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Petrogenesis of the felsic crystal-rich volcanic rocks: Magma
recharge and reactivation of the crystal mush
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Abstract: Volcanoes are a window for humans to explore deep magma systems. From a global perspective, crystal-
poor and melt-rich volcanic rocks (especially basalt and rhyolite) are mainly exposed all over the earth, while
crystal-rich felsic volcanic rocks exposed around many calderas. The felsic crystal-rich volcanic rocks can be mainly
divided into two types: one type is the volcanic rocks with homogenous composition and crystal contents; the other
type is the volcanic rocks with zoned composition and crystal contents. The crystal-rich volcanic rocks erupted due
to the cold stored crystal mush was remelted, reactivated, and remobilized after being repeatedly recharged by hot

magma. The composition of the preexisting materials in the reservoir constrained the type of crystal-rich volcanic rocks
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formed by reactivation. The existence of crystal-rich volcanic rocks can well explain the contradictory phenomenon
that the magma reservoir has a long life, but the process of magma accumulation and crystallization is rapid. Al-
though the research of felsic crystal-rich volcanic rocks has made obvious progress in recent years, there are still
many problems to be solved, such as the origin of porphyritic lava, how to reveal the reactivation of crystal mush,
the relationship between crystal mush reactivation and volcanic eruption, the time scale of magma recharge and
crystal mush reactivation, etc. Further research on crystal-rich volcanic rocks will promote the understanding of the
mechanisms of melt evolution, migration, and shallow accumulation and eruption, providing more information for
establishing a more comprehensive model of felsic magma evolution.
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PUAR SR At PR AR P ME A= TSR W) 100 22 4F
o WA E 0 I A Lo ) o SR e A A — B2 1 N
TIX M7 A A 2 0 EFOAR (Daly, 1911) , KT,
XoF 37 K L b 3K A SEEUR I 2 W ) JECURS A v
AR A LU 5T AN s, AN SCHREE 3R s i ) 5t LA Ay
FEHEGINR ( Glanzner et al. , 2004; Huang et al. ,
2015; Cashman et al. , 2017; THEFTF, 20205 ¥4
TAE, 2021) , ITAEREE A U-Pb A U RAK
SRR A P BRI R RAR HY S K s A7
A FER (4 % 2022; Bo et al., 2023) 31X
— R WAR MR L G e I B BR ke . BOR B 2
MIBIEFE ARG | o 3T R B2 BLAR J2 DL 45
JE 25 AR IE A AE ) ( Bachman and Bergantz, 2004
Hildreth, 2004; Lee and Bachmann, 2004; Yan et
al. , 2016; RARTCHE, 2017; S EHTS, 20205 Xu et
al. , 2021; Shi et al. , 2022) , X $6 55 45 54 B A g 1K
BEFR M &5 (crystal mush) (& 1a) ( Bachman and
Bergantz, 2004) . ks & iR SEEUA K IR G
(Miller and Wark , 2008) , /= 25 i B ( >40% ) 1 {585
JE A7 i1 445 B A B, A B IS % S5 T LS — 179 T B
G343 B R AR B 0 45 Bt JK 5 ( Bachmann and Ber-
gantz, 2004 ) , = fif AR (<800°C) WY & MM 14 (=
% 10° ~10° Pas; Scaillet et al. , 1998) A 7E 3¢ A 5
TS RS (AR 02 50% ) B s 435 ik v
1T HE A (R RN R SEVEHT) 2 3125 ( Bro-
phy, 1991; Thompson et al., 2001; Bachman and
Bergantz, 2004; Hildreth, 2004; Solano et al.
2012) , I ite— 2 ETHUAIE BT B KL

SEBRFFE R R B [) — B A A R AR QR Y
PRIORE AT I B AN [R] A [ o 2R 20 i, L 22 S kL

Hh e 7 & & A B % 4L (Bindeman and
Valley, 2001 ; Dungan and Davidson, 2004 ; Charlier et
al. , 2007; Davidson et al., 2007; Lange et al.
2013) o X LELLA /N ] (3 2R AN 1 — 1 4 B0, 5
S EANIFORL TP RS [R) el , AR AT RESR A T Rl — 4>
OB HAR S A, R SR IR A K R e b Y
G SN AS[R] 3 J AR 1 0 b 52 SR A A R A B ik A2
14 dm A AR R S ) PRI X At P AR 1 3% el
BRI K ICE TR RHS A TR R e W LAY
H KB R R I AT B ) A LA T R AT
B sk AE H & 2% 1 143 3 4 ((Cashman et al.
2017) , 38 i fff B BN RHR A JBORE rh s i A8 AL 545
B AR A PR fige , AT LA 32 R T 3 3 ) AN [R) TR 1Y
IR At PE T AR R 12 #% 5 T Ak D S ( Cashman and
Blundy, 2013) . #3845 B 20 6 B Huoe , AN R T
FE ) ks ¥ 1 T 28 M 76 5 9K R 46 (Transcrustal mag-
matic system; Cashman et al. , 2017) , i 5 1 NI
ERIRAZ ST Rl A BT FIE R AR )
AL 5 ) 2 K gk 1) LT BT AT ) e A i
F(HEZE, 2022) , XA E 9245 St
FERIRAF SR I, FE M7 A KRG, dik - IE
oy 4RI ks 1 o A (X et al. , 2021) ,JF
HE— 201 UG I A T L ER A 2E 2R

T mn Ak LA B 2R 5 A IR R G BT
SR A i R ) — PP R BR 7 ), A A S U 5 Y D0
MHBLCEMRE, 2020) 0 HARAKOILEA P, —
S TR S TR o 7 RS0 2 5 B A
%t JK 75 ( monotonous intermediate or rhyolitic ignim-
brites) (&l 1b) , 55 —Z& & HBE 5 & 5 Ao 0 1
M BUTEEEEE I (zoned ignimbrites ) (& 1b) (Hildreth,
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Fig. 1 Schematic cartoon illustrating zoned mush model (a, modified after Hildreth, 2004; Miller, 2016; Yan Lili et al. ,

2012

2022) and phenocryst content versus SiO, content diagram of crystal-rich volcanic rocks (b, modified after Huber et al. ,

and Watts et al. , 2016)
XS—ALFRSBEBER A s TL—HlJ KL (Du et al., 2022) 5 P4 A AR IA K LG S5 8E JK 71 (Watts et al., 2016) : FCM—Fish Creek
Mountains #E K 5 ; CM—Cove Mine ¢k %5 ; PC—Poco Canyon $EJK 7 ; AD—Arc Dome $EJK 77 ; & [F VGBI 455 b ¢+ (Huber er al. |, 2012) .
CT—Caetano #EJK % ; LC—Lava Creek ¥ JK 7 ; T—Bandelier #§ K & T Tshigere Member; BT—Bishop /if JK % ; TC—Tiva Canyon #¢ /K 7+ ;
WP—Wason Park #EJK % ; CR—Carpenter Ridge %K% ; RC—Rat Creek #EJK % ; NM—Nelson Mountain K% ; AT—Ammonia Tanks #§ K7 ;
FC—Fish Canyon 75@_7‘}—(‘%, BC—Blue Creek ; SM—Snowshoe Mountain t}‘i})?ﬁ!, MP—Masonic Park %K %
XS—Xiangshan rhyolitic porphyritic lava; TL—Tonglu volcanic rocks (Du et al. , 2022) ; Abbreviations for ignimbrites of the western Nevada volcan-
ic field (Watts et al. , 2016) are as follows; FCM—Fish Creek Mountains tuff; CM—Cove Mine tuff; PC—Poco Canyon tuff; AD—Arc Dome tuff;
Abbreviations for ignimbrites of the western USA ( Huber et al. , 2012) are as follows; CT—Caetano tuff; LC—Lava Creek tuff; T—Tshigere Member
of the Bandelier tuff; BT—Bishop tuff; TC—Tiva Canyon tuff; WP-—Wason Park tuff; CR—Carpenter Ridge tuff; RC—Rat Creek tuff; NM—Nelson
Mountain tuff; AT—Ammonia Tanks tuff; FC—Fish Canyon tuff; BC—Blue Creek; SM—Snowshoe Mountain tuff; MP—Masonic Park tuff

1981; Huber et al., 2012; Bachmann and Huber,  Hamilton and Myers, 1967; Pitcher, 1987; Bachmann
2016) , & Hﬁﬁikmﬁféx’hﬂi}u KU ERAREREAL et al., 2007; Glanzner et al. , 2015; Keller et al. ,
SRR A Watts 55 (2016) @i XF Caetano Hi  2015) , KIS B 2 45 i IR (<« A mit

DXRTYKAL T R G TE, e B2 DX I f4 45 5 K
HIFARTRT A ol SR A A B I, TR 2T 155
gy eI AL PR — SR R, TR R A S
EI’\J?I\?* TR B i385 A R BRI AL, TR 1

Fived AR I, P, B SR s /Y IE AL
Ji?'F FEAEIC R T S AL AN Rl B ) 45 8, X T b
PRI LA ORI SE AT LIRS 3 Ji o % Aih P2 52 2% i
FEEI AN, ARSCRES T ok o0 5 AL A 7R
BEPIFEHHEE, FLR T8 AR LA DT R B
RFNAEAE [, DA BE— 20 1 i 5 U S P 52
A B S AL 1 B R ARGl T S A ] RO £
HE%

1 KB A 2 1 41 S i Ak

1.1 RE-BEHR
KUEFURAE R & — e T LA

AR FEARL ) 5 ( Read, 1948 ; Buddington, 1959;

K s B 28 07 R Y R~ Ay 8g) | ik
JE ML A B AR HE 7 4 A ) T R
IEM%”"%H%*EM?‘?ETUttﬁﬁ?i&l:ﬁa‘ﬁifﬁﬂﬁi
B, AR —JE A o3 B AR FE 1R it — 8 W 3 T

*H%‘%(EJB?W?&'KW@E%(Mohamed, 1998
Deering and Bachmann, 2010) , Jf HYE 5 (1R A &)
Hh e TR A A =9 4 53 B 4 T (R AR T B R i s S 4
H) B e W % 7] A1 PR (Arculus and Wills,
1980; Seaman, 2000; Xu et al. , 2021; Shi et al. ,
2022)

A FF NN TR AR, R - 10 8
Xof A B BT R T A 1 DTRRAR AT, PRI Ay 5 J5 3 it vh
AL HA EZ R RIER A KRB 5, AN 5 KR
PR—JE ARy AL o Ol a FR A T b AR = J I
IYESRIHERAL S A A AE S ARMERR Y ( Bachmann
2007; , 2014) , S HLBERAL
A ASBE I DX 733 3t L AR A A B 18
2015; Keller et al. , 2015) , i 2H

et al. , Gelman et al.

(Glanzner et al. ,
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— BB e P A B S A s Sio, &
i (Lipman, 2007; Gelman et al. , 2014; Deering et
al. , 2016) o ITAFER ) — LLAfF 53t 3% WY R A7 7 B
B RRL VAR, K08 TR A I A2 7 B A
HICER LA M 4 I8 K M REIE ( Deering and Bach-
mann, 2010; Yan et al. , 2016; Liang et al. , 2022)
XEAE B A A1 T R 9 22 Bl AR~ Al BSE  TIMA 4543
XA A A A F 3 1 A s R B T R R
VI S DR A AE 3 ( Graeter et al. , 2015; Shi et
al., 2022) o R v bl 2o A - AR S B AR
PR T 2GS Bl M ) v R A ST SR R B R
T BT AR AR AR 1) 5 A VR 0 AR O TR 45 0 el A
RAGEMIE XA T KL ZF (Hildreth, 2004;
Lipman, 2007; Lipman and Bachmann, 2015) ,
1.2 BE(BHR)ERE

e B TR RR PR AR AR 32 B R AL 5 N BRI
7N K R AY (Rudnick, 1995) , 58 LAY AE B %5 (A
o KB W) 20% ~ 60% , BHE A5 KA
10% ~65% ) 114345 /0 ( Glanzner et al. , 2015) . %
A B A SR R T A A R i Al i s 45 4
1Y 317¢ ( Bachmann and Huber, 2016) , 144 A 43 1F
ek SR B e I AR FLA AR i B A BB T, AT 5
T R K (Huppert and Woods, 2002) , iX
FIRBIE B T 7R R AR I 8O 1 o3 A X B/ T 6 5 2
S FER I Y T T AL (R o) AR

Aniel RGBT A SR A T 1) TR AL B 6 2R 4R K i
1Y FEAE < 75 ( HSGs ) (Hildreth, 1979; Bachl et al. |
2001 ; Bachmann and Bergantz, 2004, 2008) , Lee A
Morton (2015 ) 7EBF 5% i1 EAE 5 77 B & B, 76 6 e K]
figrh , AR TER (U0 K Rb) FIAHZSTCH (M Sr) 1
AHEAIATE T1% 1) Si0, A 34 kA= BESR 24k, 2
Si0, 5 iid 70% N SR - 1A BT I 500 5
W, RAFRICAF (2017) 456 Sl BB 8w HA
FERFIE (14785 43 5 4L B 6 1 PR T S i 9 IR IR 2
1o 0 AR 1 A T o A B AR AR — S AR ) B
JCA BB R F 35 5 v it A v e s 44T s 4
SR RE AR X, T3k BR TR 50 s 9 ) B 46 v e i
W AT Ak 9 & & B 1 AE B 2

AN [ —Hb X 5 S AR A R IR A A
TERd /AR N A I B R A R R R TR
A BIHESRAER (Lu et al. | 2022) . FREAE R A5 K
L= Az AR R LI o e A2 A 1) T B B8
GUTEE K A7 AE U M Bk AL 24 RR A A7 76 B i

) Eu Ba Sr 1987 5 HJE Bl o th 8 i 5 2 B A
18 [ S R B, 3 i ek K B 2 5 A IR I 2
[AETEWRAFTE S0, B [E] W, PR, s ek A i
AR T RE A2 Fh it A — o AR 3 9 O A s o 0 s e AR
FIE A (Lu et al. , 20225 Chen et al. , 2022)
1.3 RBEMEREALE

B SUE (S10,>70% ) 7EHLER |43 3 WL, 15
Horp 4K & 4l W 8K ( Bachmann and Huber,
2016) . AER FI AN WAFFE— SR R 242
BYE f R KIS, 40 Fish Canyon #E JK 7+ ( Whitney
and Stormer, 1985;Bachmann et al. , 2002) Lund #t
K4+ (Maughan et al. , 2002) . La Pacana ¥t K 7+
(Lindsay et al. , 2001) &5, X2 A0 H b i
JOT ) AR AAR 5 R 53 445 B9 245 JK A ( monotonous
intermediates ; ] 1b) (Hildreth, 1981), B X & T
RICEA T Ui sR T B se A 7eE B E K
B4 Y — 1 5 A AR A 9% ( Bachmann and Huber,
2016) , JXLETLL BT fi A I A AR AE Y o
A 45 F4 ( Hildreth, 1981; Lindsay et al., 2001;
Maughan et al. , 2002; Huber et al. , 2012) , {H % ki
KB P 045 h 4548 (A 92 A1) (Bachmann
and Dungan, 2002; Bachmann et al. , 2002) . J5%EHHf
R KIAE Nevada Great Basin, Taupo Volcanic Zone
B8 2% LA M Southern Rocky Mountain volcanic field
(SRMVF ) 25 Hbu i 4775 — Fh i 0500 & i A K L
(Kl 1b) ( Matthews et al. , 2012; Lipman and Bach-
mann, 2015; Watts et al. , 2016) ., 5 R334
() A AR LR I Y o — S R Y B
Gy BB B A KL S (G5B ) (zoned
ignimbrites ; 1b) , Efilth IR AT AR (cap of
crystal-poor material ) Fl I J7 B 455 1 & A A H 2 [H]
ZH AT R A T W8 kO i (€] 1a) ( Bachmann
and Huber, 2016) , U134 24 i) Bishop ( Watts et al.
2016) F1 Bandelier #E /K 7+ ( Wolff and Ramos, 2014) ,
TIA B — TP T 43 AR R EE K A A
BB ETE 10% ~20% Z [8] ( Dunbar et al. , 1989;
Nash et al. , 2006; Ellis and Wolff, 2012; Ellis et
al. , 2013) , H: v 2 i ol B O 110 4 2 40 B i B Ak
BT, B S W) B HEWEA  RH A AF T Bk b i K
f1 A (Bachmann and Huber, 2016) . X S5#% 47 Fl
AHABA AR REE B4, 1878 HAT BB 4 i TR
SUFHFER (Ellis et al. , 2014) , XFEEK A BN~
TR B it ok EE B TR U TR 5 LY, 2 RN T
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AN, T O AR B A KA A
BRI, IR T8 B8 43 431 ( Bachmann and Hu-
ber, 2016) , K, K117 B S A B B T Homs
IR i o T A B, I B 2R PRI 7S T i oA T8
e PRI S

2 RIS T AT

Mt Wy ot (45 BOK IR ) B 13 s+ a1
THEWT A K AEAE RS (Cashman et al. , 2017) , 1M
R T A VA7 S 0 T R RS | 1A% A 1) I
FILE 1] 5 058 & BT 1 28 A7 it IR 25 A S % 17 O 5
( Rutherford et al., 1985; Moore and Carmichael,
1998 ; Blundy and Cashman, 2008) ,

REE H5E 5 H 0 Bl T U 2 el s I X a5
IS ( Cashman et al. , 2017) . {EALTE KA
LA SN H 0 2 T A 5E B AT R B IR 2
HIREEDE . A a AR 9%/, BB ik 5 H @
LA 5 B3 32K 3 AP, S 4 R 40 A 45 T B A [
A RE B JE 58 R [ 45 T L (A REWTA BY) Atk
FE R (AT &) B9 A KX 3 Al L ( Cashman et
al. , 2017) . 76 F 52, i RO PRI IR D230 [ AR 4k O
HAERT 2 AR TR 25 B R R 2 BT AR F
TERIAIZZ b PRk e 2R AR 2 5 1 3 2 I, X
B o a3 i B 2N s 4 S E B IR 1Y)
s A5 BN AT A6 Y A A1 PR35 ( Hildreth and Moorbath,
1988; Annen et al. , 2006; Xu et al. , 2021) , &34k
JEEREFR 22 R 8 4K A I 8] 2K 8 73 46 43 5+ ( Solano et
al. , 2012) , JEERSEEF T HMZHER, O &
oR S, BY AL R B s A @ 5 A B EE 2
[ ATRLIE 22 o T BE R AR A 2 185 1 AR A 4 A O 45
Oy RS 2 EALRY R LI kst E ot
B Hh5e BFR, 5k B MERE A HE A

TEVRFR ST, FAT 025 1A 1) i A 38 2 8 1y i
PRBR G, A BEORFF = T [T AH 2 9 3B (Solano
et al. , 2012) o TERXFPEOLT , & —E BRI ok
AT LA SR A AR AR A I 8], I HLAE A R A 128 vh 3 22 A1
S0l & 195 3% (Annen et al. , 2006; Eﬁmm%,
2022) . IR AV J AR T AR B AR R FE
o RIUBLRYREAE K A AR AL T A TR 0 2 L 5k
RH ETRE S S ZHTAEE BRI IR IR & |, Ja T
[FALAR A3 BB, 5 1 2 M5 K R A 6 /D
RUAZ AT BE P AR/IN T T8 32577 A %0 0, (H AT AT

T AL Sl O i PRI R 5 LA 2 T Y
TR 220N B0 RS B R R DA R TORRE R
Xt IS, ¥ 00 5K A R R B b R I ( Dufek and
Bachmann, 2010) , 7F_FHi7¢, B8 B8 XA
HATLILE 107 a N 52 3R 3 #4715 ( Huang et al.
2015) fHIE RAVEIE R 58 (= (B RZ 10~100 km)
FFAT T REN 10° ~ 107 a, Hy | b 170 BEAE SR (Y I [
15 B8 N A 0 R W] I R I LR e SR
5 1 ~2 NGRS HFRLE ) A 338 & (Gelman et al. |
2013; Annen et al. , 2015) , AHXFA UL, P/ B8 Tomi &
RE 7 19 i s P 8 1) 1 B8 2 R AT, S 2 T [ AH
MEARTAS 22 BE (~ 50% 4 Fil ) 1Y i 70 i BT
PRI, it 585 A7 70 B3R BE AT L LG AT s & (1) 5 AR B L
HJE (Gelman et al. , 2013; Cawrichi et al. , 2015)
i 99 F TR B e R E LA A A B R ARl A
‘@;(Dufek and Bachmann, 2010) ﬁt,ﬁ(@‘%ﬂaﬁ%
SZAETE T LA L L 5E i oR 2R G0 Y A T R
Koo ARORRE A A B AT WA S A A B i (29 40% )
(Gelman et al. , 2014; Pamigiani et al. , 2014 ) B J&
{2 [#45 (Cooper and Kent, 2014) , 3 B F24 38 il
I3 A AN AR SRR 37 LA K R ER B ) FASE 4
S

IZING WA R ARSI 0 SCRE . B A e AR
Z55 (CA-ID-TIMS %541 U-Pb 4 U R AP &
B F B E U-Pb %E 4F) ( Chamberlain et al.
2014a; Matthews et al. , 2015; Stelten et al. , 2015;
Schoene and Baxter, 2017 ) $8 71 7+ 3 4357 B} [6] 38 5 A
10* ~10° a, W& F A 0 7E b e 4R850 TR 1Y
B AR 2 (<1~ 29 10° a, K H PR 19 HUAE
R FE 4 ) (Zellmer et al. , 2003; Costa et al. |
2010; Druiit et al. , 2012; Allan et al. , 2013) , &5
B4 (2020) TA 17 v (9 46 B BT o5 4 mT LATE e
2K LS 22 B A 5 SRR BEAIR 200 ~ 300°C 1Y 45 F T it
[EEAE 8 TV A7 s A SR a K wb 58, A
ST A B B S ACE R R R R I AR K
PRI 43 S R B K g 2 1) 25 A7 o

ARTRAE i 14 2 B SR R Ay it A LV ik
FEIRZS AT, A6 5 B SR A 435 il A R 45
T 650 ~ 700°C s HE & Y itk £ (Tuttle and Bowen,
1958; Piwinskii, 1973 ) , T il #1] 4% JE Y £ Tuolumne
RANEHENAGEFRLC R T 474 ~561°C 1945 i il
(Ackerson et al. , 2018) , HETE B AL T2 [E A £k IR
JE (29 500°C ) 5 fiIE AL B 5 1Y, HORE 2 o) He ek
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Ui B ( Na+K>AL) #5144 ( Ackerson et al. , 2018)
3 ERANA RS RTE L

AR AS By JEARME S A 1, PR B R AL BE ) 2
ST S RS B0 25 H (Marsh, 1981) . S8t 5 1
R LR ZEAE X R oy L I BRI AT
fm A — J& K 1Y 45 & 9 B Bk 8 K ( Rosenberg and
Handy, 2005) , &3 1) ft it 6 A8 ok 7 o i 1A 25 1 02
— /MR ZE Y SR T 5% 1) 286 A Ok X[ 200 4
NECE AR (Costa et al. , 2009) , T8 H UL, 7
AR T A R HE A A A T 50% ~ 65% 3
W, 7E A AR S AT BE L 2 % (Whitney,
1988 ; Caricchi and Blundy, 2015) ,

AN 2 O A L & 175 ) ((Mat-
thews et al. , 2012; Saunders et al. , 2012; E5FH 0N
85,2022)  ARBLATE B AT I s A RS R S B A
PR (Jellinek and Depaolo, 2003) | 27 1y iF
FIR SN ( Carrichi et al. , 2014) DL F A A= A4
A SR BB I (Wark e al. , 2007) % )51, 413K
AT 1 LU A T I T A B 22 TS R 3 I
BB A5 BE IR 7, 5 0 28 S AR B 17 4 ] R
JE 22 [ 955 4+ ( Huber er al. , 2012) ;. (D P& Ak, fif
AN ELAS i 80 P I 9 AR 22 8 22 (rheological lock-up) Y
s oS LT L f R RE ) (AR AR DT 509% ) B I [E] R
JE 5 @ M Ak P X — A 1 X YAt 23 3 1 e ) RUE
Huber 45 (2012 ) i iz % 5 3% i 26 4t <7 P g 4 5 2
Y 238 L3R WY 5 o0 ik AT ) T3 1k B [ A T i
B —BYX G S p IRl PR, 28 P PR AR Y
A A SN T Sk B L S B TR I B, AR B
A A T PTG AR 5 B Ui AR A2 IR BE
[ it JE s 4 B 48— .

IR A A I A PR R i 2 S s
R 22 IR AT IRV A0, 3 o 5 o 38 v 00 79 %o i
HOEA TARGS G BERZS T (Huber et al. , 2009) ,
A, e 1A Y 1 ke S T R TR R v B A8 TR K B
IR s, S BUA AR AR A S B (AR 4, R )
N 40% ~ 50% i} 1k F 12 T AR LA IR ZS ( Bachmann er
al. , 2002) . HIEANA BEAS AL L % 1 A5 Ol sl 22 £L
S 5 IR AR RS A A B A PR AR AE A I ) 1Y
{RIEAARZS (Annen and Sparks, 2002; Annen et al. |
2006; Annen, 2009; Gutierrez et al. , 2013)

TG G R RE T R ERKRA T REH

DRARI I AR (IR A 45, 2022) , ik #5747 T 15 &
7 TG IR & (antecrysts ) | 2B & ( glomerocrysts ) F12K
FI 45 A S R i s R e A . B RN A IR I LA
VRV A A 5 B, (H T 22 1 S vl ke A ) PO Bl
AR AR R BB A AR R B b 58 iR
G o HERWMREA B TXAIEA (Cashman et al. |
2017) o KER LT AR 5 A 2 T LI 2l 2 i (R
BRI (T ) B8 B (A ), 56
KRBT 6 H 2R 0 B R A B L, 00l 2 ot
BB ik B 2 M R X BB R 5 kLl es & )
BN 2 (Girona et al. , 2015)

X T2 IR 2 0 ok 0 A 1% 1) ) RUE Y F
G, F B T FAEACSE 7 (Watts et al. , 2016
Rubin et al. , 2017)  JSHE RN 3R E 4 02 4% G2 8
AEHOR B LR AR 22255 KT A i i ) ROBEAR 4, A%
TR PE TR AL R E AR R 1 R BR (R 4 A
2022) o P EAEE ] LU TR 4 50 3 i ) R
FERRDFE, S AN G I UE IR 38 ok H TS K s T
A RERHT (Morgan et al. , 2004; Wark et al. , 2007 ;
Zhao et al. , 2023b) , ¥ HUAFEA AT LIS BA
A B A 1 1843 #9043 (BN e v Y Ti T
2 B A Y Fe-Mg JTTR B KA Y Ba #l Sr
TR %) A8 Ak Br 4 I W) i (8] ( Chamberlain et al. |
2014b; Zhao et al. , 2023b) . Rubin 2£(2017) Z5 &
A Li ¥R RS AU Th @ AE R R T
TV 22 Taupo K 1L BOF DT 58, k& BUAHEE T4 2K
AFAYINEE] Li 47 I [R] A X Pt ), 45 R s s 23
[#] 235 1) s T UK A, S0 8] 28 4 4 oh s kb 25
o | 1 R o AR R 8 0, 3 o S b 2 HL AT
BUNH Z W IFRE, BARE A — L il T iy il 58 %8
] B A B AR BT A 3D 25 0 ok
AL R I [R) RUBE AT 32 3040 W 3 DX 4 A 0 4 2 f =3
(] 3 PR DL R A [ 4 HlZR BT 5 29 Rl e 55 ) A )
29 ( Cherniak et al. , 2007; Jollands et al. , 2020;
Audétat et al. , 2021 ; Zhao et al. , 2023b) .

4 B FRIR O S B U RS

4.1 ERFENMLENTHRIERE

HETABFIE N, TC Sl A B 5 RS0 BE 1
mn AL () 1h) BAT AR R Gr A3 — e S S e mE
RHTZ DR W 3 A AT I, T RE R o E SR 2R
PGS 20 (Huber et al. , 2012) , {RIET Y109
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S T 2R A 415 705 T8 A I 5 J A 2 T T FE OO AR
(Bachmann and Huber, 2016) ., & &% #b 5 2 fi
B A 27 B 19 DI AR AT A S AT S IR A
Hbar i L H Rz B IR A R B S BRI
Wik AR FOK R R A R AR R T
B4 /& ( Evans and Bachmann, 2013; Caricchi and
Blundy, 2015; Wolff et al. , 2015) ., W& B WAk £
AR ST AT ( Johannes and Holtz, 2012) |, #riE ik
S ok A ) 45 1R 19 JE B (Huber et al. , 2010a;
Woltzlaw et al. , 2013), Bef% 5] E M A& 1) F5-1% 16 3¢
VIR BEG AN R K B I 1A —E 1Y%
K43 (Bachmann and Huber, 2016) ., B A M M& &
AR BE R 5 b A K Ll (BT b ) Y 0 PR e
SRy R oK ) B AR B SR T B S LT A ORI
Y HE B RS AL S B (] 1a) (Wolff et al. , 2015;
Evans et al. , 2016) , T H1 & o i A0 1) 5 9% R 5 5

FUK VAT I R R Ik A Bl s Al e B
BRI (A BB (Huber et al. , 2010b) , # R AMG
ASBERS AR FEE AL IR BEIE CTC B 53 J3 7ty B A
B A SRR & B SO R TS S (Ellis er al. | 2014;
Wolff et al. , 2015)

AL T IR KL B (>5 000 km®
Lipman, 2000) Fish Canyon %<& Hildreth (1981)
TR T TR 2 S AT SO0 b B T T R L ) S
RIRRZ —  IZIER IR G D & A 1 4 5 i
AT A B A 2 B R B AR A 7 A 1) 1 1 i
G A9 KA A T S5 R R KA
Kl 1a) ARt BLAY An BESR TH s p0 AN [) T B At
KA Si0, JeIEHLBT A & Sr Ba Eu {8, AJEA
IN A1 BE AR R RO Ik SEAIE 4 1) S8
ST MR TR B A IR A B A 3R B A A
O3 ¥ — NS F A S5 4 A7 Lo BV AE 22 5%
PRI R I 2 2 Py AR KORE hor  # il
Fish Canyon BB 10 10 A A A o 4 0 ] 45 1Y
| MBS SR FE A I P2 ) ( Bachmann et al. , 2002)

Caetano &EMCH J2 W53 34— 1) I 800 & i AR 4
GEEEIR A, ol LRI S R A (R 1 40% ~
429 ) TR IS 45 BE I (RIS 1 38%) . AT 2
| Si0, Ei e EMR B AR, TR SRR A
A3k AR T S R T DR T T A R B R ) A A
T A B BTG 1) it ok v il s B T SRR A IR Ak
JE L IRBOR AR R G4 dh o e GRS B U — i 5
JEEETEA MR R Sl 2 B (Watts et al.

2016) , HPE %[ Taupo K ILIAHF H AL Ti P HUAFEAR
2425 PR Whakamaru A 386G EZ T 10°~10* a
PTG 1B FUEC T 2= F 4F 9 BT & ( Matthews et al. |
2012) , Southern Rocky Mountain X 111X i 5% T - Hh
T HE T [T 25 14 i 45 52 B e 00 38 5 TR D 4 T 1) £+
ST RO T3 AT B A5 BE K A B B S 88K ( Lipman
and Bachmann, 2015) ., Z M Bzi)5 KA MG B [E
FHLRIREE 1T PR 7 28 A A PR B AT 2 0K R 495 W 252 2
AL, i T 2 AR IR — SR AT
KA SE IR XA Y — Ak, T2 0 B —
FE MRS FE (Watts et al. , 2016)

JAT 53 A KL Bandelier B 5 AR08 % 1)
TE B IR S R BT A 1) S AR K B AR AR
BRI St/%Se {E, ID-TIMS 2% SR 48 7 [l 3 3%
AN — AU T2 AR T A - KA R
SRR BT 2 (8] S AR BT e S I 25 oA T R A
AR AS ( Wolff and Ramos, 2014) . #HH-F- 2% A
TLBUTTHRE K G, Bishop HE MK ¢ W ) 5 1K It 80 I
WA LA S R A R (Fe-Ti ALY B KA1 — R
AT A0 AU R W R T AR R T
AOIREE ) | 45 G i W) RT U AFAE TR 7 W DI B K o 22 177
T EFEANAE RN Evans et al. , 2016)

Zhao 55 (2023a) BT Kk BUA R 43 75 56 K 1l
HmEE A BEER, KRS SR LUK E
R R K L R, 20 AR AR R S0 W 5 T
SRV R IR — M e B R B A A 1 22 L T
o, PRI BUA FXT D o AT A S R Y
H,0 ] B2 il X — ik A A L, 50K H,0 &%
Al DU 552 0 25 IR 3 ) 2 R A R BE )l it
BLE I B IE TS - AR AR B 2 R
PAL SRR 20 E I T I B/ N 3R f] gk
— B R BT 2R B AT L A I S B A
1 H,0 & s AEAR IR T H Bk LS S5
K2 1. 5% , S BTH ERREE L s & m — 0
(4358 105, 5£0. 2 Fl 104. 5+0. 2 Pas) , KPRk
IR EL A T R B X R R O TR SRR
{45 it o83 7T LA AR TR AL AN 34— Ak, JE R o AT W
)& AR (TR 2 50% ) ko ; TR Bl 2445 il R
HoN BB K ISR BEH#E AT B 2 iR, T2
TR AR (<30% ) TREUE .

4.2 HEFXELGENEREALE

rh 2R R AR b AR A L Bl s 2 R

# X0, A B 5 BCA AT 25 E) AR AR (8
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2)  XEEAR 2 R — B R AR K S A R TR
KI-RAZE (EAEP A, 2000) . o E R R T i
HVFZ M K, 3 S8 FCRY B IR AL 3 B H S
IRZ /NP K A (Lipman, 2000 Xu et al. , 2021) , 7E
XUl E R E AR LS (B 2), X
SO A LA R LR S B BE A I BUE
A REL T o B A DA S A5 AR R R BRI R = 1
B RIS R T WL 1 el AR
WAERE AL (B 2) , HED LR B & MR SUs s
B ATREE A (55 1 B Bokils B 3a) , Ho
LKA R A A A I ph 2 R, R A TR )

117°E

THESAES (Yan et al. , 2016) . WiARF1ILE AR
Uik IS TSR AT A, PR R IA T A2
Iy S AL AR IR LA RN T AR A T
TERLHY , W 7 2 9K R 1K B0 2 ARUAE 5 A 1Y = 45 o
(Yan and He, 2022) ., ¥ 1& fb & J i b il £ 1
T A KA A RIS oA 8T Al ek
A4 ZE (Yan and He, 2022) . Yan 1 He (2022) #f&
ICARE LR A okS ER T IR D 45 R I R I R T R
A TRRFI LB PRI AL, B LI B T SRR S0
KA, WA LB O A SR 4 TR B B = i
AR IR SUTURZ5EE KA (] 3b) (AT 3L, 1993)

121°E

e

(-

= 30°N
sl
— 26N
| WEEF AR
1 gmakiby
B e
| IERRAPRIES
& HARJal Mot
Ko AR
200 km
1 22°N

K2 R i

T K LA 23T (U8 Zhou et al. | 2006 151K)

Fig. 2 Distribution of crystal-rich volcanic rocks in the coastal area of Southeast China ( modified after Zhou et al. , 2006)

TEZR R IR ) — SE R SO il B B T — B s
PR R RELTET BT B A, s L 565 4 B B A4 I ST e —
B I A B W vh K T A KRR R AR AR LR
JHEZ LIRS K L P AR AR SEIE KBS & X
ot B DR AN KUK P et A B A, AT IA A 3 ol
SR LR BE -5 K 57 B Aok i AR A AT E (Yan
FERTEA D R 5 S A0 B IR R AR
TEAA I B AR RIS U J R T a2 R

et al. , 2020) , Wi Zx/INHERBE KL B I8 25 88 K A T
FETE S AR B R B A (] 3e) o BN AE (2020)
N LR A T T AT e, v ) D K A ok L
FURAMI G BN IR T RER SR ARG,
TR N A (2020) TAK 24 6P 5 2 R4 51| Hh 7 1R A 0K
J5 TS F R, (5 5 S0 77 A KL e ot & 06 36 Ak 3 LA
A,

r AR e T TR R R R 22 T A AR KL R R R



886

>
in)|
=

42 4%

B3 AR IR T A A L B AN AR 2
Fig. 3 Photographs and photomicrographs of crystal-rich volcanic rocks in the coastal area of Southeast China
a— D LA | BB LA TSUBUR S, it 8 MAEREE K, b—8 1L ER 4 BUR T BORSUBUE S5 BEIR A 5 o—/INIEIRLAU BT 45 BE MK A oML e 5
AR (HOIRL) ; d—MILRSUBIEBERS ; e—MHILIRSUTTIE R (IESCHDE) 5 (W) B BEREE T A A A BRIA S5 H (IEZS DL
Bt—E = Ks—#K A ; Pl—RHA; Q— A8

a— Yandangshan rhyolitic crystal-lapilli tuff of the first volcanic unit; b—Furongshan rhyolitic ignimbrite of the fourth volcanic unit; ¢c—Xiaoxiong tra-

chytic enclaves (yellow dashed lines) distributed in the rhyolitic ignimbrites; d—Xiangshan rhyolitic porphyritic lava; e—Xiangshan rhyolitic porphy-

ritic lava ( crossed polarized ) ; f—pearlitic border of K-felspar in Tonglu porphyritic lava ( crossed nicols) ; Bt—biotite ; Kfs—K-feldspar; Pl—plagio-

clase; Q—quartz

15 (B 3d)  H— el O iE g A 5 0Ok LA
WU RFAE (FR A XD A K L 4 A4, 1982)
PEBEA A E B AR AT I B X (TR
FEAE, 2011) , AR AL A T A2l AL, ) PG b B
B WTPE R AR 0 5 - S T LXK R R A
WEBEIE Al (B 2) , WRBEIE A R 2RI E T
KON L 2T BT 45 Hi DX L T B0 B4 T, 1
BHA A B S B ST 5E 40% 4547, B i T ik 50%
~60% (& 3e) (P4 I055,1985) . WEBEIA A2 A
A BT BE < =A™ B KL 1T Ay 19 2 B
BLTR R BE R 1 I B0 TR AR R B o 3] % 1Y) o

SR EBERE A (BT 014, 20115 X8R, 2017) 4%
KM R -RA =AM, BEES 525 M EARE
A TREE K A6 B BREA A 1 HLAT TR B (R 2 4%,
2015) .

PR A O BE A o o S R B M (1 3e) , ATE
BEHT WU R, < B TN BTN A A AR T
PHE R 2R G SO OF6H S, 2011) , #REEIE
BT T, O AR BBIE-,; @ AR
SUNBE T ShiZ B B h 2TT @ 0L AR R
Hl s R AN 22 55 (B ZE 05, 1985) , MRBEMG 7 b
TR IS R A R 254 (1B 3f) (B
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FHIEE, 2002; PREFE, 2003; kA4, 2017) 1% &
P T BB BRE I 2 ) I AR VP L — Mt ) R
AT H AN S R RIS, BE S B gk 2 A K
IR S0/ A (A G055, 19995 T4 45
2011) , BRFE B R R e R 2 3t v B
PR BE 5 30 A IR TR 25 D RO R P 1
BAZ B R A K AN TR S 3 (A 5, 1982 B
20, 1985) , JEoR AR T A it ¥ LA,
PRI B A LR BRE P B B KA 453 (An TR
%), B A BE A R AR K B g Wit A K b Y sio,
HEBR Ok, ZE K A BB ISR P IERT — 258
Si0, WY1 FL)E , 1 A2 B 2 A T R LA K B TR
FHER , W5 1) 22 S L 1430 8, 2 i th A o (A
EIRE, 1999) , [HIX L REBEIE A0 UL I 45 44 J2 15
SRR R R TR AL BRAE A OCIR NI 2

FAEDE4E (1993) AR R AL 25 A My 2 AR
TR BRI 5 A7 A6 P RPN [ B PR . DA JF AR 3R A T A
FILABILCARR A S Y, MR T BYRRBESE 2 g £
WY B A BEAMNA A N A, AL S BUREBEE &
TR Y R BB A R R 2R A
meEnE-METR EPHE - HFBWAHBEX S, 2
J& ,Jiang & (2005) 7F 40 9 KBS T R T AN
A FINAREE T SR e L 454 Ga AL =Y
FRICEA P R A RUAE B A B R AERS A L KL
—RAZELN N A B H E BB ) A R
TR RS E IR A 2 78 VR IR A AE P d 4 8 ( 5%
1993 ; fTEEBIZE ) 2004; Jiang et al. , 2005; 5K 74,
2017) , BARMEBERS A B AR T — R R . W BE
15 Si0, B 5w (FH AR, 2004 TG AR
B, 2011 B, 2013; 5K, 2017) 3 & 4
KEFFATLEMESMICER, 7 Ba S P Ti Hl
Eu( Ak 51 55, 2002; £ & W%, 2004; 7K 45 5,
2017) , EL A7 B4 86 BE 1 I S0 B AR LA Y
FFIE,

Du 45 (2022) i i3 H Bk fh 2 | 0Ty 25040 o o
ST T AR ST R R B (AR R R B
) W R BEIE 2 2 5 A A 2 PR DR i B b I
T3 E AR — A AR 3 B 1 A T A AR 35 RIS HE
A 22 TR (4 & SRR | 5 30T B % B SRR A I A i
EIRAR TG AL IR IR P R 25 R E AR (E R
W RS KR 18 )1 # . Liang 55 (2022)
WA A bRk E B AR TR E MR A
A FRBEE 2 (B AR TR SUE ) I IR BEIG 75 02

916 PP B AR AR OR X L e A B R A
BT AR

FI RIS 1 BE A 2 18 BIF 58 MK SR AT A — 5 1) JR) PR
P, JEHR BATRE & i A K L a5 B BB AR S |
ATESER B IS DR FE v o R B O Al Ak 2
PRIEAR 2 15 2 Al o P AR O P 17 2R — ik
WAL SRR AR A A HE SR A IES R 2 A
P AN R AR T BRI e A5 A B 8D R
Zfar X LE )R A o — AP W SER R

5 EFEZHARMER

ARSI A ZE M7 o IR R GE TS K Rk
Ll VR A TR I R I ZR 8 1 IR G ) R LAl
Ao G LA RE T 5 A A LA T IR AN A
SRBYRFAE, G SRS B v 0 0 1 945 Tl 45 ) R A 4
) BN L TCIR WA e 1 A, R I
VFZA AL, A M3 e —Se ki .

(1) BRI A IR MO R B Bl
T RAMAT AR VR B I A0 1= A S
BB v At KL s AR A B R DR BB R 2 T8 R
)7 k2L R T Z A — BT

(2) BR&E SR Il s oh B A A BE R
55 Al B B oA A A 2 B W e bR iR
T KA SE Y ERT AY BCRE TT 3R M ) R A
AR 7R At BB S AT 247 B R oK 6 AR O F I
AFECK WK A 2R B A ] LS 2w
R XA R i AT Y R

(3) XHRBE A A 120 v kb 2 5 04 e 15 R
o8 178 1 e R 1) B 1] RUBE 1Y AR R AR A BIR, 545 1 1k
S#g ks & (#1140 Fish Canyon, Woltzlaw er al. |
2013) RYBRAR W ATE 2 i i 482 = 7 ) 5 A O RS JEE
A2 6] 73 B, R RO USSR R R
[ RUBE , 45 G 307 2 R AU R KD 25 7 J 0% 3 1 1Y) 5 B
TEARC, AT DAAE B FRATT ST A M B A 1 e e I ik
JE B 3 AL
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