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Abstract The Mesozoic Badaling complex, emplaced in the northern part of the North China block (NCB), is composed of
gabbrodiorite, quartz diorite, quartz monzonite, monzodiorite, adamellite, moyite and quartz syenite, which are predomi-
nantly high-K calc-alkaline and subordinately shoshonitic. Their major elements., except that of cumulative gabbrodiorite with
substantive magnetite, range widely, e. g. » Si0,=46.5%~75.3%, MgO=5.6%~0.2%. K,0/Na,O ratio varies from 0. 59
to 1. 09 for the intermediate-felsic rocks. The moyite and quartz monzonite have low Ba and Sr abundances and strong nega-
tive Eu anomaly. However, most intermediate-felsic rocks are consistently characterized with high Ba, Sr and LREE and low
Rb, Y and HREE abundances, high Sr/Y and La/Yb ratios, distinct Nb, Ta and Ti depletion, as well as absence of negative
Eu anomalies, and are comprehensively called high Ba-Sr granitoids. In addition, the mafic rocks and high Ba-Sr granitoids
have covariant major elements, and similar incompatible trace element and rare earth element (REE) patterns, with REE, Y,
Sr, P and Ti abundances consistently decreasing from basic to felsic rocks. Initial *’Sr/**Sr (0. 7051~0. 7068) and exq; (—8. 2
~ —20. 2) of mafic rocks and high Ba-Sr granitoids show EM1-type signature, and are negatively correlated. Geochemical da-
ta indicate that mafic rocks were derived from partial melting of an enriched subcontinental lithospheric mantle, and high Ba-
Sr granitoids were produced from the mafic magmas mainly through fractional crystallization with some crustal contamina-
tion. Fractionation of P- and Ti-bearing accessory minerals, such as apatite and titanite, played an important role in causing
the decrease of the REEs with progressive differentiation. The Yanshanian mafic rocks, high Ba-Sr and low Ba-Sr granitic
rocks with comparable geochemical characteristics to their correspondents in the Badaling complex are widespread in the east-
ern part of NCB and the Dabie-Sulu Orogen (DSOB). Hence we propose that the occurrence of Yanshanian igneous rocks in
NCB and DSOB had common geodynamic mechanism, and the geochemical characteristics of the Yanshanian igneous rocks
from DSOB were not necessarily due to the interaction between the subducted continental crust (Yangtze block) and mantle
peridotite. Delamination or lithospheric thinning probably caused the partial melting of the enriched subcontinental lithospher-
ic mantle beneath NCB and DSOB. Mantle enrichment beneath NCB and DSOB may occur early in Proterozoic, implicated by
the similarity of Nd depleted mantle model ages (T'h).

Key words Mesozoic, Badaling complex, North China block, Dabie-Sulu Orogen, Granitoid, Geochemistry,

b o V”I‘i . b
Si0,=46.5%~75. 3%, MgO=5.6%~0.2%, K,0/Na,0  0.59~1.09, Ba
* (G1999075502) (40002006

s 5 1969 s s , E-mail :qianqing613@hotmail. com



276 Acta Petrologica Sinica 2002, 18(3)
Sr , Eu . (  Ba-Sr ) : Ba,Sr
(LREE) Y (HREE) ,LREE/HREE ,Sr/Y  La/Yb ;
Nb, Ta Ti s Sr  Eu . Harker ) Ba-Sr
H (REE) .REE, Y, Sr. P Ti
Ba-Sr Sr-Nd EMI1 (Is:=0.7051~0. 7068, exna;=—38.2~—20.2),
s Ba-Sr
; P I1 ( ) REE,P Ti o s
- Ba-Sr s s
P588.121; P542. 4
et al. s 1998; Menzies and Xu, 1998; Fan ez al. » 2000; Xu,
2001; Zheng et al. , 2001); (3) 210 80 Ma
1 ) - (Yu et al. » 1993;
Bao et al. . 1995; Qin, 1995; Wang et al. » 1996; Chen et
, 1 S al. s 1997; Xu et al. » 1999; Ma et al., 1998; Qiu et al. ,
(Chappell and White, 1974) 1 2000; Fan et al. , 2001; Guo et al., 2001; Zhang et al. ,
A (Loiselle and Wones, 1979) M  (White, 1979),  2001a- 2001bs Zhou ez al. . 2001).
Tarney and Jones (1994) . I s A ; (Xu, 20010,
Ba.Sr ( Ba-Sr ) ° ’
Ba,Sr (  Ba-Sr ),
10 Ba-Sr o °
Ba-Sr : Ba, Sr LREE ’
,Rb, Th U Y HREE ,Nb, . Wang et al. (1996)
Ta. Ti P ) Eu ,Rb/Sr , (shoshonite, “ )
Sr/Y La/Yb (Tarney and Jones, 1994; Fowler ¢ - R Xu
et al. , 2001), ,Tarney and Jones(1994) et al. (1999) ’
Ba-Sr Ba-Sr ; Zhang et al. (2001a, 2001b)  Wang and
) Ba-Sr . Zhang (2001) Sr. Y
Ba.Sr HREE Eu s
. Ba-Sr , (adakite) R .
s ; Ba-Sr
(Tarney and Jones, ’ ’ ’
1994), Ba-Sr Superior
( ,Stern et al. , 1989) °
(Thompson and Fowler, 1986; Fowler, 1988a, 1988b, Ba-Sr Ba-Sr
1992; Thirlwall and Burnard, 1990; Tarney and Jones, ’
1994; Fowler and Henney, 1996; Fowler et al. , 2001),
s : (D) ) ’
(Li et al. » 1998, 2000; Ye et al. , 2000); 2
(2) 80~140 km
,  (>180 km)
(~50 km) (Menzies et al. » 1993; Griffin , . (Sengor et al. »



Ba-Sr

277

152. 8~158. 8 Ma(

1993) - (Chen et al. , 2000) s s
s - - K-Ar ., Yu et al.» 1993; Liu and Shi, 1995)
(Liet al., 2000), s ; 137. 5 Ma( K-Ar
(Yu et al., 1993; Bao et al. , s Yuet al., 1993) - s
1995; Wang et al. » 1996; Chung et al. , 1997), (120.7 Ma),
N N o (133. 2 Ma, U-Pb
- , Liu and Shi, 1995), 128. 8 Ma(Rb-Sr ,Liu
N s and Shi, 1995) o
C D,
NI
AN, e
\/\ °
A g? X3
A AT A o
N N NN Y
NN ﬂﬂ?
P AV AV A D
R N N
NN
PP A A ol
\/\/\/\,\/‘
N \/\/\
'“||||llt1m|umm..
‘s S s
5, i *
J’ J.. J.%'f'-l;*-l-
7 ?’l N [ S By a.‘*
{ Ttk P, BB
p " I 1 RAPBBI-
Pt E; I gl
Ar 0 2 M km A L . B BB
o /"‘? o P Ty :
o/ I}\ s I
il atwsmen | @ | memes
NONN] AR - . . LM —
RN el FEZRE
E e e o ? J
warks D7) wms ] w=
1
( Yuetal,1994 Wang and Zhang, 2001)
Fig.1 Geological map of the Badaling complex
mm , 50% ~65% , - .
»1~3mm, 3% ~5%, N
3 o - s - 5005~
. 0 B
(BBI.BB2) ( smm 20%. :
) _ 5%~18%. . :
=0/ ~ 0/
_ , 9~5 5% ~10% , s

’ o ’ N [}



278

Acta Petrologica Sinica 2002, 18(3)
s 1% , 0.5 mm, . N ¢ 2b); 15% .
 2a), - s <1%, s 2%, s
0.5 mm o V-Ti ; N
(BB3  BB4) s C 20), “©or

2
(a) s . ( BBL); (b) s
. ( BB3); (c) .
( BB3); (d) s ( BB10),
Fig. 2 Miscoscopic photographs for the Badaling complex
(BB5) . N 30%~50%, s N
) . . . 25%, .
58% »1~5mm s - , o 3% N s
5% 200, - . 1%
- s 5%, 8%, (BB6) s ( )
. 2% , . , 0.5%. 0.5mm . 15%, 7%,
R 0.5 mm R 0.5%, s 4 mm . - .
. . . 5% 10%. C 2%, .
, . . . (BBY)
25%~40%, C 2d, , 20, 1%, .



Ba-Sr

279

. SiO, = 46. 5% ~ 75. 3%, MgO =
5.6%~0.17%, TiO,=2.5%~0.15%, Fe,0,=12. 4% ~

4 1.1%, CaO=8.3%~0. 6%, Na,O=3.8% ~5.4%, K,O=
il 1. 4% ~5. 8%, P,Os=1. 4%~ 0. 02%., TiO,
' (2.0%~2.5%), FeO" (8.9%~11.1%)  P,0,(0. 6% ~
Rb. Sr. Pb, Nb. Zr. Y. V. Cr, Co  Ni ! ! ! ! e
1.4%) s SiO,
XRF . .
(38.6%~41.0%),Ti0,(2. 6% ~3.2%),FeO" (17. 0%~
0
5% REE 21.4%),V(429~601 pg/g) Ni(121~149 pg/g) .
0/ ~ 0, _
(INAA) , 5%~15%. Sr-Nd TAS ¢ sa), ) i
MAT-261 , . Si0,—K,0 ¢ 3b),
»Sr Nd #8r /*Sr= R Harker C 4),Si0,
0.11940 '"°Nd/"'Nd=0.7219 ; : J. M. , SiO, ,TiO,, FeO", MgO, CaO
Nd,O; "*Nd/"*Nd = 0. 511125 £ 8 (26),BCR-1 "*Nd/''Nd  p,0. ( PO,
—0.512643+12 (20); NBS987 SrCO,*Sr/*Sr=0. 71025+ ).K,0 LALO,  Na,O . 4
2 (26). Sm/Nd  Rb/Sr 0.1%; Sm.Nd , (BB6
50 pg.Rb.Sr 0.1~1 ng. BB9 ). P,O;  TiO, P
(CHUR) '"Nd/"Nd '""Sm/"Nd Ti ( N ) (Fowler et
0.512638  0.1967. 1. al.» 2001,
1.2
(BB3,BB4) ,
18 S k¥ .
4 #i - My L <= : ==fs L% Ay
" BAY O A @ 1Ba-SedE wtl LU e i 1
i% Wil O lé! S |4 mBa-sedeli it 5 -
P L i i o
g} VS + [ we MRERURAL  on e
5!1’] | o F . . 'VFE?
£ g _ "% o4t 3 aqa%:-
(] £ ;] /Y - o) y
3 4
F 6t o ta KA, 7, s 0
L% o +
4 | R
I P S R R
2 - /
ap (a) _ : A5 K e B AR 21 it
i i I i [}] i L i i i i i
0 45 m s o &:r m 75 80 45 S0 S5 60 65 T0 75 MO
$10, (%) 5i00, (%)
3 (a)Na,0+K,0—SiO,(TAS) ¢ Middlemost, 1994); (b)K,O—SiO,
- B Qin (1995), Chen ez al. (1997), Guo et al. (2001), Qiu ez
al. (2000)  Xu et al. (1999) . - Fan et al. (2001), Jahn ez al. (1999) Ma et al. (1998) .
- R ; SiO; . ;
. Si0, . D- G- ,Ga- .GD- ,GaD- JE- JFG-
JFS- .FMD- JFMS- . M- ,MD- MG~ PG~
QM- .S

Fig. 3 (a) Na,O+K,O vs. SiO, plot

(after Middlemost, 1994), and (b) K,O vs.

SiO, plot for the Badaling complex



280 Acta Petrologica Sinica 2002, 18(3)
1 N Sr-Nd
Table 1 Major, trace elemental and Sr-Nd isotopic compositions of the Badaling complex
BB1 BB2 BB3 BB4 BB5 BB8 BB6 BB9
SiO, 48. 49 46. 51 38.61 41. 02 57.42 52.27 65. 96 75.32
TiO, 2.54 2. 39 3.17 2.59 1.41 2.01 0.42 0.15
Al,O4 17. 85 16.57 16. 82 19. 32 16. 75 18.12 16. 15 13. 35
Fe; 04 10.78 12. 35 23.78 18.91 7.36 9. 85 3.23 1.11
MnO 0.14 0.13 0.12 0.09 0.10 0.12 0.09 0. 06
MgO 4.29 5.61 7.26 5.98 3. 17 4.02 0. 45 0.17
CaO 8. 33 8. 05 6. 82 7.59 4. 67 6.93 1. 66 0.57
Na,O 4.59 4.09 2.72 3. 29 4.82 4. 07 5.38 4.54
K,O 1.40 1.88 0.53 0.53 3. 14 1.67 5.78 4.79
P,0; 1.05 1.38 0. 29 0.19 0.59 0.59 0.10 0.02
LOI 0.39 0.68 0. 00 0.13 0.42 0. 67 0. 40 0. 39
Total 99. 85 99. 64 100.12 99. 64 99. 85 100. 32 99.62 100. 47
Mg* 0.45 0. 48 0. 38 0. 39 0.47 0.45 0.22 0. 24
Rb 19 29 6 5 77 34 153 118
Ba 1180 1730 502 561 1680 1150 501 55.6
Sr 1666 1875 1573 2015 1191 1525 104 13
Pb 12 13 11 10 18 11 30 24
Th 1.0 1.1 0.5 0.4 6.0 3.8 17.8 12.9
U 0. 82 0.55 1.87 1. 64 4. 34 1.97
Nb 28 21 4 4 20 17 51 33
Ta 1. 39 0.92 0.28 0. 27 1.12 0. 81 2.78 2. 40
Zr 129 134 85 97 231 169 649 163
Hf 2.51 2. 44 0. 80 0.58 4. 45 2.95 12. 80 4.72
Y 26 25 5 3 16 21 24 14
Sc 18.3 16. 4 6.6 5.4 9.0 17.6 4.5 1.6
\ 124 185 601 429 75 95
Cr 20 54 45 33 58 25 15 22
Co 34 44 137 98 20 30 6 5
Ni 19 57 149 121 30 19 16 13
La 63.3 79.6 11.9 10. 6 70.0 44.8 81.9 79.7
Ce 116 155 18 16 122 80 138 118
Nd 58.9 77.3 9.3 9.7 56.5 43.0 48. 6 35.8
Sm 10. 9 12.2 1.7 1.5 8.5 8.6 7.9 4.8
Eu 3. 44 3.79 0. 83 0. 81 2.50 2. 85 1. 06 0. 46
Tb 1.12 1.12 0. 25 0.18 0.70 0. 83 0.77 0. 45
Yb 2.26 2.07 0. 40 0. 32 1.32 1. 80 2. 80 1. 69
Lu 0.37 0. 25 0. 06 0. 04 0.16 0. 26 0.42 0. 24
87Sr /86Sr 0.70518 0.70552 0. 70566 0.71343 0. 75041
87Rb/%6Sr 0.0319 0.0474 0.1834 4.921 10. 130
(87Sr/868r); 0. 7051 0. 7054 0. 7053 0.7043 0.7317
3Nd /1Nd 0.512127 0.511963 0.511967 0.512066 0.511876
17Sm /11 Nd 0.1042 0.0954 0. 0891 0.0933 0. 0828
(MSNd /TN 0.512025 0.511869 0.511891 0.511987 0.511806
end () —8.2 —11.2 —11.3 —9.4 —13.0
Tom (Ga) 1.42 1.53 1.45 1.37 1.48
K,0O/Na,O 0.31 0. 46 0.19 0.16 0. 65 0.41 1.07 1.06
Rb/Sr 0.01 0.02 0. 004 0. 002 0. 06 0.02 1. 47 9.08
Sr/Y 64 75 315 672 74 73 4.3 0.9
(La/Yb)x 20 28 21 24 38 18 21 16.6
Th/Ta 0.7 1.2 1.8 1.4 5.3 4.8 6.4 5.4
BB6, BB9 Ba-Sr ;BB5 Ba-Sr ., BB7, BB10, BB11., BB12, BB13, BB14. BB15 Ba-Sr N

BB1,BB2,BB5,BB10,BB11,BB14,BB15,BB6,BB9

Wang and Zhang (2001),
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BB7 BB10 BB11 BB12 BB13 BB14 BB15
SiO, 70. 38 70. 04 71.53 74.75 74.61 71.33 72.19
TiO, 0.54 0.52 0. 45 0. 25 0.23 0.33 0. 24
Al,O4 13.79 14. 14 13. 66 13.19 13. 25 14.11 14.57
Fe,05 3.30 3.25 2.81 1.70 1.59 2.39 1.75
MnO 0. 05 0. 05 0. 04 0. 05 0. 05 0. 06 0. 05
MgO 1.29 1. 36 1. 26 0.55 0.57 0.74 0.53
CaO 2.17 2.52 2.53 1.54 1. 41 1.92 1. 45
Na,O 4.15 4.16 4.59 3.79 3.96 3.86 4.34
K,0O 3.56 3. 05 2.73 3.70 3.61 4.22 4.21
P,05 0.21 0.16 0.14 0. 07 0. 07 0.10 0.08
LOI 0.37 0. 40 0.32 0. 30 0. 40 0.74 0. 60
Total 99. 91 99. 65 100. 06 99. 89 99.75 99. 80 100. 01
Mg™ 0. 44 0. 46 0.48 0.40 0.42 0. 38 0. 38
Rb 76 80 70 106 106 104 93
Ba 1080 1040 773 1220 1200 1200 1360
Sr 648 776 778 429 437 405 354
Pb 22 21 19 25 24 18 20
Th 8.9 6.6 3.9 9.1 9.4 9.2 7.9
U 2.95 1. 44 1.13 2.34 1.77 2.02 1. 40
Nb 19 7 7 11 8 11 11
Ta 1.52 0.52 0.48 1.10 0.74 0. 88 0.72
Zr 165 104 82 106 96 141 156
Hf 3. 84 3.08 2.97 3.55 2. 89 3.55 4.59
Y 8 6 5 7 4 9 6
Sc 3.7 5.1 4.3 2.8 2.4 3.1 2.3
\Y% 30 44 38 19 14 23 12
Cr 31 28 25 28 33 36 28
Co 11 11 10 7 7 8 7
Ni 17 15 15 12 12 14 12
La 54.3 33.1 28.4 34. 8 28.3 41.1 50. 4
Ce 85 54 48 55 44 70 77
Nd 31.9 28.0 23.5 17.9 17.3 27.7 23.9
Sm 4.6 3.6 3.4 3.0 2.3 4.3 3.5
Eu 1.15 1. 01 0.94 0. 81 0.68 1. 06 0.91
Tb 0. 30 0. 39 0. 26 0. 26 0.22 0. 38 0. 24
Yb 0.93 0.76 0.51 0. 88 0.70 0.99 0.75
Lu 0.15 0.11 0. 08 0.16 0.13 0.17 0.12
87Sr /85Sr 0. 70675 0.70684 0. 70811 0. 70748
8TRb/%6Sr 0.2603 0. 2541 0.7367 0.7463
(87Sr /%58r); 0.7063 0. 7064 0.7068 0.7061
145Nd/1*4Nd 0.511679 0.511512 0.511808 0.511748
147Sm /14 Nd 0.0912 0. 0915 0.0934 0. 0820
(N /MMNd)D; 0.511601 0.511434 0.511729 0.511678
ena () —17.0 —20.2 —14.5 —15.5
Tom(Ga) 1. 83 2.04 1.70 1.62
K,0/Na,O 0. 86 0.73 0.59 0.98 0.91 1.09 0. 97
Rb/Sr 0.12 0.1 0. 09 0. 25 0. 24 0. 26 0.26
Sr/Y 81 129 156 61 109 45 59
(La/Yb)x 42 31 40 28 29 30 48
Th/Ta 5.9 12. 8 8.1 8.3 12.7 10.5 10.9
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