HERPLE—— P E R R R

Earth Science— Journal of China University of Geosciences Jan,

Vol. 34 No. 1
2009

LRTE 3 B
2009414

KiIIF Tt XEELERANLEREN

& RIS E”

MFRRFREMAFEIRFR, ALSEFSARTHARALBEELLRE, ZRAHFE 210093

BE: BERIP TR PERKLESEY1EROTRICR, K TR0 BRI EUK S X L S B
SENTR, AT TR G U-Pb AR, HEEGEK 4 MREP AR KL KIS ERIL2E A EER R, X &
FH 4 AN KDBEE B K BT T 0 LS. BFoe il Bk A e T I A S R 128 Ma, X EE R ILF
T X B T AR A ACK LR 2 E BT 4 4~ AL B A R4 3 8 : >125 Ma, 125~120 Ma,120~110 Ma #1 110~
90 Ma. JSHAS B9 T L1 20 55 T FE A M A 5 Ly 2+ SR 1 Ly 2R CRIDBK 4 b 1 S L 281 -+ B 1L D) X RE 3R 948 24 5 LR 38 = ok LU e
. &R EH A LA BRI, KX S R A A LA S B P 2B TR RAER, B LS (EFkE
M FE 4D MR St 7T HRE.

KRR BRI BRKIE ;%50 U-Pb B4E; A B4 KT FlX.

h 43S P588 LEHE: 1000—2383(2009)01—0105—12 WM 2008—10—17

Cretaceous Alkali-Rich Magmatism in the Middle and Lower Reaches of the Yangtze River
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Abstract; According to previous research achievements of Mesozoic volcanics and mineralizations in the middle and lower rea-
ches of Yangtze River, the less studied volcanics in Lishui basin have been focused on their geochronology, and detailed U-Pb
chronological study of zircons in trachyte has been carried out. Combining with geochemical data and lithostratigraphy for the
four separated Mesozoic volcanic basins (i. e. , Luzong basin, Fanchang basin, Ningwu basin and Lishui basin) , volcanics from
each basin with four volcanic cycles has been studied comparatively. It shows that, trachytes from the Longwangshan Forma-
tion of Lishui basin were formed in the Early Cretaceous with the crystallization age of about 128 Ma, which implies the incipi-
ence of extensive eruption of volcanics along the middle and lower reaches of Yangtze River. The ages of four volcanic cycles are:
before 125 Ma, during 125—120 Ma, ranging from 120 to 110 Ma and from 110 to 90 Ma, respectively. It is more reasonable that the
Fushan Formation of Luzong basin should be considered as the product of third volcanic cycle, and corresponding to the Gushan and
Niangniangshan Formation of Ningwu basin (i. e. , Guanshan and Jiashan formations of Lishui basin). The geochemical characteristics
of Cretaceous volcanics in this area suggest that the mantle derived alkali magma had been contaminated by crustal materials during its
eruption, and early volcanics (e g. , the Longwangshan Formation of Lishui basin) could be the source rock of Sr deposit.

Key words: Lishui basin; alkali volcanics; zircon U-Pb age; Cretaceous; middle-lower Yangtze area.
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Fig.1 Sketch map showing distributions of Late Mesozoic

volcanic basins in the middle-lower Yangtze area
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Fig. 2 Geological sketch map of the Lishui basin
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Table 3 Comparisons of volcanic rock series from four separated basins in the middle-lower Yangtze area

FAH EEAN FRAR e
B i ams.
W dmES e | RS N
S RS TE W AERESERER
B -  FEBAEAWEE. JeRb
MEPREZNEK o pmoms Fly, o -
A el TR < L s
A g FEADE AR KT SR B
B FEER T W Rz HES
i FESERbEBREEAK 4@
R L FRD R
B EEREER & X pwomms Awe X EROEEE MRS,
. fﬁ#ﬂﬂ% * - e Mdes 27l E BAERXUERES £ kLAHE
" BIMECE W FERLERATE ) FEOEARLEE
g PEBXARAMS @ R TR i R
B SRR | : 4 NG
2
g ROERSIEEER o pwomgasans R p o
# o RE Eommsmms s E TARE KREE
# B ESSCE W ERKURE W g
B s g FERDEAREESE @ @
iz

T AR, 1982; B AT, 1084; B EN(H4E, 1991; A4 IR, 1994; T, 2001; XHEEE, 2002; KK, 2003 ; 248304, 2004

FBRIESE, 2007,

M A2 e, G5F i b & 3 R A R
(R 3DXFEL /4T B FH U M B e 1] B 4 Fi i
Brd X 7 T B b i v 40 41 DA X T SE A Fn e
K £ 3t 0 e 1L 4, B okl 8 & Bt ] > 125 Ma; J5
M SR B FE B E R A, T
K A R F L, HAERH 125~120 Ma; &
B 233 RS L2 R AH 2 F T 0 45 B 4 LU 4 L R
TR AR , AR R R 120~110 Ma; T IE 40 Hb
FOmR IR L A Y T ERE KA P A, FRg
<110 Ma. NERZEXT L R A, IR E 77
LI 2 X8 L T I 23 1 PR 2 L 26+ SR AR L 4 (BB K
AR LA+ LD B K, B B A /b
A2 TR 48 L 43X — 3 ok LU 2 e [

F R T AL R B 4L/ P M 4D 4R IR B8 8
& 123~140 Ma, 518K 257 A 3 K-Ar 343
B (T4 XK LS B R AR B 0 5 3 i A B 8
&, W] AR — B — B KL TS Shi& 4R i 1),
B JS #A 42 #: 130 Ma (Wang and McDougall,
1980); % B 25 #. > 125 Ma (86 W0 JL #1 AL 45 44,
2006) ; TIEALH . 131 Ma GGKHEZE, 2003) LA R EE K
Fib . 128 Ma(A30), LB B KIT & Tl X 78
~130 Ma Ze G #E A K ILITE S B T X kLTS
HIFE. B 128 Ma LUG W2 20 Ma(F 5 B

B X 4 NI AR IES), R T 128 Ma
AMUBEFAKZH AR EIHES, Bl EERILT
T X S T S 2 R
4.2 MiER{LEF

BESR &k L g s g F AR _E A FR
WA TGS RS AR 4, TR A R, B EILA
5E#mANSAKKILEREFEELLR? N
W, ZEHERETFMEH BB EH . TIiaH . FK
A LA EBICE .REE Mt &E TR M
BAE CF EIBE 5%, 1991; £ T 8 %%, 2001; X 3t %,
2002; 258 L%, 2004 5 = BB SE, 2007) , FEHEAT T b
BMZER ST
4.2.1 FBRFZFR KIPTHSEHMKLEN
SiO; & 8K 48. 23% ~67. 78%, H i A £ #b
SiO, EEBIKE R (55. 14%~66. 78%) , T I i i
BAK (<5800  BKZ M EE BN EFHEZ
6] 54 /™ 22 H 45 ok LU E 81 S DA I 40 K 1 B
SIO; FERME 2WMEBKEALE "X ~10. 6102
], By T 3% 12. 35%. 7E K, O-SiO, Ef# b (A 6a),
BRABOEALT R ARSI R A, H AL TR
ZHE RINE BB R, BT Iea b, Hi
B £ INAH K, O F & &K (B 6a, L0 8D,
TR E LA 5 1L H 55 BEE KILE, fiE SO,



H BB —rh E R 4R

B3k

112
10 (a) o e LS
o8 NW
8| = x FC
5. aalz

T r
S | 2 RER
M 4r mﬁg 4 -
00’ b zn ﬁﬁgﬁﬁg

2F * @gﬁﬁ%ﬁ“

0 1 1 nﬂ:&wm.ﬁﬁﬂ.

45 50 55 60 65 70 75

Si0(%)

10 > ¢ LS
(b 9,;» o Il;lév
st @ x
BER A &, [2aLZ
. &
6r o e
& ‘ [}
41 €0 A 20.5
0 BCes gaommo
2k o® o
x WM
0 L 1 L
0 2 4 6
NazO(%)

6 (KL T X [ EL &2 K2 K. O-Si0; B## (Peccerillo and Taylor, 1976) ; (b) Ko O-Na; O B ## ( Turner e

al., 1996)

Fig. 6 Composition of Cretaceous volcanics from separated basins in the middle-lower Yangtze area plotted in K;O vs. SiO,

(a) and K;O vs. Na;O (b) variation diagram

B .G MRS A T ALK I, 250 50 R 4 S AL B i K L2, BRI IR - Sk 2 3R 258 305 (2004) FR Beig 45 (2007) ; 7
AT ORS00, KB R MEHE NS 1991 ; M F B X B4 (2002)

i%bﬂ’KzO ﬁ%%ﬁ%ﬂﬂ(@ 6a, f—é‘t‘}ﬁ). E Kzo-
Na, O Fﬂﬁg_t ( E 6b), KZO/NaZO ttﬁ’:%’fk?@@?ﬁ
K (0. 31~3. 25). & 73 e E L4 K, O/Na, O &8
TE 1 45 (B 6b, S0 g0, T FoA 2L A4 K Ll 3%
WRTF 1(E 6b,55.0 5. G BB 70 Bk
b R e T LU RE BRSO A B M K E
IHER o4 L2 AR B 40, T IS A A 2. B R
FERL(A. LOEAE 1. 48~4. 6 Z[8], JR3RMME , A M
TSI 121 BB B e [ TS K B B (BT SE Ak
LR, AR LU 8] — oK 1L 18] — 5 Ll e [l
B SIO, SEHK, A L /N, B BRI LR X
LU, S5 6b Elff F R IR ERML X 5T
TR EARAH TR MR e HEa Hil st
WRLZIE— R E, BRI S W E M RE
MRV G, RPIBEE B R EAL, A5 T 56k
BT HERGFRA TR BME L, NTE Sk
BRI E AR, B EF, KL T i X
AR BB R ALO, \ TFO M2 S &, £,
HEER E B, A/CNK {24 0. 6~1. 56 Z [i].

1E Harker B (B 7 L, A B K 200
kiliEm B SiO, #1 CaO, MgO, TFeO, TiO, HH &£
BIFM AR IC R, R T REFA R E BANEA Mgk
B SR I o B A B
4.2.2 WERE KOG THEPERKNLIEESE
BRI R HERENA AR L TRE S
(F 8). ZEME TR EME L (B O, F .. 738
F5 b K 2 AR 2 PR L Bk e, R WA Zs ] |
3ANE AT REEL A ML BE AR L BUE T R A
R mAERT E) L, [Fl— 2R 7] kL e [ 4%

25 ALOX(%) . FeQ'(%)
201 "g )
Y I
A
A
isp P &
o a % 14
10 A A
16 .
S Ca0(%) TiO«%)
W 12F 1.2
4 0‘ ‘z’ |
& i .
e ® p !‘% 0.6
S e g T
0.2
W 8 [ ] G“’A A
MgO(%) | P:05(%) o o LS
6r ? (paNwfl2
4r \; ‘s ig o8
“o&
2F A ':ﬁ —40.4
12 1 4: A ) Il 4 i 0.0
40 50 60 70 40 50 60 70 80
Si0x(%)

B7 KPP TR ERESa A LE Harker Ef#
Fig. 7 Harker diagrams of major elements of Cretaceous
volcanics from separated basins in the middle-lower
Yangtze area
BRI B A IR S0 5 (2004) TR BRI (2007)s TRA
H4E E TS (2001) s % B 2 48 H BN 5 (1991) 5 S A At 3 X
B (2002)

BAMEAHL. FRABALER L TREERS
(XREE;216 X 1075 ~363 X 107%), #K & #iK Z
(XREE;123X107° ~156 X 107%), T J& & # R 1%
(XREE:90X107¢~135X107°%). £ & K L AR
TAEFES SO AERBEEMRXRXR, Ev/
Eu” 50.72~0. 98, TH B EuR & , W RH A 2



F1H

BFRE  RILP T X AL ER A LA RIER 113

10° —— EAKEELA

—0— FRET LA
FK A B 3 g 1B
A —— FHREITR4

w10 X SN
NG

' A S

@

L

o | TR

10°

La Ce Pr NdSmEu Gd Tb Dy Ho Er TmYb Lu
F 8 KILA i X O Re &8k LA 1 il di 2
Gkpi B ARYE{ES| B Taylor and McLennan (1985)

Fig. 8 Chondrite-normalized REE pattern diagram for Creta-
ceous volcanics from separated basins in the middle-
lower Yangtze area

EhBEnR RSP E LA GEHE FREE 4D KL,

PR ESE R 4 kE. BRI BKEMBEE XS

(2004) F R BEUE S (2007) 5 T I A MR £ TT I 45 (2001) ; [ A 4 4

FEXIHEA (2002)

EERAHE. HERZHMFLAGEY TREND
H)—MEHSEVE EuRRY, e 5SHET
B . & 0 T R I 4 AR A o2 Gl k4%,
2002). H &l FILA M LREE BEERER 4 1
KL BEE P B AR, X FT BB S B A K B 4 e A
AR BT R e A A AR 6.
SEMAXNEHMBETERNEE DER, B
TTHEBEEE RbL.KERBEFEALE,. BETH
Nb.Ta.Ti E&FiELE, EERARMWIES, KM
FHEABEEPERIRENHEETERSIER
GiT4E, 2001 , T AR HE X v BB F FIFHR LR

FHIX, BPRRE O B E £ g, MBI TER
AEA] LR S IR K 15 BIAFE (Briqueu et al. , 1984;
Arndt and Christensen, 1992), 8 0] L\ 218 8 & 3
ZREEP IR R, (H 5 IUE K ISR R
FIAE, SKEIFPFRHREBPERBTFRAFEL
DA ZHUA A SRS 0 RFE A 0 ERIEAR
. B, & &k EREFRATEREE . B
BITETH, AR AR R AR, B B IE RSy
fEZSb A7 0% LA 2 K L T T R kA,
ENGES: P QI Py =R =R L =W OV =E 5 B s ]
B H KA (B 92 B E % Rb.Ba. K K& F ¥
ATGESNTh. U Zr Hf FEGRITEBEERE,
S5RT B E i o 8 32 S IR e AR N KR
LG SE, 2001) s T IE A b4 4 K Ll B B A
IERH (& 9b), SHEVIREBRREANKGEDE
HEBKA (B55%, 20065 RN, 2007) iX —RHE
—3. TIEEM I F IV KIS SHE R KIS
. ¥ & Rb.Ba. K FXKEFERATLE, REEFILA
KIAEKFT A EEAST MA(ET RS,
2001) ; /KM F LA Sr ER% B2E (8 90,
N HAA NEA X —IERT , R 2488 K
I 5 e E LA KL TE ShE #AE K. 75 K ILTE S
AR AEFHKAREENREY Y. ST EMS
HEFIREME N Z UMK, S B EEM/ D K,
Hefr b K5, 8k K B4 5 AR LS 8
KaBESP AMER K, FELH KREBIRRE
K, AR RKELNAFREEER D XWERE
W& BRI R E Z —. BRE Sl
AR A B B Ca 55 BHE, FrRBR Mt
8 KB L B2 , Sr A SiE LS B K. T8

10° o IR @] 1 o FERE LM ] 10 —— EARE LA ©
- 102 + 102 + 10° |
2
ﬁ.ﬁ 10 10' 10'
~
@
*® et / 10° | N 10°

25022 2 e S 3 40 0 2 A R K 2 A e el
10'| B8 U Ta La StNaZr BuTo XY jo| Ba U TaLa SrNdZr EuToYb| jo1| Ba U Ta La St Nd Zr Eu Tb Yb

RaTh NbK Ce P SmHf Ti Y Lu

RaTh NbK Ce P SmHf Ti YLu

RaTh NbK Ce P SmHf Ti Y Lu

B9 kAR T R g I — kg P i
Fig. 9 Primitive mantle-normalized trace element diagram for Cretaceous volcanics
B () S5 (D) TIERH ; (O BUK . [RGB FRAEE 5] A McDonough and Sun(1995) ; BRALRARRE AP R L LA GEHAY T
F D) K Il » BB IE A AR K LR, BB IR - BE 7K 403 8 2 18 SU % (2004) TR B2 (2007) 5 T JE 2L M0 38 £ 5008 % (2001);

J5 PR 2 B S 4 (2002)



114 M BB —— A E RS IR

LR

FIIAAEZFEREF Ca FEEE, B S S REH
(HEHER%,1990). X—IANRAS G T Sc g4t 1
BRI I, BN FEZ HEE K ILIE S, B L (i
BRI F 2D & Sr s BN EZ 75 HAR
B A& EANBR T, AT
4.3 WEES

A P TRk MG R, IR
BRI BT . AR ek i R
HE AR A AV E (Coward et al. , 1987). 5
WA FE A M E X RS T IR Ak
K IE R UBE T RE —ZE —HE s —H
T — WA BRI BUA LI 8 8 R O ER i 4%
1991) ; Pk PR LU 21 1 T S A IR R L 2 349 3
B R A A X — SR S R BB A I
TR B Z R — W BCE B DU K LA CREER
%%, 1991 (52K 25, 1998; B K BR&S, 1998) , A R4
RUA SR A A B R s (EEREE S, 20015 Li et al.
2003; Zhou et al., 2006; Z= #k 4 2, 2007). Bonin
(2004) A N R B H0 SRS IRME S 3R T BE AR Bl
85 R ST S TR B = . Bk, KR
Y X 7E B N AL TR I RS &L, 5
E AR EBAFTE R (1 (132~120 Ma) 47 Bl i 35 5
FTEAEREEE(Wu et al. , 2005) RHME—3H.

5 45k

(DRI R i X kLS 3Bt E o 140 ~
90 Ma, Hr e F it 4 A X 45 AN I okl 4k
W AR . BK 2 £ (LU I A BT LR
%K 128 Ma, f 8 K VL H T e X | 78 ) R A
AR AL 4 2 TR T

) FARZEGORFK L 5 2 B R X e 3R
B S AR e I B A MR B A 5 E B B 4y
P LA R 7758 VBR/K A0 Y I L AR 5 S 2t
WU N T8 B 2 R , 7790  BRK 2
RELAL; BB A i iR 1L 2 X R T T S8 2L
T4 K B A L 4 5 T T A b A R 48 L 2 Xof
NFE/KAHM R LA, P FLA ST
F M AT L 4 SR 0 1y 2 R K 3 B R L 2 +
B LD X REEBCAE Y , BB S/ AH X T IR IR
12 53— HA ok Ll e [l 4 380 kLl 3h A AR A R BR
EEHA K. > 125 Ma, 125 ~ 120 Ma, 120 ~
110 Ma#flt 110~90 Ma.

ORITHF TS KA L KILERA
BN BEEREFERATLERDL.B),Nb. Ta Bl
#,LREE S4, TH % Fu B ¥ SR FIFME. &
B PIEK A A B R B SRR T 18 R
ERFBR TR FTR Y. R, 53 0B Rk
FABAEEIER K IL AR E T EEA A B
KiliE K 2 e Tl B Se 5 B TR,

References

Andersen, T. , 2002, Correction of common Pb in U-Pb analyses
that do not report  Pb. Chemical Geologry ,192:59—79.

Arndt, N. , Christensen, U, , 1992. The role of lithospheric
mantle in continental {lood volcanism: Thermal and geo-
chemical constraints, Journal o f Geophysical Research ,
97(B7) :10967—10981.

Bonin, B. ,2004. Do coeval mafic and felsic magmas in post-
collisional to within-plate regimes necessarily imply two
contrasting, mantle and crustal, sources? A review.
Lithos,78(1—2) :1—24,

Bowring, S. A. , Housh, T. , 1995. The earth’s early evolu-
tion. Science,269(5230) ;1535—1540.

Briqueu, L. ,Bougault, H. ,Joron, J. L. , et al. , 1984, Quanti-
fication of Nb,Ta, Ti and V anomalies in magmas asso-
ciated with subduction zones: Petrogenetic implications.
Earth and Planetary Science Letters ,68(2) ;297 —308.

Chang, Y. F. ,Liu, X. P. ,Wu, Y. C. ,1991. The copper-iron belt
of the lower and middle reaches of the Changjiang River.
Geological Publishing House, Beijing (in Chinese).

Compiling Group of Ningwu Research Project, 1978. Porphy-
rite iron deposits of Ningwu area, Geological Publishing
House, Beijing (in Chinese).

Coward, M. P, , Dewey, J. F. , Hancock, P. L. , et al. , 1987.
Continental extensional tectonics. Geological Society
Special Publication, London.

Gao,X. F. , Guo, F. , Li, C. W. , et al. , 2007. The genesis of two
types of Late Mesozoic intermediate-felsic volcanic rocks in
Lishui basin,lower Yangtze valley. Acta Petrologica et Min-
eralogica ,26(1) :1—12 (in Chinese with English abstract).

Hanchar,]. M. , Miller, C. F. , Wooden, J. L. , et al. , 1994,
Evidence from xenoliths for a dynamic lower crust, east-
ern Mojave desert,California. Journal of Petrology ,35
(5):1377—1415.

Hu,H. G. ,Hu,S. L. ,Wang, S. S. , et al. ,1982. On the ages
of Jurassic and Cretaceous volcanic rocks by the radio-
metric dating, Acta Geologica Sinica,56(4):315— 323
(in Chinese with English abstract).

Huang,Z. L. ,Cui,N. F. ,Leng,S. Q. ,et al. ,1984, Geochem-



14

ARE KILP T X B ELER A LS RIER 115

istry and origin of the Lishui strontium deposit, Journal
of Wuhan Institute of Chemcial Technology,16(4):
60— 65 (in Chinese with English abstract).

Jackson, S, E. , Pearson, N, J. , Griffin, W. L. , et al. , 2004. The
application of laser ablationrinductively coupled plasma-
mass spectrometry (LAM-ICP-MS) to in situ U-Pb zircon
geochronology. Chemical Geology,11: 47—69.

Jiangsu Provincial Bureau of Geology and Mineral Resources,
1984. Regional geology of Jiangsu Province and Shanghai
City. Geological Publishing House, Beijing (in Chinese).

Li,C. W. ,Guo,F. ,Li, X. Y. ,2004, Petrogenesis and geodynamic
implications of Late Mesozoic mafic volcanic rocks from the
Lishui basin of the Lower Yangtze region. Geochimica, 33
(4):361—371 (in Chinese with English abstract).

Li,K. Y., 1982, The radiometric age, evolution in time and
space, and primitive source of Mesozoic volcanics,
Southeast China. Bulletin of the Nanjing Institute of
Geology and Mineral Resources, Chinese Academy of
Geological Sciences,3:98—118 (in Chinese).

Li,X. H. , 2000. Cretaceous magmatism and lithospheric ex-
tension in Southeast China. Journal of Asian Earth
Sciences ,18(3) :293—305.

Li,X. H. , Chen, Z. , Liu, D. , et al. , 2003. Jurassic gabbro-
granite-syenite suites from southern Jiangxi Province,
SE China: Age, origin, and tectonic significance. Inter-
national Geology Review,45(10):898—921.

Li, X H.,Li,W. X ,Li,Z X ,2007. On the genetic types and tec-
tonic significance of early Yanshanian granites from Nanling,
Chinese Science Bulletin ,52(9) :981—991 (in Chinese).

Li,X H. ,Zhou,H. W. ,Li,Z X ,et al. ,2001. Zircon U-Pb age
and petrochemical characteristics of the Neoproterozoic bi-
modal volcanics from western Yangtze block. Geochimica,
30(4):315—322 (in Chinese with English abstract).

Liu, H. ,Qiu,]. S, ,Luo,Q H. ,et al. , 2002, Petrogenesis of the
Mesozoic potash-rich volcanic rocks in the Luzong basin,
Anhui Province: Geochemical constraints. Geochimica, 31
(2):129—140 (in Chinese with English abstract).

Lou, Y. E., Du, Y. S., 2006. Characteristics and zircon
SHRIMP U-Pb ages of the Mesozoic intrusive rocks in
Fanchang, Anhui Province, Geochimica, 35 (4): 359 —
366 (in Chinese with English abstract).

Ludwig,K. R. , 2001. Isoplot v. 2. 2-a geochronological tool-
kit for Microsoft Excel. Special Publication No. 1a,53,
Berkeley Geochronology Center.

Ma,F. ,Jiang,S Y. ,Jiang, Y. H. ,et al ,2006. Fluid inclusions and
H-O isotopic compositions in the Washan and Dongshan iron
deposits, Ningwu basin, China. Acta Petrologica Sinica , 22
(10) :2581—2589 (in Chinese with English abstract).

McDonough, W. F. , Sun, S. , 1995. The composition of the
Earth. Chemical Geology ,120(3—4) ;223—253.

McKee, E. H. ,1988. K-Ar chronology of the Luohe district, An-
hui Province. China Economic Geology ,83:433—435.

Ni,R. S. s Wu,Q. C. ,Yue,W. Z. ,et al. ,1998. The evolution
and mineralization of terrestrial basins from the Lower
Yangtze region. Shanghai Science and Technology Liter-
ature Publishing House, Shanghai (in Chinese).

Peccerillo, A. , Taylor, S. R. , 1976. Geochemistry of eocene
calc-alkaline volcanic rocks from the Kastamonu area,
Northern Turkey. Contributions to Mineralogy and Pe-
trology ,58(1) ;63—81.

Qi, W. K. ,1987. Discussion on regional tectonics of Anhui.
Geological Science and Technology in Anhui,1:45—51
(in Chinese with English abstract).

Ren,Q J. , Liu, X S, Xu,Z. W. , 1991. The Luzong Mesozoic
volcanic-tectonic depression and its related metallogenesis,
Geological Publishing House, Beijing (in Chinese).

Tang,Y.C. ,Wu, Y. C. ,Chu,G. Z , et al. ,1998. Polymetal-
lic copper-gold deposit geology in the areas along the
Yangtze River in Anhui Province. Geological Publishing
House, Beijing (in Chinese).

Taylor,S. R. ,McLennan,S, ,1985. The continental crust: Its
composition and evolution, Blackwell Scientific Publica-
tions, Oxford.

Turner, S , Arnaud, N. , Liu, J. , et al. , 1996. Post-collision,
shoshonitic volcanism on the Tibetan Plateau; Implications
for convective thinning of the lithosphere and the source of
ocean island basalts. Journal of Petrology,37(1) :45—71.

Van Achterbergh, E. , Ryan,C. G. , Jackson, S E. , et al. , 2001,
Data reduction software for LA-ICP-MS; Appendix. In:
Sylvester, P. J. , eds. , Laser ablation-ICP-mass spectrome-
try in the earth sciences: Principles and applications, Miner-
alogy Association of Canada, Ottavoa,Canada, 239—243.

Vervoort, J. D, , Patchett, P. J. ,Gehrels,G. E. ,et al. ,1996. Con-
straints on early earth differentiation from hafnium and ne-
odymium isotopes. Nature,379(6566) :624—627.

Volcanics Group, Institute of Geology, Chinese Academy of Sci-
ences, 1980. Multi-cycle and lateral distribution of Mesozoic
volcanic rocks in several lower reaches of the Yangtze river
region, In; International geological academic symposium, Geo-
logical Publishing House, Betjing, 108—115 (in Chinese).

Wang,S. S, McDougall, L, 1980. K-Ar and ¥ Ar/® Ar ages on
Mesozoic volcanic rocks from the lower Yangtze volcanic
zone, southeastern China, Geol. Soc. Australia,27:121—128,

Wang,Y. L. ,Zhang, Q. , Wang, Y. , 2001. Geochemical char-
acteristics of volcanic rocks from Ningwu area, and its

significance. Acta Petrologica Sinica,17(4):565—575



116 HUERBL S B HLTOR EE4R

LRV o

(in Chinese with English abstract).

Wu,F. Y. ,Lin,J. Q. ,Wilde, S, A. ,et al. , 2005. Nature and
significance of the Early Cretaceous giant igneous event
in eastern China. Earth and Planetary Science Letters,
233(1—2):103—119.

Wu, L. R., 1984. Meso-Cenozoic volcanic rocks in eastern
China and adjacent areas. Geological Publishing House,
Beijing (in Chinese).

Xie, X, , Xu, X. S, Zou, H. B, et al. , 2001. Trace element and
Nd-Sr-Pb isotope studies of Mesozoic and Cenozoic basalts
in coastal area of SE China. Acta Petrologica Sinica, 17
(4):617—628 (in Chinese with English abstract).

Yu,J.J. ;Mao,J. W. , Zhang,C. Q ,et al. ,2007. Mantle fluids in-
volved in metallogenesis of Ningwu porphyry iron deposits:
Evidence of C, Sr isotopes. Progress in Natural Science,17
(9):1216—1221 (in Chinese with English abstract).

Yue,W. Z. , Ding, B. L. , 1999. Study on Cretaceous strati-
graphic sequence of continental basin in Jiangsu. Re-
sources Survey and Environment ,20.287—344 (in Chi-
nese with English abstract).

Zhang,Q, ,Jian,P. , Liu,D. Y. ,et al. ,2003. Zircon SHRIMP dat-
ing of volcanic rocks from Ningwu area,and its significance.
Science in China(Ser. D),33(4) :309—314 (in Chinese).

Zhao, T. P. ,Zhou, ]. C. ,Chen, K. R. , et al. , 1994, Classification
of rock series and discussion on petrogenesis of Lishui Mes-
ozoic volcanic complex. Journal of Nanjing University
(Earth Sciences) ,6(3) :252—258 (in Chinese).

Zhou,]J. C. ,Zhao, T. P. ,Chen, K. R. , et al. , 1994. Analyses
of tectonic setting for occurrence of Lishui Mesozoic
shoshonite series and its evolutional relationship. Jour-
nal of Nanjing University (Natural Science Edition),
30(3):504—510 (in Chinese with English abstract).

Zhou,X. M. ,Sun, T. , Shen, W. Z. , et al. , 2006, Petrogenesis of
Mesozoic granitoids and volcanic rocks in South China: A
response to tectonic evolution, Episodes,29(1) ;:26—33.

Mt R 305 & STk

HEIh, XM, BT E,1991. KITH T A% R #. 4t
B« M S ARAL

BRI, B, A5 3, 55, 2007, EIK AL BT 2S8R A A TR R
HAAENE AR AATP%aE, 2600 1—12.

BIAEE, SRS, TAA L, 25,1982, HBRIM B EBITISHRE B
FL KA BRI, HIFFEHR,56(4): 315—323,

HER, AR IR, %, 1094, BUKET R ERIL 2 K
T IRREBE. RIL T 282, 16(4) . 60—65.

VLA MR ™ 5, 1984, VL3544 J b g vl IX b Jo 3. b
M AR AL

ZEHA L, FR4R , 285 , 2004, K AL e R A AU A LA AR

K 5EE s St R kb, 33(4): 361—371.

I, 1982, H E AR HR H A AR L A TR 3 4R % L A )
iz AL RO R IS M B R IR, B S ML PR B 5 T
frfl, 3. 98—118.

AL, R E L EIFRE, 2007, HiL IS #E1IL R K AR
R 555 B . BHE5E R, 52(9) . 981—991.

2R, BT S0, 2R IR A, 25, 2001, B FHMR P 3 70 AR XY
Wk U1E B8 A U-Pb SR HUE G AL AT, HERAL
%,30(4); 315—322.

XUk, A AR , B A, %, 2002, FHUEBRA R EH KILE
B B IR H 2. BRI, 31(2) . 129—140.
WL, kLA A, 2006 RAE B P ERBAENFENEE

SHRIMP J4E. #hER{b%,35(4) : 359—366.

35, /0T, BB, %, 2006, TIEAM M L FIR L4En R
N EEMSARMENR &a%¥HK, 22010,
2581—2589.

K, BRI, 5 3CHT, 2, 1998, £ Tl 4 ARG 2
AL S AT ER. L8 RISk R SR AR

TRHRTHRE /N, 1978, TIHB AT JLRT RN
fiat.

FFICH, 1987, ERIK T JLANEIRE RS, L8 i
FHE:,1. 45—51.

LRI, X8, 400630, 1991, RS P AR LM v
R Ve, AU B AR A

A, RE B AEEIE,%,1998. ZRRTHK A E LR
T PR, 65T - HbJR AR

Tl 5K, T 44,2001, T35k WL B s BR A S5 454 R 3L
B BA%M,17(4); 565—575.

RF, 1984 R R B AR KILE. LR Rl
g

BT A A AR, %, 2001, FEABEER —HERE
RAMBITEM Nd-Se-Pb RN B R, B0 %W, 17
(4); 617—628.

RER, BRI HKE, 2007 HIEHES 5 THERHE&T
BE 3 BN EIER ARBIFEHE, 1709,
1216—1221.

0T, THA R, 1999, VL35 B L kAT 2 FF #UZ B 5. B iR
R 53R, 20, 287—344,

TRHE, O, XS —, 4, 2003. T I A LA A SHRIMP
EEREES. FEBEDE),33(4); 309314,
BT, &I, B SR, 48,1994, ITIREEK A= 48k L 2 2
EHRVSEBEL. BREKERHR.6(3), 252—258.

mh R B BT 75 BT Kk LU A 4, 1980, KV FilF# THX
A AL 4 25 B R R 1] 43 A5 . B DR A8 I b S 2
ARIBE R MR AL, 108— 115,

JAE3R, R BRAE, 1994, K P A B R A RN
FERRREARR. R RFEFR(BRRFH, 30
(3); 504~-510.



