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Fig. 1 (a)Sketch geological map of the North China Craton. The Solonker zone is a suture between the craton and the

Mongolian micro-continent. (b) Map of the Fanshan ultramafic-syenitic complex (after Mu et al. , 1988)
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K 193 nm, MR 5 R BE A0S 60 pm, RE W R
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Fig. 2 Photomicrographs showing the characteristics of biotites from the Fanshan ultramafic-syenitic complex (plain-polarized)
(a) —FARIE A HFEGL FS8 R &b, B B IRZLIE (R 8 A 2 @1, 2 BIB- I UK 254 , 4345 T 50 RHEE £ 18] B P 5 (b) — SR RH A1
HHEG FSLL i Ba B/ TG /N UKL F R 1 4 5 TR BB (o — A A A IERKAFER FS6 PR B, G- Hazh
T, 5IERA R R RS B AR A AR (D — A A A IERCE R FS12 Ay BB B B B b i 60 [ B B S AR R A
B R ESBi R At Di @B WA Mag— fEBR s Go— W KBS B A Or — IER A

(a)—The biotite from clinopyroxenite FS8, is dark reddish-light yellow pleochroic, midum or coarse grained, subhedral-anhedral crystal,

PR B B BT T AR AE CHLf ')

interstitial to clinopyroxene; (b)-—the biotite from clinopyroxenite FS11, occurring as anhedral poikilitic grains enclosing clinopyroxene

grains; (c)—the biotite from garnet-clinopyroxene syenite FS6, greenish-brown pleochroic, coexisting with orthoclase, magnetite and

melanite; (d)—the biotite from garnet-clinopyroxene syenite FS12, occurring as euhedral grain. Representative microprobe spots are indicated

by white dots and numbers; Bi—biotite; Di—Diopside; Mag—magnetite; Gt—garnet; Or—orthoclase
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k1 fros RN A 5 A R A A B K S
B2 BER) SIO, 5 8439 R 35. 17 % ~ 36. 45 % il
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14.69% F1 13.2% ~15.43%; TiO, B & & 2 9 K
3.01%~3.63% 1 2.25% ~3.38%; TFeO 1y & &
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MgO & 84098 13.51% ~16.22% 1 10. 15%
~13.64%; Mg £ 43 %N 0.57 ~0.68 Fl 0.43 ~
0.56, K, O By & &4 %R 9.45% ~ 9.79% #i
9.04% ~10.25% . Na, O 15 &5 % A4 0.13% ~
0. 420F1 0% ~0.21% ., TF5 KA 1Y 51 RHE £ 55 F
AABEAER SR B0 Fe/(Fe+Mg) 4051 4
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4351k 1. 233~1. 322 1 1. 179~1. 375, 7F 298 bk
() APSE 732 i F (& 3) . Bl 4 A AR 1 = B 3
A b AR R B R XA BRI A A R
T RETER BB B R b,

R T ARGEES fh KT R B B B R A AR S
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FURDEE A1 %5 R i FS11 Hh ] = BEURL FS11-1 % 8
H5ii# K Fe/(Fe+ Mg) A 43 528 0.42 A1 0. 41,
AR K AL 435 1,233 F1 1. 279, BE A B
WOk FS11-2 &% 53381 Fe/ (Fe+Mg) HAH 53 5
0. 43 Fl 0,42, AL 45K 1,322 F1 1. 303, Y%
BFEAR ., BRINE A H R i FS8 o ik FS8-1 4% &6
5ih# ) Fe/(Fe+ Mg) HLH 43 % R 0. 33 F1 0. 32,
DALY 1,235 F1 1. 303, AL B A N, A1
ARE A IE R S HE A FS6 kL FS6-1 4% 58 5 i1 %
) Fe/(Fe+Mg) LLAE 43 51 fy 0. 47 il 0. 44, W A7 B
s 2 AL 435 2 1,318 A1 1. 179, g A REAR . WOkE
FS3-1 &8 5 1 # 1) Fe/(Fe+ Mg) HAH 4 51 h
0.53 F1 0.57, W& A 5 fns 2 AL 43 51 2 1. 287 F
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Fig. 3 Biotite compositions from the Fanshan
ultramafic-syenitic complex plotted on the APSE (annite-
phlogopite-siderophyllite-eastonite) quadrilateral.

J T RS Kings River 8 #1 t # & (Feldstein et al. ,
1999) Az Il-G Y IL AT R0 IR A 20 G R 248, 1995) . %
BB W B ST IR IR A 3 KA (B JLAF . 2006) | Bishop 1ff
WAE 56 HE I 5 AR %) 5 (Lalonde et al. , 1993) \Hepburn 1 48 i
16 % 7+ (Lalonde et al. , 1993) .75 K 111 & W = i JC /K B 14 A7 9 1F
K45 (3 % 5 %5, 2005) L J Falcon Island #2 5 2t 81 5 12 A %
(Ayer, 1998) 3 2 £ 4 s s 78 [

Also shown for comparison are the biotites from Kings River
mantle-derived potassic magmas ( Feldsteinet al., 1999),
Ailaoshan-Jinshajiang mantle-derived shoshonitic series (Xie et
al. , 1995), Fanchang-Tongling quartz—monzonite of a mixed
source of mantle and crust (Lou et al., 2006), Bishop
subduction-related gabbros and granites (Lalonde et al. , 1993),
Hepburn peraluminous granites (Lalonde et al. , 1993), Weiya
anhydrous, alkali quarz syenite of high-temperature (Zhang et
al. » 2005) and Falcon Island mantle-derived ultrapotassic pluton

(Ayer, 1998)

1. 172, B8 A REAK . Wik FS12-1 3N Fe/ (Fe
+Mg) b F 0. 47—>0.46—>0. 46, F 4 | $L 4G 75
fhs X ALAY 9N 1.241—>1.337—1. 372, S & 5
MREAR . X BEEHE BB L B L 2 R P R = B
PR EN AR 25 A AR v, B 2 S O E A AR
AT /IS o W 7R AL LU 2% 25 A 8 = B 43 T e
T T EKARR B .

BHLLL 2% TR 8 = B Y i o0 R 4 R TE L 3R 2.
mE PR I SRR s B LT R
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Table 1 Microprobe analyses of biotite from the Fanshan ultramafic-syenitic complex (% )

AR Pyx | Pyx | Pyx | Pyx | Pyx | Pyx |Gtsyn|Gt-syn|Gt-syn|Gt-syn|Gt-syn|Gt-syn|Gt-syn|Gt-syn|Gt-syn|Gt-syn| Gt-syn
s FS11- | FS11- | FS11-| FS11-| FS8- | FS8- | FS6- | FS6- | FS3- | FS3- | FS10- | FS10- | FS12- | FS12-| FS12- | FS12-| FS12-
L1 | L2 |21 |22 |11 12|11 |12|11]12]1.1]|12|1.1]L2| L3 |21 2.2

AT 5L c r c r c r c r c r c r c m r c r
SiO; 36.06|35.99(35.17(35.29|36.45]36.17|34.85|36.9635.02|34.69|34.26|35.05|35.52]35.75(35.82| 35.6 | 34.82
TiO, 3.01 | 3.04 | 3.52 | 3.14 | 3.63 | 3.04 | 3.38 | 2.38 | 3.37 | 3.18 | 3.36 | 2.53 | 2.27 | 2.25 | 2.58 | 2.51 2.93
Al; Os 13.78|14.39|14.68|14.53(13.95|14.69|14.63| 13.2 | 14.2 |13.87|15.14|15.25|13.74|14.94|15.43|14.44| 14.5
CryO; 0 0.01 [ 0.09 | 0.14 | 0.05 | 0.03 0 0.06 | 0.02 0 0. 06 0 0.05 | 0.01 | 0.04 0.2 0.11
TFeO 18.22|17.84|17.81|17.86|14.32|13.86[20.19| 19.1 |22.27| 23.7 |21.47]19.99|20.57|19.41]19.36(20.79| 21.1
MnO 0.27 { 0.25 | 0.11 | 0.23 | 0.15 | 0.19 | 0.39 0.5 0.4 0. 34 0.5 0.39 [ 0.45 | 0.45 | 0.45 | 0.43 0. 56
MgO 14.08|14.25|13.51|14.01|16.18|16.22|12.73|13.64|11.15]10.15|11.38|12.35|13.12|13.02|12.73|12.04| 12.19
CaO 0 0 0 0 0.01 | 0.05 0 0 0 0. 06 0 0 0 0 0 0.01 0
Na; O 0.13 [ 0.13 | 0.22 | 0.23 | 0.32 0.4 0 0.07 | 0.04 | 0.13 | 0.07 0 0.06 | 0.05 | 0.06 | 0.14 0.21
K, O 9.74 1 9.79 | 9.45 | 9.59 | 9.56 | 9.55 | 9.24 |10.25| 9.19 | 9.04 | 9.35 | 9.78 | 9.91 | 9.85 | 9.61 | 9.71 9. 36
NiO 0.02 | 0.02 0 0. 04 0 0 0.04 | 0.06 | 0.06 0 0.04 | 0.02 0 0.06 | 0.02 | 0.08 0.01
Total 95.3 |95.71194.56(95.06|94.62| 94.2 |95.45|96.22]95.71]95.16|95.64(95.36|95.69]95.79| 96.1 |95.95| 95.8

T 12 MR TR R T T

Si 2.737|2.714 2. 687 (2.684 |2.737[2.721(2.662| 2.8 [2.692(2.699|2.633(2.681|2.721|2.714|2.702|2.718]| 2.667
AV 1.233(1.279|1.313]1.303(1.235|1.279|1.318|1.179|1.287|1.272|1.367 |1.319|1.241|1.286|1.298|1.282| 1.309
Fel! 0.03 [0.007 0 0.013]0.028 0 0.024|0.0211]0.021]0.029 0 0 0.038 0 0 0 0. 024

2T 4 4 4 4 4 4 4. 004 4 4 4 4 4 4 4 4 4 4

AIV! 0 0 0. 009 0 0 0. 024 0 0 0 0 0. 005 | 0. 056 0 0.051/0.074]0.018 0
Fe’™ 0.14310.162| 0.14 |{0.157|0.085]0.127{0.169|0.125]0.194| 0.2 |0.207{0.192| 0.16 |0.185]0.183|0.195| 0.179
Mg 1.592(1.601|1.538|1.588|1.811|1.818|1.449| 1.54 |1.277]1.177|1.303|1.408|1.498|1.473]1.431| 1.37 | 1.392
Fe?™ 0.9830.956[0.997{0.966|0.786|0.745{1.096|1.064|1.217{1.313|1.173|1.087| 1.12 |1.048|1.038|1.133| 1.149
Mn 0.01710.016 | 0.007{0.015| 0.01 [0.012{0.025|0.032]0.026{0.022|0.033{0.025|0.029(0.0290.029|0.028]| 0.036
Cr 0 0.001|0.005]0.008]|0.003|0.002 0 0.004|0.001 0 0. 004 0 0.00310.001(0.002|0.012| 0.007
Ti 0.17210.17210.202| 0.18 |0.205]0.172{0.194|0.136[0.195{0.186|0.194{0.146|0.131]0.128|0.146|0.144| 0.169
>M 2.907|12.9082.898(2.914 | 2.9 2.9 [2.933]2.901| 2.91 [2.898(2.919(2.914|2.941|2.915[2.903| 2.9 2.932
K 0.94310.94210.921{0.931/0.916]0.917| 0.9 |0.991]0.901{0.897|0.917{0.954|0.968|0.954{0.925|0.946| 0.915
Na 0.01910.019(0.033|0.034|0.047|0.058 0 0.01 [0.006| 0.02 | 0.01 0 0. 009 |0.007 | 0.009|0.021| 0.031

Ca 0 0 0 0 0.001 | 0. 004 0 0 0 0. 005 0 0 0 0 0 0.001 0
21 0.9620.961]0.954{0.965|0.964]0.979| 0.9 |1.001]0.907{0.922|0.927{0.954|0.977]0.961{0.934|0.968]| 0.946
Al 1.233(1.279|1.322]1.303(1.235|1.303|1.318|1.179|1.287|1.272|1.372|1.375|1.241|1.337|1.372| 1.3 1. 309
Mg# 0.58 1 0.59 | 0.57 | 0.58 | 0.67 | 0.68 | 0.53 | 0.56 | 0.47 | 0.43 | 0.49 | 0.52 | 0.53 | 0.54 | 0.54 | 0.51 0.51
Fe/(Fet+Mg)| 0.42 | 0.41 | 0.43 | 0.42 | 0.33 | 0.32 | 0.47 | 0.44 | 0.53 | 0.57 | 0.51 | 0.48 | 0.47 | 0.46 | 0.46 | 0.49 0.49

TE  Pyx RN A1 s Grsyn—1 B A0 W A TEICH s OGRS 38 . 41 58 0L B A0 R 2 e om Ml x,

(REE) & S AR, A 2850 3% % 8 I8 T{0k A T B
SREE /NT 0.100X107°~1. 077X 10 %, ik T4
S0 X REE(454. 59 X 10 ~622. 45X 10 °; Niu et
al. » 2012) . LEFRARL A bR AL 100 2 3 K 1
F(E 42, 70K Eu 2B B W IE"; 525/ 10
R WA e AR . TEMCRE TCFR 1 5 6 b A 1
ek I 8 4b) 52 A A, B e
BE Rb(216 X 10 °~448X10°) \Ba(336 X 10 ° ~
17565 X 10 %), V(245 X 10 ° ~ 393 X 10 °), Co
(83.2X10 " ~118X10 %) ,Cr(11.0X 10 *~75.0
X10 %) Fil Ni(48.0X 10 *~129X 10 ) L& & &
W4 5 B 5 4 & A 2 (Rb=38.2 X 10 ° ~ 300 X
10 %;Ba=762X10 °~2371X10 *; V=148 X 10 °

~417X107°;Co=20.2X10 %~70.3X10%;Cr=
6.83X10 °~86.6X10 *;Ni=12.5X10 °~68.7
X10°%), JEZE Nb(3.69X10 °~10.3X10 °).Ta
(0.077X10 °~1. 08X 10" ") Fl Pb(0. 607 X 10 ° ~
2.30X 10 ") A% MG AR T B A A HEAH 2 (ND
=4.66X10 °*~57.1X10 °; Ta=0.26 X 10 ° ~
4.17X10"°;Pb=2.28X10 ®~25.6X10 %) ;0 &
Sr(15.2X 10 % ~150 X 10" °), Zr (2.55 X 10 * ~
19.9X107%)  Hf(0.057 X107 ° ~0.925 X 10 %) I
Sc(2.28X 10 °~9. 09X 10" O &I BT &%
B (Sr=1405 X 10 ° ~ 2385 X 10 %; Zr =127 X
10 0~456 X 10 °; Hf=5.43X10 *~12.3X 10 °;
Se=19.7X10 *~56.6X10 °); 76 ZE Th(<0. 005
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F2 ARALBERE-EKEREFEEZTH LA-ICPMS ST &R (X107°)
Table 2 LA-ICPMS analyses of biotite from the Fanshan ultramafic-syenitic complex ( X 107¢)

AR Pyx Pyx Pyx Pyx Gt-syn Gt-syn Gt-syn Pyx Pyx Pyx Gt-syn

TS FS11-1 FS8-1 FS8-2 FS7-1 FS13-1 FS13-2 FS13-3 FS11 = FS8 FS7 * FS13 %
VaiDOE Bofk Btk Bnh) Bohk Bah Bnh) Boh) K s H Eora
Sc 9. 09 8.51 8. 54 2.28 3.68 3. 27 3. 54 56. 6 55.7 45. 6 19.7
Ti 18437 19522 19914 19690 11360 12404 15026 12006 12614 8404 8851
\% 333 257 245 364 393 349 351 417 291 272 148
Cr 75.0 26. 8 28.5 30. 2 11.3 11.0 16. 3 86. 6 38.7 27.5 6.83
Mn 1717 939 889 1938 2346 2351 2319 1448 951 1572 794
Co 118 102 95.5 83.5 86.7 83.2 85.8 66. 4 70.3 45. 4 20. 2
Ni 129 51.6 48.0 53.9 53.8 50. 1 56. 4 68. 7 34.7 29.5 12.5
Cu 3.05 2.72 3.22 7.06 1. 12 1. 11 1. 68 450 171 184 148
Zn 214 116 105 342 427 427 416 117 69.2 92.3 47.1
Ga 26.7 19.5 18.7 43.6 55.1 46. 2 47. 6 16. 1 13.6 16. 2 15.9
Rb 386 448 428 216 269 241 247 58.6 119 38.2 300
Sr 93.4 112 112 150 24.8 27.8 15. 2 1507 1405 2014 2385
Y 0. 240 0. 155 0.172 0. 749 0.015 0. 035 0. 066 30.3 30.9 23.3 23.6
Zr 2.55 2.58 5.25 9. 77 18.0 19.9 15.5 243 127 389 456
Nb 6. 25 9.81 9.68 10. 3 3.69 6. 50 5.22 4.76 4. 66 9. 88 57.1
Mo 0.076 0.075 0.039 0.152 0. 087 0.170 0. 107 1. 05 0.242 1. 08 2. 50
Cs 3.45 4.78 5.21 0. 987 0. 865 0. 940 0. 950 0.928 1.56 1. 89 1.74
Ba 12413 7577 7969 17565 336 1180 2186 1188 2371 762 1366
Hf 0. 057 0.408 0.562 0. 925 0. 382 0.555 0. 445 8.59 5.43 12.3 11.8
Ta 0.476 0. 880 0.937 1.08 0.077 0. 220 0.298 0. 256 0.261 0.427 4.17
Pb 2.30 1. 062 0.989 2.143 0.792 0. 905 0. 607 25.6 2.28 8.03 18.6
Th <C0. 004 0. 001 0. 002 0. 001 0. 005 <0. 002 0.003 5.32 4.23 5.92 9.22
U <C0. 004 0.001 <C0. 003 0.007 0. 005 0.012 0. 005 0.771 0. 500 1. 25 2.39
Rb/Ba 0.03 0. 06 0. 05 0.01 0. 80 0. 20 0.11 0. 05 0. 05 0. 05 0.22

i too&

La 0. 004 0. 005 0. 005 0.014 0. 005 0. 006 0.011 113 93.7 124 78.9
Ce <20. 003 <C0. 003 0. 007 <20. 006 0.010 0.015 0.015 255 218 263 194
Pr <20. 004 0.011 <20. 004 <20. 001 0.002 <20. 002 <20. 002 35.2 31. 2 33.6 26. 2
Nd 0. 004 0.003 0. 024 0.023 0. 018 0.003 0.008 149 139 130 106
Sm 0. 009 <0.016 0. 003 0.019 <0. 021 <0.016 <0.016 27.1 27.3 21.1 19.1
Eu 0.114 0.173 0.171 0.395 0.021 0.042 0. 060 6.93 7.24 5.32 5.04
Gd 0.032 <0.022 0.019 0.596 0.003 0. 009 <0.016 19.7 20.5 14. 8 13.5
Tb <20. 001 0. 001 <20. 003 0. 001 <0. 002 0. 001 <0. 002 2.04 2.11 1.51 1.43
Dy <C0.013 <0.013 0.003 <20. 001 0. 005 <0.014 <0.013 8.25 8.52 5. 99 6.28
Ho <20. 005 0.001 <Z0. 003 <20. 003 0.001 <20. 002 0. 001 1. 24 1. 29 0.91 0.93
Er <20.007 | <C0.007 | <C0.012 0.002 0.002 <20.007 | <C0.007 2. 64 2.73 2.09 2.15
Tm 0.001 0. 001 <20. 005 <20. 004 <20. 001 <0. 001 <0. 001 0. 29 0. 30 0. 26 0.24
Yb 0. 004 0.001 <20.018 <20.013 0.007 <20.010 0. 004 1.59 1.47 1.43 1. 39
Lu <20. 003 <20. 004 <20. 003 0.002 <20. 002 <20. 002 0. 004 0.23 0.21 0.23 0.20

2 REE <C0.203 | <C0.261 | <<€0.278 | <<1.077 | <C0.100 | <C0.130 | <<C0.160 622. 45 553. 94 604. 62 454. 59

0 Pyx- B RWE A7 4 Grosyn-A7 B A M40 1E 1 225 2 8 (FS11 % (FS8 x \FS7 % il FS13 x ) (#E ok A Niu et al. (2012),

X107%)  U(<C0.012X107%) J Y (0.015X 10 %~ Ba,Nb,Ta,V.,Cr,Co I Ni {3 % g4, {H H Sr,
0. 749X 107" ik A% i I F 4 7 00 At (Th Zr MY .S Th A U 0 #7491 G 1R F 2.
=4.23X107°~9.22X 10 *; U=0. X 107°% ~ N

4.23 X 10 9.22X10°; U=10.500X10 4 Tﬂ“l/t\,
2.39X107°;Y=23.3X10"°~30.9X10"°), jxub
BB AETL R B I K i keh e M1 RRRRXREREMRZBMRNKE
FEAR SRR 00 % 10 B Z 0PI X 4 T LR B B -1 B 2 i R o SRR £
HI R IEA L RAT W M r g Ry, O RARRAE IR 2R Fe/ (Fet Me) 3 )

T
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e L B B S AR SOHE 7R T A i PR A [ PR 2
100k ] AT B2 B R 4y B S T SR % £ APSE U i

e o ] sEEmT@E .
§ wmiE 3 s, B RS B 4 s B
=k Kings River #HA . J& % 7 F 3 [ i) 48 J& MM 4% 3
i PRI 1L 0 — 7 W R R o RO R K
£ (absarokite) il z & & (minette) 20 5% , 3 38 ¥ A . 5}
0.01g ISONEE PeNPoiO s Fa R
oottt 1 0 vy ] JRA R SR BT ) 5 L U X2 37 AR b 40 P ko
e e e D e AT T HOE s R T R RS B Y R A BB
T Fe/(Fe+Mg) L {H (0. 09 ~0.24), % AI(XZ Al =
E(b) —o— 1 {} #% 41 %/ Clinopyroxenite J 2.07~2.83) (Feldstein et al. , 1999), X4 Il-4:
R\ A et eniie W RN LR RN B M B E R
z 100F IR BE# I K FRLBE 247 R T 3% g
£ 10f IR B M 5 B % B O K TE DR A R
£ 5 RAME Fe/ (FetMg) = 0.25~0. 37, LAl =
0‘15r 1.91~2. 60 G 24, 1995, 2002) , 8% E -4
- Bl i DX P AT B R A B I o A B
OOl _ S Y 5 L 5 A 4 o B KB O A
0| S N Y Y Fe/(Fe+Mg) HfH (0. 37 ~0.44), 3% AL(D Al =

Rb Th Nb Pb Zr
Ba U Ta Sr

Y vV Cr
Hf Sc¢ Co Ni

4 AL B ke - TE A S 2 A T SR 2 B Y BRORE B A bR
HEAL R £ T 28 BC 43 4 2 Ca) 11 S Ay 8 A o4 £ 7t 5t T 2K WA
R P (b)

Fig.4 Chondrite normalized REE patterns (a) and primitive

mantle-normalized spiderdiagrams (b) for the biotites from the
Fanshan ultramafic-syenitic complex
BRORL B A1 7 70 BB R A Boynton (1984) 5 J5L ik 1l 8 1ol i
JCEHAER A Sun et al. (1989
Chondrite values are from Boynton (1984), and the primitive

mantle values are from Sun et al. (1989)

H0.32~0.43 Fl 0.44 ~0.57, 2 AL W 4 5| Ky
1.233~1.322 1 1. 179~1. 375; 7F 22 = £ 1) APSE
oy JE gt b o A F R 2 B OB SR AR A7 A P A A il
BB R AL & = BE AR = B AR I (&
3). M bl APSE JUMIE 43 28 Bt & 0 b E K A
b =N TR R = B — AR R i, 2 AL A
Fe/(Fe+Mg) X WA 2 8050 5l BB 45 S W27 25 1
1 2k B8 BT RE AR 1A A I8 IR 28 (Shabani et al.
2003), NIRRT ME=0. 25 B 2B = VK
14 B 7 BF (Rieder et al. , 1998) , AL 111 2% & 1K BB - £
T AR B 7 S M AT 2090 A2, 97 Z IR B
HENHARBR R,

T E B L L 2R R R B R A

2.54~2.72) s IR SR BE B - Log fO, =-5. 5 (B
W JLZE, 2006), Bishop 1 Hepburn 2 A& T&E
KM JE PEAL 34 2 750 A8 Wopmay 3 1117 1) 9 4
fRAMK Bishop & & K # AL K AL K B
WERRDT AT W5 I o AR A G B R B A
S0 Fe/(Fe+Mg) F Al (0. 28~0. 57) , % AI(X Al
= 2.37~2.62); Hepburn F# W LL 1 48 JE 16 < 5 N
F L A/CNK=>1 LA K BB ALY 2 BT TR
Ph iz A I BTRR A 1% VR 1 TB 15 K I Al 9
HF, M 5 BB Fe/(Fe+ Mg) ol (0.59 ~
0.78), & AI(Z Al = 2.61~3.52) (Lalonde et al. ,
1993), ARARIMEW A AR A 3 E K HJE T
i T TG K B K T B A e il 4 AR T 0 S
AR B KR SR TE %R R e
£}, Fe/(Fe+Mg) = 0.73~0.77, 2 Al = 2.47~
2.5(Hk i B4, 2005), Falcon Island 3 8 i i3 A
F LTI G R AR AR PEH B E K SRR
A5 I A AR A AR R Xy 2 B IR i 9 2
T A 5 R 5 R A AR A K L PR
R BB G B B[ Fe/(Fet+Mg) A 0. 17
FeAr XAl R 2,43 Fe A ) Bl KA, B s B
fE Fe & Al JrimiEfl, &8 —KINK S, B
K IE A B S B B & Fe/(Fet+Mg) HAE
(0. 65) Fl = 2 AL(3. 53) 53X J& i T 4 H AR &R 1Y ik
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JIE 2 W B AR T 20 LogfO, A — 10 FEARE) — 15, B
A& R R GA J (Ayer, 1998),

FRWEFE LR R S R R AT RE XS I s
BB U A BRI D AR FR R 38R T
& A R R SRR Mg, ge e KA T
A B R B E Fe Al & SIO, & 3 b B = B AR
SiO, 5 B E Fe(Wones et al. , 1965) ;@ %
AR ZR BT H LA S8 = B 0 R E e R e
TE AR B AR AR B R T R G R B 3 L Mg,
Fe,Ca,Na K ML BE SR UCFEAR, B, Mg G2
B Fe A5G N H b i o BIVRE & 4 3% 0 S5 i Ak iy
HEAT E A 1) Fe/Mg FOAR 23 32 8T T B 45 4
i) BB 2 BRH BRE Fe (U Facon Island 5 44;
Ayer, 1998) ;@& I 7 0% 1L R B2 55 1 3 AL 2
SN B AR BE T 45 0 R B B ] TR Fe
Bt SRR BE T 45 D R s B TR Mg ik
FBOR R AL R B2 BOR BUE Mg 25 1K R
B Ji s W) BB B2 OR B R Fe (4l Facon Island
Fk s Ayer, 1998) 5 Bl T 45 & H %) 2B 2 B 1]
w Ti % Al ( Buddington et al., 1964;
Albuquerque, 1973),

4.2 HlLFEEEHEZESHAERTEX

AT TS AR A Ry R B A S SR
A7 51 e 1 il IS T) DA R IR 2R T At 8 R
SR RSB M EEN R L B B LR
P I 25 JR AR R 8 BT SRR B R T8 A A5 T T Y
AR AARERENBCE R R E L

B BRI 2R B AT AR A SRR R
30 AL U7 T A BB AE B (Wones et al. , 1965
Lalonde et al. , 1993; Ayer, 1998; Shabani et al. ,
2003; BHEEEE, 20065 BRI JLEE, 2006), Wones et
al. (1965) 38 id LY HF 52 HAF T R = B 0 5 R
IR IR BE Z ] e 2R (I 5L 181 6 AT T, K5
BAEER) KFe? S AlSi; Oy (OH), —KMgi™ AlSi; Oy
(OH), —KFel" AlSi; O, (H_,) (B Fe*" —Mg"" —
Fe' ) =ML Bl Bt TR s B 54
MR R . 5 FroR AL B B A - IR KA AR
E AR B SRR 43 A T NENIOCNNO) 22 o) |-
77 Fe;O-Fe, Oy (HMD) Wb 5 F 5 &2 — R 88 &
HIEEIE HAFAT T NNO 531 5 3578 28 = BESS S, B
L a1 5 AR R AL T AR E AR R e . B 6
AN TR R BE R R B R K A -mE gk AL A S
BB BE Fe/(Fe+Mg) WA 5 Z 18] (1) ¢ & &
fife . BLILZACE AR AEA ER ST, BB -k

W -1E A A S 3 1 S AR AL, Bk, BT LR
BB Fe/ (Fe+ Mg) W AE 3115 H 45 & BHA R 19
WAL, & 6 Frn . AR A A ERE D RE BN
Fe/(Fe+Mg) HflJ2& 0. 44~0. 57, 455 18 5 4R 153 #Y
SR B AT G O, AT LLAR AR B = BRSBTS A AR
RIBE 2k 680C ~780C (¥ 6; Wones et al. ,
1965). K 7 HHA A Fe/(Fe+Mg) HWAE R = B
) AR B 5 B OC & BT AR 45 5 L L A AR A A IR
K& Fe/(Fe+Mg) HfH LA K i B 5 Al 6 3R 15
F14) AR B R BE 4 A I 0 T R A L AR B Y LA
BAE., Bl LogfO, = — 12.5 ~ — 15 ( fO, =
10 2>~ 1) (& 7; Wones et al. , 1965) .
KFe*,Al18i,0,,(H,)

KFe*'Fe™,AlSi1,0,, KMg*'Fe,AlSi,0,,

R A

Clinopyroxenite

AR AR A IERK S

Garnet-clinopyroxe syenite

-

————

/(Fe,Si0 S0, FE0)
KFe™,A1S8i,0,,(0OH),

KMg™,AlSi,0,,(0OH),
BlS WL Bk TE K A I A R B B B KFei™
AlSi; Oy COHD,-KMgi™ AlSi; Oy (OH),-KFei™ AlSi; Oy,
(H_) (BP Fe?™ -Mg*" -Fe*t) K fi# (3 Wones et al. , 1965)
Fig.5 KFei" AlSi; O,y (OH),-KMgi* AlSi; Oy, (OH),-
KFei" AlSi; O, (H-)) (Fe? ' -Mg? " -Fe*" ) diagram for biotite
from the Fanshan ultramafic-syenitic complex (after Wones
et al. , 1965)
HM,NNO Fl OFM Jg& = F 458 B (O, ) 22 1 5]
HM, NNO and QFM represent the oxygen fugacity buffers.

P BRI AT DU AL LA SRR R 43 B Ak T TH
MEEGEL ., PRMEA AT RSB AN A A
FEKATE A Fe 78 Al E Ti,fi# Fe/(Fe+
Mg) /T 0.32 5 0. 43 Z 8], J5# Fe/(Fe+ Mg)
F 0.44 5 0.57 ZJa]; 2 AL W43 504 F 1. 233~
1.322 F1 1. 179 ~ 1. 375 Z[al; TiO, 43 5 N 3.01%
~3.63%F 2.25% ~3.38% ., [EN;, BRIVEA S
B BE Rb/Ba HAH (0. 012~0. 05K T A A
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=
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K6 LB A ERK AR AR B Z B Fe/ (Fet
Mg)-T E fi# (J Wones et al. , 1965)

Fig. 6 Fe/(Fe+Mg)-T diagram for biotites from the
Fanshanultramafic-syenitic complex (after Wones et al. , 1965)
IETBARER QFM 22 il £, = f B A0F NINO 22 vh ) o5, [ 4R
HM ZZ bl . A 9 RARSR S 30 75 i PR = 8F Fe/(Fe+ Mg) Ll
{H ML S ZJR ARG BT 5 79 i L L0 4 2 A 03 38 A6 8 T 2 1, AR
R ZeE RSB Fe/(Fe+Mg) HfH
Squares indicate points buffered QFM; triangles, NNO; circles,
HM. Light lines indicate Fe/(Fe+ Mg) acquired by experiment.
Weight line indicate the Fe/(Fe + Mg) values of biotite from

Fanshancomplex

Wi IE K EH T B R B Rb/Ba A (0. 113 ~
0.800) . BLINA AR I A ATEAS ] B &2 FLO IR
G3A s AR AAOE A TR AL TE RSN L A
WY S AR ) Z 18 5 K A G & L T REAR
TR RAE A E S A TS
PRI v ) 3R 2 W B — . B g 1 5, 2
U A B iy 25 44 5 O HfE R G IAL (N et ale 5 2012)
PRt BRRDEE A 2 A RO E KA B AR Y
G H R = B Ry 1 22 53] AT R BE 2 B S 1 4
I 25 H AR R B BT R AE . PRI A Th i SR = B
WAEA S h RS T, U A A IR
KA L BRIV A S 2 A IR 2R AR R i I L AR
i% & (Buddington et al., 1964; Albuquerque,
1973) .,

TER = BERY APSE 43 28 &1 i v (&1 3) . B 581
Wi TS B By TS TE & = BE AR =Bk
Gy BA BLIL Z E R 0 e R B B Y TE
MR N, 5 Kings River 1381 ii & (Feldstein

%] fi# (4 Wones et al. , 1965)

Fig.7 LogfO,-T diagram for biotites from the Fanshan
ultramafic-syenitic complex (after Wones et al. , 1965).
BT 30~80 fRERB BB RK A-#Ey HAEAEG RN
100 X Fe/(Fe+ Mg) i  HM,NNO, QFM £ 25 = Fi 4 3% & (10 ) 28

] (R B 5)

Numbers 30 ~ 80 represent the 100 X Fe/(Fe + Mg) values of
biotite in the assemblage biotite + alkali feldspar + magnetite.
HM., NNO and QFM represent the oxygen fugacity buffers same

with in Fig. 5

et al. s 199D AL -G IL RS R X 5 G I
SE4F, 1995) LAY 5 R BT A A 1 R = BE A4 AR
Fo AL 24 A KB & Fe  MXT & Al, #1424 1A
MRS BERE TR A G FEAIERK S, 2h
WAL R, fEAGREE I, Kings River 8 i
Foa AR G T NNO Zff] 1~3 Log
PAfii (Feldstein et al. , 1999) , 5811 2% A A A&
R - 5 s EIN-EUVILAR RN L
R eh AN R SN A R IR TP = N =
G R 52 4, 1995, 2002), WL, Il Zx Ak B =
BEAE Fe FRAETE AT G2 S e T 0L 1L 2% 8 R 1 25 2R 14
FCH A LAY o B BTA AR RIE Feo

PR BRI B R AR R B TR Ll s R A AR R
W Fe mfik . 45w 5l a ks KA A
v X R B RS DL A A A ER AT
KB &R ALCaFel " (SI0); IS JE — 3
. & Fe,fm B, X ol fg B 2 5 ik k & 8
T IRM R Z—.

B BEI R 4 GE AT AFE — o B B b s
SR DX o R P 2R L SR £ (1988) A Ky 7 U
AR AR E S s Rk o B R R
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AR S B A B e IR U A R S B
SRS TR & Z 8], 7EAAERR(1988) ME R =
B FeO, MgO & & 5 55 J ok WA Bl B i E (&
8), A VP VL-ZE 742 1L P B X 5 Al Kings River i
Jor g B 2 BE 0 W S VR TE e U A R B B X
(M), K43 Hepburn 33 85 BT 48 i1 & (10 8 = B 853
HAE T el 5 A B o B X (O AR SCHF R X 4
BRI B Bk -1E K A A IR I8 78 2 i IR R IX
(MC), BT b BR A 22 804 (& U A1 Sr-Nd-Os
FM 2 MEAHREER LR AERERT S &
- FRRDEE A 1 B 0 B 0 L 1 A b 1 TP B
55ty A A oy S ) AR A e R E T A IR b A R A
XK BTk AR AR R O BB DURR ) . A 4 ik R
AR AH S/ AR 1) S AAE ] (Niu et al. , 2012) 5
X5 B9 S BERG Ay R W L Ll 2% A AR R TR T
MR IR H R e HA T B, SRR
P57 ] 3 3k 22 7 20Ok 52 B O 8 51 5 J IS 1= 3]
Hu 5T T o H 7 FR 43 RO G A 5 S A Y B
KRG BB RIE S O IE A KA R,
Z RN Y ATR Gy B 5 TR Y s @ H5e 1) ot o
TOAE F SRR b 4 PO 2 20 N H g, 52 A el s i g, D
BRI E”. Pl ZAeE AR SE IR IR S bR b2 il
PR A 7RSI ok A 587 (R ep AR i S
TR A R I R 8D 1% ) Jo 22 AR ek o o A Pl b g
WO S 1) 1 S s W BT L Ll 2R A R Y B
¥*.
5 &5

B L B8 Ak 2 - TE A o 2 o A Oy e AN A i ot
FiRPE S A ) TIZRR R A KRR TR S B
(4 3 8 AR T R AR O R I A 4 R R SR AT
T8V, FELSRT

(DI AR P KRB o B R m B Fe/
(Fe+Mg) H 0.32~0.57, 2 Al H 1. 179~1. 375,

O BLIL A AR 1 = B 0 R & R O
T 0.100X10 ~1.077 X 10 %), M % B X 4 A
TR EB AR A H R S BRI
WIRZA P EICE Rb.Ba,Nb, Ta,V.Cr.Co fil Ni fy
FEEAK,

OB BB R E R ERKIKRE
Fe i 500% BE 33 2 AL L A% o 4 X3 1 JH At B0 5
ML AVRRIE X AT R R IR IR R B R A LT
HZT IR R Z —.

() B = BERY B 43 R A 48 75 WL 1L 2% 5 R R U8 T

1
O #1. 2 #% 41 %5 / Clinopyroxenite
< Py
. ALMEEAEKS
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Fig. 8 Discrimination diagrams of magma sourceof biotites
from Fanshan ultramafic-syenitic complex (after Zhou, 1988).
C—mIa AT Ba s s MC— Rl &R K 8 AT R ik
Y s M— W8 5 A T T B AR A3 5 TR R A 5G5Sk R ] 3
C—biotite in suites of crust source; MC-——biotite in suites of a
mixed source of crust and mantle; M——biotite in suites of mantle

source. Data source of the suites are same as in Fig. 3.
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Mineral Chemistry of Biotites from the Fanshan Ultramafic-Syenitic
Complex and Its Petrogenetic Significance
NIU Xiaolu, YANG Jingsui, FENG Guangying, LIU Fei

State Key Laboratory for Continental Tectonics and Dynamics ,

Institute of Geology , Chinese Academy of Geological Sciences, Beijing, 100037
Abstract

The Fanshan ultramafic-syenitic complex is located on the northern margin of North China Craton
(NCC), and crystallized from a SiO,-undersaturated ultrapotassic alkaline-peralkaline parent magma which
was originated from an enriched lithospheric mantle source that had previously been metasomatized by
melts from carbonated oceanic crust above a subduction zone. The Fanshan complex was emplaced in late
Trassic, and is a typical compelx among the alkaline/ultramafic magmatic belt along the northern margin
of NCC. Major and trace elements compositions of biotites from the Fanshan complex are obtained using
electron microprobe (EMPA) and laser ablation inductively coupled plasma mass spectrometry (LA-
ICPMS), respectively. The biotites from the Fanshan complex have Fe/(Fe+ Mg) in the range 0. 32 ~
0.57, and total Al from 1. 179 to 1. 375, and belong to typical biotite. Biotite compositions indicate that
the crystallization temperatures of the garnet-clinopyroxene syenites are between 680°C and 780C, and
their oxygen fugacity ({0,)=10"""°~10"", The biotites from the Fanshan complex have relatively low
contents of rare-earth elements (REE) with total REE contents lower than 0. 100 X 10" °~1, 077 X 10" °,
indicating that biotite is not a major carrier of REE of the whole rock. However, trace elements
compositions of biotites indicate that biotite is a major carrier of Rb, Ba, Nb, Ta, V, Cr, Co and Ni;
whereas the contents of Sr, Zr, Hf, Y, Sc, Th and U of biotites are much lower than those of whole rock.
Biotite compositions suggest that the Fanshan complex is characterized by high Fe contents and high

oxygen fugacity, which may be the reason why the complex hosts an apatite-magnetite deposit.
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