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Abstract: The Fangshan granite is located in the Yanshan tectonic belt of the North China craton, and is an asymmetric annular
intrusive body. It is mainly composed of multi-stage intrusive granodiorites which are divided into three lithofacies belts including
central facies, transitional facies and marginal facies. In addition, there are a lot of mafic microgranular enclaves (MMEs)
distributed within the pluton. Biotite is one of the main minerals in intermediate acid igneous rocks, and its mineral geochemical
characteristics record the properties of host magma and the physical and chemical conditions of petrogenesis. In this study, the
biotite in the granite and MMEs was systematically observed. The chemical composition of biotite was studied in detail by electron

probe microanalysis (EPMA). Finally, the magma source and mixing process of the Fangshan granite are discussed. The results
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show that the biotite in the granite and the MMEs have similar chemical compositions. The biotite in the granite is rich in Mg and
poor in Fe, which belongs to magnesian biotite. The iron content coefficients [(Fe” +Fe*") /(Fe’ 4+ Fe* " +Mg" )] of granite in
three facies zones from the outside to the inside are 0.42—0.47, 0.45—0.47 and 0.41—0.46, respectively. The FeO"/MgO ratio is
close to 0.60. The MF values [2XMg/(Fe”"+Mg-+Mn)] are 1.05—1.21, 1.06—1.15 and 1.12—1.23, indicating the source
material were derived from crust-mantle mixed rocks. The biotite’ s MF values of MMEs in three lithofacies belts from the outside
to the inside are 1.00—1.16, 1.03—1.15 and 1.10—1.18. The biotite is magnesia biotite, suggesting that primitive magma was
influenced by intermediate-acid magma. The above results show that biotite from both the granite and MMEs has similar chemical
characteristics. However, there are some differences among different lithofacies. Therefore, it speculates that magma mixing has

occurred in the Fangshan granite. The magma mixing is a multi-stage interaction process and may be caused by the mantle-derived

magma which is injected into the crustal-derived acid magma during multiple stages.

Key words: biotite; mineral chemistry; magma mixing; Fangshan granite; North China craton; tectonics.

0 5l%

Pt 52 3 AR A BT 8] 1 M X A b
ot B MR MWDy s . s Ll Ak 5 A R
A BER AL i N 5 2o Y8 AH A DL BRI A6 i) TN K 7
DL K 391 % AH 19 48 B TN 2 =350 43 41 s (] OE [ 46
1992). 5 L b i A R ER S R INK s 4, B
TR PR R S A K I B R B ORI AR L R BE R
Jo R A A T T P R M AR A AR R R R T
o 9 L b AN [P B 0 A IR R AR R R bR A
P LI AE 1 VAR A Tl AR o 280 7 A R a1 86 B 5 1
B SR 5 5 IR G /E 0 R 4P X4 (Jean,
1987; 5 B i 55, 1992 B 4k 74 4, 2009 ; 2¢ ifF 4
22012 BR FE 45 2021) . B A B3 Ll 46 A AR Y
T 5% 0 F 25 1R KA A i) s R R v A i AR (5 B
T 45, 1992 ; i8] [ 8y 45, 1995 ; 35 8 0 45 | 2005 ; BF
B4 2006 5 B 4k 44, 2009 5 21 4245, 2012) L, 3h
R By WA R T AL R A R T A1 (5 B i
45 ,1992) , 5 S 1 25 5 VR DL R e = ml AR
FH P Fb o A2 3L 8] 1R ARG 45 R (el [ 4F, 1995) .
) B 4t L2 R 1 2 Rk IR 2 e R A I 1=
g1 & 0 5E 08 AH TR ] (2L 4 55, 2012).

HR PR 25 3K A T BT ) Ak A 2 AT DLk
M R U | b TR A7 ] 45 Ak A5 b Tk R AR A
B, T LA W 0 2 8 ) B AR 2 SR O T IR
JEE RIS B AR ) AR K T S R R Ok R AR R
(Temizel et al., 2014). B =1 5 1k 2% 143 1R 4
ISR T HAF F AWM E M, T oA 1 ] DL R ik
A I, AR TR A M A B8 R B AL 2 A
o e B 43 0 A 9 30 AT R B 2 pl B 5 A IR A
1B A 26 19 AF 5 a3k ( B & B 5§, 20035 Gao et al.,
2016) .3 o XF 8 = BT WAk A 2 S BE A, AT R

T AT S AR I R T AR R SR )
Ji 3 IR % fF B (Burkhard, 1991; El Sheshtawi ez
al., 1993; Abdel-Rahman, 1994; 4 /i % , 2006 ;
Xuetal., 2015; $G4E,2015; Z=m 45, 2021).
T HE— D WE SR B Ll AR B R B R T
TR AL AR 1 A A B R 0 T 2 3R 5 1 A6 X s R TR
B R R R AR A ROR A AR AR SO B Ll 4
< e AL B €6 B A T 0K A0 AR HE AT T TE A Y A A
EHESE I R L 2R = BE T ) b BK Ak A R AR
7 T VRN 40 B 38 2 X B AN [6] 25 A 27 9 A6 i) 5
BRI RSB S AT AT A A
P, TR B L A 00 25 s R R Al A

1 MR 5

Ao db e PnE A T E AR AL AR ER LN 52 AR
D IR Y e S N i o B | A D e 2 R )
BV LUAR M 5 L O B R LRI A b A (Bai
and Dai, 1996; Kusky and Li, 2003). 3 1l # & i
A b v R b S e LR TR SR O b A
AT b B P R 2 50~60 km 4 B B 4
MRS AR MREIE , & — 4 h 2 REK
12 AAEFH BT I B rp 25 RS 1) &2 2 bk, 8
T2 54 km* (] 1) . i 1l R i 2 % &L 2 19 40
KA RKRINKA RS - KEANTY, £ H
BB ARG N KA, T 2 L EL A Y
(CUNY S W AR e N YU E- JLE
SRR YR A 5y R i 2k A CRLRE A6 B TN ) L3 8 A
CHLEE 6 5 DN K ) Aindr Je Al (B BEAE B IN K5 )
FLIR] Ry W A2 OC &, A R BRI 5 I SR A ik
KFR, WER & A N ALk .

JELIE [ 55 (1992) 44 B L (A 50] 43 1 4 A4 1 B



4008 i BR B 27

http://www .earth-science.net

46 %

19FS2-1-— @
e | 19FS3-3

“19FS3-1

R SN K

| e

1 g ila kst s
Fig. 1 Geological map of Fangshan intrusion
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Fig. 2 Field photographs of Fangshan granite and mafic microenclaves (a, b, ¢, d) and photomicrographs under orthogonal

microscope (e, f, g, h)
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Table 1 Biotite chemical composition of the Fangshan granite and MMEs (%)
g D2 A (oL i PEAH (L B r AR (BEBR ki o WA L
PASARSE )] RAEBG N ) BRI IN )
GPS 39°42'26"N, 39°42"40"N, 39°43"28"N, 39°42"40"N, 39°43"32"N, 39°43"28"N,
115°56'38"E 115°56'34"E 115°56'8"E 115°56'34"E 115°56'23" E 115°56'8"E
B 4 19FS3-1, 19FS2-1, 19FS2- 19FS1-1, 19FS3-1, 19FS2-1, 19FS1-1,
19FS3-3 2, 19FS2-3 19FS1-3 19FS3-3 19FS2-2,19FS2-3 19FS1-3
T3 n=19 n=66 n=64 n=41 n=64 n=>62
VNS U NI S O VN -/ NI S O %N /NI SH OB © 2/ /NI SH B 7N &/ NI P B - % N &/ NI o &
m M| M ™ @& M M o m ™ M M M oM™ M M A M M
SiO, 36.91 38.06 37.57 36.89 38.20 37.49 35.56 38.19 37.04 37.32 38.26 37.71 36.30 37.99 37.27 35.88 38.34 36.94
TiO, 0.78 1.79 1.33 1.01 1.87 1.43 1.34 3.07 2.09 1.25 1.79 1.54 1.51 2.00 1.74 0.97 3.17 2.20
ALO, 14.58 15.75 15.17 13.79 14.86 14.24 13.71 15.23 14.21 14.41 15.31 14.83 13.72 14.45 14.14 13.78 15.14 14.37
FeO 16.27 18.58 17.30 18.13 19.96 19.26 17.25 20.14 18.92 17.38 19.39 18.32 18.27 19.97 19.27 18.02 20.51 19.08
MnO 0.21 0.32 0.25 0.12 0.32 0.22 0.10 0.31 0.22 0.20 0.29 0.24 0.15 0.31 0.21 0.13 0.30 0.20
MgO 11.98 13.35 12.77 11.43 12.71 12.07 11.24 13.52 12.07 11.93 12.69 12.31 11.30 12.41 11.94 10.49 12.69 11.79
CaO 0.00 0.04 0.01 0.00 0.06 0.01 0.00 0.06 0.02 0.00 0.05 0.01 0.00 0.24 0.01 0.00 0.12 0.01
Na,O 0.03 0.11 0.06 0.01 0.10 0.06 0.01 0.11 0.06 0.03 0.10 0.06 0.00 0.75 0.06 0.03 0.17 0.07
K,O 9.96 10.46 10.28 9.73 10.47 10.14 9.66 10.47 10.11 9.76 10.53 10.22 9.83 10.73 10.22 9.70 10.52 10.17
F 0.00 0.93 0.50 0.14 1.29 0.62 0.22 1.17 0.73 0.02 0.84 046 0.27 1.18 0.70 0.20 1.29 0.72
Total 94.30 95.52 95.03 94.60 96.68 95.28 94.61 95.87 95.16 94.62 96.26 95.51 93.88 96.36 95.28 94.50 96.29 95.25
Si 5.65 5.73 5.70 5.67 5.79 5.73 5.51 578 5.67 5.65 5.75 571 5.65 576 5.71 5.52 580 5.65
Ti 0.09 0.21 0.15 0.11 0.22 0.16 0.15 0.36 0.24 0.14 0.20 0.18 0.17 0.23 0.20 0.11 0.37 0.25
Al 2.62 2.80 2.71 248 2.68 2.56 248 272 2.56 2.58 2.72 2.65 248 2.63 2.55 249 2.76 2.59
Fe'' 0.20 0.27 0.25 0.18 0.30 0.25 0.21 0.32 0.26 0.22 0.29 0.26 (0.05) 0.28 0.24 0.22 0.29 0.26
Fe’" 1.79 212 195 2.06 239 2.22 1.95 2.36 217 194 218 2.06 2.06 2.56 2.23 2.01 242 2.18
Mn 0.03 0.04 0.03 0.02 0.04 0.03 0.01 0.04 0.03 0.02 0.04 0.03 0.02 0.04 0.03 0.02 0.04 0.03
Mg 2.73 299 289 2.60 2.88 2.75 2.59 3.06 2.75 2.70 2.87 2.78 2.61 2.82 273 242 287 2.69
Ca 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.04 0.00 0.00 0.02 0.00
Na 0.01 0.03 0.02 0.00 0.03 0.02 0.00 0.03 0.02 0.01 0.03 0.02 0.00 0.23 0.02 0.01 0.05 0.02
K 1.94 203 199 189 2.04 198 1.88 2.04 197 190 2.03 1.97 1.93 2.13 2.00 1.90 2.05 1.99
AL(IV) 2.27 235 230 221 233 227 222 249 233 225 235 229 224 235 229 220 248 2.35
FeO" /
(FeO" + MgO) 0.56 0.61 0.58 0.59 0.64 0.62 0.56 0.64 0.61 0.58 0.62 0.60 0.60 0.64 0.62 0.59 0.66 0.62
MF 1.12 1.23 1.19 1.06 1.15 1.10 1.05 1.21 1.11 1.10 1.18 1.14 1.03 1.15 1.10 1.00 1.16 1.10
TR 0.41 046 043 045 049 047 042 050 047 044 048 046 045 050 048 0.44 0.52 048
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Fig. 3 Composition variations of biotite in granite and mafic microgranular enclaves
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microgranular enclaves
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Fig. 6 Discrimination diagrams of tectonic setting for biotite in mafic microgranular enclaves
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