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Abstract: REE, trace element and Sr, Nd and Pb isotopic data of the Hekanzi alkaline complex are presented in
this paper, together with a discussion on its relationship with the regional tectonic regime and its geological im-
plications. Rocks of this complex have high REE contents. In the chondrite_normalized REE diagram, these
rocks show LREE enrichment and have weak or very indistinct negative Eu anomalies. The PM_normalized trace
element diagram exhibits LREE and LILE (Rb, Ba, Th and Sr) enrichment with negative Nb, Ta, K, P, Ti
and Y anomalies. Transitional element contents of the complex are very low compared with data of the primitive
mantle. REE and trace element characteristics of the Hekanzi alkaline complex are very similar to those of the
Fengcheng alkaline complex in eastern Liaoning Province. A five point whole rock_mineral Rb _Sr isochron for
the main intrusive stage of the complex yields an age of 221. 4 £8. 5(20) Ma, implying that the Hekanzi alkaline

complex results from activity of Indosinian alkaline magma. All €Sr(¢) values of the Hekanzi alkaline complex
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are positive with an average of 7. 23, and the initial 8751/ 868y value obtained from the Rb_Sr whole rock_mineral

isochron is 0. 704 77 £0. 000 15. However,
Nd, Sr,

all the ENd(t) values are negative.

Trace element compositions and

Pb isotopic geochemical characteristics of the Hekanzi alkaline complex show that its source has features

similar to those of the EM [ end member. These features suggests that the upper mantle of the eastern North

edge of North China platform was fertile in Triassic period and, what is more, the upper mantle under the east-

ern part was more fertile than that under the western part of Liaoning Province. Variation diagrams of major and

trace elements imply that the Hekanzi alkaline complex was formed in an intra_plate environment, and its major

magmatic process is dominated by batch melting.

Key words: geochemistry; Sr, Nd and Pb isotopes; Rb_Sr isochorn age; alkaline complex; Hekanzi; western

Liaoning Province
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Schematic geological map of the Hekanzi alkaline complex ( after Li Zhitong et al. , 1986)
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1 —Early Paleozoic diabase veins; 2 —geological boundary and unconformity; 3 —houndary of petrographical zone; 4 —measured and inferred faults;
5 —marble; 6 —granite_porphyry: 7 —fine_grained porphyritic nepheline_bearing biotite syenite; 8 —granophyrie biotite nepheline syenite; 9 —medr
um_grained nepheline_bearing biotite pyroxene syenite; 10 —fine_grained nepheline_bearing pyroxene syenite; 11 —medium_grained pyroxene biotite
syvenite; 12 —medium_grained hornblende biotite syenite, medium_coarse grained biotite syenite; 13 —apatite biotite pyroxenite; 14 —acid rock
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Table 1 Trace element and REE composition of representative samples from the Hekanzi alkaline complex
L E TR 9501 9502 9503 9504 9505 9506
AR RN IR Sl SRR THEAERE PR REEEA RS AR SIERE
Rb 165 128 136 147 150 119
Sr 2749 1751 2215 1 996 2301 1015
K 4471 5303 5863 6094 1 581 3170
Ba 2568 1473 1731 2185 2037 1130
P 305 209 140 240 166 502
Nb 33 23 32 34 25 26
Ta 4 3 4 4 3 2
Zr 227 270 249 227 180 552
Ti 438 372 348 372 396 713
Th 24 16 19 25 14 14
Cr 100 84 95 120 82 57
Ni 68 52 56 77 41 54
Co 22 14 22 21 20 20
A 122 75 109 151 83 80
Ga 21 16 19 25 16 19
La 43.70 53.90 32.50 94. 90 71.40 60. 80
Ce 97.20 107. 00 72.20 273.00 138.00 135.00
Pr 17. 00 14.30 15. 80 33.20 15. 60 14. 70
Nd 47. 40 56. 60 42. 90 142, 00 57.50 51.50
Sm 8.90 9.43 8. 74 25. 40 10. 05 8.33
Eu 2. 18 2.91 2. 66 8.25 2.94 1.97
Gd 7. 66 8.02 9.13 17.30 7.52 7.15
Th 1.02 1. 10 1. 19 2.52 1.04 1.05
Dy 4.34 4.98 4. 84 12. 8 4. 80 5.48
Ho 1.05 1.02 1. 14 2.12 0.82 0. 86
Er 2,770 2.39 2.89 5.64 2.10 2.61
Tm 0.33 0.30 0. 36 0.75 0.27 0.35
Yb 1. 68 1.61 1. 84 4. 18 1.45 2.04
Lu 0.24 0.30 0. 44 0.63 0.24 0.35
Y 12. 40 15.20 10. 09 39. 20 14.90 15. 30
*REE 235.40 263. 86 196. 63 622. 69 313.73 292.19
ZLREE 216. 38 244. 14 174. 80 576.75 295. 49 272.30
ZHREE 19.02 19.72 21.83 45. 94 18. 24 19. 89
(La/ Yb)x 18. 66 24.01 12.67 16. 29 35.32 21.38
GEu 0.79 1.00 0.90 1. 14 0.99 0.76
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Fig.2 Chondrite_normalized REE patterns of the Hekanzi
alkaline complex( after Sun and McDonough, 1989)
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Iig. 3 PM_normalized diagram of incompatible elements from

the Hekanzi alkaline complex( after Sun and M eDonough, 1989)
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Table 2 Rb Sr isotopic data and calculation results of the Hekanzi alkaline complex

FE+7 Hnsy w(Rb)/ 107 wi(Sr)/10°° R %S ¥y %8y 220 Iy £Sr( t) £3r( 0)
9504  ALEDIRAPIIECY 160.9 2184.0 0.2132 0.705511 £18 0.704 84 8.22 14. 4
9504a Wz h} 458. 4 237.3 5.5974 0.722413 125 0. 704 79 7.48 254.3
9502 BHEIERKS 132.6 1 809.3 0.2120 0.705 453 20 0.704 9 7.45 13.5
9506 PR o 136.9 1173.4 0.3375 0. 705 699 +20 0. 704 64 5.33 17.0
9507 AR ey 132. 6 2504.4 0.1531 0. 705 300 20 0.704 82 7.91 11.4

£ v TR 2 s R s Sy FIURIE 9 T () 7 5 926 AR AR5 L ¢ M Rb_Sr 25 2R 4EHS 221.4 Ma, N YRb) = L42x 107 a7 !,

Ma, X —4FE IR K T A SIS R 428 221. 4 3.2 Nd BIGIE4HE

Ma, (AR Z RV 2 WA A —30 . R4 SR T A m kP S EARASEHAM
IR AL R AR KA R, ] TUGS(1989) EPS  FMRRME A M T Sm_Nd W4 #r, 23 B Edhs 41 T
W% 1990) 1) [E 4 40 [ 7 R M AEAR S KT &, 3. WE 3 AT, BFAREM S AN "N 1
FIRT Fem RN %S T e = Sl e S RAEH = BIAE 50k 0. 512 176 A1 0. 512 275, &1 7 46

. PILAE (0. 512 638) ; #ILA{E 4375100 0. 512 030 F1
0-?24b 9504}/ 0. 512 129; &g ( t) 40 H M. 4 &ju N - 6.31 FI
orsob] 258 osos = W P ww\hﬂ.”r AT EOE — R LR T %

9507079502 TP e A I DX SRR
$0.716 3.3 PbRMiLZE4FE

? oma PRI WAE A o AR 4

I ) AR A b I B A AT Y S8 Y R s, 4
or08f | (070471 £0.00015 Ryl &4, hk4a uJMﬁLMMLizﬂ.%%EPM
g B YR A Z22°Ph/ 24Ph 27ph/ 2% ph 2%%ph/ 2%p)
S N NV T Gy e sy (78 6 R A R K, w{ﬁf}a}m- 17. 040 .15. 330 Al
i 36. 825, 76— 5 LI | [ Wt ) % A% o 1A 1) 0% 5 44 [
B4 TR A R, Se 2 R I P ZE A BAFIE . 5 RIS AR AN E A IR K
Fig.4 Rb_Sr conventional isochron diagram of A1 (FE %5 LNOI3) [ 2 Pb/*™ Ph 277 Pb/ ™ Pb .
the Hekanzi alkaline complex 208phy 204 pL 43 51l S 18. 068 .15. 486 F1138. 189 ( ik #f

x 3 GARFHEMERER NdRARNAIBRAELER
Table 3 Sm Nd isotopic data and calculation results of the Hekanzi alkaline complex

—_— Slll N(l
FE4 g 110 Wsm/ "MNd "N N 200 ¢/ Ma tpw/ Ma 1y Sswna Ea(0) Eal1)
W R
9502 GHSMIEKY  7.653 45819 0.1010 0.512 176 £6 221.4 1184 0.512030 - 0.49 -9.01 - 6.31
9506 Wi by 7.644  45.791 01009 0.512275 *5 221.4 1319 0.512129 - 0.49 - 7.08 - 4.38

eh R 2 B b L5 M R A BB R OBT )0 2 SE AR s AR R IR R R I G, ¢ I Rb-Se SRS R AR B 2210 4 Ma, oy =
I/ ALn{[("*Nd/"™¥Nd) .= 0.513 151]/[ ("Sm/ "¥*Nd) ,— 0.21357]+ 1}: X "*Nd)= 6.54x 10" 2a !

® 4 AR FREEREE P R RN XEERAEER
Table 4 Pb isotopic data and calculation results of the Hekanzi alkaline complex

FE5 PR SR LIl W6phy Mpp( 209 ) 0Tphy ™Mph( £20% ) 28phy M™Mph( £206 )
9502 Tl I 16.978 0. 015 15. 330 +0. 017 36. 770 0. 017
9506 WO WM mIE s 17. 100 £0. 029 15. 330 £0. 030 36. 880 £0. 030

ey e PR} 27 Bt T g S R A BEGIE T [ 4 4% S TR AR PR e il R .
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Fiz.5 Th/Yb= Ta/Yb (after Wilson, 1990) and Zr/ Nb- Zr/ Y- Y/Nb (after Fodor, 1984) diagrams
of the Hekanzi alkaline complex
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(after Rollison, 1993)



200 EEHE CIE T Y/ B 023 %
4.2 &R 4.3 FHEEHE
Brown( 1982) $#£ ! ] Log[ CaO/( Na,O+ K;,0) ] B SC 22 32 31, 1307 W VE A 4 A v 31 3
- Si0, FfR e LA BRI R OCR AW Sea AL B, ¥z m R JLANCER R S Y La s
F He 38 (L FIRL R B PPAS [RI MG S PR BT 1 5 AE ] . L Sm 20 #3876 La/ Sm— La 284k K R El(Allegre et
WP REPE A SR E RN S A R ICESE  al., 1978) LHGY, 45 B2 50FE 5 11 La/ Sm A bfi Ld
i 2255, 1986) HlME % BBl 7)), 45 REGE A0 B niis s on, 3 w4t 3 20 e oy = A, 2

TR AR 22 T AR R Br 9K R 5 5 AR A X Ik, 15
ANZIRPE I S RTE T 5 9K R8T .

¥
e

SEE (FER)

.
&

=

55 75
YR

suwe Se
(A%®)

45 $i0,

Log[{CaO/Na.,0+K.0)]
-

N-BEEMIEBEARERE
K-EREEEREARENE
A-BRKXHEAMBREADERE

-2

B 7 R A A A AR T Logl CaO/f ( NapO+ K,0) ] -
Si0, P fi#( #i5 Brown, 1982)
Fig. 7 Log| CaO/({ Na;0+ K;0)]- Si0; diagram of the
Hekanzi alkaline complex (alter Browu, 1982)

La/Sm

20 80 100

P8 KT A

AN WS S A A R T A é}#f’r}ﬁ
(P& 8a) . % 4b, Ouma( 1981) #£ i1y S—- B Efift(
8b) L 73 ] IR Bl P 2% R A e g
PERLAE G R EY) .
A RS E AT R 1 DA AR 2 IR ik o 7 4
P YA TSI UES N ¥ BB Pl
(1986) H5 I K1 43 A =42 A ST 5L e 8 i B R n 432
NHH, AW AN B BE R LA R 55 B A (kA 5 3 1)
A1) R W S I R N i OG AR LR T VR Rk, M
{52 NS BB B P AT 3 e B BOS ER AR, A A 2

HF T g Rl [ AT e e R hn (3 s
RIS PR R R S N TRV R s P E

A TCF AL P BRI AT % (K 2 A 3),
ft R RRRYE . B8 fw A~ Jal ) Bk — 25 J ik
tHAZ B 2 A A 8 20 4 Rl O S 19 2 SR 30
A 7=, AR ASHEBR REAN B Be P AR 3 R 4 i 20

P I” )f\
o HUILES A

SAERMAAAE . o] W, IR T2 Ak E M E A
AT Y AZ AL R R — %dﬁlx R AEAS )RR P 508 40 s fi

0.01
Q 0.001
w v 3 A+

&7
b
0.0001 . e
0.0001 0.001 0.01
Ba/Ca

FARTY La/ Sm— La FEMR( 4 Treuil, 1975) 1 S— B FEf#( 4% Oumn, 1981)

Fig. 8 La/Sm- La diagram (after Treuil, 1975) and S- B diagram (after Oumn, 1981) of the Hekanzi alkaline complex

YEH A2 T8 1, T A5 AN B B ) 5 2R A2 A ik e v T fig
NAFTESE oy ER .
4.4 HEEX

TH DA R R Bt 2 1R 2 D) o A 2 22 S R E
FIAT 9%, B DR AT 0 JEE 1 A R R ) T
i e BV 2R R AR i i Aty AT A 1 St AR RsE: JE A
T B M DX An K P s F i) (Best, 1982) o H 3L BESE

(1986) &1l 1 b & Jb S T Hh X 4 opr A QI 5
KA BB M B, A ST R v S A e R
Fhrok B TS St S A — B BT SR AR A
VE AT S B 5 K05 B0, () It ) 3 ol b i 2 85
AL T MO AE TR el T AL T 2K B A AR 5K M R
15, T 2435 B T i CURIA b b, A5 A Pl S g [
P A P 5 | ARG R 8 3 0 s = A B B s 32, 6 3L



o3 1)

TR S5 L VG U IR T I e A b R 2 S AU B b R S 201

PRS- TR A Ik R b 52 b 5 VR G RS AL DN 1 T B
PR NE(IRIEIR, 1989) .

ASCRAFI IR T e A R R A2 A 1
") Rb_Sr 2 284564 4 221. 4 Ma, 57 AH K Ar
PRI (AR RS R AR R 22 YE R N S AW &, X — 4Rl
B 5 00 IR R 1 2% 25 R 1) 1 3 T8 A S 224
Ma( ARG5S, 1999) A8, PEARILEZEE T 1¢
A6 HE 5 A6 Sk B SO 25 7 25 B A% )R, 10 W 7R
SR XX IE A TR RERIG B .

AT b b & DX AR AR R et R N )
eNd( t) # R S, P ORI S A b A ¢, T %
SEHBAEDX (1) eNd( ¢) A IEAE, 57 #ihi P06 R %)
(Ta) R A%, 2002) o A SCAG T 31 B 1 2% AR 11
eSr( 1) ¥ IEAL( A 7. 23) . 17 eNd( ¢) ¥ 8 5,
I YK 0. 704 77, " Nd/ "M Nd W46 BIME N

0. 512 080, b4k, Ph [ 47 Z2°Ph/ 2 Ph 27 ph/ 2P |

ZUSnerm DY TG SO R L AN n 11 [T 17. 040 .15. 330 £
o HJJ”/JLLL/J Ll I 30 AH

36. 825, S & B S B BAE N n’J ZA T8
Hedli(17. 302 .15. 343 37. 397) ( [a) B 4%, 2002) $%
AT, AFLEEIL 2R R P 2% 2 A 1) ] S A I . nT DL, ]
T2 A 1) Nd St Pb R 5% 54 #5) 3 w) 3L
JE T SR AR ah, W) R S A e A O,
Sr I Nd [ HI4G Ho A3 LT B dg b, 1 W SR
AR, Mo TE IR PR th EL AR . "N/ M Nd-
8781/ 808 N A/ "N - 2°Ph/ 2 Ph X & K48 7
IXFp IR 8 T EM T B, 33— 5 S b a5

HE R R TS R L) WAL AR 28 AR A D S0 1) 2 A P g
(Hart, 1984; Zindler et al., 1986) . Nd [F]{7 % [{) 75
g B RS on KT 10 104FE (3R 3), WioR TIE
JSCIE ol A b P X ) B () £ e AR . TR TR
PEAE AR Nd Sr P [F) A7 345 AE AR B b
B ARG R XL b 7E B S AT B A G
() st 4 7 13X — I I 2R B P R b AR R
JEBE .

5 4

(1) TTERF BB 2 o A SR 2 i 2 B A
FICEHAC O i 2 KBCFAT KRR A Eu 59 50
W BTG R A, TR G 5% Wk R T A A R

A, B4 LREE I LILE (Rb Ba Th Sr), Ifif Nb Ta .

K P T .Y A 50 e, o % 6 2% 0 K AR A%
TR UGS . F RN T £ A B X ED SR
IR 2 A 1 A R S AR B AR ALL . Sr Nd AT Ph

[ R AE R B, A% M e Ak T, UG, 13 M
0.704 77, €Sr( ¢) ¥ EAE (I 7. 23), eNd(¢) ¥4
P (M - 5. 35), J Wi 95 X & 4 11 4 A,
206p},/ 204py, 207 plyy 204phy 208 Py 24Py 1) AR Ak i A
K, 5 b E G5 B S W E B N R AT 3
B SR b, 18 BG4 Ut 2% a4 i B &2
A o TR T Bk 2 25 A s A AR A I I, A 1)
12 LA IRHIR, 2545 La/Sm— La FEf#F1S- B
PRI 26 % 2 5 A S 4 t;kﬁléé}iﬁﬁitwi%rm%wi iR
HRAEH ) .

(2) WERT I A R A A A 1Y)
Rb_Sr 25 25 FE W0 g 221. 4 Ma, 530 4 AU el P 2%
AR T A RS 224 Ma AH—30 RO T %X
TEMe = Bt Ak T Hr ok KRG A5 5 B

(3) [RINE 2 B B T 22 M BRAG 27 R 1F S A8 Ak K
AW KT ﬂrJﬂUﬁWﬁ/\Iﬂ&.’i— A R E BT 5t

ut—*nmm iul—ﬂH M T 300 e s Wbl o S B
TR, P PR g BV 1 265 @ S MBI H O, i s

EG | SRIREE P A2 T2k, R It 457 th A JE b 65 e
ILZE ALY M X b 2 7 B SR AT AR
H EILZR I 5 AR R LU v )

B b ERE R T S R BRI AT BT 8
BT FEMIT Nd Sr Pb [FAf7 2407, JEa KA ER 5
A3 ()RR A 22 B ik (L afy 55 b 5 A 207 5 1 S it =

SEIT Mt SRR T ER 50, e e B0

References

Allegre C J and Hart S R. 1978. Trace Elements in Igneous Petrology
[M]. Amsterdam: Elsevier, 1~ 12.

Best M . 1982. Igneous and M etamorphic Petrology [ M]. San Fran-
ciso: W. H. Freeman and Company, 196~ 221.

Brown G C. 1982, Calc_alkaline intrusive rocks: their diversity, evolu-
liﬂl] il”(l i'(“.]al i(}l] Lo \’ﬂl(‘alli(‘. arcs | J'\] . 'I. ||(1r|1(-‘. R S, J'\]"l(l(".rHil"SI CI .
John Wiley and Sons, 437~ 461.

Depaolo I} J. 1988, Neodymium Isotope Geochemistry: An Introduction
| h‘{ I . N(““‘ ank: Sp]'il]gﬁ]'.

Faure G. 1986. Principle of lsotope Geology ( 2nd ed.) [ M]. New
York: John \Vik-‘.)‘ and Sons.

Foley S F, Venturelli G, Green D H, et al. 1987. The ulirapotassic
rocks: characteristics, classification and constraints for petrogenetic
models [ J]. Earth Sei. Rev., 24: 81~ 134.

Hart S R. 1984. A large scale isotope anomaly in the southern hemf
sphere mantle [ J]. Nature, 309: 753~ 757.

Hart S R. 1988. Heterogeneous mantle domains signatures, genesis and
mixing chronologies [ J]. Earth and Planetary Science Letters, 90:
273~ 296.

Jing Lizhen. Guo Yujia and Ding Caixai. 1995. Geochronology and ori
gin of Saima alkaline rocks in Liaoning Provinee [ J]. Liaoning Geolo-
gy, 4:257~ 271(in Chinese with English abstract) .



202 oohaoww

v,

a

Au

Fi ?ﬂ 23 ﬁ

=
SR

Li Zhitong, Yu Changtao, Cheng Delin, et al.
tics of the Hekanzi alkaline complex in Lingyuan County of Liaoning
Province [ J]. Bull. Shenyang Inst. Min. R Chinese Acad.
Geol. Sci., 14: 43~ 61 (in Chinese with English abstract) .

Ludwig K R. 2001. ISOPLOT/ Ex:
crosolt Excel ( Ver. 2. 49)

1~ 8.

Ma Wenpu and Liu Ang’ ang.

1986. Geological characteris

Geol. s,
A Geochronological T oolkit for M
[ M]. Berkeley: Geochronology Center
Special Publication,
1986. The Xi Shan of Beijing —a part of
an aulacogenient in Early Mesozoic [ J]. Scientia Geologica Sinica.
(1): 54~ 63 (in Chinese with English abstract) .
Mou Baolei and Yan Gouhan. 1992, Geochemistry of Triassic alkaline or
subalkaline igneous complexes in the Yan— Liao area and their signif-

Acta Geologica Sinica, 66 (2): 108~ 121 (in Chinese

with English abstract) .

icance [ J] .

1981.
partition coefficients for nepheline, melilite, clinopyroxene and per
Zaire [ ]].

Ouma N, Ninomiva S and Nagasawa H. M ineral/ groundmass
ovskite in melilite = nepheline basalt,
15: 221~ 292.

1988. Normalization of isotopic dilution analysis [ J] .

31(10): 1263~ 1 268.

Ren Jishun, Jiang (.hunfn, Zhang Zhengkun,
tonic Evolution of China [ M ].
29~ 35 (in Chinese) .

Rollison H R.
tion, Interpretation [M].

Sun S S and McDonough W F.
llf ll(:f‘.’dni(: IKL"":II'!“: il“l}]i(:ut i()n:-i flll' m ulltlﬁ ('('II'T]["J.‘iil il]l'l anll I)l'{'ll'i‘.ﬁﬁl':"-
[A]. Saundern A D and Norry M J. Magmatism in the Ocean Basins
[ C]. Geo Soc. Spee, 313~ 345.

Tan Dongjuan, Lin Jinggian and Shan Xuanlong.

Nyiragongo,
Gl‘.()('}'l(‘?ﬂl. .]. *

Qiao G S.

Sinica (Series A)

Seientia

1980.

Beijing: Science Publishing House,

et al. The Geotec

1993. Using Geochemistry data: Evaluation, Presenta
New York: Jnhu Wihﬂ.}' & Sons.
1989. Chemical and isotopic systematics

1999, Magma genesis
of Saima—- Bailinchuan alkaline extrusive— intrusive complex [ J].
Geological Review, 45 (supp. }: 474~ 482 (in Chinese with English
abstract) .

The Research Group of Saima Deposits, Beijing Institute of Uranium.
1977. The uranium deposits of Saima alkaline rock bodies, Northeast
China [J]. Science in China, (5): 466~ 483 (in Chinese).

1989. On the alkali_rich intrusive rocks [ J].

sources and Geology, 3:

Tu Guanchi. Mineral Re
1~ 4 (in Chinese with English abstract) .
1990. Correlation Table of Strair

Beijing: Geological Publishing House ( in

Wang Hongzhen and Li Guangcen.
graphical Subdivision [ M].
Chinese) .

Weaver B L. 1991.
tions: trace element and isotopic constraints [ J] .
Science Letters, 104: 381~ 397.

Wu Liren. 1966. A Study on Some Alkaline Rock Bodies in China [ M].
Beijing: Science Publishing House, 1~ 76( in Chinese) .

2000.

their chronology,

The origin of ocean island end_member composr

Earth and Planetary

T riassic alkaline
Sr, Nd

Seience in

Yan Guohan, Mou Baolei, Xu Baoliang, et al,
intrusives in the Yanliaso— Yinshan area:
and Pb isotope characteristics and their implication [ J].
China( Series D), 30 (4) : 383~ 387.

Yan Guohan, Mou Baolei, Xu Baoliang, et al. 2002. Characteristics

and implications of Nd, Sr and Pb isotopes and chronology of

phanerozoic alkaline_rich intrusions in North China [J]. Geological

48 (supp.): 69~ 75 (in Chinese with English abstract) .

Review ,

Yan Guohan, Tan Linkun, Xu Baoliang, et al. 2001.
characteristics of Indosinian alkaline intrusions in Yinshan area | J].
: 281~ 292 (in Chinese

Petrogeochemical

Acta Petrologica et Mineralogica, 20 ( 3)
with English abstract) .
Zartman R 7 and Doe B R. 1981,
135~ 162.

1995. Block_geology of Eastern Asis Lithosphere:

Plumbotectonic the model | J|
T ectonophysics, 75:
Zhang Ligang. | B
tope Geochemistry and Dynamics of Upper Mantle, Basement and
Granite [ M]. Beijing: Science Publishing House, 226~ 231 (in Chir
nese with English abstract) .
1991.
ic model of Saima and Zijingshan alkaline rock bodies [ J].
ca, 3: 229~ 235(in Chinese with English abstract) .

Zhou Lingdi, Zhao Zhenhua and Zhou Guofu.

REE geochemistry and genet-

Zhou Lingdi and Wang Yangchuan.

Geochimi

1996. lsotopic chronology

of some alkaline rock bodies in China [ J]. Geochimica, 25 (2): 164
~ 171(in Chinese with English abstract) .

}]I]("("r "\ (ll'll] H(lrl H 1986 Chl‘l'l'll( dl bl‘ll(l\"ll(llllll"\ I J] J'\]"l]"l". Rl‘.\’.
Earth Science, 14: 471~ 493,

Mt e 32 5% SOk

dextah” J:ﬂAJAEJHJﬁ{F”Hﬂ Mﬂﬂ 1977, JRIH A< 638 LD BRpE 2 A o
e M\'l.l] RS 5): 466~ 483.

SOLE, SR, TR 95. T AL A A A
30T 1% .n. T 4: 257~ 271,

B2, B, TRIGHE, . 1986, IL T BRI LT BT L A
PRI R ARL D) . vl R R A ok B M ST P B S BT, 14:
43~ 61.

e pE e e 1986, ARtV il ——— AN R AR B R 2R 1 4

[J]. MR
AR, Ta .
BeRE ().
{E20%E, LARk,

¥, (1): 54~ 63

1992, ML = T 0 BRYE DR B 1tk 2% 2 1A ML ER A 22 i
HuJg =4, 66(2): 108~ 121.

FRaEbh, % 1980, o [ A i R AL AR M ).

dbnt: Bl L, 29~ 35.
WA, BREUIT, o2 le. 1999, &S Rbk B Jali—fe A A ik
FrAEE AL D). HBTIEATE, 45( 1) 474~ 482,

31~ 4.
Ikt

WO 1989, SCTFEBUZ AL, WU,

T, A6 1990, [H R ACR L[ M.
.

FRL 1966, 47T HulX B pE 7

[ g, PR, VPR, ZE. 2000.
AR Se Nd WPh [ 2245 A 3 ).
(4):383~ 387.

P, AR, R, S 2002
AEARSEHINA SrPh [A] {-i é&’%-r AR B30,

i R
THEATI M. BRI, 1~ T6.

ML = A AL R A
o E B DO 30

oh Gy A R AR
eV, 48( Y

Fily : 69~ 76.
G, WAk, VRO R, S5 2001, B M B ED S 0 N
AT ER AL 2 ‘HnI[J] H:w e idi. 2003): 281~ 292.

SREEWL. 1995, AR E A7 W Bl i —— bbb AR AT 14 2 [l
sk Ab s e L) B2 M. BLSR AL, 226~ 231.

FFH, T4k, 1991, 26 LRI S LBk 2 o 1o kb 2
J R ). HuERfRE, 30 229~ 235,

FIE R, R, R 1996, FRIE -SSR 0 A 2 SRR AEIE
FOLJ]. HbERIESE, 25(2): 164~ 171,



