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2018 AFFEPYIEA T B K i b e
THER AR S S MR KZ AR EAE AR B K R0E
A AR B R E A, I AR SR R A
KIEM K A, 55 B /) Tongariro ( Jolly et al.

2014) HHAELNNA Poas (De Moor et al. , 2016) ,
H A<[%) Mount Ontake ( Yamaoka et al. , 2016) , L&

S [ Y ¥ A L M B 28 Bl N R ST (Stovall et
1., 2019),

1.2 A
PSR R S HE R B T 1 2 Bl SE 4 K 1
FTEH R K L AILAS , 22 550K Ly g A st T A R A

(cone) , 7EH FHEFAREIE k1L (voleano crater) , B
KL A JECPR 2 KT (vent ) IS5 4 JB 381 K 1T 4
Ji B A R T RV Y B T 2R 25T XKLL
PRI S, kol OB 2 5 FROCHE &, T
Ok BRGS0 138 BT AR K T8 B %
Qi 37 (caldera) |, 5 R] LA PEAS [6) B A0 b T 458 1
JIE I LR A 3 2R/ INAS — A7 A T R B 3 =0 F
(TH5,2022) , 78 KA I LLAEAR A 1 M 3 134 W]
PITE R A KT (peripheral vents) , 75 3¢ W5 H B
WK (voleanic rocks) , 3% %A W5 H T 2 70 b
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Fig. 1 Schematic diagram of volcanic institutions, volcanic plumbing system, monogenic volcanoes,

Maar volcanoes and volcanic eruption disasters
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The volcano migrated from the deep origin to the surface along pipe. The underground origin may be in a way of multi-vein aggregation, in ways
forming a " Christmas tree bifurcation" sills, lopolith, laccolith and saucer shape sill. The basic and ultrabasic magma rises rapidly to surface, in
shape of dike to form a " monogenetic" volcanic cluster. When the magma encounters a rich aquifer near the surface, gas and liquid continue to
rush up with rising pressure, resulting in underground explosion. The underground explosion drives the surface to form a completely negative
crater. Volcanic eruptions form volcanic ash masses floating at high altitude,, which directly affects aircraft flight and forms harmful gas pollution,

creates the falling of acid rain and volcanic ash. Debris flow and volcanic lava flow will block roads
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NG A ERK S (magmatic rocks) o 7l i 4
B (conduit) AR JER T 7EM T A A K (dike) &
IR (sill) &% (lopolith) (%535 (laccolith) (Kl 1) %
[F) W H 1) 25 o 25 9 A 8 B O 1 A TE IR R
[ volcanic plumbing system, Burchardt (2018) ], %
WML B T HEAA ML IX 58 R[] 1 — R 51 Y
JALAURE R B T s A S B, T KR A
ik Ak S 5 SR 2 5B Ol SO A F&
(hydrothermal system) , Jll AR AE45 1E AR At 72
Rl A A A TR LR 7E T B 2% R R, 47 96
By AR I (T 5, 1992)
L3 ARUZEMHAREX

g SC R K s rge b ki
FURAM WS T Bt R A I EF AR
WEE e E R ICR o T Bl AT e Al g B
I3 KA AR E K a4 F oy 28 ki
FORUVR S R S B o A S AR ) 56 R AE
T IREGE . IR L2z BB 58 T B T 1 R
B TCABUATHAEA T 3 0 A e o R R ik r
TR R ITTR T A AR YRR TR
FRL X A3 B ) 306 1) 1 6 B R A5 42 BREREA R
Kl Ay A AN ST R (A IR o R DX
SR, AR AL A7 2 7 7R A% e S5 Y Al
TSI BB T AR ST AL B G A S
FIAIE 78 FE Al 76 BRAR K1 22 19 € L E, Acocella
(2021) i Kl—H 3 B 240 K oA
U, BRI R AR 3 5 L DG FR | AR A e
J3 T FIBIF ST ; Burchardt (2018) AN k1L 24 AF 50 &
— % ko — kR4S 1B R4 (VIPS, Volcanic and
Igneous Plumbing System ) B 85T, BV i 3 K 11 A1
TRARBEATT 55 KI5 3T A A G
L B H AR (Blundy et al. ,2021) , AR3CA R .
A MFFE R G 38 55 KL SR/ T, BT
RS KOLFN KRS TE e IR A IR B TR FE S5 0
EIRIB S IS A PP BRI R

R R 2R K LB R i e, A4 e 2Rt
U8 CE SR AR T P s Bl R i B s A TR G Kl
W% 14 b RN PR BT L BB AR 285 0 52 e AT
TELRYAS F] 8 Kl s K LR s ) 225 s J
(welding) V& 20T B AN (7] 1) 2 ) 138 18 RN 25 440 1)
S RALAE JCIL ARSI 2 T TR A A AR
M K AR PRI U S R . KL T A i 2
WATE I T K2 WF 58 4 D7 T2 Kl A5
R SCRTE -

(1) AR KALTE B HLEE T8 RS Ky
WOCE

(2) KUY 5326 AR AOLE 25 8 98 kil
T U PR EE K K L2 i 43 T 45

(3) KA A ARG R Ry 5 R IR TR FE 1A
[F) | UL T P 52 0 22 S O 88 L ) A I AR
AN — , TR e 2 KL TR 32 36 3y i
BT P R A A R A

(4) A A H A IR AL 2 A 5T W] LA
PRSI JE R R Ak (1) R AL 3 PR35

(5) RIRZFh T Btk A7 KO K F W5 | el
FTB ;

(6) L b FE A5 DU 3% Ll b T 5 0% B
{1%) R 0 R T SR AR RIS i Y AT RE R I AE B A
T, K 1] JC LR rhoC SR R

(7) bl Bk T S O R AT 3X
75T 1) e AT Bl T e 1R A DR Y 22 4

(8) i K ILAIFSE TF 5 FI T < 395 B2 ok 722
TGS TIE A AR RO B8

(9) B2 5 EBRGAE : JOl—He Al & A7 VF
Z AR AR, AT BB — /NI RS2, T 2 2
HZ 5 EEZR G R IEAT R AT, KIS
B RKBET ST (Papale and Garg, 2022)
2 kil
2.1 EBRIAENLBIIRARE TS 2

Kl )48k & (explosion) ({2} (extrusion) | 5
BRHES B K ILE B BIR (fissure vents) ¥ i JE B%,
TR KIS . 2 K1l (stratovolcanoes ) | J& 1B
1 ( shield volcanoes ) . k I ¥ % ( cinder
volcanoes) K L& A HE (lava cone) . X BRI A+
(basaltic lava pillar) F1 K ILIE & (lava dome) J& 7
WA (lava platform) % K1 (caldera) ,

J2 K 2 K L8 i i S8 A T HEBUE 1 —
J2 X200 L S5 28 JIT TR 8 LA A 335 T PR 2 3
TIPSR R B4 K Ll i s PRSI
& KUK PEA KL DO S A 3 (lahars)
IFYIE 2k 2V NS S QIIL; I NS )1/ DN
B —Fh 4930 BN EE JE PE W B9 Krakatoa (7T & 2a-
C) JEEETEM Mt. Pinatubo (72T 2a-D) . H A
Fuji ({7 T 2a-F) 3 E LM ) Mt. St. Helens
(2 FHE 2a-H) A4 JE N #J Mount Lassen (437
T 2a-H) & # X JH A9 Mount Hood ({7 F ] 2a-
H) JLJKZ /K Sangay (7 T &l 2a-]) & KA
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P2 AxpRl g A ALK BRI B AR A1 18]
Fig. 2 Global volcanoes distribution map, typical volcano photo, fissure eruption photo, geothermal distribution map
(a) RFEEK G P Hrb A0 pG 22 R i Jilaly s B—2 % T TRESR JOLE s C—EN B JE Y 0 iy D—FE AR5 K1
AT s E— P S — S BUE A LT s F— H A KOs G—Fal B A e B K Ll s H—il AR B — A AR Je S Ky ; 1—rp
FEM LT 5 J—Fg SEPN KL s K— B B KR IX (b)) R PG FERI e Kl A P, Herp ) L— P B BE R & K1

DX M—R P A R DK Iy L X5 N— 8 KA — i R 9B K Ly s O—FARBHERAS Kl . (¢) Aniakchak BKIE, (d) JEHETE
A ESRHERL KL, (o) INEER—2C BT LAY Baker Kl (H53k Braa B PG RGO 2 /N KIS 348 Kby o (F) BPEEFET

(Deccan) ¥ ET G HL, (g) BRI IE, (h) K KX BB, (a) .(b) () .(g) .(h) #& van Rose and Mercer
(1991)

(a) Distribution map of Pacific volcanoes, in which A—the volcano belt of New Zealand and Tonga, B—the volcano belt of
Solomon Islands, C—the volcano belt of Indonesia, D—the volcano belt of Philippines, E—the volcano belt of Izu—Mariana
Islands, F—the volcanic belt of Japan islands, G—the volcanic belt of Aleutian Islands, H—the volcanic belt of Vancouver Island
and California, I—the volcanic belt of Central America, J—the volcanic belt of South America, K—the volcano region of Hawaii
hot spots; (b) Distribution map of volcanoes in the Atlantic and Mediterranean, in which, L—the volcano belt of the West
Indies, M—the Iceland volcanic area in the middle ridge of the Atlantic Ocean, N—the Italian Mediterranean volcanic belt, and
O—the African rift volcanic belt; (¢) Aniakchak caldera; (d) Mayon cone volcano in the Philippines; (e) Baker volcano on the

border between Canada and the United States (the two small parasitic volcanoes on the southwest side indicated by the arrow) ;

() Deccan lava platform in India; (g) global geothermal distribution map; (h) fissure eruption in the volcanic region of Iceland.

(a), (b), (f), (g), (h) based on van Rose and Mercer (1991)
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Q)‘E (BEPE<107) Bk, JOlAE RSN ] | R E

AR AL A By A AR s T AR R, JE B
J(ME%?BLU%%%!IE‘,ﬁ/ﬁiﬂﬁkm%ﬁ%ﬁﬂklhﬁ
BRI SERE S A TR, 2 J5 s Ui s 1) 2 R
WEa e e DK ] Sh RS ShAR T, R 280
W KK LR (A K Ll W A Sy e 4y B R Y
Mauna Loa K 11152 J& R 1 H S5 K0 — JE, i 3k
4103m V-, HA 2 44 095 IR e A 45 56 [ 2
BFEM Mt. Kilauea (i T/ 2a-K) .

KT SE (scoria cones) « & —Fh ] B HETE K
SO T 20T, K e K2 300 220K, il T
P FATRC BB AR P LIS 4 B, 35K 2 L Vi 7 30T K
L AT b B AT R S R B — A
F— [T AEZE Ol SUE R IOLAT IRV 28
AR TF 1T o B AT 5 ph S 1) s e AT R s o T A
R KK F R TE LS e J5 2 P e e ) 25 o
A B/ NI e DKL 1 TR B T 1 T — AN D
(N1 22 BT R R 3~ 6 5 K1) B B (i L
WRPUERRY 753 AL B9/l

KA SAHE (B 2d)  BAERAHE AR BROR A
K fe ) b AROT HAR NG Gy R A B 2, 2
KLV TP I G S WG 7 A R T R R 1) S SR AR AT
TERU 0. B 22 ZAG T S Y 7 5 F0 8 S

T I A ML — Ih—2F 1 Ih—IR R, e AT
b AR —ra ma U 5 HES  BH I Az R 5 2R D
Sk, o2 L o A T e T R K LB
b2 B AR A VR KT 25 50 T8 LK L0 6 (B
Z4ET5,1994) o HERFE RIS, 78 TR AN & [ A] LA
ABIRKNETS KBRS, an: KA ALRE AR
JF L DX A S-SR B 3R D | SO SO s R B
IR B - LR AL A . e I K
LI A TR 7 19 Ll i B A B A T, H 2
T YT Ji] LS 4 1 I8 A 1 3 A 2 AT DA R 52 2k
LU A7 B, R 2 B A IR Y B A e | 2
M AR AT R 38 B KR K AT S T A
J5 VU7 A ) b AR B (AN 2 5 A T
JHE) o S3AMAT LR A 5 3K ) i Bl Y IR 5 ok 4001
TN 5E 1) HES A7 4 R0 URE R /I 78 Ak (A 7E 5 2
PN W 2 1% SR T R S E RS S 1 S

AL R B GRGE ) AU A, B KR
PRI BL T, Kol 3% LR 5 SOE sBRAR 1A

( bulbous ) B& &
FY Mont Pelée (f_\\i? 2a-1)
FEHLR 7
Ko
KOUIZABE (fissure vents) : J&— PP Sy G AL A
25 2 4 220 W 1) L s i I =X 3k 322802 R R kil
P15 B DR A 4 G 7 ) AR B 20 R

‘E - (Lava Dome) , Q1. B2 )¢ 78 1%
TE WG 8 TR A K
W R LG A, DR Al B R A
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i Hb 2 IO AR HE 1987 4FVKES 1Y Krafla
el (BT 2b-M) UL ZLBRIEIE X a T A
(& 2h) , By Lhax Fp 2 B 20 ok L s 8 T e &
BT AL & HEk LA O R B E T ki, R
A EN BT 2 B 75 U 5 M s AL, JRR 5K 2000 m,
[HIFLIR 4220000 km? , B 196 T B, A0 AR o2
B BE AR e i) PR 43 SRR R i A R iRk
SEUKE B Laki K1 (f7 T & 2b-M) , 2P 2y 25
km, #5558 55 0 FLUA 565 km?,

T L TSR AR — 88 K L8 Je SRR 38 ik —
NEAE KBMEEG, 4. Aleutian 55 %% | Aniakchak
K (K 2¢, B2 T8 2a-G) ,3450 a BIIEAL, KLl
(42T B A S8 0 KL B B B — 1> 10 km
B, TR 610 ~ 1341 m BEAYBIE Ho (A, 18
S JE WY & IR Neorongoro K 11 FT (47 F & 2b-
0) MEARIE 19 km, X— K1 H#EIA A 2.50
Ma Hij B — JA& KA KT B, 76 2 R & Je, Kl
HEm SR IG . KA Jol A R AT R R A 22 1
i—ImR UG ICE RIS, JEJRZ IR i
AT AE S Chacana B 1L E KRR S, SR
HEIRANG S KA A 2 | T 80l il D Rpsk i
HiRPA (Neal et al. ,2019; Shreve et al. ,2019), H
HIHL T A 2R ATSR LU AR & B X AETE 3 (Galetto et
al., 2019), €[ pg #8419 Valles % k 1L H
(35.87°N—106. 57°W) 435I 7E 1.7 F1 1. 2Ma Hij 2
UHE R, Bl — RIS 7E 50 ~ 60 ka R, H R, H5
BheE g kol 1 F2AE AT O kol F 2
TN 37 3 EIBUM T WML — B
NS [ 15 9 19 85 el e Ll O A A 2 K s
WA KL 20% ~30% (R 1G R B AA R EELS i @ B
FSCAE KL P 25 9 A R R A 5 K, s S A
P B FARTE S E S I RS, Ll A B AR A AR
B, HRrE A f6A U Mo Li Be Sn W %%,

2.2 FEBAMLMRREL#RE
Nl Z N B A
% W A 4 Hawaiian, Strombolian, Surtseya
Vulcanian , Plinian . Katmai . Maar ( 4% 3C % F J5 3¢,
B LR EPE, AL Vuleanian 50 TR R N B 2R
W RN IE R XN ) |

Hawaiian, DX B HIXEEH A9 kL4, R3E
2T R N SRR B K G R L T
BEAN = 300m H/INEL L i e, e P SR B AR
A1 SR R 5 22 AT T S T T 43 A )/ NI KL ik
A & VEI( K1 & FE%L, Volcanic Explosivity

Index) /NF 1 B K 1R & 5 Strombolian, )2 K F] P
g7 KA 24, KL B8 B S AN TS B TR A 4
T i DR RIS 22, G R LT, DR G
b B 3 3R, A T A R R T AR Y & b
Hawaiian F1 Strombolian 2 [8] 3% A i B 09 # £
Surtseyan, PhyK B3 1L aw 44, DAV IS 1L K
FRA UL, 1 E 7K IR L R B 5 4 4% 445 Vuleanian,
DAPGPE BB K1l 45, B BTE FUE B R F5 1 b iR
PEERIEH , NI IR K  BETBUKIAG 6 JK 8 2850 18
25K Plinian, DA L WS B 38 ME 1 22 38 2 T 44 o
FH LT RIS, B B K ; Katmai , DL BT
Kl 4n, a KOTSRS, 48 k0
B0 Y /D Maar, D5 ] P4 152 5E 7R i IX e RO 24 4
/NEL IR B PR OE A 44, B4 VR A K B R
( phreatomagmatic) 7 HBT YA S0 8 TR L BLAT —
S BB O A 2 7K R A v D S R
$17550 (phreatic) T B 5¢ 42 5 #UJE T HR 9 L
M,
2.3 EBMLWBRREHSE

H K 2 F5 B ( Voleanic Explosivity Index,
VEI;Newhall and Self,1982) k432, DIHiiA K ili4g
KSR (E 3) , A0 & 8 Y REF /R ME A& K 1l g
KRR (KB AR, volume ) FT T BE (k1L
K= FE , column height) , PARFR AT 2 K 1L A&
OIT] 7= A 1KLL B M RR A A RE R Ak B 1 3
KR ITTAR ) (4 1A AR 85 5 4 J LU IR ) A S Y
() 1% BE HEAT 3, X T IE 58 K L AR R R A7 L
BRos AR OE , SRRSO VET S — PP, th
T S A A AR AR 8 0 K LS A %) R B TS i T
BUR L3 HE 501 1) s ] 4n : WFFENE K IL B Cronin Z#%
IAH Tonga (V) KILJE H 1991 4FFEHEE Pinatubo
LR KX 30 4F LA I R Y — K, fHJ& Tonga K LLI
P LR YK T Pinatubo (VEI=5) ‘kili, nlfE
TE VEI=4+F1 5 Z (0], fESLBRit, 24 kil K58
EVREEFE S |, JUH X B B 25 015 $2 8 K AT
BB HG SR GO0, W% R e E PR
FETFR AL . Yang et al. (2021) & T4
FIL KO REBE IR K5 4 (ignimbrites) A 1 2¢
T VEL 8 B E s vEL N 7 FEE 6 (&
3)

3 kiAWt EE T

3.1 ARG HSHRRES
1% K 1L (active volcano) JE45 3T 10 ka DA A&
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AN kWl 2R B VET AR A6 T
Hawaii, _ Maar N .S/: — = —
Hawaii 0 |— ¢ ( i &
Eesr. 0.0001 —| o ]
\,{ Surtseyan 1 BRSO I IR, VEI< 1
o ;»S'Wurtseyan» > Strombolian
5 0.001 —|
_.‘_..,i? - Strombolian 2
Surtseyan,underwater 0.0l
-t Vulcanian 3
¥ g
A 0.1 —]
. o <«—— £ [ESt.Helens 1980, 0.25 km?®, VEI =4
. ez £ 4 § <€—— Uk HEyjafjallajokull, 2010, 0.3 km®, VEI =4
= K
N <«—— % /iNTonga, 2022, <5 km®, VEI=5
= . 5 <«—— & A AiVesuvius, AD79, 3.3 k', VEI =5
- Plinian <«— St %Pinatubo, 1991, 5 ki, VEI=5
& g 10 — <€— 3 [HRainier, BC250, 9.30 km’, VEI=5
, <—— % [ENovarupta, 1912, 13 km’, VEI=6
~ 6 <— )i 8 i WKrakatau, 1883, 20 kn’, VEI=6
. e > 100 <€—— K171l, AD 946, 96 km’, VEI=6
ik ﬂ <«—— >:[HCrater Lake, BC5700, 150 knt, VEI =7
Y 7 <«—— #[HLong Valley, 760 ka BP, 580 km?’, VEI =7
b s oy 3 _
Plinian % » 1000 — ~ <€—— 3 [HYellowstone Caldera, 640 ka BP,1000 kn?’, VEI=7~8
h"-, : Ultra-Plinian km 3 <«— {1/F 2 75 T Toba, 74 ka BP, 2800 km®, VEI =8
= 8 <«——— 2 [HWah Wah Springs, 30Ma BP, >5500 knr, VEI =8

K3 KRR A F R ARG ] R A8 BobR R, TS A 1 VET Bl — YOk R R VET (BB A]
Fig. 3 The explanatory diagram of volcanic eruption types, their VEI range, the latest eruption time and
VEI of some world’ s famous volcanoes ( designed by the author)

VEI 2RI R PR LU IR I 1o B AR G2 6 P Xt 16 2 A T ORI AR I, VET = 1 N5 & 774 0. 0001 %1 0. 001km® (BT, 4
AFUR 2 — B LRI LASE S S B9 U I KL B VET /T 1, VEI(O~8) J&XBUREE , 7 VET 1 Lh I BFRBEAE Ry 10 MXHEL, Sk 5
F B e 1 AL AR R A 1 S TR A e B 10 A%, VET 2 BER 7R 0.001 B 0. 0lkm® 1IBEHFH, VET 3 WK 744 0.01 F
0. 1km® (YMESIYI, HF3k 7R, 3 E Y St. Helens K11l VEI 4 4, Tango K 1L VEI g 4+ KL KL VEL R 6, ALK OLEEE T148
Bl 8 MK T 8 MMk, FEHERT L b, W AEA ORI VET 8 By K ILmE %, ARIEWEH A AR BU 3, i 1000 km® B9 A
Yellowstone 111 Long Valley K 1%, TR VEI=8 B K IR . B4 [EI500 Ba A i AF ELAR 2 80 kan B9 L T P9, F T LAFE ] BRI
TR T 48 T X SER I RFIE S A Bl B Or AR BR A S R GRS . X — K I —1 9K R G0 27 A i bR 3 sl e Ry K L &

VEI is a scale for rating eruptions based on the volume of eruptions, the height and duration of volcanic ash. VEI 1 eruptions produce 0. 0001 to
0.001 km® of ejecta, and the VEI of kimberlite Maar volcano and shield volcano mainly formed by overflow is less than 1. VEI (from 0 to 8) is
a logarithmic scale. Above VEI 1, the scale becomes the logarithm of 10, which means that each step in the scale represents a 10-fold increase in
the amount of materials ejected and sprayed. The VEI 2 eruption produced 0. 001 to 0. 01 km® of ejecta. The VEI 3 eruption produced 0. 01 to 0. 1
km® of ejecta. The VEI of St. Helens volcano is 4, Tonga volcano is 4+, and Changbai Mountain volcano is 6. Supervolcanoes are eruptions with
VEI of 8 and greater. In Earth’ s history, there may be several eruptions with a VEI of more than 8. According to the volume of ejecta,
Yellowstone Park volcano and the Long Valley volcano etc. are more than 1000 km®, which are volcanic eruptions with VEI = 8. Yellowstone
National Park is located in a crater about 80 km in diameter. It is now famous for its geysers and hot springs. These thermal features are easy to
observe evidence of an active magmatic system below the park, which volcanic—magmatic system produced the largest volcanic eruption in Earth’

s history

M JC i, 10 ka PV I A ME KRR O AKIR KL
(dormant) , 10 ka PN A 1 3l tH B A AE AT 328 G234 1]
AEVE SRR Z L K 1L (extinet volcano ) ((Acocella,
2021) , A E HAEGAE Al 1350 JE, KIITE4RER
LR, B A b 5 R b R 3 3 Sl A G (1] 2a
b) , B PRI K-FH93&EH (Ring of Fire, {7 T
2a-A—]) KFFEHHGEHIX (hot spots, UMK,
FHLIX B 2a-K) KPGFEPH | (Spreading Ridges,

W RPGHEE ERUKEy, 18 2b-M) RIEZLA L IX
(2T 2b-0) o SR, AR A Al B 73 X W A7 7
VEZ /AR TR K —H 3 7 3% Sl 7 ) A
B 2R S TR Y L AR 5E A —
TR IS % 2% 1)t Bt b e A TR ok 2 R R Y
Mauna Loa kI (f7F K 2a-K) , kLU a0 AR AL T
WIS, RE KT S km £ 5 PR GE (19 K L
FE A 17 km, FITHE & B Tango K LA T8 H 2 A9
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ARACTr 1], 2 R I R R 2 (AL T 8] 2a-
A) o BEMBRES SR RIXT, — 205 SOl i 7 HARA
% B RHINY Vesuvius K 1L, EJJEE JE P4 W %) Tambora
Jily, FEhnis A Baker K1, HASAY Fuji kil

KIAEHER B o0 A AT LAY, 10 ka [A) B9
1350 JETG KL A5 HT | R S0P B I , Il 52 5%
ORI AT S AR S A R T AR AR
SRz S UIAROC , iz ) e 56 56 Hb i B
T KA I3 KA H R o35 A R 2 e A ) T
PLE R FR AR R A B 58 4 AN R Y 28
RUSE e AR E S S, A B B A (divergent
plate boundaries) , 71 5 7.0 DL 24 BUE A Wi B
HAH , NFRZ i Hh B LA (Mid-Oceanic Ridge
Basalt, MORB) , il ; F§ILAE K 70000 km A4 P 7
HRE KL s ——UK &, 7 A B2 LLST KR Na 1Y
PIBE L aCA O FE R K s TR R
WA (B E AR VEL/INT 1R SGA
( convergent plate boundaries ) A& A= K ¥E M BT i 2
BLIE 48 HE R Bl Al H R O, B LR i (subduction
zone) , VI FH U AR B ) 52 BRI b 28] R it Al
PR ER, ZJa A T e AE — & TR I 7K K- J7 1] 4k 22 75
By, RN ety B A ) v v AR 9 . ZE R 1] 1 Pl A
I 0 A 1) ki AP T 1), AT NS B 2 L B
HZRE (X SIZERA (OIB, Ocean Island
Basalts) '8 LA MR AR L, W 902 B4
L BT A IR ARG B R i s Pk 22 | X MUa SRR R AT IE L
JEH R RE K I, VEL KT 5, —20 Kk G & FiRk
Bl gy R RFIR B (hot spots) , BA A JEAR A
(intraplate ) &y () Mo s A3 BT 7= A 1) T 0B KL it
VIR A ORI B, G T a K
AR , 3K SR IX ) LUt A RS Bl
3.2 NlERFMMIKEE

KOs A A ST 2 T 5T KL A 3 A
RPAIES PRy 2 GO PN B oy 3
FIAE ARG 37 (W Jl) mySzBr WER 5« i
(il k) W REDE G FRLR G ok 1 1Y, B
HRHER KA 2K 4 (TUGS) #iAL 1 A i—2
fERE (TAS) B3 5L T 17 DA (root) B
f1 44 basalt, basaltic andesite, andesite, dacite,
rhyolite, alkali rhyolite, trachybasalt, trachyandesite,
alkali
tephrite, phonotephrite, tephriphonolite, phonolite and
foidite (Le Maitre, 1984) , Z=JKHI4E (1984) X} k1l
Y IEAR TRV RN FEAT T VR4 Rl IA R 1) 2 )

trachyte , trachyte, picrobasalt, basanite,

PER AR A M EAT 1 K SOF SR TEAR DR | i 2L
EAIT NS R SR PR SCE VB BOR S,
YEG A NI BT A e e ML A 4 A A T
R ML L E s A s
iRz rs KR Z s, K oa A AL X s
BEP B 2 i B & A oA i 2 s H
T2 XA T S R A s R R
KA EA BB AR A TS 1 BB R A AT
WA e IET e KA, BLE T, 1985 4R LLET Y
KA 73 DT I8 R Z 5 B KL a5 K
A A IR KA A o JC R Al 5 Ak
P i) R R ATSEBEE 1 B

PRI 22 850K LU v A7 0 B0 s R BRE ST T 22 5 v 1
W PIMELLSERE N2 AN [R) A R b 4 38 PR 85 4 ol 5 A1
AR HE I . DRI 2 BT 5 ) P DR S0 43 o &
TR T A FEE A7 73 S A A 38 BT T L Y
#5| E ( discrimination diagrams ) , ( Na,0+K,0)—
FeO,—MgO (AFM, Irvine and Baragar, 1971) H T
DX 3437 BE RN 5 B 1 22 371, AL O,/ ( CaO+Na,0+K,0)
vs. Al,0,/(Na,0+K,0) (A/CNK vs. A/NK;Shand,
1943) B A 800X 5r AR AL B e d BR bR AE R A
AR EAL G A . Si0, vs. (Na,0+K,0) (TAS, Le
Bas et al. ,1986) K25 FE M A AW mALE 0
KK, lglw(Zr) /107 1 —lg[ w(Zr) /w(Y) ] E’HT
DA AR 5 IR P R KR CE A 8 P15 (Pearce and
Norry, 1979) o K ILE A A7 i o3 550 B JR ™
Wit % B QAPF [l b it 47 ok i A& W A £
(Streckeisen, 1980) ., Peccerillo and Tayler ( 1976)
Si0,—K, O EIH T #1585 IR EE T 19 K 1L 5, Th—
Co ¥ (Hastie et al. ,2007) YE &b 72, B R AU HE ik
SRR LA RYFFAE, Nb/Yb — Th/Yb Fl Nb/Yb —
TiO,/Yb [ ( Pearce, 2008) fz it H A iy w7 2 5l i i
SeiFE s, La/Yb vs. Th/Nb & (Hollocher et al. ,
2012) TERFFE FETH 2R B R e AH R s T S 00 oKty
M55 I #M 7T, Agrawal et al. (2008) 3T La,
Sm.Yb . Nb vs. Th W FLAEXTEME {In[w(La)/w
(Th) ] .In[w(Sm)/w(Th) ] In[w(Yb)/w(Th)].In
Lw(Nb) /w(Th) J{ A R A A A
[Flte i R 38 1 B X 181 B 40 A A CaO—
Cr, 0, 3 HH G A2 M AT B o3 BT X 03 & A1 A
5 HA SRS FE RS S TS A (TR
wikiE., 2019),
3.3 NEBEFE EALARE  CKWLETE

R XA ARTE B R TRR R B pE s ok
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A A (volcanic facies) WIRFERG R WIIA LI IR
T LUK A W Y B 45 B R LA A R A Y S L
3 S0 BAE LU R 52 it 5 KA TR A A
BRI, X 02 KO E R E TR B,

B ol Ll I B T S T A SR A
FBr K A E AT B AR5 B LA
A SN AN (mapping ) , X B — A A1 & —X]
g FEAS DL JC o s B SR AA B 48 5
(2004 ) FG¢ 4 G 255 0 e 3 1 45 k2 A e
PR JE U IR VT R R IR AR KL SRR
Al A E 2RI R 50 AT I g, 75— Hh
DI S AR A2 B 5, T -4 L A 7 R
SRR il BUER I A Y, B AT
DL Y B O B2 2 B4R BERHES 1Y, B L AE Ak
t—Hg i st rp K AL E S B ARG, T
B (1992) 48 TIoH A S Bk BN K B A A
B J5 ) Na Al 8755 100 45 b 10 5 - 4 L 28 BE o
Bl R Fe BT, ZJ5 REIL MU, T Na {2
WAREIR AR B RAL T =S 2 H R A 4R,
PRI T4 Fe 05 T S 4k h Be a8 5 3R A K s
A HHLIX , AR PR AN R BT 7, an b iR
P ILE X ZAFAE Cu 0, T M Ll 23 A X
ZAEAE Fe B, KILMUTEA R R BE WA AER™
PR T3 o
3.4 BENLFHR

VFZ KRB TEAR S A b o i 9 4 280 %2
U A SE T BA L B84k, iRz - 2 A
KUl (polygenetic) ™, IR 22 /INEL K LL & AE AR X 4
{18 Hl B0 — R B AN TL IR s T8 1, Bz oy <
L K 1L (monogenetic volcano) ™, BLRS PRI k11 32 %L
JEEAE KO A /D 5 AR M X LIRS B B K,
A KL X ((monogenetic volcano field) ™, 5% Ak
LR 22 B PA LY 3 S 2 TG v S T A A X201
ER BRI Il 20 i 1 45 L e 1T B | 4
U6y, RIS AE 3 TR A RS 95 30 Mo 11y 3R i v AT
TE B 5 R U R B 3 5 i 22 1L PR L 7l
IHTE 7T UK I 5 IR &l 46 oy 5 |
ARG GRS VER, PRI 2 BUA KOLTE UG A
A, BRI R R4S (McGee and Smith,
2016) . FLBUH KILFEERAG &) IZ 15346 (Smith
and Nemeth, 2017; Valentine and Connor, 2015)
3.5 RUBtEZF

KLV R TR TIK , IR SR 5 bl i | b
BRI b3kl R WA Dy T EGE RS g

AT e b R ) IR N BT D g R
EHGRIE SOl P AT AR IE R R, K IR AR
JZlK (inflation) FE(HLFAZIE (deformation) YT
PR Hsk Ak 27 (B UA, degas ) (HBIRPYEE (i
71 M) RHLIN R (AR HEEUS IR B K I
b RADIE) MR E AL, Z2FRZS4
NEL v (WOVO, multi-parametric monitoring volcano
observatories ) 7F 4= B 25 1~ 5 @ 537 (http://www.
wovo. org) , NI AZEWI L 48 K I E) 6 3l K1l
JE S BRATAT R AR TR LU Y — A0 35 52 W) A R
ERIBH LA 1 7 XA — WA T, & AT e
2 50X A0 1A B AR W B ( Carrasco-Nunez et
al., 2006) , AT A ERA b i RRER W T WL ZE
SIS IR AR ISR R I < 10 km AT [H
WL 3 ( magma unrest) & LA 3% 09 2 iz #
(dike propagation) SZFLAY (Anderson et al. ,2016;
Kjoll et al. ,2019; Urbani et al. ,2018; Woods et al. ,
2019) , A 9K oAk 2k AR o BEFE B (magma-
filled fractures) , DA fA BE 0% &M BE 285 KB
JERAE AR AN R, ZBE SRR IR E R
SO AN A3 10 S IR K B[R] i T 1Y)
Fer An NN AR N B E LS TR P2 ap: i
JEIF 27 W LT O AR, B B T R
FOKBEHEE S A KRR EREE R —En
FRBE I AR R HE | B0 B B K A b X
{18 55 BEL 22 AT 6 2 2% 1 BE S T g o7, X 0 o 1
R 2 T A KB A 1k (dike arrest; Acocella,
2021) .

4 HHE

4.1 XL@ VEI SRR/ FIEE
BR&EBRX R

KIER B AEAR K, GeitFnarfr 2k il
B3 A R Y K L BRAEE T VET BT LIS H 2518 . 3
P SB35 B AR5 K L B 3 L 58 A 8 RIS i
N VEL< T, B AT A B P w58 2 e il
(Blaikie et al. 2015) , H-UCR HE P il A LAY K
LLEARFAE v ] ZR A 0 PN 55 oty AR 3 Ao A= A SR
LT PEEG I T R 1T 1 2 5 22 B8 A T JS Y 2 22
WA UL, 8 JAE K I SRR I A, B W b 32 3 b T it
A CRIEEE R (dike feeder) , WEUT K IR A
JE B KL 1T ( Rhyolite Caldera Complex) fx K, B
R B KL T VET Bt K, W8 A 2 B A Z 1)
— i, JCARTRA KNI G R AR 5 2
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&l 4 2002 -7 KF] Mont Etna 4 1L #0572 Wi ] ( Acocella, 2021)
Fig. 4 Seismic monitoring map of Mont Eina volcano in Ttaly in 2002 ( Acocella, 2021)
2.5 2 4 RGN /e = ORI B i ik AR 18] i R 2, o e R R BOKO LN 3R MR A H LR SR E s sl 2R

The magnitude of 2. 5 to 4 varies from small circle to large circle, and the color from light to deep represents the time from early to late.

Therefore, it is known that the earthquake on the flank of the volcano is caused by the movement of magma in the form of dike

SRR A G TR YR 00 266 B IR i Ll AR
K KRB (74 —)) R & F i
Ko KK A SR 3 2 18] B ARt A /N &, (H
S R HRR A SR 2 A R, il . il il g By
FL VEL= 6, 1 24 & TR A S, H a3 o i o
PR SCE KL A S5 B0 AR 2040 2 R AR b 55 %
— A F A BTN A LS A (%) B[] 7 >4 T %
46 (Zou et al. ,2010) , 4 TR AL (VEI >6) Fl
INBRLKIL(VET <2) Z 81 R FR B 1L, BN Tango 2k
Lt (7 FF 2a-A X)) FEA JE 200, 1100 ,2022 4435
KR, ERNLHTHE—IK (Acocella, 2021), k1L
0 R 5 LD R R Z 8] (X G 2R 02
PRI A AN ] F) 5 9 P 5 2 1Y) Ik [B) AN [ - 2R A i
B & B R AR, Acocella (2021) A4S 24
ok 5o S W AE A (fractional crystallization ) FY 45
JeORHUR 35 ALLSi K Na %2 0K 5 Fe Mg
IR T IF T T B0 I ) (Y 25

4.2 EN LTk A Ay B 80 5 M

4.2.1 NUBEMAEMEEGE

BERAEY Vesuvius K1l (FE 2¢-N X)) R
KEGAEH 32 00 Kk 1, 2 TGHT 79 X — kol & i
B 3360 ABET, #5817 1F 2 % DT, wmls i —ik
W5 S 1944 4F 1783 4E VKIS (1 Laki kil (2 T &
2¢-M X)) 58 2 T | J2 i 68 i J i 1 9000 ABET-
1792 4F H A ) Unzendake K 1L (57 F & 2¢-F X)) 4%
KNG K B IR 3 A 15000 AFET:, 1815 4R MY ER
J JE VUV A Tambora K 1L (1 F & 2¢-C X)) H: & 51
A A R J Bk i R 92000 A HRAE, 1883 4FENEE
JEVEIL Y Krakatau K 1L (52 F &l 2¢-C X)) WA 5] &
(AR A 36000 AAHT-, 1902 4F 1) ik [ 78 h 3¢
Y 5L JE 784 B Mont Pelee & LI (7 FF 2¢-1
X)) 8 2 5| TR S I B 29000 AT, 1985 4F
FHE L IEAY Nevado del Ruiz L (A7 T8 2¢- X))
1R TE R TR A7 I B 25,000 ABETZ, 1991 4E3E
TR Pinatubo K LI (f7 FH 2¢-D X)) 18 & & W%,
350 ASET= (Stovall et al. , 2019) .
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4.2.2 NUBRZMSIE

1991 FEFEEE T A Pinatubo K L (/7 T & 2a-D
X)) T & B K KA 15 Me 938 4% SO, By AR iR &
P 7K SRR R R 0. 5°C S R
BUAF . 2022 4F4] Tonga K1 (17 FHE 2a-A X) &
A4 MLRY SO, B, A NI Sl 5t Dok Bk
SUE KA 2 2 1815 4F- B Tambora K 111 (2 T
2a-C X)) , i A Bk B T R 3°C ik X AR Y =LK
TRLBE 7 A TAR KA SE A, DK &y Y Laki K LLE & M
KA FUE (F, S) IRIEHEANMMILIL 4 MHZ
Ao JETERRER LA Bl 307 i 8 9K L BE Y Spurr 2k
W (PLFE 2¢-G X)) £ 1992 4FE KKK, 72 A (1 K
R 2= Z2 0™ AR AL 1 28 A & K i 28 vh 2208
LR AR % v B A E BRI ] T 20 h (Neal et
al., 2022) , KIKZ 4 d Z 33| 5000 km ZHMHY
I RV I R s A s il . KE i kalia
H HTE i SRR Y, Hoh 3 S0, . €O, N, \He,
H, .0, and CH,(Fan et al. ,2011)
4.2.3 RiiE SR E

Bl Wt 58 2 ATE Esre b A AL IR 7E
(] R[] (14308 8 RS2 AN — AR 110 3 ok 2 S 1) D DAL
Moho THIZEAS [F] 4 DX (1) 5 T 472 4 fioh 7 BR 09 9% 2 A
(6] R LU B ) 4ty e, BIE S b 5 s R I T 1) 2
AEFRATTH BB B (geothermal gradient) R ik
Mo BB B TR AR A M2, 5 km R VO - 2
AR N 25 ~30 °C/km, T FI35 IR AT, B
SR B H AR R 14 °C/km, T 7E K 1L 3 X
¥ E| 200 OC/km,ﬁﬂ: HIRWRA . FH AT
e K AR IBCA T R AR g o N eiE R (I
20) . FEFAEVGEFNAY Valles Bk 1L 1T (& 2a-H
X ZRF25 2500 km) P 2 km Z F A 260°C AHUK
VRN BRI AT 5 A 16 3l | 280 Xk 1l F
Wt i s WF 5T, Sl P 34 4 50 ka T B — IR
(Goff, 2009) ,
4.2.4 ALiEm

v IR QIESYNESE:27)F 5 (v h | R AT
GYATIX A BT SR A TR A, A ARG LU A T
P TRy Ll K J2 5 e 2 R A B Rk Ll I i
(lahars, & 1), A g S —3R 025 & AE R 5, Hy
R YRR ORI A B R SE S i KUES:
(volcanic risk) PPAL A —Ff2f2 i & 1% ki J& AT
RedCF AL B X A 2 #7 T LLH A 3K Voleanic Risk
= hazard X exposure X vulnerability ( LI XU = G
x TR Masa k) KPEAL kA 86 NMEZE A 8 4L

NA TR KL EAR 100 km VG, 4P AE H
A R R Y FE A BN R R PG b S8 U B AR Y
o8- ST LD 1K ) N Q1T & = LSRN
AD1600 4F 2 HLfE—3 A7 533 W, SR KA I 200 £
FEABSEEMICTE (Acocella, 2021) . 7F 2015 4F
Taogo K L1 J&] ] A9 3 391 6 A9l 9 b, T 2 9% TOUE | 2022
AEMIE % T (Allon, 2022) , M T 53¢ DL 5% 86
HRAR LG T A R MR Z 2 58
HRE ) KA 8 X S I Bl A [ b T 2
JE R RUAR TE B/ RS G I FR AT 1Lk & wi 3
Wiz S BRA# (Bonaccorso et al. ,2017)
4.3 RLEEMILE

b J5 27 I R T b S5 g SR I AR S AR )
KRR, Hoh R B Jm — UG R 2 N A B 42
IR, ARV SR 160 Ma FURMETE
FI¥EZ0K (65 Ma Hij ) K4, 55 [ R 28 74 AF [ 3 58 1Y
TARIHA T Chicxulub B A7 3T X BFR N« R e B A
U, B EAR R 198 km (TS, 2021) , R, K
LI Bl XF 4 BR AU (1 52 e AN AT /NBREL, 5 Bt 28
BR[A] I B R B BE (9 78 55 )51 ( Deccan Plateau)
7E 69.5 Ma | 62 Ma i JCILIE B UG A 2 &
T, FRA LXK 10 ANJEHE (29 1800m J5) |, EAT17E
BAEM A (< 1 Ma) BEAIE I, B M
(C1.F.CO, . SO, %5) , JE i Deccan &7 & 1, QK
PR AIE A 15 2E -5 XA 2 e 78 A 1 2R P )RR
PR 26 55 )5 ( Krishnamurthy ,2020)

AT A S B s A T 8 1 L A RS R Y BT
00 BRAN Vesuvius K1l (ATC 79 4EMER) |
EE Y St. Helen’ s 1l (1980 ) FEFE = 1
Pinatubo k11 (1991 4F) pK& E ) Laki k1l H AR
] Unzendake ‘K 111 E[JJE JE VGV ) Tambora K 111,
SR B AR R 26 NS RUIMR K T3 T i
R AR AR, 1 AT 45 N 28 SO Y 52 ma
JEEE  (HE AR AT S ENE JE VU .Y Toba ity
K, € E A Wah Wah Springs ok, € E W
Yellowstone i KIS RIBIAA LE gl A5 AEH /N T, 31X
Let KN VET#RRT 7 (B 3) o SR AY Long
Valley 7 K I R B B2 1k YR & & —> 1 760
ka T JC LIS & 325 )0 TET AR A 17 32km® 1) 3H: b, 2
JRAETHFRZ) 600 km?*, 7] T 4E A 1% SR HEARAR K
W& by, ko g kB S I 42 2000 km?
(Bursik, 2009) .

5 BH
T R VR A SRR 08 385, AL A
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7o B2 DR A Y (TR
8, 2022) fas TE S HE T OKZIHAE T A K RE &
MR LR 7 2A SR AR A A 1 DR Y R e
FORUEH] T & & 1 K TS J2 2 K i =5
B, FEA D L E Sk 2B R T iy
R IRAE B AEIRARLF 7 24 FT 9 4 Bk s R0 T BB 110
A b 5 SR AR SR AR R PR T S ) A\ Sz 1Y
R, 1T H A2 DCHE T 5 2% 1E 28 2 1 K 2
A 7 T R (Geyser) IWESFHIER] 1 3T 5 € 10 BE
HIETEROH T K FriHFE

TN 7 T, A2 i B AR 1Y) -

(1) WD KL R N 43 35 4 5 s He
B E AFSUK i AT O RFERHE
Ve AT A, oy W TR AR RS IR B 58
BIER

(2) BEHCRBY o B S et 5 K A0 1 3l
(Pering et al. , 2019) , 1% K INSARFEL ( degassing)
FRAS BT M D RAIE N 2622 4 v [ oKL R i
Tt KL (XIEFBIEE, 1999) | 1% B64v B 1 F A5
WA 2 /05 WA VR B, e & A KL TR AT 43
S, INTIAT W] RE - BOK LU BE AR &7 b B A8 R ) 2k
LRI 2 TE 200 ka 4FRTZS AT A& T, (H2TE
19891991 ,1999 ,2008 , 2010 4 ik — Hb X & 4= T Hhi
2, e O R IR B 7 B ( 226 B R ) A7 B T
FET5 R AR R R 2 25 0 Bl ) 45 R i 2 At )i
PR 28 AN BB — AR L 051 Sy BT 22 1% 2l B Al B iz 3l it
B

EZ G P S W SIIE = il i S ey SRR
P AR USSR i 1 G5 A8 B b 1 4
A 7432 3 M 5E A R 2 i 4 il A 3K 5l m]
AT Wy 2H 1S BE AT 1 K S T Ak 2 F iR il 31
B ISR R S A R T 1k 25, X S 22 7
BT — MDA 5 AT SRR | KO AR R
L —FRINMRI,

FREM b e TR L B L R
8155 M DCER AT SRR SR 2 A B AT s A kL
SR KA B I R) A B B AR ke
— /B XA B L 53— M DX B PR K L
T E] EFR AL E B AR — RPN
L g 7 T /B R HAS i SR F {7 4555
VF 2 VA T RGEHIR A

Acocella (2021) AR K 1IL—#3E ( Volcano—
Tectonics) & A 3K K L =058 ) B BB W) W), 7
EHSE A KL AT 4 s b BR A i 3 2% A Dy s AT 3

PUAE W A B A, B A LR R R
TVENRHLER SIGH A 2500 km, 37 BB AR B 5 A [A] 2
TR A3 A B R, 33X S 07 30 8 2 T —HH &
Jo—HEL 1A 5k L R T A AR, KL
KIS B R SR A AR A 5 55 [ R R Y Valles %
KO B R SGH AR, AT X A SR A
B F it — ARz 2 5 K L R I K R

VEI =T 7 (8 K LG 5 4 BRAS A5 AT B 3R
MR AL, R B E R A LR TR X
GBI SR T, v R B 2R S8 R T 454 Y DX b T
AR R TAE i b3 BT B AR A TS AP
AT AE TR, S e UE I & B A oy

SEAATATRERY . WIRF o 22 AR X7 AT 5 0 5
fHCH BERR

Bogt: B L XS AR E L, A
YRS 20 H22 80 AFACAE F [ s SRk 22 e s 5o iF 55 o
Kilve = TR FEFR 0 IRl e E RS
PLSUR RIUIEIE 3:555 riags
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Abstract ; Great progress has been made in volcanology. This paper summarizes the achievements in various

aspects of volcanology in global research in recent years, including new understanding of the basic concept of

volcanoes, volcanic constructions, various classifications on volcanoes, volcanic petrology and geochemistry,

volcanic petrography, volcanic eruption index for evaluating the size of volcanic eruption, classification of rocks and

geochemistry , discrimination diagrams of various major and trace elements, the relationship between the distribution

of active volcanoes and plate tectonic theory. The disasters and benefits brought by active volcanoes to mankind,
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the monitoring of active volcanoes, the past volcanic activities on biological destruction, the research of monogenic
volcanoes, etc. Volcanic ~ tectonics is a direction of volcanology research in the future. Through the study of the
relationship between volcanoes and tectonics, we can reveal the distribution of volcanoes and the evolution of the
earth. The magma ejected by volcano is the result of propagation to the surface in the form of dike or pipe. The
location of Changbai Mountain on the border between China and North Korea is a special case, which should be
worthy of in-depth study. There are many Cenozoic volcanoes distributed in China. Whether they are monogenic
volcanoes, these volcanoes have evolution regulation in compositions, and the relationship between their distribution
and geotectonic need to be deeply and systematically studied.
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monitoring

The author: DING Yi, male, born in 197, professor, research on volcano, maar—kimberlitic diatreme and
meteorite crater et al. ; Email; chinakimberlite@ 126. com; vwsource@ hotmail. com

Manuscript received on: 2022-03-22; Accepted on; 2022-05-11; Network published on: 2022-05-20

Doi: 10. 16509/]. georeview. 2022. 05. 085 Edited by: ZHANG Yuxu



936 B T T Y 2 2022 4F




