEE&

3"1"%.($&A/*#'(/&f&CDDQ&$8"<./(&
&



00

50

100
nu

m
be

r o
f e

ar
th

qu
ak

es

−1

0

1

2

3

de
pt

h,
 km

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
year

0

a

b

!78'#"%$&$-&'*>@&CDEE&

3"1"%.($&A/*#'(/&f&CDDQ&$8"<./(&
&



00

50

100
nu

m
be

r o
f e

ar
th

qu
ak

es

−1

0

1

2

3

de
pt

h,
 km

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
year

0

a

b

!78'#"%$&$-&'*>@&CDEE&

a

3"1"%.($&A/*#'(/&f&CDDQ&$8"<./(&
&

?$85$**+&$-&'*>@&CDDQ&



3"1"%.($&A/*#'(/&f&CDDQ&$8"<./(&
&

?$85$**+&$-&&
'*>@&CDDQ&

!78'#"%$&$-&'*>@&CDEE&

59.35˚

59.36˚

59.37˚
A

59.35˚

59.36˚

59.37˚
B

59.35˚

59.36˚

59.37˚
C

59.35˚

59.36˚

59.37˚
D

−153.45˚ −153.4˚
59.35˚

59.36˚

59.37˚
E

−2

−1

0

1
de

pt
h,

 km

SW NE

0

7

14

da
y

30 Nov −
13 Dec

−2

−1

0

1

de
pt

h,
 km

14 Dec −
27 Dec

magnitude
2
1
0

catalog
location

−2

−1

0

1

de
pt

h,
 km

28 Dec −
10 Jan

−2

−1

0

1

de
pt

h,
 km

0

6

12

18

24

ho
u
r

11 Jan

−2

−1

0

1

de
pt

h,
 km

−1 0 1
distance, km

12 Jan

59.35˚

59.36˚

59.37˚
A

59.35˚

59.36˚

59.37˚
B

59.35˚

59.36˚

59.37˚
C

59.35˚

59.36˚

59.37˚
D

−153.45˚ −153.4˚
59.35˚

59.36˚

59.37˚
E

−2

−1

0

1

de
pt

h,
 km

SW NE

0

7

14

da
y

30 Nov −
13 Dec

−2

−1

0

1

de
pt

h,
 km

14 Dec −
27 Dec

magnitude
2
1
0

catalog
location

−2

−1

0

1

de
pt

h,
 km

28 Dec −
10 Jan

−2

−1

0

1

de
pt

h,
 km

0

6

12

18

24

ho
u
r

11 Jan

−2

−1

0

1

de
pt

h,
 km

−1 0 1
distance, km

12 Jan

59.35˚

59.36˚

59.37˚
A

59.35˚

59.36˚

59.37˚
B

59.35˚

59.36˚

59.37˚
C

59.35˚

59.36˚

59.37˚
D

−153.45˚ −153.4˚
59.35˚

59.36˚

59.37˚
E

−2

−1

0

1

de
pt

h,
 km

SW NE

0

7

14

da
y

30 Nov −
13 Dec

−2

−1

0

1

de
pt

h,
 km

14 Dec −
27 Dec

magnitude
2
1
0

catalog
location

−2

−1

0

1
de

pt
h,

 km
28 Dec −
10 Jan

−2

−1

0

1

de
pt

h,
 km

0

6

12

18

24

ho
u
r

11 Jan

−2

−1

0

1

de
pt

h,
 km

−1 0 1
distance, km

12 Jan

($'8O%",,+-&%$+%,+#+-7&



!78'#"%$&$-&'*>@&CDEE&

3"1"%.($&A/*#'(/&f&CDDQ&$8"<./(&
&

0

1

2

er
up

tio
ns fir
st 

tw
o

ex
plo

siv
e

er
up

tio
ns

six
ex

plo
siv

e
er

up
tio

ns

cr
at

er
−f

or
m

ing
ex

plo
siv

e
er

up
tio

n

lack of
seismic

and eruptive
activity

lar
ge

st
py

ro
cla

sti
c

flo
w

ash
production

effusive
stage

0

1

2

3

4

5ea
rth

qu
ak

e 
de

pt
h,

 km 1/11 1/15 1/19 1/23 1/27 1/31 2/3

g)$$<h&*/(1&<$8+/)&%$+%,+#+-7&



N
-153.4°

59.4°

6−
4−

2−

2

4

4−2−0

-155353.5°9.3°599

uplifted
zeolitized

 
 

magma
chamber?

2hig
h-

V 
m

ag
m

a 
co

lum
n

!78'#"%$&$-&'*>@&CDEE&

3"1"%.($&A/*#'(&



!78'#"%$&$-&'*>@&CDEH&

34"-'(&P&='4"%0+(&A/*#'(/$%&
&



!78'#"%$&$-&'*>@&CDEH&

34"-'(&P&='4"%0+(&A/*#'(/$%&
&
34"-'(F & & & & & & & & &='4"%0+(F&
,/%-&8$#$(-&$8"<./(F&EeeC & & & & &,/%-&8$#$(-&$8"<./(F&EeeH&
,'1,'&#0',;$8&)$<-0F& & & & & &,'1,'&#0',;$8&)$<-0F&

&EG&4,&Ib(!3cd&9"&$-&'*>@&CDDDJ& & & & &W&4,&Ib(!3cd&9"&$-&'*>@&CDDCJ & & &&&&&&&
&]&4,&Ii[!d&j+&'()&k$88+(1@&CDEEJ & &&& & &HOQ&4,&I<$-8/*/1+#d&R+,,$8@&CDDeJ&&&&&&&
&]>H&4,&I<$-8/*/1+#d&R+,,$8@&CDDeJ&



!78'#"%$&$-&'*>@&CDEH&

34"-'(&P&='4"%0+(&A/*#'(/$%&
&

='4"%0+(F&
&
M&,/8$&#/,<*$l&&

&%-8"#-"8$&
M&0+10OA&?'<-'+(%&&

&m'7&<*"-/(&
M&*/NOA&8$1+/(&

&%"88/"()$)&
&;7&$\%&

34"-'(F&
&
M&%+,<*$8&%-8"#-"8$&
M&0+10OA&5/*#'(+#&&

&#/8$&
M&*/NOA&8$1+/(&

&%"88/"()$)&&
&;7&$\%&



!78'#"%$&$-&'*>@&CDEH&

34"-'(&P&='4"%0+(&A/*#'(/$%&
&



B4,/4&A/*#'(/&
&

='%-$8*'84&$-&'*>@&CDED&

B0*$()/82&$-&'*>@&CDE]&

]&4,&)$<-0&

:&

*/NOA&,'1,'&8$%$85/+8&
'-&]OH&4,&)$<-0&

0+10*7&'n$("'.(1&8$1+/(&
'-&DOQ&4,&)$<-0&

,/%-&8$#$(-&$8"<./(F&CDDX&
,'1,'&#0',;$8&)$<-0F&

&CO]&4,&Ib(!3c@&i[!d&5'8+/"%&%-")+$%J&
&]&4,&I<$-8/*/1+#d&R+,,$8@&CDDeJ&

D>G&ko&



m$((+(1-/(&$-&'*>@&CDEH&

B4,/4&A/*#'(/&
&

5$*/#+-7&)$#8$'%$&)"8+(1&
CDEG&+(p'./(&$5$(-&



c$)/";-&A/*#'(/&P&^'-,'+&i8/"<&

="8<07&$-&'*>@&CDE]&

Z$!0/(&$-&'*>@&CDDW&

^'-,'+&i8/"<&O&*'81$%-&$8"<./(&1*/;'**7&%+(#$&EeDD &&

c$)/";-&O&,/%-&8$#$(-&$8"<./(%F&CDDe@&EeXeOEeeD & &&

!K&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&:6&

!&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&:&



?"88$(-&'()&2"-"8$&N/84&
&

B4,/4&

[b%F&m$((+(1-/(@&^$7&
Ii$/[cb!=!J&

[b%F&q0"8;$8@&i0/%0@&[8$r$'(&
I6'8-0!#/<$J&

M&'*%/@&?*$5$*'()&A/*#'(/@&&
+(%-8",$(-$)&%",,$8&CDEH&



?/(#*"%+/(%&
&

M&!$+%,+#&+,'1+(1&/2&3*'%4'(&5/*#'(/$%&<8$%$(-%&'&"(+\"$&%$-&/2&#0'**$(1$%@&
&;"-&,"#0&#'(&;$&)/($&N+-0&$l+%.(1&)'-'&

&
M&3-&8$%/*5';*$&)$<-0%@&'&N+)$&8'(1$&/2&%$+%,+#&%-8"#-"8$%&'%%/#+'-$)@&+(#*")+(1&

&M&0+10O5$*/#+-7&+(-8"%+5$%&
& &O&#//*$)&,'1,'&'*/(1&#/()"+-%&
& &O&<*"-/(%&
&M&*'81$*7&'%$+%,+#&*/NO5$*/#+-7&8$1+/(%&'%%/#+'-$)&N+-0&,'1,'&%-/8'1$&

&
&M&;"-&%/,$&5/*#'(/$%&%0/N&*+n*$&%-8"#-"8$&
& &O&-8'(%+$(-&2$'-"8$%L&
& &O&($$)&,/8$&+(%-8",$(-'./(s&


