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Abstract In this study, we analyzed textural and compositional zoning of plagioclase phenocrysts in basalt and basaltic andesites
from Kick’ em Jenny (KEJ) submarine volcano, Lesser Antilles Arc. Major element compositions of the plagioclase phenocrysts were
measured by both electron microprobe (EMPA) and laser ablation inductively coupled plasma mass spectrometry ( LA-ICP-MS). Sr
contents were also analyzed by LA-ICP-MS. The results exhibit that the variations of both major elements and Sr contents are related
with the textures of plagioclase phenocrysts. The most typical textures of KEJ plagioclase phenocrysts are oscillatory zoning and
resorption. Particularly, all plagioclase phenocrysts in this study have intensive oscillatory zoning with rapid decrease in An (anorthite )
content from the rim to the core. This texture may reflect the disequilibrium between plagioclase and melt during a rapid crystallization
process. The width of oscillatory zoning in the core of plagioclase phenocrysts is larger than that in the rim, reflecting magma recharge
and convection. Some phenocrysts have resorption texture with increasing An content from core toward rim, which may reflect recharge
of high-Ca magma. The textural and compositional zoning of KEJ plagioclase phenocrysts reveal complex magma evolution processes of
KEJ submarine volcano, including multiple magma recharges, magma convection in magma chamber, reactions between melt and
crystals, and resorption of pre-existing crystals. Therefore, mineral zoning can provide insights into magma evolution and eruption
processes of submarine volcanoes.
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Fig. 1 Map of the southern Lesser Antilles volcanic arc and
Kick’ em Jenny submarine volcano ( modified from the

Google map)
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Table 1
content of whole rock ( KEJ103)
phenocrysts measured by LA-ICP-MS

Major element (wt% ) compositions and Sr ( x 107°°)

sample and plagioclase

Sample No. An  Na,O MgO AL O; SiO, K,0 CaO Sr

whole rock 3.51 4.39 19.48 53.85 1.13 9.19 445
KEJ103-1-1 61.6 3.91 0.12 29.3 54.2 0.22 11.3 859
KEJ103-1-2 63.7 3.78 0.09 30.1 53.0 0.14 12.0 870
KEJ103-1-3 64.3 3.73 0.07 30.1 53.1 0.11 12.2 859
KEJ103-14 67.2 3.42 0.07 31.1 51.9 0.09 12.7 827
KEJ103-1-5 84.7 1.57 0.05 33.7 48.3 0.03 15.6 721
KEJ103-1-6 87.1 1.32 0.05 34.0 47.8 0.03 16.1 723
KEJ103-1-7 88.6 1.17 0.06 34.3 47.2 0.02 16.5 704
KEJ103-1-8 87.8 1.26 0.05 34.0 47.6 0.03 16.3 724
KEJ103-19 87.4 1.28 0.05 34.3 47.5 0.03 16.1 811
KEJ103-1-10 86.7 1.37 0.05 33.9 47.9 0.03 16.1 819
KEJ103-1-11 87.1 1.32 0.06 33.8 47.9 0.03 16.1 766
KEJ103-1-12 87.3 1.30 0.05 34.0 47.7 0.03 16.2 756
KEJ103-1-13 88.9 1.13 0.05 34.2 47.4 0.02 16.4 698
KEJ103-1-14 89.0 1.13 0.05 34.8 46.9 0.02 16.5 692
KEJ103-1-15 85.8 1.46 0.07 33.5 48.2 0.03 16.0 769
KEJ103-1-16 88.1 1.23 0.05 34.0 47.6 0.03 16.4 731
KEJ103-1-17 85.0 1.58 0.06 33.4 48.1 0.03 16.2 750
KEJ103-1-18 66.3 3.54 0.07 30.6 52.4 0.10 12.6 862
KEJ103-1-19 65.5 3.64 0.27 30.0 52.4 0.13 12.5 844
KEJ103-120 69.1 3.25 0.14 31.0 51.5 0.09 13.1 855
KEJ103-1-21 61.0 4.28 0.42 29.7 52.0 0.16 12.1 899
KEJ103-2-1 67.2 3.39 0.08 31.6 51.5 0.13 12.6 851
KEJ103-2-2 68.3 3.28 0.07 32.1 51.0 0.09 12.8 855
KEJ1032-3 80.3 2.00 0.05 33.6 48.9 0.04 14.7 784
KEJ10324 83.1 1.73 0.05 34.4 47.8 0.04 15.3 755
KEJ1032-5 80.9 1.94 0.11 33.6 48.6 0.07 14.8 753
KEJ1032-6 75.1 2.50 0.40 30.3 50.6 0.65 13.6 643
KEJ1032-7 80.2 2.04 0.07 33.5 48.7 0.05 14.9 729
KEJ103-2-8 81.7 1.86 0.06 33.8 48.5 0.04 15.0 743
KEJ103-29 83.8 1.65 0.08 34.5 47.5 0.05 15.4 768
KEJ103-2-10 84.1 1.62 0.06 34.2 47.9 0.04 15.5 767
KEJ103-2-11 79.1 2.02 0.35 32.2 49.8 0.30 13.8 737
KEJ103-2-12 84.8 1.54 0.07 34.5 47.6 0.04 15.5 792
KEJ103-2-13 79.6 2.00 0.26 33.0 48.8 0.26 14.2 752
KEJ103-2-14 75.5 2.28 1.05 30.6 49.7 0.41 12.7 688
KEJ103-2-15 81.1 1.83 0.34 32.4 49.7 0.13 14.2 704
KEJ103-2-16 78.5 2.18 0.09 33.6 48.9 0.07 14.4 739
KEJ103-2-17 78.4 2.16 0.24 33.0 49.0 0.15 14.2 745
KEJ103-2-18 83.7 1.65 0.05 34.3 47.8 0.04 15.4 775
KEJ103-2-19 83.0 1.72 0.05 34.6 47.7 0.04 15.2 772
KEJ103-2-20 68.4 3.25 0.07 31.9 51.3 0.09 12.7 3850
KEJ103-2-21 67.6 3.34 0.07 32.1 51.0 0.09 12.6 847

A 55| B Devine and Sigurdsson (1995)
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Fig. 2 Textural features of plagioclase phenocrysts

Red dash-line in Fig. 2a and Fig. 2¢ are the boundary between the core and rim; Yellow dash-line in Fig. 2b is the boundary between the inner-core

and outer-core; layers between the red dash-lines in Fig. 2b and Fig. 2d are resorption zone
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Fig. 3 BSE images of selected plagioclase crystals

Two crystals are same as Fig. 2a and Fig. 2b. Yellow arrows indicate the resorption structure between crystal layers
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Table 2 Major element ( wi% ) compositions of plagioclase
phenocrysts measured by electron microprobe
Sample No. Na,0O  K,O Si0, ALO;  CaO An
KEJ103-1-Pathl
KEJ103-1-1 3.53 0.11 53.1 29.7 13.9 68.6
KEJ103-1-2 3.71 0.13 52.0 30.1 13.3 66.4
KEJ103-1-3 2.98 0.10 52.0 30.6 14.5 72.9
KEJ103-14 4.15 0.13 54.3 29.3 12.8 63.0
KEJ103-1-5 2.61 0.07 50.3 31.6 15.2 76.3
KEJ103-1-6 1.44 0.03 48.2 32.8 17.5 87.1
KEJ103-1-7 1.07 0.04 47.2 33.7 17.9 90.3
KEJ103-1-8 0.97 0.04 46.4 34.6 17.9 91.1
KEJ103-19 1.18 0.04 47.6 33.3 17.7 89.2
KEJ103-1-10 1.06 0.03 47.3 34.0 17.9 90.3
KEJ103-1-Path2
KEJ103-1-11 3.63 0.15 53.4 30.0 13.3 67.0
KEJ103-1-12 3.34 0.12 52.7 30.7 13.9 69.8
KEJ103-1-13 2.35 0.08 50.6 31.1 15.3 78.3
KEJ103-1-14 1.78 0.05 49.1 32.7 16.6 83.8
KEJ103-1-15 1.39 0.03 47.1 33.8 17.5 87.5
KEJ103-1-16 1.46 0.05 48.2 33.5 17.1 86.6
KEJ103-1-10 1.06 0.03 47.3 34.0 17.9 90.3
KEJ103-2-Pathl
KEJ103-2-1 3.81 0.15 53.1 29.0 13.4 66.0
KEJ103-2-2 2.70 0.15 50.9 30.1 15.3 75.8
KEJ103-2-3 1.55 0.03 48.3 32.7 17.3 86.0
KEJ103-24 2.03 0.20 50.1 31.1 15.8 81.1
KEJ103-2-5 2.20 0.05 48.9 31.4 15.9 80.0
KEJ103-2-6 1.64 0.04 48.5 32.7 17.0 85.1
KEJ103-2-7 1.47 0.06 48.4 32.0 17.2 86.6
KEJ103-2-8 2.18 0.05 49.5 31.0 15.5 79.8
KEJ103-29 0.97 0.04 46.8 34.5 18.0 91.1
KEJ103-2-10 2.00 0.05 49.1 31.7 16.2 81.7
KEJ103-2-11 1.36 0.03 48.2 33.5 17.4 87.6
KEJ103-2-12 1.34 0.03 47.8 33.4 17.2 87.7
KEJ103-2-13 1.76 0.06 47.8 32.7 16.7 84.0
KEJ103-2-14 2.27 0.06 49.2 32.4 15.8 79.4
KEJ103-2-15 1.03 0.06 48.0 33.3 17.3 90.3
KEJ103-2-16 1.90 0.05 48.2 32.5 16.5 82.9
KEJ103-2-17 3.81 0.14 53.3 30.0 12.7 64.8
KEJ103-2-Path2
KEJ103-2-18 3.06 0.12 52.0 30.4 14.1 71.8
KEJ103-2-19 3.09 0.10 51.2 30.9 14.6 72.4
KEJ103-2-20 1.82 0.04 49.6 32.5 16.6 83.5
KEJ103-2-21 2.25 0.06 49.7 30.9 15.7 79.5
KEJ103-2-22 1.88 0.05 48.1 32.8 16.4 82.8
KEJ103-2-23 2.98 0.35 52.6 30.1 14.3 72.7
KEJ103-2-9 0.97 0.04 46.8 34.5 18.0 91.1

¥ : KEJ103-1-Pathl | KEJ103-1-Path2 . KEJ103-2-Pathl #1 KEJ103-2-
Path2 433507 [ 4 w4 PO 4% 30T . KEJ103-1-10 1 KEJ103-2-9 B4~
ST S AL I TE P AT 19 An 4345 B P E

KA ik (KEJ103-1 1 KEJ103-2) 3547 T % 2% 30 1 it 32 1k i
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JCE ST, T A3 811 LA-ICP-MS Z3 Hr 25 0L 3% 1, i T 4T
L5 ILFE 2, LA-ICP-MS FlH FHREH T i R e %
AR IEAR A (B 4) , BERGE TR B AE L, BiF
ST IR B An (HAS LSRR ® 20, 720 Y P ik
SO, BRI . (AR S R S I An 1
PR ST A (B 3) o BT E T P 2 X 3 An {E#5
AREEIT , KLFE 60 ~70 Z [a], HCr 9 An {5 50 367 434 7€ 80
~90 Z [ ([ 4) . HEICRARHA OGN & b
TAAERE K5 o KEJ103-1 (& 2a & 3a [ 4a) W 407 3 W
BN, B SR & — A2 BB &b, 7E R TR N8
AU AEFEAT 1 % BIFRAT AFAE D RO B LI o % b iR
ARG I AZ B A BB 43, R R 1] A K (18] 2a 21
B NTR) G AR/ (B 2a BEERSMI) o HHHS 4
LFA S FICR N G R R 248 (B 4a TR G RE D
RELRAL) , An fH Hy N ) S0 i AR, Mg B Sr & it TH o db AR
HUL X8 An BT Mg & S35 00 8 F A28 Ak EL Sr &)
FEIH — A0 (A

KEJ103-2( & 2b [ 3b [ 4b) £ Fi 33 5 -4 1A R , 9
LM A AR 2 . DR o B I R, i)
LS A3 T AL (P 2b B RN TR ) , HLA J2 I A7 7
I A — S AN 58 B B PRl 2 o T ] AR 3 A0 ol )2
(B 2b 2T e LR 2Z ) A A7 FE — S T R 50 1 05 ol L
], G rh A R LR R I il o) SR B R AR ST . A2
S BUET I AR TR 2 R AR 2 2 A AE 2 )
I (18] 3b Fisk IR AL ) o JCR & REAFAEFIERAT 2546 41
SCH AR (B 4b) |, An E7E v ) P38 2 okt 22 2R B el
) STt R 3 (1] 4b TR 4307 [ N L R e = 6] ), 7E 1
L B B FR A T T KET103-1 — R [ ([ 4b 128
AT R AMI) o SRIARPITE Sr & A An (HEAT LB
B AR OC M. KEJ103-2 fy LA-ICP-MS %46 vh 956 6, 11,
14,15 YA~ £ (MgO > 0. 3% , [€] 4b TR 43 [l rh 8 ) Al g
Tt o 2 B L B 52, T3 Mg & ik i, JERBEAR 0 )
AL,

3 e

3.1 RRKARFRTEEMERITRIEL

S5 T JIT LS R I AR GBI T 285 51, FRAT T ] LX) KEJ
it S [ AR AIE 1 R R 254 (4 TR I DR BE A 4317, % i
KL s A A TR 2
3011 RSN

RN RIS A TP I AF R ) SR Z5 A, X TR A
A R R Y LT, 2 WA AR 22 A DG AIE Y (Lofgren,
1974, 1980; Kirkpatrick et al. , 1979; Haase et al. , 1980;
Allegre et al. , 1981 ; Lasaga, 1982; Loomis, 1982; 1.’ Heureux
and Fowler, 1994) o 537 5 FIZE fhad Reds 2 S EORHC A1 A
Syl R Na 97 8880 (An FEAR) , M5 Ca AR BLEF
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2 ; S KEJT032 - T :
SEM HV: 15.0 kV WD: 10.88 mm MIRAS TESCAN SEM HV: 15.0kV wo: 1088 mm | MIRA3 TESCAN
SEM MAG. 520 Det. BSE 200 pm SEM MAG: 206 x Det: BSE 200 ym
View field: 865 ym | Date(midly)- 11/20/14 Performance in nanospace View field: 1.34 mm | Date(m/dy): 11/20/14 Performance in nanospace
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Fig. 4 BSE images and compositional zoning patterns for plagioclase phenocrysts

Red arrows in BSE images indicate the cross section analyzed by LA-ICP-MS, and orange arrows in BSE images indicate the cross section analyzed by
electron microprobe. Dash-line in Fig. 4a shows boundary between core and rim, long dash-line in Fig. 4b shows boundary of High Amplitude-Low
Frequency oscillatory zoning outer rim, and zone between short dash-lines in Fig. 4b are the resorption layer. Yellow dot in Fig. 4b may be disturbed
by matrix
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Fig. 5 Crystallization processes of the plagioclase phenocrysts

(a) the original crystal; (b) resorption between layers; (c¢) Low Amplitude-High Frequency oscillatory zoning; (e) resorption interior of crystals;

(d, f) High Amplitude-Low Frequency oscillatory zoning of the outer rim

R E KR IS S R AT By 1 5 Ca BT [ %
31 ( An F+ i) (Lofgren, 1974; Housh and Luhr, 1991; Nelson
and Montana, 1992; Sisson and Grove, 1993; Couch et al. ,
2003 ; de Maisonneuve et al. , 2013) ,3X A DL BE KEJ ££ 55 v
An F AR REA B o ARSI B2 A B AT B 4
I RHC A SRR ANZ B IE R, BV P4 1] 4 An {5 3% i
REATR, 3 S e 1245 & ) B I B B e 3 2 5 3 B8 1 T g A1
S S o R AR A An (R SRR Y
An (EASAEIN FUALSE %, IE BRI BRI (il A 1) 81 An {B T
) B A AR, B E T DU TE 2 Y BT B A A R B
(KEJ103-2, [ 4b) , Ui i (A A 1 G A vy BRLA L 27 25 1R 1
WA . T SES AT AR SCBE IR 23 A KEJ FE
HRHC A RS Tt R T RBZE DT T B RE A SR Bl R
ST F, AR YR B A R A 1] A [ B R0 PR i (SR B
BSE [EI{4 FAHSBIR Z 4] 1 W 22 5 ) , KEJ Kk OLE RHA
PR AR BT T LA 4 DAy TR < 6 ) L/ N4 S ) B0 ) AR B A
BORTRI BRI A 1 4 it 3 AR B . b BUR B RN 2 2
M AP b A - 2 (Viecaro et al. , 2010)  gHiRRYERK
TR FR A A R A 2 53 1 e R R R R - A L T
Ak R BE DR SE 1) (Viecaro et al. , 2010) , 7 i B2 C I T i 14
B AL AT, SRR A AR T NaSi-CaAl 22 [H] i) AH
A HGHCR AN X B8 (Morse, 1984) , 33 5 0 1A P B TR 1
T RGN ER I 1A 38 B 1 27V A 1Y) 2% T 5 142 ( Pearce,
1994) o 3X/NZRIEZ WIFEAEATATES & s 009 A3 K 2B 201
BIARAE , SXBIAS A 45 o) AR 3 B0 BUR R AR A AT AR
H IR AR AL S M B A R A U I A5 R 8 ( Nicotra
and Viccaro, 2012) (& 5d, ), TG (18 3a Sk
HIAZER ) (4T WA A5 DU T (8 S e 1 405 iy B 45 v 2 A 1 TR 78
Ak, %1% 30 ( Singer and Dungan, 1995 ; Ginibre et al. , 2002)
AR BGEIE . B E KA R I D 2 5 B0 T

o W A K A AH 2 TR BE B S , 5 T
TEAE RN ) N S8R 38 2] A 5 2 s TP R IRLEE R 4%
ROy e AR NI AR — . AR AR B
P A — BT S X, P i RHC A Rk
MEZAEE K G s B I X A B P & 5 T AN [6] 1 45 & 31
S5 He i T AR L3 A, A 2 s R A A A 3
P B BT B 4544 ( Vicearo et al. , 2010) (& 5¢)

A ST AT B RHE AT i IR I B AR T3S H YR % 4
PR BT | 3 2 2 S T A A R Hh i S5 B B A
S S AR BEE KLU R, S AR IR R g e e
IR AL T 5 2 RS, 45 o BRI R T, B T4
s R RSARL PR, 7 AR A IR B2 ARG, R R, e A R
1%, B W22 W6 VR T 102 R0 B A1 2 W I PR 3k B Ak 2 74, 3X
FEL i R 18 SR L G BT T TR T 0 P R ) B AT I i
An {H B P10 SMEAR 1R B0 (EER A 254 (18] 4 (& 5d, ) .
h Se FERT IR U o Y 43 E AR ORI An {22 8] A7 7E 57U OG
K Z (Blundy and Wood, 1991) , LA Sr & WAL Y)W G BUH
Pl B 4 R B A An (EAH R )2 fR (K 4) o

i A 25 Y BOR R PR AR LG, KEJ103-1 rh ] X sk )
WA IR EE A K, I HE 1Y BSE EHE 3R A3 1] 72
JEAZ AR B2 0 e 1 G SR (18] 3a) , AT UFR 3 0 3840 19 19
PR SE AT 51 ) R M PO 1 39 R B R AL, PR
RLHB G 1 Sr i AR Ak, AT DA T IX A A O 8 40 1
IR R R B AR R A S S R B (WS 303.1.3
PR o
3.1.2 Bik4EM

FHC AT 25 B R R 2278 A 2 S BURHC 1 U0 1Y 1 22
Wi U U SRR | FE RO IR 450, T4 S AR R AR
BUENG 2 P BSRS89 78, 1 n 2
TE e il BRSPS ol s I 4 et AR, B R I 45 T
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#5787 ( Nakamura and Shimakita, 1998 ; Ginibre et al. , 2002;
Landi et al. , 2004 ; Ginibre and Wérner, 2007 ; Ruprecht and
Worner, 2007 ; de Maisonneuve et al. , 2013) , AR4EFT AAIHT
G SR TE A SR AT REA U, £ 458 1 B S SRFRAIC,
ERYEH I (FZR H,0) A, LA A A
&, AR ARGHR S APANEILT, BRI 2 25
FER oy FEHE AN, 35 AR AR A AR E M, flE AR R A
fi# B 185 )0 ( Tsuchiyama, 1985; Nelson and Montana, 1992;
Sisson and Grove, 1993; Hammer and Rutherford, 2002;
Blundy and Cashman, 2001 ) , [ il [ He i 2 7T LA 45 & 1L )
B 7 5 R LA BB 2 9L 16 251 ( Nelson and Montana,
1992; Pearce et al. , 1987 ; Singer and Dungan, 1995) , 7E#%
ROT BRI R K 3B 2 | B R e F) S , i A
PR R R 2 o 2K AR BN, I TF i DU 1A o 20 oy
RN, 235 ft e P S 2 K2, A R 2 BB 53 AN [) B R A
A& ( Nicotra and Viccaro, 2012) , 3X~33F8 0] DALE 238 F Y ik
FICR G BB KA B E RN LT 247 (Nelson and
Montana, 1992 ; Pearce et al. , 1987) .

B TS LASS , il B T RE R 3 BURHE A A ik iy S
A, Tsuchiyama (1985 ) Fir fift i & 1< A7 1 A K 52 B 45 R %
B T TR IS T g 2 2 R A AR R I, i A A 7
SRR, BRI, F AL ARG T2 i R PR R & 2
N ORI GRS FOR AR . E R W AR T RO 2R HLAR R
EE MG OL T R A b A R A 2 53 22 1) 114 22 5 SCRT R 1 3
PIRhEE T2 QR JE A TE R RH AT A 1 An {5 R TR0
TR P B L, D) A PRI R ST 23 DRSO I8, 1T 24 it A o
F89 An AR TR PR RE -5 PO F, D) 5 1o 25 8 A ML B o 7E S
SO e, Y RHE A S R b PR B, W] AR L B =R bR
B R RLTE B « (1) S ITE AR RN IR b i, 2%
ARG (181 5b) 5 (2) TER R b U A Rk i A, I B A it Fn
PR S MO0, RHC A RS AE KB R & Na 19502 (B
5¢) 5 (3) AR RH A b AR R, 1 L85 4 0 B B2 1 1%
DUT S5 R Ca WAMZ , R IN ZHIfY (At 2 R 1 2
1) ¢ A SO, A5 i 245 i 1 1) ARH A 8 A ML RE 22 £L, AR
A AR B ER 234 1t Z (18] Se) (Tsuchiyama, 1985; Cashman
and Blundy, 2013),

AU SE B & VR b A TR B 0T R A R 45 A A1)
KEJ103-2 A ARFNI 2 22 18] (4 68 1t J2 I ok B2 Y- A 28 AR 4R
A P9 ) S s (151 4b, HEBR Mg 5 B m i s L 7
BRI Tsuchiyama (1985 ) IR 45 5 o 76 & AN H &}
KA R FE A 58 24 TP SRR S I 254, WERHK
A An (EAR T FUE R AEF B0 An (B HIAES P30
Sk An (B R AT TR b (A3 T AL PR 7E K
AL SONE, T B AR PR B e e 1) 22 LA R o 3 A 9 ol ik
FEEHCT An {B 1 P 0] S 8 T 5 AR 23 il 2 (1] Se) o

IRy I BRI B SR B DA K W 4 T
KAEBUB R IR B SR AT LUE R An (812 3 T & OF

FEBEH B IR & AR TR 53 1 45 44 ( Tsuchiyama, 19855
Pearce et al. , 1987; Landi et al. , 2004) ., 7EXFPIEAL T, B
FARFEBAHERINA, FRZAT AR A BIR Tk
ARFNE WU RE Z 18] A A 2 P40, 5 30T H K- ) Z [ 4 SN
TR T AR o Has i 25 4y, HOHC o kAR =S () A2 Ak, i T Sr
TERHR AT FIIE A b £ 73 BE 22 B0R An (B2 18] 57 AH ¢ ( Blundy
and Wood, 1991) , FIF ATEV-5 45 & 7 A i RHC AT An (B
Sr F N Y FRIN A 3, T KEJ-103-2 5 (435 434 1l 34747
TS I X AR DGR (8 4b) o Fir LA, KEJ # & b g
PR AR b5 T RS AR 1A A AL, S TR
HRBGTR ARG . IR H An (HHE &1 KR BUA
KIMAEIK D, FECT IRICAFTER SRR I A BB S0 Has i L B AN
AL S B TR BT b A oMLK 22 AL A8 8 4 4 o 2
(FEl 5e) o
3.1.3 Sr#gHpAaie

KEJ103-1 Hr iy S % 3R I ) HoBRr 3K 1 23 1 e 4iE (18]
4a) o TERXAS AR L X An (EAZAIERIA R ( ~3%) ,
ifif Sr 5 AL AR (£ 690 x 10 7° ~820 x 107°) , AR 45
Blundy and Wood (1991) F 82554551 , Sr FEAHE A FUA K 1 1)
SIBCREL Dy, FHIEZ SR An (G520, X T ) 2246
ARG IR BE X Dy, B RZ MR AN & B A9, T 5 22 DR by i B
AR S RH AT IS5 7 A3 B0 An (BUR A A2 AL, o i B
Sr 1A EC AR, T KEJ103-1 frup k4 An A28 638 AR
N BT LATERAAR LR 4 B AR 32 1 45 il A v D, 1722 AL 5
RN K o PRI F:30 Sr & i 1 BB R AR A 1 D IR Ry 22 2 4
WL A T O, AT RE R A SR A T R[] Se & A
WA 5 AL, AU Hh T2 5 4 B B i
JEBE T BUE . RHE A 25 I IR TR Se & iR IR
o Bl S FIIG Sr A AARTR & L T 38 1 FROC R & il
BENES, BB T KEJ103-1 3X R K 0 2 5 A6 FR1E
HI A Y RH AT IR0 SR TR SIS 3 s 52 A i i Ak

3.2 KEJ M 5 KPR ¥ BN LA LR

Xof L i AR T IR i ke L R AL ) AR 5 A s AR X B
UG FRATTAT LAAS 0 LRI R il AL 3l 2 () A7 AE —
SeAL [ 1, B0 —E WA B KL R R RS A R R R T
VIPEAE R R BUR IR 451 , LSRR W 7 30 2 32 B9
TR A o BRI IE Sl e A0 R Bl A KPR B Kl 22 1)
WAFAE— L8 88 25 1) D, A AR TR AT TR 7R T R PR o
VRIS AL HE A AR Y A R e, 3 6 2% S 1k T DAABE A Oy
AR JUANJ7 1 -
3.2.1 #HKBAEEMGRA

KB A B B il s i R A B A R AR
K 45#) , Wl Viecaro et al. (2010) Nicotra and Viccaro(2012)
I Giacomoni et al. (2014) TR K Mt. Ewma k1l A#HE A
FEKANFN S5 AT T B 80 He T B 320 25 ™ 2 975 bt S AV 11 T 1)
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AR LA K v 248 ol T 5 B0 -1 A A ) I 2 2 TR i i)
AT ARELIR , Volean Llaima K g AR BZIR B R 14 6%
izt ¥y ( de Maisonneuve et al. , 2013 ), & A Berlo et al.
(2007 ) #1 Cashman and Blundy(2013) f#iiA A4 St. Helens ‘X 1]
PRI G TG AR i R O Pl s IR A, L
Jeffery et al. (2013) Fil Giacomoni et al. (2014 ) &5 L 55 &
AR AZ o T KEJ A BOA & AN S 2 A AR 454, oo
BB 22 B RN S AE D B R A I IR (1% (] 2a-c)
SRR BRI ANTR AN, 28 7 1 ok 1) B2 22 D i A 78 A5 1R
TR TR it T3 05 A P S O , O A AE A o B ARV (R
HIAZZEHE
3.2.2 #HKBAEMGRA

KEJ BE 5 A (AR > 500wm) [ AHE A ik ok 2 B
RERR RN %, It BRI An (5 835 T B
TEFRAF o TIE A DR i 3t XA L i R A B
i % %5 44 ( Druitt et al. , 2012; Cashman and Blundy, 2013;
Jeffery et al. , 2013) 47 86 HAT RN S 2% (19300 G 4544, 191 T g
T ZU8E 23 FRAE A AR 5 7 26 1 2 J 142 (Viecaro
et al. , 2010; Giacomoni et al. , 2014 ; Nicotra and Viccaro,
2012) , LA B S B4 it i I B B R A 0 ) -0 A S 1) 22 L,
WAL %% (Giacomoni et al. , 2014) X EE5T J 1Y 10 45 44 75
KEJ A it rh AR KW
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TR T ORI 5 J5 B L Rt Ml e, I HLART il kil
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I RHE A gE e T du g AR B Costa et al. (2010) FiI Moore et
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