Ejﬂgﬁfﬁﬂﬂﬂ? T 1 0 BE R D AUHY e P S DR 7R N X 7 P AR AT
N)SPaN

WBE, B, BN, BNE, ZERTE, WR

51 AR

W, R, R, AF. R TR AR by 5 0 A ST L5 E Pl TS R K HA 52 A LA 23 A
B R[], Mo BRI HRF41, 2025, 68(10): 3810-3822.

Yang G, Zhao L F, Yang Y J, et al. High-resolution broadband Pg-wave attenuation in the Cascadia

subduction zone and its implications for crustal fluid distribution[J]. Chinese Journal of Geophysics,
2025, 68(10): 3810-3822.

https://doi.org/10.6038/cjg2025T0211

FHIGE S
AR T A 5 A PR £ WS e MM 0 RSB

s, RPRZS
HhERYIFREER 2024, 67(1): 89-107  doi: 10.6038/cjg2023R0237

R0 BT 4 R A2 AL R B30 I % S L0

FIZl, RKREE, KT

BRI BEAAR 2022, 65(11): 4354-4368  doi: 10.6038/¢jg2022P0419

I8 45 15 PR s A R BT 9 1L T TSl bt 2 X8 43 R b e 5 4

gz, B, CIEERR, IMVRWL, SKERE, T, MEUE, BEide, RKZE
HoERPFAAR 2025, 68(2): 517-530  doi: 10.6038/cjg2024R0834

AU VG 7 A Y b A (v X JE A AR 7 T AR ) 2R
RS, B, skEEEr, 2IER, EEE, Ak
HEERPIFEZER 2020, 63(5): 1927-1937  doi: 10.6038/cj2020N0014

T RIS T 0y PR K X O it 1 1 B AR B S
xR, TR, TR
HIBRYIFEAIR 2023, 66(4): 1334-1347  doi: 10.6038/¢j2202200290

T R R A o I B R I 2 T8 (55 LT

SifE, XYL, S, WAL, MR
HIBERPI PR 2021, 64(5): 1710-1720  doi: 10.6038/¢jg202100184



http://www.geophy.cn
http://www.geophy.cn
https://doi.org/10.6038/cjg2025T0211
http://www.geophy.cn/article/doi/10.6038/cjg2023R0237
https://doi.org/10.6038/cjg2023R0237
http://www.geophy.cn/article/doi/10.6038/cjg2022P0419
https://doi.org/10.6038/cjg2022P0419
http://www.geophy.cn/article/doi/10.6038/cjg2024R0834
https://doi.org/10.6038/cjg2024R0834
http://www.geophy.cn/article/doi/10.6038/cjg2020N0014
https://doi.org/10.6038/cjg2020N0014
http://www.geophy.cn/article/doi/10.6038/cjg2022Q0290
https://doi.org/10.6038/cjg2022Q0290
http://www.geophy.cn/article/doi/10.6038/cjg2021O0184
https://doi.org/10.6038/cjg2021O0184




55 68 % 45 10 Y] ook W B 2% ] Vol. 68, No. 10
2025 4F 10 /1 CHINESE JOURNAL OF GEOPHYSICS Oct., 2025

BRI, 68(10): 3810-3822, doi: 10.6038/cjg2025T0211.
Yang G, Zhao L F, Yang Y J, et al. 2025. High-resolution broadband Pg-wave attenuation in the Cascadia subduction zone

¢jg2025T0211.

TR I P S P RE T Pg iR
BB R EXZRARE ST mHET

wE, REEDY, HEKA, WANE, FEEY, kX’
1 RRHERE Bk 52 HAHE R, TR 518055
o R B b 5 S R B T T, AT AR G R R A SR A, BB 100029
i E R B R IR 51T B AR RE, dbat 100049
o [ B2 B b 55 R BRI IT T, S VT TR Ay B ] R A AR 2 N A 7, HR e VB 165300
FE NN 2 22 T8 6 250 %, s R B S 1T BB IT T, 26 2584524, CA 95064

[ N VS I S

WE L E VG0 IS BT e i W2 TR A R b, 8 LV R Ml DXOURI B R R K L AR R, SRS 40 R
R & A SR o R RS R LB R ) A O, SR, % M XA A3 A S S A U — B AR i AR X
BRI I L 306 Bl 55, L F s Ok, L0855 9 SR PR RS 2 L B A8 B IR SR R 2 R B R P TR IR 1Y 18 0,
B L3 3 Pg U O 18 L% BE 5 $2 AL 6T 1 76 I A4 20 A5 1 20 ol AR SR AR T AR 307 R 2l S AR o 623 A B i i 1 5
Pg PRI GORE, MO T S T S DR, A BRI H 0.5° x 0.5°. AR 4h SR 0 %, 78 7 B 4 X7 0 7 78 T A 9 5 U
SEH DX, TTRETE 7~ Hh A P A AL IR BT IR e Y o - 55 -5 o BE U IR 5 A S R BN o A YD A, - -
AV A 3 1 B L ORI PR — B, A 52 N AT A T 2 A R 1) S X S0 M. B I 19838 3R 11 Siletzia ik 2 1
S IRARAE, AT REBLAT TGS R, O R 5 R AT K SR DI A v S I A R A T R O A TR i
PSR, BT s AR 1 5 A, R T A A X R Sk L3 ek

KR P B EWURAR; RITRHOEAN b s FEKILES; WiAERE; g

FE S %S P35 Y 75 B HA 2025-04-21, 2025-06-16 Y & 5 i

DOI: 10.6038/cjg2025T0211  CSTR: 32084.14.¢jg2025T0211

High-resolution broadband Pg-wave attenuation in the Cascadia subduction zone and

its implications for crustal fluid distribution

YANG Geng', ZHAO LianFeng™*, YANG Yinglie', XIE XiaoBi’, LI Ruolie®’, YAO ZhenXing’

1 Department of Earth and Space Sciences, Southern University of Science and Technology, Shenzhen Guangdong 518055, China

2 Key Laboratory of Planetary Science and Frontier Technology, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing
100029, China

3 Colloge of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China

4 Heilongjiang Mohe Observatory of Geophysics, Institute of Geology and Geophysics, Chinese Academy of Sciences, Mohe Heilongjiang
165300, China

5 Institute of Geophysics and Planetary Physics, University of California at Santa Cruz, CA 95064, USA

EE&WH EZRAKREFILSE (42430306, 42404067), 1 E 1 5 R 22 56 4 (2024M751295) 1 E 5% Bh i 1 J5 BF 98 A B3R (GZC20240638) Bk
G

F—EE®N WP, B, 1997 4, s, RN S I HE 2%, E-mail: yangg@sustech.edu.cn

*EIREE  REE, B, 1972 F4, ot 61, EEWFST U7 A Hb A% 2% . E-mail: zhaolf@mail.iggcas.ac.cn


https://doi.org/10.6038/cjg2025T0211
https://doi.org/10.6038/cjg2025T0211
https://doi.org/10.6038/cjg2025T0211
https://doi.org/10.6038/cjg2025T0211
https://cstr.cn/32084.14.cjg2025T0211
mailto:yangg@sustech.edu.cn
mailto:zhaolf@mail.iggcas.ac.cn

10 My DA« Al IR e e B R Y M 5 P I R DA R B X 58 PN LA 3 A B TR 3811

Abstract Cascadia in the northwestern United States is a typical warm subduction zone, where many
nonvolcanic tremors are unevenly distributed along the coastal region. These tremors are associated with
elevated pore pressure induced by fluids within the subduction system. However, the distribution and migration
patterns of these fluids remain debated. Arc volcanism near tremor zones is often absent or diminished and
poorly understood. Since melts and fluids significantly attenuate seismic Pg-wave amplitudes, Pg-wave Q
tomography can constrain the crustal fluid distribution. In this study, we collected Pg waveforms recorded at 623
stations across the Cascadia subduction zone and constructed a broadband crustal attenuation model with a
resolution of 0.5° x 0.5°. The imaging result reveals two strong attenuation anomalies west of the dense tremor
zones, indicating fluid accumulation in the crust. Along the Cascadia margin, a “strong-weak-strong” segmented
attenuation pattern closely correlates with the tremor distribution. It aligns with previously identified “low-high-
low” velocity and resistivity structures, suggesting significant lateral heterogeneity in crustal fluid content. The
Siletzia terrane with low permeability exhibits weak attenuation, which may impede fluid migration and
contribute to reduced tremor intensity and longer recurrence intervals. Shallow fluid accumulation may limit

transport to the deeper mantle wedge, thereby suppressing melt generation and reducing arc volcanic activity

near the tremor zones.
Keywords

Volcanism

0 9l5

+ 7§ it W (Cascadia) ff w47 3 F 35 [# ¥4 b
HR, JE LR AR B (Farallon plate) 8 5% 4% 30 43 2k 25 [
db 3& K G T 7 I wh a9 [X 3, (van der Lee and Nolet,
1997), Ja@& T B 7 () B2 405 ay (18] 1a). 7600 bl J6 358,
5 42 18 5 < LBk (Juan de Fuca plate) [w] s ff o, 7E
iR AR 5 PE L SR E A B W R 2 A = K S (Queen
Charlotte triple junction). 7& 4 #ha7 Fp g &, R Ik M
Bt (Gorda plate) [m] A< 4 #ft, 7E 70 A1) 4 JE S AL 8B
A% 1) 22 P4 i = 8K 25 (Mendocino triple junction). f %
R U7 IS 2 TR A b R NS SR R, LT IR IR
Bt 75 km (9 MR, H R IR IR pbis o 0 & F R AE
2K LT TR i A% b AR . AR K R R AR Y )R
WIRZY N 152 A, FFLITE] 3 J8, TRIETE 20 ~ 45 km
Z ] (Wech, 2010; Ide, 2012; At & F-45, 2024). E k1L
72 Bl (nonvolcanic tremor) && — i i /N ML 52 5 14, 4F
RORREGUN . R a4 | B = & {E 5 (Beroza
and Ide, 2011), i # % A= 78 B A ity (4 3t g 442 1
. ARER 2 W AN opaty ER U R O R R X, AL
S I V4 e 50, Bz S b pig 940 . 5 P4 AF A b DX (A,
Beroza and Ide, 2011; Ide, 2012). 3% $& {ff #h 5 19 3L [7)
Fimge: (1) BEEARAERS, (2) IR B A1 /DN, (3) W &
AEAE I A AR R R R MR, (4) R E X
BRI BIR LU A AT e 2R s o 2D Al kol i B Y & A
BN S0 ehal s AR S & LB R ) T e A

Pg-wave attenuation tomography; Cascadia subduction zone; Nonvolcanic tremor; Fluid migration;

2 (Obara, 2002). F= 3 38 VAR vy A k1L = B ) 2%
JE RN R A RV AE 25 (6] E AR AR Ak anE] 1a i, I
el LR BAAKDC 5E 2 By (46.5°N—49°N) Hl g &1 4
A8 X 3 5 1K (40°N—44°N) B 3T 72 B % i Kk,
A2 T 391 1) B . AE AR oy o BE Y Siletzia M A R
(44°N—46.5°N), 7% Wi % & P& AL, 8 J8 i K
(Wech, 2010). H 5= 8FI P R 2 M 2236 s &R 8N
SRS B4 O, X P As 8] A48 16 T 78 B e T py
HRAAR B N Y S 43 A SR, R v %) G A4 = A RN
iz # 1 R — HAFAE I (Condit et al., 2020). X fff i
R A5 A LA RS TR ) 21 B I RS L 98 & B, R
S0y 38 AR e A AR TIOR BE 2 R 35 ~ 40 km Al
50 ~ 80 km (Fagereng and Diener, 2011; Condit et al.,
2020), 52 WA TR E (25 ~ 40 km) I AR 58 42— 3. B
Fir 40 o v R I JE S R AR B (Yakutat plate) 9 B 7K
R EEWEAS 1T M 75 ~ 85 km (Abers et al., 2013), L ZHi
KA L E (40 ~ 58 km) ¥ (Chuang et al., 2017; Wech,
2016). H A 7Y m &8 20 B2 5 09 J7 Ik 1A R ik R
258 70 km, [A] A Lb R B & A AL E (~30 km) TR
(Condit et al., 2020). P 1L, 51 % 7= B 1) it A& 2 05 H 2=
i X4 BT (in-situ) B 7K /E FH (Condit et al., 2020), if
JE IR TR B WK AE O U AR o b is
(Hyndman et al., 2015) — ELA7#F 1. 1M H., £ R~ Hr
3 AR R E (B 1a), 9k 3 B e AR 5 X
VG5 RN AR ST N VG B 5B (43°N—47°N), i T 5% B
Bt DX 2R A A S % AR X B, Ll i Bl B e 0
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B 1 (a) 37 S0 R s X e B M . R €0 B A 3R 7R 2008 4E 1 A 1 H = 2008 4F 12 H 31 H A & A AR k1L

i (Wech, 2010; https://www.pnsn.org/tremor). ZL{% = T RN K LA E . H @S MBI b IR S5 H 28 (Hayes

et al., 2018). JK {4 SEL 0 F2Hh BrH AR 3 L. A0 R 43R0 Siletzia HARAY I (Wells et al., 1998). BR: #5151l ik

4B, BTF: A 2RI KT)2, CR: RT3l 0 1l bk, HLP: & Ha 2 5, MTF: |1 2 PU iR 35872, OCR: M X1 5 1L

ik, OP: BLAKIE 7 K5, SN: PIAEIA LK, YFB: FE3E SR8 4515 . (b) HhiZ K 5 0 oA, 20 (6 [ i Rn b B 0 &, 2B (0 = £
WEREUWALE. CA: MAREIMN, NV: NAEEIM, OR: HETXIIM, WA 42N .

Fig. 1

(a) Regional tectonic setting of the Cascadia subduction zone. Pink dots represent tremors from January 1, 2008, to

December 31, 2008 (Wech, 2010; https://www.pnsn.org/tremor). Red triangles denote the locations of volcanoes. White solid
lines represent the depth isobaths of the subducting slab (Hayes et al., 2018). Gray solid lines denote the boundaries of major
geological blocks. The black dashed line indicates the outline of the Siletzia terrane (Wells et al., 1998). BR: Basin and Range
Province, BTF: Blanco Transform Fault, CR: Cascade Range, HLP: High Lava Plains, MTF: Mendocino Transform Fault,
OCR: Oregon Coast Range, OP: Olympic Peninsula, SN: Sierra Nevada Range, YFB: Yakima Fold Belt. (b) Map showing the
distribution of earthquakes and stations. Red circles indicate earthquakes, and black triangles represent stations. CA:
California, NV: Nevada, OR: Oregon, WA: Washington.

B KLE D 8 PR ATAL ] AN T A

F TR s e A A B e i ) o R A 2 R 3R
b 52 987 R O3 VR R 40 M 0, R O e 35K A B AR RT
DI b A [R) R AT 3 29 o FE T N E g Th,
SRS RE USRS T AR XD TR /R LDk SRR DG e
2 5 b 5e A T A IR X, g G AR 0 1 R B A X
LA B % ¥ & & (Porritt et al., 2011; Delph et al.,
2018). Hh = B UR AR /R T L 18w R IR A
M e 1 5 1 B0 A AR 02, o] DU s AR Y
V5 8T L )2 (Bostock et al., 2002; Brocher et al.,
2003; Calvert et al., 2011; Chen et al., 2015). < Hb Hi, 7
JSAGAE A Hr I 300 ST RF ey ¥ e L 198 3 3 SO 1) K
T A 0 BEL A%, i 0 2 A AR 1R RN Y AR T I AR
(Egbert et al., 2022). Hi 5% % 52 98 W15 BE 05 2K A5 1o T
AT QEZEH . — kU, = O 3R 055, S Bk
TRE B M SE 450, AR O % 0 358 5 1Y 5 0L,
& B M 7 Ak T I A 15 A EE Bl S TR I I

8T B 40 0T A R B e, R L B AR A L
FE R 3T 3 Ml DX T R A 5 R O R A 5 A
Chen %5 (2021) 78 3 [E PG AL EB I & T M7 Lg I 0
BUAG, AR 30T S AR i R A 2 B B R U (IR
0) FHAIE. Gallegos 45 (2017) 35 15 A 55 [ 74 35 3 72 %
ol R TR, 7 340 R e IV RF v A -t DX 0 58] 3
SRS . AR, T X AL T R A %%,
IR 2B W D, R A BRI oe P AR R Y
Pg U [7] B J2 T 5% ML 5% 25 4 1) 38R ZZ A (40, Bao et
al., 2011; Pyle et al., 2017; Li et al., 2023). B & P 3§
(Pg %) 07 B 5 91 26 Fn 22 Wk = 3 5 46 (Krishna and
Ramesh, 2000; Sato et al., 2012), 7] J T & A 34~ b 5%
PR 3 AR P PRI, AR E S A T R R O X
623 > 15 3l 10 5% 1Y T B 43 1 PR EHE (18] 1b), 1y
1o 3 FERR T 5T Pe OB AL 275 O A b
5 0 b 35K 40 UL I 5 Ak, Sy IR s i A 1 B A
AL R R B B PR 4R BT Y R R
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1.1 Pg KiRIEIRE

1b JE /R T 4% i A op s X 38 623 A4 9
WA 13 0 266 A58 P HBEE B 4 A AT T X
LU 11 20808 4% T L 43 hi BIE BEORE. Shy kA K M
PR R AT RN P Y A T 1 22 S, F
TR R R TE 4.0 ~ 6.5 Z 0. G MFFHY
PEAN(E B 2 UL 1 FfF 36 S1 A S2. 7 X 3l 7= i 5%
Hh, RS P WOR T R FE AR AR, 7 A X S
BSR4k P 2B T BIIK B EAH (Pyle et al., 2017), H
R EEYEF A 1°F 10° (Nicolas et al., 1982). AR 4 [
B b 752 2% 55 i BR P4 4 3824 K A 2 (TASPED B &

SC, FEER B AL Pg Ok A EHbsE R IR FAT P
BAE - M5 RS 3 B S Y Pk, B BE B Y P I U
A MSE N P U 2 R T A N, LR R 2k 5.8
km-s ' (Storchak et al., 2003). A&RWF5E K )~ X Pg Il
FE S, AL E W) =PRI, I8 AL FE H B A M5 I
S 2H B Y #B 43 (Sato and Fehler, 2012). Y& HUE o fE
70 % 800 km i [l N . #F A T 6.3 & 5.4 kmes”
Z I Pg . AEBL AR T, Pg I Il R B T 42 Ml o
B 45 AE . 18 2 L CC.KWBU £ 3l ic 5% 19 2020 4F
04 A 11 H MR WEIE R, /R T Pg I P i 42 Ui
T2 S 0TI B Bt 2 BR A gs e B, 7E 6.3 ~ 5.4
km-s™ B B 7 1PN $ B Pg 5 51, FE P w0 A
FH 5 Pg P v 111 45K B A SR 14 £ LS 2 i g 75

Event: 2020-04-11 14:36:37 Station: CC. KWBU Distance: 670.10 km m,=5.2
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Fig. 2 Measurement of Pg-wave spectral amplitude

(a) Vertical-component seismograms from the 2020/04/11 earthquake recorded at station CC.KWBU, where the noise (blue) and Pg signals (red) were sampled

within two equal-time length windows; (b—c) Enlarged waveforms of the noise and Pg signal; (d) Pg and noise Fourier spectra; (e) Signal-to-noise ratio (SNR)

for data selection. Data with SNR<2.0 were removed (light gray dots); (f) Denoised Pg amplitude spectra; (g) Workflow for amplitude measurement.
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H1 (1%l 2a). K Pg AR 55 B R IETE (5] 2b—d),
28 LML T, VR AR AT E M LR T 2.0 7Y Pg
I MR A (T 2e—1). 3 FRL A 18 MR 7 E — i I ] B
PR Ra e ELREAILEY, B84 RT LA FH 4% 05 BE 5 A s

At 2 22 R AT MR R AL IE : A2(f) = A2(f) - AZ(f), H
RN R s, o Fln 43 R M S AR L 25 R TR
i AN 75 (% 5 (Ringdal et al., 1992). & A138 %t Pg
PR WG EAT 22 55 1 A0 B, I 78 4R Sk 65 5 gk A T
SEI]BR SRR, BV AT A5 20 AR A 4R IR 15 . e & 31300
SR 0.1 ~ 10.0 Hz) Pg 41 I AL 15 58 48 (18] 29).
1.2 Pg BiRIEIE AR5 3%

Pg I 1% H% 7 3% 7T LA & 7R 4 (Sereno et al., 1988;

Xie, 2007; Li et al., 2023)

AN =S -GU.[)-TUf)-P(fHHr(f), (1)
Hodr, A(HFRRIE R BT IRIE, S (H) 3R m T 3%
PREL, G, HFR R JLAT Y 1 ek B, 400 7% h IR
LA, )RR, P(HZRRGHANL, r(f) R BEFLEL
R RIS (f) R LLZ 7R A7 (Sereno et al., 1988)

-1
1+j;;

S (f) = Mo/ (4mpp°)-

@)

Hd MoR R IR pfRREE 2.7 gem?), B2
E{Kﬁf( E N 5.8 kmes ), fo P AR,
Wr, fyn LAZRmsH

I f) = exp [—%fB(A,f)], 3)

SRR G BT 0N LUE U AP A
O(f) = Qof", Horh Qo gy 5| K 7s LA 1.0 Hz B (1Y
O fH AR AH K R EL. G4, f)2h Pg I LA 9™ #,
Al LLRR N
G, )= 1/4o)(do /D", 4)
Hd 40 B % B8 70 km (Pyle et al., 2017), m=0.5 K
JUATT4™ Bl 25K (Street et al., 1975), %L 8 25 £
HF 0 A B Pg I 5 08 A5 B 58 (Walter et al., 2007;
Pyle et al., 2017; Singh et al., 2019; Li et al., 2023). f£—
Se B 5E bl B TR [E Y P LT YT E R AL
Paul %5 (1996) FF J& T K 111 H1 X 44 iz A1 2 % 5 i il
1, Pg W LAY R 4% & 1.5, Bao 45 (2011) 7F
AR M DX R Y Pg il R 5T v, LT R 2
BB 1.3 AN FE U 8RB N el AR 3R X
359 PR B AR P U O (K, {HRS 23 B0 AR Jey 8 X
N Pg I O 18 W [n] ZE A AR 28 (Li et al, 2023). A
WFFE rh 3AT B L B R ECh 0.5.
PR E PR M L EUHE BE 0% A R0 Ak 38 7% 5 3 R

5 X O 8 43 A Z 8] 0 B8 4 . S 3 MR A
SRS Bl R I, B AN TR YRR R R A
[&) B 75 o2 1, BRAT 3P AS 5 5 45 5 09 4R 0 He A,
T2 o 65 3l (8] 9 £ 80 O (B SR T SE B i b, 4%
Fe N LS SO K A Bl IR N % X o W O & T |
I, FATES LKAk L E S % 1, 1 L
k145 T B ki(Xie et al., 2004; Zhao et al., 2013), #f H
A A A ] — IR A . WL PRI EL o] LR

1 1
Ai (Al )_2 (Pl) (Al )_2 [_n
—_— = — rlj — )= — .exp —_
a4 ;) ~\4; B

ﬁtlﬂfﬁ%r:.ﬁﬁﬂﬂla]ﬂ% 277 R R JR . AT
TEVEBES % G uli B B, 25 85 50 B & uli 7 B IR
B9, B 0.2 5 1 A5 A B 5T 1 AR S B B 12
NP L
1.3 PgK QERERZE

B PR W S AT AR A AR R T A 5, LR
5 R L6 BSCHE TT LT 5  0 XeF  Ji 0 H: f 52 , Bf XL
3 B0 1 X6 G (8 FH R AR 3 S U A5 1) 43 B R ]
15 B AT 7E X B30 2 M Ak A 15 R T AN XL 65 4R
FL 7 R (1) R RE (5), LAEESE B & RGBT
R B HEAESE, 2018, 2022). X T BA S PR IE 77 2 (1),
20 BE AL Bl A 37 b A5, PR 320 [) P BBOx £ )

In[A(f)]

j Q(x,y,f)}’
)

~In[G4. )] =In[S (N]- EB(A,f)- (6)

TEIITAIE IZ@IT PAE— 2203 1 15 SEAE AR B

1 50(x.y.f) -
Q(-x’y7f) Qo(x’y’f) [Qo(x,y,f)]
In[S ()] =In[S°(f)|+aIn[S (/). ®)
PR, )5 (6) ATk R R
(A1~ [G )= 1n[s* (] + -5 (4. )
=6In[S (f)] - %féB(A, 1), )

Horp B4R 0 F27R 0 LA A5 A 1 8 8 R — Uk AR e i
BRI, 6QJE Ope AL BIME, SIn[S ()] U5 bR £ 1
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Ht = At‘6Q, (12)
e H o U0 R R e A S iR 0 EL 2 (R Y 2
2H B A ) i, B AT DL I 6O R (S) B UL gk
ARG QD MG TR (12), T A0 AR
RGBS AT R 7
H | [ A E
G| oo § s
B X032 4 M B i n) A, 3R AT 2o B /s 3 QR 43 il
(LSQR) [ 1 77 ¥ (Paige and Saunders, 1982), 3K fi# #%
AT R ek I L R R RN 5 I SR kAR

Event: 2007-02-26 12:19:58

(13)

Event: 2007-04-18 08:42:23

J2 T W, g R kAR ] oQ R FE A /N i, LA 2
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15 EIHT 0 2 AN A& 1E . 1A XA IR, B Rl
Sk, RIER 22 n) i H —Ya B0 /b B R0E, st 2
T Pg Uk R O {H R DL K AH I Y R TR O eR AL
(BX 3% 58 45, 2022; Li et al., 2023; Yang et al., 2024). 3
TE— 20 M RRIR IR AT A, SRS R W 0 Mo RN 3 #
AR o, =R U5 oK BRI T A S A (8] 3 s R T
of A8 B e Y IX B R R Rz R Dy &, R
>N olnP; =0, I 45 i AR Xt 25 1k (Ottembller et al.,
2002; Zhao and Mousavi, 2018). 5] 4 75 1 1.0, 3.0 Fll
5.0 Hz T (9 13 JE R 7 735

Event: 2010-11-10 03:53:51
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Fig. 3 Pg source spectral functions for three selected earthquakes

The red crosses represent the inverted Pg source spectra. Black and gray lines show the best-fitting w? source models and their standard deviations.

The resultant seismic moment My and corner frequency f; are also labeled.
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TR HLIX, 1K Qpe 5 7 HE B L L350 AY BLAR DC 52 15
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&l 8 T 7R, Siletzia Hb 14 F 25 1 55 111 ik 45 7 4 58 (14 43
i N RIS 5 v, MEE B R 457 | SR IA M B Al
BBRDC 32 2 B 3R B AR Opg. 45 22 K T 5.0 Hz I,
Opg W 4 M A 5. &, Opg 35 I 0y B 38 119 431 8 4K
HE . YA R /NT 0.5 Hz B, 385045 BE 1Y) Op, 1 B %
LA B BTN 98070, 2 3 T Sy B 2 A R R A G
2, AN TR 2 AR BE b 2R A5 A M
7EH At b DO 2, 11 U052 1l (Zhang et al., 2022) il
T A 2 (Li et al., 2023). B FRATEH 0.5 ~
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Fig. 5 Histograms of the Pg spectral amplitude misfits before (gray) and after (blue) inversions

at 1.0, 3.0, and 5.0 Hz, respectively

Dashed lines are the best-fit Gaussian distributions. The means and standard deviations (SD) of residuals are labeled both before and after inversions.
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1.0 Hz 45 % 11 Qg 2K/ T 300. AR BIF 53 (4 B A5 45 SR
s, AR AR T e R R A3 b X AR Opg 45 AT
(Opg < 250), 1 Siletzia Hb {4 3 2 A W] i (9 55 Op,. il
NAE R 7 IR 3 AR e DX B T R i Y 3 AR B
5% (40, Porritt et al., 2011; Gao and Shen, 2014; Delph et
al., 2018; Gao, 2018; Janiszewski et al., 2019; Zhao and
Hua, 2021; Jiang et al., 2023). [& 9 FL#¢ T M1 5¢ S ¥
F, L 3 11 85 1) 30k 39 B ALY Porrritt 25 (2011) 1 Delph
55 (2018) 347 15 17 1% 3kt 7 e O 9 8] {1 K - e K -
I b 7 25 7, TR TE 0 ~ 30 km i [l 4 (] 9c—d
1 10d). A, B B A5 AR 7E R 307 R Jeh I R L R
T 745 0L 00 32 5 A~ {EC L IX. (Egbert et al., 2022) (I 9b Al



10 #1

Wy DA - A S AR e e o AR ST 5 P I R DOE R R FE X 58 N IR AR A B9 R R

3817

48 48 48
~ 45 ~ 45 ~ 45
< N <
3 3 3
2 2 2
= = =
0 42 42
39 391 (b) 39
[ 5 1 b
-126 -123 -120 -117 -126 -123 -120 -117 -126 -123 -120 -117
Longitude/(°) Longitude/(°) Longitude/(°)
BN EEREEEED e Or, Or,
10 100 200 300 400 10 175 350 525 700 10 225 450 675 900
48 48 48
~ 45 ~ 45 ~ 45
< < <
° ] ]
< < ]
2 £ £
® ® =
= = I =
42 42 |8 42
39 39 39
A S P S > P
-126 -123 -120 -117 -126 -123 -120 -117 -126 -123 -120 -117
Longitude/(°) Longitude/(°) Longitude/(°)

K 6

(a—c) #H#N 1.0, 3.0 F15.0 Hz [ Hb5E Op MY (d—F) #5%N 1.0, 3.0 F1 5.0 Hz (Y5450 i,

W ELIRE G R, A ERARLA LR
Fig. 6 (a—c) Crustal Qp, models at 1.0, 3.0, and 5.0 Hz, respectively; (d—f) Raypath distributions at 1.0, 3.0,
and 5.0 Hz, respectively. Blue lines indicate two-station raypaths, and red lines indicate single-station raypaths

(a)g z
48 48 K . 48
() * 3
® ;
e0 e - ™ °
00 e o . °
L ] .0 e [ ] .
~45-e e o ~45r@ew o ~45 o
S Pee ee| ¥ pees | % -
3 Eoo cay S peeoe e 3 eoop o
£ ) es| 2 |peee e| 2 [|see@ (K]
= «0® e d T ®ee od = e e L)
= leee® ) ~ leee o) - [eee oo
Rigee LY Nwee o Newee o0
«0e e C N [ Y mee oo
e°c° Y | eece . eee o0
e . e eee )
(!.. .. L KJ .‘O LN )
[ R L [ ] L
39 <o ®esce 39 co, B2 39
05x05N S olienge 0.5°x 05§ 0.5°x0158
-125 -122 -119 -125 -122 -119 -125 -122 -119
Longitude/(°) Longitude/(°) Longitude/(°)
AQp/% W T T AQ/% W T T T AQ/%
20 -10 0 10 20 20 -10 0 10 20 20 -10 0 10 20
Bl 7 A3 1.0,3.0 F15.0 Hz 1 0.5° x 0.5°4H 53 B 25

Fig. 7 0.5° x 0.5° checkerboard resolution tests at 1.0, 3.0 and 5.0 Hz

10e). M AL fry BLARIT v~ 5 245080 X 7 2 1 Bk me
0, L7 R - 559 - 5™ ) R DR R <R gy AR Y T

A K e BH AR b o A — B, 5 AR K R R 43 AR )
4. Siletzia HifA 1 #E7E 0 ~ 30 km ¥ 3 50 BBl 9 1, 25 90



3818 i BR ¥ P %% i ( Chinese J. Geophys. ) 68 %

10° g 10* g 104 g
F @) E (b) E ©
100 0=176(109 ~ 285) 10° 3 0,=61(41 ~ 125) 10° e 0,=89(48 ~ 108)
$ bl : :
1025_ I]_I.ll 1025— 102 =
10" BR 10" GP 10" OP
:|I| 1 1 IIIIIII 11 IIIIIII 1 :|I| 1 1 IIIIIII 11 IIIIIII 1 :|I| 1 1 IIIIIII 11 IIIIIII 1
0.1 1 10 0.1 1 10 0.1 1 10
Frequency/Hz Frequency/Hz Frequency/Hz
10°E 10°E 104 g
F @ 0 £ ®
| 0=205(117 ~274 ' i
10°F o ) 10° |- 0,=100(62 ~ 163) 10k
S - F o
107 10% 3 100 f
10'E St 10" YFB 10" 0.5~5.0 Hz
7] AR ETT] B SRR T TT] R bl v v vl vl 1 BRI R T T] B S S T AT BT
0.1 1 10 0.1 1 10 0.1 1 10
Frequency/Hz Frequency/Hz Frequency/Hz

K8 ANTAl b B BRAR F Qpy 1 5 AR A 1
(a—e) NAIPUA Qpo fH (K 1 57) BEMURR IR AL, R IR 55 B A28 S50 PN 17 2 0, 1% 22 B SRR R BUbR i 2. 1.0 Hz Qpg B (Qo) B AE v
() AS [ 14 b J5 A 2 6] O 471 35l 22 O X LE. BHSE S 0.5 ~ 5.0 Hz I T3 3 S0 35 Opg. BR: A4t 5 LW KA, GP: RIR kA Mk,
OP: HUHRVE 552 1, St: Siletzia HU{A, YFB: i 3 £ 48 4575 .
Fig. 8 Frequency-dependent Qp, for selected geological blocks
(a—e) Inverted Qpgy values (gray crosses) versus the frequency for individual blocks, along with their mean values (colored circles) within narrow frequency
bands and logarithmic standard deviations (error bars). The Qpg at 1.0 Hz (Qp) are labeled in each panel; (f) Comparison of Qp, -frequency curves for
different geological blocks. The shaded band between 0.5 and 5.0 Hz indicates the range used to calculate broadband average Qpg. BR: Basin and Range
province, GP: Gorda Plate, OP: Olympic Peninsula, St: Siletzia terrane, YFB: Yakima Fold Belt.

48 48 48 48

45 45 o4 o4
3 3 3 3
=] k=] el =}
£ £ £ £
2 G 2 2
—~ — — —

A
[\S)
N
[\S}
I~
[\

. 27

N @
: % \ -* / & g \
Ir . 39_1|{esistiv (21“km2"§j{,(b)"’ 3 Il/s (10k \ b 39 \"
-126 -123  -120  -117 -126  -123  -120  -117 -126  -123 -120  -117 -126  -123 -120  -117
Longitude/(°) Longitude/(°) Longitude/(°) Longitude/(°)
EEEEEEEE;
10 125 250 375 500 0 1 2 3 4 2.50 295 3.40 3.85 4.30 27 31 35 39 43
Op, log,o(Resistivity/Qm) V/(km-s™) Vy/(km-s™)

9 HBSTIEIR . HL BH A R AR X L
(a) 0.5~ 5.0 Hz S iy #15€ Opg B 8Y, 11 (4 2 AE Sy 18] (b—d) AUREBYE ML (b) 21 ke TR BE Y AL BEL AU e, B ok B Egbert 45 (2022);
(c—d) 10 km 1 20 km 7 B (4 59 Y13 3 B D) )7, B8 >k B Delph 4§ (2018).
Fig. 9 Comparison of crustal attenuation, electrical resistivity, and velocity models

(a) Broadband crustal Qp; model between 0.5 ~ 5.0 Hz. The white dashed box indicates the model extent shown in panels (b—d); (b) Electrical resistivity slice
at depths of 21 km, modified from Egbert et al. (2022); (c—d) Shear wave velocity slices at depths of 10 km and 20 km, modified from Delph et al. (2018).
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Fig. 10 Comparison of crustal attenuation, velocity,

electrical resistivity, and nonvolcanic tremor distribution
(a) Map showing the distributions of volcanoes and tremors; (b) Latitudinal
variation in the occurrence frequency of volcanoes and tremors, defined as
N (x)
f= N where f denotes frequency, N (x) represents the number of
max
occurrences versus latitude (1° interval), and Npax is the maximum value of
N (x); (¢) Opg-frequency cross-section; (d) Cross-sections of shear wave
velocity, modified from Delph et al. (2018). The dashed line denotes the
Moho depth, based on data from Schmandt et al. (2015); (e) Cross-section
electrical resistivity, modified from Egbert et al. (2022).
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2002; Brocher et al., 2003; Abers et al., 2009; Calvert et
al., 2011; Porritt et al., 2011; Chen et al., 2015; Delph et
al., 2018), X LLALH 2 RN & Vp/Vs (>1.9) (Bostock
et al., 2002; Peacock et al., 2011; Guo et al., 2021) Fl &
A EE (>0.29) (Audet et al., 2009; Calvert et al., 2020;
Merrill et al., 2020), 1A by WK 77 i /4 . Egbert 55 (2022)
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(PG M), Db AT 4 00 S 87 S ek S AR bty T RE A
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