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Geochemical Characteristics of the Middle Jurassic Volcanic Rocks of Haifanggou
Formation, Western Liaoning Province, North China

LI Wu-ping

School of Civil Engineering . Guangzhou University , Guangzhou 510006, China

Abstract: The Middle Jurassic volcanic rocks of Haifanggou formation from the western Liaoning Province is an important com-
ponent of Mesozoic volcanic rocks in the Yanshan Orogenic belt. The volcanic rocks of Haifanggou formation, which are mainly
composed of trachyandesite with dacite and andesite, are metaluminous calc-alkaline and high-K series. Geochemical data indi-
cate that the Middle Jurassic volcanic rocks of Haifanggou from the western Liaoning province have the low Mg adakitic volcan-
ic features, such as Si0,>>51. 98%5, Al,O;>>15. 0%, MgO <4.18% (Mg <C0. 48), Sr==436X10"%, Yb<{2.25X10 %, Y<C
23.14X10"°%, Cr<<81.09X10" %, Ni<{34.66X10 %, Y/Yb<C14. 25, Sr/Y=>=39, and Nb/Ta==20. The rocks are enriched in
light rare earth elements (LREE), Ba, U, Sr and Pb, and are depleted in heavy rare earth elements (HREE) and high field
strength elements (such as Nb, Ta, Ti) ,and strongly fractionated ((La/Yb)x=>10. 37) with weak negative Eu anomaly or
positive Eu anomaly (0. 79 to 1. 05 in Eu/Eu” ). In addition, these adakitic volcanic rocks also have that low (** Nd/'"* Nd) ini-
tial ratios (0. 511 603 to 0. 511 733, —15. 84 to —13. 30 in epsilon exq (£)), moderate (¥ Sr/* Sr) initial ratios (0. 704 9 to
0.7056, 8.64 to 18. 11 in epsilon es; (¢)) and a higher depleted mantle model ages (1. 81 to 1. 99 Ga in Tpu ), showing
enriched mantle end-member (EMI) characteristics. These features indicate that Haifanggou adakitic magma were derived from
the partial melting of a thickened eclogite from the lower crust, and its origin is related to underplating of the basaltic magma.
Combining with geochemistry of Mesozoic volcanic rocks in Yanshan Orogenic belt, the Early-Middle Jurassic in the Yanshan

orogenic belt is a conversion period from the ancient Asian Ocean tectonic system to the paleo-Pacific tectonic system, while the
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generation of the Middle Jurassic adakitic volcanic rocks of Haifanggou formation (174 Ma) shows that the Yanshan orogenic

belt has come into the evolution stage of the paleo-Pacific tectonic system. The research results can facilitate the understanding

of the deep mechanism of Yanshan movement and lithospheric thinning process.

Key words: volcanic rocks; lower crust partial melting; Haifanggou formation; the Middle Jurassic; the western Liaoning

Province; geochemistry.
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Fig. 1 Regional geological sketch map modified in Chaoyang and Jinxi areas, western Liaoning Province from 1 : 200 000 re-

gional geological maps
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Table 2 The analyzed data of Nd, Sr isotopies by MC-ICP-MS for the volcanic rocks of Haifanggou Formation

5 147Sm /144 Nd 43Nd/ 1 Nd 2s S7TRb/3%% Sr 87Sr/86 Sr 2s  Tom(Ga) end (1) ese (1)
CYX-1 0.102 3 0.511 822 7 0.579 3 0. 706 999 14 1. 81 —13.79 17. 81
CYX-5 0.1018 0.511 736 7 0.160 3 0. 705 693 14 1.92 —15. 46 14. 24
CYX-8 0.102 3 0.511719 6 0.2259 0. 705 748 16 1.95 —15. 80 12. 67
CYX-13 0.1110 0.511 859 6 0.124 4 0. 705 820 13 1.91 —13. 27 17. 32
CYX-18 0.106 7 0.511 751 6 0.1059 0. 705 244 11 1.99 —15. 28 9.81
CYX-22 0.1011 0.511 730 7 0.3117 0. 705 670 16 1.92 —15. 56 8. 50

FRES. B & TARES A 3 mL 1 1 HCL 100 CA#
WLdEEEZET, mA4{ 2 mL 2% H;BO; —
2 mol/L HCI i i 72 70 V5 it - V2 2N IS BB 058
90 25 min, # 2 mL/FE R AE AG50-8X B Fac i
5385 Sr.REE; % fir 1% REE #5251, L 1 mL
0. 18 mol/L HCl $& Bt #E &, ffi i HDEHP 4> &
Nd. Sr.Nd ¥ 5 43 51 F§ MicroMass IsoProbe # £
WO AE 88 45 85 1 T AL (MC-ICPMS) il 45 Sr. Nd [#]
LR LA . Sr [ FR L AE T E PRAn A NBS987 Fl5L
= bRRE Sr-GIG Wi #5,% Sr/% Sr {E % Sr/* Sr=
0. 119 4pRiEA (RIS, 2002) 5 Nd a7 2 HoAE
FEIBR A5 A INdi-1 052 56 28 bR A Nd-GIG 1 45,
SN/ M N M Nd/™M Nd=0. 721 9 bRtk G
Y5, 2003). [A 2R LR ARASE Sr oy 2X 1010 ~
5X1071 g,Nd /hF 5X10 " g Rb,Sr.Sm # Nd
St ICP-MS 43 Hrill 45, TE40 i 73 A 5 vk S5
T UL W {45 (2002) FIZR 41 2 45 (2003) Tk,
4.2 HEROWMER

ARICAHTT 14 TR TR AR A 6 R [F AL
RAEA SR AT A R LR 1, 2.

1E SIO, —Bg i g b (B 2) 53 5 i 2 k1l
S R i Ve TR B 5 VPR 3 AR BT R A A
(CYX-3, 5, 9, 10, 22, 23) VK 1E R 251X, A B FE
ITETENE 2 A X (CYX-1, 7, &) LI A X (CYX-
1D LR 2AE X (CYX-2, 13, 16, 18). 7 SiO,-
KO B i (B 3) F2 2276 A 8185 6l M &R 91 [X
Na, O/K,O 3} 0. 38~0. 79, 7F Na,O-K, O [ f# (&
) FEVEAE RGN FEWTIE P ib) KOILE R & B

Bz RO %A AR S (CYX2) SIO, & &
(51.98%0) M I 4b, F Al k1L &/ SIO, & &
53.05%~66. 52%. A k1l # 2 A &0
Al O, (15, 03%~18.40%) K, O+Na, O(5. 50 % ~
8. 78Y) il CaO (2. 44% ~7. 46 %) & &, HA X =
(K, 0/Na,O=0. 39~0. 79) , HiHofl 4 85 052
AN T 20 R 22 5 T L e g 5 R 2 R

Na:0+K:0(%)

35 45 55 65 75
Si0:(%)

SI0; - (K; O+Na, O) 2 7 [EIfift (& H = I AFS &R
Bl s 25 PRI TR 45 (2003))
Fig. 2 Relation of SiO, and (K,O-+Na,O)

7 |
RS
—~ 5r
S .
s g EEBAS
S g
— EARKES

50 60 70 80
Si0:(%)

K3 SIiO.-K, O ¢ 2 [ fif Pl 51 ] 1] 2)
Fig. 3 Relation of Si0; and K, O

LM A BA B MgO(1. 25% ~4. 18%,
Mg® =0. 23~0. 48) 1 TiO, (0. 70% ~1. 10%) 7%
L 22 2 ) B 51K 1 MgO(0. 49 % ~0. 73%,
Mg?® =0. 15~0. 23) F1 TiO, (0. 62% ~0. 83%) &
i A KL Y AR A4S £ CACNK = AL O,/
(CaO+Na, O+ K, 0) 43 F 2 ) << 1. 0€0. 81~
L.00), J& FUEsR s 1.

Jifa Kl E K F 6 A%k, W U0, 28 X
10 °~1.11X10 %), Th (1. 244 X 10 ® ~ 3. 83 X
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10%) \Rb (22. 81X 10 ¢ ~87. 33X 10~ ) #BHLALAIE
SR Sr (436 X 107° ~ 917 X 107°), Ba (682 X
107°~1 309X 10" ) & ik, fHAT F LML 5l %
AT HAA R ) UL Th Rb & &5 4
ZKIGZE M Cr(15. 65X 10°° ~81. 09 X 10 %), Ni
(0.84X10 5~ 34, 66 X 10°%) 4 4 FI fs + 1o &
(102X1075~212X10%) i F , A X HL % 5 Fl o 42
e ZRMZ HMZ s B AR+ B s
(102X1075~132X10"%). fiF kilE ) Cr.Co,Ni
AV &R T T #5E 3418, U, Th.Rb, Sr.Ba
RS LR A T N H7S F3E AR =
FIEZE(Yb<{2. 25X 10, Y<{23. 14X 10 %) & i;
SR 5 (CYX-1) b, oAl kot 5 #6 B A 85 E
Sr/Y HfH (34. 83 ~ 79. 97), AL M Y/YDb
(10. 30~14. 25)F1 Rb/Sr(0. 03~0. 11) H.fH , % &
Fis 0 Z 8 #E 50 ((La/Yb)y = 10. 37 ~ 25. 25,
(Ho/Yb)x=1.03~1.47) , H A B i A 6 1 S5 55

300

(a)

100 F 8

S AEORL B AT

10 -

Sm Gd Dy Er Yb
Nd Eu Tb Ho Tm Lu

ARG

| IFES% (Euw/Eu” =0. 79~1. 05) (& 5a), FFHH
BLIE 5K v SR AE (T 6). FE R e 2k W A
(# 5b) ,Ba, U 254X+ Rb, Th & 4., B 8 5 4
B+ 0 E (LREE) , i 2 (% & %5 J6 & (4 Nb,
Ta) 5% Al Sr.Pb 1E 55, @n H MR AR
FERHIE.

VB V) 4 KL A Se-Nd R 7 243 B 35 B
(F2), (BNd/"ND), 17 Sr/% Sr), W46 8 )25
BG4 B4 0. 511 600~0. 511 730 1 0. 704 9~
0.705 5, W B exai A es ZE Ak 30 2 51 4
—15.80~—13. 27 F1 8. 64~17. 81, Tpy y 1. 81~
1. 99 Ga, HA & 4 1o v 53 41 4 (EMD FRE, B[]
PLR RS ML 3 LT W R 20 2 52 1L/ T 1/
BRI v ot Kl A AR,

5 g

5.1 RILARKE

IR IR Ik 78 A (Adakite) [ 7€ X (Defant and
Drummond, 1990), ¥ & w & & B F &% W
(=225 Ma) AR e 7 28 38 43 1 B i i — 42
HRYE KO A SR A BT ) L BR A 2R R 2
Si0,=56%, Al,0;=>15%,MgO<3. 00% (R />
6.00%) , I FEHM + 70 E (HREE) (41 Yb<C1. 9 X
10°°%, Y<C18X10 %), & Sr(KREH>400X10 %),
La/Yb(=10. )5 Sr/Y(>>20. 0~40. 0) , — B HA
B PR A WSS T R0 s KB T 5 IR
5 FETYAS R ARMANA TR R
Bl A RSB Y. %] X SE 4R AIE U D5 i 41 K

400

100 F7%
i

I O O T Y Y

Ce Sr Nd Hf Eu Dy Yb

1 NN I Y N Y S N S M |
Rb Th Nb
Ba U Ta La Pr Pb Zr Sm

Y Lu

K5 A K La s IR oo - 2R () S i ST R R R 18T (b) R fE (51 A Sun and McDonough (1989) 5 45 i 1l 2k ¥t

PR TF )45 (2003))

Fig. 5 Chondrite-normalized REE distribution patterns (a) and primary mantle-normalized incompatible element patterns (b)

for the volcanic rocks of Haifanggou Formation. Normalization values for primitive mantle are from Sun and McDon-

ough (1989)
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Fig. 6 Relation of Sr/Y and Y after Defant and Drummond
(1990)

WA BARR s a IR, J8 T C B3Rk w g (K
HEEE,2001).

JAG B i 20 KO AR BRGE v R [H i
P LA T 5 R 355K b s AT

(D Bl B35 v o KL E e TR B ok —
i rh PREE. AL PG A FEAEL se b il N ER L A3 E R TR
PR L 2 g A AR IR — A vty S o TR A 3R
IR 5K L TR B IR — IR BB Y 7 4.

(2) AR Z e L1 3 1Ly AT BB A2 30 o KPR AR
He 1o WO Bl 0 oV FH B4 52 00 (S R TG 55 5 20035 78X
AR, 2004) ML L A 8 A% Ryt EW ] 4 17
NE [a], TR A& A 1 RIS %) 396 o #2430
Se SRS 2 (Davis, 2003) . 50 Z1 [0 Hb 78 P 7 R .
I ot 71 2t HE AR GROBR S, 2002 5 5 7 IR 55, 20055 1R
W55, 2006). T3 5 AL 3 8 S5 T AT {7 f
R PR A R F R she B A Es A al. &k
1o He 52 5 3R WY FE KO AR R DL R R B T Mo
(>>40 km, 800~1 000 C,0. 8~1. 2 Gpa) &z i, 8}
KA IGMATEE ISR 1 L 50N Hoe & AR 7R
G3H Bl OB B 35 50 TS 1R (Rapp ez al. , 19915
Rushmer, 1993; Wyllie and Wolf, 1993; Peacock
etal., 1994; Wolde and Team,1996).

(D IBRIR v H R G 2. AR WS R, Bk
SeA HIE B LT LR &R - O s/ sk B i
e kR F i El (Defant and Drummond, 1990; Yo-
godzinski et al. , 2001; Z2{H,2006) ; QIR T H#y
76 LRI A T3 e il GRS, 20015 Kay and
Kay, 2002; 251745, 2007) s @ X 3T 2 38 1 45
G354 F A 52 18 Y AR (Castillo er al. , 1999)
@HFFTUEI LT s re s X R BTE A iR
Y75 (Defant et al , 2002;Gao et al. , 2004 ;3= Bk

85,2005). M Dy YA ALK v i Kk s Bkl
SR B R BE R AE (AN AR A Nb. Y. Y +Nb I
Rb %) (HEARA ER e Z M E R Sr/Y HAE.
W 5 B 17 S s N St a7 25 ELA 5 48 b e U5
DB AR s T AR 5% (MY Nd/M Nd = 0. 512 5 ~
0.5130,%Sr/¥ Sr=0. 702~0. 704, Hoffman, 1997)
2 RS S VLB D Y A 35K v I KL A AN SR
TSR R IR ) 456 S0, Mg, Cr Ni 4§
F R TR LR U6 I B V) 20 K LU AN T R A YR
EE SR AU PN i /i

(DO WA BT AR F, SIO, & &2 T
51.98%~66. 52%., & SiO, & &, ALO;,
CaO.TiO, . TFe, 0, . MgO, Sr. Cr, Ni 2 & 5 [#1%,
1M K, O.Na,O, U, Th,Rb,Ba il Pb &5 & & AH i 1
I AL B A IR A5 & S RS (B D H B Tz
M X ¥ i 30 4 ) T 2 R (R 4R, 2003,
2004) , AU AT, EAH B R AL 5. L
K La F1 La/Sm 1EAH K R, RS54 Kl
AREIFAE Z R BTA K4S dn o S . 3 Ak, SIO,
AR AR I AR 5 2 Nd /M Nd 97 46 {5 F1*° Sr/* Sr )
RER BB AL, R A AR R T IR R R R R 1R
FrEARZ IR YL A IR g (B 7, Rk, A SCIA
R s VR AR IR 5 BT L e IR LR BT 2 R 4G
o3 SEAE A SR YA E R 7= 4.

(5 Sr AR Yb. Y FHE UL A 3R X A A & A
WA, N R A 5 5 A I %5 (Rapp and Watson,
1995; Foley ez al. » 2002) ; Z 1 Nb/Ta HH (22 4k
T 16~23, -1k 20) , BERE 5 IX B Ak &
T AEAE A 2 (Foley et al. , 2002) , i B 2423 2 I T
R K Rl F #1578 (> 50 km) (Xiong et al. ,
2005) s BAK Y Cr Ni Al MgO & &, LIH & 4 Bt
TR PO AT B i » 32 W 0K 5 s RS o R A
1 B S A AH AR L R BEAS IS KR e A
FIE AR, R 2 By — BIRUUER. =
FENRAER. PRUUE R S bl 72 )2 B2 K T 50 km
B, 20T M SEAE R — 8 R R 1) R A A
#E75 (Kay and Kay, 1993) , PRI 2 55 B e b s
Witk 5 K (Rudnick and Fountain, 1995), 53 T #h
7t FERFI N AR A A B e — R R D B POm v, 1
M Bl R AR BB AT R MR L T R v 5 i A
A A AEATTAERT, ARG WA 28 1 T8 iR A 5o it
KL (Gao et al. » 2004 ; 7 PEAKEE, 2005). i F5%
e AH E AR o R SRR AL T B 3R 38 5 i s —
AR CroNi Fil MgO & i, 3X s 516 7 18 41 3%
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Fig. 7 SiO, vs. main oxide and rare elements diagrams

IR TE BT AR IEA R, IR AE T3R5k v i A B
B BB R 12 Z — (Defant ez al. , 2002; Kay and
Kay, 2002; Robert and Xiao, 2002; Zhao et al. ,
2008) » t T IR L iBUE KRR T H e B R
AR BB (T b 1 B 20 s R Jd5 38 v o s
(Atherton and Petford, 1993). 13 00 Z B0 3%

—WAZ HEER RS S 5 R AR H
IR R 35 v B B B Cr N Fil MgO £
L EWAHRIR R X R BE K S T a K &
A= FENE A A FH 0 v] B8 . 5 0T BE X BT o 5
AEH SIO, F R i CYX-2) . 31X 5 5 1 5 1
Y IBE T K LA RHEARAT. I AF R MFFE 2B , el
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125 LT Fh A AN [R] s JH R e B Rk e i K L s
AN RAR B 2 b R 4H (Gao et al. s 2004; ZS{HSF,
2006) |, FPAR B IR B B 4 GRR)™ 4. 2003, 2004) L B
PR S5 L4/ W A (R RF-5, 2001a, 2001b,
2004,2007,2012; Yang and Li, 2008) . 5. ¥ %R
W54/ SCE A (R RF-55, 2000, 2002; 2% % 55 46,
2004b; FHEFESE, 2005 ; 32 PR EE, 2005 ; V£ 77 BR 4%
2007 ; Y Erm4E, 2008; Yang and Li, 2008) Flff &
WA KR (B, 201 D) W Y Rk e i KL
A , AKX PR DUAE PR 2R T i R T A 33k
S L R AR SCIN A i B VR A KLU T
BCAT e 5 R AE A L.

5.2 REX

e L1311 H AR AR [ I 309 1L B350k 7 R
KA BT, HLOR 2 A 5 R RIS 4 2 A TR
DX RHIL PG R V) 2 oy B 2 A DR IX 52 38 ol ST O
A s oy S PV 50 1 i 29 (BRI 55 4, 20045 X 1
45,2004 5 2R, 2006) » PARE HELLUG B9 F AR ARk
LA MRS B VR DX IR U T 46 119 M s e 4
EMI (25 {f - 4, 2000, 2001a, 2001b, 2002, 2004,
2007,2011,2012; XN ZL%SE, 2002; FHEFESE, 20055
7 BREE, 2007; B & 9R 4F, 2008; Yang et al. s
2008; Yang and Li, 2008) , BliE 3% iR X sz 4]t Tihr
T S A B B A R i ] 2. AR, R
H DR 2 R ARG L3 1 — S EE A A AR B .

HR A5 DX ol b o L BT M R S A 2R B 4
ST o JL P P A A HE B %) R A DX A RN 5 IE
W TR I 5 A R B (B P s X L Rl
MDA RS S R (R A S R
4D Z (8], 4y 6 T e LB Bl A FE(F 4R R L
iz gl B R GRS, 20045 XI55, 2006). X I 18
W5 KRBT, — e =S A b v hidil 32 F 4 1 5
o7 308 iR Z AR A ] 5 5 b AR A2 SRR it 13 P )
A T2 T P R PG A R 0 s e 5 Ak — Sl b i
T4 1) 5% 0 (36 B SC 4%, 20005 Xiao ez al. » 2003;
Ernst et al. s 2007; Zhang et al. , 2009) .2 LI Hx N
T LA P L R S B I S A R B T AR Y
[ ()R8 A8 T R0 R B HE A A 3 ORI AR 485 2000 5 78X
A, 2002, 2004 ; 4 W 25, 2003 ; # 4 K 45, 2004,
2005 3 £33V 4 F1 F 5, 2005) , K 1 Bg b1 (45 R
2 0 HbFC AR R S R M — S B R P
TN b 5840 Tz B B o K SR 98 A FRXR AL -4 AR
FEE K& 2 % #a 8k G R %, 2004 ; Wang et
al. s 2007). DRI b Kl — POFR 0 1 1) A4 244

T LR SR AR VY ] A o 2 U DX 2 A o ) oty S 3
REST 3 Aa T N1l I A | RE b N O T 7

R 2 I e L 3 1 A2 B R PR R TT 4
TR VG i) 5 2R STV A i A o 19 2 R A0 1 5% e (M-
ruyama, 1997; Kojima et al. , 2002) , f#i H PR
PR Ry AC 2R 1] ) 55 Fe 4 7 R0 4 e Gl IR %
2005), FfJEHRAR T — MR AR 2 TR 5k v o
S . I DR E kol — PR Z b AN 458 A 1
LB A AR ), HoAR AR KLU M R R
ARG AT ARG H 5 TP )2 X — i
TR U ff1 B2 AN B 5 TR LU 1L PR ol 1L 3
(A %5, Wong, 1927). shek B it )5, 6 1l 3 117y o
AR IR TRt e i 2 T e s s R
A S, AR, R R T 0 ) 2R A i A
KA T BB A B p ol S YN R AR R RO
TR TR R AR, RIL TR 2 I s YA A 38
K A AT B (174 Ma) b s 2 8 1 5 14 i A
Tl R 3 R R BT AR B L.

6 %Hie

(L) PR B IR b5 ¥ 4 KL o g 3R s ok L
s o SR IR T H R T s 5e A X0 o0kl o 1ri
M AT RSN RS K T K IR AR A
DIAK.

(2) I R ORE R 1L L E A TR R
FeAblrBe. rpARZ I b5 i R8O B K LA (]
J 174 Ma) AQUF T 38 1L Ly B E A T o KK
FERAE T R AL OB ) 2 JE B B
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