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The composition of amphibole in northern Guangxi and its implications for
the magma evolution of the Xinzhai amphibole granite

HU Rong-guo, LIU Chu-qing, FENG Zuo-hai, ZHAO Yi-lai, CAI Yong-feng, LIU Yi-zhi and
XIA Zhi-peng
(College of Earth Sciences and Guangxi Key Laboratory of Hidden Metallic Ore Deposits Exploration, Guilin University of
Technology, Guilin 541004, China)

Abstract: Detailed petrographic observation and systematic mineralogical chemistry studies of the Xinzhai granite
from the north Guangxi were performed in this paper. Based on electron microprobe analysis (EMPA) data, the au-
thors calculated pressure, temperature, oxygen fugacities (log f;,,) and H,O in co-existent melts conditions of the
crystallization of these granites. According to the petrographic features, there are three types of amphiboles in
Xinzhai amphibole granite, i. e., euhedral amphibole, unaltered subhedral/anhedral amphiboles and strongly
metasomatized subhedral/anhedral amphiboles, which are products of crystallization or metasomatic alteration of the

Xinzhai intrusion formed at different depths and stages in the process of emplacement. The EMPA results show that
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the major element compositions of amphibole in Xinzhai granites are varied depending on crystal morphology, char-
acterized by the decreasing of Al,O,, FeO', Na,O, TiO,, K,O but increasing of MgO and SiO, during magmatic
emplacement. The values of crystallization pressures estimated from aluminium-in-amphibole barometry of the euhe-
dral amphibole and unaltered subhedral/anhedral amphiboles are 0.28 ~0.30 and 0.19 ~0.26 GPa respectively,
indicating that the emplacement depth of the Xinzhai pluton should be greater than 11.3 km. Furthermore, the cor-
responding crystallization temperatures of emplacement calculated with the amphibole-plagioclase thermometry and
amphibole thermometry of the euhedral amphibole and unaltered subhedral/anhedral amphiboles are 767 ~783°C
and 740 ~764°C respectively. Based on the p-T conditions of the pluton crystallization, it is suggested that the
Xinzhai pluton experienced isothermal decompression and polybaric crystallization during the emplacement. The
calculated oxygen fugacities of the unaltered amphiboles are in the range of ANNO +0.1 (log f,, = —13.5) ~
ANNO +0.5 (log f,, = —=12.9), indicating a relatively high oxygen fugacity. Moreover, the fractional crystalliza-
tion enriched the water content of the residual melt (4.9% ~6.4%) and experienced exolved aqueous fluids when
the evolved magma intruded into the shallower depth (7.0 ~9.5 km) mainly due to depressurization. Genetic min-
eralogy studies show that amphibole in the Xinzhai granite belongs to calc-alkaline intermediate and acid magma,
which was likely derived from a crust-mantle mixed origin and continuously contaminated by crust materials in the
process of emplacement.

Key words: Xinzhai granite; Al-in-hornblende geobarometer; amphibole-plagioclase thermometer; crystallization
temperature; emplacement depth
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Fig. 1

Schematic map showing the distribution of early Paleozoic igneous rocks in South China (a) and geological map of

Xinzhai granite with sample locations also indicated (b) (modified after Jia Xiaohui et al. , 2017)
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Fig. 2 Photographs showing field contact relationship, hand specimens and microphotographs showing representative
texture of the Xinzhai hornblende granites
a—ERAERABITER AR AT E s boe— PR INTE R A FArA; d—5 A9 KAIER BB MINAT(BSE) ; e—F HIEAMINAT, 22K
YEHAN S CBSE ) 5 f—10 34k 4k A1 A 8 = BERSARI A AT A AT (BSED 5 g— i A 3 ™ B AS AR S s R 0 Ak B FHIEZ A1 ( BSED s h—22 H.
JLA IR A FRHEA (BSE) 5 i—RHA RO CIERS ) 5 Amp—ff N A5 Ac—BHiE A s Kfs—8K A5 PI—RHCA ;s Chl—4¢e
Fs Qu—A gy, 2009)
a—intrusive contact observed between Cambrian quartz sandstone and Xinzhai hornblende granite; b, c¢—characteristics of the hand specimens of
the medium-to fine-grained amphibole granite; d—euhedral amphibole intergrowth with feldspar and quartz ( BSE); e—subhedral amphibole ( BSE);
f—subhedral amphibole rim replaced by intensively chloritized biotite on the margin ( BSE); g—anhedral amphiboles partially replaced by quartz
(BSE); h—intergrowth potassium feldspar and plagioclase ( BSE); i—plagioclase possessing Carlsbad-albite compound twin ( CPL) ; Amp—amphi-
bole; Act—actinolite; Kfs—potassium feldspar; Pl—plagioclase; Chl—chlorite; Qtz—quartz( after Shen Qihan, 2009)
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chemistry composition of amphiboles

B s v H T o S P A L AR T A 2 1
A R, Hrh RS I An {6 VA% AE 25 ~ 35
2 i), fIN AT Fe' /(Mg + Fe" ) MBS FI7E 0. 40 ~ 0. 65
W ( Anderson and Smith, 1995),Fe’* /(Fe’* +Fe’* ) =
0. 2 ( Hammarstrom and Zen, 1986; Hollister et al. ,
1987; Schmidt, 1992) o JUE AU N A7 HL7 553
Brdhi R W os Rt BT84 CE N A D I
Fe'*/(Fe'" +Fe’* MHHA/NT 0.2(K 1), frbh bk
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Fig. 4 Classification of amphiboles of the Xinzhai granites Cafter Leake et al. , 1997)
KAISi;0,
o HIEM M
® FHBALEM AL
04 & AR RIEARIE N A
I [ —3E ARSI
Tl— e ik ok Al 5 o i A0 I A
T—% Fhts St b (A g0 P
03 | IV —hERiE A P A
' V —oh A e A A ‘
)
2 |
= 02}
[_‘
0.1}
> (Bl
« v, s .
R IR 0 30 A D) e Iy
N R e S AN ANY R RER  FRA  Rmhe L WKE  BRA
6.0 6.5 s 7.0 7.5 8.0 NaAlSi;Oq KA CaAl,Si,04
i (a.p.fiu)
YRR Loty [/ P AN = %] 4 .
B S A TEE B DA T — Si A K6 Bk KA KA B ORI Smith

(35 5 B i, 1994)
Fig. 5 Ti—Si variation diagram of amphiboles
(Cafter Ma Changgian et al. , 1994)

JE 3 VE HANIE G B AR XK 2 R N AR 5
Mutch 55 (2016) £8 5 SERGHL40L, 32 1 55 4 —
AR R AL R ARG EHIE TR
A YL RN A R 5 DR 2R N T ) I B, 6 Fet
(Fe' + Fe’ " )W A ™% 2k, HILEM A INA
(Mg/[ Mg +Fe"]1=0.32~0.81) FKACAnys_g ) ik
S5 N TG AR AEE T, B 2646 B 1 AR N A g
SO FIRTTR A MR A 2 A5 5 T 28
e RE T BIEMINA LT peh 0.28 ~0.30 GPa, %t
N T SRR BE D }910.5 ~ 11, 3km ( 3 T 1 58 2% JiF

F1 Mackenzie, 1958)
Fig.6 Feldspar chemical compositions of the Xinzhai granites

( after Smith and Mackenzie, 1958)

2700 kg/m’, TR s A UAR - BB/ B f N A
JEJ1700.19 ~0.26 GPa, X N[ JEBIEE N 7.0 ~
9.5 km( £ 1).

TEA AR AL ) I Rt v, ply - L o 2 J 25 I
THE FICA K AT — AR M H, A
I IAEZIR B KT s AR S5 B AEH . EA
FZIETARING BLN, A I 5 A ) DUk A e
TR R A X Rl A AR O AR s 4 AR B
WSS, 2013) 0 AR IR 45 S LR B B a4 A [R)
AT ACHE T AR s ) 45 A RIA [R] (9452 67 R B < i
PRAZAR 10 e JJ AR ] BRARSR IR A2 R 25 K s Bl Had
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TE TP R IR B KT BT R g T A 3 35 1) s )
T TS 1 AR I T AL VR B K P (9 s (2 R
R4, 2013 XI/NIAE, 2015) . AR EET A A
AR U A R R, B 2R AR N AR ) £ A
FNBTE—RMA N A TE/ AT, M N A TG R s )
B RAR, IX 5 B K BCE T W 4 T DL R B
LS A BB, [ I R 8 A B R AN AR AE
A2 A0 3k AR AN T A AR Y R T 4 T R ) R
D17 FAR A e R i = B e R 2R, B A
PR AR AT E A AR R A AP B A5 R (R &5 o - 0
O g ] DAAR R 42 7 ZE AL X TR ANAR AR VR
D5 (R4 4 T AR AR e B T/ At Y £ I A1
IS W T Z o AR AE AR A Tk R o i — R B 1R 45 i 4%
fFo T Mutch 25 (2016) A X St 545 3, &
A B R AR RALIRER T 11.3 km, HA KA
TIESIAZ AL P s, MR > 11,3 km [F155 2% )55 2
7.0 ~9.5 km M5 5 7 30 5 52 A7

4.1.2 SF

MR RN S e s B R 2.
TEE R E R NS, RHA 2 805 M A A O,
PRI AE — 5 (9 45 A1 8 mT BLS F 3 40 50 B2 o b
(Holland and Blundy, 1994 ; Stein and Dietl, 2001) .
TE AR AT ) AT 2 AR T A7 R SI2 36 T 0 4 SR 1 0
fit_E, Holland Al Blundy (1994 ) 42 H1 7 3E T 4 N 4 -
BN TR RN +4 A58 = IBINA + 8
Ko i s v 1, GEH T RHCA An <92 [6E
PRI, ST BE X 1) DR 500 ~ 1 100°C, IR ZE A +
40°C ) FHIE T N A7 — 837 DN A 10 e P4l C ik PN A
+ BT = B A+ B B TOR FE TE , CIE
TREBAERE A A A 4O .

ARSI P PE A il A 2 8 25 LR,
FEMINAR K AT 1 BB A N A5 R 4 fulko -1
T A RIS 32 W A 320 6 85 ) R A A B AT AR )
MG CE 2d), Uil BIE M N A 5RO &P LA
MR R HLFIRE R 70 45 R0 Wos LA 1 B %
PN AT R AT ) AR RCE 8o B S B 78 Y 2 7
— AN VA AN SRR AR 14 PR, T
i SPIF DR S SR S AR T /DS Y- e = S e
RICIL L 5 B KB B R 45 1F o R4l Mutch %5
(2016) Hs Jy v B Al 545 5, SR H] Holland 1 Blundy
(1994 1) b JTT IR B2 v 3RAF B Z€ 46 X 2 B B AR TN A 45
pmdi BE 1, K 669 ~726°C, “F-#4 700°C 5 t, A 688 ~
729°C, FH4 709°C (£ 1) o WS IR, AR T HoAh

WAL, B o BV S A R AT, 2
5T & 1 A 7] C Anderson, 1996; Stein and Dietl,
2001; Bl AN #R4%E, 2011; 25 /N4, 2011; Kiss et
al. , 2014) . T AHZE MR S5 (LR A/
T A IR 2R AR AR A ol AR i, BRIk X
R TN A AR A DA A =R A B v o S

FETINA T SivFe Mg TiwNa LA M G505 1
5511 I A 45 il FEE 2 TR) (B AH DG, Patirka (2016) &
H T —ANET A AR T, R 2 £30°C, AR %
W BETE, SRAFHTZEAE X 5 F TG AR I A &5 e BE 16 M
767 ~783°C, V-3 773°C , RUAR - A /A TE M IN A
25 IR R 740 ~764°C , T3 755°C . BEAACK U, AR
Pt Putirka (2016) $& H 7 A A AL 5 oE o1 5 R
H B S I A7 45 il J2 45 R 2200 57 T Holland 1 Blun-
dy(1994) i 8 V1 9 45 5L 40 ~ 80°C , {1 7 5 % i [l
W PRI AN 2 T S5 R ER R v R ). (HE B R Y
ARPAR - BT/ 8 A1 I AT 3 AR ) R A il AR
Lo, Joi T Holland 11 Blundy (1994 ) i B 11 13k
TR BEAS S, A SO S R A Putirka (2016) 32 H HI
DA B T B R R 45 R

CEO N AR I v S A e LUK,
B/ AT A DA A 25 0 s ) R4 il B A 22 L B %
N BEAR, 150 W HL TR R B 2 1 T T A1 TN A
AT BAR F K P &5 U LA ACBE R M 5¢
G5 0 AFURSS s 0 i A2 Ak, iR AR AR R i B2 AR /N,
AR NARTE b T o v g 3 - A5 B s 11
4.1.3  FRFORFERIERK S B S

BRI 0T 2 SR AL R A R DR A S ), T
A DA TR0 TT L FH R W L T2 ol o 425 1 4 36k i
J K& ( Anderson and Smith, 1995; Ridolfi et al. ,
2010) . 7F Anderson Fil Blundy(1995) [{JAIN— Fe'/(Fe"
+ Mg 4 1 1 P o] DU B, 37 28 4k 1 5 T A T
ARG A AR AR LK Ta) .

Ridolfi £5(2010) W5 K & A1 IR A 55 56 H 4 S A
b BT AR N A O LA
FM AR R ot 5 4 . ANNO = 1. 644 Mg”
—-4.01, X, Mg* =Mg +Si/47 - AlY/9 —1.3 Ti"
+Fe’* /3.7 + Fe’* /5.2 — Ca,/20 — Na, /2.8 + K,/
9.5; Mg 1 Si Ay f N 4140 1 rp Mg H1Si (1) B8R 53
#, A1 TV (Ca, Na, F1 K, 20514 N4 2 T
FHIY B BH 8576 A & BRI BE IR 0 2. R4 A
VTS R R A ST A1 TN A 5 B I 2 3 TR At B2 45 R
BIRCER LB Th) , B e i< (0 B T8 f TN A 45 b



%5 6 3]

IR R 48 - LT 28 A1 N AE B o A DA T DA 2 R A B A s R 3 713

I AU AR AL VS [l /E ANNO +0. 1 ~ +0. 5Clogf,,, =
—13.5 ~ = 12.9), RAR { B/ MBI f N A 45 dh
4R 3% 2 9 [ /E ANNO + 0.8 ~ + 1. 5 Clogf,, =
—13.6 ~ =12.4) . XKW ARSTHIN f 45 i I )5
PR B A IR B, 5 MR P5 Anderson £ Smith
(1995) [ Fe'/( Mg + Fe' ) — AIY 48 3% J3 & il 45t 11
SER—F BhAh, W 7b FroR, KA BB IN A

F BB/ MG A DA, 64 () 4800 B O R R A i 2
A4k, (AR BB/ AT £ TN A &5 0 B B R 4R
W JEARLVEE K C +0.8 <ANNO < +1.5), #7044
PR R & 1) A 0 5 A R B8 vy, X AT g e IR
HBT AL K BEA AR R A I R 2 BT 2 A
B — s R G BN 45 58

Ridolfi% (2010 ) i K& T~ S50 v & A A A7 (1)

1 .
a 0TS o ATEH T
I (S | i fee (¢ BEAREMIAS
08} L tosop FEEET S ex ok b
= [ o AL i 950 F
2 06| . reax
& 1 N g ssof s
S04 3& RIS = Lo s TR,
4 PR . 2
| R4 750+ #e
N e
02}, ssok .
0 L L i L L I L ‘.)50 L - 1 L
0 0.5 1.0 15 2.0 700 800 1000 1100 2 4 6 8 10 12
AlMa.p.fu) W(H;Omer)/ %

7 KEILHIEAE R A N AT Fe'/ (Mg + Fe')— ALY B Ca, 4172675 55, 1984) log f,,—t HIZZPE (b, 4 Ridolfi et al. , 2010)

At H,0

melt

k1€ Ce, $i Ridolfi et al. , 2010)

Fig.7 Fe'/(Mg+Fe')—Al" (a, after Jiang Changyi et al., 1984), log f,,—t (b, after Ridolfi et al. , 2010) and ¢ —H,0,,,

(e, after Ridolfi et al. , 2010) diagrams of amphibole from Xinzhai granite

AN 5 S K B IR A T A I IR A O,
T—AaAk s KR HE AN °H,0,, =5.215
A 12,28, A, ALY = ALY+ ALY /13,9 (S
TiV')/5 —Fe** /3 —Mg/1.7 + (Cay +K,)/1.2 + Na,/
2.7-1.56 K- Fe’/1.6, Hr1 Fe* =Fe’* /(Fe' + Mg
+Mn) o FEHE A R SO 3R 5 K S 2R AT 1ot
S, S RN TR B ZEAE K 4 A M S TR B B I A A
WHAB RS KE, N 4.9% ~6.4% (£ 1), IE
WS 2 B 4G s T EUE A T K
e (HN TR A DA A 46 0 3128 B TR/ Al 8 #a TR A 4
Sl ROV TP R K B B AR g > I Te) , IXAR
A REAE BT AR AL () A2 b s ) i 2L PR AR 2 3L
Ras R T /KAESE AT BV AR 5 s ) ot 5L IR A
RIIRFR, 1M s g B BRARAE 25 o 1R A B AT, DA
T 3 00 A 1) HH s, BUAE A A4 v 1R K B B AN T ST
FRAR . ARBLI I TEAE I A b X (12 2 &5 o 72
AHECBE REE, 2017)
4.2 HEUREAANAREREETRENX

WU 7R, 6 R TP ] L B 2 Rl R AL
B ™) i A, B0 n . (D 5¢ 48 25 T oE R A AT

K AR, QKL A KFEEIA K, H
AENT EEREEEKH R, AEEANT EE K
RO AE I T — IR 2 U SR 1« PR AE 2R i 75
QTR & EN INCR R NN IR ) F i
( Jerram and Martin, 2008; Larrea et al. , 2013; Ubide
and Kamber, 2018) .

WG HTIAR , 37 2€ v 4R f DN e 54 2 op 0 T A
A AR BTSN A BB/ A TE A N A RS
R EH /AT S INA 3 AL, A S R 3
FRISTL F TN A1 B R R A il 4 ) sl 4 1 4
Fay o BRI A4l 15 o B B ot s 1T BES B GORT L7 PR K
A3 43 BT 4 AR R TR N A IR S 2 AR
KA A K o3 8 A5 0% 3 0 s, Rt A& T
IR (Jerram and Martin, 2008; Su et al. , 2011;
PR, 2013) . Heif 5 2, B0 2 v 40 ks £ I 4 X
A N A JE TR R S SR A AR A 4 i I AR A
] B BT T B 11 485 8 0 DA A 1L ) AR s A
Ja R AR AR AR A TN A CER G YD« fEFR
I (1987 1) Fe' — Mg —(Na + K + Ca) K i
CE 8D b, BT 1A F I #89 AE Hh R  B BST DX P, T
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10.5 ~11.3 km 767 ~783°C (¥R $5 T IF U6 45 4, (H
FFFA 7.0 ~9.5 km R BE I SRR IR BE K TH ik
740 ~765°C , It LU —AN I T 55 il B s (1 ek 72, iX 5
T SCHR 30 1) 70 s 25 S B 8 Ak B IR N AR T ZEAZ AT
MU 5 18— 3. X P I Ly 8 40 440 i, 396
JEL I B i e o A B A 17 T ) R 3k 5 0 %
L FR B A S 2 5 R R I L AR B K T AR b R AN
TSN BN F CRENDE 2%, 2016) o M0 B 625 MK IE
UFAE -2 A 25 Sl D 2 R AR 11— 1l 12 7 284 2 T, [R] ke

ST A5 U AR s T R I T X 4 R K T 2R ) e
JEAR bR B o
D — b= LA R X
o HMNA Mg '.l—'lrlﬂﬁflr_m;kl[x'.
o EATEARTEMAA I-‘_MNEJ‘JEI‘“”’".
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LA, 1987)
Fig. 8 Diagram for the amphibole genesis discrimination
(after Chen Guangyuan et al. , 1987)
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HENBIFFEIA kB JE A 54 2 1] B A2 7 e T 8 43
S R 7= ), AR FE S A I R R A2 21 Tk B M (1 5t
P R TR A AR R CBNRESE, 2017) 0 (EEH
SCEEC1984) $EH I IN A 1) TiO, — AL O, TRAH G
KR 9a) b, Fraéfb i< A i BB R 2R A
TE/ T Sl N A #9476 T 52— M8 5 14 36 [ Y, 1 A2 AR
2 A TE/E T A N A ) BV R e IR fYa . A
AT A 25 R I SCRE BT 28 A 14 2 R U o SR D 08 2
Tk 1 R 1) S TR R L IROU R, H 2 2R AL
TE T R A DR A 0 2R R R AR B T AR A R A S R
B FEAR K I DR U SR AT AR A R e R v A Wi 58 1
FERP TN o 7€ Ridolfi A1 Renzulli (2012) #2 H £
AT K, — ALY A DG B A, ] DUk BB 26 1
i 25 A DA A RS AR 2 B, (H AV A T S B
KR 9b) , SCRFRT AR 7 41 3 B oo AL
R AT LR R R KA TR T e A B A B
MM AL CB /RS, 2017)
5 &g
1D B rR ARL A N AR 25 T B TE A N AR R
TR J R/ A JE f N A3 45 s D34 90 8 0. 28 ~
0.30 GPa F10.19 ~0.26 GPa, &t 7~ i FE 4 K12 A7 1%
FER T 11,3 kms X5 MY IR 45 4h il B2 23 il o 767 ~
783°C H1 740 ~764°C , W72 A ik 0 — NI F- 55 i
B s (1) 3ok A%, A8 P &5 il VE FH 2 8 28 4R N AR R 8243 47
bR e ) 32 B i T A

(2) BT FE A N A 2 0 B 0 A R A v T TR
AgKE, 75 ANNO +0.1 ~ +0.5 f14.9% ~
6.4% , HAERAI R RE &8 07 T 1% H i A4 HE O 4

0.4
b
Witk
(.2 0% ““““““
8o
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0 . 1 1 1 1 1 1 1 1 1
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ALl

K9 fINA TIiO, — ALO, EIffCa, JEEHEE X255, 1984) 1 K, — AIY K (b, JEIEHE Molina 4%, 2009)
Fig. 9 TiO, — AL,O, diagram Ca, after Jiang Changyi et al. , 1984) and K, — A" diagram (b, after Molina et al. , 2009)

of amphibole



%56 1

ORI 45 RELHTIE A INAE K A

FAATH AL AR AR S R 7R 715

K B AT S B IR A 5 A T Ao 2
5 78 HOA SRR A B (1 Hh IR A R, R T 5e g
R, HARRALE R A AT 7l A -

st A RS FRAL TR E LA R
iRy AE R B, B FIRAT X TAE 1T R T AR
IRFHLFHEMLTHORAIHF, EREATES
B R, AXAFR|HEMNRE T K F A58 3 4
TE (2014 )T 8o - B AP XA B (A
AD16450001 )4 %84 ,

References

Anderson J L. 1996. Status of thermobarometry in granitic batholiths[ JJ.
Geological Society of America Special Papers, 315: 125 ~138.
Anderson J L, Barth A P, Wooden J L, et al. 2008. Thermometers and
thermobarometers in granitic systems[ J]. Reviews in Mineralogy &

Geochemistry, 69(1): 121 ~142.

Anderson J L and Smith D R. 1995. The effects of temperature and f;), on
the Al-in-hornblende barometer[ J]. American Mineralogist, 80:
549 ~559.

Blundy J D and Holland T ] B. 1990. Calcic amphibole equilibria and a
new amphibole-plagioclase geothermometer [ J 1. Contributions to
Mineralogy and Petrology, 104(2): 208 ~224.

Chen Guangyuan, Sun Daisheng and Yin Hui’an. 1987. Genetic Mineral-
ogy and Prospecting Mineralogy[ MJ. Chongqing: Chongging Press,
1 ~649Cin Chinese).

Cheng Shunbo, Fu Jianming, Ma Liyan, et al. 2016. Origin of the
Yuechengling Caledonian granitic batholith, northeastern Guangxi:
Constraint from zircon U-Pb geochronology, geochemistry and Nd-Hf
isotopes[ J1. Geotectonica et Metallogenia, 40(4): 853 ~872(in
Chinese with English abstract).

Dada O. 2014. Application of amphibole chemistry in determining the
petrogenesis of hornblende-biotite granites from toro complex, north-
central Nigeria[ J]. Continental Journal of Earth Sciences, 8(1): 1
~11.

Droop G T R. 1987. A general equation for estimating Fe** concentra-
tions in ferromagnesian silicates and oxides from microprobe analy-
ses, using stoichiometric criterial J]. Mineralogical Magazine, 51
(3): 431 ~435.

Duan Dengfei and Jiang Shaoyong. 2017. The composition of pyroxene

and amphibole in ore-related pluton in Jiguanzui Au-Cu skarn depos-

it, Edong region: Implication for the magma evolution and minerali-
zation[ J]. Acta Petrologica Sinica, 33(11): 3 507 ~3 517Cin Chi-
nese with English abstract).

Erdmann S, Martel C, Pichavant M, et al. 2014. Amphibole as an archi-
vist of magmatic crystallization conditions: Problems, potential, and
implications for inferring magma storage prior to the paroxysmal 2010
eruption of Mount Merapi, Indonesial J]. Contributions to Mineralo-
gy and Petrology, 167(6): 1 016.

Hammarstrom J M and Zen E. 1986. Aluminum in hornblende: An em-
pirical igneous geobarometer[ J]. American Mineralogist, 71 (11 ~
12): 1297 ~1 313.

Holland T J B and Blundy J. 1994. Non-ideal interactions in calcic am-
phiboles and their bearing on amphibole-plagioclase thermometry
[ J]. Contributions to Mineralogy and Petrology, 116(4): 433 ~
447.

Hollister L S, Giissom G C, Peters E K, et al. 1987. Confirmation of the
empirical correlation of Al in hornblende with pressure of solidifica-
tion of calc-alkaline plutons[ J]. American Mineralogist, 72 (3 ~
4): 231 ~239.

Jerram D A and Martin V M. 2008. Understanding crystal populations and
their significance through the magma plumbing system[ J]. Geolog-
ical Society, London, Special Publications, 304(1): 133 ~148.

Jia Xiaohui, Wang Xiaodi and Yang Wengiang. 2017. Constraints of geo-
chemistry, geochronology and Sr-Nd-Hf isotopes on the Xinzhai per-
alu? minous granite in northern Guangxi: Implications for petrogene-
sis and tectonic significance[ J 1. Geological Bulletin of China, 36
(5): 738 ~749Cin Chinese with English abstract).

Jiang Changyi and An Sanyuan. 1984. On Chemical characteristics of cal-
cic amphiboles from ingeous rocks and their petrogenesis significance
[ J]. Journal of Mineralogy and Petrology, 5(3): 1 ~9(in Chinese
with English abstract).

Johnson M C and Rutherford M J. 1989. Experimental calibration of the
aluminum-in-hornblende geobarometer with application to Long Val-
ley Caldera ( California) volcanic rocks[ J]. Geology, 17(9): 837
~841.

Kiss B, Harangi S, Ntaflos T, et al. 2014. Amphibole perspective to
unravel pre-eruptive processes and conditions in volcanic plumbing
systems beneath intermediate arc volcanoes: A case study from Cio-
madul volcano ( SE Carpathians) [ J]. Contributions to Mineralogy
and Petrology, 167(3): 1 ~27.

Larrea P, Franga Z, Lago M, et al. 2013. Magmatic processes and the
role of antecrysts in the genesis of Corvo Island ( Azores Archipelago,

Portugal )[ J]. Journal of Petrology, 54(4): 769 ~793.



716 = A W

mo¥ A

Wz o Aﬁ‘ﬁ 39 %

Leake B E. 1971. On Aluminous and Edenitic Hornblendes[ J]. Minera-
logical Magazine, 38: 389.

Leake B E, Woolley A R, Arps CE S, et al. 1997. Nomenclature of am-
phiboles: Report of the subcommittee on amphiboles of the Interna-
tional Mineralogical Association, commission on new minerals and
mineral names[ J]. American Mineralogist, 82(9 ~10): 1 019 ~
1 037.

Li Xiaowei, Huang Xiongfei and Huang Danfeng. 2011. Review on appli-
cation of geobarometry for granitic rocks[ J]. Geological Journal of
China Universities, 17 (3): 415 ~422 (in Chinese with English
abstract).

Li Zhengxiang, Li Xianhua, Wartho Jo-Ann et al. 2010. Magmatic and
metamorphic events during the early Paleozoic Wuyi-Yunkai orogeny,
southeastern South China: New age constraints and pressure-tempera-
ture conditions[ J ]. Geological Society of America Bulletin, 122(5
~6): 772 ~793.

Liu Xiaoli, Cheng Suhua and Zhang Hongyuan. 2015. Polybaric crystalli-
zation of granitic magmas and its dynamic significance: A case from
the Fangshan pluton of Beijing[ J1. Geoscience, 29(3): 514 ~528
(in Chinese with English abstract).

Lu Lina, Fan Hongrui, Hu Fangfang, et al. 2011. Emplacement depth of
the Guojialing granodiorites {rom the northwestern Jiaodong Peninsu-
la, eastern China: Evidences from hornblende thermobarometry and
fluid inclusions[ J]. Acta Petrologica Sinica, 27(5): 1 521 ~1 532
(in Chinese with English abstract).

Luo Zhaohua, Yang Zongfeng, Dai Geng, et al. 2013. Crystal popula-
tions of igneous rocks and their implications in genetic mineralogy
L1l Geology in China, 40(1): 176 ~181(Cin Chinese with English
abstract) .

Lii Zhicheng, Duan Guozheng, Hao Libo, et al. 2003. Mineral chemistry
of amphiboles from granites Related to different mineralization and
occurred in two stages of Yanshanian Period in south-middle part of
the Daxingan Mountains and its genetic and metallogenic significance
[ J]. Journal of Mineralogy and Petrology, 23(1): 5 ~10Cin Chi-
nese with English abstract).

Ma Changqian , Yang Kunguang , Tang Zhonghua, et al. 1994. Magma-
dynamics Granitoids: Theory, Methods and a Case Study of the East-
ern Hubei Granitoids[ MJ]. Wuhan: China University of Geosciences
Press, 1 ~260Cin Chinese with English abstract).

Molina J F, Scarrow J] H, Montero P G, et al. 2009. High-Ti amphibole
as a petrogenetic indicator of magma chemistry: Evidence for mildly
alkalic-hybrid melts during evolution of Variscan basic-ultrabasic

magmatism of Central Iberia[ JJ]. Contributions to Mineralogy and

Petrology, 158(1): 69 ~98.

Mutch E J F, Blundy J D, Tattitch B C, et al. 2016. An experimental
study of amphibole stability in low-pressure granitic magmas and a
revised Al-in-hornblende geobarometer[ J1. Contributions to Mineral-
ogy and Petrology, 171(10): 85.

Putirka K. 2016. Amphibole thermometers and barometers for igneous sys-
tems and some implications for eruption mechanisms of felsic magmas
at arc volcanoes[ J]. American Mineralogist, 101(4): 841 ~858.

Ridolfi F and Renzulli A. 2012. Calcic amphiboles in calc-alkaline and
alkaline magmas: Thermobarometric and chemometric empirical e-
quations valid up to 1,130°C and 2.2 GPa[ J]. Contributions to
Mineralogy and Petrology, 163(5): 877 ~895.

Ridolfi F, Renzulli A and Puerini M. 2010. Stability and chemical equi-
librium of amphibole in calc-alkaline magmas: An overview, new
thermobarometric formulations and application to subduction-related
volcanoes[ J]. Contributions to Mineralogy and Petrology, 160(1):
45 ~66.

Schmidt M W. 1992. Amphibole composition in tonalite as a function of
pressure: An experimental calibration of the Al-in-hornblende barom-
eter[ J]. Contributions to Mineralogy and Petrology, 110(2): 304 ~
310.

Shen Qihan. 2009. The recommendation of a systematic list of mineral
abbreviations[ J]. Acta Petrologica et Mineralogica, 28 (5): 495 ~
500Cin Chinese with English abstract).

Smith J V and Mackenzie W S. 1958. The Alkali feldspars: IV. The
cooling history of high-temperature sodium-rich feldspars[ J]. Ameri-
can Mineralogist, 43(9 ~10): 872 ~889.

Stein E and Dietl C. 2001. Hornblende thermobarometry of granitoids
from the Central Odenwald ( Germany) and their implications for the
geotectonic development of the Odenwald[ J]. Mineralogy & Petrolo-
gy, 72(1 ~3): 185 ~207.

Su Benxun, Zhang Hongfu, Sakyi P A, et al. 2011. The origin of spongy
texture in minerals of mantle xenoliths from the Western Qinling,
central China[ J]. Contributions to Mineralogy and Petrology, 161
(3): 465 ~482.

Ubide T and Kamber B S. 2018. Volcanic crystals as time capsules of
eruption history[ J]. Nature Communications, 9(1): 326.

Wang Dezi. 2004. The study of granitic rocks in South China: Looking
back and forward[ J]. Geological Journal of China Universities, 10
(3): 305 ~314(Cin Chinese with English abstract).

Wang Yang. 2014. The Al-in-hornblende barometry for calc-alkaline
igneous rocks: Retospect, evaluation and applications[ J 1. Geolog-

ical Review, 60(4): 839 ~850Cin Chinese with English abstract).



%56 1

W0 R 48 - 6T 26 A DN A B A0 DA 0T A 2 R A R AR s i S 717

Wang Yuejun, Fan Weiming, Zhang Guowei, et al. 2013. Phanerozoic
tectonics of the South China Block: Key observations and controver-
sies| J]. Gondwana Research, 23(4): 1273 ~1 305.

Wu Huanhuan, Wang Tao, Zhang Zhaochong, et al. 2019. Chemical
characteristics of amphibole and biotite from the Boziguo’er alkaline
granitic pluton in Baicheng County, Xinjiang, and their implications
for petrogenesis and mineralization[ J]. Acta Petrologica et Mineral-
ogica, 38(2): 173 ~190(Cin Chinese with English abstract).

Zhang Shuanhong, Zhao Yue, Liu Jian, et al. 2019. Emplacement depths
of the Late Paleozoic-Mesozoic granitoid intrusions from the northern
North China block and their tectonic implications[ J 1. Acta Petrologi-
ca Sinica, 23(3): 625 ~638(in Chinese with English abstract).

Zhang Xiangxun and Chen Yangpu. 1993. Study on the time of Xinzhai
granite body, Lingchuan County, Guangxi[ J]. Guangxi Geology, 6
(1): 23 ~28(in Chinese with English abstract).

Zhou Ye, Shen Yang, Hou Zengqian, et al. 2013. Amphibole, biotite
and zircon characteristics of Liuhe orthophyre in western Yunnan and
their implications[ J1. Acta Petrologica et Mineralogica, 37 (4):

547 ~561Cin Chinese with English abstract).

Mt e 32 5% STk

BRotie, FMSA, BoEec. 1987, IR )% 5 I M]. &
PR: BRI AL, 1649,

PR, AT ER0T, ThAHHE, 4%, 2016, FEZRIGARIN U4 2 1A I L 2R A
FAEH #A7 U-Ph AEAC52 b BR AL 22 R Nd-HF [R) 47 22 I £00 T 1.
KI5 2%, 40(4): 853 ~872.

BB, #2017, SR AR A EHE Y R AT ST IR S
S AP RN A DR A 1 AR A RFAE B HOR o A R By T dig
AEXLI]. AR, 33C11): 3507 ~3 517.

BN, Fbedh, #oCsk. 2017, AL €SI B TR B A R
DR B R 7 Sk E AR AR M BR AL 2 S Sr-Nd-HIf [ 7 %
M2 ], HPGER, 36(5): 738 ~749.

S X, B I0. 1984, WKL A A DA TR AL 2 L R AE B S
EAFEXLI]. TWHEA, 5(3): 1-~9.

2T, BEHE G, BT 2011, TR A R T I0 R A ik
[J]. mkcHh A4, 17(3): 415 ~422.

XN, FRERAR, BROzE. 2015, 16 RTUE AR R 45 S E T E)
Ty S VAL s g oIl 1. AR, 29(3): 514 ~
528.

W08, S5, D50, AF. 2011, HREALIE SR A6 R N K 2 A
TR SR 1 A D A7 IR o R R AR R L 0 ], s A A
27(5): 1521 ~1532.

T, Bt 10 B S 20130 KA AR EES R 4 A
JEELT]. hIEHLTE, 40(1): 176 ~181.

B, BUEIE, M, 25 2003, KR¢2c0é b pg BEe L 0 R
I ™ 16 14 S A IR A R 5% B0y B L B el i LT DL
WEA, 23(1): 5 ~10.

ET, ko, RERAE, 4% 1994, R E K B i
J7 i RS ARAE KA BB M. ot i E RO A R, 1
~ 260.

TRILEE. 2009, HEAF A RAMT WA T RLI]. SRV W¥RE,
28(5): 495 ~500.

JE AL, AR, 2003, AL 2 E U PRt TURAIE B 2 RLHL IR
[A). EMEEEEARTHT SR CELCT. 134 ~ 140.

LG 2004, HERGAE R E AR IS R RO ], A A AR,
10(3): 305 ~314.

TR 2014, BSBRAE K G A N A AR D o
B SEBILT]. #BHE T, 60(4): 839 ~850.

R, T, SkHHAE S 2019, BEE R L B AR R B AE 1
E AT AT S R 2R R A R A R H R A O A SR
L] HAT Y&, 38(2): 173 ~190.

BRI, B ML X @, 25 2007, HedbHB kg A ARG
TE R AR LR R AR L], B AR, 23(3): 625 ~
638.

ARV, BRdzim. 1993, RNNEFIFEA6 R & I8 B REF L1 ]. -
VML, 6(1): 23 ~28.

JAOME, T BH, BENEEE, A 2013, PGS IEKBEA T MINA R
= BERVE A R E R R R LT ). a0 i, 37(4):
547 ~561.

E R



