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RFRE: N (Hunga) KA T B PG >4 —50 DA se—3E Geff by 12 LT 2021 4R T 4RTE 3h, I 7E 2022
1 H 14,15 HEAT TAHE—BRIHLRBE, BEEHREHTRZ, BT — 55 30 km J& 7% 800 km HIEELS =,
JEW AR K IR = B LIRS 3R — & 854 15 S 8 1 i 7 KT v e 2 i i 17 e ARSI 1Y BE k)
SR, B IOLEE SR A L ol B A H T BT B L M i 2k i B SRS AT < B T SR Bl s 2 1, 3R
I LRI & 1 — A~ e B B AE SR W R B 7= A TR R AL RS ol B, X ARE TE RN AR R R E &,
TESRX A B E a3 I L AEE K AL BTN T 4 0. 1 MPa( 1 FRUERSER) B 1R, 51 % T 10 4 BR5E 5T
A e B REICT Tk A AMERRET 21 A8 & 70, AR L & 5 | & I A AL, FE— 2 e bk 8, il Ak A b
dr i h 1 R 2 WK A AN IR H TR IR FE R (Surtseyan ) B A AR B A M AMIEE K BE ST, Rsteitin ok
e & A 2 AR AT RE U B Ll 1 i R S SR AT A K 1 1T e AR O M B B A IR, AR ZE TR S 1

BRI HBE R B 22K

SRERAA VIR KL R R A s Il T R

1 s 5

wrn B Pt e JR—ut n ¥ in ( Hunga Ha’
apai—Hunga Tonga, LA 13544 UL BT & BT ey ) k1L
Stk A PR, 7 INIE T, Hunga 2 K 15§
KHEE A, Hunga Ha’ apai—Hunga Tonga #l /&
TRIGIR B AN B K LA, W IR & Rz N B 2
— A K T BB L 11 P 00 B S T T ) 9 3
(Garvin et al. , 2018) , i +4FERKiZ K1l — H IR FF
HIGPRARES , B AE 2014 4R KA T VEL=2 Bk K
PEWT R 5 T 2021 4FR kAR T 28 TR H AR ALl
Wik, 22 DR A Rl )R, 2022 4F 1 A 14 H
TEHTE LAY K L By b SO iR T B R ALARE A4 fili 53
Ko 15 HAHEZL R A A2 B A SETE 2 w4
FEZF AL BT — R R 30 km HR 52 800 km
AR 2k 2 0 T I DR A s R ke il 1 45 T B 4 )
I WK 5 A R R RS- PR U 7 2 MR 5 T
KE,

Uy SLE IR D R E DN (R PZP S cp S o
7))\ QB> S/ QIR AWNLY & A/ AL AL A RS

Aok

=

V.3

Y S S /N S e SRR 1 R sy iy
AT REFFUCR AR X R I 7 A SRl A
KA B J PR (12 AT 3k 28 5617, v el
S RIS L B T ORI v e |k
AR KR 5 R S R A R T AR

1.1 HFAE=Z—BER—EF T

Fva 2% db B i B 9 k1 AF ((Taupo  Volcanic
Zone, TVZ) .75 B 7i #E 5 ( Kermadec Islands) A1
TS ( Tonga Islands) AL IER T — 1 K%
2800 km & B i BR 9 AL AL R 07 1) B & 9 (8] 1a) .
VI I — M A L A3 ghaly, O 5
FEMFR B GARIZ TA I, X5 TN S 3
IARIIA K L 2l F A i BRI KAz T3 =
F AN G fn Kl R AE 5 308 TV 3 1 B 1t
T,

DR BERE f 7R 2E 7 B RN e, S 1 v 5 Bt 1Y) v
JEHE A B i )25 (Mammerickx et al. , 1971)
S h RSO A AR F R AR BR 2, Xl B A T
HR TS, Mz E 8, JJF AP REERE .
TIH  AE G N IS PG M G A7 3E 5 B2 00 R0
(AR Z X R I I K LA BRI 7K T AR 51

T ASCHER A RERAR S F AL AT H (95 :41802252) FIrh Je g0 25 PERMIF Bt AT 3 ASBHIR L 55 %35 (45 . GCEA1703) B AR
W R F 91 :2022-02-20 5 ik 7] H 44 :2022-03-28 5 %% 14 & :2022-05-20 ; 54T 4t ZEFIME, Doi: 10. 16509/ georeview. 2022. 05. 025
FEZ R BRI, 5, 1958 4F-/E  BFoT 61, R K IL24BF5T ;. Email . 1375284615@ qq. com,
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51 BRI A - 0 T A KL A i 4 A 3

H G 7N N K LS Eb v T A g ok L % Rk
A1) B 1 00 L G 2 A R TR

i IN— 5 4w b X A RO R A K L i
X3, [ 1902 4EDIkIL KA 20 IR HL R FAs
KHLFZ, G 1917 4E ) M8, 1 S 7E | 2006 4F (K
M, 7.9 ZH12009 4F ) My 8. 0 2 KR KA E %
Jinh X ( Sameshima, 1975) . B i J 1 & kol ok
FAE T IR WM Z [ 120~ 150 km, 0k 1L
WRIEHR 150 ~ 180 km, 50 B 50 I PR BE A 240 ~
260 km,, 32 %) MR B T TET PRI ( Sykes, 1966) 2
HH B R T — 28 1A 24 100 km, 58 5 £ 5 1l
2200~ 240 km, Dl JE B R f A N2y 43° ~
45° 2 R G AT v SR Y 55° ~60°, FERIH Y =2
1) 70°, M T UTE LT WA RG2S 1L (Le
Pichon, 1968) , MR N UK K 91 mm/a, i F§
T E T R UL R 47 mm/a, B0 22 2 R ARA
) FUTE N 32 mm/a, UL, 8 65K M
K, BARFohE R
1.2 FmARWsEk

T V0 N — 5 S 18 e 3 NI %) AT Y SR A e
TSI Y TR SUR TSI A 5 P S QI
(55 —FHEUR B | Lau—Colville Ridge) .—1~3K )5 %
b (55 VE 25—V B8 75, Lau Basin—Havre Trench)
F—> 1 BR 14 3 Ii— 52 S5 458 52 K 1L 9K ( Ballance et
al. , 1999; Smith and Price, 2006) (& 1a) . i
A LAPGAL S 24 20 A4S DI JIC B 423 5l 1 TP 1T Y
ERA A (E 1b), ke kb 204 7 A
1770 4E LISk A 1 5% (Simkin and Siebert, 1994) |
BT H A UG R (R 140 m DL BRI B
IR B X L B bl V3 B B K, X e AR K
L6 S AR F IR IR, 6 1970 4EFTHY 200 4E P kA i
35 YR Bl L AR S BT & 1490 5% ( Richard , 1962 ; Bryan
et al. ,1972) , i AT BEAT BOIRL AT 1 JIE 8 A I AT 5 7S
TR o I LRI L B 38 57 T B W R A 2 )
FIA KT E S F M 5E AR R 32 B0 )RR X
SR ) 4 i K LA R B % 58 B ( Bryan et
al., 1972) , 5RO 8 1 0y b 1 5% 6k
A3 2 e LLAR LA AR 7 AR BTG AR

BB i TR B EKRESE N, TVZ X
R EK VRS, O 8Ca—4 L A
PR AP X A O s i Iin— s 1
TEBRRBIEHANTETIRR b, e SPE v i 5 L
PrE XA E L s N | R R T &I

= el

PR VMBS LR Z IE N, AT LI

BRI s, TVZ ZCE AR T — s S8 v
HPHHEEEARMA LR, Fe BAEBRERAK, HEH
R O R G Se A Ph, S InE A, v
LB ey R B R iY77 5, H P W 3R
BN KA —PE (Bryan, 1972; Sameshima,
1975) .

VI LSRN KL ) o3 A DU g
RH A FLT- B B A AR 2R Fg 0 JE B 1
FLT 0 s thE ) A AT N A AR S T REAR R
SRR R F T, X B A AN A T R AR
U E—YE%E 4 Z (Bryan et al. , 1972) , BT
FEMAR, CHEK K0, Whnla A s & ALO,,
HEE Fe B4, Fe/Mg PUAE B im B BRAE R SBT3 1Y)
ZAEFIRE A2 am T, JREITCER FEARR T HAD
PEONE B I, W o B A A AR L Al
My S A R 2 A 5 b O B, IR +
243 mgal BT E FAYIR+122 mgal , X —H Sy
RIS/ DC T A s o B 55 e PO RS VR 1S I, SR, i
I TP 2 L1 T A
A& A T v L e AT P 22 22 [ 3K AT RE S 1R
P 2 AR,

2 #omdkan

Behmk il (B 46 20. 536°, PHZE 175. 382°, ik
114 m  ARYIE & 2 J5 8 B 2 R RBEAR) AL T £
EE A2y 65 km, J& T M IREF &, H1 Utz m
5 BN IR R0 2014 ~ 2015 4EIE & 1 R #HT 5 K
51 /Ny B ToRCAMERRE A7 2 R, 2 17 0 ik b
HTGERA — A KRB K1, Kl AR BTk
2500 m, JIKHP AL 30 km IR K LA A2 S
km B AR LS IR A B 23 0L T
RS lavsi % | it o O e P T R AR e 9 1R, Q IS I
PG, BE B AL AR 5 2 3 km (8] 2) .

2.1 KR

I AN e YRS B 05 K =P
U B K L TS %% ( caldera-forming eruption ) B VR A
HEVR 5% %, fog 3 19 — UCAE 22 0 1040 ~ 1180 4 [H]
(Cronin et al ., 2017) , XA FE G A A
L, BT L ] 8 2 a2 Ll SR 22 1 B
BEUIE] WA R B T o 4 45 AR A5 T A
(ignimbrite , $8 1% 75 & £ 1 KL A8 TS O i i HL M
T, AN FORIE G RE FATRR N, 5 i A i
ER TERIEHLZE T PRI S5 BE S WA &
OHRE E) JE 2 R Ak L S R Y
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7 — A T A R B I B AR B (BT 3a)

175°24 "W 175°22'W

20°32'S ...

N1 201472015 K 1LiHE |

20°35'S

WPEZ T (bsl) <som V2T (bsl) <150m
P EFimz R (bsl) <100 m 2 T (bsl) <200 m
(&1 2 P J Ll 20 Rt & 2 Firi ki m
o0 b T i 5 ]
Fig. 2 Topographic and geological map of the caldera top
area before the great centurial eruption of Hunga Volcano
WL 1R % 8 A0 2009 AEIE % AL (£24) (RSl 1988
AR T RO S e B AR e HE 2014 ~ 15 4R 2B K
H (5 2021 ~22 SEBUK R 2, P H Brenna et al. , 2022)
Around the caldera rim there are eruption vents 2009 on the west
side, vents 1988 on the south side, early lava dome on the east side,
and central shoal vents 2014~ 15 (the same location as the 2021 ~22

eruption, modified from Brenna et al. , 2022)

TEIR G ARG s el w2 F , 200 A A
RS B, 5 0% Je i Z R — 1
R WA ] W, 7RI R KL R 2 R A ok
INZe T 19211937 1988 2009 2014 ~ 15 4F 4 %
UK & (K 2) .
2.2 R LA RS

BRI E TR DK ) A R R BRRGE, A
[EREEE (0. 5~2 mm) B AR FBON LA B 43 5
BT 30% ~40% , i K 1L H (pre-caldera ) 4
TCHA S (0 BRE i B I ) B e A, B R ARHS
A1, A D RN IR WA R R R )
(ENRIERUNTIRY @)= Sa e &

AERT T2 0 KL SIRPN EAt LA 25 3 B A, i
Iy (Bl bR 43 ) 1) % B 1L A 5 2 L R A

TiO, .FeO MnO Na,0 K,0 #1 P,0, 5 Si0, 1EM£,
Al,0, MgO . Ca0 5 Si0, A3, FWIE A5 A%
() IR B3 AR AR DX ] B T AR5 09 LU AR S8 )
SRR T, A RS 2009 4F 2014 ~ 2015 4E
R R IBAR/NG 2+ 0. 1% FIC R s
Al AH RN R 25 R L IR R R T —E R R
GirEAR RS (B 3b)  ARXT T HEm LY, R
IRZ T AR Si0, 7 ft R A I Bl 1 (el 2
MgO i) .

RETTRS ETRITE —Sn Rl s
WA AR I T AR ICE (NiCr.Se V. Sr) If&
EARMEICE (Ba Rb Zr) . 2009 4F 412014 ~2015
AR RIS P AR L BT S RIS A A AR T 2 Y B
WEAFZTCER (B V, 3% Fe—Ti AALPIET) FIAH XS

(@ 3 — X
Zat e \ MR LA
6| | e
AT 2 A ZIE
= ZaR ZRzE gl
S 4l ' i .
3 il 5 &% d m
7
QQ2F
2 1K£%
i FEERT | 2009 & 2014/15
45 50 55 5i0(%) & 65
(b)
) ] e '
2 ;' ,,,,,,,,,,,,, ,',.'- ,,,,,,,,,, f"o.' ,,,,,,,,,, e
i § % & "o ; - ’o o's a
A R AR AR
0.62 0.63 0.6414.4 14.610.5 10.6 10.7 3.40 3.45 3.50 8.6 8.7 88 89
TiO2(%)  AhOx%) FeO(%)  MgO(%)  CaO(%)

3 bk FeR B
Fig. 3 Variations of major elements inHunga Volcano

(a) TAS #%57F (Le Maitre et al. ,2005) , -5 ALK 1L 3
FTHE (b) 2009 4EH1 2014~ 2015 AR BEIK #2751 4 AL 2
Ak, HH 2014 ~2015 AEREAAR I E AT L A I L B el R B R
R BN P, A — EE A, W 2009 4FA 2014 ~
2015 4R EZAAHILE 0. 1% 35 [FIN

(a) TAS plots( Le Maitre et al. , 2005) and comparison with other
Tonga arc volcanoes; ( b) Whole-rock chemical changes in
stratigraphic sequence in 2009 and 2014 ~2015. The 2014 ~ 2015
samples were divided into two groups based on their position to the
north or south of the cone, with some overlap. Note that all the major
oxides variation in the 2009 and 2014 ~ 2015 samples were limited

within arange of +0. 1%
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BAME R A A ITE (A Sr) . 1 Sio, BAK
(R A RN R AR . Bu/Eu * >1, R — K
A3 5, AHLGEIIERE A, 35 ok L & A T
1040 ~ 1180 “FH K INFEEHAESGM V BHERE
H EwEu * <1, FEJilfHME (McDonough and Sun,
1995) truEfblE b, Bk A 4 A% LILE (95
££ 1 HFSE £ 5 $1, LREE #H %t T HREE /& 5
1,

2.3 #mmALRER e

T AL I R I B G T LT AR AT, F
EREIEA iR T2 BT LR, 29 1
ka FHT 2 ka FiF A P9 R R AR R 108 14 s & B T 1L
TR XL 1T R 22 ) 2 A T /NS 0
8 I SRR RS A0 Bl , 20 B L T FRLR
e AL TE Y A o

I3 S0 SR A L & AR AR 1912 4F (1937
4F 1988 4 2009 4EF1 2014 4F (Siebert et al. , 2010;
Cronin et al. , 2017 ; Colombier et al. ,2018) , Al =X
HBEE FRAE A A TR R T, 1988 4F J LI & 3 ) 1y 2%
LI 5 7 = A T A4 P R ) I 37 Y i ok
FI, kg e [ il & RArst 7 LR, 1912 4F
11937 4R 36 sl K LR R HREL VEL 22,1988 4
FYEFIR/N, VEL Ry 0, B 7= i Bifi s ( Siebert
et al. ,2010; Taylor, 2010) ,

FATE 2009 4EIE R (RT3 J 8 B HUZ A B e
PERRBEIC S TR T, MR 1 3h 3 W st % 0% sh JF 4 B
[E] L 35 — vk AL o 4 A 9 B ) 2 R LA /N B
( Bohnenstiehl et al . , 2013) , 4} G2 KT 011
T T 3 H 17 H 05:05 1ym: % ( Taylor,2010;

Vaughan and Webley,2010) ., /Mt L HR Z W EH
PTG BRI A DX, — NG G IR VG L i R 4L
=N RKRAFEE T 100 m ( Smithsonian, 2009)
BT SR SR EAE, 77— R AR SN
SR JOLIE T HERR W o3 A 508 B . b ok
—UHRIEFARRE KRR ZE VR ] 4~7. 6 km 555
(Venzke et al ., 2009) , £ 17 3% 34 5 48 v] UL 3] i
4 ( Vaughan and Webley, 2010) ,

W5 e e ML L T =AM Ak Ll s, AT
R ZE B A TE B ERTBAIFLEE T 3 ~ 5 d, 287
KO ASAE RS TR, 202 AR Bok g
AR AR KA 29 10 DA 5, B TH R E
ZEWR I B SR Y 2 A, F R 1 — > Jl TR
JE~68+17 °C, Iy EHGE B AN J il i Fili b i A1
TEME I B T =A% TEmE R 5 8 H =i 1 1/
3, 1E2015 48 11 H , A — A5 AR R R AR i
PRAFAEBE NG IR PG A0 T LA b, 55 30k S i T
TR A TR & A (R A8 Ak 58 ) Jo 1) s 1A AR
T4 0.0176 km® o BT WER AR BT R AL R 5
JE AN B A 3RS I A] X R A H 365 VEL 2 55
- ( Bohnenstiehl et al. , 2013)

2014~2015 4 K 1WA 45 T 2014 4F 12 A 19
H(R D), HEBusE 2LE K&, 2015 41 H
6 H , ZEHE iz in AL v IR 2 18] — 4> H #9 K Ll i
JE G4 HIBIY 70 m, 2015 4F 1 A 15 H ,#
HEGK B ~ 80m R MR MR SR A M R R A T
SV R AR [ HES A 5 S-S 5L
T ARH ISR OIS, 2015 4F 1 H 24
HE A G Sh 5 1k, B R T — 520 120 m, 5229 2 km

& 1.2014~2015 F 8]0 L B R K32
Table 1 Chronicle of events of Hunga Volcano eruption in 2014~ 2015

iy guy I ] FFRHE
FraRK T o JE T & 12H19H PR A AL
FELLRE 1wtk 12 H24~30 H | —F 0 WZETH:,
T R 127429 H 05 BRI P9 e R A AR 2 Y K IR
12730 H AT,
Ll n 1AS5H A BT R 3 km,
1A12H At Rk ETHE] 4.9 km,
o R P FRELRE K T =2 B KA LK 2, 3 0 1) — S [ B 0 ) P9 A BERE UT , 29 600 44 T % 2 23
PAREAWE | VRIS et OARAE, AL R RERTEE Ok, L% JF 0K S 12T 6
S Ll g o 1718 H FE— AP A BT B 11 i B R AR R
PN K L R K L S 524 120 m, 58 1.5 km(FFALI) , K 2 km (R PG ) , HHHE—
R A 1L 1H26H EAZ 400~500 m (K I, B S5 EEMASIRTE VS IAHZE , 53 A inZE AL AT 150~200 m K
B E L KOS — LU, Bk DRTA SRR,
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(1R300 i A, O 7 4 B LA IR & o Bl kil
TR 8 HE R B AR TS T R T — AN SV, & 5
YPUNTE 2015 4F 4 H 12 H ZA148 5 Btz in ik,
FETEMHIR A2 PR A2 T, 97K 7 Y8 Fl ( Garvin et
al. ,2018) . XKML KFiCHMTE 1, Ahal I,
s A A B P R ek ARk

3 RmA

Akl 2021 4F 12 H £ 2022 4 1 H A&
FEZK I TAE—IB GO R W &, N5 k22 Bt
FERT IR 4R 4 A BB B SE 0 — R YRR ZE AT
K51 BWEAEN 2 S HE N T2 5T
2R M e 1) I B 5 3 BT LA KL R R i
R EEHCR AR RAMEIF51 R T AT R
M) FRDIC 5 T T A0 L W e A R 22 ) < A AR
TorE " MRS ) T R A T AR EE, &
SCHRPEAER K T H (GVP) f s 5 R 10 4 %5, 76 B
SR Ll Hd e X, BT A YRomE & S5 0
HBHk

SREE UL A AR YR 20 K &l B AR 28 7
#6 AT HRRZ G, BT 2021 ARAE A SCE B
Mk T AR, 12 A 20 H % 30 H AWk, 4k
R T BRI RRZER T & S A RRAE (8] 380 R e M
5 — B R A L 2 A W P AR TR Y ok
L 5, 5 R E AR A B2 5 05 3% i — A
12 431 HE2022 41 H 13 |, sk ErT L4k
LS & B TR 3 B B ) KLl B AR DA ok
LR RS i 22 R BR KO SR 5K RS &, IF
LA S T S 52 90 /N FRABE 5 A (KL SR Ry 3= A s
FE s BERCT R 2 N, % g 25 A6 P 1o 0B 23 4% a9 Ll
LX), 20224E1 H 14 HE 1 H 18 H,1E
2277 P A R s A ST R0 Y S 1 e o A A
ZJa Bk L 14 BIFG T B TN A B e
KWk, IET 15 HIk B g, A9 % T 48— B 9 5
At ZE R o WIS R R A — IR B 4 o L
RABTETV-IZNAERE T ILE Tk, sk o 3l 2L
P JbRmIE R, 1 A 15 H SEAIREE 45 = SR
SRR EE LR 5 KA e i shaS m 4h T
AR, 1A 19 HE 24 B, B\ ok AR, U7 2
“OIRZIA) RS T IR R KM A o LI, KM
ZOHTA) TIUECRIAE R, A B R 1D A B XN R
AT A, B HE S k1l 5 km 2 N R A1
230 i & B, 7E KM & P AR X iz

4 KK HEBIHE

AR K LR A3 A FH B ) B A T R R T e
A, BIVHR 5 35 J L ik 26 s e Iy s W A ol sk
T, 456 BUAE Y JC LIRS A HE T A Ofe 7T R 1 W5 A A7
N5 RFRN o XoF T HEIN KL AR M 17 Bl e 4 1)
FIWT , B TFRE AL A B R RIAE o
4.1 BEHWALAOBEEHRIE

HEn R LS R B R AG

ORFE A PR S R i 5/ MA R o 13
W BV B8 11 ( Tamura et al. | 2019) , &iE B 6 T
SIB KW K L 1T (Firth et al., 20155 Robin et
al., 1995) , 33 BF A8 J 1l 1 9 T7 Akl o 3 o % 2
TE =5 58 B RARBUK LB & (VET>6) 1 3L T ( Newhall
et al., 2018) . X SLf 2 B SR Z A SOl A,
RIFFE AY S Ll 11 (EPRIAI AL T post-caldera
or intra-caldera) W% & | S 7Y | #f J& AR %) W5 A& AR AL RN
SRIE ., TR PERCK L b R R ks 2
GG AR LGB Il — MR B s (KR A L L/
L) o XM KRR IR G P&k 1
F1 A AR TS — 2 2 B 59K 3B A K I A5 kS
(), TR BR R A T4 B8 e o AR A K
2 R EHR a5 R . 35 30 i Rkl
RO Z AR AN [R] Y, 7 DA i A 28 B A 3 AT S
W ARG 5 IR IR fih & 3 K Ll F g g
KIFEHETEANEH (Cabaniss et al. , 2018; Degruyter
et al. , 2016 ; Malfait et al. , 2014) ,

eI AE BT K 1 3 (pre-caldera ) | [A] i K
111 FT ( syn-caldera) F1J5 il <K 111 FT ( post-caldera ) Wi &
FR LU S L, 5 1 B B R A BRI A AR
o WA B il PR TR 2 — MRE 5~ 8 km (32
HHD (B 4) BRI A K E 2 7E 966 ~ 1096 °C
Z [8) AN Ta] i (B s 2 1850 5 N1 X K 21 4.
8% ~5. 1% (Brenna et al. , 2022 & 1) . HH5N%
A BT oA AW 2 B X R I R R
XA EAR R 5 km B RBVDRR A 55 N 8 1
MO BT A A IR 5 5 A R X i R A TR R
BIEIREHK o 0 b ) st ik am B Ak s | Js ek
FAE R TR E 22 5 sy
4.2 BERALFHFEXBRL KN ERERBH

N5 BRI ZHLE

VRIS K LB S A A7 7 B T e AR W 3t =X 7 R e
LR TR PR SRR T E IR T
W% A VK IR o TR KOG 2 1Y% 20800



51 B SR A Y 2 I kLl B A A
(a) Jie HE (b) Ll 11 2 i
ﬂ\ —"’/
ZZz1 R K Z 11 iR
HRNE IR [X =R
KRS RE
(©) Jat Kl &3 10 km
e —
gkl
L T
G2 F 271700 m) tl AT K
i . (5~8 kmi%)
FLHA KL
HAnE IR 2014~15% K Hhnzm

2021~22M1% K [

I

2014~15M% %
2021~221% %
Kok i E

kil b
Bk P

Kiligig

5})?

5T

B 4 gt ol kol b a3 S kL@ T8 255 ( 51 H Brenna et al. ,2022)
Fig. 4 Caldera, magma chamber and plumbing system of Hunga Volcano( After Brenna et al. ,2022)
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523 SR AR L4525 95 5 K fh i () B
PR TIRORIERAS . TERTE, A% E I KA
SRR R TCTENERE . KA SR K AE R+
oA, T AR I 7 i R U, T bR & S A
RIS, AREARAR AR, RA3%
FPER R A KL AUR B TR, R BN & 1
A1) JOT T IV R AR 1 o LT 0 9 9 45 b BT AL
( Chadwick et al. , 2008) ,

PEAARAR I AT IV KL TR e 2 1 K v A B
FR LY DUV B AT B A A S e PR I A 3 e R R R
FEAME A, e 28 U & 2 AR A DRy 1Y) 5 4 2 )
1963 ~ 64 4FI55 % 1M iy 44 B ( Thorarinsson, 1967) , W
I B IR 38 KR A 2SN I R AE ( Walker &
Croasdale, 1971) , Hf B AL MR fFLAL TR 5 4l 5 ¢
IRYEA TR KAN[A] ( Sheridan and Wohletz, 1983) , 7
GOKIRGT w8 Ak 2 i i AL AR T 52 2K R 19 BH
15, AKX SR B B 2 H W BELAS 1 R Ak J5 LY
AR R G, B A B0% 308 S
(LiuYanget al. ,2005; Schipper et al. ,2011) . [ 7E
HRIK (k<200 m) FRe €U N, Kl 1T 17 78
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Limu o Pelé) o H1FHEIICIIE K K RELHE (/)
F 200 m) , #e 2 & I 2E X & . Colombier 55
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T ) 5 T K 2 (8] JBE JR 28 VR SR A A S
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Fig. 5 Temperature conditions at the boundary between
water and magmatic fragment edges for direct magma—water
contacting and the formation of a stable vapor film ( modified
from Leidenfrost effect; modified from Dhir & Puhorit,
1978)
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When magma is in direct contact with water, similar tothe fuel
cooling reaction quenching to form glass shards, Surtseyan surge
formed, and pillows or palagonites formed in deep water; in the
presence of vapor film, more low-density and high-temperature
magmatic fragments ( pumice, ash) rises to higher positions in the

eruption column
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BFIET 12021 ~22 A HELL IR IR
Appendix Fig. 1 2021~22 centurial eruption photos
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TR B W G FE A 3 5 () WA AL TR 4335 BT AP LU e i o b s IR 5 A SR AE T T B4 5 (e) KL L 5280 ( AL ) — R (TR R
) —KUKEE R E) 432 5 (6) BERAETERSEAL 2=, IR U vh i et A SR BRI 221K 5 (@) KB 220 ol 5y 5 2 22 A 0 AL,
MR R AR UTBUE A 2 km 0PI 15 D558 B BE A 29 200m F1 700 m i 1LV B AT IR A 5 (h) BER AT TOURSAE -2 9 1)
PEY HULT R, L0 457K SO, Sk,

(a) Surtseyan eruptions newborn island between Hunga—Harpai Island and Hunga—Tonga Island connecting the three islands, two vents erupt at
the same time, the new vent spewed a lot of black pyroclasts. (b) Different colors of the eruption column show different ash content, and the lower
part has high ash content. (c) A large amount of pyroclasts are ejected from the widening or newly opened conduits to form the cocktail structure with
highly pyroclastic materials. (d) Pyroclastic flows formed by the partial collapse of the eruption column continue to spread over the sea after passing
over Hunga—Harpai Island. (e) Volcanic lightning layered with steam ( white) — gas (light grey) — ash column (grey). (f) The cauliflower
cloud at the top of the eruption column, and the airburst shock wave at the bottom carrying a small amount of ash radiating around the world. (g)
The great eruption etched the surface rocks and vegetation of the island, and combined with the overall subsidence after the eruption, the residual
lengths of the two islands with the original length of 2 km were only about 200 m and 700 m respectively. The light yellow bands on the sea surface
were pumice rafts. (h) The top of eruption column expands westward in the stratosphere and almost encircles the earth. Red color indicates high

SO, content
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The past and present activities of Tonga’ s Hunga Volcano

WEI Haiquan, CHEN Zhengquan

National Observation and Research Station of Jilin Changbaishan Volcano, Institute of Geology,
China Earthquake Administration, Beijing, 100029

Abstract: The Hunga volcano, located in the New Zealand—Kermadek—Fiji subduction zone, reactived in
late 2021 and had a millennium-scale centurial eruption on January 14 and 15, 2022. The plume penetrated into
the stratosphere, forming a plume with 30 km high and 800 km wide at top. The gas—ash cloud circled almost all
around the southern hemisphere. The tsunami caused by this eruptive event brought damage in many places around
the Pacific coast. According to the existing data the magma composition of Hunga volcano is mainly andesite, and
the magma may be driven by the "leakage" of gas-rich magma masses along the edge of the caldera. One of the
most important significances of the Hunga eruption is that it produced an extremely strong atmospheric shock wave,
which implies a great enrichment of volcanic gases within the magma. It is this eruption of " super-rich gases" that
creates an outlet pressure of well over one barometric pressure at the crater, triggering a shock wave that radiates
across the globe and an eruptive sound that can be heard thousands of kilometers away. The tsunami was triggered
by an outward spreading shock wave in the atmosphere, which pushed the surface water outward. Another
mechanism for this tsunami is that Surtseyan eruptions have the ability to expel water outwards. Eruptions of Hunga
in future are likely to take the form of lava domes or flows along the perimeter of the caldera rim or near the central
depression of the caldera. Surtseyan eruptions are common, but not on a large scale.

Keywords: Marine volcano, Surtseyan eruption, Caldera, Gas-rich magma, future eruption
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