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Abstract Anjishan intrusive body in early Cretaceous in Ningzhen area of Jiangsu province, east China mainly consists of
intermediate-acid rocks (quartz-diorite and granodiorite). These intermediate-acid intrusive rocks are characteristic of HREE
and Y depletion, similar to those of adakite. They have low Yb and Y concentration (Yb 0. 78 ~ 1. 16ug/g; Y 7. 4~
12. 5ug/g)» but high Sr concentration (550~1579 pg/g), therefore possessing high La/Yb and Sr/Y ratios. These rocks lie
in the adakite and high-Al TTD field on Sr/Y — Y diagram. Although Anjishan intermediate-acid intrusive rocks show
compositional characteristics similar to adakite, our results indicate that they are not related to subduction, therefore they
may not be the product of slab melting. On the other hand, nor is it likely for a crystal fractionation or AFC process of the
basaltic magma to generate these rocks, since Anjishan intermediate-acid intrusive rocks don’t exhibit a successive
compositional variational trend with the associated mafic rocks and basalts, and evidence of assimilation by crustal material
has not been found. Thus, we conclude that Anjishan intermediate-acid intrusive rocks were most likely derived from partial
melting of mafic materials in the lower part of a thick crust. In comparison, the contemporaneous intermediate-acid intrusive
and volcanic rocks in the Suzhou-Wushi and Jiangsu-zhejiang areas, which are located near Ningzhen area, don’t show HREE
and Y depletion, therefore the rocks are thought to be most probably the product of partial melting by materials of a middle-
uppe.r crust level. Moreover, the adakitic compositional characters of Anjishan intermediete-acid intrusive rocks suggest that
their crustal source had garnet and pyroxene/ amphibole residues but without plagioclase, therefore, the Anjishan
intermediate-acid magmas were most likely derived from lower part of a thick continental crust, whose thickness in early
Cretaceous was over 40 km. It must be noted that the present thickness of the crust in the Ningzheng area is only about 30
km. Thus, our study suggests that the thick crust in the area could be thinned after the early Cretaceous.

Key words Adakite, Intermediate-acid igneous rock, Lower crust, Mesozoic, Ningzhen area
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LA TERMR T ZREEFERELER. Hb
BEBASSHRT . EMNUBER . O R L EKITS
EARF BRI THE OBRERC%,1990). A
X7 M K MR ANEY HT RN R A MR T
YECTAZ%,1989; BE{%,1990; H# 4 ,2000 %), H I
BHEHPBEFASRRERABEESENHKZ —. R
M, THEX PRMERASFEEN — T EEN R ¥
IEERFREN, XRRILEHRENPRERAN S A 1]
EW L CEMELZYb<L 9pg/g, Y<i8uy/e)»ENlS
adakite (Defant and Drummor.i, 1996 20 5% A0 AR, W B
# adakite (MR T ) AN IERY 5 £/ E R IE B FF 532 30 5%
H (Xu et al. , 2000; ¥ 8% ,2000,2001; S, 2001, KE/]
HRE, 2001; FEFES,2001), HEHMERILERRIEL T T

B K AERRAN B BE LAT adakite B9 HF1E, 3o
P Bl i B A B 1, AR SO REE B LA ks
AR FTHI R R O S MR (FMN-T B I A RH
adakite A JMFFAOE (¥ 34 & ok BUE VB XT LE L DA B 849 i 4R+
B XN R IR R Bk 3 ¥ B .

2 HURERAERMIE

ZRUSKRRTHEMR ARENFERBAR K —,
AMBELREN - MAHANEROAR BTERNE RS
RO VA R4 (B 1), 2281005 Bk S b b 1 1) 8 A4 3
X 10km, B HAL LY 4km, EBUE 40km?, ER LB EH &S
BERANEM KERINEAESERZ-RERARE
F. AR R B R 106~123Ma (BB {%,1990;
H#HE,2000), XERMRHEREHEREREEL.
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The distribution of Mesozoic intermediate-acid intrusions in Ningzhen area
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WRFEMBERL BELBFEGESGEL. HTHE
AANFHRESRZR A XEERARA A PREGHR
TR AT . XA H AR AR, T EME TRENE
FRBNBRETANERA EfNEEEIERGRNKEN
EHRNKEX,

3 HEERALFEAIR

IAFEMARNKEMERNK ARG ETRERMY
BRTRMRAITFRLI P RETERARLEFEFRBET
MM ERAL BT E, MM BT R RH L TR A ICP-MS
EREHRKFE RO XEEA LT —ET
L2 AR, B AR SiO, B 0% --66% (wt) ZIF, REE
{1189 SiO. B /M F 65% (wt. ) AS B AR H N LRI YA E
HEBEME 20% HEANLTENFTHRSIEANEENK
B MAXMIBERNEARERAKSE. ENMNH ALO, &
BEKT 15%, AHAMEMBE WL 15%. FENEA
FKI LA TiO, S B, A7 0. 44% ~0. 71 % 2 [6] , HI5T
— R PREFARSY TIO, S BMEK. XBEETERASF
fE 5 #f & 81 A B9 I 45 B i B 89 adakite (Defant and
Drummond, 1990) fH ML, (A B8 H A B , X B8 H F K
HH K,000.42% ~2.87%), Bl B ARFF adakite, A2t 1]
4 Na,O i BE® T K, 0 (Na,0>K,0), ZHE X WA
KE X —FES RN BEFHTHEERSE adakite
B {ERY &5 A (Atherton and Petford,1993)f8[H] .

ZENAFREANR LI CRIFEERAHAMUTREY
adakite, E {15 BE{f 49 B % LREE % L8, 5 2 & MH
HESHEWRLTE,HREE HH BETF 10 BB AH
EE@E . HUEEEHN La/Yb L. EfNHEAHIA—K
FREKXBEENNAERE . PEEARE A BRI IEH
RE.ZRUEGETHN Y HEBES/NT 1pg/s, HETHR
HREE. 5% M- & K E R A ENRAE EHFEHE
RS, ER(%, 1990)FI L HF i o A f8 B ¥E K L
& (Lapierre et al. ,199 K, REENH ETERSHL,
BEEAHEFHBRMNERLIESR@E D, EH YD £
KF 2ug/eg. AL, UBHEIEKRARRHTEHXHBEANS
GTHMEHR LK, B adakite # B 5 4FAE , 1 4035 #1 X 8 1E
WA PR KR A AR BA adakite BB HRIE, XA E R
BERE L LR T K PR E A R R R .

ZELMARRNKEMERNEKENMETEREAR D
BR Y adakite B A MR A, X HH T H MORB R¥ELY
ERBUERALHBNAMEMNARE (H 2. HEFENE
EMERSE, CIHENEEL KT 800pg/g (L — TR
%R 550pe/g) » BEHIHIT 1600ug/g . (B RFTH M EFHE
BERMTEYWEE.EMNB Y BHAEN7.5~12. 4pg/g
ZH,BAREXEEARAREHN S/Y RE. EIER 4 EA
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adakite A B4 X , B 7 tH HBL adakite 2 A BB 1L, T
ILHF I P R R KA AR So/Y EE 4 A RELE
HEHRLEMRELRX.

LR, TEM R RREN TR LAERNBAEUS
BEH T4 Sr/Yb Ml La/Yb H{E N IFAE . (BH XS
F LA #Y adakite B K KO, BEWE 1N &RT 5 adakite i
BB ARBAL. ENHELHEHBARRTHMN-I
SHMEMITHMEERE XA PREBRAEMAX
sy, B AT, A R, T X R AR KB AL T R 4
Bk A —— B aduiite B EN XN EMAFERE
WEAZ S AR KRS .

4 g

4.1 RELSANEBEHMMBREFRH

BA adakite R FENXRERZHAERE, LT E
BRE: (DR BEEAES KW AFC # A (Castillo et al.
1999); () MM H  MORB % A 04 354> 43 Bh (Defant and
Drummond, 1990); (3)JEM TR FEGLE S A KM 1E
Fib %5 (Atherton and Petford, 1993; Peacock et al., 1994).
HE.ZEULAKRPHEATRARRAENERS RGBS
BEMRRER(AFC HAD =AM, EPERR, THEX K
WA R AR EEBERIES: SATFRBLRA, THM
X 75 3% 5 9IS R 9 o BR A K 1) 3 SR AL 2000 K AL —
FARTEMRXERNEEY . TEAPRERABHR
(EFHE,20000, REMFRHBALBOPERBER X
BUE BB MR R I KA PR RN AR X /) A
BOEMA KD RER . 76T HH X A AR R R A
HEREIWAEEEAAYBHEM TiO, . HREE.Y M & &, X#
EUARBELTETYRANANAG SN GBS RIRE™
EREBIEKREGRHE Sr/Y. La/Yb LEREN Y ER
TEE. FEEMIEHR, 7 Th—Ni #l Th—Ba R ERE
BL@E. ZREUEENTRESASTHHREAPER
BT KA R K P ERTREHFABRHESE
AR X 5 IEB A Camiguin 55 AFC BH XK
B adakite A HFIEMBEXLEHBRRE.EEEXR
Bkl E BRI EEEM RS FWABEE A NHETRTEXK
W4 530 R el A TR A R R IR B (AFC EAD B &
(Castillo et al. , 1999), #EE 5 L ZBNHFTREEGTER
AHEEE STTE Ni, Ba 4L, 0% Th § BEAXRFAE, M
HEMNW ThEBRFTHBXPERBEER RS BH
FLHMEFERLTRE S5 LR PHEMEY, X
BERRAZENPRESARAEHBNMRY RN IE R
REBRRAEEYN, EW, E114 Th S BHEHEE Ni 7 Ba
HIRRRTO I & . Bk, i AFC ARG BRI S ey
BUEEARAHIRS T,
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%1 RELEFEEHEARCONNBRTR (e/2) RS
Table 1 Major and trace element compositions of the rocks in Anjishan intrusion
HAEER AERNKEMIERNEE
B 21 22 25 28 30 31 32 33 34
Si0, 64. 46 65.12 64. 89 65. 05 63.12 63.93 62. 34 64. 97 60. 26
TiO, 0.52 0. 44 0. 46 0. 47 0. 47 0. 48 0.51 0.48 0.71
AlLL,O; 15.53 14. 84 15. 80 14. 98 15.70 15.93 15. 25 15.52 15. 24
Fe, 03 1.13 0.93 1.72 2. 56 1.59 1.40 1. 05 1. 68 1.97
FeO 2.97 2.76 2.53 2.22 2.33 2.73 2. 95 Z.55 3.30
MnO 0. 08 0.07 0. 04 0. 04 0. 06 0.06 0.12 0. 06 0.13
MgO 1.53 2.38 1. 69 1.52 .88 2.24 1. 97 2.11 3.99
CaO 5.31 4.25 4. 48 4. 0.8 3.63 4.54 4.09 4. 31 6.71
Na,O 4. 88 4.45 4 £3 4. 28 +.05 4.62 4.03 4. 90 5.54
K,O 2. 87 2. 69 2. 87 2. 98 2. 81 2. 60 2.12 1.74 0.42
P.Os 0. 35 0.24 0. 2f 0. 26 0.29 0.27 0. 31 0.27 0. 36
LOI 0. 27 2. 08 0.43 0. 80 2.55 0.71 4.79 0. 95 0. 88
3 99. 90 100. 23 99. 55 99. 54 99. 54 99. 51 99. 53 99.54 99. 51
Sc 5.6 3.3 5.2 5.1 3.8 4.6 5.0 5.0 11. 4
v 80. 8 57.3 62.6 69.2 62.1 69.2 70.1 63.3 110
Cr 35.4 19.6 27.7 22.0 24.9 32.0 44. 6 32.3 113
Co 9.8 9.3 8.8 10.5 9.9 1i.2 11.2 11.7 20. 5
Ni 18.9 12.0 22.5 12.2 17.5 64. 6 23.2 16.5 42.9
Cu 119 37.2 34.2 291 13.7 16.1 11.7 30.1 17.9
Zn 29.3 69. 7 31.7 34.7 39. 6 55.2 76.8 47.0 64.1
Rb 50. 4 38.1 47.6 43. 8 44. 6 25.3 35.3 21.0 5.09
Sr 845 822 972 906 1093 843 550 1210 1579
Ba 1744 1904 1843 1591 2066 1665 667 2559 707
Y 10. 4 7.5 8.1 9.2 8.2 8.8 8.9 8.4 12. 4
Zr 80.9 77.9 61.8 69.7 78.3 98.9 110 40.1 103
Hf 2.9 2. 7 2.3 2.5 2.7 3.3 3.3 1.7 3.3
Nb 17.2 13.3 13. 6 14.5 15.2 13.6 12. 3 14.5 22.4
Ta 1.2 1.1 1.1 1.1 1.1 1.0 0.8 1.0 1.4
Pb 9.8 17.1 10. 0 8.4 11.9 9.0 15.2 14.4 41.7
Th 15.7 8.92 10.3 11. 9 9.8 9.3 7.9 8.8 12.3
U 3.5 2.3 2.6 2.6 2.8 2.2 2.2 2.4 3.5
La 45.1 37.5 37.4 40.1 36.7 37.7 32.5 34.9 42.0
Ce 73.7 71.9 73.1 78.1 68.7 60. 9 59.0 67.1 84.1
Pr 8.04 6. 80 7.18 7.76 6.68 7.08 6. 14 6.58 8. 27
Nd 27.6 23.5 25.2 26.9 23.0 25.2 22.6 23.2 30.7
Sm 4. 41 3.71 4. 00 4.20 3.56 4.07 3.91 3. 89 5.20
Eu 1. 36 1.33 1. 40 1. 39 1. 28 1. 35 1.16 1.36 1.53
Gd 3.69 3.44 3.44 3. 40 3.36 3.48 2. 80 3.55 3. 82
Tb 0. 47 0. 37 0. 39 0.42 0. 37 0. 40 0. 39 0. 37 0.55
Dy 2.29 1.92 2.01 2.12 1.92 2.10 1.95 1.93 2. 80
Ho 0. 40 0.31 0. 32 0. 35 0. 32 0. 34 0. 30 0. 30 0. 47
Er 1. 04 0. 84 0. 89 0.94 0. 84 0. 89 0. 81 0. 85 1.28
Tm 0. 14 0.11 0.11 0.12 0.11 0.12 0.10 0. 10 0.16
Yb 1.06 0. 81 0. 86 0.94 0. 88 0.91 0.78 0.79 1.16
Lu 0.16 0.12 0.13 0. 14 0.13 0.14 0.12 0.11 0.19
Mg*® 40. 61 54.11 42.48 37. 45 57.71 50. 01 47. 41 48. 07 58. 36

AR AR RN Y MR LITEA ICP—MS 247 KA MBTRMERERT 5% SETRNERELTT 10%.
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Fig. 2 REE and trace element pattern of Anjishan intermediate-acid intrusive rocks
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Fig. 3 Comparison of REE compositional characteristics between Anjishan intrusive rocks and the other igneous rocks

without adakitic composition signature

AR IE. BEAEENE, XEAENKEMIERNK
BNAEMER A R EL B EAR FHR A ER A RA
A ENITHPNd/4Nd <0, 5123, ¥Sr/*Sr>0. 706 (iF4kIE,
FETD xR R AR ER TI M E M T2 & WA RS
A K H] BB B 0 BN R 9 MORB & A i 38 4 48 Al
[l

BTy B LB B A A R R AR T 8 B R R
YL UAREEE RN S RS AFC B &Y, EfHA
AREEEERE RS THABBIEX, B, 8116 R FiX
BEAAAREN FTRARPESRE AWHSHERE R
8. CHBRBR. S Cordillera Blanca ‘& 1 PR
ABEHANRARNER THAEKT SO BERHN ™
B, EfTRE® S/Y . La/Yb LEMMBKH Y MEHK L&
B,{H A b adakite & 7 ¥ X 8 & # K,O (Atherton and
Petford,1993). 5 Cordillera Blanca HEM A AL, &
INHEEMBEANERT SIO, MRZINAETEZE 700 L4,
FoAfth 49 M BR AL FFAE L 24 L BF AL ZE AR R A
AR E S AL, BA AR TH AR PR S ER S G R
SHER .

4.2 RELBASHFHFERXRE
7 U DX B BK R A A A R 4 R AJE U TR AL A3 9

TRRAERAE S AILE . WRKEX BT R AN ER
TARMZEENER. TSR E. SHRAB LK
FAZ (Yb<T1. 9 fl Y<<18pg/g) I b Mk K B # (5 adakite-
like A0 FIE# B PEEHE KA (Yb>>1. 9 F Y>> 18ug/g),
HPEFWPREXLSEREEHE N, M5 HEH LT
EMEZPRE X ESHRERE ., AT EBKAENIT
WX, XHEPERPTREARESFTLE, THHEY
PREFAERAAMNTRER L TR, kL
95 M- T 85 K AE i< A0 48 BT o X B9 b R kL 28
MERTRAE L CEMEZAER I, BRI DX TR
HRETARIREMHZEX,
PEZBENREIRENSRER L ARMEZH PR
HONZEEF - MRHBREEX . Bi15 adakite A& 4
MU HEXHEER S AL E - MR E D& HE
T.mmEEsBNEEENERP BEPHERKRGE
THRAOMG.EMNH HREE MY #AZGRASRERAT,
X B A TR B4 A A 4 P RS K 5 ) HREE A1
Y HELS, ERAEAEFREN.GERELGEKRT
L2GPafEN T MK ATREME AMGREE, 8 FiX
TEATHAEARSERIERMERRLESHRER LML
4 % (Rapp et al. ,1991; Rapp and Watson, 1995), Hit.,
UZEILNBAEIRENTHRER L CEMZHE G, Nk
BF1TMEHAKTF1L2GPafy THIFEK.
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Fig.4 Sr/Y—Y diagram of Anjishan intrusive rocks
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Fig. 5 Ba—Th and Ni—Th diagram of Anjishan intermediate-acid intrusive rocks
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AL, TR M -JC 85 B VLA 1 X B IE W PR YE KL A E A
MY ERERLTCRMIZ A - aEH AR EH RH
S (18 3D, X SeAR 1 3R B B (1149 0 572 U5 IX f 5% B AR B 4 T
REBLA AR A T AR AE A RS A, B LA it 52 TR X 9 30 00 0
BMERKPREARARESHER I TRNEZH AT
iE. HFRXREAWRTFERFREFERHKE, Bl L
BAERNENT 1.2 GPa &M T 4. HHATH.&5
M-TR MR RILH e K P ERA T RER L TRMELF
B KA R RAE H T B KRN E A R AR
KESBRERLY, BN TEX R T L=
ZH.

4.3 RELB|AZFELMIRTITRELRFELTNEE

W Lk, R IHEAN B R H cdakite B4 FFAEH
B xRS, EITRER LHZM RS FERRENNE
ERET -4 THEEX, XMHERERXHEEN X T4
40km (1. 2GPa,Rapp and Watson, 1995). E I, RITIAKH%E
EINMENAHERMNESAKT 0km BHE. b THE
BIEHMEELBASEET TR, X R %E DA
THH X B M TSRS T AR >~ 40km, %R — M HX B E
B HE X 58 #& Cordillera Blanca & 7 (4. 65~6. 7 Ma)
H X B4 g #8752 49 50km (Atherton and Petford. 1993)#Y
AL, %R A adakite RAMIFIEMBEARH KW
153X PR 75 P Al 4 1 B adakite BUAMFFIERI KA .

et AR B T B M X R — AN £9>> 40km §ERESE H B
2 B BR 4 PR YTk B 7 i X B AR A9 0T R B (L AE 30km
A CE#E, 1992), XKW AL E LR ANEE 100~
126Ma ZHE GBI A, TR RMBTHERECE2BE
AT, A >40km LA 30km 7545 , B S AE 1X A I A%
MKEAET BN EREER XRE—AEEHEOHE
BEMAER S HELRE.

A M X 5 Y S T R R R R T A i A # BRAE S
AR, WNERE XK LRE, T 788548 BB s 6y 0L
adakite Al 245 fiF & o A AR A B R BUAE 4 AR X ) VD IR A
B (ERZ, 200D KB (F3R%,2001) %3, R A4
R A W N AT BE YR AE A — 1 284 adakite UM FRAE(R
N 4 A DK A, B, AT A DX 2R I I 3t 5 6 IR A
HEXRARREK, MRBRETERE MR W) ¥l
2. EK A A R P A AT A RE R E LTI AR
g DB A PP A AR K B S 3K R 4R A (underplating) 3R
SRR A B S B A LA R R A R AR . B A
THM X A9 X HEN AR RS R AR R
FEEMSRESEPERY, Bt R AR EN . B KX
SRR R XK EANRALTI MR FEEE
B R B L AL EN X EEAMERANOIR.

5 &k

WMTHEHAXZENRBARUSTHER L LN EEE
KRS FAE B 114 adakite B4 28480, (AR BAR S Wb R 2
HEES R RB RN,

ORFUWEBANEHERERT - HEMBR RS
BR, TR FMFBRIAFRRYRT B AEMN; A
RO RARAZHTEN-EASEALH B EASHRERLME
2P R OB WU b LT R R BRI B .

(=G X 3 7550 40 48 b AL B 8 28 B L 281 adakite
53 1 3 BR 12O X AE A AR VT BB — A 29> 40km f) TR 3t
FoPERZEHEEY &4 T 085 R W, SRR
R E ALY 30km,
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