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Mineral chemistry of biotite from the Neoproterozoic Pailou granite in
western Wudang uplift: Implications for the petrogenesis
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Abstract: Biotite is an important rock-forming mineral in most of granites, and its mineral chemistry can reveal the
crystallization conditions, petrogenesis and tectonic setting in the magma system. In this study, the authors utilized
electron microprobe analysis ( EMPA) to determine the mineral composition of biotite grains hosted in the Pailou
granite. The EMPA data show that the biotite is poor in A1Y'(0. 128 to 0.395) atomic number and moderate in Ti
(0.236 to 0.267) atomic number, and shows siderophyllite affinity. In addition, the biotite is rich in iron and poor
in magnesium, with Fe’*/(Fe’™ + Mg) values from 0. 985 to 0.989. Petrography and mineral chemistry indicate
that the biotite grains are of magmatic origin. Based on calculation of the EMPA data, the crystallization tempera-
ture and pressure of biotite are 640 ~710°C and 0.9 ~ 1.7 GPa, respectively. Besides, it was formed under the
condition of low oxygen fugacity, with the log f,,, values from - 18.1 to - 17.4. The low oxygen fugacity of
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magmas can explain the lack of Cu, Au and Mo mineralization, whereas the lack of Sn mineralization may be attrib-

uted to the low temperature of magmas. Combined with the study of mineral chemistry of biotite and geochemical

features of hosted rocks, the authors hold that the Pailou monzogranite is of A-type and was formed in the nonoro-

genic tectonic setting.
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Si; A =0H, F, C, 464 P i Wi ) 2
—(Rieder et al. , 1998) . [T IG5 R Rk 22 053 %)
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I, I g 2 5 A I AR A T DL 1 3L A 2% R A 27 1
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S S W H R e R IR s L AR R R R
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Beane, 1974; Zhu and Sverjensky, 1992; Henry e
al., 2005; Uchida et al. , 2006) . H K% 2 &b 2
By BT L)z I T B o 3R
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querque, 1973; Rasmussen et al., 2013; Parsapoor et
al., 2015; Sarjoughian et al., 2015; Zhang et al.,
20155 FH)EAE, 20175 BBHAE, 20175 JH =48, 2017).
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HH] 7R B BOR, T a0 R e B K R B
BEAT R G WAL 7 B DE9T, B WL i 4k
SO a0 B R LR BE Bt 1) 5% B 42 )

D28, IF AT A 2 B 03 (¥ 4 56 D 2 A TR SR R A
TE IR G 15 S PR .
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Fig. 1

Schematic geological map of the Qinling-Tongbai-Dabie orogenic belt (a, modified after Wu Yuanbao et al. , 2013),

geological map of Wudang uplift (b, modified after Ling et al. , 2008) and geological map of Pailou granite (c¢)
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Fig. 2 Hand specimen (a) and microscopic photos (b ~e) of the Pailou monzogranite (b and d: plainlight; ¢ and

e: crossed nicols)
Bt— =Bk Hh—MIN A Ks—8K A PI—RHCA s Q—Afi 8
Bt—biotite; Hb—hornblende; Kfs—K-feldspar; Pl—plagioclase; Qz—quartz
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BT 32 76% ~ 34. 41% 2 1A, TiO, & B AT
1.86% ~2.08% 2 [al, AL,O, &0 4T 11.89% ~
13.68% 2 [i], FeO" ¥ B4k T 35.02% ~37.56%
28], MgO #4246 T 0.23% ~0.29% 2 [ii], MnO
FHEATE0.52% ~0.75% 2 [A], Na,0 F1 K, 0 % 53l

$30.03% ~0.25% F17.37% ~8.72% ,Cl SHE A0
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HIP B AR E Fe’ T Mg, X, [ Mg/ (Mg + Fe') ]
fH40.011 ~0.015. Rtz 4h, Bt ALV R 75
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Table 1 Representative chemical compositions of biotite from the Pailou monzogranite
R PL-O1 P1-02 P1-03
75 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
K,0 8.08 7.86 8.46 8.72 8.10 8.52 7.62 7.84 7.37 7.91 8.20 7.73 7.88 8.03 8.55
Na, O 0.03 0.13 0.10 0.06 0.18 0.10 0.10 0.04 0.12 0.12 0.18 0.25 0.09 0.09 0.10
Si0, 32.76 32.76 33.96 34.36 33.08 34.41 33.84 34.14 33.52 33.32 34.34 33.44 33.10 33.66 33.80
Al, Oy 12.62 11.89 13.07 12.26 13.22 13.10 12.22 12.83 13.27 11.99 12.35 13.00 12.59 13.48 13.68
FeO" 37.56 37.00 36.65 36.42 35.27 35.02 35.57 36.28 36.67 35.93 35.75 35.29 36.88 35.56 35.87
MgO 0.23 0.26 0.27 0.27 0.29 0.28 0.29 0.28 0.26 0.24 0.29 0.25 0.24 0.23 0.24
Ca0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00
MnO 0.63 0.60 0.64 0.64 0.75 0.64 0.57 0.64 0.68 0.70 0.66 0.65 0.74 0.59 0.52
TiO, 1.91 2.04 1.93 1.97 2.08 1.99 1.90 1.88 1.88 1.90 1.98 2.01 1.86 1.92 1.87
Cl 0.00 0.01 0. 00 0.01 0.01 0. 00 0.02 0.00 0.01 0.01 0.03 0.05 0.01 0.01 0.01
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 93.83 92.55 95.08 94.71 92.96 94.07 92.13 93.91 93.78 92.12 93.78 92.66 93.37 93.58 94.64
P22 A O Ji T o B U5
T i
Si 5.622 5.692 5.703 5.797 5.661 5.789 5.827 5.773 5.682 5.778 5.820 5.723 5.681 5.703 5.679
ALV 2.378 2.308 2.297 2.203 2.339 2.211 2.173 2.227 2.318 2.222 2.180 2.277 2.319 2.297 2.321
M 7
AV 0.176 0.128 0.289 0.235 0.328 0.387 0.305 0.329 0.332 0.228 0.286 0.345 0.227 0.395 0.387
Ti 0.246 0.267 0.243 0.250 0.267 0.252 0.245 0.239 0.240 0.248 0.253 0.259 0.240 0.244 0.236
Fe’* 0.256 0.287 0.317 0.319 0.349 0.410 0.462 0.439 0.431 0.357 0.394 0.416 0.318 0.412 0.338
Fe?* 5.135 5.091 4.829 4.820 4.699 4.518 4.660 4.691 4.769 4.855 4.673 4.636 4.975 4.627 4.701
Mn 0.092 0.088 0.091 0.092 0.108 0.092 0.083 0.092 0.098 0.102 0.095 0.095 0.108 0.085 0.074
Mg 0.060 0.067 0.068 0.068 0.073 0.071 0.075 0.070 0.066 0.062 0.073 0.064 0.061 0.057 0.061
KA
Ca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Na 0.009 0.044 0.032 0.020 0.058 0.032 0.032 0.012 0.039 0.040 0.059 0.081 0.030 0.031 0.032
K 1.770 1.741 1.813 1.878 1.769 1.829 1.674 1.691 1.594 1.751 1.772 1.688 1.724 1.736 1.832
A fir
OH 4.000 3.996 4.000 3.996 3.998 4.000 3.993 3.999 3.998 3.996 3.992 3.984 3.998 3.996 3.998
F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cl 0.000 0.004 0.000 0.004 0.002 0.000 0.007 0.001 0.002 0.004 0.008 0.016 0.002 0.004 0.002
Total 15.744 15.713 15.683 15.681 15.651 15.590 15.538 15.561 15.569 15.643 15.606 15.584 15.682 15.588 15.662
AV 4R T 0.679  0.682 0.849 0.803 0.944 1.049 1.013 1.007 1.002 0.833 0.933 1.021 0.784 1.052 0.481
Fe* +Mn 5.227 5.180 4.921 4.912 4.807 4.609 4.744 4.783 4.867 4.957 4.768 4.730 5.083 4.712 4.775
XMg 0.011 0.012 0.013 0.013 0.014 0.014 0.015 0.013 0.013 0.012 0.014 0.012 0.011 0.011 0.012
100 Fe/
(Fe + Mg) 98.9 98.8 98.7 98.7 98.6 98.6 98.5 98.7 98.7 98.8 98.6 98.8 98.9 98.9 98.8
Al” 2.553 2.436 2.587 2.437 2.666 2.597 2.479 2.556 2.650 2.450 2.466 2.622 2.546 2.692 2.709
p/GPa 1.2 0.9 1.3 0.9 1.5 1.3 1.0 1.2 1.5 0.9 0.9 1.4 1.2 1.6 1.7
H/km 4.5 3.2 4.8 3.2 5.7 5.0 3.6 4.5 5.6 3.3 3.5 5.2 4.4 6.0 6.2
W RN T0CG TS5 H™ PR I R i Al Fie v, w] gk
A /eaa/mwﬂzzaamAﬁummm— B
(Jacobs and Parry, 1976, 1979). 3K B = B Fll i
4.1 EREUHREEE W2 BREANAE 5 M 2 EAFE IR KW 22 57, AE0T )
FIRIL A, R BETT ukUﬁﬁE#ﬁ%%D A o A R 2 00 o A IR b S B A AT
A B 25 B (Jacobs and Parry, 1976) . HH B XA HHF B 2 BEXT LU 9T, Beane (1974) 8 H R M A
TE LT 5 R 45 At R 5 AR 28 2 B ﬂ?ﬁiaiﬂ‘ AR 3% B B Mg/ Fe <O0. 1, 148 M 2B} Mg/ Fe >
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Kl 3 =By JEEICHE Foster, 1960)
Fig. 3 The classification diagram of mica (after Foster, 1960)

1.5H Fe’ " /Fe’ " <0.3. BRILZAL, A3 B A bhe B
HHEE TIO, ( >3% ) FMEAKK ALO,( <15% )7
# (Nachit et al. , 2005), % # 1] LLA TiO, — FeO' +
MnO — MgO =7t IR 1 1 X 53 FF 2K ( Nachit et al. ,
2005) .

RS AL B R T R S RERSRECIR . A B A B
FORFE BT AR U IR LT AR AR C T 26200, R
JCIR B & 1 7% 3, T A 2R IR 5 5 08 5 BEAE
CHEEE, 2017) . A2 o 85 R WoR, IX B8 T8 25 B)
Mg/Fe fti it /N T 0. 1, ALO, & &N T 11. 89% ~
13.68% [0, 1, 15 55 B < REAR AT . SR M, WLk —
KA KA B2 BEH TiO, =400 2 %, ZEAH K
PR b7 N BRI AL i) 7 BB 2 BERIT 10 1T 45 it 22 = B
I, H ol T R2HCAE KB ZBCE 4,
LA 12 kAl 24 i U 4 AR W, e — K AR X
HHA SR FeO (IR YEIESE, 2018) . A REA
FONAAE R R KA 5 1) 220 Fe 90, A ]
WG AL T EaaEtE. HN, B TR
w3 i A7 7E TV 55 (Fe, Mg) ™ 28 5t [A) 45 85 4K
( Abrecht and Hewitt, 1988), B = BEvp i34 &= ) Fe
Poph 2 SRR & B0 Tio F52 E, 1R 2 WF 9% 52 4
BR,E FeO' MIBRYEAL A I B = BEA —
A & &I Ti0,(Nachit et al. , 2005) . 45 Lk
BT, R T B0 BT 0 28 2 RES I 128 2 R = B,
DRI H Ak 27 1 2 T DA T 4080 AR A 1 2 T B 4
AL A B T

K4 RxBHE 10 TiO, —FeO' + MnO — MgO B 432
7 % Nachit et al. » 2005)
Fig. 4 Genetic classification of biotite using 10 TiO, — FeQ" +
MnO ~ MgO diagram Cafter Nachit et al. , 2005)

4.2 Z-BHEENYBUERHE

ST FUER B, B A A 2K 5 G At B 3, A
1 Fe'*/Fe* (H N, w5 F A E DM F 5
Mg”* 5% G N B = BEW W &+ B ( Wones and
Eugster, 1965), AL M 2 BE5y A% 48 b Mg?* L Fe’
HFe®* B IRARS 5 5 m] DU 05 52 R 45 o i 1
SUREE . H AR FHAZ S50 4 0 A o) 4000 2 1) i
Tl 72 N T4 2 BOH B B4 IR I i v
(Parsapoor et al. , 2015; Zhang et al. , 2015; Zhang et
al. , 2016; MFHEE, 2017) . GOHTSCHTIR, ik K
T RE I 2 K E A AT B o B KA &b
SR, JoA A R A B s R B R
WAL 20 BT AL 2R AE B, TR A B o P
HARE Mg VFe’t Al Fe® i 04 A S [ 43 Sl ok
0.057 ~0.075.0.256 ~0.462 f14.518 ~5.135, £
K b7& N NNOCERSUALER) T FMQ ORI A1 —
MR A 0 ) A IR P g7 i 2 2 (R C &1 5D, 7E Wones
A Eugster (1965) (178 2 B log £, — ¢ B 6) 1,
A LU H AL B 4 1 log £, 290 —18.1 ~ —17.4,
FroR I B S REJE B TR 0 A P PR B

BRI TiO, 552 il B ) R B IF H T 1
i XA B o BRI R L. (Robert, 1976), PRItk
Ti ()5 12 0] DU R0 A 5K s F AR i v R = B
JE I & ( Robert, 1976; Douce, 1993). J##k — K
1o BE I R S RGBT R AR, R HE
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Fig. 5 The Fe’*—Fe**— Mg’ * diagram of biotite
(Cafter Wones and Eugster, 1965)

HE R

PAV R HUTERFEY i RERE (Fi Rt

1 L 1

=30 L I i
400 600 640 710 gpp 1000
#°C
6 Kb log fo,— ¢ BIRCHE Wones Fl Eugster, 1965)
Fig. 6 The log f,,~ ¢ diagram of biotite Cafter Wones

and Eugster, 1965)
MH.NNO.FMQ F1 TW y483% 5 22 ph ith £k, i 2 0 22 B 100 Fe/
(Fe + Mg) S5 £k
The solid curves of MH, NNO, FMQ and IW are oxygen fugacity buffer,
and the dashed curves are isograms of 100 Fe/(Fe + Mg) in biotite

ORISR . A 520 4185 M R4k 2
S BRI GETE, Henry 25(2005) 5 H M <6 Ti & &
B X K2 g AR g, X—afmal
Wt B PEE R A R PGE R = B, IS T
R 4F 1 N FH 3R (Parsapoor et al. » 20155 Sarjoughian

et al. , 2015) . AR REIE HAOVE N X, =
0.275 ~1.000, Ti =0.04 ~0.60, ¢ =480 ~800°C ( LA
2240 JRF N . MR KL KA B 2 RE
Xy 64 0.011 ~0. 015, NFFA % 7 R A 41
AT A I SCA L, B L log £, — ¢ I,
R A3 5 2% o X3 % BB 2 By 1 5 100 Fe/(Fe
+ M) H, il SRR — KA B B 2 RETE G B 3
il 4 640 ~710°CCK 6) .

BT R AT BB A" S5MN4a ALY B 5t
FAVEER 5T ) b o 1R s Fs 0 A7 A R B IR 2%
KR, Uchida %5 (2006) 2 T 46 5 45 B = B
Al" 545 R a5 JifE: p (0.1 GPa) =3.03
A" —=6.53C £0.33), b Al" 25 BFRL 22 N R
TSR0 AL BHES 2 iz A AU T ol
SR F T H AL 1) 1 B8 1-S B 7. L
T, X2 A U BT 2] A B A, JF
BAT REFHEHME (Lan et al., 2015; Cao et
al., 2016) « 3k IR 7 FR4 A, 15 H A — K AL
PR RPERUE VR 0.9 ~ 1.7 GPa. 1RAIEE
FIH p =pgH AT, Forh p UK ik 5% 1 - 35 35
%2 700 kg/m’, g =10 m/s>, KRR FEAT 2 T 3.2
~6.2 kmo HHTRATIRE B R RAT, 1K AN
(A R Bk SR 2, 1 A DA B R BE R A
TESRAN B 7853 4 iy T R R AR IR S5 1, 1Al 15
FH 2 L5 (1) TR A 1 2 D 400 45 13X — e AiE AR 7°F
(E2).

4.3 BAMEEZMERE

KA FT CL R UE I 28 2 BERLAY B T 0T LAY 5
BRI M TR g R R T R DAAE, AR SRS LT
W] LR T W7 5 A DR 2 R R R 3 15 5% ( Abdel -
Rahman, 1994; Shabani et al., 2003; Dahlquist et
al. , 2010; Zhang et al. , 2015; %%, 2017). il
oSt L A A3 L R R RO ) R G L
5, Abdel-Rahman (1994) #§ H i (45 8 F %5 & (1
RUAE B W 0SB = REAI G & Mg, 2L AR R S BLAE X
AR R AL MARE LA RCA B
TP R AREE Feu i E 8k = B LS5 8 10 5L
fill |, Dahlquist 25 (2010) #F 57365 Y, 2 2= B R oy
) Fe’* /(Fe’* + Mg) >0.8 ;& [X 7 A Al 1.S AlfE
Il 5 (10 F S R A

JREAE b T I BB 2 R R BN B Fe 78 Mg 1
FRE, Fe®t /(Fe’* + Mg) {H AT 0.985 ~0.989 Z [f],
JE TR BB 3) o 1R ZEBE MgO — FeO' — AL O,
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