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Abstract—Cenozoic basalts found in Jiangsu province of eastern
China include tholeiites and alkali basalts. The present paper analyzed
the major, trace elements, rare earth elements of these Cenozoic
basalts and combined with Sr-Nd isotopic compositions proposed by
Chen et al. (1990)[1] in the literatures to discuss the petrogenesis of
these basalts and the geochemical characteristics of the source mantle.
Based on major, trace elements and fractional crystallization model
established by Brooks and Nielsen (1982)[2] we suggest that the
basaltic magma has experienced olivine + clinopyroxene fractionation
during its evolution. The chemical compositions of basaltic rocks from
Jiangsu province indicate that these basalts may belong to the same
magmatic system. Spidergrams reveal that Cenozoic basalts from
Jiangsu province have geochemical characteristics similar to those of
ocean island basalts(OIB). The slight positive Nb and Ti anomalies
found in basaltic rocks of this study suggest the presence of Ti-bearing
minerals in the mantle source and these Ti-bearing minerals had
contributed to basaltic magma during partial melting, indicating a
metasomatic event might have occurred before the partial melting.
Based on the Sr vs. Nd isotopic ratio plots, we suggest that Jiangsu
basalts may be derived from partial melting of mantle source which
may represent two-end members mixing of DMM and EM-I. Some
Jiangsu basaltic magma may be derived from partial melting of EM-I
heated by the upwelling asthenospheric mantle or asthenospheric
diapirism.

Keywords—Geochemistry, Jiangsu Province, Cenozoic basalts,
Fractional crystallization.

T

I. INTRODUCTION

HE basalts of Jiangsu province are situated in the boundary
of Yangtze Craton and southeastern edge of Sino-Korean
Craton, one of the oldest Archean continental nuclei in the
world [3]-[6]. The Sino-Korean Craton represents preserved
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crustal remnants as old as 3800 Ma [6], and the largest cratonic
block in China, covering an area of more than 1500000 Km2.
The Sulu ultrahigh pressure metamorphic belt formed by the
collision between the Sino-Korean Craton and the Yangtze
Craton in Triassic time was extrapolated as the suture of the
Sino-Korean Craton and the Yangtze Craton to the east of
Tanlu fault zone [7]-[8]. Previous studies [3][9]-[10] suggested
a crustal-detachment model for the suturing of the Sino-Korean
Craton (SKC) and the Yangtze Craton.
Along the eastern Asian continental margin, Cenozoic
extensional basins and associated volcanic eruptions are
developed, extending over 4000 km from Siberia to east China.
Cenozoic basalts are widely distributed along the eastern China
from north of Heilongjiang province to south of Hainan island,
and South China Sea [12]. The Cenozoic volcanic rocks from
Anhui-Jiangsu provinces are spread over an area of more than
2,000 km2 in eastern Anhui and western Jiangsu. The spatial
distribution of volcanic rocks in this region is controlled by the
NNE-trending Tan-Lu fault and its adjacent NW-trending
basins and faults which can be divided into three periods
[13]-[14]: (A) volcanic rocks of 1st period- non-marine fissure
eruption of Paleogene located in the central and eastern parts of
the Subei basin are mainly tholeiites, olivine tholeiites and
alkali basalts [15] intercalated with Paleocene, Eocene and
Oligocene sedimentary sequences. (B)volcanic rocks of 2nd
period- mainly lava flows and pyroclastic rocks of Pliocene lie
on the top of fossiliferous sediments of Miocene and early
Pliocene age. The Pliocene volcanic rocks located in the
southwestern part of the Subei basin include alkali olivine
basalts and related rocks, covering an area of about 1500km2.
(C) volcanic rocks of 3rd period- the eruption process of this
period occurred in Pleistocene and produced basanites and
olivine nephelinites with abundant peridotite xenoliths and
megacrysts.
The purpose of this paper is to analyze the major and trace
elements (including rare-earth elements) of these basalts
combined with Sr and Nd isotopic ratios proposed by Chen et
al. (1990)[1] in order to deduce the petrogenesis and magmatic
evolution of these rocks and confer the process of
differentiation controlled the variation of chemistry of these
basaltic rocks as well as to identify the geochemical
characteristics of the upper mantle beneath Jiangsu province.
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The average chemical compositions of the alkali basalts and
tholeiite from Jiangsu province are listed in Table 1. The SiO2
contents of the alkali basalts are lower than those of tholeiite,
rangeing from 44.87% to 52.90% ,and from 51.61% to 52.60%
, respectively. The SiO2 contents show negative correlation
with MgO, ΣFeO, CaO, MnO which indicate the possibility of
fractional crystallization of ferromagnesian minerals such as
olivine and clinopyroxene in magmatac evolution. The Sr
contents are positively correlated with SiO2 contents and the
fractional crystallization model proposed by Brooks and
Nielsen (1982)[2](Fig.2), suggesting fractional crystallization
of olivine and clinopyroxene may have occurred during
magmatac evolution. The variations of Ni in the basaltic rocks
of this study is 84~361 ppm. In some alkali basalts of this study
the Ni and Cr contents are close to the primitive basalts
suggested by Frey and Prinz (1978)[18] and Wilkinson and
LeMaitre (1987)[19].

Fig.1 A sketch map showing the simplified tectonic framework of
eastern China and the location of the studied area (modified
after Xu and Bodinier, 2004).[16]

II. ANALYTICAL METHODS
Twenty Cenozoic basalts sampled from Jiangsu province
(Fig. 1) were selected for bulk chemical analyses. The chemical
analyses of the basalts in the present study have been carried
out by colorimetry (Si, Al, Ti, P), atomic absorption (Fe, Mg,
Ca, Na, K, Mn), inductively coupled plasma mass spectrometry
(Ba, Co, Cr, Cs, Cu, Ga, Hf, Li, Nb, Ni, Pb, Rb, Sc, Sr, Ta, Th,
U, V, Y, Zn, Zr and REEs) at the National Taiwan and
Tsing-Hua Universities.
The calibration curves were constructed using USGS
standard rocks BHVO-1, AGV-1, BCR-1, W-2, G2 and NBS
standard rock basalt. The precision of the analyses in the
present study is estimated to be around ±2% for colorimetric
and atomic absorption methods and better than ±5% for all
ICP-MS analyses.
III. RESULTS AND DISCUSSIONS
Based on plots of SiO2 vs. Na2O+K2O proposed by Irvine
and Baragar (1971)[17], the basaltic rocks in the present study
can be divided into two types: (A)alkali basalt; (B)tholeiite.
CIPW normative data suggest that alkali basalt is the major
rock type in Jiangsu province.
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Fig. 2 The MgO vs. 100FeO/(MgO+FeO) plots for basaltic rocks from
Jiangsu province. Fractionation model modified from Brooks and
Nielsen(1982)[2].

Fig. 3 Primitive mantle normalized incompatible element patterns for
average basaltic rocks from Jiangsu province. OIB,N-MORB,
E-MORB and primitive mantle data are from Sun and McDonough
(1989)[20].

The Primitive mantle-normalized incomepatible element
diagrams of basalts from Jiangsu province and OIB, E-MORB
as well as N-MORB are shown in Fig.3. The spidergrams of
Jiangsu basalts are similar to that of OIB (oceanic island basalt;
[20]), indicating an enriched mantle source beneath the study
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area. The spidergrams do not have obvious depletions in Nb,
indicating crustal contamination can be excluded during
magma generation [9][21]-[25]. The patterns generally dip
from left to right with decreasing element incompatibility
except for Rb. The slight negative Rb anomaly may be due to
the occurrence of residual Rb-bearing minerals or lower
contents of K-bearing minerals in the mantle source. The slight
Nb and Ti positive anomaly observed in the basalts support the
suggestion that the basaltic magma may have derived from a
rutile-bearing mantle source and rutile has involved in the
partial melting process [26]-[28].
On the Ce contents vs. Ce/Nb ratio plots (Fig.4), the basaltic
rocks found in Jiangsu province fall in OIB field defined by
Hofmann et al. (1986)[29], indicating a OIB-like mantle
source.

mixing between a FOZO end-member and a LoMμ
end-member.

Fig. 5 Average REE composition of basaltic rocks from Jiangsu
province as compared with OIB, N-MORB and E-MORB (Sun and
McDonough,1989).[20] Symbols same as Fig. 3.

Fig. 4 The Ce contents vs. Ce/Nb ratio plots for basaltic rocks from
Jiangsu province. Variation fields after Hofmann et al. (1986)[29].
Symbols same as Fig. 2.

On the 143Nd/144Nd vs. 87Sr/86Sr diagram (Fig. 6), all basaltic
rocks fall between MORB and EM-I defined by Zindler and
Hart (1986)[31], and most of samples are closely related to the
mantle array, indicating a mixed mantle source before partial
melting. On the Th contents vs. incompatible element ratios
(Ba/Nb, Ba/Th, Th/Nb) plots for basaltic rocks of this study
(Fig. 7), most of the basaltic rocks approach to EM-I
component which indicates that basalts of this study can be
porduced by MORB and EM-I [31] components mixing and
small degree of partial melting may be the major controlling
factor during generation of basaltic magma. The volcanic
activities in this region may be closely related to deep
continental rifting process[32]. The basalts fall within the WPB
field in the discriminant plot of 2Nb-Zr/4-Y (Fig. 8).

Fig. 5 shows the chondrite-normalized REE patterns of
basaltic rocks in the present study as compared with the
patterns of the OIB, E-MORB and N-MORB. The basaltic
rocks of this study show distinct features as follows: (A) the
patterns generally dip from left to right; (B) the contents of
REE in alkali basalts are higher than those in tholeiite; (C) with
negative heavy REE (Yb and Lu) anomalies; (D) the patterns
are similar to those of OIB. The negative heavy REE (Yb and
Lu) anomalies in the basaltic rocks studied may be attributed to
the presence of garnet peridotite in the upper mantle which can
hold back HREE (Yb and Lu). The patterns are steeply sloping
from La to Lu with the (La/Yb)N ratios ratios varying from 8.00
to 51.17 and similar to those of OIB , suggesting the enrichment
of LREE and a OIB-like mantle source beneath the study area.
Cenozoic basalts from North China (Sino-Korean Craton)
reflect mixing between an asthenospheric mantle and EM-I,
and South China (Yangtze Craton and Cathysia block) basalts
were produced by mixing between an asthenospheric mantle
and EM-II. It should be noted that Chen et al. (2007)[30]
suggested that the petrogenesis of basaltic rocks from northeast
China can not be fully explained by a mixing of depleted
mantle with EM1 component. Sr-Nd-Pb isotopic data of
potassic basalts from NE China were interpreted to result from
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Fig. 6 87Sr/86Sr vs. 143Nd/144Nd plots for basaltic rocks from
Shandong, Anhui and Jiangsu provinces. Data from Chen et
al.(1990)[1]. DMM, HIMU, EM-I, EM-II and MORB are from Hart
(1988)[33].
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IV. CONCLUSIONS
The basaltic rocks in the present study can be divided into
alkali basalt; and tholeiite. CIPW normative data suggest that
alkali basalt is the major rock type in Jiangsu province. Based
on major, trace elements and fractional crystallization model
established by Brooks and Nielsen (1982) we suggest that the
basaltic magma has experienced olivine + clinopyroxene
fractionation during its evolution. Spidergrams, REE patterns
and the Ce contents vs. Ce/Nb ratio plots reveal that Cenozoic
basalts from Jiangsu province have geochemical characteristics
similar to those of ocean island basalts(OIB) suggesting a
derivation related to OIB-like mantle source. The 143Nd/144Nd
vs. 87Sr/86Sr diagram and the Th contents vs. incompatible
element ratios (Ba/Nb, Ba/Th, Th/Nb) plots for basaltic rocks
of this study indicate that basaltic rocks from Jiangsu province
can be produced by an depleted asthenospheric mantle source
(MORB) and an EM-I components mixing. We suggest that the
enrichment of the lithospheric mantle beneath the study area
may be related to ancient subduction processes. Some Jiangsu
basaltic magma may be derived from partial melting of EMheated by the upwelling asthenospheric mantle or
asthenospheric diapirism.
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Fig. 7 Incompatible element ratios vs. Th plots for basaltic rocks from
Jiangsu province. EM-I and EM-II fields are after Weaver (1991)[34].
Symbols same as Fig. 2.

REFERENCES
[1]

[2]
[3]

[4]

[5]

[6]

[7]

Fig. 8 2Nb-Zr/4-Y tectonomagmatic discrimination diagram for basaltic
rocks from Jiangsu province. Variation field after Meschede(1986)[35].
Symbols same as Fig. 2.

[8]
[9]

International Scholarly and Scientific Research & Innovation 4(7) 2010

259

D. G. Chen, H. T. Chou, C. T. Yang and Y. S. Wang, “Petrogenesis of
Cenozoic volcanic rocks and isotopic characteristics of mantle sources in
Shandong, Anhwei and Jiangsu provinces. The Characteristics and
dynamics of upper mantle of China.” Seismic Press, Beijing, pp. 124-131 ,
1990.(in Chinese)
C. K. Brooks and T. F. D. Nielsen, “The East Greenland continental
margin: a transition between oceanic and continental magmatism.” J.
Geol. Soc. London 39,pp.265-275, 1982.
X. L. Huang, Y. G. Xu and D. Y. Liu, “Geochronology, petrology and
geochemistry of the granulite xenolith from Nushan, east China:
Implication for a heterogeneous lower crust beneath the Sino-Korean
Craton.” Acta Geochimica et Cosmochimica, 68, pp.127–149, 2004.
B. M. Jahn, B. Auvray, J. Cornichet, Y. L. Bai, Q. H. Shen and D. Y.
Liu, ” 3.5 Ga old amphibolites from eastern Hebei province, China: field
occurrence, petrography, Sm-Nd isochron age and REE geochemistry.”
Precambrian Research, 34, pp.311–346, 1987.
B. M. Jahn, “Origin of granulites: Geochemical constraints from archean
granulite facies rocks of the Sino-Korean craton, China.” In Vielzeuf , D.
and Vidal, Ph. (eds), Granulites and Crustal Evolution. Kluwer Academic
Publishers, Netherlands, pp. 471-492, 1990.
R. X. Liu, W. J. Chen, J. Z. Sun and D. M. Li, “The K-Ar age and tectonic
environment of Cenozoic volcanic rocks in China.” In Liu, R. X., ed. The
age and geochemistry of Cenozoic volcanic rocks in China. The Seismic
Press, Beijing, pp. 1-43, 1992. (In Chinese).
A. I. Okay and A. M. C. Sengör, “Evidence for intracontinental
thrust-related exhumation of the ultra-high-pressure rocks in China.”
Geology, 20, pp.411-414, 1992.
A. Yin and S. Y. Nie, “An indentation model for the North and South
China collision and the development of the Tan-Lu and Honam fault
systems, eastern Asia.” Tectonics, 12, pp. 801-813, 1993.
S. L. Chung, “Trace element and isotope characteristics of Cenozoic
basalts around the Tanlu fault with implications for the eastern plate
boundary between North and South China.” Journal of Geology,
107,pp.301-312, 1999.

ISNI:0000000091950263

Open Science Index, Geological and Environmental Engineering Vol:4, No:7, 2010 waset.org/Publication/7354

World Academy of Science, Engineering and Technology
International Journal of Geological and Environmental Engineering
Vol:4, No:7, 2010

[10] Z. X. Li, “Collision between the North and South China blocks: a
crustal-detachment model for suturing in the region east of the Tanlu
fault.” Geology, 22, pp.739-742, 1994.
[11] J. F. Ying, H. F. Zhang, N. Kita, Y. Morishita and, G. Shimoda, “Nature
and evolution of Late Cretaceous lithospheric mantle beneath the eastern
North China Craton: Constraints from petrology and geochemistry of
peridotitic xenoliths from Jünan, Shandong Province, China.” Earth and
Planetary Science Letters, 244, pp.622–638, 2006.
[12] H. Zou, A. Zindler, X. Xu and Q. Qi, “Major, trace element, and Nd, Sr
and Pb isotope studies of Cenozoic basalts in SE China: mantle sources,
regional variations, and tectonic significance.” Chemical Geology, 171,
pp.33-47, 2000.
[13] D. Chen and Z. Peng, “K-Ar ages and Pb and Sr isotopic characteristics of
Cenozoic volcanic rocks in Shandong, China.” Geochimica, 5,
pp.293–303, 1985. (in Chinese)
[14] J. Dostal, C. Dupuy, M. Z. Zhai and X. C. Zhi, “Geochemistry and origin
of Pliocene alkali basaltic lavas from Anhui-Jiangsu, eastern China.”
Geochemical Journal, 22, pp.165-176, 1988.
[15] L. Wu, M. Zhai, X. Zheng, R. Yang and Z. Huang, “Cenozoic volcanic
rocks in eastern China.” Acta Petrologica Sinica, 1, pp.1-23, 1985. (in
Chinese)
[16] Y. G. Xu and J. L. Bodinier, “Contrasting enrichments in high and low
temperature xenoliths from Nushan, Eastern China: Results of a single
metasomatic event during lithospheric accretion?” Journal of Petrology,
45, pp.321-341, 2004.
[17] T. N. Irvine and W. R. A. Baragar, “ A guide to the chemical classification
of the common rocks.” Can. J. Earth Sci. 8, pp. 523-548, 1971.
[18] F. A. Frey and M. Prinz, “Ultramafic inclusions from San Carlos,
Arizona: petrological and geochemical data bearing on their
petrogenesis.” Earth and Planetary Science Letters, 38, pp.129-176,
1978.
[19] J. F. G. Wilkinson and R. W. Le Maitre, “Upper mantle amphiboles and
micas and TiO2, K2O, and P2O5 abundances and 100Mg/(Mg+Fe+2)
ratios of common basalts and andesites: implications for modal mantle
metasomatism and undepleted mantle compositions.” Journal of
Petrology, 28, pp.37-73, 1987.
[20] S. S. Sun and W. F. McDonough, “Chemical and isotopic systematics of
oceanic basalts: implications for mantle composition and processes.”
Journal Geological Society of London Special Publication,
42,pp.313-345, 1989.
[21] X. C. Zhi, Y. Song, F. A. Frey, J. Feng and M Zhai, “Geochemistry of
Hannuoba basalts, eastern China: constraints on the origin of continental
alkali and tholeiitic basalts.” Chemical Geology, 88, pp.1–33, 1990.
[22] K. Tu, M. F. Flower, R. W. Carlson, M. Zhang and G. H. Xie, “Sr, Nd, and
Pb isotopic compositions of Hainan basalts (south China): implications
for a subcontinental lithosphere Dupal source.” Geology, 19, pp.567–569,
1991.
[23] M. F. J. Flower, M. Zhang, C. Y. Chen, K. Tu and G. Xie, “Magmatism in
the South China Basin, 2. Post-spreading Quaternary basalts from Hainan
Island, South China.” Chemical Geology, 97, pp.65-87, 1992.
[24] S. L. Chung, S. S. Sun, K. Tu, C. H. Chen and C. Y. Lee, “Late Cenozoic
basaltic volcanism around the Taiwan Strait, SE China: product of
lithosphere-asthenosphere interaction during continental extension.”
Chemical Geology, 112, pp.1-20, 1994.
[25] C. Q. Liu, A. Masuda and G. H. Xie, “Major- and trace-element
compositions of Cenozoic basalts in eastern China: petrogenesis and
mantle source.” Chemical Geology, 114, pp.19–42, 1994.
[26] J. L. Bodinier, C. Merlet, R. M Bedini., F. Simien, R. Remaid and C. J.
Carrido, “The distribution of niobium, tantalum, and other highly
incompatible trace elements in the lithospheric mantle: the spinel
paradox.” Acta Geochimica et Cosmochimica, 60, pp.545-550, 1996.
[27] D. A. Ionov and A. W. Hofmann, “Nb-Ta-rich mantle amphiboles and
micas: implications for subduction-related metasomatic trace element
fractionations.” Earth and Planetary Science Letters, 131, pp.341-356,
1995.
[28] F. Kalfoun, D. A. Ionov and C. Merlet, “HFSE residence and Nb-Ta ratios
in metasomatised, rutile-bearing mantle peridotites.” Earth and
Planetary Science Letters, 199, pp.49-65, 2002.
[29] A. W. Hofmann, K. P. Joohum, M. Seufert and W. M. White, “Nb and Pb
in oceanic basalts: new constraints on mantle evolution.” Earth Planet.
Sci. Lett. 79,pp.33-45, 1986.

International Scholarly and Scientific Research & Innovation 4(7) 2010

[30] Y. Chen, Y Zhang., D. Graham, S. Su and J. Deng, “Geochemistry of
Cenozoic basalts and mantle xenoliths in Northeast China.” Lithos, 96,
pp.108-126, 2007.
[31] A. Zindler and S. R. Hart, “Chemical geodynamics.” Annual Review of
Earth and Planetary Science, 14, pp.493–571, 1986.
[32] H. L. Zhao, “Neogene-Quaternary continental rifting volcanism and deep
process in the southeast coast of China.” China Geosciences University
Press. (in Chinese)
[33] S. R. Hart, “Heterogeneous mantle domains: signatures, genesis and
mixing chronologies.” Earth Planet. Sci. Lett. 90, pp.273-296, 1988.
[34] B. L. Weaver, “The origin of oceanic island basalt endmember.
Compositions: trace element and isotopic constraints.” Earth and
Planetary Science Letters, 104, pp.381-397, 1991.
[35] M. Meschede, “A method of discriminating between different types of
Mid-ocean ridge basalts and continental tholeiites with the Nb-Zr-Y
diagram.” Chem. Geol. 56,pp.207-218, 1986.

260

ISNI:0000000091950263

