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Abstract The lower crustal xenolith of mafic two-pyroxene granulite (the majority) and hypersthene 

granulite in the Cenozoic basalt at Hannuoba have the characteristics of igneous blastic structure and 

granulite facies metamorphic recrystallization. Study on the zircon chronology and REE geochemistry of 

granulite xenolith shows that the underplating of basic magma into the lower crust during late Mesozoic 

led to the formation of mafic accumulate, which further through metamorphism of granulite facies formed 

the high-density and high-velocity crustal bottom layer at the lower crust. This suggests that the under- 

plating of mantle magma is the important way for the vertlcal overgrowth of continental crust since the 

Phanerozoic and provides new evidence for crust-mantle interaction. 
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MANY studies of lower continental crust have been made mainly through the findings of the 
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Archean or Proterozoic terrane granulite exposed over a large region, with neutral constituent as 

the majority of their chemical composition and a wide range of change in composition. Granulite 

xenolith carried to the surface by volcanism is much younger than terrane granulite xenolith char- 

acterized by mafic composition"]. The difference in occurrence, mineral constituent, physico- 

chemical behavior and age between terrane granulite and granulite xenolith reflects the time-space 

change of crust during its growth and evolution. As mentioned above, the problem of lower conti- 

nental crust and crust-mantle interaction remains up to now a mystery to be unveiled by geologists 

and solid geophysists. 

This article concerns the U-Pb isotopic chronology of zircon and REE geochemistry in high 

temperature granulite xenolith at ~annuoba"] and provides the evidence of underplating of mantle 

basic magma in the lower crust during the late Mesozoic. 

1 Main rock types and petrographic feature of granulite xenolith 

The Hannuoba Cenozoic basalt has always been celebrated for its rich contents of various kinds 

of mantle xenolith of peridotite and pyroxenite. Over the recent years we have taken note of lower 

crustal granulite xenolith and found its rock types not monotonic though uncomparable with the 

mantle peridotite in quantity. The granulite xenolith is dominated by mafic or basic pyroxene gran- 

ulite generally appearing as two-pyroxene granulite, less as clinopyroxene granulite and garnet 

granulite). A large amount of lower crustal xenolith in southeastern Australia also consists of basic 

pyroxene granulite and garnet granulite with very little neutral and acidic granulite[31. Research on 

xenoliths in various areas over the world also indicates that the basic granulite accounts for 

70%"'. The above-mentioned results reflect the common feature in distribution of lower crustal 

granulite over the world, probably also indicate the common features of the lower crustal composi- 

tion. 

Compared with the mineral composition of terrane granulite, the mafic granulite xenolith in 

Hannuoba does not contain amphibole and micas. The two-pyroxene granulite in this study consists 

mainly of orthopyroxene and clinopyroxene ( >80% ) with minor plagioclase. It contains MgO and 

FeO (15 % and 10% respectively). Its relict igneous structure and recrystallized structure indicate 

that the two-pyroxene granulite is an accumulative mafic rock from basaltic magma. The 

hypersthene granulite consists of hypersthene and felsic minerals with mineral banded distribution. 

It is quite evident that hypersthene granulite has experienced metamorphic recrystallization of 

granulite facies and probably its protolith is an evoluted gabbric rock. 

2 U-Pb isotopic age of zircon in granulite xenolith 

Granulite xenolith and terrane granulite show different sources and genetic evolution in occur- 

rence, mineral composition, chemical composition and P-T equilibrium condition. Through the 

determination of igneous crystallization of granulite xenolith and metamorphic age of granulite fa- 

c i e ~  by zircon U-Pb isotopic dilution method, their history of formation and evolution may be un- 

derstood. 

Two two-pyroxene granulites and one hypersthene granulite were selected. A few tens of 
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grains of zircon were separated 

from each sample by heavy 

concentrate method. Six groups of 

zircons from three samples can be 

classified into two types in terms of 

their color and shape. ( i ) Zircon 

in hypersthene granulite is color- 

less, transparent, capsular or per- 

fectly rounded and 0 .2-0 .4  mm 

in grain size. This kind of zircon, 

crystallized from slightly Si02 satu- 

rated and mid-acidic magma, is a 

comparatively typical metamorphic 

genetic zircon of granulite facies 

(fig. l ( a ) ,  ( b ) ) .  ( ii ) Zircon in 

two;pyroxene granulite is pink, se- 

mi-transparent to transparent, an- 

hedral, clastic, with local flat sur- 

faces and grain size of 0 .  1-0. 2 

mm, and is anhedral igneous zircon 

crystallized interstitially in late 

stage of basic magma (figure 1 ( C) , Fig. 1 Scanning electron micrographs for zircons of granulite xenolith in Hannuoba. 

( d ) ) .  

The results of U-Pb isotopic dating for six groups of zircon are listed in table 1. The data of 

the first and the second groups are obtained from single grains of zircon crystals (fig. l ( a ) ,  ( b ) ) ,  

while those of other four groups are obtained from multiple grains (3-10 grains, because of too 

small size, young age and small accumulation of radioative genetic lead multiple grains were used) 

sample WD9527 is 124.9 Ma and those of O . O I O ~  I I I I 
two groups from sample HD-50 are 121.1 0.080 0.110 0.140 0.170 0.200 

and 120. 6 Ma respectively. It can be z07~t , /235u 

seen from the isochron of U-Pb isotopic Fig. 2.  Zircon U-Pb isochron for granulite xenolith of Hannuoba. 

of zircons (fig. 1 ( c ) ,  ( d ) ) .  The six 
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0.030 
groups of zircons from three samples are 

all Mesozoic zircons and their 2 " 6 ~ b / 2 3 8 ~  0.026- 

surface ages are comparatively reliable. 
5 0.022 206~b /238  U surface ages of three groups 
z 

(140.2+0.5)Ma - 
1 

2 
(124.9+ l . l ) ~ a ~ ~ ~ /  

from sample HD-70 are 139. 8, 140. 6 0,018 - ( 1 2 0 . 9 k 0 . 6 ) ~ a -  4 
5 

and 140.1 Ma respectively, very close to 

each other, while that of one group from 



dating that all the data of the six groups fall on the isochron curve with the ages of ( 140.2 + 0.5),  

(124.9 -+ 1.1 ) and ( 120.9 k 0.6)  Ma for hypersthene granulite (HD-70) and two two-pyroxene 

granulites(WD9527, HD-50) respectively, representing three periods of granulite-facies metamor- 

phism (figure 2) . 
3 REE geochemistry of granulite xenolith 

BREE of granulite xenolith has relation to its petrology. BREE of hypersthene granulite rich 

in plagioclase and quartz is 64 x It is rich in LREE (LaN = 50) and has REE pattern with 

slight LREE-HREE fractionation ( ( La/Yb) N = 6 ) and flat MREE-HREE distribution ( fig. 3 ) . 
Due to the accumulation of plagioclase in hypers- loo 
thene granulite, the REE pattern shows remark- 

ably positive Eu abnormality, with Ba content 

10 times as great as that of the two-pyroxene 3 
granulite. ZREE of two-pyroxene granulite is 

comparatively low. ZREE for samples WD9527 

and HD-50 are 44 x and 24 x respec- 

tively, with the former containing more plagio- 

clase (Ba occurring as in plagioclase) and conse- 1 
La G Pr Nd Sm Eu GdTbDyHoErTmYbLu 

quently higher CREE. REE pattern of two two- Fig. 3 .  Chondritenormalii REE patterns for granulite 

pyroxene granulites are slightly richer in LREE xenoliths in Hannuoba. A, m 5 O ;  0, WD9527; a, HD 
(LaN = 6-15), with slight LREE-HREE frac- 70. 

tionation ((La/Yb)N = 2-4), without Eu abnormality and showing REE characteristics of py- 

roxene accumulate ( table 2) . 

4 Discussion 

first suggested that the underplating of basaltic magma at bottom of the crust is the 

important form or process for the growth of Archean continent. Furlong et a l .  made an overall 

description of the continental crust underplating and believed that underplating is the process by 

which the mantle materials were added to bottom of the crust. Study of granulite xenolith is the 

important approach for understanding this process. 

It can be known from ages of the metamorphic genetic zircons in hypersthene granulite that 

granulite-facies metamorphism started at the Late Jurassic ( - 140 MaB. P. ) . It is inferred that 

during the Late Jurassic the underplating of mantle magma in North China started with basic mag- 

ma underplating the lower crust, leading to crust-mantle interaction, granulite-facies metamor- 

phism and the production of hypersthene granulite. The main part of granulite xenolith in Hannuo- 

ba is the mafic two-pyroxene granulite. The large-scale underplating evidenced by zircon U-Pb 

age, petrology and geochemistry mainly took place during the Early Cretaceous (124-120 Ma). 

Different accumulates were formed by the direct intrusion of basaltic magma into the lower crust, 

and further through granulite-facies metamorphism, the mafic two-pyroxene granulite was 

formed . The high - density and high - velosity crustal bottom layer ( 3 3 - 4 0 km ) existing beneath 
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ARTICLE 
the present North China was formed by solidification and metamorphism of basic magma intruding 

or added to the lower crustal bottom beneath the area. From Nd, Sr, Pb isotopic studies, Chen et 

a1. [61 pointed out that granulite xenolith of Hannuoba is the retention of early basaltic magma, 

different from its host basalt in the deep crust or mantle. The underplating of the Mesozoic dioritic 

magma bearing deep-seated rock xenolith in Handan-Xingtai of southern Hebei and \ke$tern 

Shandong may represent the underplating events of magma in the middle part of North China Plat- 

form during the same period[71. The chronology, REE, isotope geochemistry and petrology of gran- 

ulite xenolith in Hannuoba are different from those of terrane granulite in North China and its 

Cenozoic host basalt. This provides the evidence of lower crust underplating in the northern part of 

North China. The shapes (fig. 1 ( c) , ( d) ) and ages of zircon in granulite xenolith under study are 

similar or close to the shapes (fig. 1 (c) , (d)  ) and ages ( (106.5 f 0.2)  Ma) of zircon in pyroxen- 

ite from Quanzhou, along the southeast coast of ~hina"].  It may be inferred that there might have 

been underplating from mantle source basic basaltic magma in both North China and along the 

southeast coast of China during the Early Cretaceous. This might be the important way of vertical 

growth and horizontal extension of continental crust since the Phanerozoic and may be the key to 

the understanding of the present lower crust and the geodynamic process of crust-mantle interac- 

tion. 
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