2009 4E 12 A, S5 15 %, 55 41, 496-50571 O O ROF
December 2009, Vol. 15, No.4, p.496-505 Geological Journal of China Universities

mEE I SERFEEREERR
FBFERET AT SR E

e kbt2 0 EAoR S, 0 ow!
(LEXEAF HHAFEIEFR, NEABT RERTIAAREXEALH S, ¥WHE 210093;
2. BRI T K HEMFFR, B 541004)

WE: WamE Hek A a2 T EEENRE S BAER TR EZ—, HP3ISE 0 TR E RS . G &m Ry e EER
Bk, AR E RN Y. PR TR AT U T RS AR RHZC A DR S EA AT T R G . A5 =W,
M3 1SR R A TP ekl nl o MR AR S A s s e AR SRR TR TR A KB, S AT A, Ant,
WA A IR BG5S A B IR, BRI R AR S A N G A R, SRR IR A S
PR R LB B AL A TS AT ) o T ERET LA T R, RT3 1AL i i b Ik R R A ST A B 7 S A 22
/3Si0,, ALO,FIBeOSMAETINa, Cs, Fe, MgZFIt &; FeO, MgO, Na,0F1Cs,0f 5 50 51°h0.28%, 0.89%, 1.36%F13.92% . i
b, I RIVAE, ARG RO B FeORMgO & B Wi FE AR, Na,OF1Cs, OB & Bl T, U HE Cs, OB & it Aok, TI—
IV i/ ARG A T A, B S FeORMgOMRHIE . MEHIGHA 1 Cs,0 & SRR, WRE R T4 8hA F R A
(s 2 BF) SR04, 5 SO EAIE R PR AR X 2048, THABURTR S B A A A =2 [ W] RE A7 AR AR N fb 4 P-4

KR A PR RS M7 fmE
hE %S P578; P575 XERFRINEE: A XEHE: 1006-7493(2009)-04-0496-10

Electron-Microprobe Compositions and Genesis of Beryls from the Nanping
No. 31 Granitic Pegmatite (Fujian Province, Southeastern China)
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( 1. State Key Laboratory for Mineral Deposits Research, School of Earth Sciences and Engineering, Nanjing University,
Nanjing 210093, China; 2. School of Earth Sciences, Guilin University of Technology, Guilin 541004, China )

Abstract: The Nanping granitic pegmatite is one of the most important rare-metal deposits in China. In this pegmatite field the No.
31 granitic pegmatite is the most highly evolved and well mineralized one, where beryl is the most important beryllium mineral. The
beryls were studied in this paper by using the electron microprobe analyses and back scattered-electron imaging. The results show
that the beryls in this pegmatite can be distinguished into primary beryl and late beryl. The primary beryl crystals were crystallized
early from the pegmatitic magma in association with rock forming minerals such as quartz, muscovite, albite and spodumene.
The late beryl is typically associated with the primary beryl, and was either crystallized from the Be-rich hydrothermal fluids, or
the replacement product of Cs-rich primary beryl by hydrothermal fluids along its cleavages, fissures or porosities. The electron-
microprobe results reveal that the primary beryl is also enriched in Fe, Mg, Na, Cs, and contains up to 0.28% FeO, 0.89% MgO, 1.36%
Na,O and 3.92% Cs,0. Overall, in the primary beryl crystals from zone I to zone IV, the contents of FeO and MgO decrease, but

KRS EHA: 2009-04-10; fEEIRHA: 2009-09-24
ELWH: ERARFELESTLEIA (40730423 ) %0
EE®: B, B, 1978404, ELRIRA, WA AT IRSER; BIESE: MOl #UR, AA%% N E-mail: rewang@nju.edu.cn



4 1 GRAlSE : AR 31 fE R fidh

KA AT I LT REE I A 497

contents of Na,O and Cs,0 increase. Especially, the contents of Cs,0 in the primary beryl show wide variations. Some primary heryl

crystals are found in spodumene in zones Il and 1V, and are enriched in Fe and Mg. The late secondary beryls with low contents of

Cs,0 are attributed to crystallization of pullucite and nanpingite. There is possibly a re-equilibrium between the late hydrothermal

fluids and the Cs-rich beryl.

Key words: beryl; hydrothermal fluids; granitic pegmatite; Nanping; Fujian
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zone I: quartz-albite-muscovite zone; zone II: saccharoidal albite zone; zone III: quartz-cleavelandite-spodumene zone;

zone IV: quarz-spodumene-amblygonite zone; zone V: blocky quartz-K feldspar zone; wall rocks: schist or granulitite

FI1 FEE3 15 AR A A DK N R A5 AL s R (i T4, 19874F)
Fig. 1 The internal textural zones of the Nanping No. 31 granitic pegmatite dyke (modified after Yang et al, 1987)
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10~30 pmZ [0, JEASRAT A B T RERR AR A1tk
NS o RS RURORL, KR K/NE10~120
pmZ A, A FRRLR A A R (EI2b) sob
PRENK A S AR, FEETR RT3
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(a) AR SAT A ELEE T A3 (BERINP-7-1, TfF); (b JEUAR AT 0K A0 THIERCR S AT TR (RERINP-34, TIF); (o) BB JEUA SR AT BATHL
SSMIRARE , 3T TRPRCR B AT P (FEGANP-34, TEHY); () AR SR AT 400 T 1 S BERO AR L (FESANP-4, TIf); (o) MVIEEENEAT M A
TSRS A A (FERENP-5-2, TVAl); () RS @A er ese iR, A IR S AT H (R NP-10, TVA).

Byl-P: JFA LA AT, Quz: A3, Ab: 8K A, Ms: FI=f:, Spd: 804, Apt BEKA
(a) primary beryl in quartz (NP-7-1, zone I); (b) primary beryl disseminated in saccharoidal albite (NP-34, zone II); (c) zoned euhedral primary beryl
disseminated in saccharoidal albite (NP-34, zone II); (d) primary beryl along the cleavage of muscovite (NP-4, zone II); (e) euhedral primary beryl crystal in
altered spodumene (NP-5-2, zone IV); (f) primary beryl crystal replaced by quartz in altered spodumene (NP-10, zone IV).

Byl-P: primary beryl, Qtz: quartz, Ab: albite, Ms: moscovite , Spd: spodumene, Apt: apatite

K12 FF-315AE bl kb s AR 2R A AT 5 B L TR

Fig. 2 The back scattered-electron images of the primary beryl crystals in the Nanping No. 31 granitic pegmatite
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R53Si0,, ALOFIBeOS), JFASHE AR FFe™,
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SR FE B Si0,, ALO,FIBeOR & 281k I
BN, 4y RI1E62.94%~68.44%, 17.03%~18.82%7Fil
11.52%~13.71%WE Atk . HEonER E2 LI
4JEILER (Na, Cs) FEREEFILE (Fe, Mg) N

F, EARMEEEE T, XEITTEN S A —
EZEST

I FeO, MgO, Na,0F1Cs,0) & 455
1£0~0.28%, 0~0.28%, 0.2%~0.87%H10~0.52%
ZIARE, SEE A 0.11%, 0.14%, 0.57%F1
0.15%. X0 FHHUG AR AR L, 52
FEAT B2 ) XN, O T Cs, O Y 75 HE AR X 452 1R o

1L HERLIR B K A il (B R 1T 2 B g i A
A B AL i AR T, HiFeO, MgO, Na,OF1Cs,0

®1 BENSERFERERPREFERRB TR FHAREER wt.%)
Table 1 Representative electron microprobe compositions of primary beryl in the Nanping
No. 31 granitic pegmatite (wt.%)

14 4 4 V#
i %ix
NP-7-1 NP-7-2 NP-4 NP-14 NP-18 NP-70 NP-10 NP-54
Si0, 65.69 66.47 65.48 65.76 65.98 63.26 66.17 63.54
ALO, 18.38 18.46 18.33 18.51 18.40 17.79 17.89 17.86
FeO’ 0.03 0.14 0.04 0.04 0.08 - 0.08 0.10
MnO - - - 0.01 0.01 - 0.01 0.01
MgO 0.12 0.17 0.10 0.04 0.10 0.01 0.58 0.01
Ca0 - 0.03 0.02 0.02 - - 0.01 0.05
BeO” 13.39 13.11 12.66 12.94 13.55 11.52 13.27 11.55
Li20* 0.17 0.43 0.58 0.45 0.11 0.99 0.30 1.00
Na,0 0.31 0.85 111 0.86 0.17 1.32 0.55 1.23
K,0 - 0.01 - - 0.02 0.02 0.01 0.07
Cs,0 0.18 0.11 0.38 0.27 0.18 3.22 0.27 3.52
J58Ts 98.27 99.78 98.68 98.88 98.60 98.12 99.14 98.92
PLSi=6 R 5l 48
Si 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000
Be 2.938 2.843 2.787 2.837 2.961 2.624 2.892 2.619
Li 0.062 0.157 0.213 0.163 0.039 0.376 0.108 0.381
> 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
Al 1.979 1.965 1.980 1.991 1.972 1.989 1.913 1.988
Fe* 0.002 0.011 0.003 0.003 0.006 0.000 0.006 0.008
Mn 0.000 0.000 0.000 0.001 0.001 0.000 0.001 0.001
Mg 0.016 0.022 0.013 0.005 0.013 0.002 0.078 0.002
by 1.998 1.998 1.996 1.999 1.992 1.991 1.997 1.998
Ca 0.000 0.003 0.001 0.001 0.000 0.000 0.001 0.004
Na 0.055 0.149 0.197 0.151 0.030 0.242 0.096 0.225
K 0.000 0.001 0.000 0.000 0.002 0.002 0.001 0.008
Cs 0.007 0.004 0.015 0.011 0.007 0.132 0.011 0.144
> 0.062 0.157 0.213 0.163 0.039 0.376 0.108 0.381

FeO 44k &, Li' =Na+ K+ Rb + Cs, Be'=3-Li;
AR A SRR

=T O TR AR AR K, I NP-18FINP-10 ) B
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15 B4y AE0~0.28%, 0~0.28%), 0.62%~1.19%F1
0~0.63%Z )28 4k, *FH{E43-510.09%, 0.11%, 0.87%
F10.36% R AR IR F 1 B ZR L FeO
MO w2 AL, HLIs AT & FefM g,

I A P R A A 1 FeO, MgO,
Na,0F1Cs,0%% & 73 i 7E0~0.13%, 0~0.55%),
0.17%~1.37%F10.11%~3.92%Z [8] 354k, , 3418 43
7#0.03%, 0.13%, 1.03%M11.42%, TR A
HELEFEATIFeO, MgO, Na,0F1Cs,05 & HH1K,
B 40.08%, 0.1%, 0.24%%10.18%
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FOAF AR LA (Byl-P), 25O fCRIIIERAEST (Byl-L); HHEAT TP s AR A R JGNP-18 . NP-10FINP-5-2;
Solid symbol: primary beryl (Byl-P); Hollow symbol: late beryl (Byl-L); NP-18, NP-10 and NP-5-2: primary beryl in spodumene

EI3 315 AL R A DR S 1 (Na,0 + Cs,0) - (FeO + MgO) K]
Fig. 3 The Na,O + Cs,0 versus FeO + MgO diagram of beryls in the Nanping No. 31 granitic pegmatite
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WO (El4b) |, R ASA A BA —ER
Dy, RIRERIMIE A (El4c) o DEIR
AR AR A IR, 9 AR R T N 3
B, BKSEAE10 pmZedy, ek b aias
i (E4d) .

LT EREF R T 45 SR B (3R2) , AN
A py JE AR g, B S A T NafICs, T
HIEF Cso BRI, AS[E] AR 0 B A 28 A A7 1 B 4
JBIUTRMBBE T R G EAEA —~EMESR. H
— b PR ) S AR A 0 Cs, O RN a, O 75 8 23 I 7
0.32%~0.91%H10.76%~1.37%2 [0) 754k, FeOFl

Ms —Byl-L

)¢
/

NG

JEOL COMP  15.0kY <78 108pm

MgOR & 23 BIHE0~0.13%, 0.07 %~0.55%. 45—
FhP= R RIS AT FeO, MgO, Na,0F1Cs,075
3 AE0~0.18%, 0.04%~0.47%, 0.15%~0.67%F1
0~0.33%2 18], 135K BIE 4% 41 A1 19 Cs,0 + Na,0
TR AR R AE S A AR, FeORIMgOM) & 542
i, SRR FL A R R M SR A A1 Na, O I

C, 08
4 g

4.1 REFERRIMSELFFE

ERFE AT AL b s e TP R R 2
—, JCAE AT Dl R A R A R, R
T, 5225 A PRI A W) A 27 S5 LA B R - Y
RPN, SR B R BN R 2,
FRBAE R TCR SR 725 fE (Cerny, 2002) .
BT AE B 5 o B e R A A1 B8 Ak~ i

(a) 1 (b) Ml fr B A I T AR S AT, JFUTIRUAESRAT AT AR BEA TR (RESINP-T0, TITH) 5 (c) 1 (d) SRR AT 2RSS U TE IR
HOREIIEREL A7 (REGHNP-54, 1VH); Byl-P-JEAELRELAT, BylL-BEMIZREEAT, Ab—$AKAT, Ms-FImtE, Apt-BERAT
(a) and (b), the later secondary beryl overgrown on the primary beryl, and filling the fissures in the primary beryl (NP-70, zone III); (c) and (d), the primary

beryl replaced by hydrothermal fluids, forming the later secondary beryl (NP-54, zone IV).

Byl-P: primary beryl, Byl-L: later secondary beryl, Ab: albite, Ms: moscovite, Apt: apatite

K4 FF-31°5 48 i Ik P ISR A 5 SRR 2R AT AT B R

Fig. 4 The relations between the primary beryl and the later secondary beryl in the Nanping No. 31 granitic pegmatite



4 1)

BelAE : AREERI 315 AL b e Dk PR AT A B L T IR o5 A

503

R2 EENSUERFERERTEAFTANBFRIBSSTRRELER (w.%)
Table 2 Representative electron microprobe compositions of the late beryl in the Nanping
No. 31 granitic pegmatite (wt.%)

o 117 (NP-70) VA4S (NP-54)

1 2 3 4 5 6 7 8
$i0, 65.47 65.25 65.77 65.91 66.01 66.04 66.10 65.93
ALO, 18.09 18.09 18.18 18.16 18.08 18.46 18.53 18.50
FeO' - - - 0.04 0.18 0.08 0.08 -
MnO 0.03 0.04 - 0.02 0.01 - - -
MgO 0.09 0.07 0.23 0.18 0.30 0.12 0.07 0.08
Ca0 0.02 0.02 - 0.04 0.03 - - -
BeO’ 12.40 12.39 1251 12.95 1343 1343 1321 13.52
Li,0" 0.73 0.71 0.70 0.46 0.18 0.18 033 0.12
Na,0 137 132 1.20 0.85 0.29 038 0.67 023
K,0 - 0.02 0.08 - - - - 0.01
Cs,0 0.61 0.63 0.91 0.40 033 - 0.04 0.06
FES 98.81 98.53 99.57 99.00 98.84 98.69 99.03 98.45

PISi = 6 Sk 5

Si 6.000 6.000 6.000 6.000 6.000 6.000 6.000 6.000
Be 2.730 2736 2742 2832 2.934 2933 2.881 2.957
Li 0.270 0.264 0.258 0.168 0.066 0.067 0.119 0.043
P 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
Al 1.954 1.961 1.954 1.948 1937 1977 1.983 1.984
Fe 0.000 0.000 0.000 0.003 0.014 0.006 0.006 0.000
Mn 0.002 0.003 0.000 0.002 0.001 0.000 0.000 0.000
Mg 0.013 0.010 0.031 0.025 0.040 0.016 0.009 0.011
) 1.969 1.974 1.985 1977 1.992 1.999 1.999 1.995
Ca 0.002 0.001 0.000 0.003 0.002 0.000 0.000 0.000
Na 0.244 0.235 0213 0.150 0.051 0.067 0.117 0.040
K 0.000 0.002 0.009 0.000 0.000 0.000 0.000 0.001
Cs 0.024 0.025 0.036 0.016 0.013 0.000 0.002 0.002
) 0.270 0.264 0.258 0.168 0.066 0.067 0.119 0.043

FeO 445 Li'=Na+K+Rb+Cs, Be'=3—Li;

Oy REEAE T HEAN 04, SRR 2 AR LB 0T
%, Li' EEFABeO, )M A B, TMNa",
Cs', Rb', OH, Ca”, K'4EJEARE T A T4
FEAEEEIE f, AMELTECBe™ A HEL TR AN P17
[AIO/NIHHAF AAI FE H Fe, Mg, MnS LR &
¥ ( Hawthorne and Cerny, 1977; Sherriff et al, 1991;
Artioli et al, 1993; Hawthorne and Huminicki, 2002;
éem}’f, 2002; Cerny et al, 2003 ) .

-3 15 28 i 5 dt i Bk o A A 47 gy
MTEAETY (A%, At kA, #Ea
) b, BT AR BB, W a0
MRA . BERA . AR IR U4

=T OE TR 1~8F 5

Mr & BRI R V3175 18 i< A5 db o ok o 1 S A A
AR SI0,, ALOFMIBeO EEAL A3 4h, b5
Li, Na, Cs, FefIMg% u% . R0, SAEAM
Bl 4 JB JC R PR BE B UG 2R % i AE A XA kA 146
P i — A AR . SR B, I E LV
M, ARG A BIFeO + MgO B B WA, Li0
FINa,0 + Cs,O0F mZE WA, TLHZECs,0% =/
AL AR, B SRR SR 1) B AR A A T AL
(F£1, F3) . FFEASHEARIFO + MgOF 7
B M0.55% , 11 FITV A A 28 FE 47 Na,O FlCs,0
R N1.37%H3.92% , FEAEISTE A&,
TV FITV A 5B 53 A SR [ FeO + MO 5 2 HL gL
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B, WeE M1.01%, Na0 + Cs, 0 AL, Fth
0.31%, Tk S 50 A S A A1 43 A1 F LA RV A 1
TR (FE2e, ), DIIHHLE BB,

M A7 485 J 1 e DA B B A il e R s Y
b R Ak 27 T A AR R 2 B B84 B DT R 10 i B
Frim, REFUCR M T =B WL (Beus, 1966;
Cerny, 1975; Cerny et al, 2003; Neiva and Neiva,
2005) o R30S AR e St A A ERfE 22
FRAERB , D KA D BB 4 40 3 1) N R 4 A
Ji AR AT A B 4 SR UG R A R, BRBE
TR & B FEAR, AUE I IR 4 i 57
fEAH (Wangetal, 2009) .
42 BREFHEARRE

TEAE R At R AR - AL 1 R, 2/t
() 235 i 2 2532 10 B R 3 4588 (Barton, 1986) o
BRit 2 Ab, SRR e A P RS E Ml 2 e i
Si, AIRIEELL KL EH WL, B, P, F, Rb, Cs5F
(15200 (Evensen et al, 1999) . B4 i dhfr AR B AL
GV ERY Y, Be 116 BER G NVE AL 23k
ARG A 2558478 (London and Evensen, 2002) .
TERF o s 20 W, Be LA S M, AEF
BTy AAE R BTR AR A, FHAEAL RT3 o 1
M s HE - PR R PR LA s 4R I, 72
TE I A AR TE S A B S5 B B, FTREAFAE & Bell)
B BB (R AR NI A I A (R A 3 B4 BR 45 i [+
I R] BE XSS P  25 A A 1 A TR (B R
2, 1997) o

TER V31 S AE R A e Ik, U 2k 41 45
A A AR, FESEAT YO, KA. B
RPN S A L T, SR A Z Al ER
GeAt A SH Y Z Bk P A S O
TAYE A DG, R P I A U T ATV AT
Ji A A A 0 LB B 2 45 A U A S A A
Klda, bERUIMBISH A ST R st Az E
AR, ATRESE AR B E Be i R - R T R gk
AT BN GEE ARG, RIS, S A A T i A
HEAZBIE Ak, FHRENB AT, Bigi
AP, ALK, K—AMKRES,
LG sA oA E (Kl4b) , XARATREDE
FFE LTI H B S A A R AR AR A A 1A -
AL LR B i . N, RS A S

Mo AR A ) LT RE , 2R INAENa,0FICs,0
ARl b, M FIRAE SR A, Mg A
I Na,0FCs, O8I o Fifi 5 Tk BE B BRAIG, 16 B RO
WAARHORE S, TR AR S A 2R i
PR FLBR R R AT 24, TRtk . A
TR P e AT Ay A R BTV S th s A 224 4
A SR A 2 B 5 2 A PO TR S A T i 7
Yy, L 4 D)2 BRI AR T A AT A 1 P R
BscAC, TE RIS AE Ak, AMKTEZ910 pm,
KILVAMCK . HE R T4, BIgH A 4
ke WA R 2T R R B, TV R
LA AT AT Na,0F1Cs,0

SV L, B3 USRI A dA DR L ALV A
M B 2R AT FNa, O T Cs, O 25 1 & 1 2 ) R, s n]
RE S 4R AE A W TE A S5 A 6, iR il /1R
KEEFE Fsgmstit A fE oo R A8 4L (Grundmann
and Morteani, 2008) . 7£ = MR itA H, PR
SERHT TR SRR S AR R SR A Cs, 0 7
HHE (Wang et al, 2009) . FE315 8 kit AL A
J A SR AT AT Y Cs, O 75 B 9 43.92%, TSR
ARK I Cs, 055 B i H0.91% . TEAE BB AT AL,
AR, GG S ECE S S AT Y 2 )
FEAESE S, HIECsZE 4 (Cerny et al, 2003) , i
PR AP B 22 T B AR A R 4 SR T R A
BREEFTICER O AR o BR TS RNV A A S
AR CsAN, A DK WAL B AT AE Cs R ST 1 4y
WA, B R E KR R R AR A R (1
IG5, 1995, 1988) o HH T4k 42 Fl g T A 45 i,
SR - P Cs R /D, S B ERAT A Cs, 01
B RRIR (1, 2) o MRS EH,
U T IR A SRR A A2 Ay, IR AR 1 ST e
SE B SRR A A3 1R AR AL, RIS R e T R A
Ji A A 22 (R AR A b2 PP
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