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Petrogenesis of the Early Cretaceous Xi’anli Hornblende-Gabbros from the
Southern Taihang Mountains: Evidence from Zircon U-Pb Geochronology
Hf Isotope and Whole-Rock Geochemistry

WANG Chun-guang, XU Wen-liang® , WANG Feng, YANG De-bin
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Abstract; This paper reports zircon U-Pb geochronology, Hf isotope, and whole-rock geochemical data, aimed at constraining the
petrogenesis of the hornblende (Hb)-gabbros from the Xi’anli intrusion in the southern Taithang Mountains (Mts, ). The intrusion is
composed mainly of olivine-bearing Hb-gabbro, Hb-diorite, and diorite. Zircons from the Hb-gabbros display euhedral shape and zonal
homogeneous absorption on CL images, and have high Th/U ratio (1. 44—2. 85), suggesting a magmatic origin. Their ** Pb/*** U ages
range from 135 to 127 Ma, yielding a mean age of 1311 Ma (MSWD=6. 5, n=15), which suggests that the Xi'anli Hb-gabbros
were formed in the Early Cretaceous. The e (¢) values of selected zircons range from —23. 5 to —19. 2. The Xi’anli Hb-gabbros have
SiO, = 50. 27%—50. 89% ., Mg® =0. 76—0. 78, and Na, O/K,O= 2. 18—2. 37, and are enriched in transitional elements such as Sc
(19.2—20.3)X107%, Cr (939—1 0500 X107%, Co (54.6—58.2)X107%, and Ni (645—718) X 107*. Moreover, these gabbros are
characterized by relative enrichment in large ion lithophile elements (LILEs, such as Cs, Ba, Sr) and light rare earth elements
(LREEs), and intensive depletion in high field strength elements (HFSEs, such as Nb, Ta, Zr, Hf) and heavy rare earth elements
(HREEs). Combined with the mineralogical and geochemical study of the dunite xenolith and the olivine xenocrysts hosted in the Hb-
gabbros, we propose that the Xi’anli Hb-gabbros may have been produced by the reaction of the delaminated lower continental crust-de-
rived melt and mantle peridotite.
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Geologic sketch map of the southern Taihang Mts. and the Xi’anli intrusion
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Fig. 2 Field photographs and photomicrographs showing the occurrence of dunite xenolith and texture of Hb-gabbros
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Fig. 4 Concordia diagram showing age data derived from LA-ICP-
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T A e AR FR AN 7Y B AR IR vl
fiE (Zhao et al. » 1999, 2000, 2001). Fibk [b] filf 1 (1)
T A A e BN | 36 LUy T AR b e I A
HEIAEHRE 19975 Gao et al. , 2009) , K HE A
%% B B 8. K F 45 1 P Hb 12 (Rudnick and Foun-
tain, 1995; Anderson; 2005, H.EAHE AR E
PE. TR TEE SRS Z T L ¥ 1 VB B R B ARG
e PR U 2 B IF J7 3 9 B0 B (Rudnick,
1995 JHINAN4EIRE 19975 Gao et al. , 2009) , XA
SR e R R SRR T ) BRI

FLUC, Tl 2 oy DR A R g RROIE R il A%
[al{ff i (Maruyama and Send, 1986) , 1 Z FEFC I
LB/ i =h | Ak e i el R 7 €1 S DR SN 15211 2
AR ZUR ISl 52 B4 Sl I 0BG B DL ST
ey T4 R A A (AR b s B R AR T
N ERRL S B A ER A s O B I S RO
YA AT RE & A — o TR R TR R, DATTE 8 1 LA
PEAT 5 b M RO S B S 1A

DAL« e AR 0 3 2 A P M 1 2 2R T T T 9
EHEZ eI C i = o) B O Rl AP X2 NP BTN

Wi = & A v (Kelemen et al. » 1995,1998; Mor-
gan and Liang, 2005), 52 W DA 5 J K /RG24
MR AR /R 5 =1, Becker et al. , 2001), fx
LI T VU B TN S O b e RS 5 2
JLEERE i DL 3 (4 Al G AR FORIORE A 41l 5 .

FET VG2 BN A 55 4 1) U-Pb g 4R 45 R
e A IR 25 B3 T 2518

(1) 74 22 B AR TN S v 85 A 19 LA-ICP-MS
U-Pb EFLEH N 135~127 Ma Z [E] - 3{E A
1311 Ma, HJP s 5 i

(2) PN MR I HER AR AE , 45 5 b iy 4l
e AL AR A 40 35 b A 5, TA Sk G 22 L A T
MR AR AR DTG 7T A Rl () s 1% 55 e RSO 5 L
INAEDTEE7/R

O S BT AL B R Yy X R A & AR
iR R ARy B it 2P LT B, R
AR BLRFREHAFEARELERE . F
HRERFX OB FHREREEERE
TP EAF RN L Wk AT E G B R
REE LT AL LA-ICP-MS U-Pb & 4 v
BREFAE REALZ 4L H R E 5P 4
I .

References

Amelin, Y. , Lee, D. C. , Halliday, A. N. , 2000. Early-middle
archaean crustal evolution deduced from Lu-Hf and
U-Pb isotopic studies of single zircon grains. Geochimi-
ca et Cosmochimica Acta,64(24);4205—4225. doi: 10.
1016/S0016—7037(00)00493—2

Anderson, D. L. , 2005, Large igneous provinces, delamina-
tion, and fertile mantle. Elements, 1(5) ;271 —275. doi:
10. 2113/gselements. 1. 5. 271

Andersen, T. ,2002. Correction of common lead in U-Pb analyses
that do not report 2 Pb. Chemical Geology,192(1—2);
59—79. doi: 10. 1016/S0009—2541(02)00195—X

Becker, H. , Shirey, S. B. , Garlson, R. W. , 2001. Effects of
melt percolation on the Re-Os systematics of peridotites
from a Paleozoic convergent plate margin. Earth and
Planetary Science Letters,188(1—2).107 —121. doi:
10.1016/S0012—821X(01)00308—9

Bizzarro, M. , Simonetti, A. , Stevenson, R. K. , et al. , 2002.

HIf isotope evidence for a hidden mantle reservoir. Geol-



480 HoBRRE R E TR A 4R

5 36 &

0gy,30(9):771—774. doi: 10. 1130/0091—7613(2002)
030<C0771 . HIEFAH>2. 0. CO;2

Boynton, W. V. ,1984. Cosmochemistry of the rare earth ele-
ments: meteoric studies. In; Henderson, P. , ed. , Rare
earth element geochemistry. Elsevier Science Publishing
Company Inc. ,New York.

Chen,B. ,Jahn,B. M. , Arakawa, Y. ,et al. , 2004. Petrogene-
sis of the Mesozoic intrusive complexes from the south-
ern Taihang orogen, North China craton: elemental and
Sr-Nd-Pb isotopic constraints. Contributions to Miner-
alogy and Petrology ,148(4) :489—501. doi: 10. 1007/
s00410—004—0620—0

Chen, B., Tian, W., Jahn, B. M., et al., 2008. Zircon
SHRIMP U-Pb ages and insitu Hf isotopic analysis for
the Mesozoic intrusions in South Taihang, North China
craton; evidence for hybridization between mantle-de-
rived magmas and crustal components. Lithos, 102(1—
2):118—137. doi: 10. 1016/j. lithos. 2007. 06. 012

Chen,B. , Tian, W. , Zhai, M. G. , et al. , 2005. Zircon U-Pb
geochronology and geochemistry of the Mesozoic mag-
matism in the Taihang Mountains and other places of
the North China craton, with implications for petrogen-
esis and geodynamic setting. Acta Petrologica Sinica ,
21(1):13—24 (in Chinese with English abstract).

Chen, Z. C. ,Chen,B. , Tian, W. , 2007. Zircon U-Pb ages, Hf
isotopic compositions and geological significance: a case
study of Mesozoic batholiths and mafic enclaves in
North Taihang. Acta Petrologica Sinica ,23(2):295—
306 (in Chinese with English abstract).

Chu, N. C. , Taylor, R. N. , Chavagnac, V. , et al. , 2002. Hf
isotope ratio analysis using multi-collector inductively
coupled plasma mass spectrometry:an evaluation of iso-
baric interference corrections. Jowrnal of Analytical
Atomic Spectrometry,17(12) :1567—1574.

Defant, M. ]. , Kepezhinskas, P. , 2001. Evidence suggests
slab melting in arc magmas. Eos, Transactions Ameri-
can Geophysical Union, 82 (6): 65, 68 — 69. doi: 10.
1029/01E000038

Gao,S. ,Jin,Z. M. , 1997, Delamination and its geodynamical
significance for the crust mantle evolution. Geological
Science and Technology Information,16(1):1—9 (in
Chinese with English abstract).

Gao,S. ,Rudnick,R. L. , Yuan, H. L. , et al. , 2004. Recycling
lower continental crust in the North China craton. Na-
ture,432:892—897. doi: 10. 1038 /nature03162

Gao,S. ,Zhang, J. F. , Xu, W. L. , et al. , 2009. Delamination
and destruction of the North China craton. Chinese Sci-

ence Bulletin, 54 (19): 3367 — 3378. doi: 10. 1007/

$11434—009—0395—9

Griffin, W. L. , Pearson, N. J. , Belousova, E. , et al. , 2000.
The Hf isotope composition of cratonic mantle; LAM-
MC-ICPMS analysis of zircon megacrysts in kimber-
lites. Geochimica et Cosmochimica Acta,64(1):133 —
147. doi: 10. 1016/S0016—7037(99)00343—9

Irvine, N. T. , Baragar, W. R. A. ,1971. A guide to the chemi-
cal classification of the common volcanic rocks. Canadi-
an Jowrnal of Earth Sciences,8(5):523—548. doi: 10.
1139/e71—055

Kay,R. W. ,1978. Aleutian magnesian andesites: melts from
subducted Pacific Ocean crust. Journal of Volcanology
and Geothermal Research ,4(1—2).:117—132. doi: 10.
1016/0377—0273(78)90032—X

Kelemen, P. B. , Hart, S. R. , Bernstein. S, , 1998. Silica en-
richment in the continental upper mantle via melt/rock
reaction. Earth and Planetary Science Letters,164(1—
2):387—406. doi: 10. 1016/S0012—821X(98)00233—7

Kelemen, P. B. , Shimizu, N. , Salters, V. J. M. ,1995. Extrac-
tion of mid-ocean-ridge basalt from the upwelling man-
tle by focused flow of melt in dunite channels. Nature,
375:747—753. doi; 10. 1038/375747a0

Li,C. N. ,1992. Trace element petrology of igneous rocks. China
University of Geosciences Press, Wuhan (in Chinese).

Liu, Y. S. ,Hu,Z C. ,Gao,S. ,et al. ,2008. In situ analysis of
major and trace elements of anhydrous minerals by LLA-
ICP-MS without applying an internal standard. Chemi-
cal Geology ,257(1—2):34—43. doi: 10. 1016/j. chem-
geo. 2008. 08. 004

Maruyama, S. , Send, T. , 1986. Orogeny and relative plate
motion: example of the Japanese islands. Tectonophys-
ics, 127 (3 —4) ;305 — 329. doi: 10. 1016/0040 — 1951
(86)90067—3

Mashima, H. , 2009. Genesis of high-magnesium andesites
and associated basalts from Saga-Futagoyama, North-
west Kyushu, Southwest Japan. Jowrnal of Volcanolo-
gy and Geothermal Research,187 (1 —2).106 — 116.
doi:10. 1016/j. jvolgeores. 2009. 07. 021

Morgan, Z. ,Liang, Y. ,2003. An experimental and numerical
study of the kinetics of harzburgite reactive dissolution
with applications to dunite dike formation. Earth and
Planetary Science Letters ,214(1—2) ;59— 74. doi: 10.
1016/S0012—821X(03)00375—3

Morgan, Z. , Liang, Y. , 2005. An experimental study of the
kinetics of lherzolite reactive dissolution with applica-
tions to melt channel formation. Contributions to Miner-
alogy and Petrology,150(4):369—385. doi: 10. 1007/
s00410—005—0033—8



53

EFOCEE KA LB B g 22 B 3 LA DRI 8 PR 481

Pei,F. P. , Xu, W. L. , Wang, Q. H. , et al. , 2004. Mesozoic
basalt and mineral chemistry of the mantle-derived xe-
nocrysts in Feixian, western Shandong, China: con-
straints on nature of Mesozoic lithospheric mantle, Geo-
logical Journal of China Universities, 10 (1) ;88 —97
(in Chinese with English abstract).

Peng,T. P. ,Wang, Y. J. ,Fan,W. M. , et al. ,2004. SHRIMP
zircon U-Pb geochronology of the diorites for southern
Taihang Mountains in the North China interior and its
petrogenesis. Acta Petrologica Sinica, 20 (5) ;1253 —
1262 (in Chinese with English abstract).

Rapp, R. P. , Watson, E. B. , 1995. Dehydration melting of
metabasalt at 8 —32 kbar: implications for continental
growth and crust-mantle recycling. Journal of Petrolo-
gy,36:891—931.

Rogers.G. ,Saunders, A. D. , Terrell,D. J. ,et al. ,1985. Geo-
chemistry of Holocene volcanic rocks associated with
ridge subduction in Baja California, Mexico. Nature,
315:389—392. doi: 10. 1038/315389a0

Rudnick, R. L. ,1995. Making continental crust. Nature,378:
571—578. doi: 10. 1038/378571a0

Rudnick, R. L. , Fountain, D. M. , 1995. Nature and composi-
tion of the continental crust: a lower crustal perspec-
tive. Reviews o f Geophysics,33(3) ;267 —309. doi: 10.
1029/95RG01302

Ryuichi, S. , 1999. Geochemistry of high Mg andesites and
the tectonic evolution of the Okinawa Trough-Ryukyu
arc system. Chemical Geology ,157(1—2) :69—88. doi:
10. 1016/S0009—2541(98)00199—5

Shimoda, G. , Tatsumi, Y. , Nohda, S. , et al. , 1998. Setouchi
high-Mg*® andesites revisited: geochemical evidence for
melting of subducting sediments. Earth and Planetary
Science Letters, 160 (3 —4):479 — 492. doi: 10. 1016/
S0012—821X(98)00105—8

Séderlund, U. , Patchett, P. J. , Vervoort, J. D. , et al. , 2004.
The " Lu decay constant determined by Lu-Hf and U-
Pb isotope systematics of Precambrian mafic intrusions.
Earth and Planetary Science Letters,219(3—4):311—
324. doi: 10. 1016/S0012—821X(04)00012—3

Sun,S. S. , McDonough, W. F. , 1989. Chemical and isotopic
systematics of oceanic basalts: implications for mantle
composition and processes. Geological Society , London,
Special Publications ,42:313— 345. doi; 10. 1144/GSL.
SP. 1989. 042. 01. 19

Tatsumi, Y. , 2001. Geochemical modeling of partial melting
of subducting sediments and subsequent melt-mantle in-
teraction: generation of high-Mg andesites in the Setou-

chi volcanic belt, Southwest Japan. Geology,29(4) 323

—326. doi: 10. 1130/0091 — 7613 (2001) 029 < 0323
GMOPMO>>2. 0. CO;2

Wang, K. L. , Chung, S. L. , Chen, C. H. , et al. , 2002. Geo-
chemical constraints on the petrogenesis of high-Mg ba-
saltic andesites from the northern Taiwan volcanic
zone. Chemical Geology ,182(2—4) ;513—528. doi: 10.
1016/S0009—2541(01)00338—2

Wang, Y. J. .Fan,W. M. , Zhang, H. F. , et al. , 2006. Early Cre-
taceous gabbroic rocks from the Taithang Mountains: impli-
cations for a paleosubduction-related lithospheric mantle
beneath the central North China craton. Lithos,86(3—4) .
281—302. doi: 10. 1016/j. lithos. 2005. 07. 001

Wu,FE. Y. ,Han.R. H. , Yang,J. H. ,et al. ,2007. Initial constraints
on the timing of granitic magmatism in North Korea using
U-Pb zircon geochronology. Chemical Geology ,238(3—4):
232—248. doi: 10. 1016/j. chemgeo. 2006. 11. 012

Wu,F. Y. .Li, X. H. . Zheng, Y. F. ,et al. , 2007, Lu-Hf iso-
topic systematics and their applications in petrology.
Acta Petrologica Sinica,23(2):185—220 (in Chinese
with Enlish abstract).

Wu,F. Y. ,Lin,J. Q ,Wilde,S. A. ,et al. ,2005. Nature and sig-
nificance of the Early Cretaceous giant igneous event in
eastern China. Earth and Planetary Science Letters, 233
(1—2):103—119. doi: 10. 1016/j. epsl. 2005. 02. 019

Xu,P., Wu, F. Y., Xie, L. W., et al. , 2004a. Hf isotopic
compositions of the standard zircons for U-Pb dating.
Chinese Science Bullentin ,49(15) :1642—1648. doi: 10.
1007/BF03184136

Xu,W. L. , Wang, Q. H. , Liu, X. C. , et al. , 2004b. Chronology
and sources of Mesozoic intrusive complex in Xuzhou-Hua-
inan region, Central China: constraints from SHRIMP zir-
con U-Pb dating. Acta Geologica Sinica ,78(1):96—106.
doi: 10. 1111/j. 1755—6724. 2004. th00679. x

Xu,Y. G. ,Ma,]. L. , Huang, X. L. , et al. , 2004c. Early creta-
ceous gabbroic complex from Yinan, Shandong Province:
petrogenesis and mantle domains beneath the North China
craton, International Journal of Earth Sciences, 93 (6):
1025—1041. doi: 10. 1007/s00531—004—0430—7

Xu,W. L. ,Chi,X. G. , Yuan,C. ,et al. ,1993. Mesozoic dior-
itic rocks and deep-seated inclusions in central North
China platform. Geological Publishing Press, Beijing (in
Chinese).

Xu,W. L., Hergt, J. M. , Gao, S. , et al. , 2008. Interaction of
adakitic melt-peridotite: implications for the high-Mg* sig-
nature of Mesozoic adakitic rocks in the eastern North Chi-
na craton. Earth and Planetary Science Letters, 265 (1 —
2):123—137. doi: 10. 1016/j. epsl. 2007. 09. 041

Xu, W. L., Yang, D. B. , Gao, S., 2010a. Geochemistry of



482 HoBRRE R E TR A 4R

5 36 &

peridotite xenoliths in Early Cretaceous high-Mg® dio-
rites from the central orogenic Block of the North China
craton: the nature of Mesozoic lithospheric mantle and
constraints on lithospheric thinning. Chemical Geology
270(1—4).257—273.

Xu,W. L. , Wang, C. G. , Yang, D. B. , et al. , 2010b. Dunite
xenoliths and olivine xenocrysts in gabbro from Taihang
Mountains: characteristics of Mesozoic lithospheric
mantle in central China. Journal of Earth Sciences, 21
(5):692—710. doi: 10. 1007/s12583—010—0121—1

Xu,W. L., Yang.C. H. ., Yang,D. B. , et al. , 2006. Mesozoic
high-Mg diorites in eastern North China craton: con-
straints on the mechanism of lithospheric thinning.
Earth Science Frontiers,13(2):120—129 (in Chinese
with Enlish abstract).

Xu,W. L. ,Yang,D. B. , Pei, F. P. , et al. , 2009. Petrogenesis
of Fushan high-Mg* diorites from the southern Taihang
Mrs. in the central North China craton: resulting from
interaction of peridotite-melt derived from partial melt-
ing of delaminated lower continental crust. Acta Petro-
logica Sinica, 25 (8):1947 — 1961 (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
the Earth , Part A ; Solid Earth and Geodesy ,26(9—10) :
747—757. doi: 10. 1016/S1464—1895(01)00124—7

Yang,C. H. , Xu, W. L. , Yang, D. B. , et al. ,2005. Petrogenesis
of Mesozoic high-Mg diorites in western Shandong: evi-
dence from chronology and petro-geochemistry. Journal of
China University of Geosciences ,16(4) :297—308.

Yang.,C. H. ,Xu,W. L. , Yang.D. B. , et al. , 2008. Petrogen-
esis of Shangyu gabbro-diorites in western Shandong:
geochronological and geochemical evidence. Science in
China (Ser. D),51(4):481—492. doi: 10. 1007/s11430
—008—0029—0

Yang,]J. H. ,Wu,F. Y. ,Chung,S. L. ,et al. ,2006. A hybrid
origin for the Qianshan A-type granite, Northeast Chi-
na: geochemical and Sr-Nd-Hf isotopic evidence. Lithos,
89(1—2):89—106. doi: 10. 1016/j. lithos. 2005. 10. 002

Yuan, H. L., Gao, S., Liu, X. M., et al. , 2004. Accurate
U-Pb age and trace element determinations of zircon by
laser ablation-inductively coupled plasma-mass spec-
trometry. Geostandards and Geoanalytical Research ,28
(3): 353 — 370. doi: 10. 1111/j. 1751 — 908X, 2004.
th00755. x

Zhang, H. F. , Sun, M. , Zhou, X. H. , et al. , 2002. Mesozoic

lithosphere destruction beneath the North China craton:

evidence from major, trace-element and Sr-Nd-Pb iso-
tope studies of Fangcheng basalts. Contributions to
Mineralogy and Petrology ,144(2) ;241 —254. doi. 10.
1007/s00410—002—0395—0

Zhao,G. C. ,Cawood,P. ,Lu,L. Z. ,1999. Petrology and P-T
history of the Wutai amphibolites: implications for tec-
tonic evolution of the Wutai complex, China. Precam-
brian Research, 93 (2 —3).: 181 — 199. doi: 10. 1016/
S0301—9268(98)00090—4

Zhao,G. C. ,Cawood,P. A. ,Wilde,S. A. ,et al. ,2000. Meta-
morphism of basement rocks in the central zone of the
North China craton: implications for Paleoproterozoic
tectonic evolution, Precambrian Research,103(1—2):
55—88. doi: 10. 1016/S0301—9268(00)00076—0

Zhao,G. C. , Wilde, S. A. , Cawood, P. A. , et al. , 2001. Ar-
chean blocks and their boundaries in the North China
craton; lithological, geochemical, structural and P-T
path constraints and tectonic evolution. Precambrian
Research ,107(1—2). 45— 73. doi: 10. 1016/S0301 —
9268(00)00154—6

Bt Hp 32 5 5 STk

Wi, A, 22 B L 45, 2005, RAT ILANAEdL Hofth b X Hr A2 4L
FHAE N ES A U-Pb A MRk 22 R AE KL
IR A HER Bh )2 5 L A AR 21(1D) 13— 24,

MR, s, B, 2007, AT LAk B v A R 56 K A ik
B U-Ph AR HE [ o0 221 o7 B b o 3 .
2, 23(2) :295—306.

Eln, e PR R, 1997, $rUT4E H (delamination) K H.5¢ — 18 {5
s 12 . PR S . 16 (1) :1—9.

ZEE AR, 1992, KA TO R A A2 DL P E TR 2
AL

EREL SO B EIH L 45, 2004, AP 2 LU E AR A I
W VA4 R T A2 A S M TR Y 1 2.
Beb 2447, 10(1) . 88—97.

2k, EEAE, LR E, 4, 2004, B R AT LA KA A
SHRIMP 447 U-Pb 4% KA A B TF5E. 5 A 24
20(5):1253—1262.

RARTC ZEMRAE  FRAK KL 55,2007, Lu-HI AR R R RIHE
N L A AR 23(2) 1 185—220.

VESCR IR, =, 45,1993, Ak & s AR AR R K R
A R AR, JE 5 T AR A

VFSC B AR A5 A . 252, 2006, 4k T 58 25 3 A G
Mg [ X 5 B R ML ) A il 24, b2 AT 2%
13(2):120—129.

VFSC KL MM e AR 25, 2009, AT 1L RS BEAF LR BE TN K
I R IR TR 53 40 A fl 0 475 R 5 b B R
SN RES . 4R, 25(8) : 1947 —1961.




