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Abstract The thick volcanic rocks are widely distributed in Yingcheng Formation of Songliao Basin. Core and thin section
identification exhibit that volcanic rocks are mainly composed of rhyolite, dacite, rhyolitic tuff, ignimbrite and so on. Major, trace
elements and isotopic geochemistry studies indicate that acid rocks are obviously classified as two types: high Ti acid volcanic rocks
(HTAVR) and low Ti acid volcanic rocks (LTAVR). Many conclusions can be draw from the results of geochemical elements; (1)
HTAVR have higher TiO, (TiO, >0.45% ) but lower SiO, (64.87% ~68.79% ). LTAVR have lower TiO, (TiO, <0.4% ) but higher
Si0, (68.93% ~76.69% ). (2) Major and trace elements express continuous variation between HTAVR and sub-alkaline intermediate-
basic rocks. They also have similar Sr-Nd isotopic elements. LTAVR are the main components in Yingcheng Formation with wide initial
¥8r/%Sr ratios. (3) The two types of acid rocks were probably associated with the lithospheric thinning and asthenospheric mantle
upwelling by subduction of the Pacific plate beneath eastern China. However, there are many different geochemical characteristics
between the two types of acid rocks because of different magmas source, geochemistry process and crustal contamination. The magmas of
HTAVR were generated partial melting of the depleted mantle which has been enriched but undergoing fractional crystallization. The
generation of LTAVR origined from mixed melting of juvenile crust and low crust components with contaminated by supracrust.
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Fig. 1  Simplified geological map of Songliao Basin and locations of sampling boreholes ( modified after Meng, 2003 ; Zhao et al. ,
2008 ; Hou et al. , 2009)

(a) -simplified geological map; (b)-tectonic units in deep of Songliao Basin; (¢ ) -locations of sampling boreholes; (d)-EW section of Songliao Basin



2734

20% ; i EEUR MBI, A BEKEEH

Wk Rk s PIEEEONRLE, HUOyKE KA 6@
L ERO A KA RS, SR/ T 30%  H R R K
JB  BEEBOR LR E LA R LRI SO 1

2 SRR Y T Tk

RAEFE S IR R PRI TR AR ks, 2 F
FRACHLIE R R 8 72 , FRIBURE i 25 18] 73413, PeF A 10 7 3 B
AR R R ELIBTRG O RN P9I 23 BRAEdh2EAT T R
J¢ Se-Nd-Pb A2 MK Te) B AR i A v S R
14 XA A0 ok A 5 T B A A A, I e R R 2 i i B A
S ARAEEBRE  (EA LS BT 3000m PR
HJZ K PR Bl IR I AR IR A A A D o A
JRAS B AL VR SRR R, W] RE 2 S BOE 250 35 BERY 3
s D M £ G R KRR T R IEACA SR

JITAT o 0 3 A A P 2 e 5 i ok ) B 5
B A Rl A 5 S B e . R RT R T X2k
PG A (XRF-1500) 2R HAMR 35 I 22, 20 B i 22 00 T
5% o PRORTCE P FHRRY 14 ] 45 dh , 8 Fi] ICP-MS (Element
1) #rifiph 250K, I S AR ES % W) it GRSL (FE 145 )
HEAT R A 2 R ZHOLE RSD <10, Sr-Nd [r] {3 3 2 1
JHAEIE Finnigan 23 7] 4277 ) MAT262 S 8 B G E o Sr
I (2 2% AR ™ Se/™ St = 0. 1194 BE7 T3 ik 4348 2 1E 5 Ndl [7]
172 HER O Nd/ ¥ Nd = 0. 7219 #4742

3 srbrEiit

3.1 FERE

SITEER IR 1, S AT T ARSI Z s IR AT R 1 ok
WA FRAE  BRAS BT 53 F il A 5 LAAE, A ScPE B S # i g |
TEEC RBEMNRZEFEBARSCE (RS, 2010)
FITHT AR T 435 1 785 3 21 K 1 b Rk 24 0 A 45 2R (SR &
&= 2000; kT, 2005; Wang er al. , 2006; &5 RAF, 2007,
2 REF4E, 2007, 2009 ; BiRHRE, 2009, 47045, 2010)

TAS & | (& 2) , A 3C 3 MAE i E BRI B0
LA T A O N o TR 3 =1 ik ( Si0, 2 64.87% ~
76.69% , V- 70.96% ) . & % ( K,0 + Na,0 = 4.09% -~
10.43% , %1 7.76% ) , K,0/Na,0 = 0.64 ~ 38.64, F- 1
5.00, K/ FEM B EFTH, ALO, N 7.42% ~17.03% , -
P 12.47% , 4 8 (Fe,0,7) Ky 1.86% ~ 4.74% , ik MgO
(0.05% ~1.84% , -4 0.58% ) .Ca0 (0.05% ~ 3.88% ,F-
7 1.20% ) . P,0, (0.01% ~0.19% , 17 0.06% ), IR 4
TiO, &, B4 X s mT LA 2 P4, BV T i ok
LA FR T fRME K A (181 3) o i Ti R K 1L 5 (Tio, >
0.45% ) ,Si0, S/ T 64.87% ~ 68.79% 2 ] ; ik Ti fR 1t

£ LI/ 2013, 29(8)

Acta Petrologica Sinica

O O A 5| H %
A IHERE

K,0+Na,0(%)

,,,,,

K2 R E IR IR PE K 1l TAS [ (5 Le Bas
et al. , 1986; Le Maitre et al. , 1989)

B S G 22 91 S FR 4 Trvine and Baragar (1971)

Fig. 2
Yingcheng Formation in Songliao Basin (after Le Bas ez al. ,
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TAS diagram for the acid volcanic rocks from
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Fig.4 Major elements vs. SiO, diagrams for acid volcanic rocks from Yingcheng Formation in Songliao Basin

Symbols in Fig. 7, Fig. 9-Fig. 12 as same as those in this figure
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Yb), =5.51 ~11.77, -7 9. 00; T # +- P #5204 4 W] &2,
(Dy/Yb) = 1.04 ~ 1.49; 38 Z1 ) 67 46 5 %, 8Eu 24 0. 16 ~
0.56, B Ti W21 kL% 3 REE Jy 76.57 x 10°° ~ 188.9 x
107, B AR T Ti bk SO LA i B L e 4, (Lo
Yb)y =8.33 ~ 11.35, ¢35 10. 20, [ = Ti BRPE KA & S2 8
o S9ETURH ,6Eu 2 0.66 ~0.75, TEM +ICR AL/ L&l
(F5) b, m Ti AR Ti BRI E BRI Lo Rk Bl
00, 1 Ti B JCLLEE B B 5 P o B S g 7 T R kil
AL Ti iRtk K 1L MREE 1 HREE -22, FEH W08, & Ti
Rk LA MREE B& ) F U1, 1 HREE BEAT L™,

3.3 WERE

PRI (P 6) L, KA At Rk K L o 3 S B 55 AN A
#I0 K Rb Th U Pb IES# %, Nb Ta 55 58 LR 55 5
Plo HURAE Ti BRYEJCILE Y Ze Y Th \Rb \Nb B 5 F i Ti
R UL 1 Sr % i A T Ti B K s (R 2) .
% Ti FRYE L s BA B Se P T U3 i S K
PLEWHLIX A RIFE B K A BURSCE AR A AR (553X
A, 20005 Wu et al., 2002) , RIS H A 201 T 4R Y
BHAT L BRI BRI B A R U I R IR X AR E iR
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Table 2

Geochemical characteristics of the high- and low-Ti

groups of acid volcanic rocks from Yingcheng Formation in

Songliao Basin

3 IR-Ti R KA i Ti Rkl
Si0, 68.93 ~76.69(72.81) 64.87 ~68.79(66.74)
TiO, 0.20 ~0.33(0.28) 0.45 ~0.58(0.52)
Nb 23.38 ~109.0(78.03) 4.5~19.8(12.7)
Rb 74.1~296.3(157.4) 71.5 ~147.4(105.5)
Sr 13.4 ~473.6(112.9) 179. 1 ~419(323.3)
Th 7.4 ~20.29(15.11) 6.6 ~14.7(11)
Y 19.6 ~83.8(64.8) 9.4~27.7(19.1)
Zr 159.5 ~1176(794. 8) 129.1 ~228.6(177.5)
Ba 25.6 ~700.7(135.3) 192. 4 ~845.2(551.8)
(¥St/%8r), 0. 703940 ~0. 705245 0. 704270 ~0. 706025
&nd -6.19 ~3.38 -1.21 ~2.57
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Fig.6  Primitive mantle-normalized trace element pattern of

acid volcanic rocks from Yingcheng Formation in Songliao

Basin (normalized values after Sun and McDonough, 1989)

Jito MCRCERAL SRR L, v Ti Bk oLl s AES Bl 1k b 2

P Si0, S AMAAICEK Ba Rb Th U R IEAR, M5
Sr.La Nb Zr St I B GRISC (P 7) A% Ti BRI KA 5 45 B
PErPSEPEA S Ti IRPE A SC AT, 1EAh Sr 5 Eu/Eu”
(B oEu) HIOCHE E (& 8) v Ti S Ti gtk K ilra o
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R3 MIBMEWHERME N LS S-Nd SFER
Table 3 Sr-Nd analysis results of acid volcanic rocks from Yingcheng Formation in Songliao Basin
87 87 147 g 143 87 143
RS ORRBE R BE ne or 20 mon g 20 (wg) (mng) e
CHSI-2 KE1 9.6474 0.721012 0.000010 0.1209 0.512691 0.000010 0.705245 0.512600 2.15
CHS105-1 K 105 1.1077  0.70679 0.000012 0.1237 0.512699 0.000012 0.704980 0.512606 2.26
CHS105-2 K% 105 1[& Ti B 0.9688 0.706763 0.000011 0.1289 0.51227 0.000011 0.705180 0.512173 -6.19
CHS3-1 ki K3 Eé 2.9366 0.708907 0.000012 0.1178 0.512744 0.000013 0.704108 0.512655 3.23
CHS3-3 wﬂyg K3 3.4023 0.709501 0.000019 0.1170 0.512751 0.000014 0.703940 0.512663 3.38
LS101-3 R 101 0.6712 0.706071 0.000011 0.1014 0.512674 0.000012 0.704974 0.512598 2.10
LS1-1 EAL| 0.6006 0.707007 0.000011 0.1147 0.512521 0.000012 0.706025 0.512435 -1.08
LS1-2 EAL| 0.5183 0.706719 0.000011 0.1145 0.512514 0.000012 0.705872 0.512428 -1.21
LS1014 Je i 101 0.7601 0.706236 0.000013 0.1141 0.512666 0.000011 0.704994 0.512580 1.76
DS5-1 RS 'E‘} Ti 2 1.3797 0.707019 0.000012 0.1083 0.512703 0.000012 0.704764 0.512622 2.57
DS5-2 _— YR 5 Eﬁ;{u’; 0.9008 0.706389 0.000011 0.1110 0.512673 0.000014 0.704917 0.512590 1.94
DS5-3 El‘% AR 5 2.3817 0.708162 0.000011 0.1061 0.512687 0.000012 0.704270 0.512607 2.29
DS54 A 1.0072 0.706578 0.000013 0.1104 0.512695 0.000013 0.704932 0.512612 2.38
DS7-1 TR 7 3.3110 0.709869 0.000011 0.1043 0.512664 0.000013 0.704458 0.512586 1.86

1 b Sr Nd R 2 HEAR IE I, BRI A AR SR T 115Ma, ¥ Rb/®0 S, "7 Sm/ '™ Nd 91 4G {H 118 5% 1] ICP-Ms 43 #7743 Rb .Sr .Sm Nd

RS, WP E AR AT B A R

3.4 Sr-Nd FMfIZE

Sr-Nd [R] 7 MK ZE K51 T 3% 3, A& C3EFF 115Ma il 47
TERYE LA Sr-Nd [R5 (EALIE o

PAIL Z B IR AR VE K 1L 8 (7 S/ Se) | (ARG 5 A1
Ti0, F ikt Ry WAL, AR Ti B K LA (7 Se/% Se) {728
I, A F 0. 703940 ~ 0. 705245, -5 0. 704738 , & Ti iR
Pl 2 (7 Se/% Se) fE M4 R A F0.704270 ~
0. 706025 , -5 0. 705029, Fig 4 & 1L 19 (" Nd/'" Nd), 78
AV B AL 78 (CHS105-2 BRAb, ey = = 6.19) , 8y (1) A T
-1.21 ~3.38, K#EB/-NIEH, Sr-Nd HHCE (B 9) b, #f 5
T4 TE I P 5 (R A 0, 3L F MR T KL 25 TE T e (o) {ELARF
SO ARICHN DK A 17 1 LA AR B 2 R S0 b DX R T T
I Wu et al. , 2000; B CHEZE, 2000; Wu et al. , 2002;
Guo et al. , 2007, 2009) o B 15 —42 192, A% Ti B & 1l 4
(Sr/%Sr) B ey (8) MRS, (Y Se/*Sr) ; {HBAT ) 4
e AR TR KL A IR Se Nd {H AR 1L
AN AR A v LS R R K L s AR A

4 g

PR K L1 2 SR A I B B 1) 7 ), S % 3l KB
G ORI A K e 4 55 R Ity AU P ) o S 2 AR 23
(McCulloch et al. , 1994 ; Feeley and Dungan, 1996 ; Pankhurst
et al. , 2000; Riley et al. , 2001 ; Miller and Harris, 2007) ,F
BRI FE XA i 3t 76 KRAE B e e o6 22 A i 25
S (Annen et al. , 2006) . HHEIN B A WA 32 2 W
B s — i R B IR 0 B A A T SRR R R R 25

90% W 73 B 45 dh VR B A 7T LA 77 A4 — & & 1Y IR P 5 K
(Wilson, 1993), # JH Ok fiff B LA 45 /N ) R M 8 K
(Shinjo and Kato, 2000) ; 75—l Z iU % I = 5 Bbse
BRI, DA R S AT TR T I R T i — Ak
N 5 FERE R 5¢ (Bryan et al. , 2002 ; Yamamoto, 2007 ) ,
BTGV MR 0 PR R A 52 34 58 9 2 AN T3k 47 1) ( Mingram
et al. , 2000)

4.1 T EWAR SR X FFE

X T AALL A 7 U 2E K LA TR X, B A I8 i, # 4y
PR KGR DS PEST R h | B e I S i A G, £
Fa 5 - SRR UL T P 5 Ay P PEAR B b R AR AL A (1)
4 N%E, 2002; Wang et al. , 2006) , 55 —352FE N, K
Ly DX e 2B AR A R R DT R R P R S B s
A1 FEURIT A= 0 S0 Rl A O, B0 4 5 453 by 8 R 2 3t e ) ot ( 5
R, 20095 BRI, 20095 RA7EAE, 2010) , FALL A
HEME kLA SrONd [E] 4 2 HEA T HE S AL R 3 | e
T i (B 9) . itk dm R FRanR M
oo E, T HE R X ER L J0E  Nb Ti P 61 5%, HR
XA RE S LI AR DA ol Ay G (Wang et al. , 2006) , 1A A2
ok AR AR T e (RS RAE, 2010) , Hix s b ks
HAESAES 0 Ti R KOS B b s, IEAR
SEARXEHAE S0 A, 5 Ti BRI K LA T AR DX R K
UPE e AR — AR A% Ti BR 1 K 1L a4 A7 T AR
J7RBUR, BB LA 1 RIS, 5 i R s
R (& 2) , SR s 5 v S M o AN A e T
R R XKMEBA AR Ba,Sr P Ti, iAKA MgO .,
MnO,CaO, )l J¢ HFSEs(Nb Ta Zr Hf) 5%} 55 5 #t , {H 5% 4
FUTECE Ph [ 2 AE & (F LS, 2010) , AAHATCE (K,
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Fig.7 Trace elements vs. SiO, diagrams for acid volcanic rocks from Yingcheng Formation in Songliao Basin

Rb Th. U .Pb) 5820 4 , AU T M Fe i il 7= LR IR S0 o SR
M—BEH BT M oS i Rl AR R I b, 1 B A
B0 Sr L H K 51 eyg {1 (Ben et al. , 1984; Plank and
Langmuir, 1998) , A X AR Ti B K Ll SR HA AR Sr

FUAE IERY e (L CDRISZIR AR S ERAT) | AF R A Nd A U4R
#5 (631 ~979Ma, CHS105-2, 1580Ma [R41) , ¢ B LU X 5k
IR B ECHT A M e A VI OE AR o SRR X ELHOK A 5 4
% LBt/ e 7 9 T 4 S AR AR A A TR A e R R 1Y
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Symbols as same as in Fig. 3

0. 70 0.71 0. 7? 0.73 0.74 0.75
MSr/¥sSr
B9 AL E IR K L (7 S/ Se) e (1) (B
Wu et al. , 2000; Wang et al. , 2006; Haapala et al. ,
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Fig.9 (¥St/*Sr), vs. &y, () diagram for acid volcanic

rocks from Yingcheng Formation in Songliao Basin ( after Wu

et al. , 2000; Wang et al. , 2006; Haapala et al. , 2007)

BB SAE . o0 —Fh AT RE R AR T R L SR U8 TR
HS 53 5 SR BB s e ) i, Sr-Nd & 1 (181 9) IR Ti iR
PR LA E B A0 AR AR AL OB b7 5 T s e 2 (], §ig i
A b7 TG, WS LR DX Ry R LG )8 A s S5 43 b
TRA BT

JFRIGERAE DI R R Z A IR Y R AR T RERY,
T 52 IR Y ) F 3 Sr & AR, Pb K La/Nb 3§ K
(Riley et al. , 2001) , La/Nb-""St/* Sr 45| - (& 10) , Sr
FLABAEAR /NG FE PN it 31, 7 La/Nb A8 Ak i B K, G 7R 45
T Z AN R EE e TR S, 8 T BR T 1l Nb Ta w5 451 B AT
fER IR Y ITE AR AL XA o Bl ok A7 AE K S IE
g A #1521 5 (Jahn et al. | 1999; Wu et al. , 2002) , 1]
RES5 T & Ti BRI KL AR XA A . 53 MG Ti BR P ok
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4 (7 Se/% S . B TE BBl AS A4 K (0. 703940 ~0.705245) |
HBATFES, Sr LA 5 SR IBTLR I — & 20 A8 BTl AR A 2k (1
9) , R ML X LA W A AR AL S R 32 1 52 iR B
1RG4 (Wang et al. , 2006) ,{H iy FHA L A AS A7 72 KA HT
FERELNC AL/ N (W et al. , 2001) , [ AR X5 3 BE A
A2 SR YL TR P AR N

42 SBEERSHSBRE

PRI ZE MBI = T FRIE K s 1 EROCR B0
RS A N ) A p SR S BT S A A (]
2 &4 B 7)), LR Ti BRI e S R T S S B
FEBA™ S/ S (T 1), 2B P 2 B AT W] 9 S Ak 56
Z i Ti R KL o AP TP R o ) B A R
— BNy, by 3 0 S il A IR P R P AT RE AN /)
(Martin, 1999) A3 E ARG B L iUa > XKL A —
Bl PO AT WA BT R B I A, N2 —
UG BT RHS AT R BEE R TR A R e
B, WL RE->ZRZ s > s — & Ti R
Ma, & Sio, & &3 n, A0, MgO ., P,0; , CaO, TiO, .
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Fe,0," G BB WiREAR, Na, 0 K, 0 it 4 &, LA B Ba S P,
Eu Ti 85055, W 7R i Ti BRI IS 20 TR AN
A BEIKAT RS B A o BRI Eu S R
W SCA FTREZ TN T RHS A 7 B W, TR i RS A
f) Ca B T2 5 Sr AHIE , RHC AT 92 B 45 Sk T RE 32X Sr
5 B AL O, FREAR, 5 A AHZSTCR Rb 7ERHS A1 43 25 45
el e 0T ) 5k B A MR 3 B0 Rb AY R R
(Han et al. , 1997) (7). SiO, Fil P,0, 2 AHFHE S P 1Y
TGRS TR KA AR KA1 o B A d R . Ti A
FH AN GG S YA, s T RE K LA b Ti g5 4
A RE F B TR ALY SRR B B Al b o

TE B 5 KRR AR R A 10 ] PR XA I A3 B 4 i
R, Rb Fil Ba (3 BR A2 AT RS2 AR R 10, LU (B AR F5 R E
TAE 25 R — B Rl 3,76 o A 3B 20 s R S e A= B 8 21
(Harris and Inger, 1992) , [Hl it Rb/Ba {E $FE 7] GE 4 #5143
PGS R S AR I R AR A B 1 kAL 22 AR A . NI A
B TiER M Il A Rb/Ba LU (H AR fR #5518 52 (0. 15 ~
0.37,F30.22) , ik Ti B2k LA Rb/Ba LU AE AR fL ALK
(0.23 ~6. 41,14 2.36) , KU LI T I 70 B 245 5
M fG AR T Hh7e T wl o [) B A XA T B ok 2 #0
BRRLE KT T BRYE S, 51 SCRT IR 43 28 445 Wi B LR 1k
— PRI/, TT PR 234 BT I 1 R Mk A RS AR W) 5 o
I Ti @2t Kl s Ba Se P Ti S T KR F 41, Hids
PE RS b (L 7) F R RIS Bt A i W] a8 s A
PR, AR TR F R AR (7)o X Se 4R
WG Ti Bt JCLLE IR DX 22 B T AS ) A8 ) 30 2 s e, 41 0
LR DCBR B AR R A RS A B KA IR, 7T BB 2 I X
RAREIR IR 45 2R, SR Ti BRI s vh 2 Wt I
FIAT JEHE f T B D RHC A BE AR o

4.3 ME#EX
ZRAE 3 DX B P AR AR R PR AR BRAR s R, AE T
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PELR DB fif 8 PR, P B — R I HE -5 A (Wu e
al. , 2002 ; Zhang et al. , 2008a, 2010; Zhang et al. , 2011)
X P AR B R SO AR DA B 5 R 2 2 1) 4 A
KR, ENRS — i - AR AR R 0, SR 29 T
ST AT I DAt ol e By A B R v ) ) T B A58 (A
5045 2000; Fan et al. , 2003; AR5ESE, 2004 ; Zhang et al.
2008b) . WFFERII YN G ik R rh, B 24523 1
T AR A3 AN T T 0 e 0 R ) 5 2H R e, AR I
HO XA Ay 652 T 1Ll AR 3 43, R A3 AL 1 Nd AR i
/N 1000Ma, DLUAE R HISE S £ (Wu e al. |, 2000) , AN[AEA
HuERA 7 1 22 SV -1 W AN Rl R A~ 7

AL 7 08 A R I L L B R B 2 A AR 23 B, — 7 T
B TR KA 2 T R B A S, AN G R WRR XCRRAE 5 ) —
T AR 42 2% B LA AL S E R A R BRI,
LT A, S E AR KA R EE T
185 f51 Hb e 58 40 45 Bl ( Wang et al. , 2006; Zhang et al. ,
2011) , {H AR MESMRRERIF 5T X Bl DB i R R IR
b2 ) BT A AR METES I S AR R R P 55 ) —
WRGP 2B A IX SRR M A ok B X sl A BT A b 58 B 43 e
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Fig. 12 Tectonic setting diagrams for acid volcanic rocks from Yingcheng Formation in Songliao Basin (after Pearce et al. , 1984)

ORG-oceanic ridge granite; syn-COLG-syn-collision granite; VAG-volcanic arc granite; WPG-within plate granite; Al-anorogenic environment; A2-

post-orogenic tectonic setting
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5 &5

(1) R 2008 2 R P Ll 40 S AR T R P KL
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Si0, Zrit ol 68.93% ~76.69% , & Ti B2k LA (TiO, >
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