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Abstract F-bearing leucogranitic rocks (Topaz granites) are a speciel tipe of felsic raelis enriched in fluorine and rare
metal elements. They usually develop characteristic vertical zonation fror a relztively potash and silica-high zone upward to a
sodic and silica-low zone at the apical region of the plutons. In order 1o investigate their fractional crystallization process and
the zonation mechanism, F-Gearing |rotolithicnite granite from the Xianghualing Pluton is used as the starting material to
perform fractional crystallization expzsriments and to determine its crystallization sequence and melt differentiation trends at
150 MPa, 850~650C and H;O-unsaturated conditions. The run products include quartz, alkali-feldspar, mica and quenched
glass. Quartz and alkali-feldspar are the first crystallized phases and are sequentially followed by mica. There are systematic
variations in the compositions of alkali feldspar and residual melt compositions with decreasing run temperature. The contents
of Or (KAISi;Og) increase and the contents of Ab (NaAlSi;Os) and An (CaAl,Si,Os) decrease. The most apparent
fractionation trends in residual melt compositions are decreases in the contents of SiQ, and K,O, and increases in the contents
of Na,O, Al,O;, F, and the ratios of A/NKC and Na,0O/K,0O. At T=700C, the residual melt has the compositional
characteristics of natural F-rich albite granite. These experimental results indicate that the low-silica and sodic granitic melt
could be derived by a relatively high-silica and potash F-rich leucogranitic magma via fractinal crystallization, which is very
important for the understanding of the fractional crystallization process and the zonation mechanism of F-bearing leucogranite
plutons.
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AH TaSn.Li EHALEVNERPKEXE (&
FARAENE BRSO EAMAE S, LU REEEE S
ERMLA, i T XRE RSN EELFNERIERERT
PUBl AR, Wl TR S EEKE ST XRTRLE
HRUABOEE. XARAN BELERVLERNERRSF
RS EEREE v SR BB ZER S, T
NAEWALETHUNERNKERE. X TERMHRILR
BN SR A, 20 i 50 FRE 80 WL W
PTG BN B BRI R SR KA
s 80 R LAK L HEF BRI LKA KR KD
14 8 E R85 M1 4 5 42 (Christiansen ez al. , 1983; ¥ 45
£ ,1988; Congdon et al. ,1991; Johnston ez al. ,1992; &
2 0)%.1993; X B %1001 EAEMZI0OKFE.K
Edia B (T L1E%,1984; Webster, 1997; i E
L, 1998) 11 & BLLL I FLA5 HIA 15 (N B X (Pt 42 48,1990 40
YU, 1991; THAELSE,1983,1987,1997,1998; REW %,
1996, 1998) . &S ML S E ¥ B L E W s i AR, LEE
WE R AR EEELRE %00 # )2 (Manning . 1981,
London et al. ,1989; X4, 1995, B4, 1996; &/
%,1996,1997; Xiong et al. , 1990 — /AT HEEH K
16 B 7 R R R B T SRR

REERAHRUEKNEBEENACRLEANE. R
N7« AT SR AL 18 T 3K Tl Oy s B SR 5 o —
AR R, R34 45§ (Christiansen ef al. , 1983)7
WA CEBE RIS, 1983,1997)7 R 45 4 4> B (Pollard,
19955 4 4 %) %, 1998; Antipin et al., 1999; Zhu ez al. ,
20002 HETRA S, IRERAMKERERNER TR
LR, AU EHERAREMER SO RE, TWHXMT
HMMEEMNRERETRAECENERVNEYRT A8
FIEEMN: 450 RTRREE RPN & KR8 —f
% 8 %77 A (Pollard,, 19955 R & %)%, 1998), 8 /ITH % 1t
WOAHREM T ERATET LR SR ERMNRLN
PP ERT AR E LA RB R TEF MR IERE
HIE T AL G AR S5 R T . AR SGRITR K AR
MEAFSHESZRENRERENH S RIERATRYER,
HEBRMEERTARTERS RS RN T TR
PR AR A X LR R,
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A/NKC > 1 (Al,0;/Na,0 + K,0 + CaO 4 T ¥ 2 1),
F>1.5%., REAEERHE (Qz—Ab—Or)—H,0—F & &
FHEEBENEMIBBBMEAB A E ADEWK AT EES
(Manning, 1981, 7R B # A M ARG R BRPEKBEERE
HHAREL. EXHMAEERAKERRESRN, B
A/NKC=1; EXEAXGEHERMARKIERE A/NKC>1
WES MXEERMNKENENFELERVYRE
(ALSIOFOE R B BEZF. HEBEEH.K0>N0.48
B B AR A AR L R B AL E . Na, 0>
K:O. % A/NKC B 76 56 55 15 B, A 30R B R Rk & AT
B SRR EEARE TEY RS R EEMEGET
TR & BB 6 X BN A R R T AR B A
KIERANERSRRE,

2.1 TRVEHAR

THHEHNEBEFEGBXE TR EE T HREEE
B AR E, B ALFEAR Y)Y SI0,,75. 31; TiO,,
0.02; A1,05,13. 765 Fe,O5,0 295 F=0,1. 34; MnO, 0. 13;
Mg, 0. 095 CaQ, 0. 36; Na,G, 3. 83; K;O,4. 78; P,Os,
0.95; L0, 6. 165 F, 0. 95; = =100. 89, UL & F. x4
(A/NKC=1. 20) ,K,0>>Na,O #1#; Fe Mg.Ca 4 1E.B&
Fdmnkathns. ARSI BERE R RMEBEAK R
BAYOENMEDHETHL-E M7 FER, RIE Holtz
(1993 M B, AR SCHATH LR E S (150 MPa) & T,
4% H,O A3 R TS k7= 4 HO M, B i, B5
7 HO RIEMKZETH#HITH,

2.2 EHMEEARLL

RIS IE 128 150 MPa, X M T8 LK BN SRR E
(<C5km); R FE K 850~650C ., EMMERHBERMEE
F13 M BR 2 % 50X 10° Pa,y 15 B A9 1 8% 54 %5 RPK-
103 s vl 8, Al XTMA-1000 & HENF B R IEVOUER,
A UT36 Blm A 2 AN AR e LA HE  IRIB ZE £3°C.,

RILFERERILREERHRXRERL R (London e
al. ,1989; Xiong et al. »1999),7E 100~200 MPa [E /1% &
F.EE AREERRYBEAREE LT REREE 500C X #
RO EHLRERETEELERBN. B TERNIEN
N9, 45 S TR TE (R 1R (<C600°C) IR BN T4, I LA A S0 58
WIRETIREN 650C.

2.3 ERFTRATE=HHIFTAIR

H 06 W U (RS S B AE R A B AR R 4R HO 3t 100
mg) 3 A SM2 4mm, FF3 3. 8mm, & 40mm+ B E ST BT
BEMASHBEERARHRE. TREFKKENETE
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06 (HP7 f1 HP8, W& 1) : SB—H B v & S (R
BA-FRER, RERFEMNABRBEC AN LR RR
B REREFER -GRAASWBREAEE; S2HR
FE20C, BEBMBL 4 KSEX BRE., HERARKLER
- R ERGERN RN ET YA S REFHYTH
B E.

%1 ZREFANTBRER (P =150 MPa, 8 HO=4%)

Table 1 Experimental conditions and results (P=150 MPa, initial H,O=4%)
e sy BECC) Bit [ Ch) KR HAS) HERMEEOD
HP1 850 24 L —
HP2 850,820 24,144 Q+Afs+L 1
HP7-1 850,820,840 24,144,196 L —
HP3 850,800 24,126 Q+Afs+L 3
HP4 850,750 24,168 Q+Afs+L 38
HP8 * 850,700,720 24,258,97 2+ AfsS-L 40
HP5 850,750 44,258 Q+Afs+Mi+L+V 56
HPs 850,650 24,285 Q+Afs+Mi+L+V 65

H: QEHE; Als-BHEKA; Mi-Z 8 LU KM V-RRM: 7F « WERASHRLE.

K 7= R R R AL AT IR A A B SO ER L O
MR RS JXA-8800M HL T FRE 40T &5 i A8 70 T8 K BE B 8
. REREHREBETRE, P REY.: MEBE 15 kV, &
SR 6~ 8nA, THEIAE] 6 s, RHBEE 2 2um, KB ILBEFHE
Tl Na K #3585 Na K 047 32 25, 04T SR AR LAY
SrMT It R H A K E 20um,

3 ERER

3.1 R4 RAAHE T /L 04 RiaA K

LA RNE 1. 7 850 C &M T HEBMAL 24 /1
B, VA Ak =) 2 1 W 3% 38 (HP1) , 2 B 7E 850°C . 150MPa i
1% HO #4 T, B2 R R AT 2B L. Bl rEw
RN RELEHREBEREMG TSR BATDEEERM
AR KAMZHBOBOREEM. IAWEBEMSTLRE
W, A ERBEMANRBENSR . MRS &k 50% T,

I &EeH 8 doK, RO H BT M E KM MEPS,
HP6)., HAREMNT YA IGRE+RAG. HRBEER
820C(HP2); A+ KA+ZHAGHIALE T < 700CH
FHEFEPHER D, BREHETRSHERAE+KAEL
HMEMHPI-DEEHYHEEMHPS), ZWHEL-ERTH
(HP2 fl HPO) B A A KT #%  REEBL P HORH TS
i AR REERFIINARET KA ~Z8. ETUE
R M E LR EE A T RS &I AHET, AR
GREBEBEN. KOOSR/, BR/EAGERTDEM. &
FHE S (E DFW, KE A B Or (KAISI,05) . Ab
(NaAlSi;Os) 1 An(CaAlSi208) H MM WK A, LB iB
VB B T M0 45 SRR A R AT, A R P Ab A4 W00 A
SR, ZEAAR LT 2, B 4 MR AR ETHELER,
O\ F R BB E F3 Al + Fe + Mn + Mg < 6, HElH
BT Li, W B EZHREE ST,
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Table 2 Electron microprobe analysis results (%) of run products
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LR HP1 HP3 HP4 HP5 HP6

BECO 850 800 750 700 650

MENR FHW@W  KAEG  BWMG KRG BEBG KAG) 8@ HBG) KAW =83 HEG)
Si0), 71.13 64. 38 69. 22 64.12 68. 21 64. 39 42. 07 67. 40 65. 02 41.71 67.12
Al O, 13. 61 19. 94 13.88 20.08 14.01 19. 45 21.43 15. 20 19. 24 20. 67 16.12
FeO 1. 80 — 1.91 — 2.53 —~ 18.86 1.81 - 24. 29 0. 85
MnO 0. 03 - 0. 09 — 0.09 — 0. 67 0.03 - 0.15 0. 02
MgO 0. 02 — 0.08 - 0.07 — 0.27 0.02 — 0.35 0.02
CaQ 0.42 1.41 0. 46 1.61 0. 31 1.01 0. 08 0.24 1.10 0. 04 0.16
K0 4,71 10. 83 4. 69 11.15 4.36 12.84 9.01 3.89 13. 05 7.87 3.53
Na;O 3.32 3.42 3.44 3.07 3.74 2.24 0. 44 4.45 2.01 0. 39 4.86
F 0. 84 - 0.91 - 1.34 — 6.61° 1.78 — 3.08 2.12
2F=0 —0.35 —0.38 —0.56 —2.77 —0.75 —1.29 —0.89
> 95.53 99. 98 94. 32 100. 03 04,10 9. 03 6. 65 94.07 100. 42 97. 26 93. 91
Or 64 66 76 79
Ab 29 26 19 16
An 7 8 5 5
Na,0/K,0  0.70 0.73 0. 86 1. 14 1.38
A/NKC 1. 20 1.19 1.22 1. 27 1.33

AR IR 0 RO W R

3.2 FAWMPAR BBERSTRERMHRENEA
I59: 0] & 34

£ 2B T S5 RAREIE O A B GRAB O ERM
BRSNS R BNV ERRALHEERE
10070/t T BB oh & F W7 R & S BE R W A9 41 73 H.O Fi
Li,O. % KZFHH EEHS K Si0,.ALO; . FeO.CaO,Na.O,
KO F. REHASHEBELSHRETREILRE M FEAE
B(E 2 ME la—c): (1) Na,0.ALO;F & BHGRBET
B3 . (2) Si0,.K:0.Ca0 & EBH 4 &R E TR/,
(3) FeO(Fe,0,+FeO) & B M4 B E TR IN. M5 E
SR XHEZ BT A R N, (4) A/NKC fil Na,O/K,O K
HRHBETEMAGE )., SUTAMEENEFHESS
BERAERERTRENBBRSBERABEKTELRF
& Na,0.ALO; & &3Z %34 11,Si0,.K,0.Ca0 S B H />, B

7R TR A Y SR AE B TR A B R A L AT X B e
B9 E AN KT B s

RE Holtz F (199X & WM B R RN LB R, 7
150MPa #1 F<{3. 11 %6 %4 T, N K S A $ HO MK
RN SWEL . RAITIN AL =4 Pk kB8l TR
HERLERAE 1000 EER HO FRIEM . B kB
BARRENLT 1005, HFEBMTURERPKERE L
(5% 3), FMEE  , 7E 150MPa B35 5 T, 700°C TR 45 K
HHREABEOEEERPRAAEREHARBME.: & NaO
(N2,0>K,0) ,ALO,; (>16 %)M F(>1.5%), Fiscug ™4
PERABEAR Si0,.K,0 #il CaO & BE />, Na,0.ALO,
FERMNWBASTELSERARNERZRER ST ER
MKEREWAREAENE BN RHEW T EEXH
EEEGT . TERRIBERAEBLERIREALE
BRI B B
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Fig. 1-a,b,c— Variation trend of quenched glass composition with decreasing temperature
&3 EAXEWEARSBRNRENEEREOEE
Table 3 compositional comparisos between the quenched glasses and F-rich albite granite
SR EEEN KB RHELE] 100%)
BB R BN E HEHKREXE 800°C 750°C 700C 650°C
SiO; 75.31 71.76 73.25 72. 64 71.65 71.47
TiO, 0.02 - — — - —
Al,O4 13.76 15. 98 14. 69 14.92 16. 16 17.17
FeO* 1.63 0. 84 2.02 2.69 1.92 0.91
MnO 0.13 0.08 0.10 0.10 0.03 0.02
MgO 0. 09 0. 06 0.08 0. 07 0.02 0.02
CaO 0. 36 0.14 0.49 0. 33 0. 26 0.17
Na,O 3.83 5.15 3. 64 3.77 4.73 5.18
K0 4.78 3. 87 5.17 4. 64 4.14 3.76
P,0s 0.05 0.01 - — — —
Li;0 0.16 0.21 ES Kl R A
F 0. 95 1.76 0. 96 1.43 1. 89 2.26

* FeO=Fe;0;+FeO
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Fig. 2 Variation trend of residual melt compositions in the phase diagram of Qz-Ab-Or-F system
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4.1 BESEMNRKBERECBBNHHS
BROERETETVHERENEEA S . KEWNELR
FM, WAETE X A R R M M K 8T (Webster,
1990 E BN AB RN BEAER FRRELEEME
B k4SS 4 B AE R (Dingwell er al. ,1985,1993), F fE4F
R B ALFD Na 55 BRI P R ad
(NaAlSi;0s) 1 25 # (Manning , 1981) , 5 B % 54 2 3 A xd
KARERY X, HEREIE S BERABE MK A TN
8 3 (8 2,Manning,1981), A XLV HEY B8 =1
HEa& FH1% MEORMBER AN ELERE . RKE
R E G RARMIE N T F A EEARO A HS
WA AR PR R A A EER/ . MO R OH
SIUEFEARST R N, H L, A AR B, HRE R G

Or 51, Ab A5 B0, R I BRARBERARE SO, .
KO @/, NaO e 7 m 4k (8 2) . Bhot, i TAIER4E
R SRR AR R A& R RS S BRAE K
W E (A/NKO # —# ¥ K, RATE B E Na.O.ALO, 1
F 8RR EHIA.

4.2 BEMEERRBENOEE
XTERPRIERNEERHRE, EFEHULE RSB
BOBRSHBEMERSR. BOABEMUSEETHEERYE
AL EKE RS LAY, Christiasen % (1983)iA %
RERLEER (GERPKAER SRS HYRRKE R
U TH TFTHETSMEN=D. BEXTHESAERE @
A EEARY &a) B8, BT L 34 sk
RUEFFENLSE ALFERG F, WSS HRERENE
HE AR KA PN I 2 M (BB BR
A, ZARUZ RIS i 25 RO R IR BT AL (B
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%,1983,1987), REXABRSSEWNSBEERALENET
A R (ERCBSE,1997,1999),

Wortambachr R RBIRTIAES R IE R FE M7
BRI B KR S A A B R LS B R A
WA BTG ERAEE, AR BB Ry
BRERATEN ., BEHRSS ERBRMIE NS AR
B, HATANNEBERE. I Webster (19900 iy 325 7] &1, 76 54
RBETERRER 7% HRXABEAAREAE. EAHN
KERERSREHAHT % . BFHEE B &
BRERSBEILEYIED 1%, XBEMER > KT
AW BRI K TR R R BEEN ., B, R0
IWHBESSEREREERPRENEERMRE. HEE
FAK B R WA RSB B F F Li W BB R R
WE BT SO AS S E R — BB R, AR
G, REEEATR S (WEERRLRRT ST
R EETAERARA LRI AERPRERES T T
XA RY R E, 3 B W EAH W BWEE SR
— BRI P E A S, Zhu e al. L2000 AT EFBBER
BERNAEZE LHEAREKAREENEITHHACHESH
AERATHARERNESREERSRERBMNA. F
LW & (N Pollard , 1995; %4 %)% ,1998; Antipie e al. ,
1999; Zhu et al. ,200D) A W& R 228 BE KU K K
ERHBRIENR. AXHTHRERFIMZ T BEAMK
T b 2 3 45 4 R0 LA W AL

5 it

Pl PO 888 K.O>Na, O WM R o B =g
BB MY . 7E P =150 MPa, T = 850~650'C #1 H,O &~
WAAETHTENL- SRS FRE,FBNTEESRM
it

() A¥E+BEROEESG R, IRRKBETELA
4F A ALO, & BHHM: MEREEW THEMESEEEN
#1347, F SRR B NBERG AR S Ab 45
PR/ Or 44y B hn AT 3 5% A 48 PR L I Na, O, ALOs B
F &&F i, Si0, K0 & 'R H 77 miEik.

(2) PG RIRE TRMERASRYBEM, 700CHES,
BEXBEBEEABOREEZRNKEREWHRIFE: §
Na,0 (Na,0>K,0) ,ALO; (>16 %) F(>1.5%),A/NKC
BWINE 1. 33, SR Y HRABEAR S0, K,0 1 CaO &
B, Na,0.ALO, f1 F & B MAEMES BRFAMN
Bt n B ER A ERMKERSOARELF AR
B, ASERTEAXHERAGT. SRBEH# LR
A RSREAEBERARLR aHK.
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