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Geochemistry of Late Triassic-Early Jurassic aluminous A-type syenogranite-alkali
feldspar granite in Yichun area, Heilongjiang Province and its
tectonic implications
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Abstract; An analysis of petrography, major elements, trace elements and isotopic elements of Late Triassic-Early
Jurassic syenogranites-alkali feldspar granites in Yichun area of Heilongjiang Province shows that most of these rocks
have high temperature idiomorphic or conical quartz, accessory mineral fluorite, graphic texture and drusitic struc-
ture. Lithochemically, they are characterized by high silicon, enrichment of alkali, low calcium and magnesium
and meta-aluminous to peraluminous nature. The REE distribution patterns show slight LREE enrichment with gen-
tle right-oblique deviation and relative flat HREE pattern, sea-gull model of europium depletion, concentration of
HFS elements such as Zr, Ce, Y and Ga, and depletion of Ba, Sr and Eu. Homogenization temperatures of quartz
inclusions in these rocks are 750 ~ 950°C , indicating characteristics of high temperature hypabyssal magmatic

passive injection. Syenogranites-alkali feldspar granites are rich in SiO,, K,0 and Al O,, and the values of 80
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are 5. 1%o ~10.3%o, belonging to granitic rock of normal or somewhat lower 3'"°O values. The values of I, are rela-

tively high and the values of of eNd are comparatively low, suggesting that original source materials of the source ar-

ea are related to the metamorphic basement of the primeval lower crust, and also to a definite extent of crust-mantle

magmatic mixing. Based on an integrated analysis, the authors hold that the Late Triassic-Early Jurassic syenogran-

ites-alkali feldspar granites in Yichun area of Heilongjiang Province should belong to aluminous A,-type granites,

and the tectonic background might be continental postcollisional collapse and extensional dynamic regime after the

ultimate closure of the paleo-Asian ocean.
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Fig. 1  Geological sketch map of Yichun area in the southeastern Xiaoxinganling Mountains®
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16.45% ,MgO &4 0.01% ~0.51% ,Ca0 3K
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72.50% ~ 76. 34% , ALO, % & N 11. 84% ~
13.29% ,MgO %3 0.01% ~0.32% ,Ca0 3 0.27% ~
1.01% , Na,0 + K,0 & 7.91% ~9.90% , K,0 >
Na,O(F 1), B ol g, IERK- AL A B &
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FATEARINE S D, DB R RR AR R A X
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2b) W TE AR BT R BUA A X

W a e R FIHE (a, P8 Sylvester,1989) Fil A/NK — A/CNK ¥ (b)

Fig.2 Major element discrimination diagram(a, after Sylvester, 1989) and A/NK — A/CNK diagram(b) for granites
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Table 1 Major element analytical results for syenogranites-alkali feldspar granites

e R B, sk S$i0, TiO, ALO; Fe,0; FeO MnO MgO CaO NayO K,0 P05 1LOS S o
1 JGs2159 76.34 0.20 12.76 1.12 0.80 0.04 0.24 0.62 3.46 4.45 0.02 0.30 100.35 1.88
w2 JPO36GS6 Wk 7430 0.02 12,39 1.01 2.62 0.02 0.32 1.0 4.12 4.10 0.02 0.02 99.95 2.16
<« 3 JP036GS 46 75.92 0.10 12.75 1.18 0.98 0.04 0.21 0.38 4.10 4.32 0.02 0.26 100.26 2.15
# 4 PPOL6GsI9 76.30 0.10 11.84 0.97 1.70 0.06 0.01 0.27 3.55 4.45 0.05 0.18 99.58 1.92
M5 PPO16Gs17 T 74.98 0.20 12.58 0.84 1.50 0.04 0.01 0.54 4.05 4.45 0.08 0.22 99.49 2.26
6 prolsce 73.36 0.10 13.29 0.76 1.58 0.44 0.01 0.67 4.80 4.45 0.10 0.16 99.32 2.82
7 PP059GS39 WE  72.50 0.10 12.10 0.48 2.70 0.03 0.20 0.46 4.80 5.10 0.10 0.24 98.81 3.32

8 JP22Gs3 69.13 0.30 15.90 1.65 2.37 0.03 0.24 0.63 3.79 5.06 0.1 0.95 100.15 3.00

9 JGs1596 75.12 0.05 12.72 1.25 1.74 0.01 0.22 1.53 2.43 4.12 0.05 0.24 99.43 1.34

10 162643 Wbl 75.56 0.05 12.68 0.76 1.64 0.02 0.16 1.18 3.52 3.89 0.05 0.20 99.71 1.69

11 JP22GsS3b 66.24 0.40 16.45 1.37 4.46 0.07 0.30 1.46 4.41 3.93 0.10 0.53 99.72 2.99

12 JP22Gs56 66.87 0.30 15.88 1.86 3.69 0.07 0.29 1.64 3.93 4.70 0.10 0.53 99.86 3.12

13 JPS2GS6 781 @M 76.38 0.05 11.79 0.73 1.02 0.03 0.10 0.67 3.35 4.78 0.03 1.10 99.03 1.98

14 PP52GSI 76.72 0.10 11.80 1.00 1.36 0.03 0.07 0.44 3.35 5.28 0.05 0.30 100.50 2.21

E 15 PPOIGLTI4 Wk 74.34 0.10 12.73 1.06 1.70 0.03 0.05 0.27 4.15 4.78 0.10 0.20 99.51 2.55
w16 PP4TGST0 -1 68.50 0.20 15.29 1.57 2.00  0.06 0.07 1.00 5.45 4.35 0.10 0.42 99.11 3.77
B 17 PP47GS1I3 2 72.82 0.20 13.42 1.39 1.68 0.04 0.07 0.64 4.20 5.10 0.10 0.52 100.18 2.90
18 PP4S - 16837 e 70.26 0.25 13.46 1.11 4.06 0.08 0.10 0.67 4.20 4.60 0.45 0.14 99.08 2.84
19 PP49LTI6 74.20 0.20 12.66 1.09 1.48 0.04 0.24 0.94 3.30 5.05 0.05 0.50 99.75 2.24

20 PP45GSS - 71.26 0.10 14.95 1.52 0.98 0.04 0.05 0.47 4.85 4.10 0.05 0.63 98.85 2.83

21 PP45 -2GS9 BHEM 00 20 0.20 13.39 1.67 1.06 0.02 0.01 0.27 4.45 4.10 0.05 0.30 98.76 2.46

2 SGs2432 75.86 0.42 12.25 0.81 1.50 0.03 0.14 0.38 4.84 3.6 0.0l 0.1 99.94 2.17

23 SP3IXT44 Sl 75.26 0.10 12.29 0.57 1.00 0.02 0.47 0.93 3.50 4.50 0.10 0.48 99.22 1.98

24 SGs1088 74.06 0.10 13.33 0.77 0.74 0.02 0.51 0.19 3.50 5.46 0.05 0.74 99.47 2.59

25 HPISGsS6 £y 72.56 0.20 13.86 0.91 2.10 0.0l 0.48 0.77 4.42 4.65 0.05 0.42 100.43 2.78
A 1 ~3.8 ~13 .25 AR URBUER , FF b i 8 e VA5 BT A I 98 S Be 55 55 M6 2R 0 e 32 3 2= 3K (2005 ) |, Si Firbe 2k R A S it vk, Al Fe R

FHIE L, TP SRJT A1, K Na, Ca Mg Mn SRR FIRIOEIE ; B3R 4 ~7 .14 ~24 RIET OO,

3 Sa AR R CH T A T RS
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E M Loiselle 1 Wones ( 1979 ) 2 H dE & 1L .
PR TOKHY A BIE R LUK WHZ AL b 5 Y
— B 3 [ A b 5T 2 S0 e B G T BB H R A
1B, % A BIE R Jo G — B INIR . ARk A BUAE
B B FUIAR AR R 5 50 A (adakite ) —FEBOR BUK
T FICR SR ITR R R SR R 2 B 2 4L
REVE A A BUAE 4 X SRR AE (Whalen e al.

1987 ; Edy,1990; Kk 145 1995 ; King et al. , 1997;
IR F -4 ,2005 5 2 40155, 2007 ), AR I A6 5 B0y
R At FGE Bt A BUAE X 7 (Eby, 1990; King et
al. ,1997)

AR HER - A XA T A4 DL RSk
A AT T, R R A B Jo M T i A
JUTAR WA AR N AR, A A BE e & b
JT RS B8, A/ NK(4rF4ktk) F325 0.85 ~0.93
(>0.85), A/CNK @ fk I > 1, £f 5 Whalen &5
(1987 ) 4] 43 Bt 1 Bl P A6 1) 25 1) PR . 76 & 2a
R Z 805 A IE APE A X, 7EA/NK-A/ CNK &

O B P ITAE BRI T M 5 IR AR AN BE. 2000, 135 T3 =A% b7 45 DU i X Jul p J5R R A 41 4

O IR H SR AL BT S BE ST IR R A B
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v A R X (B 2b) A 35 Bk i ™
P T A BUAE G A o A B L EE 2 2
B s - W TR R A 18 A MR A T A

P S B TR LT (18] 3a) , 5 Rk A
e i X PR R o A TR K A i e s AR SE 4 AT B
(MEASF,2005)

B3 OE KB AER R T A M ] (a) BT Z kR (b)
[ BRORE 5 15 M AL B 5 Taylor %1985 ]

Fig.3 Chondrite-normalized REE patterns(a) and primitive mantle-normalized trace element spidergrams(b)

of syenogranites-alkali feldspar granites( trace elements for chondrite and those for PM from Taylor et al. , 1985)

Xt RERIAE A FeO'/ MgO - Si0, El kA
XA A B 5 1.S B &5 (Whalen et al. ,1987;
Edy,1990; 3tk TV 45,1995 ; King et al. ,1997 ; =433
&= 2007) , AR E A FE FeO'/ MgO - Si0, & ([ 4a)
R ZHCA ATE A A BUER X, 7E 10 000 x Ga/
Al = Zr [EF1 10 000 x Ga/Al - (Na,O +K,0) [, %
ZHCHTIETE A BB X,

2 Si0, >72% MR A BUAE R A5 AR SR
1 BUAE K Z A VAR Z AL, R S 3k — 2D
EATX 3 IF R (Edy, 1990 745 1§ 8 55, 2006 5 5 81
45,2007) : @ — Bk, @540 5 1 BUAE A 1) FeO'
FEEAR( <1.00% ), 1 X A IE KT A6 KA
FeO' 28 M 1.43% ~5.69% ,3% >1.00% ; X AF &
HOTR AN (K 2a) T RZECE A ATPE X
@ AR AR S A & = LOPHE SR A R
P E B o H3i, 5 MR 5 43 5 i 1 8
Ackley 44 .S % Scandy Cape = {4 ( Whalen et al. ,
1987 ;King et al. ,1997) ZAFIER R 25, B ikt
BRI Z A BB A B FEAEZ —, &
fE A BRI S o5 R 1 E O 2 —
(Edy,1990; 5 i 845, 2006 ; = 8i-F-55,2007) o XN

FRIE A BYTE R B AE < 5 7085 B fH Fe, 0, & i
SV T, BB A R AR i A T8 BT AR SR A I A B
WEE X AT RE 5 HOE B A G, XWIE S AP
PRASE T A HER AT 5 8" O {28 /)N T B2 (A 0 303, 4%
REBF TR, IERAG A A B TE 720 ~

900°C ®, 5 1 TR EF 43 W IE K AE 5 25 vF A1 1N 4T G
L8 A 800°C OO KW & s B AE 1 8 LI S 750
~950°C®, W T o S 1 MR B A I I
(764°C) (King et al. ,1997) , LB H = il 5 HE R0
PP B ERIE . S 3O (M R IFE Kb &
(6.9%0 ~ 10. 3%0) — W W % K 15 54 2 (5. 1%0 ~

5.9%0) I ME® , UL T AT BOTE AT RE A5 B3 A Rl
[ AR AR AR 1A A O X IR REE |
S5 et R 7 AR T I AR A R B (R 2 JE 45,2001 )
@ HAMMEEICER Ga Rb Ba Sr Zr Y 455 53 [
SOV Whalen 45 (1987) (1) A BUAE < #5 AHAL, TG
EHAZr+Nb+Ce+Y S M142.1 x107° ~495.3
x10 ° (¥4 353.23 x 10 °°) , 154 A BIIE K A1
I =350 x 10 ~° By R (5 A 45 ,2006) 5 1K AE
B Ga Gl 14.6 x10°° ~27.0 x 10 *(FHK
20.36 x 10 %) , B K ALK 7 Ga 8 22.0x10°° ~

O TORTLAE M SR B S M BE ST ST RS BE. 2006. 1325 T7 5 5 H— 2 218 i I I DX O A
O BRI ITA TR ZE TS B E T SR AR A BE. 2000, 105 J7 = Az 4 e DX Bt B A 2 41 4
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Bl 4 FeO"/MgO - SiO, & (a,## Edy,1992) Na,0 + K,0/Ca0 - Zr + Nb + Ce + Y(b) .FeO'/MgO — Zr + Nb + Ce + Y &l (¢)
(b.c ## Whalen %%,1987) Rb/Ba —Zr + Ce + Y [E(d,3E Whalen %%,1987) .Ce/Nb — Y/Nb(e) .Rb/Nb — Y/Nb E () (e .f #& Edy,1992)
Fig.4 Fe0"/MgO — Si0, diagram(a,after Edy,1992), Na,O + K,0/Ca0 — Zr + Nb + Ce + Y(b) ,FeO"/MgO — Zr + Nb + Ce + Y)
(c¢) diagram(b and ¢ after Whalen et al. , 1987) , Rb/Ba—Zr + Ce +Y diagram(d, after Whalen et al. , 1987) ,Ce/Nb —Y/Nb(e)

diagram, Rb/Nb —Y/Nb (f)diagram(e and f after Edy, 1992)

38.9 x 10 ° ("4 29.5 x10 %) , S [E LAy
A FUFE R A A (18,54 x 107° ~24.6 x 107°)
BT IR - B AE RS %5 19 Rb & 99 x 10 7° ~ 399
x 107 448229 x 10 °( <270 x 10 °°) , LA A &
e ik T AVAE 54 5 50 58 1 (Pearce et al. ,1984)
S0 Y REE %555 (14 SP31XT44 KE 5L A1), R 130. 47
x107°~540.03 x 10 ° (F¥4279.79 x 10°°) , &
L RIER A (114,71 x 107°) F1 S RUAE B 2
(173.14 x10 %) Y REE {& ( 28174 ,2007) , 4101 &
e DI b R 1 (R A R B A Tl H) Y
TRAER A (154,94 x 107°) (FEYRYT % ,2008) , £
A LA 28 B S B0 & GUs 4 B e ity
oAk EE AR T3 B R T SRS R AR O R
R I Ba Se SR, S A BUAE K AR
4. ® 7E(Na,0 + K,0)/ CaO —Zr + Nb + Ce + Y
(& 4b) K FeO'/ MgO —Zr + Nb + Ce + Y [K[ (|8 4¢)
F1Rb/Ba — Zr + Ce + Y [ (& 4d) A KL HTEN
A BIRE I BoR A BUAE <) A B RRAE , 1T 2> 0E
KA A TE AR 0 1S fEik X, X T RE Uil T
H 5 AR FIE S e i & P KA K a A

WA Z M BA —E RGN, © SHEX G
(] B A S W T2 B B A R A B i ———T KA A
(PMEA S5 ,2004a) FHEL, B35 Y F 110 R Si0, Na,0
+K,0 & AT S i EoT R 2B S AL, 3
I Ba  Sr S8 F RGBT B o 4R 1l
W1 A B R A 2R BA DL K, 0 g KT Na,O,
ALO, (11.79% ~ 16. 45% , V- ¥ 13.26% ) . CaO
(0.19% ~1.64% , V-7 0.76% ) . MgO (0. 01% ~
0.51% , -4 0. 21% ) W& {85, Zr (43.6 x 10 7° ~ 620
x107° 345262 x 107°) Nb(8.0 x 10 ° ~30.3 x
107°,9F416.4 x10°°) Ga(14.6 x10°° ~38.9 x
107°, 3345 22.7 x107°) .Y (8.52 x107° ~80. 4 x
10 7% 44 37.59 x 10°°) &8Ik, Ba (40 x 10 7° ~
1130 x 10 7,334 286 x 10 7°) Sr(3.3 x10°° ~ 147
x107° S 42.1 x107°) 5, LREE W% & 45 H [0 47 B&
BEMUAEREAE AR X ] o 557N 24208 —5K ) A 0 b X6
“EHMIBRE FMER(Wu e al. , 2002) FIR F 47
FRIBILAE R T ™ Ry, 1993) 58 A RUGRA —Ha 1
FERERLE, FRICEK Si0, Na,0 +K,0,Ca0 MgO
REE Z it A, R0 ik & o 3 4R W Lo &R .
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A, BURE R @ R AR IE R AR < A 5
PEAE I s i T 2 M bR v b ik R 1 B e R
BRRLI A I 4 it £k 1 T 28 3 A AH L (M A A
2004a; 5 4z 7 5%, 2008 ) . 1E K - B K AE X 5 1Y
SNd/"™ Nd W) UG A 0. 512 144 ~ 0. 512 513,
S/ S EAE. [ 0. 720 56 ~ 0. 834 60, > K[ (H
(0.719) [ AR ARAR K, (B R IR L 7S IR A 3, 1y
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AT B 1 o P e 35 22 ELA DR B2 o s A
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A, BIFE R (Eby 1992 s R T 45,1995 ) , A, BB X
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AN WA A RZHETEAN A, BIAE K £ IX. FE Eby
(1992) 42y A, (A, BUAGIE i (B 5) R 5
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IS e, R 22 B5ORE it i Ve A LG S A
LLAE B 25 1) AR BT, 156 B T K i il 4 285 o 359 o
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PR (B SCHR A, 2005 5 5 1 I 4F, 2007 ) Tfif 210 ~
190 Ma 1y A BUAE K 55 PR G 80A O (Wu e
al. , 2002 ; PMEAZE,2005) , AT KNI 222 ~
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IR (Se-Nd [/ AL = FRAEBAR AR, 5 30 E A&
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%52 1114 Z B Bt A BE A 4, IR I

O A HUBUR AT T R B SR KA BE. 2006. 1325 J7 FARHE 15 B A8 T I DX It O A 4 At



106

niE
inyl

/|

5528 &

B
S
Et

KIS A BUAE R R R B A (B Edy,1992)
Fig.5 Discrimination diagram for genetic type of A-type granites( after Edy, 1992)
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KA A BA R A B R A SRS M~ a0
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