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Abstract:The spatiotemporal characteristics of volcanic seismicity provide critical constraints for deciphering
magma migration processes and eruption precursors. To elucidate the magmatic activity mechanisms preceding the
2021 eruption of the Great Sitkin Volcano, Alaska, this study conducted a systematic analysis of the pre-eruptive
continuous seismic waveform data from this volcano. Template matching and the double-difference relocation
method were employed to detect seismic events and achieve high-precision relocation. An unsupervised
hierarchical clustering algorithm was then applied to classify volcanic seismicity and analyze its spatiotemporal
evolution based on the constructed seismic catalog. The resulting seismic catalog contains four times the number
of events compared to the official Alaska Volcano Observatory (AVO) catalog. Hierarchical clustering successfully
categorized the seismic events into long-period (LP) earthquakes and volcano-tectonic (VT) earthquakes. The
results show that a significant intensification of volcano seismic activity was observed prior to the eruption, with
shallow LP events reaching an activity peak 24 hours before the eruption, it is possible that this phenomenon
potentially represents critical eruption precursor signals. This eruption was mainly triggered by magma
accumulation and pressurization at upper-crustal depths directly beneath the summit crater.
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AL ZERIE TR AZ O 55 7E T4 S i s P B R T A 8 15 i T T L o KL RE 24
WL E B IR R AR F-B, HAZ W75 o) S8 T i AR e 3 P i 3 258 Bk (1
W4, 2023; Power and Roman, 2024) o XKLL R FE ARG 2228, AMUH B T8 K
L1t 9% B 7 BRF I 0 2 ) b PRV AL, B BEER AN 0BT Ll RGN IR A T 5 8 SR IS 1)
MERR, N LGS SRS U SER R AR 2 .

KB F S IR YIS T 20 BOR R o S 7T 3 BT A N 5 T I AAE
S5 SHRERZ KL FIE (Falsaperla ef al., 1996), fEAEARMEARSG—, N T EMZEE
F N BEE T Eh A FE R R B (Duque ef al., 2020; Permana ef al., 2022). 20 {4
90 EARMII, B it 5 AL BE ST STA/LTA(Allen, 1978) 113k /2 #1429 4% ( Falsaperla et al., 1992)
(RS R KL 2 AR 0 B SO TR RE T34 I, KILHR 17 K RGBT 56 3,
Langet (2014) JBISGEiHRFAE /ST LI T K LR AR RGN, N FEIRBE I
B T HR LR

UTAESR, B2 1R & R I B 7 (4 T b 7R 50 i 48 B K I N T RE R AR 25,
WA 5 2) SRR 2t ok 7 7 SR, BB a5 o M B L8 2 S FE M AR 2 s R B LR 2
KI8T 11 (Duque et al., 2020; Bl RIREE, 2025), WiB 2 ) R INE A M 2% (CNN)
i A p4s (RNND AR CARVE R8O SR ZRAY, B RRTE M RE FF 4 2o 1
(X 73 FL A7 WA P Bl M SR A5 (K2 5] (Hibert et al., 2017; Maggi et al., 2017), {HAF7EE3E R
SRR BRI AR . N EARVE TSR AR SR R o T B 2 S SRR IR Y AR AR i U AT B
BRG], HEKRAIE TR RSN, W EHIR R A NTEL ) 5 (R
45,2025 NI E S IR0 T IR T, B g AR AL BE S BB SR 1 B AR R
gy, RIEIE AR (Seydoux ef al., 2020; Power and Roman, 2024). F|f L E 2
IERZRIT VRN KL R AS 5 AT RE AN 92, REAERE — 25 KL B 95 3h B K L R Ris (1130 7
FAT IR MR AR LA (Cui et al., 2021).

S TR F A5 8 5 I A B A BT AR e O R R R I . B AR A MR B AR 1
oy BTGB EAC R kg B H S 877 1 & € . Zhang and Wen (2015) 2
(1) M&L J5 {28 e Y BAH AR R I R U, Zhu and Beroza (2019) FFA M5 TR BEH
25 2% () PhaseNet J77ASEIL T MR AHAL F 205 HL, Zhou et al. (2022) #2&H MR H 240
AR (PALM) Rl&BIARICE 53002 8 e 71k, EIEERN A T RMGESBIY, @il
ALRTI . ARG OGIG . S RLAIUCECIRIE, AROA BORIRA R S, 3R 0k e B AT I A
TR EAL, ARG TR AR H . (Bhim s, 2023; YLI#AE, 2024).
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FRIEENEANE], R ERREANEERE, FRLBER BRI S . A7 SR A
W2 B E S SR UL G IR & 5%, ORI AR (2019 4F 7 F 1 H #2021 £ 5 H 26 HD
(1 Sf bt R PSR AT ARG T 45 K6 5 67, AR5 BT 0 M B R 3 2 ST 2R 1 2 R A B A
KRG, LIRS 1m0 2 S AT o I B A e A 45 R S R T B
HIEHFFIE, RGEREA K OLER 1= 75 5 5 5 e B i R 11 3 115 KBk
1 BFFLX AL

Great Sitkin K #4022 48 ZUY Vi KA B PE AL T7 7120 35 km, A2 Bl H7 35750 -Fa] 8 5 kil 5k
A g R R R KL, HAHEAREIRZ 1740 m, FARA T R8I 4 B duEs, Tl
M E423% 1.3 km (B 1) (Dixon et al., 2020; Power and Roman, 2024; Orr et al., 2025). %K
HBRE Y B ER B ) 205 SR ITE FL ALV T K PPE AR 5 AL AR A s 57 AR5 T LA 453 4
B % X 80 JE 2 A,y BT T - R BR ER Ll IR R VR BRI K Il R BT —
(Waythomas et al., 2003 ).

B3z 5 n L WG (Alaska Volcano Observatory, AVO) T 1999 £E7E <k 111 &l 321 45 %
6 ML MR B m AL M 4, 5 22 A EE v S T 11 & BT U RO &%
BERTE T WERRIIRHIRAEE S (Pesicek et al., 2008). AVO $#i Eox, 1999-2021 4= [a] 7E
KL 10 km ARG ARG E GBI 890 MM F A, Forp 1999-2002 4 WIS, %
KL FESIRAE AVO Ha il 23 Jkalivh JE 5 =An, HIERIEEhRMF 5, AFHRE 10-60
SER O EEL RIESHE (510 km) KM DURRRALG G O LIS R,
I 75 S AR E SR R A R GAFERF ST B ISR . 2016 42 7 H FAJiE, Great Sitkin K111k
ONHTIE R, R DA SRR BIE « LTUK L 3SR e % (R B 28V K (Dixon
et al., 2020). 2021 SEWURHET, KL T 2EMFIRES), LATEHE . MREET &S
SARHEBONHRIE . 2021 4E 5 H 26 H 05:04 (UTC), Great Sitkin K 1l &4 T #54E 2 0 8h 48

YEMERT R (Orr et al., 2024).
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Fig.1 Topographic map of the Great Sitkin volcano and its surrounding area

Seismic stations are indicated by triangles, and the summit of the volcano is marked as "Summit." The inset map

shows the location of Great Sitkin along the Alaska-Aleutian volcanic arc.
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2.1 H3E
2019 4 E 7, Great Sitkin ‘K 111375 W 28 T+ =53 S 40 SE Stk 2 A (Power and Roman,
2024). AWHFTUEE T AVO 7E R E%s < B RE 1 5 4> 53 (GSTD. GSTR. GSMY . GSSP Al
GSCK) S AEAR 54 i« IR i & ARl ik 5e & 1 55 b 3 A~ &3 (GSIG. ETKA. ADAG)
(B 1 FOINEE . PrA ELREHR BRI B IRIS MUEHd G, RISy 2019 4 7
H 1 HZE 2021 45 H 26 H 05:04 (UTC) BUR BT BL. #I4AH ERERR ] Power and Roman

(2024) RF 4k Great Sitkin K LLIFEFEA (R D.
% 1 Great Sitkin ‘K L% BERRY
(7 BRI TR E AT 1 DA E 1.7 ko PADGHEC KL ORI T P o 475 TP A B0 3R s AR T T
W, SUEZOREE I DL LR s R . ARASR A Vp/Vs LUEDN 1.85.)
Table 1 P-wave velocity model of the Great Sitkin volcano
(The top of the model is set at 1.7 km above sea level to match the approximate summit elevation of the volcano.
Numbers in parentheses indicate depths relative to sea level, with negative values representing heights above sea

level. The Vp/Vs ratio used in this model is 1.85.)
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NI PE (k/s) TR (km)

2.5 0.0(-1.7)
3.0 0.5(-1.2)
3.7 1.7(0.0)
4.1 2.2(0.5)
45 2.7(1.0)
49 3.0(1.6)
5.8 4.0(2.3)
6.6 7.0(5.3)
6.68 8.0(6.3)
6.8 11.0(9.3)
6.92 14.0(12.3)
7.04 17.0(15.3)
7.16 20.0(18.3)
7.28 23.0(21.3)
8.05 40.0(38.7)
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Fig. 2 Spatial distribution comparison of seismic catalogs (a)Standard catalog (b)Catalog obtained by PALM
Earthquakes are plotted in dots color coded by their hypocentral depths with the marker size scaled with magnitude.
Cross sections are delineated using blue dashed squares, while the depth distribution profiles along AB transect are

represented by blue dots.
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Cumulated and noncumulative distribution are plotted as circles and triangles, respectively. PALM and standard

catalogs are plotted with orange and blue symbols, respectively.
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Fig. 4 Dendrogram of seismic activity divided into 20 clusters based on the differences in P-wave spectra.
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Fig. 5 Average spectra (red) and median spectra (black) of the 20 event clusters.
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