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Chemical characteristics of amphibole and biotite from the Boziguo’ er alkaline
granitic pluton in Baicheng County, Xinjiang, and their implications for
petrogenesis and mineralization
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Abstract: Amphibole and biotite are dark-colored minerals commonly found in highly differentiated alkaline granite

containing REE-bearing and rare metal-bearing minerals. The different compatibilities of amphibole and biotite for
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different elements ( especially rare metals and rare earth metals such as Nb, Ta, Zr and REE) make their charac-
teristics of major and trace elements become the “log” of magma evolution, which has a significance in the recon-
struction of the petrogenesis and mineralization process of ore-bearing magma. In order to determine the enrichment
and distribution process of elements such as Nb and Ta during the magmatic crystallization, the authors studied
mineral chemistry of amphibole and biotite in the Boziguo’ er alkaline granite pluton in Baicheng, Xinjiang, by
means of electron microprobe ( EPMA) and laser ablation inductively coupled plasma mass spectrometry ( LA-ICP-
MS) . The amphibole in the pluton is arfvedsonite, which is generally characterized by high Na and Fe and relative-
ly poor Ca ( <0.15 apfu), Mg ( <0.06 apfu) and Ti ( <0.07 apfu). The uniformity of the composition and the
deficit of LREE suggest that the amphibole was crystallized at the late stage and a large number of LREE-rich min-
erals were crystallized before amphibole. According to the association relationship, the biotite is divided into two
types( type-A and type-B) in this paper, which have different chemical compositions. Compared with type-B, type-
A has a higher content of F (3.81% ~4.82% in type-A and 1.68% ~3.65% in type-B) and SiO,(41.5% ~
43.3% in type-A and 35.9% ~38.5% in type-B), and a lower content of TFeO (28.0% ~31.4% in type-A and
32.2% ~35.7% in type-B) and Al,0,(6.45% ~7.62% in type-A and 9.70% ~11.00% in type-B). The dif-
ferent values of fluorine in biotite and amphibole indicate the enrichment and saturation process of fluorine in the
crystallization process and a large number of REE-bearing and rare metal-bearing minerals crystallized on account of
fluorine saturation. Due to the incompatibility in the main minerals, the ore-forming elements Nb and Ta should be
gradually enriched in the melt, whereas the Nb/Ta ratios of the main minerals and most of the secondary minerals
are higher than those of the bulk-rock, resulting in “Ta-missing”. Combined with previous studies, it is believed that
the combination of the volatile saturation and the crystallization of zircon caused the separation of Ta from the melt.

Key words: Baicheng, Xinjiang; Boziguo’ er; amphibole; biotite; fluorine; Nb-Ta enrichment
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Fig. 1

Tectonic sketch map of the Central Asian orogenic belt (a, after Huang et al. , 2018) and geological map of the

Boziguo’ er region (b, after Liu Chunhua et al. , 2011)
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Fig. 2 Field photograph, thin section photomicrographs and backscattered electron image of the Boziguo’ er pluton
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a—epigranular, medium-grained granite in the pluton; b—fragmented type-B biotite (not coexistent with amphibole) wrapped on feldspar and quartz

( +); c—fragmented type-A biotite coexistent with amphibole and filling in space of feldspar and quartz, particles of amphibole are usually small

( +); d—the amphibole not associated with biotite has large particles and is often associated with astrophyllite ( + ) ; e—a single amphibole particles

with many inclusions, wrapped on feldspar ( + ) ; f—a large number of zircon particles surrounded by a fluorite in a rare metal-rich region in backscat-

tering images; Ab—albite; Or—orthoclase; Bt—biotite; Amp—amphibole; Qz—quartz; Zrn—zircon; Aph—astrophyllite; Fl—fluorite
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Fig. 6 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element patterns of the amphibole from

the Boziguo” er pluton (bh) (the compositions of bulk rock after Huang et al. , 2018; chondrite values and primitive mantle

values after Sun and McDonough, 1989)
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Fig. 7 Plots of trace elements of amphibole
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Table 3 Comparison of EPMA analytical data for the amphibole from core to rim
. b — #% — i b} — #% — b
12-24 1225 12-26 12-27 12-28 12-29 12-30 32-47 3248 3249 32-50 32-51 32-52 32-53
Si0, 51.96 52.17 52.46 52.13 51.89 51.59 51.93 52.29 52.46 52.26 52.11 52.12  52.21 52.42
TiO, 0.23 0.33 0.41 0.40 0.34 0.36 0.23 0.22 0.31 0.19 0.27 0.29 0.29 0.24
Al, 04 0.90 0.95 0.97 0.96 0.99 0.86 0.96 0.86 0.94 0.84 0.94 0.87 0.84 0.87
TFeO 32.47 31.44 31.77 31.55 31.55 31.57 32.36 30.72 30.33 30.85 30.73 30.95 30.47 30.90
MnO 0.88 0.98 0.92 0.95 0.95 0.89 0.84 0.99 0.93 1.04 1.02 1.08 1.11 1.03
MgO 0.04 0.05 0.05 0.04 0.03 0.02 0.07 0.03 0.04 0.03 0.05 0.03 0.05 0.04
CaO - - - 0.01 - - - 0.01 - - 0.02 0.05 0.09 0.03
Na, O 8.05 8.32 8.62 8.31 8.31 8.36 8.01 8.73 8.86 8.30 8.60 8.85 8.63 8.85
K,O0 1.88 1.84 1.80 1.97 1.67 1.87 2.04 2.11 1.68 2.16 1.67 1.66 1.74 2.12
F 1.68 2.42 2.55 2.11 2.39 2.35 2.17 2.38 2.47 2.19 2.45 2.56 1.90 2.52
Cl - - 0.01 0.01 - - - 0.03 0.01 - 0.02 0.02 0.01 0.01
Total 97.38 97.49 98.48 97.55 97.11 96.89 97.70 97.35 96.98 96.93 96.84 97.40 96.52 97.95

e B 1224 ~ 12-30 XN Sa, 3247 ~32-53 XN Sb.
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Fig. 8 Plot of Ta — Nb diagram for biotite and bulk rock
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EELART 1) B T B 0 B 179 2R 5 ( Bottazzi et al. , 1999;
Tiepolo et al. , 2000, 2007; Karin et al. , 2017 ).
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BRI R B e AL R, | .o
LA LR N Ta SR Sk |} ~S0H
T, 5 B AR IX 28 0 28 B A 2 08 0 1) A 9 e i;
(K SFH R T, NbuTa 2555 45 SR 0 AL A 2T {
SERIRRE ) B T A b 5 e AT AR 45 & 19 AR B 4 r ‘T’ .f
(NBO) B % & ( Lichtervelde et al. , 2011) . K3k 1+
PR G RE B L B 4 O 1B 208 il AR [ s W 2 0 : .
J: 3 (Na, KIAISLO, +6 F—3 0 = (Na, K),AlF, + ARWRS  BRRSG - LIRnE b
ALO; +9 SiO, TR A Jy j5c M B 7 (9 L AL, 1 OSBRI AT P F A BN L
DUTH A4, A AL AE 748 W B A7 AE T4k T, T fid Fig. 9 Comparison of F content in biotite and amphibole

IR, AR 8 B0 CNBO) 38 i1 ( Mysen, 1990; Kep-
pler, 1993) . AR KA PRI BES AL YR T & 9
i 1 3 G 2% RNRR A A o0 28 1A e 5 DX 11 A%
TR (R 35 43 445 fill  Huang et al. , 2014, 2018), & i
EER R Ive N P T B R N D R T S WK DS
5 T B TR B R 0% A O DA 2 s W U L R SR A
YIS R B 28 VR 2 1 B B (W B AT 4 08 G 3, Ul Nb-
TaZr FIM 1 ICE, TSR AAAE TH A

F 5K 2 500 W) AH T 7K 98 00 S v FE A A4
(1), AR AE 57K COH ™ ) A4 A v 1 B A AN TR 7 B2 9 AH
M Agangi et al. , 20100 . KA AT AT F 2 HC R 4L
{1 52 B AU RS TR0 7E A PR AR B 2 B B R
M1 it & 50 Latourrette et al. , 1995; Lcenhower and
London, 1997) . UL INAFIE BRI F 5 EGE
B Ut M sz e Lt S AR TR F S

AR R PR SR IR R AT A AT A R R,
R B R B RECF 4. 44% ) B W B
MG A KRB ARG 2. 74%) T F & &
(B9, XPE—BWIE T A RKEL LR, &
KA A BEEEARE F AR S 5, A ) FAEA
WisdE. SRIMANAN F S EHIFRA Bl B
ZE ¢, X WG N AE A N A T 4R 45 b I, 25 R ) kAR AT
RECLA BT . F (V0 R0 U8 2 A7 2 BOR 45 o
WP g e A AR R 1 A R AR O R R, AT
i &)@ WU 45 . ALK Nb.Ta %0 %, iER
AR Ze WP R (A Ze P34 965 x 107°, Nb
44200 x 10 ¢, Ta *F44 10. 6 x 10 0D, i 75 38 58 ik
TRURI % A1 1 B A0 100 o HE B o S 3. B &5 o i i
1T S A FRAT G BT B s AT 34 5 AL UIR 7o 1
R IR R CHE 26)

4.3 EREZEP Nb.Ta IS E
HEAEH AR FCARBLR) P BT (43 Nb/Ta (¥ 2240 fE
i 0 S A BT ) (E T G B Nb-Ta 1) 43 18 1k F
(Xiao et al. , 2006; Zhang et al. » 2008; Lichtervelde
el al., 2011; Huang et al. , 2012) . AR IR AH
Nb-Ta [ & #(Nb 554 92.4 x107° ~317 x107°,
FHJ201 x 107°, Ta 88 5.92 x 10 7° ~20. 5 x
107°,°F3 10. 7 x 107°) L K& W] & & T Jochum %%
(1986) FIr M ERFLBA AT 17. 57 I Nb/Ta {5 CF4 19.
5), BERZYE T EATIAE H L& 0 ) R A 1 AN A
P B A 26 22 S 5 IS K Nb-Ta 4318 F, X B
ST e PR IR A AR RER SR 8 D1 T 8 B2 43 7 R
ft. ( Stepanov and Hermann, 2013; Huang et al. ,
2014) o AHEGA, 1 AR B = BB & ) Nb Ta
{HCHINAT Nb/Ta {64 75.2 ~ 1 368, 714 208; 2 =
Nb/Ta {H4 23.0 ~720, V-3 142), WHd 3% T4 %
S A N Ta 7EA P AH (3 — 20 18 3 7018,
XA A R A ISR N Ta A AL FEER AL T 4K
i o

AR T A € 1R 5 4R -1 43 i R E (&L 10D,
YR 2B Wb Nb ¥ B Ta 6 AH 2, EIBE
S5 RIGHEAT , 5 2 TP Nb/Ta 52 AW AR, 3 HLAE
W) c s R IE P AR A AR T I AR AR
FIN A R T A 1 Nb/Ta {8 DA 58 1 5 8 11
ARBOBERE R TRV 45 B KB BEPH
Nb/Ta {ECEl 11D, Ui 175 2 i i B v i 7 A8 HoA
HERAE2E L, 33 Ta WSR2 55

Ta WSERT 20 BT BEAEAE I FIIE R : —Fl4 Ta
PUSHAIIE A7, 55— Tk & Ta 0 P0AH (9 45 5
SIS 7R 5 Ta DA AR 5RO 5 NS AR 1) g
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(modified after Stepanov et al. , 2012)
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J3F Nb (D™ =0.01 ~0. 14, Dy™ = 0. 004 ~
0.015), HAk4: )% LivNa MY AR T Ta 765
P EECE L 54,1979,1992) o BRI A A
R NaF &5 (Na,O V144 6.37% , F “F3 K
3815 x10°°) Ryix— i B4 4t 7 4 4F, H /A A
RAEATAE I AL ZE Rt IS s T W 1A R R i
SRIMT, D" F Dy BE /N P T 43 1 B A
Nb.Ta S ARED, 45 KH 5> Nb Hl Ta A7) B AR5 A
DT I AR 1) 43 75 B4R W LA s s 44 v ¥ Nb/Ta
B, AHIX — R AT S B0 s E A K. 55— 71,
FEE AT IR A R, S He BT 4 32 R B A
FBesR A A A S, R R BT Ta B4 C 4R
BRAT VA S AR . B TR AR A
A TS Nb, HA AR 7 HRAIG, B A S
MR A . M Huang Z5(2018) X AU K /R A 44

T AT IE ST, 40 Nb/Ta 538 3.7, 9] 81K
T4 Nb/Ta fH, X 5 Mahood %5 (1983) 5 %
D s AT A 1) Ta 23 TE R £ (40. 2 ~ 54.8) A
— 3. FANET Huang 552018 XF 4% 41 1150 2K, 2
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