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Abstract Themain mineral assanblage of granulite xenolith in N tGishan basalt isOpx+ Cpx+ Pl The granulite xenoliths
are commonly in banded structure,w ith fine- grained homeblastic texture or heteroblastic texture The chemical compositions
of orthopyroxene and clinopyroxene in N lshan granulite xenoliths are very similar to those of North ChinaA rchean granulite
terrain,w hile are distinctively different from those of Hannuoba grnaulite xenolith Based on the test of the garnet- bearing
granulite in theworld, the authors confirn that the combination of theW ells(1977) geothermom eter and theM cCarthy& Pati

n 0 Douee(1998) geobarometer is suitable for gpplication to the granulite The equilibrium T- P of N Gshan granulitexenolith

vary in 809 899C and 0 60 Q 95 GPa, regectively. The low er crustal geothemm of N lishan based on the equilibriun T- P
of N lishan granulite xenoliths is very similar to the extrapolated upper part of Xu’ s geothemm (1998) basedon the garnet-
bearing mantle- derived xenoliths The petrological M oho depth based on the N lishan geothem is ca 31 km consistent w ith
the seisnicM oho depth,w hich show s that there is no obvious crust- mantle transition zone in the area T heabsence of strong
underplating and them ineralogical characteristicsof the granulite xenoliths mply that the N tGishan granulite xenoliths should
be the ource from the basament of theNorth- China craton
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Fig.1 Tectonic sketch map of the eastern China
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A YT i & 8 3 & A W RO A (Opx 1 Cpx) 78
SBAREAE, BREAR, AKKRY 2—20em  EBTH
AR Opx+Cpx+PLUR D ABARSEHAERTZ
MR, EFAFSRPHRERAANL ARG KRG
SRR SHANRERAFTRES . O0H R EERF
5 NS202 B NS206 th#k A A B¢ E S, e LB
WE 2R S Ak s BRI AT DG
PERRRLY (RN, 1008); RO ZBABER. FEI
SN RS TR A RSEPEIF TR
YR, LR E SRR R
RACRAE R H K ARG MR R A A e
ABAZEAMESESEHERL S—HIFSR4H.8
SHCR A A AR R K A LB R R #
KRBT A auakn 84 AR AURAHITER
MG WESETHRFRE. S0 ERWFREE, EEh
HEASEGATOHHEN S EEATHIETE — 15
B4 B89 15 i # (I NS207) B R RAC FERE 5 1 i
), frl R S O R T AR R A SR R
¥ 7 1257 45 W (Rudnick, 19925 BRI %,1998; &/ K
%,200D), B L IIHN S BEELLH TRASNKE S
HE AR LR

3 VYR RIE

e BB T T AR TR a2 AT 3
MRS R L R & T 0 AR BT 2 . SR
W, KBRS POEE RKAMASBHAE —. B
HOHBRT RS HARE S, M NS202 PHFEAER
Sh@MAARTER D BRE MM Mg {§ Fe,
NS206 AR SRS HEAAHTRHRHMTER (K 2).

3.1 |A%E

1 1) L e R 9 Mg ® 8K 0. 50~0. 62
(% 2) WRTCHEM K Wou e 1 Engs-a.sFsar -0 (% 2), 3R
F4% %A . Bhattacharyya (197§ 4EHE A M MgO+
FeO + Fes0; + 0. 775ALO, HE MM H A H X ¥, K F
44. 304 F RN ERME R Z A ERNE & WHEEE K
B A Y 46. 057~48. 397, J¥ i BE 6L 5 HIAE R MF I =
. BT E ol BRI PR R A AU LT
KA RREALE AT O B AR FIGE SRR SRR G &R
HEBESM En 288 2), L VR H RS ELFER
Btk BLA A8 FeO,MgO,ALO, &t Mg™ fH B R
ALO; & it 8 5 B T 10 B R & a4k, M FeO & B N8
5 W T LU0 RR R 5 {44 (PR 3a,b).
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Table 1 The mineral assemblages and constructs of Niishan granulite xenoliths
L5 FHEs s
NS201 Opx+Cpx+PIC+Mt) AR P IE RO b G W o WAL
NS202 Opx +Cpx+Pl-+Bit + M) AR RRRE RN IR AW AT
NS203 Opx+Cpx+ Pl+Qz( 4 Mt) R AR I A
NS204 Opx +Cpx+PlC+Mt+ Apt) RN, TGN
NS205 Opx+Cpx+Pl+Qa( +Mt) PR B LR S R S A
NS206 Opx +Cpx+ Pl4+Bit + Mt + Apt) e L EIN ORI e T
NS207 Opx+Cpx+Pl+Qa( +Mt+Apt) ZAVAR M AR AT L N
NS210 Opx +Cpx-+Pl4Qz( Mt 4 Apt) FW RIS ANRCRE T 442
NS212 Opx+Cpx+Pl+Qz(+Mt+ Apt) BE R Ao Y, B s dh . R REW
NS§213 Opx+Cpx+ Pl+Qa(+Mt+Apt) AR BRSNS TGN
NSZ14 Opx+Cpx+Pl4+Zz 4+ M0 ARk W R
NS217 Opx+ Tpx +Fl4-Qut + 410 e H AR B R R S

f |+ ZuRnEEE
& FLmNEnE
O REARNE[E| Wo

B2 Lk & Opx—Cpx BocH

VERLAE I AR A L R R T B Xu e ol (1998) B4 B
A TR RN 2 M TR 5 F OB O3 (1998) 0 B 3 (1997, B4t
I B 401 SR 0 A 5 I MRER ¥ (1998)

Fig.2 The end-members of Opx and Cpx in the Nishan
granulite xenoliths
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4 P.T ZefkBedo il F s ikl h £k

Ll FRR AR EM T 4 5 U Cpx+0px+Pl k£, &
F Cpx+Opx X — § #3355 i 19 51 L Wells (1977)H1
Wood & Banno (1973) 8% ik v H 0 1 2F , B0k i Wells
(1977) R AR IHE A 55 BLCT 1. 3 308 3 T i Wood
&. Banno (19737 A94E (T2, £ 3), HAeEREHE AT
LA A Sy A R o oy 2 1 0 2 A L Ar LR 1Y i T A A
F 809~899C.Z W] (Wells ik . 3% 3). FERBRP T 850+
20 C . @04 b AR F UL S A0 R A f 4 Y OF B IR (WRER IS
1998),

BLRERT T A5 & 4 4 00 R 8 [ 8 & o EE i
AHEHEST 4 D it W, MceCarthy & Patino Douce (1998)
Rl it T (U Cpx+Pl+Qz # MMM EH T IFHES
TN BRI, KRS Mg =325, T=
700C ., P=0.4GPa; McCarthy & Patino Douce, 1998), 7
WA A R B IR I 5 % Opx +Cpx+Pl14+Qz. K
8 Mg® AT 32. 50 H X E ). i Wells(1977)F1 Wood &
Banno (1973) {2 49 F- @R AL 5 X F 700 C . i 2 McCarthy
&. Patific Douce (1998) [ A1k (& R & (. Dt —HRRIEZ
HE Ay it 5 F A R ()34 & A R A BB A McCarthy &

Patinno Douce (1998) [ A it it B 0045 B 45 H Ok b3 fiy
Newton & Perkins (1982) FE 77331 3 0 &5 B 0L B It 3¢ 25
i R 2@ %, 20000 Yamamoto, 1993; Holrta et al.
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Fig.3 Compositional characteristics of Opx and Cpx in the Niishan granulite xenoliths
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Table 2 EMPA results (%) of minerals in Niishan granulite xenoliths
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. Wo En Fs
2 ; #
¥R ¥4 S0, TiO; ALO; Cr,0; FeO MnO MgO CaO NaO K, 0 R&E Mg (An)  (Ab) (Or)

NS201 Cpx 49.74 0.35 4.13 0.18 9.89 0.16 12.43 20.83 0.57 0.00 98.28 0.695 454 37.7 16.8
Opx 51.00 0.00 3.19 0.11 23.29 0.23 21.33 0.54 0.02 0.00 §9.71 0.62 1.1 61.3 37.6

Pl 55.27 0.00 28.17 0.64 0.14 0.00 0.01 9.99 510 0.58 99.90 50.2  46.4 3.5

NS“ZOZ Cpx 50.65 0.35 3.79 0.04 11.15 0.20 12.41 21.66 0.47 0.01 165.73 ©.%56 45.5 36.2 18.3
Opx-c 52.70  0.08 1.8 0.04 25.85 0.38 19.13 (.43 0.07 0.01 100.55 Q.57 5.9 56.3 42.7

Opx-r 52.20 0.06 2.21 0.08 23.62 0.35 21.31 2.41 0.¢9 0.03 190.36 0.62 0.8 61.1 38.0

Pl 56.97 0.00 28.06 0.04 0.17 0.04 (.02 7.82 6.17 0.48 99.77 40.0 57.1 2.9

NS203 Cpx 51.39  0.21 2.39 020 11.24 0.31 1i.79 21.17 0.60 0.02 99.12 0.65 45.7 35.4 18.9
) Opx 50.60 0.09 1.30 0.01 26.58 0©.52 19.61 0.61 0.04 0.00 99.87 0.57 1.2 56,1 42.7

Pl 58.5¢  ¢.01 2592 0.07 0.13 0.03 0.00 7.13 7.53 0.57 99.98 33.3 63.6 3.2

NS204 Cpx .03 0,23 3,48 0.00 10.83 0.04 12.22 21.75 0.74 0.01 100.38 0.67 46.1 36.0 17.9
Opx 50.50  0.05 2.68 0.07 25.84 0.35 19.87 0.47 0.11 0.00 99.74 0.58 1.0 57.3 41.8

Pl 58.56 0.0l 26.30 0.47 0.08 0.02 0.01 7.67 6.22 0.73 100.07 38.7 56.9 4.4

NS205 Cpx 51.64 0.25 2.87 0.00 11.51 0.34 12.13 21.11 0.56 0.02 100.43 0.65 44.9 35.9 19.1
Opx 51.77 0.11 1.79 0.08 24.42 0.40 20.25 0.64 0.11 0.00 99.57 0.60 1.3 58.9 39.8

Pl 58.78 0.00 26.08 0.06 0.14 0.05 0.00 7.74 6.60 0.80 100.25 37.5 57,9 4.6

NS206 Cpx-1 50.84 0.30 3.71 0.10 10.8 0.11 12.43 20.89 0.78 0.03 100.04 0.65 41.5 38.0 20.5
Cpx-2 50.80 0.31 3.78 0.32 9.21 0.31 12.29 21.38 0.77 0.01 99.18 0.70 46.8 37.4 15.7

Opx 51.61 0.05 2.19 0.00 24.78 0.46 20.02 0.44 0.07 0.02 99.64 0.59 0.9 58.5 40.6

Pl 58.19 0.00 26.43 0.74 0.20 0.02 0.01 7.48 6.11 0.52 99.70 39.1  57.7 3.2

NS207 Cpx 50.88 0.19 2.79 0.00 10.68 0.43 12.23 21.85 0.57 0.00 99.62 0.67 46.3 36.0 17.7
Opx 51.31 0.06 1.81 0.00 25.42 0.72 20.60 0.55 0.00 0.01 100.48 0.59 1.1 58.4 40.4

Pl 57.76  0.03 26.20° 0.00 0.11 0.00 0.00 851 594 0.55 99.10 42.8 54.0 3.3

NS210 Cpx 51.55  0.19 2.34 0.24 12.08 0.18 11.12 21.83 0.66 0.00 100.19 0.62 46.7 33.1 20.2
Opx 50.85 0.07 1.26 0.03 30.06 0.30 16.58 0.62 0.10 0.00 99.87 0.50 1.3 48,9 49.8

Pl 59.07 0.01 24.74 0.67 0.08 0.03 0.01 6.73 7.14 0.65 99.13 33.0 63.3 3.8

NS212 Cpx 50.21 0.26 3.26 0.04 11.15 0.17 11.92 21.44 0.68 0.01 99.14 0.66 459 355 18.6
Opx 52.00 0.08 1.77 0.01 24.75 0.33 20.04 0.49 0.00 0.01 99.48 0.59 1.0 58.5 40.5

Pl 58.99 0.00 26.05 0.19 0.08 0.00 0.00 7.61 6.33 0.73 99.98 38.2  57.5 4.4

NS213 Cpx 51.54 0.16 2.42 0.05 10.12 0.09 12.25 21.21 0.54 0.00 98.38 0.68 46.0 36.9 17.1
Opx 52.54 0.03 1.37 0.02 25.36 0.33 26.60 0.51 0.03 0.02 100.81 0.59 1.0 58.5 40.4

Pl 59.48 0.01 26.47 0.06 0.02 0.00 0.00 7.11 7.16 0.41 100.72 34.6 63.0 2.4

NS214 Cpx 50.56 0.25 2.39 0.04 10.23 0.15 12.44 21.99 0.61 0.00 98.66 0.68 46.5 36.6 16.9
Opx 51.56 0.05 1.66 0.00 24.49 0.48 20.69 0.53 0.01 0.00 99.47 0.60 1.1 59.4 39.5

Pl 57.63 0.00 26.26 0.01 0.04 0.00 0.00 7.77 6.81 0.51 99.03 37.5  59.5 2.9

NS217 Cpx 51.06 0.37 2.09 0.00 10.16 0.08 12.62 22.40 0.38 0.01 99.17 0.69 46.8 36.7 16.6
Opx 51.12 0.06 1.20 0.00 2542 0.00 20.92 0.43 0.00 0.00 99.15 0.59 0.9 59.0 40.2

Pl 59.98 0.00 24.91 0.00 0.12 O 04 0.02 7.35 7.96 0.18 100.56 33.4 65.6 1.0

E: DT AE TR AR ZRANES BT KRG I RERE LR E IXAS800M & ey T HEHCH & Wik 5 k- s o [
L5kV REF B 10nA RFH R 1pm ZAF fEIER; (2)O0px-c Al Opx-r 5 514 [F] —BURLAY i 5 B B AL 4} »Cox-1 1 Cpx-2 4 B 9 R

BT MRS .
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Table 3 The equilibrium temperature and pressure of Niishan granulite xenoliths

Ra TIe® P1(GPa) ETHR P2(GPa) T2C0 P1(GPa) R P2(GPa)
NS201 899 0.93 0.91 874 0.91 0.89
NS202¢ 887 0.93 0.87 848 0.91 0.83
NS202r 877 0.93 0. 86 855 0.91 0. 84
NS203 851 0.71 0. 65 £30 0.7¢ 0.63
NS204 853 0.90 0.87 874 0. 89 0.85
NS205 865 0.78 0.76 841 0.76 0.74
NS206 896 0.97 £.95 £60 0.95 0.91
NS207 831 .72 0.76 821 0.79 0.75
NS210 804 0. 37 0. 64 779 0. 66 0.62
NS212 338 0. 82 0.78 820 0.81 0.77
NS213 865 0. 68 0. 67 839 0. 67 0. 65
NS214 809 0.49 0. 48 804 0. 49 0. 47
NS217 819 0. 46 0. 45 813 0. 46 0. 45
Nug901 851 0.52 0.52 817 0.51 0. 49
Nu8902 874 0.77 0.76 862 0.76 0.74
Nu8903 846 0.42 0.43 ] 816 0. 40 0.35
Nu9518 820 0.77 0.73 826 0.77 0.74
Nu9521 843 0.75 0.72 809 0.73 0. 69
Nu9523 845 0. 64 0. 62 825 0.63 0. 61

E: (DTL1.T2 451K Wells (1977) ,Wood & Banno (1973) ~¥E G B A it,P1.P2 4+ 54 McCarthy & Patino Douce (1998)FH AR 5.
AR 7T HHEMER; (2)NS206 #9 P.T B Cpx-1 i+ 8 (3)Nu8901.Nu8902.Nu8903.Nu9518.Nu9521.Nu9523 § ¥ i,
43 H EHR%1992) . Xu et al. (1998),

H T 2 L RORL & R B B 8 F SR B R T 900°C 2R AR B AR AY , JL ALY VI B G T o 0 DX IR T 5 K A

fa A AR A AN B S TR E AT 900C, Bkl
BAIA S o 1l X 37 A AR B B A 5208 R 9 900C . B &
52~ b 8 IR gl 2R, X R A T8 R E 4928 31km
(5>, HQ-13 Hu R M B & 1 GGk MU 4 %5 ,1988) EF@ &
WX, @ Ve FIRMEERERE AN 31km, B AT LA &
Wi X7l RIEE H 31km+ , KA BB R A48
LR, SIS ETE T EH (RBES,1998; 328
%,2000; Chen et al. , 2000) 2B RFEH .

5 Zilgeks QAR ERE X

PERURELEABRECRFSHFFERY IR
(e. g. Fan & Menzies, 1992; Menzies et al. , 1993; Griffin
et al. , 1998; Xu et al. , 1995, 1998, 2000; Xu, 2001),{H %}
BENGHEREEEEGEMBSTRFNAEN? TEAH
FEADDFEERRME L. S s aka £
BLEATYERIS BN ABRZX LB AT N E

LHE (Xu et al. , 1998, 2000), 1B, J5 5z X 357 & Aok
ZTREPHHIBEAM LG Re-Os I EHRMERKH
BZRWEE GBS AN TR (XBEES,1996,2001a,
b). ¥ERKE T 5 Lbed & MK T RS BOBLE &
A R g R A — TR HIWRE . R A A e T
REMENBL2EAEREBEE R . KA BERBEE
Moho T s TR, FEXFFH T, 083 T EAIRER.
VREHREXN, THRENRESHBHE. 2 BEY
FEABAERIEA Platt e al. , 1998),

T T - BB iRt REHHAUTRAA LR
BRI ol 4R, LA X A TR A O 00 O B (~ 80 mW/
m?), FEEGAARSELRAR AERRAERY—
TR HEALILTHREREAEYLZTHERT S,
FAER A RAE LS. A AEREE N EW. B2, K
AL EERNERHERRABEHRBRES
RTHBHABRLE, B RETFIEINRN S S& BRE
§%,1998: B/M %, 200D, R XMEINMEETEHAE T



D Lol FHUFERT 52 0 o . B o B 1000 #0280 1
0 0 DR M M\ DR S R K
PO 3t 080 8 1 A BT B ¢ BB b Xu et wf. (2000)MYWEIELE
F0 o 1L K 7 W08 L B R AR A T B R
B2 0 1 AT RE R o T I M DB O TR 5 @ AR T
RN A LR R S RSS2 T RSN
- A 1Ly 90, 0 Yk k4 o8 R {0~ 65
mW/m®; ¥R A%, 1995) 8 § 8 T 42 1 F ihse- L el i iR
S 40 8 7 97 2 L 000 A e 1 86 P 2 P 2 0 W
TR T A T RIS T T IS 2 b it
T RN A0 A 00 A O R 8 9 F B (Meesiaies
et al., 1993; Xu, 2001),

1 MK ] T 5% 7 5 Spitsherygen . {1 51 9 B 48 %

18} £ T

1.4}
1.2r o° )
10} @ Ao
08} 8
0.6
04}
0.2¢
1.8
16 of
1.4} ) o
1.2} o /%
1.0 024 %°
308t
0.6
04t 9

P, (GPa)

(GPa)

P
lo
o

389

H] fi 4 5 0 ik 9K 37 (O Reilly & Griffin, 1985; Amundsen ef
al., 1987; Chen et al. , 20013 $22RR%, 20000, 761X 5500
WP BMEAFTRNEX S A AR S AR R
ARSI W LR S MA N W AR EY
EREARGERERZE, ol Fliesa ek
WER E 20 Al TS 0 B AL BB R R
%.,1992; Xu et al. , 1998; 30D, BRI L HUOB BOS S RO
A 2 () B SA R T S L 82 R B o 2R i B O b
A M B 4 U R A A0 2 0 2 TR & Moho
WY RN AT Ly e W R T LIl F
BTEAE R 0 B8 B i B SR 2 1 R L e e
AR ST eV ST

T (C)
400 800 800 1000 1200 1400
0.0 T T T T
0.5
%a
85
10p
—
[1:]
o)
-— 1.5
a
20
S5
2 D Em#
3K NuBs05 .
o] Slsflll 2
3.0

0.2

L

A

A

i

0.0 - b . :
00 0.2 04 06 08 10 12 14 16 18

B4 ORI SAE kBT e N
Prsp b MeCarthy & Putifio Douce (19983 [ 3 it Pres % Newton

& Perkins (1982) FEAy it Pro 4 IR0 SRR R0y FEBEAEN . & 220
®(2000), Yamamoto (1993), Holita ez al. (2000)

Fig. 4

using different geobarometers

Pressure comparisons for garnet-bearing granulite

T3t th i R 0 R L R Bt
R PR 2 M A i 07 A A 4 A X b T Sl R R
1855 T UL R I (A P 22 5 5K P 0 9 CE A IR

5 Aol (KT M oE- b el i iRk 28

WA TEPHER R SR K ks ey,
Lt 0 i 3 iy £ 2 0 0 24 0 WE TR 4R X er al. (1998), SEA
S 198K ) O 25 A 1 ol 8 (O Redlly & Griffin, 1985).CMB 2y
e,

Fig. 5

mantle

Nishan geotherm for the lower crust and upper

=7 A1 O R R g (X4 b F 40t S ) I R e
FFAENY T S5 BB B8 A5 — 2 55— ] R e
R AL A BRI 25 57 o (R 2 5. St RRR T bk ity P 5 TR 4

© 1994-2006 China Academic Journal Electronic Publishing House. All rightsreserved.  http://www.cnki.net



390

h EAR T DU HURORL 5 04, 3R 99 OB IR BB/ &R
BA ARG P E RS 3R W AR LT e dURR A M ik, TR
KRRE bR R R T R T R AR
ALFEHLIE 4 AR o 298, % 4 L BRORLE A R R 8
HHEFHETRBBRAERFAMREREZHRAFR.

Bil. A KEHREERORY EHBEET Mo
o IS U B T OBF A AR, o ot R R R BT S AT AR
R BT I AR T B4 YR L EOS

References

Amundsen HEF,Griffin WL & O’ Reilly SY. 19¢7. The lower crust
and upper mantle benzath northwestern Spitsbergen: evidence
from xenocliilis and ge:sphysics. Tecronophysics, 139: 169—185

Bhattacharyya C. 1971. An evaluation of the chemical distinctions
between igneous and metamorphic orthopyroxenes. Amer.
Mineral. , 56: 499—506

Chen DG, Zhi XC, Li BX, Wang YX & Yang JD. 1997. Sr, Nd and
Pb isotopic characteristics of pyroxenide xenoliths in Hannuoba
basalt, Hebei province. Geochimica, 26(1): 1—11 (in Chinese
with English abstract)

Chen SH, O’ Reilly SY, Zhou XH, Griffin WL, Zhang GH, Sun M,
Feng JL, Zhang M. 2001. Thermal and petrological structure
of the lithosphere beneath Hannuoba, Sino-Korean Craton,
China: evidence from xenoliths. Lithos, 56: 267—301

Chen SH, Zhang GH, Zhou XH, Sun M, Feng JL & Xie MZ. 1998.
Petrological investigations on the granulite xenoliths from

Sino-Korean craton. Acta
Petrologica Sinica, 14(3): 366 — 380 (in Chinese with English
abstract)

Fan QC & Liu RX. 1996. The high-temperature granulite xenoliths
in Hannuoba basalt. Chin. Sci. Bull. 41, 235 — 238 (in
Chinese)

Fan QC, Liu RX, Li HM, Li N, Sui JL& Lin ZR. 1998. Zircon
geochronology and rare earth element geochemistry of granulite
xenoliths from Hannuoba. Chin. Sci. Bull. , 43: 133—137 Gn
Chinese)

Fan WM & Menzies MA. 1992. Destruction of aged lower

lithosphere and accretion of asthenosphere mantle beneath

Hannuoba basalts, northern

eastern China. Geotectonica et Metallogenia, 16; 171—180

Griffin WL, Zhang AD, O’ Reilly SY et al.. 1998. Phanerozoic
evolution of the lithosphere beneath the Sino-Korean craton.
In; Flower, M. F., Chuang, S. L., Lo, C. H., et al.
(editors), Mantle dynamics and plate interactions in east Asia.
American Geophysical Union, Geodynamics series 27: 107 —
126

Guo JH, Zhai MG, Li YG & Yan YH. 1998. Contrasting
metamorphic P-T paths of Archaean high-pressure granulites
from the North China craton: metamorphism and tectonic
significance. Acta Petrologica Sinica, 14 (4): 430 — 448 (in
Chinese with English abstract)

Holtta P, Huhma H, Manttari I, Peltonen P & Juhanoja J. 2000.

Petrology and geochemistry of mafic granulite xenoliths from

A cta Petrologica Sinica

the Lahtojoki kimberlite pipe, eastern Finland. Lithos, 51: 109
—133

Huang XL, Xu YG, Chu XL, Zhang HX & Liu CQ. 2001.
Geochemical comparative studies of some granulite terranes and
granulite xenoliths from North China craton. Acta Petrologica
et Mineralogica, 20(3);: 318 — 328 (in Chinese with English
abstract)

Liu FL. 1997. The metamorphic reaction 1nd water activity of basic
granulite in the Datong-Huaian rcgion. Acta Petrologica Sinica,
13(1): 27--43 (in Chincse with English abstract)

Liu Y3, Gae S. Jin SY, Ju SH, Sun M. Zhao ZB, Feng JL. 2001.
Geochiemistry of lower crustal xenoliths from Neogene
Harnucha taszlt, North China Craton: implications for

crustal composition. Geochim.
Cosmochim. Acta, 65: 2589—2604

McCarthy TC & Patifio Douce AE. 1998. Empirical calibration of
the silica-Ca-tschermak’s — anorthite (SCAn) geobarometer.
J. Metamorphic Geol. , 16: 675—686

Menzies MA, Fan W & Zhang M. 1993. Paleozoic and Cenozoic
lithoprobes and the loss of >120km of Archaean lithosphere,
Sino-Korean craton, China. In: Prichard HM et al. (eds.).
Magmatic Processes and Plate Tectonics, Geological Society
Special Publication No. 76, 71— 81

Newton RC &. Perkins D. 1982. Thermodynamic calibration of

geobarometers based on the assemblages garnet-plagioclase-

vetrcgenesis  and  lower

orthopyroxene (clinopyroxene)-quartz. American Mineralogist,

67: 203—222
O’ Reilly SY & Griffin WL. 1985. A xenolith-derived geotherm for
southeastern Australia and its geological implications.

Tectonophysics, 111: 41—63
Platt JP, Soto JI, Whitehouse MJ, Hurford AJ & Kelley SP. 1998.
Thermal

significance of metamorphic rocks from the floor of the ‘Alboran

evolution, rate of exhumation, and tectonic
extensional basin, western Mediterranean. Tectonics. 17: 671
—689

Rudnick RL. 1992. Xenoliths-samples of the lower continental
crust. In; Fountain D. M. et a/. (Editors), Continental Lower
Crust. Elsevier, Amsterdam, pp269—316

Shi LB, Lin CY, Chen XD & Han XL. 2000. A xenolith-derived
geotherm for the lower crust and upper mantle beneath
Hannuoba area, Hebei province, China and its geologic
implications. Seismology and Geology, 22 (1): 37 — 46 (in
Chinese with English abstract) .

Wang LS, Li C, Shi YS & Wang YH. 1995. Distributions of
geotemperature and terrestrial heat flow density in lower
Yangtze area. Acta Geophysica Sinica, 38(4): 469 — 476 (in
Chinese with English abstract)

Wells PRA. 1977. Pyroxene thermometry in simple and complex
systems. Contrib. Mineral. Petrol., 62: 129—139

Wood BJ & Banno S. 1973.

orthopyroxene-clinopyroxene

Garnet-orthopyroxene and
relationships in simple and
complex systems. Contrib. Mineral. Petrol., 46: 1—15
Xie MZ, Feng JL, Zhang GL, Yuan WM, Zhou XH & Ren SL.
1993. The discovery of granulite xenoliths in Hannuoba basalt,
North Hebei, China. Journal of Hebei College of Geology, 16

(6):587—592 (in Chinese with English abstract)

2002, 18(3)



Xu XS, O’ Reilly SY, Griffin WL, Zhou XM, Huang XL. 1998.
The nature of the Cenozoic lithosphere beneath Niishan, East
Central China. In: Flower MF] et al. (Eds. ). Mantle dynamics
and plate interactions in east Asia, Geodynamics Series, Vol.
27, American Geophysical Union, Washington, DC, 167—196

Xu XS, O’Reilly SY, Griffin WL & Zhou XM. 2000. Genesis of
young lithospheric mantle in southeastern China: an LAM-
ICPMS trace element study. J. Petrology, 41(1): 111—148

Xu YG. 2001. Thermo-tectonic destruction of the Archaean
lithospheric keel beneath the Sino-Korean Craton in China;
evidence, timing and mechanism. Physics and Chemistry of the
Earth, 26A: 747—757

Xu YG, Fan WM & Lin G. 1995. Lithosphere-asthenosphere
interactions: a comparative study on Cenozoic and Masozoir
basalts around Bohai Area. Geotectica et Metallogenia, 19; i--
13

Yamamoto H. 1°953. Contresting metamorplhic P-T-time paths of
the Kohistan granu''tes and tectcnics of the western Himalayas.
Journal of the Geclogical Society, London, 150: 843—856

Yu JH & Zhou XM. 1993. Granulite-facies middle-lower crustal
xenoliths from Niishan alkali basalt in northeastern Anhui
province, China. Chinese Journal of Geochemistry, 12(4): 339
—351

Zhang GH, Zhou XH, Sun M, Chen SH &. Feng JL. 1998a. Highly
chemical heterogeneity in the lower crust and crust-mantle
transitional zone; geochemical evidences from xenoliths in
Hannuoba basalt, Hebei province. Geochimica, 27 (2);: 153—
169 (in Chinese with English abstract)

Zhang GH, Zhou XH, Sun M, Chen SH & Feng JL. 1998b. Sr, Nd
and Pb isotopic characteristics of granulite and pyroxenite
xenoliths in Hannuoba Basalts, Hebei Province, and their
implications for geologic processes. Acta Petrologica Sinica, 14
(2): 190—197 (in Chinese with English abstract)

Zhang SW, Zhang SX, Tang RY. 1988. Interpretation of the Fuliji-
Fengxian DSS profile in Xiayangzi region. Acta Geophysica
Sinica, 6: 637—648 (in Chinese with English abstract)

Zhi XC, Peng ZC, Chen DG, Sun WD & Yu CJ. 200la. The

osmium isotopic compositions and model age of mantle peridotite

xenoliths from Jiangsu-Anhui area and their geological
significance. Acta Petrologica Sinica, 17 (1): 11 — 18 (in

Chinese with English abstract)

XC, Reisberg L, Pen ZC & Yu CJ. 2001b. Re-Os isotope

geochemistry of lithospheric mantle beneath northeastern

Zhi

Yangtze craton: constraint on the origin and evolution of

continental lithospheric mantle. Bulletin of Mineralogy,
Petrology and Geochemistry, 20(4): 248— 250 (in Chinese with
English abstract)

Zhi XC, Zheng YF, Du AD. 1996. The !8 Os/!8 Qs isotope of
Cenozoic basalt and mantle-derived peridotite xenolith from
Anhui-Jiangsu area. Chin. Sci. Bull., 41(3); 245— 247 (in
Chinese)

Zhou XM, Yu JH & Xu XS. 1992. Discovery and significance of

granulite xenoliths in the Niishan basalt, East China. Chinese

391

Science Bulletin, 37: 1730—1734.

Bt ep 308 B 30k

BREZ, XEE, FHE, ERE, BAK. 1997, JGERXRE T
AE R N, Sr.Pb R R BB FE. kb, 26(0.1—
11

PREQ%, SREHE, PR 4R, PV B ROBE L U b, 1998, BUEMIZ R A
FRRRCE X R E R 2R F T 2],14(3):366—380

BERARL XA H - FEE, T8, RN LA 1998, TS B &
PR AGOFRESTW LT EMRILS. BEER,43(2):133
— 157 .

BERGE, VI E . 1996 WENXREPHERBASWEE. ByE
#%,41(3):235—238

WO, BHE KR, B A4, 1998, 4R W R EE RS
MREPT PEREWEE LT WHEMERERRE. 26
#3],14(4):430—448

BN R BT TR, XAAGR. 2001, 4L & 3543 BRA
BMAERAEMBRLEFERME. HETHEHEE. 20
(3):318—328

XUFER. 1997, RR-KIF] —HF H Ak BR L2428 IR R R 5 3 5 7K 3% B
HA¥IR,13(1):27—43

2, R IE B BREME, B H 4. 2000 MEAESHFILIGENT
M- g R R KRR L. MBI, 22.37—46

ERB, M, R, EEE. 1995 THFRXMBHH MRS
oA, HMERYIB IR, 38(4) :469—476

W DRB K BT, AFE AL 1993 WIHIER
HHRALERBERG R WAL RE B, 16(6):587—
592

SRR, BT, IV BRI DR BE. 19982, T HISE R8T A
A2 R — 4 — o] 3 0 3t X VR 04 S Ak T 3 B BR AL 2
. HERILF,27(2):153—169

RN, B, IV BRI GBS 1998b. DU K B TR
HRMMEAE LB Nd.Sr.Pb AN RBTEREHFEE L.
HAFH,14(2):190—197

TKPUZE, KBE, AR, 1988, THTHRAES - ERMBRER
BHERE. HERYFE¥M,31(6):637—648

XEE,ETFHLBREA DK, REL. 2001a. FbEH X 8 EHMH
ERBARARFALEARNEXFREEEL. HE2R,17.
11-18

X B E  Reisberg L, ZF M, RHFIL. 2001b. HFHIBERILES
£ Bl 08 B9 Re-Os [F]3L F # 3R A0 2 - B 2 7 1B b o 119 T2 )R AT
AL B2y, 545 A BRI 8 1], 20. 248 — 250

HEE K K AL, 1996 FREEH K B 4 A KR B A8 A
HEEE0s/180s. B EEIR,41(3):245—247

BFR, FRE B £ 1992 TIWKREHERERHBEHRHR
5E . ##iEiR,37(13):1198—1201.



