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Structure imaging of the crust and upper mantle in south of Alaska
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Abstract For the first time we used 562891 P- and 156321 S-wave travel-time data to invert for
the V, and V| structures simultaneously in the crust and upper mantle in south of Alaska. At the
same time, the Poisson’s ratio images were calculated from the inverted velocity models. Our
tomographic results provide crucial information for a better understanding of seismic structures
and the geometry of the subducting slabs under south of Alaska. The P-wave velocity is similar to
that of the S-wave velocity and coincides well with the Poisson's ratio image. Strong high velocity
(V,, V.) and low Poisson's ratio () anomalies down to 200 km depth are clearly imaged along
the Alaska subduction zone, indicating the subducting Pacific and Yakutat slabs. The high-

velocity and low-¢ zone is well consistent with the spatial distribution of the earthquakes along the
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subducting slab. Most of large earthquakes (M >>6.5) are located in the boundaries between the
high- and low-velocity zones, suggesting strong interplate coupling of the subducting slabs. Wide
low-velocity anomalies with high Poisson’s ratio are revealed in the mantle wedge of the
subduction zone, which might reflect the magmatic flow associated with the slab subduction. Our
study indicates the dipping angle of the slab changes from steep in the Wrangell Block to flat
under the Bristol Bay in south of Alaska, which is associated with the Yakutat plate under the
Wrangell Block and the Pacific plate subducting under the Bristol Bay. A strong low-velocity
body in the upper mantle is observed under the conjunction of the Kenai Peninsula and the Kodiak

Island, suggesting the collision of the Yakutat and Pacific plates as well as the strong upwelling of

the mantle asthenosphere that might have thinned the subducting plate there.
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Fig.1 Tectonic background of South of Alaska. The red open circles denote large historic earthquakes (M >5. 5)
occurred during the period from 1992 to 2002. Dark red triangles denote the active volcanoes. Black dashed lines showing
depth distribution of the upper boundary of Pacific plate beneath the Alaska region. The faults are show as the black soild
lines. A green arrow indicates the direction of subduction of the Pacific plate and a red arrow denotes the direction of
subduction of Yakutat plate. The red square on the upleft insert map indicates the present study area. The elevation scale

is shown to the right of the map
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Fig. 2 Distributions of seismic stations and 3-D hypocenters. White opened circles denote earthquakes occurred in Alaska.

Gray squares represent seismic stations. Magnitude scale of the earthquakes is shown on lower right of the map
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Fig. 3 1-D initial velocity and 3-D grid models

(a) The 1-D initial V, and V; models. The initial velocity models are indicated with dash lines.soild lines show the calculated velocity used

for hypocenter location and tomographic inversion . ( b ) The grid model used for hypocenter location and tomographic inversion . Thick

dashed lines show the Moho discontinuity and the upper boundary of Pacific slab
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Fig. 4 Map views of restoring resolution test

(a) P-wave, (b) S-wave and (c¢) vertical section along the line shown in the insert map. Left column indicates the input model and right

column denote the output model for each map. Red color denotes low velocity while blue color indicates high velocity. Black dashed lines

showing depth distribution of the upper boundary of Pacific plate and Moho discontinuity. The depth of each map is shown at the lower

right corner. White dots indicate seismicity with a 10km thickness bound to each slice. The velocity perturbation scale is shown on the right.
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Fig.5 Plan views of velocity and Poisson’s ratio perturbations
(a) P-wave velocity, (b) S-wave velocity, (¢) Poisson’s ratio perturbations. Red color denotes low velocity and high Poisson's ratio and
blue color indicates high velocity and low Poisson’'s ratio. White dots show earthquakes occurred with a 5 km depth bound to each
horizontal section. Red opened circles denote large earthquakes (M>>6. 5). Black dashed lines indicate upper boundary of the Pacific plate.
The faults are show as the black soild lines. The depth is shown on the lower-right corner of each map. Magnitude scale of the earthquakes
and the velocity and Poisson's ratio perturbation scales are shown on the right.
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Fig. 6 Vertical cross sections of P-wave velocity, S-wave velocity and Poisson’s ratio

perturbations along the lines shown on the insert map

The surface topography is shown on the top of each profile. Red triangles denote the active volcanoes. Dark dashed lines show Moho

discontinuity and the upper boundary of Pacific slab. White dots show seismicity with 10 km thickness bound to each section. Red opened

circles denote earthquakes with magnitude greater than 6.5. Red color denotes low velocity and high Poisson’s ratio while blue color

indicates high velocity and low Poisson’s ratio. The magnitude scale of earthquakes, velocity and Poisson's ratio perturbation scales are

shown on the lower right corner.
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R 8 S B A 5. N 1L5 A L6 A B F) T

KE G HE AR 2 Ol AH R AR 3R i
TEAS B S b A0 B by 2 0 0% U 38 32 R0 v T Y B
B A ST IA R 7 B R I 8 AR Bk s B Y
AL LA /N (BT 25, 201 1) , BT DATE 3 3 S b 3F
AAER B, 5340 I3 AR I 25 2R e B X
O3 BERAAR TR R B 3 0% X B 118 S 28 SR R X A /b
R SR A S, L1, L2, L3, L4, L5 B ES
ARTEAR Ll 5 B 22 [] 1 72 4 A5 1 O - FATTIN Ok 76 Bl



74 WA 45 < T BT r U b e e b 3l 0 45 ) AR BT 5T 2125

PT35S T 00 i RS- A R A o A BE A 22 A
IR AR B A LT G /R T E P 30 35 8 BE L. 1] 6b
FITE L6 SR TEHL AR A0 A b 58T 22 AR IR R 5
FE AT G 0 S 2 B ik — B Ko iR kAR AE =
R AR IA AL L S DX TR, (HR s AR B 7Y
1 2 BT R B R ik — B K 4 b AR 4 A A
o TR VI Ll 53 8 PN 30 o A 408 T N 38 R P 7 Hl
A EHEY (2 % 45,2003 F H R4 ,1987)
FEATIN R TERT A 35/ 22 IR AL AR 5 B AR 1Y)
M AR JE TRV A A B ] T 4R R I W72 R R
S TZEAR o A 38 T 1 3 25 2 B V4 e &8 BTz 357 n
5 B JE TR A B PR BT DL SR A ) IR
U5 A PN Rl R T S RE S S AT T B 0T nf
R T PR S ik v R S A E 15~ 140 km
T0 L A 5 DA 22 A% 25 LK 1] PG g o e R S 3 R
TR 180 k. AHFCZ T S I HURE S 1) SRR P
BEOF FESE TR N =p By BT P RS i i S R
UM b 5 8 2 AN 3% 22 53 A, 56 (Creager et al.
1992) BIFFEIA Ry 22 A% JR A B 74 i 0RF of o7 Bl 5 Hp Jon—
BT 8 H AR AR i R s FRATT A 45 R 5 e R 2 X
WFFE 45 5 —3. L6 #1170 km 2 FAELEN] T &4 &
200 ke AR B R T P A S 4R T AR AR A7 T 3
22N B VR 7 5 22 [ 79 1 b A7 4FE D7 42 41K sk
J3 AT BB 55 WV PR 5 R A B 5 ORT VAR A e RRE L Al
JEEAT 5 7] Hsf A Ll 2 P R 2 0 b TR G
S5 RF o 1) RSP Al B A 2 67 AR T R RB T A o Al
HUB A 7

5 4t

AR SCR) FH Bl Bz 3 X ekt 52 A W0 SR B
11792 S HbE  Pkik ) 562891 4> P it fl 156321 4 S
6 B R AR SR FH bR U2 BT AR T kR —
YR [R5 2 T Bl 7 3570 X885 T D 200km PR B 1
(9 Pz S I I = 4 B B 25 0 LA R R L R
TP YRS PH AR 5IR A t R — Bk gk
197 552 DX b 72 3 A R Al R AR oA 6 1 LA
TILAEE®

(1) B YR R B ZR AT 1 BT hr 557 o b X 1) 38 (V7
VO FIA P bh By — B0k 45 0 R . A2 Bz o 4R b
VU R IR DX 1 e A S FRATTIA A AR o
B BT R 00 5 B R B B A P B R AR . R
H o KA RE (M=>6. 5) & A AE (i S8 X3l 2l 7
e AR I B e R TR A e iR B

()4 5 P A K 2 DXl i 9 4 0 o DX 5 o
T 77 bW IR 7 DRV LA RN g A L
S 755 RPE AR AR oA 5G4 S L 2 SR T B

(2) DK 22 IR B A 3 A7 B 307 4G 2K V5 1 vy 88
IR b S 8 S b 752 2 ) 43 A I 50 & BR  7E R BT iz
S0 DX T R AR R A A I ff EE RS 22 IR B dAk
B A B /KT el - HH AR A5 8 W BE N L X 32 S0
F 0 B R A HR R OSP4 S AR o T 387 o
R AR 320 R PG 300 1) 2 .

(3) P T ALz By AURL . v B 3% 4L 70 km
Z FAFAELEAR 2 200 ke VR BE A9 A0 388 B2 R 01 08 L
8 S A FRATTHE BT 12 A0 TT BB 5 R P VR Al B 5 I R
P& MR oA AR T DA R 5k 20 ot e 2 i Bl b T O A
I AR B B JoT 23 (AT e 18 DR A e A v
FL B TERE R TE WU v AR B AR - 1 (slab window).
Bugt L A R K SR AT R R
D4R e SCFE 4 Joi . SR X R NG B R A 2 M S
FIT 8 A IR BF 98 T 4E, 2% 14t Incorporated Research
Institutions For Seismology (IRIS) HI International
Seismological Center (ISC) #2 it 3 5% i J& Fl = AH %%
kB, B Alaska Earthquake Information Center
(AEIC) #2453 52 15 2. . SCE BT i K 3 i) B 44 19
GMT il .
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