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Fig. 1 Distribution map of global Holocene active volcanoes
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Fig. 2 Volcanic plumbing system (shallow magma chamber-volcanic channel) model (a)!'* and distribution map of Late

Mesozoic volcanic rocks and mega-circular structure in Southeast Coastal China(b)
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Fig. 6 Schematic diagrams of the volcanic gas releasing rate during the eruption of Fuego volcano
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Table 1 Volcanic gas compositions from various tectonic environments

SLUEEINT (St. Helens) caE| 710 98.9 0.4 0.8 0.003 0.27 —  0.15 0.03 [105]
B (Etna) FRA 1000 19.6 — 22.2 —  25.2 3.4 — — [106]

H € i (Ngauruhoe) B 640  96.0 2.6 16.1 — 10.2 6.8 2.5 — [107]
T35 (Usw) HA 690  99.3 0.26 3.85 - 0.23  0.26 0.35 - [107]

HE A8 LU (Showa-Shinzan) HA oty 800  98.0 0.63 1.2 0.003 0.04 0.0004 0.053 0.024 [108]
B 7 (Merap) El e 803 88.7 0.50 5.56 0.024 0.98 0.134 0.608 — [109]
ot g (Klyuchevskoy) % i 1075 94.8 1.15 2.3 — 0.1 — 172 0.015 [110]
B (Poas) AR 940  95.0 0.9 1.35 0.012 2.83 —  0.38 0.029 [111]
FLHLE i (Momotombo) — Je iR 844 95.1 0.87 2.38 0.025 0.7 0.049 0.35 — [108]
JRIEBTE (Erta Ale) BRI LT 1130 77.2  1.39 11.3  0.44 8.34 0.68 0.42  — [105]
Fu /R 46 E2 ( Ardoukoba) AR KBE®4A 1070 77.4 1.7 3.7 0.2 142 1.7 - — [112]
P IRFEFE (Surtsey) KIS 1125 92.0 1.65 1.94 0.07 3.27 0.012 — — [113]
FeFr 95 e (Kilauea) EH 5 1170 37.1 0.49 48.9 1.51 11.8 0.04 0.08 — [105]
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Fig. 7 Distribution of Cenozoic volcanic rocks, active volcanoes and volcanic monitoring institutions in China

SRIMT AR B ol W I A i . R Ak
LU AR AP 4 . 2000 4R, v [ 1 5% )Ry ST 1

H ] AR SRy LR s o B ST R R Y ok
AL FE, 20 KK, KE O LRSEAEKA
18 e R b L B8 T L 9 o A B X ST
T 6 JAE LRI, , 67 5 A LI A5 A 8, A Y
GRFNAE Y, Bl 0 R4 4r M AL B, 520 10 56
TE. ARFEHE M BIEVT 2 AR 4 48 HhAZ SR 70l
HNL T ANER XML (B D, i 28
S I AR S A A BE AN 4H 41 4 AT 1 Ak
S 5 R0 O I3, . 2006 48, 78 HH [ Hi R JR) H T
WFFE TR T B L W £ 09 s, 67 5T A 4 [

A5 S LT ) 2% A0 1 s s 00 ol £ i ) 000 Bl 144
W 43 BT AL B A7 il R A0 R S50 G 2
2020 4F 11 AAESMARE WAL T H R Ry K
FEHT s FEEETT I [ P 2t 00 00 | [ ARk
I SRR AR B S5 A B 4 L i F 72
HHUE TARIA TR R R BL.

T3 —J5 10 AEWE I H A L 5 [ MR H 3 AT
AR P 5 IR A s AR B A A 10 H A
Ao AT FE T S A G R i e T ik B
SRR A TAEE A 30 A4 (HER TR AN
W i KL T 1 3 2 SR AR Ak oAt K i
XA H A 2 N T B SR IF R 2L 19 Xl R



FA3E AW B WA K M IS e e G v ] K R M T AR RS 403

PRGE S I, AR TR R R TG KL XA
He DR B R 2 SRR IO BRI Y. B 2R OT S
N CO.-CH, A [F)437 2 40 8 50, 11530 1 1 o
KD 3 A5 9 3% 1 B AP 240 B2 43 ) oy 773 °C
566 “C 1 524 °C , 7 1) Jb 2 i P A1 s 0 1 i 20
WAL E AT R Bl AL Sl DX KSR
Bk By TR SR (CO, F CHY) BGE 4 8. 13 X
10°, SXSEMFFE 0 F AR A I R B Al Rk
SRR AR LA B X H i T g
SRS 1 W T 2R 3 o 1Ly DX 3 AR ) S
PR IEAS B O I S

JUE TR 1 L W T AR 5 B S i2E 2K OF- 8
FETER R 22 R H SR T 75 3 AF R 3R 78 Al
W75 SR EUS T R 50 B kR, FE 0] 43 A LA
34T

CIFE LR H T 000 7 T DA R 2030 4ok
Kk BTG R, G HOZ 20022005 4R, K[
LR A LU SR I SR K L AR Hr ) CO, P2k 2
K 96. 126, @ T H RAEN PR EE 9326 He H,
BEHART 10X10° /38 S (8 430 B 31700 X 10°°
12750 X107°, g4 KRG 3l | k1l X TE AR
e BRI ERE S T H o NS PR DI E=Yi]
TR B AR S R

() 7E A BSAR NI J7 1 554 15 PR
()RR AR 22 73 G 15 (GF-5 EMD J2& 3%
] AR A T LY D8 B ) R o 2k A s L A R
HbIR KB G B 1) 5 AN R SR R T SO,
BRI AR . BT IO S R GE-5
EMI UV-2 38 i WL - & F DOAS 535 f ik
% GF-5 EMI K SO, fat, ¥ R g5 5 5 [ pr
2k fif S5P/TROPOMI SO, gk ik f7 i
S3HT . PEA] GF-5 EMI 78 28R K 1L13E 8 SO, 284k i
W75 RE 1. 45 B 7%, GF-5 EMI g% 4k Bk
L SO, HERC 23 43 A1 FRAE L I 5 [ bR [A) 25 2%
fif TROPOMI Jiz 8 45 5 HA 8 e 14 23 18] — B0k L fig
T JE Al K L e W I T LS R A A
) o7 FH 75 K

(3) 7 My 187 % A2 W 7 1f, B Wi 9% AR
T 1 Kt B v e LA B B A ) ok,
BN, pREFEY FH D-InSAR #4AR KRBT K
[ 19951998 4F 6~12 cm [FEAE; JT LY 2505 fi
i PS-In SAR # A&, #| ] ENVISAT T ¥4 5

P BRI T R A L 2004—2010 4 1 T A8 B )
B s ] P2 R ALOS-1 Bdii 454 PS-InSAR
AR RIRA KL T AEAE 10 mm/a 1y b5 2
BT i SBAS HEAR I T B v Sl X
19951997 4E M FIE AR B 8] 7 51) 5 JT LY S50 F)
il Stacking i ARZEEL TR k1l 20072011 4F 1Y
TEAE I AR B A2 ) 2k 1L 2008—2010 4F kA T4
1 em (IEAET B SRR E AT InSAR 78 K 1LTE
A W 5 TR AR T ) R R AR R
FIFH InSAR 45 %5 K BRI G BEAF 58 10 55y H—
T N TR R S Y R RN =3 E

4 NLBEMERERLZRES T

b1 ) e i o T e Rl I W N S R
I F ARG Y E 2D A M A E 1 KL ) A
(10 JREE 1000 A BB AR T Ll R A R I 5
o1 AR F AT 4RER 1500 JAETE Ll UA R
) 1024380 T R Ge M Wi L 38 5 £ A LA R LY
TR 058 L A A
4.1 ZFENFEEA, EEBKEHENER

B 118 KL W0 T B AR IR ) Hh A A 1 e v
FERAIREPAT IR S AL . Anh R M b, 2
PE/INRASEIE A 110 Kl 255 K — S6 AR /N i IR A=
LA SN R ) K MR A AT B Y AR X
S R T L T Bk 2240 5 b T JE A8 M I v, InSAR
S RAFEMA B 5. T 1L 58 A B 3t TG 7% ] R 2 58
SRR B & [ N A A A I I A &
A I RIS, P BB 25 2 A b T 7 X S8 R ZR A 23 %
Hiy TR A2 I 38 T4 PRk AS e HORE— b
DB 1T I 255 ) 22 b A 0 S 1) 58k » T ok
A W DU AAC 22 o DT SE B2 b Je L s
4.2 GG MK, B BN BIEEZTEE

BaE T HROR R S TE L T R &3 m A
R 1 SRS R TTC 4 H, 3 DN AR 3 %) Jre v 5
FIF SN ALl W I TAER A F . 0o 8L
AR » ELIR AR e Sy e e 45 B i 2= 58
T TR S . HET BOR B By KL s
FEFT LA A B4 4 s S . EL > B 45 2R 24 AR S B
gt EPR LC IR T 24 kol Wi
i H ,#)an WOVOdat(http: //www.wovodat.org) .
VHUB Chttps://vhub. org/) . VOGRIPA Chttp://
www. bgs. ac. uk/vogripa/index. cfm ), FUT-



404 ﬂé ;ZE

o R

2022 4%

UREVOLCC(Chttp://futurevole. hi.is/) &, R, 43

IR AT EORTIDERR S RN RIS NS Y3

FFE N B 3 3ok T 35 ) i, 2R R B3k S 50 41 A 1 s

Al fim TAE .

4.3 RMUEEBIFFARAAR, ELRFEN LN
ki

il PR e I S AT I 5 LR 25 B LA 1
AMES A A M. R H i b RE AT 2 e 22
P8 D00 T B B 3t R 500 5 H Al Dy 12 () i T
FHBIN & L YRS I AR R G 5 DL S TR ) LA
SR MGG M S R R R e, B
TEAE TR0 T 15 23 W = 2 52 2 B AR R
AT LA SEATAE Hh R M AT T A R AN
i X 28 IR B8 405 [ A6 B AR 19 8 BE R &2 . 38 AT LA
Gatt R ECARE 7 A SR A,

T3 s — B E AR 2 SR R R R Y L
POt TEA, . A B BT e RS T
DA AR 11 A AR 8 ) o0 APR 265 DX I o 3 B RO
TR BUGAE B TR 7 — X AR W )
ARAT DA SERFFEE B AR R 72 X 75 55 3K
A T R AT RE . T AR R P K R
A HUE 2 DL R G At 1 Bk 4 B R B R B K
P 76 L B RN S 3 B ) A B R IA IR, T
A 55 Sy A Sfe Al W T ) R R AR T
J6 AL AT A Omaze 19 15 A 1L B Ak W 54l s vk, T
RGBSR R BRI HERE NS SOl X 58 B B 1
BRI 5 PO KL DX b T8 T L AR R FVRRAE
Y] LLGE oA ] T AL ) AL B A T I

R LI P AR R A R K A 22 T R [R]
JE o AL W 25 1) i e & 4 B R IR R g el i
LG T I 2R B AR 1 RE 1 5 LA RO K 1L 4
Far ATIpAK S U IDBL TS

5 DR BEMFE AR & X A E AL e
TERNBS®

e [ K i B2 OB A AR KL oy A i B2
186 000 km*, 3t 20 43, IS8 T IAIE K F L
TR SRR T M 1 B 74 R S ook 45
3 A3 XA KL AR A AT K L 3t o £ 5
SR T AE S JBELE 14 S8 ik DX (P 7O,
FERQIERIIRSPE S ERUEIWIRTIRYAE SEYSSENIPS
M AR 6 JAETE I 20 2247 A i s » &

JE& T P T 2l LR R T R A 6 A A
REIHTIIE 575 5 i T 5 E PR ki ke
TR AR AT 5 31 K B A A
M D 2 15 [ o T S0 A7 AR R 9 22 B SRR T [
L — A SR AT 5 T5 ThT ) AR 5 B e o
BOAEAR 4 ANJ7 W R ARG A TAF

5.1 BIZMENLBEENRAMNE-X-1”

ST BE R &

e B L 0 B 5 S A G L 5 SR et
KA B iR AP AE— E M 22 BE . H AT, FRE K
L I A T A0 A iR e B 722 g
AR RLL AR M 00 5 4% 5 M 00 3 B L O 00 o 45 ) 2
FEATRSRARR /0N s DTS BR A 7 MU BB T o oA SR i ik
— 25 TSI M A R R S 2 S
HELE v R AR AR I M T B (i R A/ LA e D
LA IR o T3 50 72 MEIRS B L o N 522 T 5t
X L TR R B bl 1 128 8 A
B g 98 X 25 A DX L 0 A )
V7 SR 0 o T B s A BTy 5 A
2RI KB AR 2R 2 Bt g T K o -
i Y ORIIPE 31 RR(IDE S S
5.2 FRANWBENSREZEERRE(E, nExt

EEATFALENNERGIESHRL=E

ATAFA P B RSP JCHE” X L i B
VG SRAMSIEE 4317 & i 4k 1306 (3 o, o
IR A SR A 84 A8 il Hepfy 76 g
JOLAES AR BRN , Hoak— il DO H 3
VR AE B ] RE X J] i 1 8N DR A 2 7 A A T
WARARKIfEHFES . HHEEA R, XX Kl
HER R A R TR L R R 2 0 v [ 7 A R R
M o PRLIEE o I 58 T 33—t DX o i) S A ) 3
2 5Bk 55 48 B B i R K 0 |
B 5 S HAT 2T S

IR 42 Bk 5 B 22 B 4R (32 5], H A D RRC
55 RIS 5 BRI — 4 DX Sl il - 4 B T
PErb o RIS i FE AT 3 — i DXL e 0 A £
SRR AR . KON ICE [ b B TAR A
FEIPIE . R H T PR G AR Cn SE P R
DI ZE S OO 313 ) o F I BE ST & 1] B 4 2%
3 DA L M - 9 3 4 B [ B 5 A 0 L R T
e L RN ] e T M K % %o a2t DX A3 S M
RIS S FI o ) R R — 2 T 5 ] B S A S



FA3E AW B WA K M IS e e G v ] K R M T AR RS 405

SN st DX i i A g S STt I R I T

G EhAn K I FUEE R HF B S 5 8 kK

& Ebr R LIRS,

5.3 MEREARENLREMRFEARESBR A
HHEIETRR

Fe [ 36 L B 5 -5 [ B i I G A7 R BER
M 2ERE. AT X B A E B 14 6 KO IX Y
LS A AL 36 SRR L L =9 7S 18] 43 A Kok
PR ASESRE I OR =5l (U RV AL A
— 25 LB X 4 A T KL DX R T AR 1 X T
A FR A B AN SE B8 50 A s i S BRI X
TEAN Y LT B S 0 R WBE & 18 W 52 ]
MU FIHE FURFAE AT IR ADT IS . B FE A2
AL HILAR 2 AT B 22 5 P B0 Al i 4
DRI o 2L W i T ) T 0 0 ) LA T
RO WFFE N A R AL S L A L K L ik &
AL L LT S RS R Ji] S0 44 42 i TR 3R 5 D Tk
FIAT B PR b7 KL mE A AL il F 58 4007 1 =F
AT R S AELATS SR AT A — AR BBk~ R A i 155 A 2R
LA A A DU FR BT A TR KL A R LA A

S KL A Py s ep By WA SR A A A
A B IR 2 K g A ML A4 AT 9 1 Ak T2 A5 B
B R L i i L S R L i 8 2y B AT A7
FERER A B0 UK B K IF & T 8028 1 s 9K R
VB ik 2 AL S5 BIF 5 08 L sE e AR | i 30
PR DR L L fid A BILARD KL R 4 T R A
Pk Z RN,

(ELATAE AR r I o 0 A SRy R G R 1Y
A B AR AU LT R T L 22 RUBE A X
Pty e A A R T IR A S S M T A
BRI A B AL 2 50 Hr R X SOl AL
AT TSR A 1 M o G 2 4R I (R - IR 58
PYrgekk, BRI o ) 58 5 JR) 28 96 1) AR DG RHIE 3
AR5 MR R AR ST FE AU o — 2B R AL S A
FTA AWML H DL E S B 1 45 i 7
I KALCRIES L 2 L SR8 D 1 g R el 8 o A4
WK LA B 2 — 25 T AR 52 14 M 3 X
BRI PR AT , TRAR B BRI SCa A2
HBRAL S ARACEA O s G A S K I LR = 4R A
T T JR R R AU S5 T 58 A TR A e T 2K s &
AL » 3L E 3 I = e Il 3 Ik o By
K ITAER R R AR

5.4 BiuthESRER—FERNDLEREE

F ] oA 4 o 1 AR AR A AR K L
XoF 0 LR R 45 ) 2L R T8 2 R I 5 9 R B B K
I E TP TR R A IR TR, R 20 i
4 60— 70 ALK  FEAR T IR P AU s XTF
JRAG K L R A A ZT T DL 90 AEAR LIRS
JRE 1 4 TV K L 5 S A s 1 I A 9 A L R
SRR KL R A WIS g R B, A
it T A R LU B PR S SR 55 1 o I ok Ll
FEMI AT HELL R JE

Ey H A AR AR AR L B AN A
1 e L FE By 9 I T AR Y T IR A 2 X 3.
] R Bt i 20 LU Sl R MR I B 2220 3R ie W]
R JALGER  FRBE VA i UiE I & A2 b 28 5 n] RE
g R Y i & L S D QIR €L (S
R [ B SRR A T AR X TR E K
LU BlRE R RS A I 9K PP Al AT 4 4k 5 2 1 5
Bl » [ st X 4 [0 oK 1L AT 5 BA P 1 e 4 L 335 9%
IR RREE ke B AR L EZE /R, s 3
FEL TG LB e , T LA B9 N B it — 25 T i K
B AP LR F S TR a8 ek K Lk A 7 11 a8 A b Bk
PRSP SR RS R AR R AL o A 000 A >4 1) 2k
Ly & AN R L B R A ) B i S B R

HAr. REC TR T E KRGS Aol B 12
VAR B P F B8 T L L o
A HBR AL 27 500 L 3 L W RSO e L3 ok L
G ERERD IO P AR At 5 0 P 5 ity e LS00
TSR L L DX PR 445 ) b R A LARCH L kol sk
RHRLIOLRRE TR 4 3B A, IR LR s
VR RERl HE ST T T GIS $d R 48 B AR i B
JEEAE TR 65 BT LA I L Aeg el s Lk
KL RE S LA T Bl L IR 5T A O
fFRIEAT AW, R, X — I EFERT KA
L JB o A B e i AR T 6 S HLIX
TR AU 5 B EA TR AR, W R 2846 b = L
b st DX P ALl B . SR R R, R E AR
RH M EELREUT Ol g B KL pLE 4 E
AR S84 » 7 S BRI 2 R - W 8O 1 H e
FLARZ M A R L Ol 25 B R R
P 3 e U A X e B A A A P E AR
2 HBCE A KL 33X 2 LA 22



106 £ K

o R

2022 4%

TACTTAE B AR s L P TS A M T 45 4 L 2% B
PR AT BAT 5 R KL HE B S5 A K
LT B L L ML A ) 2 0 S TR) I o
AU ST LT 3 5P e i) 5 0F 5 2 B
AR KL A AL o T A 5 2 L s e 0 1 75 By
TAEMARGRAEN . B, 7 b AR a0
T JULTRIURS) 14 DX S 57 2 A7 2 R B A = X
J2E ] D R R K L WA ML ] B 5 B e e 1
I 9 B AR SRR 0 R % B 508

i B 2012 F A FHFAS PO (TR E
FHIRH FHER ) F T 50 J& 4 At 3R BN BT S0
KoL T F R & F A5, FEKN, B i ig, B R
B X P 60 BERK, THRE,RAFR—AE
AdBHERXKLERETFTRE ABLE, PR L L
ATFTPCEEME XTOELLIH. TEAZHR
%, 55 TAFLRKLMRFREEL AL
K& AR, RAEETNRKRAKNFE R D HITHR
Fofb £ B TAE, f2 KL HR BRI E
TR AR R ARIAEAT T KA T E, 2
G, R E B RIAMKGHB R A KB B RE A=
RGBT AR Z A Z R IR T AT
Bk, RAWMFHL BRAIFT. —A2HR . ARE
o ERGEFAMBE, TR RA TR L
AEABBEHEKLERERFEI AL L LAELER
HLUFPARALBER R HFERTK E XL
HH)iTIE RO E R EF MG AATH .
MF & IR, R EM G L., SBILL ATRE, B
RAETF.FEITRLE,

S 3Lk

[1] MATHER T A, PYLE D M, OPPENHEIMER C.
Tropospheric volcanic aerosoll M |. Geophys. Monogr.
American Geophysical Union, 2003,139: 189-212.

(2] SRIERF APEAR, FhEH, 4. b E KR b B 2 <
R LI ) B 5 A H Bk Ak 2= 38 di, 2017, 36 (2):
204-212.

GUO ZF, ZHENG G D, SUN Y T, et al. Greenhouse
gases emitted from geological sources in China[ ] ].
Bulletin of Mineralogy, Petrology and Geochemistry,
2017, 36(2). 204-212.

[3] GUO Z F, WILSON M, DINGWELL D B, et al.

India-Asia collision as a driver of atmospheric CO, in

the Cenozoic[ ] ]. Nature Communications, 2021, 12
(1). 3891.

[4] RAE]J W B, ZHANG Y G, LIU X Q, et al. Atmos-
pheric CO, over the past 66 million years from marine
archives[ J ]. Annual Review of Earth and Planetary
Sciences, 2021, 49. 609-641.

(5] J4M:, Ei M mrakal i d i L RS
WEON )] 2R 2022, 38(5): 1399-1418.
ZHOU ] S, WANG Q. Magma dynamics in the crust
and its resource and environmental effects[]J]. Acta
Petrologica Sinica, 2022, 38(5): 1399-1418.

[6] FURTNEY M A, PRITCHARD M E, BIGGS J, et
al. Synthesizing multi-sensor, multi-satellite, multi-
decadal datasets for global volcano monitoring [ ] ].
Journal of Volcanology and Geothermal Research,
2018, 365(OCT.1) . 38-56.

[7] LOUGHLIN S C, SPARKS S, BROWN S K, et al.
Populations  around  Holocene  volcanoes  and
development of a Population Exposure Index [ ] ].
Global Volcanic Hazards and Risk, 2015(4); 223-232.

[8] GLOBAL VOLCANISM PROGRAM. Report on
Hunga Tonga-Hunga Haapai (Tonga)[ R]. Bulletin of
the Global Volcanism Network, 2022, 47. 2.

[9] BLAKE S. Volcanoes[ C]// ALDERTON D, ELIAS S
A. Encyclopedia of Geology (Second Edition) [ M .
Pittsburgh: Academic Press, 2021 1-19.

[10] FERRUCCI F, PRATA F, AMELUNG F, et al. Per-
spectives concerning satellite EO and geohazard risk
management: volcanic hazards[ C]. European Space A-
gency, Santorini, Greece, 2012.

[11] GLOBAL VOLCANISM PROGRAM. Report on
Hunga Tonga-Hunga Ha’ apai ( Tonga) [ C]//
SENNERT S K. Weekly Volcanic Activity Report[ R].
Smithsonian Institution and US Geological Survey, 12
January-18 January, 2022.

[12] WALKER G P L. The Taupo pumice; product of the
most powerful known (ultraplinian) eruption? [J].
Journal of Volcanology and Geothermal Research,
1980(8): 395-407.

[13] BACHMANN O, BERGANTZ G. The Magma Reser-
voirs That Feed Supereruptions[]]. Elements, 2008
4. 17-21.

[14] CASHMAN K V, SPARKS R S J, BLUNDY J D.
Vertically extensive and unstable magmatic systems: a
unified view of igneous processes[ J]. Science, 2017,
355 (6331): eaag3055.

[15] PRITCHARD M E, GREGG P M. Geophysical



Fa3E A B

L A5 - L I AR J B R o ] K e U AR A4 7

407

[16]

[17]

[18]

[19]

[20]

[21]

[22]

evidence for silicic crustal melt in the continents:
where, what kind, and how much? [J]. Elements,
2016, 12.121-127.

CASSIDY M, MANGA M, CASHMAN K. Controls
on explosive-effusive volcanic eruption styles [ J .
Nature Communications, 2018, 9(1): 2839.

MZETe, S, HEOGRE. S IR Ol D e R A
ARIRFIELT ] Mol . 1978(1) . 40-52.

TAO K'Y, WU Y, HUANG G Z, et al. The
structural and facies characteristics of Niangniangshan
paleocalder[ J]. Acta Geoscientica Sinica, 1978 (1)
40-52.

PEZEI0, FE M R 10 T I R I 1L B0 S s A B
H R HLHI LT 5 B 2 2k 58, 1989, 8 (4):
289-298.

TAO K'Y, XUE H M. The Characteristics and Origin
of Graditent
Chamber[J]. Acta Petrologica et Mineralgica, 1989, 8
(4): 289-298.

B 400, KB BN, S5 2R B T L s SR
&K AJORAER S R G LM, Jb5T: M R
¥, 1998 1-371.

TAOKY, GAOT]J, LU ZG, et al., Basement tec-

tonics of volcanics and volcanic-intrusive complex in

in Niangniangshan Alkaline Magma

southeast China[ M ]. Beijing: Geological Publishing
House, 1998. 1-371.

TG, F i s, MZEIT, S5 A5 K - 5 i b g
AR B ABLT ). v b SR A2 R B AR A i
i H], 1985, 6(4): 1-16.

YIN J H, WANG ZY, TAOKY, et al., Tonglu vol-
cano-tecnonic depression: basic features and its evolu-
tion[ J]. Bull. Nanjing Inst. Geol. M. R. Chinese Acad.
Geol. Sci, 1985, 6(4): 1-16.

o TR, BK . S AR 2T X K
LWLV Bk s & PR L. F at b BT w7 i 92 BT i
), 1991, 12¢4EH) . 1-100.

FENG Z Z, QI R Z, HUANG S X, et al., Mesozoic
volcanology and mineralization related to volcanics in
Yongtai-Dehua District, Fujian Province[ ] ].Bull. Nan-
jing Inst. Geol. M. R. Chinese Acad. Geol. Sci, 1991,
12(supp): 1-100.

WRE, BZEI0. #OCM. TP ERM AR P AERKILE
R JCLE AR AL LT . K3 BT 5 877, 1994, 15
(4): 45-51.

XIEJ Y, TAO K'Y, HUANG G Z. The volcanic
facies types of Mesozoic terrane in southeast China

continent [ J]. Volcanology &. Mineral Resources.,

[23]

[24]

[25]

[26]

[27]

[28]

[29]

1994, 15(4) . 45-51.

MRS, Moo, FPRM, A& P E R KR Ak
b 5E Je it A2 A LML bt 3 5T i R At
1996, 1-277.

XIEJ Y, TAO K'Y, YIN J H, et al. Mesozoic
volcanic geology and volcano-intrusive complexes of
southeast China continent [ M ]. Beijing: Geological
Publishing House, 1996 1-277.

WRE, W, B IE L TR S AT AT
HESK A LR [T ] K 4 BT 45 8757 2000, 21(2):
87-95.

XIE] Y, LAN S X, ZHANG D B. The study on re-
vived caldera using volcanology [J]. Volcanology &
Mineral Resources, 2000, 21(2): 87-95.

TREHE, i, BREE. 5. HEma e vh AL AR 1 A o 5
Praf s ad FRAF—3f S Aedtae il b X% L[], M2
. 2008, 82(4). 451-463.

XING G F, LU Q D, CHEN R, et al. Study on the
Ending Time of Late Mesozoic Tectonic Regime Tran-
sition in South China Comparing to the Yanshan
Area in North China[J]. Acta Geologica Sinica, 2008,
82(4): 451-463.

TBetE, B, HOlR . R BINTEML  Ek l
FAG B RAL K A 15 75 5[], 5 A%k, 2009, 25
(1) 77-91.

XING G F, CHEN R, YANG Z L, et al. Characteris-

tics, tectonic setting of Late Cretaceous volcanic mag-

matism in the coastal Southeast Chinal J]. Acta Petro-
logica Sinica, 2009, 25(1): 77-91.

BrH, THIEHR . AYWIR, A5 W i S X i AR A= 4Rk
YERIR 7 5 i B o3 i () 1. H BT F, 2013, 59(3):
454-469.

DUAN Z, XING G F, YU M G, et al. Time Sequence
and Geological Process of Late Mesozoic Volcanic Ac-
tivities in the Area of Zhejiang-Fujian Boundary[ ] ].
Geological Review, 2013, 59(3): 454-469.

BLEL, &AM BG4 WA X 32 BTk
WA ZR 5 50 08 A X e ®F 58 [T 0. o BT 2 4l
2015, 89(2) . 319-338.

DUAN Z, ZHAO X L, XING G F, et al. Comparison
Study of Petrogeneses and Crust-Mantle Interactions
between Cretaceous Lower and Upper Volcanic Series
in the Adjacent Area of Zhejiang-Fujian Provinces[ ] .
Acta Geologica Sinica, 2015, 89(2): 319-338.

BEH, JeA . AN, 2 AR rE TR A 2 ks
(O RAR R A AR FBE S [0 ). #1241, 2018, 34(3):
656-668.



408

/gg

K

2

it

2022 4%

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

DUAN Z, XING G F, YU M G, et al. Very Low-
Grade Metamorphism of Early Cretaceous Volcanic
rocks in Coastal Southeast China[ J]. Acta Petrologica
Sinica, 2018, 34(3): 656-668.

OB, . T AT h A AURE G L 3R
PR R L5 2 L) et I I 44 vk A AR A 9 L) . il o 2%
. 2022, 96(6): 2021-2038.

DUAN Z, ZHANG X, LU QF, et al. Late Mesozoic
geomorphic origin of Yandangshan and its synergistic
evolution with volcanic structures in Zhejiang Province
[J]. Acta Geologica Sinica, 2022, 96(6): 2021-2038.

XING G F, LI J Q, DUAN Z,
Cenozoic Volcanic Cycle and Volcanic Reservoirs in
East Chinal J]. Journal of Earth Science, 2021, 32(4).
742-765.

HE Z Y, XU X S. Petrogenesis

Yanshanian mantle-derived intrusions in southeastern

et al. Mesozoic-

of the Late

China: response to the geodynamics of paleo-Pacific
plate subduction[ J]. Chemical Geology, 2012, 328:
208-221.

LIU L, XU X S, ZOU H B. Episodic eruptions of the
Late Mesozoic volcanic sequences in southeastern Zhe-
jiang, SE China: Petrogenesis and implications for the
geodynamics of paleo-Pacific subduction[ ] ]. Lithos,
2012, 154, 166-180.

LIU L. XU X S, XIA Y. Cretaceous Pacific plate
movement beneath SE China: Evidence from episodic
volcanism and related intrusions[ ]J]. Tectonophysics,
2014, 614, 170-184.

LIU L, XU X S, XIA Y. Asynchronizing paleo-Pacific
slab rollback beneath SE China: Insights from the epi-
sodic volcanism [ J ]. Gondwana
Research, 2016, 37 397-407.

GUO F, FANWM, LICW, et al. Multi-stage crust-

mantle interaction in SE China: Temporal, thermal

Late Mesozoic

and compositional constraints from the Mesozoic felsic
volcanic rocks in eastern Guangdong-Fujian provinces
[J]. Lithos, 2012, 150. 62-84.

GUO F, WU Y M, ZHANG B, et al. Magmatic re-
sponses to Cretaceous subduction and tearing of the
paleo-Pacific Plate in SE China; An overview [ ] |.
Earth-Science Reviews, 2021, 212(1). 103448.
MENYAILOV I A. Prediction of eruptions using chan-
ges in composition of volcanic gases[ ] ]. Bulletin Vol-
canologique, 1975, 39(1). 112-125.

LOUGHLIN E S, SPARKS S, BROWN S, et al
Global Volcanic Hazards and Risk[ M ]. Cambridge:

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

University Printing House, 2015: 1-410.
PRITCHARD M E, SIMONS M. A satellite geodetic
survey of large-scale deformation of volcanic centres in
the central Andes[J]. Nature, 2002, 418 (6894 ):
167-171.

MCCORMICK B T, EDMONDS M, MATHER T A,
et al. First synoptic analysis of volcanic degassing in
Papua New Guinea [ J |. Geochemistry, Geophysics,
Geosystems, 2012, 13 (3): 1-21.

JAY J A, WELCH M, PRITCHARD M E, et al
Volcanic hotspots of the central and southern Andes as
seen from space by ASTER and MODVOLC between
the years 2000 and 2010[ J ]. Geological Society of Lon-
don Special Publication, 2013, 380 (1): 161-185.
BIGNAMI C, CORRADINI S, MERUCCI L, et al.
Multi-sensor satellite monitoring of the 2011 Puyheue-
Cordon Caulle eruption[ ] ]. IEEE Journal of Selected
Topics in Applied Earth Observations and Remote
Sensing, 2014, 7(7). 2786-2796.

IVERSON R M, DZURISIN D, GARDNER C A, et
al. Dynamics of seismogenic volcanic extrusion at
mount St. Helens in 2004-2005[]]. Nature, 2006,
444, 439-443,

PALLISTER J, MCNUTT S R. Chapter 66-Synthesis
of Volcano Monitoring [ C]// SIGURDSSON H. The
Encyclopedia of Volcanoes (Second Edition)[ M]. Am-
sterdam: Academic Press, 2015. 1151-1171.
RODGERS M, ROMAN D C, GEIRSSON H, et al.
Seismicity accompanying the 1999 eruptive episode at
Telica Volcano, Nicaragual J|. Journal of Volcanology
and Geothermal Research, 2013, 265: 39-51.
KUSHENDRATNO, PALLISTER J S, KRISTIAN-
TO, et al. Recent explosive eruptions and volcano haz-
ards at Soputan volcano-a basalt stratovolcano in north
Sulawesi, Indonesia [ J]. Bulletin of Volcanology,
2012, 74(7).1581-1609.

BIGGS J, PRITCHARD M E. Global volcano monito-
ring; What does it mean when volcanoes deform? [J].
Elements, 2017, 13(1). 17-22.

WHITE R, MCCAUSLAND W. Volcano-tectonic
earthquakes: A new tool for estimating intrusive vol-
umes and forecasting eruptions[ J |. Journal of Volcan-
ology and Geothermal Research, 2016, 309. 139-155.
ZOBACK M L, GEIST E, PALLISTER ], et al. Ad-
vances in natural hazard science and assessment,
1963—2013 [ J]. Geological Society of America
Bulletin, 2013, 501. 81-154.



Fa3E A B

L A5 - L I AR J B R o ] K e U AR A4 7

409

[51]

[52]

[53]

WAITE G P, CHOUET B A, DAWSON P B.
Eruption dynamics at Mount St. Helens imaged from
broadband seismic waveforms: Interaction of the shal-
low magmatic and hydrothermal systems[ ]J]. Journal
of Geophysical Research, 2008, 113. B02305.
PALLISTER J S, CASHMAN K V, HAGSTRUM ]
T, et al. Faulting within the Mount St. Helens conduit
earthquakes [ ] 7.
Geological Society of America Bulletin, 2013, 125;:
359-376.

WAITE G P, CHOUET B A, DAWSON P B.

Eruption dynamics at Mount St. Helens imaged from

and implications for volcanic

broadband seismic waveforms: Interaction of the shal-
low magmatic and hydrothermal systems[]]. Journal

of Geophysics Research, 2008, 113: B02305.

[54] NIU J M, SONG T A. Validation of repetitive

[55]

[56]

[57]

[58]

[59]

[60]

[61]

volcano-seismic signals in Aso volcano, Japan with
distant stations implications of source characterization
and remote sensing in un-instrumented volcanoes| ] ].
Journal of Geophysical Research: Solid FEarth,
2022 e2021JB023400.

RIPEPE M, GORDEEV E. Gas bubble dynamics
model for shallow volcanic tremor at Stromboli[ J].
Journal of Geophysics Research, 1999, 104.
10639-10654.

CHOUET B A. A seismic model for the source of
long-period events and harmonic tremor, in Volcanic
Seismology [ M ]. New York: 1992,
133-156.

CHOUET B A. New methods and future trends in

seismological volcano monitoring, in Monitoring and

Springer,

Mitigation of Volcano Hazards[ M. Berlin: Springer,
1996. 23-98.

PALMA ] L, CALDER E S, BASUALTO D, et al.
Correlations between SO, flux, seismicity, and out-
gassing activity at the open vent of Villarrica volcano,
Chile[ J ]. Journal of Geophysical Research, 2008,
113. B10201.

DZURISIN D. Volcano Deformation: Geodetic Moni-
toring Techniques [ M ]. Chichester: Springer/Praxis
Publishing, 2007 441.

PARKER A L, BIGGS ], LU Z. Investigating long-
term subsidence at Medicine Lake Volcano, CA, using
multitemporal InSAR[ ] ]. Geophysical Journal Interna-
tional, 2014, 199. 844-859.

BIGGS J., EBMEIER S, ASPINALL W, et al. Global

link between deformation and volcanic eruption quanti-

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

fied by satellite imagery[ J ]. Nature Communications,
2014, 5(1 . 1-7.

CHAUSSARD E, AMELUNG F, AOKI Y. Charac-
terization of open and closed volcanic systems in Indo-
nesia and Mexico using InSAR time series[ ] ]. Journal
of Geophysical Research: Solid Earth, 2013, 118:
3957-3969.

EBMEIER S, ANDREWS B, ARAYA M, et al. Syn-
thesis of global satellite observations of magmatic and
volcanic deformation: Implications for volcano monito-
ring &. the lateral extent of magmatic domains[]J].
Journal of Applied Volcanology, 2018, 7(1): 1-26.
LU Z, DZURISIN D. InSAR imaging of Aleutian vol-
canoes | C]//InSAR imaging of Aleutian volcanoes
[M].New York: Springer, 2014 87-345.

PINEL V, POLAND M P, HOOPER A. Volcanology:
Lessons learned from synthetic aperture radar imagery( J |.
Journal of Volcanology and Geothermal Research, 2014,
289. 81-113.

REATH K, PRITCHARD M, POLAND M, et al.
Thermal, deformation, and degassing remote sensing
time series (CE 2000—2017) at the 47 most active
volcanoes in Latin Ame[ ] ]. Journal of Geophysical Re-
search: Solid Earth, 2019, 124. 195-218.

SPARKS R, BIGGS J, NEUBERG J. Monitoring vol-
canoes| ] ]. Science, 2012, 335(6074); 1310-1311.
CARICCHI L, BIGGS J, ANNEN C, et al. The influ-
ence of cooling, crystallization and re-melting on the
interpretation of geodetic signals in volcanic systems
[J]. Earth and Planetary Science Letters, 2014, 388;
166-174.

CHAUSSARD E, AMELUNG F. Precursory inflation
of shallow magma reservoirs at west Sunda volcanoes
detected by InSAR[ J]. Geophysical Research Letter,
2012, 39 L21311.

HUGHES G R, MAHOOD G A. Silicic calderas in arc
settings: Characteristics, distribution, and tectonic
controls[ J ]. Geological Society of America Bulletin,
2011, 123(7/8). 1577-1595.

NEWHALL C G. Volcanology 101 for seismologists
[C]//SCHUBERT G, KANAMORI H. Treatise on
Geophysics| M ]. Amsterdam: Elsevier, 2007, 4(12);
351-388.

ALBINO F, PINEL V, MASSOL H, et al. Conditions
for detection of ground deformation induced by conduit
flow and evolution[ J]. Journal of Geophysical Research,
2011, 116(B6); B06201.



410

/gg

K

2

it

2022 4%

[73]

[74]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

GOTTSMANN J S, ANGELIS D, FOURNIER N, et
al. On the geophysical fingerprint of Vulcanian explo-
sions[ ] |. Earth and Planetary Science Letters, 2011,
306(1/2): 98-104.

PRITCHARD M E, SIMONS M. An InSAR-based
survey of volcanic deformation in the southern Andes
[J1. Geophysical Research Letter, 2004, 31: 1.15610.
FOURNIER T J, PRITCHARD M E, RIDDICK S N.
Duration, magnitude, and frequency of subaerial volcano
deformation events: New results from Latin America
using InSAR and a global synthesis[ J]. Geochemistry,
Geophysics, Geosystems, 2010, 11: Q01003.
CASTRO J M, BINDEMAN I N, TUFFEN H, et al.
Explosive origin of silicic lava: textural and §D-H,O
evidence for pyroclastic degassing during rhyolite effu-
sion[ ] ]. Earth and Planetary Science Letters, 2014,
405 52-61.

CASSIDY M, CASTRO J M, HELO C,

Volatile dilution during magma injections and implica-

et al

tions for volcano explosivity[ ] ]. Geology, 2016, 44
(12): 1027-1030.

CASSIDY M, MANGA M, CASHMAN K. Controls
on explosive-effusive volcanic eruption styles [ ] ].
Nature Communications, 2018, 9(1). 2839.

POPA R G, BACHMANN O, ELLISB S, et al. A
connection between magma chamber processes and e-
ruptive styles revealed at Nisyros-Yali volcano
(Greece) [J]. Journal of Volcanology and Geothermal
Research, 2019,387. 106666.

POPA R G, DIETRICHV J, BACHMANN O. Effusive-
explosive transitions of water-undersaturated magmas:
The case study of Methana Volcano, South Aegean Arc
[J]. Journal of Volcanology and Geothermal Research,
2020, 399. 106884.

GALLE B, JOHANSSON M, RIVERA C,

Network for Observation of Volcanic and Atmospheric

et al

Change (NOVAC)-A global network for volcanic gas mo-
nitoring: Network layout and instrument description[ ] ].
Journal of Geophysical Research: atmospheres, 2010,
115: D05304.

SPARKS R S J. Forecasting volcanic eruptions [ J ].
Earth and Planetary Science Letters, 2003, 210(1/2):
1-15.

LEE SC, KANG N H, PARK M J, et al. A review on
volcanic gas compositions related to volcanic activities and
non-volcanological effects] ] ]. Geosciences Journal, 2018,
22(1) . 183-197.

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

WERNER C, KELLY P J, DOUKAS M, et al. De-
gassing of CO,, SO,, and H,S associated with the
2009 eruption of Redoubt Volcano, AlaskalJ]. Journal
of Volcanology and Geothermal Research, 2013, 259.
270-284.

BRUNO N, CALTABIANO T, GIAMMANCO S, et
al. Degassing of SO, and CO. at Mount Etna (Sicily)
as an indicator of pre-eruptive ascent and shallow em-
placement of magmal J]. Journal of Volcanology and
Geothermal Research, 2001, 110(1/2). 137-153.
GIAMMANCO S, NERI M, SALERNO G G, et al.
Evidence for a recent change in the shallow plumbing
system of Mt. Etna (Italy): Gas geochemistry and
structural data during 2001—2005[J]. Journal of Vol-
canology and Geothermal Research, 2013, 251 90-97.
JOUSSET P, PALLISTER J, SURONO. The 2010 e-
ruption of Merapi volcano[ J]. Journal of Volcanology
and Geothermal Research, 2013, 261 1-6.
DUFFELL H J, OPPENHEIMER C, PYLE D M, et
al. Changes in gas composition prior to a minor explo-
Nicaragua [ ] ].
Journal of Volcanology and Geothermal Research,
2003, 126, 327-339.

SHEVENELL L, GOFF F. Temporal geochemical
from Mount St.
Helens, USA, 1980—1994[ ] . Journal of Volcanology
and Geothermal Research, 2000, 99. 123-138.
CARAPEZZA M L, INGUAGGIATO S, BRUSCA

L, et al. Geochemical precursors of the activity of an

sive eruption at Masaya volcano,

variations in volatile emissions

open-conduit volcano: the Stromboli 2002—2003 e-
ruptive events [ J |. Geophysical Research Letters,
2004, 31. 1.07620.

LOPEZ T, USHAKOV S, IZBEKOV P, et al
Constraints on magma processes, subsurface conditions,
and total volatile flux at Bezymianny volcano in 2007—
2010 from direct and remote volcanic gas measurements
[J]. Journal of Volcanology and Geothermal Research,
2013, 263: 92-107.

ZOBIN V M, VARLEY N R, GONZALEZ M, et al.
Monitoring the 2004 andesitic block-lava extrusion at
volcan de Colima, México from seismic activity and
SO, emission[ ] . Journal of Volcanology and Geother-
mal Research, 2008, 177 367-377.

SHIMOIKE Y NOTSU K. Continuous chemical moni-
toring of volcanic gas in Izu-Oshima volcano, Japan
[J]. Volcanology and Geothermal Research, 2000,
101, 211-221.



FA3E AW B WA K M IS e e G v ] K R M T AR RS 411

[94] OHBA T, SAWA T, TAIRA N, et al. Magmatic
fluids of Tatun volcanic group, Taiwan[]]. Applied
Geochemistry, 2010, 25: 513-523.

[95] XUEHT, FhgE, 006, K E kol s L.
AR, 2011, 27(10); 2905-2911.

LIU G M, SUN H Y, GUO F. The newest monitoring
information of Changbaishan volcano, NE China[]].
Acta Petrologica Sinica, 2011, 27(10): 2905-2911.

[96] BAZET-, HAE, BRIMAE. B ookl X5 P2 K e 34
TELRE ok AR SRR SR CO,  CHL ] B[R] 3 2 431
MM, A2, 2011, 27(10) . 2883-2897.
ZHAO C P,RAN H, CHEN K H. Present-day tem-
peratures of magma chambers in the crust beneath
Tengchong volcanic field, southwestern China; Esti-
mation from carbon isotopic fractionation between
CO;, and CH, of free gases escaped from thermal
springs[ ] ]. Acta Petrologica Sinica, 2011, 27 (10):
2883-2897.

[97] SELF S. The effects and consequences of very large
explosive volcanic eruptions[ ] ]. Philosophical Trans-
actions of the Royal Society A: Mathematical,
Physical and Engineering Sciences, 2006, 364(1845):
2073-2097.

[98] ROBOCK A. Climatic impacts of voleanic eruptions
[C]//SIGURDSSON H. The Encyclopedia of Volca-
noes. 2nd Edition[ M|. Amsterdam: Elsevier, 2015;
935-942.

[997] BLACK B A,KARLSTROM L, MATHER T A. The
life cycle of large igneous provinces [ J]. Nature
Reviews Earth & Environment, 2021, 2 (12).
840-857.

[100] FISCHER T P, MORRISSEY M M, CALVACHE M
L, et al. Correlations between SO, flux and long-
period seismicity at Galeras volcano [ J ]. Nature,
1994, 368. 135-137.

[101] DALTON M P, WATSON I M, NADEAU P A, et
al. Assessment of the UV camera sulfur dioxide re-
trieval for point source plumes[]J]. Volcanology and
Geothermal Research, 2009, 188. 358-366.

[102] NADEAU P A, PALMA J L, WAITE G P. Linking
volcanic tremor, degassing, and eruption dynamics via
SO, imaging[ J]. Geophysical Research Letters, 2011,
38. 1.01304.

[103] PALMA, J L, CALDER E S, BASUALTO D, et al.
Correlations between SO, flux, seismicity, and out-
gassing activity at the open vent of Villarrica volcano,

Chile[ J]. Journal of Geophysical Research, 2008,

113. B10201.

[104 ] KUMAGAI H, CHOUET B A. Acoustic properties
of a crack containing magmatic or hydrothermal fluids
[J]. Journal of Geophysical Research, 2000, 105
25493-25512.

[105] SYMONDS R B, ROSE W I, BLUTH G J S. et al.
Volcanic-gas studies: methods, results, and applica-
tions[ J ]. Reviews in Mineralogy and Geochemistry,
1994, 30. 1-66.

[106 ] GERLACH T M. Evaluation and restoration of the 1970
volcanic gas analyses from Mount Etna, Sicily[ J]. Journal
of Volcanology and Geothermal Research, 1979, 6.
165-178.

[107] GIGGENBACH W F, MARTINI M, CORAZZA E.
The effects of hydrothermal processes on the
chemistry of some recent volcanic gas discharges[ ] ].
Periodico Di Mineralogia, 1986, 55; 15-28.

[108] GIGGENBACH W F. Chemical composition of
voleanic gases[ C]//SCARPA R, TILLING R 1. Mo-
nitoring and Mitigation of Volcano Hazards[ M. Ber-
lin; Springer-Verlag, 1996 221-256.

[109] GIGGENBACH W F, TEDESCO D, SULISTIYO Y, et
al. Evaluation of results from the fourth and fifth IAVCEI
field workshops on volcanic gases, Vulcano island, Italy
and Java, Indonesial J]. Journal of Volcanology and Geo-
thermal Research, 2001, 108. 157-172.

[110] TARAN Y A, ROZHKOV A M, SERAFIMOVA E
K, et al. Chemical and isotopic composition of mag-
matic gases from the 1988 eruption of Klyuchevskoy
volcano, Kamchatka[ J]. Journal of Volcanology and
Geothermal Research, 1991, 46. 255-263.

[111] ROWE G L, BRANTLEY S L., FERNANDEZ M, et al.
Fluid-volcano interaction in an active stratovolcano: the
crater lake system of Poas volcano, Costa Rica[ ] .
Journal of Volcanology and Geothermal Research, 1992,
49, 23-51.

[112] ALLARD P. The origin of hydrogen, carbon,
sulphur, nitrogen and rare gases in volcanic exhala-
tions; evidence from isotope geochemistry[ C]//TAZ-
IEFF H, SABROUX ] C. Forecasting Volcanic
Events[ M]. Amsterdam: Elsevier, 1983: 337-386.

[113] GERLACH T M. Evaluation of volcanic gas analyses
from Kilauea volcano[ J]. Journal of Volcanology and
Geothermal Research, 1980, 7. 295-317.

[114] DEHN J, DEAN K, ENGLE K. Thermal monitoring
of North Pacific volcanoes from space[ J]. Geology,
2000, 28. 755-758.



112 £ K

o R

2022 4%

[115] GARCES M A, FEE D, MATOZA R. Volcano Acous-
tics, (Chapter 16)[C]//FAGENTS S A, GREGG T K
P, LOPEZ R M C. Modeling Volcanic Processes: The
Physics and Mathematics of Volcanism[ M ]. New York:
Cambridge University Press, 2013 359-383.

[116] DEL NEGRO C, CURRENTI G, NAPOLI R, et al.
Volcano-magnetic changes accompanying the onset of
the 2002~2003 eruption of Mt. Etna (Italy)[J].Earth
and Planetary Science Letters, 2004, 229 1-14.

[117] BATTAGLIA M, SEGALL P, ROBERTS C. The
mechanics of unrest at long valley caldera, California:
constraining the nature of the source using geodetic
and micro-gravity data[J]. Journal of Volcanology
and Geothermal Research, 2003, 127 219-245.

[118] CARBONE D, ZUCCARELLO, SACCOROTTI G.
Analysis of simultaneous gravity and tremor
anomalies observed during the 2003-2003 FEtna
eruption[ J ]. Earth and Planetary Science Letters,
2006, 245; 616-629.

[119] GLOBAL VOLCANISM PROGRAM. Report on Mayon
(Philippines)[ R]. Bulletin of the Global Volcanism Net-
work, 18:1. Smithsonian Institution, 1993.

[120] GLOBAL VOLCANISM PROGRAM, Report on
Toya (Japan) [R]. Bulletin of the Global Volcanism
Network, 25:3. Smithsonian Institution, 2000.

[121] BOUDON G, LAJOIE J. The 1902 Peléean deposits
in the Fort Cemetery of St. Pierre, Martinique: a
model for the accumulation of turbulent nuées
ardentes| J ]. Journal of Volcanology and Geothermal
Research, 1989, 38(1/2). 113-129.

[122] GLOBAL VOLCANISM PROGRAM. Report on Ne-
vado del Huila (Colombia) [ R]. Smithsonian Institu-
tion, Bulletin of the Global Volcanism Network,
2008, 33:1.

[123] ATUPPA A, BURTON M, MURE F, et al. Inter-
comparison of volcanic gas monitoring methodologies
performed on Vulcano Island, Ttaly[ J]. Geophysical
Research Letters, 2004, 31(2): L02610.

[124] MCGONIGLE A J S, AIUPPA A, GIUDICE G, et
al. Unmanned aerial vehicle measurements of volcanic
carbon dioxide fluxes [ J]. Geophysical Research
Letters, 2008, 35 (6): 1.06303.

[125] SHINOHARA H. Composition of volcanic gases e-
mitted during repeating Vulcanian eruption stage of
Shinmoedake, Kirishima volcano, Japan[]]. Earth
Planets and Space, 2013, 65(6): 667-675.

(126 ] e G . BRIR . H AT 3 J il B S5k [T 1. 3%

T 5K, 2018(5): 78-83.

FUJITA E, WEI F X. Active volcano monitoring and
mitigation in Japan[ ] ]. City and Disaster Reduction,
2018(5): 78-83.

[127] WEI H Q, LIU G M. GILL ]J. Review of eruptive ac-
tivity at Tianchi volcano, Changbaishan, northeast
China: implications for possible future eruptions[]].
Bulletin of Volcanology, 2013, 75: 1-14.

[128 ] 4pigipe . PR, SEALR, S5, R B 4B it J il

e R AL B A, 2020, 36(7):
1945-1952.
ZOU H B, GUO Z P, FAN Q C, et al. Holocene vol-
canoes from eastern China: Constraints from Ra/Th i-
sotope disequilibrium [ J]. Acta Petrologica Sinica,
2020, 36(7): 1945-1952.

L129 ] SBIEIT » 2R HL, SR8 KL Bl 5 TR AR BRAE R ) O
A[J]. HEHFE, 2010, 30(3): 497-505.

GUO Z F, LI X H, ZHANG M L. Volcanic activities
and deep carbon cycle[ J]. Quaternary Sciences, 2010,
30(3): 497-505.

[130] XU J D, OPPENHEIMER C, HAMMOND ], et al.
Active Volcanoes of China| M ]. London: Geological
Society, Special Publications, 2021; 1-14.

CI31] SBIEIRF» sKsese . MU A, A5 b [ Rl AR AR i 7

L DXl 3 SRR A RS K LR R L . A2l
2014, 30(11) . 3467-3480.
GUO ZF, ZHANG M L, CHENG Z H, et al. Fluxes
and genesis of greenhouse gases emissions from
typical volcanic fields in China[J]. Acta Petrologica
Sinica, 2014, 30(11). 3467-3480.

[132]XUJ D, LIUG M, WU J P, et al. Recent unrest of
Changbaishan volcano, northeast China: A precursor
of a future eruption? [ J]. Geophysical Research Let-
ters, 2012, 39(16): L.16305.

(1331 FIMK E I . EAER. 45, @4 IS RAUR A

Z2 03 WGBS 4SO B8 1 g & SO, SR R
W], BEEEAR 2021, 25(11):2326-2338.
YAN H H, WANG H M, WANG W H et al
Volcanic SO, retrieved from GF-5 Environmental
trace gas Monitoring Instrument| ] ]. National Remote
Sensing Bulletin, 2021, 25(11) . 2326-2338.

[134] BEEWE, B, MOON W M, £, #F In SAR,
GPS TE7E 3 i A 1L Ml XK LA 2 48 2 J00E 10 4F
FE[ 1], HuERPIFEAEIR . 2008, 51(4): 1085-1092.
CHEN G H. SHAN X J, MOON W M, et al. A
modeling of the magma chamber beneath the Changbai

Mountains volcanic areaconstrained by InSAR and



FA3E AW B WA K M IS e e G v ] K R M T AR RS 413

GPS derived defortmation[J]. Journal of Geophysical
Research, 2008, 51(4);: 1085-1092.

[135]JILY, XU]J D, WANG Q L, et al. Episodic Deforma-
tion at Changbaishan Tianchi Volcano, Northeast China
during 2004 to 2010, Observed by Persistent Scatterer
Interferometric Synthetic Aperture Radar[ J]. Journal of
Applied Remote Sensing, 2013, 7(1): 073499.

L1361 1 -, VFA %, W45, . FIF PALSAR B #F5¢

Kk g sh L] BRI 23 (5 B R AR,
2015, 40(2). 214-221.
HE P, XU C J, WEN Y M, et al. Estimating the
Magma Activity of the Changbaishan Vocano with
PALSAR Datal J]. Geomatics and Information Science
of Wuhan University, 2015, 40(2): 214-221.

[137] FRiz, ERE, #EFE, % FH SBASDIn SAR

BEARSRIURS ol Sl X B AE B )RR B L)), R i i 5
HiEksh 12, 2011, 31(4): 149-153,159.
JILY, WANG QL, CUID X, et al. Time Series of
deformation in Tengchong volcanic area extracted by
SBAS-DInSAR [ J]. Journal of Geodesy and Geody-
namics, 2011, 31(4). 149-153,159.

[138]JILY, HU Y, WANG Q, et al. Large-scale Deform-
ation Caused by Dyke Intrusion Beneath Eastern
Hainan Island, China Observed Using In SAR[]].
Journal of Geodynamics, 2015, 88: 52-58.

[139] Z=3iz, VPR, B, 45, AT In SAR BORMFFEH

SEERL AT E S LR B AR S PELT ). MR ML ST, 2013,
35(3): 532-541.
JILY, XU]J D, ZHAO B, et al. Present-day activity of
ashikule volcanic group from InSAR[J]. Seismology and
Geology, 2013, 35(3); 532-541.

[140] BELL A, KILBURN C, MAIN 1 Volcanic eruptions,

real-time forecasting of. Encyclopedia of earthquake engi-
neeringl M |. New York: Springer, 2016 3892-3906.

[141] POLAND M. Volcano monitoring from space[ C]//
LOUGHLIN S C, SPARKS R S J, BROWN S K, et
al. Global volcanic hazards and risk [ M ]. 2015.
311-316.

[142] MCCAFFREY R. The tectonic framework of the Su-
matran subduction zone[ J ]. Annual Review of Earth
and Planetary Sciences, 2009, 37(1). 345-366.

[143] SIMKIN T, SIEBERT L. Global Volcanism Program.

Global  Volcanism

Program Digital Information Series, GVP-5, 2002,

Smithsonian Institution [ R .

http: //www.volcano. si.edu/education/questions/.

C144] wmn, PESCH . BBl I, 45 W AR /NHERS JC LU I 1 2

M-t A2 5 iU g AR LT ], AR R
2019, 40(3): 161-169.
GAO L, HONG W T, YANG Z L, et al
Petrogenesis and magmatic process of Late Cretaceous
volcano-intrusive complex from Xiaoxiong Caldrea,
Eastern Zhejiang Province[ J ]. East China Geology,
2019, 40(3): 161-169.

(145 ] AR HIN, BESC¥E, BRIESF-, S5, WK R AT AR it

IRAERHRE BRI IR L) ], AR RS, 2021, 42
(3):260-268.
YU MG, HONGW T, QIAN M T, et al. Geochron-
ological definition on Shipu biohermal limestone and
its regional stratigraphic attribution in Xiangshan,
eastern Zhejiang Province[ ] ]. East China Geology,
2021, 42(3): 260-268.

[146 ] PAN B, CHENG T, XU J D, et al. Knowledge base
of Cenozoic volcanoes in Chinal J]. Geological Society,

London, Special Publications, 2021, 510: 291-304.



414 1E * Hh Ji 2022 4

Advances on volcano monitoring and its implications for volcanic

hazards monitoring and early warning in China

DUAN Zheng, ZHANG Xiang, CHEN Rong, YU Minggang, CHU Pingli,
HONG Wentao, CAO Mingxuan
(Nanjing Center , China Geological Survey, Nanjing, 210016, Jiangsu, China)

Abstract: A large number of Holocene active volcanoes are distributed in China and adjacent areas,
leaving many eruption histories. Monitoring and researching these active volcanoes is a critical process to
predict volcanic eruption and respond to volcanic hazards. According to the long-term geological mapping in
the Late Mesozoic volcanoes region with deep denudation and the near real-time geophysical and geochemi-
cal detection on active volcanic area, the understanding on the composition characteristics, evolution and e-
ruptive style of Mesozoic-Cenozoic continental volcanic rocks in eastern China is significantly enhanced,
proving these volcanoes are ideal research objects for continental volcano monitoring. For another, the
global volcanic monitoring developed rapidly in recent years with the rising concerns on volcano hazards. In
this paper, the main methods and important progress of domestic and overseas continental volcanoes moni-
toring are systematically reviewed. Furthermore, the development trend of volcanic hazard reduction and
prevention in the future, and the development direction of volcano monitoring in China are analyzed. The
aim is to provide reference for future research and international cooperation on volcano monitoring, predic-
tion, hazard prevention in China by introducing the work of international volcano monitoring.

Key words: volcano monitoring; active volcanoes; research progress; volcanic hazards; China



