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Abstract A large number of directional microgranular dioritic enclaves occur in Changshannan granodiorite from Kunyushan
granitoids in the Jiaodong Peninsula eastern China. Microgranular dioritic enclaves commonly showing ellipsoidal and spindled
shapes display igneous textures and range from meter- to centimeter-sized fragments. The enclaves are darker-colored and finer-grained
than their hosting granodiorite and exhibit a very similar mineralogy to those of their granitic hosts. The enclaves have higher contents
of ferro-magnesian phases and plagioclase and lower contents of quartz and K-feldspar than those found in the hosting granodiorite.
The chemical composition of biotite and hornblende within the dioritic enclaves is mostly similar to those of the same phases found in the
host granodiorite but the mineralogy display obvious disequilibrium structure. Acicular apatite is common in the enclaves. Those
observations suggest that the enclaves are derived from a hybrid-magma formed as a result the intrusion of a mafic magma into the base
of a felsic magma chamber. Geochemical data show dioritic enclaves and hosting granodiorite are enriched in LILEs and LREEs and
depleted in HFSEs. Enclaves and hosting granodiorite similar in Sr- and Nd- isotopic compositions have low initial * Sr/% Sr ratios

0.70784 ~0.70818 and negative gy, ¢ values —15.0~ —15.5  and display a trend characterized by a linear correlation
between major elements. Petrological and zircon Hf isotopic features indicate the occurrence of magma mixing between mafic magma
and felsic magma in the original processes of Changshannan granodiorite. During the magma mixing the Sr and Nd isotope and later
crystallized minerals can much quickly homogenize but major element and Hf isotope of high temperature mineral such as zircon have
preserved some information of the primary magmas. The results indicate that although magma mixing has produced similar Sr and Nd
isotopic compositions in the enclaves and the hosting granodiorite the zircon Hf isotope has not easily reached equilibrium and has more
effectively traced the hybrid-magma sources and the magma mixing processes.

Key words Microdioritic enclave Granodiorite  Geochemistry ~Zircon Hf-isotope Magma mixing Changshannan Jiaodong
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Fig.1 Location and geological setting of the Changshannan area in the Jiaodong Peninsula
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Fig.2 Field photographs of Changshannan microgranular dioritic enclaves occurring within granodiorites

0.5%0.5cm> ~1.0 x 1. Ocm?

2a

2h 3
10% ~20%

03R067 03R069 03R070 03R074-1

2e 03R077

40 ~50%

03R0O75-1

03R066

03R071 03R072 03R073 03R074 03R074-2 03RO75

03R075-2 03R076 03R078

16



572 Acta Petrologica Sinica 2005 21 3

-l.”:‘_ ] C

Amp- Bi- Pl- Kf- Q- Ap- Di-

Fig.3  Microphotographs of Changshannan microgranular dioritic enclaves and granodiorites
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Table 1 Microprobe analysis compositions of plagioclase from Changshannan microgranular dioritic enclaves and hosting granodiorites %

03R066 03R066 03R074- 03R074- 03RO71- 03R071 03RO71- 03RO71- 03R074- 03R074-

-c4-2 -c4-4 1-cl-6 l-cl-8 cl-5-L1 -cl-5-12 cl-5-16 cl-5-L7 2-c4-9 2-c4-10
Sio, 62.17 62.04 62.46 62.62 62.09 62.29 61.27 60.87 62.09 62.28
TiO, 0.09 0.12 0.09 0.04 0.02 0.06 0.03 0.07 0.02 0.00
Al, O, 23.45 23.67 23.91 23.47 24.29 23.90 24.59 24.92 24.01 23.97
FeO 0.17 0.14 0.19 0.12 0.14 0.15 0.17 0.16 0.26 0.23
MnO 0.00 0.00 0.08 0.04 0.02 - 0.00 0.01 0.00 0.00
MgO 0.01 0.02 0.00 0.00 0.01 0.01 0.01 0.03 0.01 0.02
CaO 4.67 4.87 4.91 4.53 5.26 4.99 5.72 5.99 5.03 4.90
Na, O 8.91 8.90 8.63 8.96 8.02 8.25 8.23 8.15 7.77 8.47
K,0 0.48 0.49 0.43 0.49 0.35 0.37 0.25 0.30 0.25 0.39
Total 99.94 100.25 100.70 100.27 100. 21 100. 02 100.27 100.49 99.43 100.26
Si 2.76 2.75 2.75 2.77 2.75 2.76 2.72 2.70 2.76 2.76
Al 1.23 1.24 1.24 1.22 1.27 1.25 1.28 1.30 1.26 1.25
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe?* 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.22 0.23 0.23 0.22 0.25 0.24 0.27 0.28 0.24 0.23
Na 0.77 0.77 0.74 0.77 0.69 0.71 0.71 0.70 0.67 0.73
K 0.03 0.03 0.02 0.03 0.02 0.02 0.01 0.02 0.01 0.02
Scations 5.02 5.02 5.00 5.01 4.98 4.98 5.00 5.01 4.95 4.99
Ab 75.5 74.8 74.2 76.1 71.9 73.3 71.2 69.9 72.6 74.1
An 21.8 22.6 23.4 21.3 26 24.5 27.4 28.4 25.9 23.6
Or 2.7 2.6 2.4 2.7 2.1 2.2 1.4 1.7 1.5 2.2

8 FeO
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Table 2 Microprobe analysis compositions of amphibole from Changshannan microgranular dioritic enclaves and hosting granodiorites %
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HF

5% ~8%

03R066-  03R066-  03R074-  03R074-  03R074-  03R074-  03R074-  O03R074-  03R074-  03R074-

307 3-13 1-cl-1 1-cl2 1-c13 1-cl4 2-cd-1 2-c4-2 2-c4-3 2-cd4

Si0, 45.21 46. 66 45.94 45.97 46.15 45.77 45.77 45.78 45.74 46.32
TiO, 1.26 1.21 1.60 1.47 1.50 1.30 1.43 1.35 1.47 1.31
AL O, 7.44 6.68 7.49 7.34 7.53 7.90 7.80 7.87 7.73 7.49
FeO 16.51 15.84 15.35 15.36 15.27 15.24 15.73 16.28 15.97 15.93
Cr, 05 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.01 0.01 0.03
MnO 0.83 0.85 0.67 0.72 0.74 0.69 0.75 0.69 0.69 0.71
MgO 11.52 12.34 12.50 12.48 12.45 12.60 11.91 11.85 11.86 11.96
Ca0 11.65 11.71 11.34 11.37 11.35 11.60 11.52 11.39 11.49 11.50
Na, O 1.47 1.45 1.53 1.68 1.55 1.35 1.59 1.44 1.60 1.44
K,0 0.97 0.89 0.86 0.94 0.94 0.93 0.86 0.89 0.86 0.85
Total 96.84 97.63 97.26 97.32 97.47 97.37 97.40 97.54 97.42 97.54
TSi 6.79 6.91 6.79 6.81 6.81 6.75 6.79 6.77 6.79 6.85
TAl 1.21 1.09 1.21 1.19 1.19 1.25 1.21 1.23 1.21 1.15
CAl 0.10 0.07 0.09 0.09 0.12 0.12 0.16 0.14 0.14 0.16
CCr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CFe** 0.47 0.45 0.58 0.51 0.53 0.62 0.45 0.60 0.47 0.48
CTi 0.14 0.14 0.18 0.16 0.17 0.14 0.16 0.15 0.16 0.15
CMg 2.58 2.72 2.75 2.76 2.74 2.77 2.64 2.61 2.63 2.64
CFe** 1.61 1.51 1.32 1.39 1.36 1.26 1.51 1.41 1.52 1.49
CMn 0.11 0.11 0.08 0.09 0.09 0.09 0.09 0.09 0.09 0.09
BCa 1.87 1.86 1.79 1.80 1.79 1.83 1.83 1.81 1.83 1.82
BNa 0.13 0. 14 0.21 0.20 0.21 0.17 0.17 0.20 0.17 0.18
ANa 0.30 0.28 0.23 0.29 0.24 0.22 0.29 0.22 0.29 0.24
AK 0.19 0.17 0.16 0.18 0.18 0.17 0.16 0.17 0.16 0.16
Scations  15.49 15.44 15.40 15.46 15.41 15.39 15.45 15.39 15.45 15.40
Xyg 0.62 0.64 0.68 0.66 0.67 0.69 0.64 0.65 0.63 0.64

23 Xy, = Mg/ Mg+Fe’*
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Table 3 Microprobe analysis compositions of biotite from Changshannan microgranular dioritic enclaves

%
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7S/ S =

0. 1194

1. 201262 + 21 BCR-1

03R071-c14-L1

03R071-cl4-14

03R071-c14-L5

03R071-c14-18

03R074-2-c4-5

03R074-2-c4-6

Sio, 37.44 30.96 33.75 37.38 37.06 37.40
TiO, 3.85 9.40 1.26 3.60 4.14 4.19
AL O, 13.92 12.26 15.98 13.67 13.69 13.95
Cr, 0, 0.00 0.06 0.02 0.01 0.12 0.10
FeO 18.07 13.84 19.69 18.10 18.17 18.48
MnO 0.37 0.32 0.39 0.35 0.46 0.40
MgO 12.79 9.96 16.24 12.53 11.91 11.79
Ca0 0.00 8.54 0.24 0.02 0.02 0.01
Na, O 0.07 0.06 0.04 0.08 0.16 0.16
K,0 9.60 1.48 2.18 9.42 9.37 9.42
Total 96.11 86. 87 89. 80 95.13 95.09 95.89
Si 5.64 5.06 5.29 5.69 5.66 5.66
AlY 2.36 2.36 2.71 2.31 2.35 2.34
AV 0.11 0.00 0.24 0.14 0.12 0.14
Ti 0.44 1.16 0.15 0.41 0.48 0.48
Fe?* 2.28 1.89 2.58 2.30 2.32 2.34
Cr 0.00 0.01 0.00 0.00 0.01 0.01
Mn 0.05 0.05 0.05 0.05 0.06 0.05
Mg 2.87 2.43 3.80 2.84 2.71 2.66
Ca 0.00 1.50 0.04 0.00 0.00 0.00
Na 0.02 0.02 0.01 0.02 0.05 0.05
K 1.85 0.31 0.44 1.83 1.82 1.82
Scations 15.62 14.76 15.31 15.60 15.56 15.55
Xy, 0.56 0.56 0.6 0.55 0.54 0.53
22 Xy, = Mg/ Fe?* + Mg
3.4 Hf 26s 8 ~10Hz
100mJ 91500
ey ! Blichert-Toft ~ Albarede 1998
Hf 193nm Tou Griffin
Neptune LA-MC- 2000
ICP-MS 63pm  3lpm Xu 2004
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Table 4  Microprobe analysis compositions of biotite from Changshannan granodiorites %

03R066 03R066 03R074- 03R074- 03R066- 03R066- 03R066- 03R066- 03R066- 03R066- 03R066- 03R066-
-c3-04 -¢3-06 1-c2-10  1-c2-12 c3-16 c3-17 c3-18 c3-19 cl-1-L1 ~ ¢l-1-12  cl-1-1.3  cl-1-14

Si0, 37.36  37.31  37.51  37.50  38.07 37.48  37.03  37.20  37.65 37.64  37.47  38.93
TiO, 3.33 3.52 3.97 4.19 4.20 4,44 4.52 4.68 3.03 3.96 3.47 2.09
Al O, 13.94  14.08  13.95  14.05 13.79  13.56  13.35  13.41 14.00 13.88  13.79  14.59
Cr, 0, 0.01 0.05 0.02 0.05 0.00 0.00 0.02 0.02 0.04 0.01 0.03 0.00
FeO 17.11 17.16  18.94  18.42  17.17  17.60  17.17  17.46  17.75 17.83  17.88  16.11
MnO 0.41 0.51 0.51 0.49 0.52 0.48 0.56 0.52 0.58 0.67 0.52 0.50
MgO 13.10 1253 12.13  11.96  12.79  12.85  12.58  12.40  13.03  12.85  12.66  12.35
Ca0 0.05 0.04 0.00 0.00 0.02 0.00 0.00 0.00 0.03 0.02 0.01 0.82
Na, O 0.16 0.12 0.06 0.07 0.12 0.09 0.15 0.11 0.07 0.09 0.14 0.08
K,0 9.36 9.47 9.40 9.57 9.03 9.53 9.19 9.37 9.20 9.62 9.49 8.70
Total 94.81  94.79  96.49  96.30  95.71  96.03  94.56  95.18  95.36  96.57  95.46  94.17
Si 5.68 5.68 5.65 5.65 5.71 5.65 5.65 5.65 5.70 5.65 5.68 5.88
AV 2.32 2.32 2.35 2.35 2.29 2.35 2.35 2.35 2.30 2.35 2.32 2.12
AV 0.17 0.20 0.12 0.14 0.15 0.05 0.06 0.05 0.19 0.10 0.15 0.48
Ti 0.38 0.40 0.45 0.47 0.47 0.50 0.52 0.54 0.35 0.45 0.40 0.24
Fe?* 2.18 2.18 2.39 2.32 2.16 2.22 2.19 2.22 2.25 2.24 2.27 2.04
Cr 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Mn 0.05 0.07 0.07 0.06 0.07 0.06 0.07 0.07 0.07 0.09 0.07 0.06
Mg 2.97 2.84 2.72 2.69 2.86 2.89 2.86 2.81 2.94 2.87 2.86 2.78
Ca 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.13
Na 0.05 0.04 0.02 0.02 0.04 0.03 0.05 0.03 0.02 0.03 0.04 0.02
K 1.82 1.84 1.81 1.84 1.73 1.83 1.79 1.82 1.78 1.84 1.84 1.68

S,cations 15.62 15.59 15.57 15.55 15.48 15.58 15.54 15.53 15.60 15.61 15.62 15.43
Xirg 0.58 0.57 0.53 0.54 0.57 0.57 0.57 0.56 0.57 0.56 0.56 0.58

22 Xy, = Mg/ Fe** + Mg

Xy, Xy, =Mg/ Mg+Fe?* 0.63~0.65 Al 1.31

4 ~1.37 Xy, 0.62~0.69 Al 1.16~
4.1 1.37
Xy, Xy, = Mg/ Fe’* +Mg = 0.53~0.57 AI" 2.31~
1 3 2.36 Xy, =0.53 ~0.58 A" 2.12~2.35
An An=23.6 ~28.4 An = 4

21.3~23.4
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Fig. 4  Plot of A/NK versus A/CNK of Changshannan

microgranular dioritic enclaves and hosting granodiorites

compared with regional mafic dikes and monzogranites
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1 CL
10c  10d 2
4.5 Hf CL
10e  10f
Hf
CL 1 1 "6 HE/T HE 0. 282205 ~
10a 2 CL 10b 0.282427 ey 1 -9.9~ -17.6 2
TOHE/ T HE 0.282244 ~ 0. 282369 ToHt/ T HE 0.282511 ~0. 282634
e | -11.9~ -16.2 7 e ! -6.9~-2.7 7

\-17.6
e 4
50 5 - S0y
03RO78 L ‘_(BRO?S 2L [53R07S —
10 a~b c~f CL
Eyp L

Fig. 10 CL images of representative zircons collected from Changshannan granodiorites a ~b and microgranular dioritic
enclaves ¢ ~f . Rounded circles with ~63um diameter indicate the spots of Hf isotopic analyses with the g, ¢ values

being labeled outside and spot numbers being labeled inside

7 Hf

Table 7 Zircon in situ Hf isotopic compositions of Changshannan microgranular dioritic enclaves and hosting granodiorites

yh/THE  OLw/' T HE 176 e/ 7T HE 20, ey 0 epr t Ty Hf frums

03R070

03R070-22  0.024459 0. 000855 0.282244 0.000010 -18.7 -16.2 1416 -0.97
03R070-23  0.031210 0.001092 0.282275 0.000011 -17.6 -15.2 1382 -0.97
03R070-24  0.034295 0.001246 0.282271 0.000011 -17.7 -15.3 1393 -0.96
03R07025  0.019465 0.000724 0.282275 0.000012 -17.6 -15.1 1369 -0.98
03R070-26  0.026815 0.000978 0.282257 0.000010 -18.2 -15.8 1403 -0.97
03R070-27  0.074583 0. 002679 0.282349 0.000013 -15.0 -12.7 1335 -0.92
03R070-28  0.049865 0.001910 0. 282369 0.000017 -14.3 -11.9 1278 -0.94
03R070-29  0.030080 0.001061 0.282286 0.000011 -17.2 -14.8 1365 -0.97
03R07030  0.015453 0. 000572 0.282261 0.000011 -18.1 -15.6 1382 -0.98
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176 Y,/ Hf 176 Lu/ 177 HE 176 1/ 177 HE 20, epr 0 epr 1 Tpy Hf fruwmr
03R070-31 0. 040894 0.001392 0.282295 0.000014 -16.9 -14.5 1365 -0.96
03R070-32  0.025891 0.000908 0.282279 0.000010 -17.4 -15.0 1369 -0.97
03R070-33  0.025027 0. 000906 0.282269 0.000012 -17.8 -15.4 1384 -0.97
03R070-34  0.027324 0.000948 0.282271 0.000011 -17.7 -15.3 1382 -0.97
03R070-35  0.027521 0.000991 0.282268 0.000012 -17.8 -15.4 1389 -0.97
03R070-36  0.069651 0.002245 0.282366 0.000010 -14.4 -12.0 1294 -0.93
03R070-37  0.031270 0.001132 0.282299 0.000011 -16.7 -14.3 1349 -0.97
03R070-38  0.023484 0.000821 0.282256 0.000012 -18.3 -15.8 1399 -0.98
03R070-39  0.026773 0. 000920 0.282269 0.000010 -17.8 -15.4 1384 -0.97
03R07040  0.033911 0.001161 0.282285 0.000011 -17.2 -14.8 1370 -0.97
03R07041  0.044233 0.001650 0.282314 0.000018 -16.2 -13.8 1347 -0.95
03R07042  0.026648 0. 000866 0.282268 0.000011 -17.8 -15.4 1384 -0.97
03R071
03R071-1 0.070581 0.002375 0.282374 0.000010 -14.1 -11.8 1287 -0.93
03R071-2 0.063824 0.002265 0.282342 0.000010 -15.2 -12.9 1329 -0.93
03R071-3 0.018094 0.000678 0.282291 0.000011 -17.0 -14.6 1345 -0.98
03R0714 0. 100256 0.003712 0.282380 0.000012 -13.9 -11.6 1327 -0.89
03R071-5 0.026504 0.001042 0.282293 0.000010 -16.9 -14.5 1355 -0.97
03R071-6 0.015201 0. 000565 0.282298 0.000012 -16.8 -14.3 1331 -0.98
03R071-7 0.021534 0. 000809 0.282329 0.000012 -15.7 -13.2 1297 -0.98
03R071-8 0.090789 0.003260 0.282373 0.000010 -14.1 -11.9 1321 -0.90
03R071-9 0. 065709 0.002210 0.282333 0.000013 -15.5 -13.2 1341 -0.93
03R071-10 0.029015 0.001065 0.282311 0.000011 -16.3 -13.9 1331 -0.97
03R071-11 0.020305 0.000776 0.282305 0.000011 -16.5 -14.1 1329 -0.98
03R071-12 0.015317 0. 000572 0.282308 0.000010 -16.4 -14.0 1317 -0.98
03R071-13 0. 025850 0.000951 0.282322 0.000010 -15.9 -13.5 1311 -0.97
03R071-14 0. 048601 0.001751 0.282328 0.000011 -15.7 -13.3 1331 -0.95
03R071-15 0.013351 0.000561 0.282298 0.000011 -16.7 -14.3 1330 -0.98
03R071-16 0.056741 0.002012 0.282345 0.000011 -15.1 -12.8 1316 -0.94
03R071-17 0.017328 0.000691 0.282303 0.000011 -16.6 -14.1 1328 -0.98
03R071-18 0.043299 0.001658 0.282319 0.000011 -16.0 -13.7 1341 -0.95
03R071-19 0.042259 0.001541 0.282333 0.000010 -15.5 -13.2 1317 -0.95
03R071-20 0.081116 0.003112 0.282347 0.000011 -15.0 -12.8 1353 -0.91
03R072
03R07243 0.059755 0.001986 0.282332 0.000011 -15.6 -13.2 1333 -0.94
03R07244 0.032638 0.001118 0.282325 0.000012 -15.8 -13.4 1313 -0.97
03R07245 0.049352 0.001714 0.282340 0.000010 -15.3 -12.9 1312 -0.95
03R072-46 0.030448 0.001097 0.282314 0.000012 -16.2 -13.8 1328 -0.97
03R07247 0.047679 0.001628 0.282332 0.000012 -15.6 -13.2 1321 -0.95
03R07248 0.049760 0.001845 0.282312 0.000011 -16.3 -13.9 1357 -0.94
03R07249 0. 035984 0.001328 0.282343 0.000013 -15.2 -12.8 1295 -0.96
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Yh/THE 0L/ HE 176 HE/ 17 HE 20, ey 0 epr ! Ty HE frum
03R072-50 0.044331 0.001568 0.282317 0. 000009 -16.1 -13.7 1339 -0.95
03R072-51 0.070679 0.002535 0.282327 0.000010 -15.7 -13.4 1361 -0.92
03R072-52 0.057895 0. 002050 0.282340 0.000012 -15.3 -12.9 1325 -0.94
03R072-53 0.050770 0.001692 0.282354 0.000012 -14.8 -12.4 1292 -0.95
03R072-54 0.066381 0.002199 0.282378 0.000011 -13.9 -11.6 1274 -0.93
03R072-55 0.132526 0.004347 0.282449 0.000015 -11.4 -9.3 1246 -0.87
03R072-56 0.081111 0.002544 0.282366 0.000017 -14.4 -12.1 1305 -0.92
03R072-57 0.054228 0.001805 0.282343 0.000011 -15.2 -12.8 1312 -0.95
03R072-58 0.026727 0.000952 0.282307 0.000010 -16.4 -14.0 1332 -0.97
03R072-59 0.055651 0.001956 0.282333 0.000013 -15.5 -13.2 1331 -0.94
03R072-60 0.065943 0.002237 0.282354 0.000012 -14.8 -12.4 1311 -0.93
03R072-61 0.075368 0.002623 0.282346 0.000013 -15.1 -12.8 1336 -0.92
03R072-62 0.097223 0.003397 0.282420 0.000012 -12.4 -10.2 1255 -0.90
03R072-63 0.065847 0.002288 0.282388 0.000011 -13.6 -11.2 1263 -0.93
03R078
03R078-1 0.070843 0.002718 0.282415 0.000013 -12.6 -10.3 1239 -0.92
03R078-2 0. 145052 0.005627 0.282624 0.000017 -5.2 -3.2 1013 -0.83
03R078-3 0. 033094 0.001291 0.282324 0.000013 -15.9 -13.5 1321 -0.96
03R0784 0.052013 0.002112 0.282376 0.000045 -14.0 -11.7 1274 -0.94
03R078-5 0.067282 0.002745 0.282427 0.000029 -12.2 -9.9 1222 -0.92
03R078-6 0.013167 0.000546 0.282263 0.000013 -18.0 -15.6 1379 -0.98
03R078-7 0.038585 0.001604 0.282317 0.000014 -16.1 -13.7 1341 -0.95
03R078-8 0.018046 0.000725 0.282245 0.000015 -18.6 -16.2 1410 -0.98
03R078-9 0.087361 0.003027 0.282511 0.000014 -9.2 -6.9 1107 -0.91
03R078-10 0.014549 0.000589 0.282277 0.000012 -17.5 -15.0 1361 -0.98
03R078-11 0.012899 0. 000560 0.282277 0.000013 -17.5 -15.1 1360 -0.98
03R078-12 0.046276 0.001893 0.282358 0.000013 -14.7 -12.3 1294 -0.94
03R078-13 0. 045290 0.001706 0.282323 0.000013 -15.9 -13.5 1336 -0.95
03R078-14 0.052682 0.002000 0.282415 0.000032 -12.6 -10.3 1215 -0.94
03R078-15 0.031863 0.001249 0.282324 0.000013 -15.8 -13.4 1318 -0.96
03R078-16 0.010614 0.000447 0.282205 0.000012 -20.0 -17.6 1455 -0.99
03R078-17 0.032723 0.001297 0.282285 0.000015 -17.2 -14.8 1375 -0.96
03R078-18 0.124918 0.004364 0.282634 0.000013 -4.9 -2.7 960 -0.87
03R078-19 0.013400 0.000561 0.282266 0.000011 -17.9 -15.4 1375 -0.98
03R078-20 0.044698 0.001837 0.282318 0.000014 -16.1 -13.7 1349 -0.94
03R078-21 0.025855 0.001047 0.282318 0.000012 -16.0 -13.6 1319 -0.97
03R078-22 0.030421 0.001121 0.282323 0.000012 -15.9 -13.5 1316 -0.97
03R078-23 0.041977 0.001592 0.282349 0.000013 -15.0 -12.6 1295 -0.95
03R078-24 0.078679 0.003116 0.282415 0.000013 -12.6 -10.4 1253 -0.91
Ao = 1.867 x10°" CHUR '"H{/'""Hf = 0.282772 " Lu/""Hf = 0.03321 DM 7

HE/V"Hf = 0.28325 "°Lu/'"Hf = 0.03842

t = 114 Ma
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Fig. 11 gy t histogram of Changshannan microgranular dioritic enclaves and hosting granodiorites
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5.2
Yang 2004 Guo 2004
Mg" Cr Ni
K,0 Y Sr/%Sr

&g T

03R077
Th/U 2.48 ~5.17
Th/U 4.05 Sun and McDonough 1989
ey t -2.7 5.4 Hf

Si0, 5 Sio,
TiO, FeO, MgO CaO P,0O,
MnO K,0 Nb/U 4.80 ~14.45 Holden 1987 Lesher 1990 Allen
Ce/Pb 4.78 ~11.07 Nb/U  Ce/Pb 1991 Sr Nd
6.2 3.9 Rudnick and Fountain 1995 Hf
Nb/U 47 Ce/Pb Lu-Hf Sm-Nd
27 Hofmann et al. 1986
LILE LREE Hf Scherer 2000 Hf
HSFE Nb P Ti ey L Griffin et al.
-17.6 2002 2003
Sr Nd
Sio, MgO MnO  CaO > Hf 5 11 Hf
1 Nb Ta Zr Hf
TSr/YSr gy o Th/U 5.07 ~7.48 Hf
Th/U 6.00 Rudnick and Gao 2003 Hf
ey b -11.9 ~
-16.2 Hf
2000 ey t -22.6+1.1 Hf Sr Nd
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