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Phanerozoic modification of the lower crust beneath the North China Craton:
constraints from granulite xenoliths

YING Ji-feng, ZHANG Hong-fu and TANG Yan-jie
(Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: Granulite terrains exposed on the North China craton are the exhumed Precambrian lower crust,
whereas the granulite-facies xenoliths entrained in volcanic rocks are representatives of the Phanerozoic lower
crust. The comparative studies of granulite terrains and granulite xenoliths provide important constraints on the
evolution of the lower crust beneath the North China Craton. Based on data available on the granulite terrains
and granulite xenoliths, this paper discusses the modification of the lower crust beneath the North China Craton
during the Phanerozoic mainly from the perspectives of zircon U-Pb ages and their Hf isotopic compositions. The
lower crust was also significantly modified in company with the destruction of the mantle lithosphere since the
Mesozoic, with the time and degree of modification varying from region to region. Magmatic underplating
played the most important role in modifying the pre-existent ancient crust, while the remelting of the ancient
crust was probably another way to modify the lower crust.
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Fig. 3 Localities of granulite-bearing volcanic and intrusive rocks in the North China Craton

~2.4 Ga 1.9 Ga

Hf eHf ¢
—-17.4~8.4

Hf

Yang and Wang 2002

86 Ma

860 ~890C
33~36 km

0.99~1.17 Ga

Moho
Chen et al .
Zhang 2012

32
~36 km
2006

2006

2.4~2.5 Ga
2.0 Ga

120 Ma
2.4~2.5Ga
-10~10 2.5 Ga

91

Ma

2.0 Ga

eHf ¢

4.2

90
1996

206Pb 238 U

Hf

Hf

eHf ¢



32

572
160~140 Ma  140~80 Ma 160~140 Ma
1998 140~80 Ma
26py 28y 140 Zheng  2009b
124 120 Ma
Wilde 2003 Hf
SHRIMP 44 .5~47.3 Ma
80 ~ 180 Ma eHf
Liu 2004
LA-ICP-MS
1.75~1.89 Ga
105~122 Ma Moho
2.5 Ga 88 Ma 10 4
BHpEa ?ﬁliﬁ
- |
{EBE S
0 0 . PUEM 0
5 5
20 20
THiEs
(h&ER)
10 10
40 40
:
§ 15 s }%
60 60
0 o m
80 80
25 25
%0 80 100 % 100
e Ereik e
4 Chen et al. 2001 Zheng et al. 2003
Huang et al. 2004
Fig. 4 Schematic diagram of the crust-mantle structure of the North China Craton data after Chen ez al. 2001
Zheng et al. 2003 Huang et al. 2004
830~869C 0.6—~0.95 1988  Huang 2004
GPa 31 km Huang et al. 2004 SHRIMP U-Pb

31 km



5 — 573

2.5 Ga
1.92~1.97 Ga
2()6Pb 238U ]40
Ma
Hf
4
5
Jiang and
Guo 2010 140 Ma
Hf
2.5~2.6 Ga
1.8~1.9 Ga
120 M 90 M. Hf
2.5~2.6 Ga 1.8-1.9 Ga “ “
Hf
>3.6 Sr-Nd
Ga
2.4
~2.5Ga
2.5 Ga
Zheng er al. 2001 43 ~56 km
33 ~36 km
30
km 50

30 km



574

32

References

Boyd F R Gurney J J and Richardson S H. 1985. Evidence for a 150~
200 km thick Archaean lithosphere from diamond inclusion thermo-
barometry J . Nature 315 6 018 387~389.

Carlson R W Pearson D G and James D E. 2005. Physical chemical
and chronological characteristics of continental mantle J . Reviews
of Geophysics 43 RG1001  doi 10.1029 2004RG000156.

Chen L Cheng C and Wei Z G. 2009. Seismic evidence for significant
lateral variations in lithospheric thickness beneath the central and
western North China Craton ] . Earth and Planetary Science Let-
ters 286 1~2 171~183.

Chen L Zhang H F and Menzies M A. 2012. Understanding the forma-
tion reactivation and destruction of cratons-Preface J . Lithos
149 1~3.

Chen L Zheng T Y and Xu W W. 2006. A thinned lithospheric image
of the Tanlu Fault Zone eastern China Constructed from wave e-
quation based receiver function migration ] . Journal of (GGeophysi-
cal Research 111 B09312  doi 10.1029 2005JB003974.

Chen SH O Reilly SY Zhou X H et al. 2001. Thermal and petro-
logical structure of the lithosphere beneath Hannuoba ~Sinokorean
craton China evidence from xenoliths J . Lithos 56 267 ~
301.

Dong X Xu Z LiuZ et al. 2012. Zircon U-Pb geochronology of
Archean high-grade metamorphic rocks from Xi Ulanbulang area
central Inner Mongolia J . Science China Earth Sciences 55 2
204~212.

E Molan and Zhao Dasheng. 1987. Cenozoic Basalts and Deep-Seated
Xenoliths in Eastern China M . Beijing Science Press 1~490 in
Chinese .

Fan Qicheng and Liu Ruoxin. 1996. The discovery of high temperature
granulite xenoliths in Hannuoba basalts J . Chinese Science Bul-
letin 41 3 235~238 in Chinese .

Fan Qicheng Liu Ruoxin Li Huimin ez al. 1988. Zircon geochronolo-
gy and REE characteristics of granulite xenoliths from Hannuoba

J . Chinese Science Bulletin 43 2 133~137 in Chinese .

Fan W and Menzies M. 1992. Destruction of aged lower lithosphere and
accretion of asthenosphere mantle beneath eastern China J . Geo-
tectonica Metallogenia 16 171~180.

Fan WM Zhang HF Baker ] et al. 2000. On and off the North Chi-
na craton where is the Archaean keel ] . Journal of Petrology

41 7
Gao S Rudnick RL Carlson RW et al. 2002. Re-Os evidence for re-

933~950.

placement of ancient mantle lithosphere beneath the North China

Craton ] . Earth and Planetary Science Letters 198 3~4 307

~322.

Geng Yuansheng Shen Qihan and Ren Liudong. 2010. Late

Neoarchean to early Paleoproterozoic magmatic events and

tectonothermal systems in the North China craton J . Acta Petro-

logica Sinica 26 7 1945~1966 in Chinese with English ab-
stract .

Griffin WL O Reilly SY and Ryan C G. 1992. Composition and ther-
mal structure of the lithosphere beneath South Africa Siberia and
China proton microprobe studies A . International Symposium on
Cenozoic volcanic rocks and deep-seated xenoliths of China and its
environs Beijing 65~66.

Huang X L Xu Y G and Liu D Y. 2004. Geochronology petrology and
geochemistry of the granulite xenoliths from Nushan east China
Implication for a heterogeneous lower crust beneath the Sino-Kore-
an craton J . Geochimica et Cosmochimica Acta 68 1 127 ~
149.

Jahn BM  Auvray B Cornichet J et a/. 1987. 3.5 Ga old amphibo-
lites from eastern Hebei Province China-field occurrence petrog-
raphy Sm-Nd isochron age and REE geochemistry ] . Precambri-
an Research 34 3—4  311~346.

Janse A ] A and Sheahan P A. 1995. Catalogue of world wide diamond
and kimberlite occurrences a selective and annotative approach J .
Journal of Geochemical Exploration 53 1~3  73~111.

Jiang N and Guo J H. 2010. Hannuoba intermediate-mafic granulite
xenoliths revisited Assessment of a Mesozoic underplating model

J . Earth and Planetary Science Letters 293 3~4  277~288.

Li Zhiwei Xu Yi Hao Tianyao et al. 2006. Seismic tomography and
velocity structure in the crust and upper mantle around Bohai Sea
area ] . Chinese Journal of Geophysics 49 3 797~804 in Chi-
nese .

LiuDY Nutman A P Compston W et al. 1992. Remnants of =
3800 Ma crust in the Chinese part of the Sino-Korean craton J .
Geology 20 4  339~342.

LiuD WildeSA WanY et al. 2008. New U-Pb and Hf isotopic da-
ta confirm Anshan as the oldest preserved segment of the North
China Craton J . American Journal of Science 308 3 200~
231.

Liu Fu Guo Jinghui Lu Xiaoping et al. 2009. The Nd-Hf evidences
for 2.5 Ga crustal growth event of the North China Craton a case
study of the Huai' an gneiss terrain J . Chinese Science Bulletin
54 17  2517~2526 in Chinese .

LiuYS GaoS Yuan HL etal. 2004. U-Pb zircon ages and Nd Sr
Pb isotopes of lower crustal xenoliths from North China craton in-
sights on evolution of lower continental crust J . Chemical Geolo-
gy 211 87~109.

Menzies M A Fan W M and Zhang M 1993. Paleozoic and Cenozoic

lithoprobes and the loss of >120 km of Archean lithosphere Sino-



E— 575

Korean craton China A . Prichard HM Alabaster T Harris N
BW et al . Magmatic Processes and Plate Tectonics C . London
Geological Society Special Publication 71~81.

O Reilly SY Griffin W L Poudjom Djomani Y H ez al. 2001. Are
Tracking changes in sub-continental litho-
spheric mantle through time J . GSA Today 11 4 4~10.
Pearson D G. 1999. The age of continental roots J . Lithos 48 1~

4 171~194.
Shao Ji' an  Han Qingjun and Li Huimin. 2000. The discovery of early

lithospheres forever

Mesozoic granulite xenoliths in the North China Craton J . Science
in China D 30 148~153 in Chinese .

Shao Ji’ an and Wei Chunjing. 2011. The petrogenesis and tectonic sig-
nificance of early mesozoic granulite xenoliths from the eastern In-
ner Mongolia J . Science in China D 41 1080~ 1088 in
Chinese .

Shao Ji' an  Zhang Zhou She Hongquan et a/. 2012. The discovery of
Phanerzoic granulite in Chifeng area of the North China craton and
its implications ] . Earth Science Frontiers 19 3  188~198 in
Chinese with English abstract .

Stern R A and Blecker W. 1998. Age of the World" s Oldest Rocks Re-
fined Using Canada’ s SHRIMP The Acasta Gneiss Complex
Northwest Territories Canada J . Geoscience Canada 25 1 27
~31.

Wilde SA Valley JW Peck WH ez al. 2001. Evidence from detrital
zircons for the existence of continental crust and oceans on the
Earth 4.4 Gyr ago | . Nature 409 175~178.

WildeS A Zhou X H Nemchin A A ez al. 2003. Mesozoic crust-
mantle interaction beneath the North China craton a consequence
of the dispersal of Gondwanaland and accretion of Asia ] . Geolo-
gy 319 817~820.

WuFY Walker R] Ren X W ez al/. 2003. Osmium isotopic con-
straints on the age of lithospheric mantle beneath northeastern Chi-
na J . Chemical Geology 196 107 ~129.

WuFY Walker R] Yang YH et al. 2006. The chemical-temporal
evolution of lithospheric mantle underlying the North China Craton

] . Geochimica et Cosmochimica Acta 70 19  5013~5034.

Wu Fuyuan Xu Yigang Gao Shan et a/. 2008. Lithospheric thinning
and destruction of the North China craton J . Acta Petrologica
Sinica 24 6 1145~1 174 in Chinese with English abstract .

Xu Y G. 2001. Thermo-tectonic destruction of the Archaean lithospheric
keel beneath the Sino-Korean craton in China Evidence timing
and mechanism ] . Physics and Chemistry of Earth 26 747 ~
757.

Yang W C and Wang J Y. 2002. Geophysical evidence for magmatic un-
derplating in the Sulu area East China J . Acta Geologica Sinica
76 2 173~179.

Ying ] F Zhang HF and Tang Y J. 2010. Lower crustal xenoliths from

Junan Shandong province and their bearing on the nature of the
lower crust beneath the North China Craton J . Lithos 119 3~
4 363~376.

Zhai Mingguo Guo Jinghui Yan Yuehua et al. 1996. An oblique
cross section of Archea continetal crust in Shanxi-Hebei-Inner Mon-
golia area North China Craton ] . Acta Petrologica Sinica 12

2 222~238 in Chinese with English abstract .

Zhang HF Chen L. Santosh M et al. 2013. Construction and destruction
of cratons Preface J . Gondwana Research 23 1 1~3.

Zhang HF Goldstein S Zhou X H ez a/. 2008. Evolution of subconti-
nental lithospheric mantle beneath eastern China Re-Os isotopic
evidence from mantle xenoliths in Paleozoic kimberlites and Meso-
zoic basalts ] . Contributions to Mineralogy and Petrology 155

3 271~293.

Zhang H F. 2012. Destruction of ancient lower crust through magma
underplating beneath Jiaodong Peninsula North China Craton U-
Pb and Hf isotopic evidence from granulite xenoliths J . Gondwana
Research 21 1 281~292.

Zhang Suoxi and Kang Rongyu. 1988. Interpretation of

Chinese

Zhang Siwei
the fuliji-fengxian DSS profile in Xiayangzi region J .
Journal of Geophysics 31 6  637~648 in Chinese .

Zhao G C Wilde SA Cawood P A et al. 2001. Archean blocks and
their boundaries in the North China craton lithological geochemi-
cal structural and P-T path constraints and tectonic evolution ] .
Precambrian Research 107 45~73.

Zhao G C Wilde SA Sun M et al. 2008. SHRIMP U-Pb zircon
geochronology of the Huai’ an Complex Constraints on Late
Archean to Paleoproterozoic magmatic and metamorphic events in
the Trans-North China Orogen J . American Journal of Science
308 3 270~303.

Zheng J P Griffin WL O Reilly SY ez al. 2004a. U-Pb and Hf-iso-
tope analysis of zircons in mafic xenoliths from Fuxian kimberlites
evolution of the lower crust beneath the North China craton J .
Contributions to Mineralogy and Petrology 148 1~ 79~103.

Zheng | P Griffin WL O Reilly SY et al. 2004b. 3.6 Ga lower
crust in central China New evidence on the assembly of the North
China craton J . Geology 32 3 229~232.

Zheng J P Griffin WL O Reilly SY ez al. 2009a. Neoarchean 2.
7-2.8 Ga accretion beneath the North China Craton U-Pb age
trace elements and HIf isotopes of zircons in diamondiferous kimber-
lites J . Lithos 112 3~4 188~202.

Zheng ] P Griffin W L Qi L et al. 2009b. Age and composition of
granulite and pyroxenite xenoliths in Hannuoba basalts reflect Pale-
ogene underplating beneath the North China Craton ] . Chemical
Geology 264 1~4  266~280.

Zheng ] P O Reilly SY Griffin W L et al. 2001. Relic refractory

mantle beneath the eastern North China block significance for



576 32
lithosphere evolution J . Lithos 57 43~66. . 2006.

Zheng JP Sun M LuF X et al. 2003. Mesozoic lower crustal xeno- J. 49 3 797~804.
liths and their significance in lithospheric evolution beneath the . 2009. 2.5Ga
Sino-Korean craton J . Tectonophysics 361 1~2  37~60. Nd-Hf J .

Zheng Jianping. 1999. Mesozoic-Cenozoic Mantle Replacement and 54 17 2517~2526.

Lithospheric Thinning East China M . Wuhan China University . 2000.
of Geosciences Press 1~126 in Chinese . J . D 30 148~153.

Zhou Xinmin Yu Jinhai and Xu Xisheng. 1992. The disovery of gran- . 2011.
ulite xenoliths in Nushan Cenozoic basalt and its implications J . J. D 41 1080~1088.
Chinese Science Bulletin 37 13 1198~1201 in Chinese . . 2012.

7. 19 3 188~198.
. 2008.
J. 24 6 1145~1174.
. 1987. - 1996
M . 1~490. S - J 122
199, 7. 222~238.
413 235-238. V1988. -
1998, I 31 6 637~648.
I. 432 133~137. - 1999 M-
. 2010. - 1~126.
J. 26 7 1945~ - 1992.
1 966. 1. 37 13 1198~1201.



