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Fig.1 Geologic map of the Muchen—Gaoping area, Longyou County
Qhy—Yinjianggiao Formation ;K,’~Fangyan Formation;K,’~Chaoshuan Formation;K,'x’~Third Member of the Xishantou Formation; K,'x*~Second
Member of the Xishantou Formation; K,'x'— First Member of the Xishantou Formation;K;'¢—Gaowu Formation;
Pt—metamorphic rocks of the Longyou Group ; ym'—Songjiaqiao unit (granite—porphyry) ; &y'—Jixia unit (potash feldspar granite)—;
£0™—Maolishan unit (quartz syenite) ;n*—Xiawu unit (fine— and medium—grained hornblende—biotite monzonite);
no“—Wucun unit (porphyritic medium— and fine—grained biotite—hornblende—quartz monzonite) ;
mo‘~Dashan unit (more porphyritic medium— and fine—grained biotite—hornblende—quartz monzonite) ;

NK,'=subvolcanic body of rhyolite—porphyry ; vowK,'—subvolcanic body of quartz felsite—porphyry
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Fig.2 Variation diagram of differentiation index (DI) vs SiO,,

ALOsand CaO of the Xishantou Formation volcanic and

subvolcanic rocks and the Muchen intrusion

1—First Member of the Xishantou Formation;2—Second Member of

the Xishantou Formation ;3—Third Member of the Xishantou

Formation ;4—Dashan unit; 5—Wucun unit;6— Xiawu unit
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Fig.3 REE distribution patterns for the Xishantou Formation
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Table 1 Major element(10) and trace element(10~) data of Xishantou Formation volcanic rocks,

subvolcanic rocks and Muchen intrusive rocks

75 1 2 3 4 5 6 7 8 9 10 11 12
Si0, 65.00 6383 6367 6146  61.12  69.02 6620 6292 59.89 6490 59.18 56.96
TiO, 0.38 0.58 0.61 0.45 0.45 0.22 0.37 0.46  0.68 056 076 088

ALO, 16.26 17.08 16.27 17.26 18.24 15.65 15.39 1596 16.73 1598 1654 17.77
Fe;04 3.53 4.39 2.09 3.51 3.38 2.41 2.23 2.57 2.86 2.63 3.44 1.53

FeO 0.86 0.19 1.30 0.71 0.82 0.50 2.08 2.54 3.16 1.68 292 4.57
MnO 0.08 0.14 0.34 0.13 0.10 0.10 0.06 0.09 0.08 0.06 0.14 0.09
MgO 0.31 0.19 0.65 0.54 0.73 0.13 0.79 1.25 2.13 1.81 2.14 2.59
Ca0 0.52 091 1.44 2.10 2.37 0.57 2.15 2.87 4.18 2.60 4.18 3.69
Na0 4.68 4.34 5.10 4.16 4.48 4.66 4.58 4.16 3.78 3.47 3.67 3.32
K0 6.56 7.08 5.58 7.22 6.92 5.86 5.84 5.28 4.88 4.74 4.81 4.48
P:0s 0.12 0.18 0.11 0.16 0.17 0.06 0.15 0.26 0.31 0.16 0.26 0.42

K:0+Na,O  11.24 11.42 10.68 11.38 11.40 10.52 10.42 9.44 8.66 8.21 8.48 7.80

St 1.94 1.17 4.42 2.63 4.47 0.96 5.09 791 1267 1263 1260 15.71
W 0.80 0.96 0.62 0.83 0.80 0.83 0.52 0.50  0.48 061 054 025
La 27.6 63.5 56.7 44.6 437 76.0 67.4 57.6 532
Ce 74.6 89.6 82.4 67.2 63.4 106 96.6 88.9 83.0
Pr 5.63 122 11.0 9.34 8.92 15.6 12.6 112 10.8
Nd 24.6 477 436 39.6 38.3 67.2 50.8 49.7 49.6
Sm 4.18 8.72 8.29 7.46 7.54 10.8 8.49 8.72 8.02
Eu 0.93 2.90 3.77 3.27 4.50 1.56 1.19 1.67 1.88
Gd 3.07 6.30 6.62 5.60 5.76 7.53 6.47 6.43 5.97
Th 0.71 1.07 1.22 0.90 0.89 1.23 0.81 0.94 0.91
Dy 4.07 6.90 7.19 5.46 5.98 7.47 6.29 5.67 5.48
Ho 0.94 1.16 1.20 0.98 1.03 1.55 1.30 1.17 1.15
Er 2.92 3.13 2.79 2.48 225 4.67 4.00 3.48 3.26
Tm 0.42 0.46 0.44 0.35 0.35 0.64 0.60 0.51 0.45
Yb 2.59 2.94 2.64 2.15 2.10 3.74 3.54 2.70 2.56
Lu 0.43 0.47 0.41 0.34 0.32 0.56 0.53 0.42 0.37
Y 16.5 27.3 23.1 222 18.4 32.0 28.4 245 21.7
S REE 15291 247.05 22827 189.73 185.04 304.55 260.62 238.66 226.65
LREE/HREE 9.1 10.0 9.1 9.4 8.9 10.1 10.4 10.2 10.2
Seu 0.77 1.15 1.52 15 2.03 0.51 0.47 0.68 0.80
Rb 170 179 194 148 197 230 167 154
Ba 840 790 910 1800 830 760 670 840
Th 14.8 17.6 138 16.6 21.4 25.1 185 16.2
U 0.64 1.98 131 0.64 1.98 1.98 2.42 1.98
Nb 155 21.9 185 27.5 28.2 24.6 15.1 17.6
Sr 161 84 400 245 123 550 800 1100
Zr 308 260 285 310 250 210 170 210
Hf 9.6 5.9 8.8 7.1 8.2 7.6 5.9 49
Y 16.5 27.3 23.1 222 32.0 28.4 245 21.7
Li 9.4 135 28.4 13.6 15.0 16.2 11.6 123
Cs 18 22 2.7 28 2.7
Cr 2 2 4 2 0 1 2 5
Co 5.8 5.1 73 5.0 44 7.8 145 173
Ni 4 4 8 7 2 6 4 3
v 2 16 18 20 L9 38 101 122
Ta 12 L6 12 2.0 1.2 1.6 12 1.2
Se 6.9 3.6 6.7 6.5 2.8 43 115 15
Rb/Sr 1.06 2.13 0.49 0.60 1.60 0.42 0.21 0.14
Rb/Ba 0.20 0.23 0.21 0.08 0.24 0.30 0.25 0.18
H T 5 1~2.3 4~5 BRI Sk 5 — = =Bk 6 M KILE | 7~8 .9~10 11~12 5 ¥ ik 4 2k OB 1l

FLIST B I SR OT ) 4 BB ORI B 5T MR SR RIS AT B 1— (fr S ) LB 45 B KA L2 35— LTI T
Yo G K A A— KT 45 O IR BE TR o— A e R A 7— A R IE KA 8~10—A 1 KA 11-12— KA.
FEITE AWV A MR B S5 58 5 A T, A BT O kL St R I B AL R Fe? R R VL Fe M Ti SR F IUIE 5K
Na.Ca Mg Fl Mn & FH BT W 66 RE T | il 00 35 0k o0 3 i e B T 0 7= BF 5 BT 52 3 W ok i
0 R SR ORI MeR e R X Rk
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Fig.4 Trace element distribution patterns for the Xishantou
Formation volcanic and subvolcanic rocks and

the Muchen intrusion
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Table 4 Trace element characteristic values of Xishantou Formation volcanic rocks,

subvolcanic rocks and Muchen intrusive rocks

i TCRFFIEE
oA T i e
- Y (Li, Rb, Cs) | X(Cr. Co. Ni) 2 (Li, Rb. Cf)/ Rb/Sr Rb/Ba Zr/Nb Zr/V
> (Cr, Co. Ni)
PaILk g kil 181 11.8 15.3 1.06 0.20 19.87 14
Wk LA 214 6.4 334 1.60 0.24 8.87 131.58
KA HIT 199 20.2 9.8 0.26 0.24 10.57 2.98
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Table 5 Results of Ru-Sr isotope analysis

of Muchen intrusive rocks
ke 5 O Rb (10°) Sr (10°) "Rb/*sr s/ ®sr
M—1 BRIRAE KA 158.08 689.53  0.66084 0.70630
M—2 BRIRAZE KA 223.85 42053 1.5347  0.70814
M—3 BRIRAZE KA 208.38 43382 1.3848  0.70777
M—7 46 & N K 55 178.13 71044  0.72277 0.70656
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Magmatic consanguinity analysis of the Muchen intrusion and Xishantou

Formation volcanic rocks in Zhejiang

LU Cheng-zhong', YAN Tie—zeng', DONG Chuan-wan’, GU Ming-guang'

(1. Zhejiang Institute of Geological Survey, Hangzhou 311203, Zhejiang, China;
2. Department of Earth Sciences, Zhejiang University, Hangzhou 310027, Zhejiang, China)

Abstract: The Muchen intrusion and its adjacent Xishantou Formation volcanic rocks and subvolcanic rocks are
intimately associated in space and their formation ages are close. Their rock types are all intermediate —acid and
have a similar petrochemical composition, all belonging to a weakly alkaline rock series. The REE distribution
patterns for various rock types are in the main consistent with the exception of Eu and so are the trace element
distribution patterns. This indicates that they are products of evolution of consanguineous magma. They display
similarities and consistency in respect to rock types, rock chemistry and REE and trace element geochemistry, and
in addition, all their magmatic evolutions show a reverse sequence, which demonstrates that they are a consan-
guineous volcanic—intrusive rock association. Based on the Jurassic/Cretaceous boundary age of 145.5+4.0 Ma
published by the International Commission on Stratigraphy in 2004, combined with the genetic relationship be-
tween the Muchen intrusion and its adjacent Xishantou Formation volcanic rocks, it seems more reasonable to
define the age of the Muchen intrusion at Early Cretaceous.

Key words:Muchen intrusion ; Xishantou Formation volcanic rocks; subvolcanic rocks;consanguineous igneous

magma; Early Cretaceous
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