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Magma Evolution of the Late Jurassic Volcanic Rocks and Its Genesis of
the Lanqi Formation, Beipiao Area, Western Liaoning Province
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Abstract; The Late Jurassic volcanic rocks of the Lanqi Formation in the Beipiao area, the western Liaoning Province, are com-
posed of the lower andesitic breccia lava with tuffs and the upper trachyandesite. Based on the study of geochemistry, andesitic
breccia lava are from 56. 99% to 58. 22% in SiO; , high Al,O; (>>15%), high MgO (<4. 22%, 0. 44 to 0. 49 in Mg® )and low
K, O (<2, 2%) characterizes by high Sr (=500 pg/g), Cr (>>125 pg/g)» Ni (>47 pg/g) contents and higher Sr/Y ratio (>
28) and low REE (<{112 pg/g), U (<0. 3 ng/g)» Th (<2 pg/g) and HREE (Y<C20 pg/g, Yb<C1. 6 pg/g) contents and by
strongly fractionated LREE (10. 49 to 10. 59 in (La/Yb)x) and distinct positive Sr anomalies and negligible negative Eu anoma-
lies (0.62 to 0. 99 in Eu/Eu” ), which are similar to those of the adakitic rock; and trachyandesite are from 52. 09% to
61. 08% in SiO;,, high Al,O; (>>16.6%) and KO (>>2%), low MgO (< 2. 64%, 0. 08 to 0. 38 in Mg ) characterizes by high
REE (>>180 pg/g), U (=0. 80 pg/g), Th (>4 pug/g) and Sr (=350 pg/g) contents, and low Cr (<28 pg/g), Ni
(<C19 pg/g) contents and low Sr/Y ratio (<.23) and by strongly fractionated LREE (10. 22 to 16. 28 in (La/Yb)y) and dis-
tinct negative Eu and Sr anomalies, which differ from those of the adakitic rock. All the volcanic rocks also show positive Pb

and Ba anomalies, and negative Nb-Ta anomalies, and have moderate es. (z) (20. 15 to 23. 34), Tpm (1. 45 to 1. 50 Ga) and low
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ena (1) (—7.69 to —8.62), which are similar to the features of the EMI-like component and of the ancient continental lower

crust of the North China craton and the Late Jurassic-Early Cretaceous volcanic rocks in Yanshan orogen belt. In this paper,

author thinks that andesitic magmas of Lanqi Formation are derived partial melting of foundered lower continental basaltic crust

near the transition between the crust-mantle and occur the interaction of the mantle and crust, and trachyandesitic magmas from

partial melting of foundered lower continental basaltic crust. The magma evolution of Langi Formation indicates that the

process of the crust thinning from the thicken crust, it is an important significance to understand the deep process for the litho-

spheric thinning of the North China Craton during the Mesozoic era.

Key words: Late Jurassic; Lanqi Formation; trachyandesite; andesitic breccia lava; partial melting; Beipiao area; petrology;

geochemistry.
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Fig. 2 Sectional drawing of volcanic rocks of the Langi Formation in Langidonggou, Beipiao area
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Eu/Eu” H. {8 (0. 74 ~0. 80) LA}z K,O/Na,O {8
(0. 62~0. 65) ¢, A I X 2 SIO,
52.09% ~52. 76 %, ALO; & 17. 20% ~18. 98%,
TiO, HM1.55%~1. 74%,Ca0 3k 3. 12% ~6. 89 %,
it B (247, 25 ~293. 46 pg/g) B K K0/
Na,O F Al (0. 29 ~0. 70) 25k K, Cr (12, 85 ~
—23.35 pg/g) Ni(13. 14~18. 81 ng/g) JU(1. 44~
1. 88 ppm), Th (6. 06 ~ 7. 78 pg/g) . Ba (863 ~
1558 pg/@) &t th 2. BRI S & ML % SIO, i
58.30%~61. 08%, AL,O; Jy 16. 50% ~18. 37%,
KO H 2. 11% ~ 4. 21%, Na,O H 4. 32% ~
4.50%, TiO, 0. 72% ~1.57%,CaO Ky 2. 76 % ~
4. 68% ,K,O/Na, O HAH (0. 47~0. 97 8 i 1 5
AL (259, 079 ~ 274, 32 pg/g), Cr (1. 22 ~
6. 87 pg/@) I Ni(0. 76 ~12. 78 pg/g) & H#HAK. U
(1.97~2. 26 ppm)., Th(7. 94 ~8. 12 pg/g).Rb
(67.4~126.8 png/g) Ml Ba(610~1 251 pg/g) & &

Bl R 5 MgO & i i (3. 3300 ~
4.22% ,Mg® =0. 44~0. 49) , Hl 2 #H-MgO & & 1
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Table 1 Chemical compositions of the major elements (%) of the Late Jurassic volcanic rock of Langi Formation, Beipiao area

Wz T BRALLR
T ] e
j== 1Lql0 Lq9 Lq8 Lq7 Lab Lq5 La4 Lq3 Lq2 Lql
M R FRRIE S ik gy LM EE ik ey
SiO; 58. 22 56. 99 56. 98 57.96 52. 68 52.09 52.76 60. 99 61.08 58. 30
TiO, 0. 88 0. 89 1. 29 1. 10 1.74 1. 55 1.72 0.77 0.72 1. 57
Al O3 15. 34 15.11 16. 60 17.52 17. 20 18. 98 18. 08 17.59 16. 50 18. 37
TFe; O 8. 36 8. 85 9.48 8. 67 9.52 10. 47 9.79 5.10 4. 86 6.19
MnO 0.09 0. 08 0. 07 0. 08 0. 14 0. 08 0.09 0.12 0. 09 0.13
MgO 3.33 4,22 1. 88 1. 16 2. 64 0.43 2.35 1.58 1. 19 0.73
CaO 5. 68 6. 35 5.12 4. 20 6. 89 3.12 6. 89 3. 20 2.76 4. 68
Na; O 3.51 3.35 4.02 5.10 3.85 7.30 3.95 4. 32 4. 50 4.47
K;0O 2.18 1. 53 2.62 3. 15 2.71 2.09 2. 69 4. 21 4.18 2.11
P20s 0.22 0. 27 0.51 0.61 0. 84 0. 69 0. 84 0. 34 0.33 0. 64
LOI 2,27 2. 81 1. 30 1.02 1. 90 2.82 1.51 2.43 2.90 2.52
Total 100. 07 100. 46 99. 86 100. 56 100. 09 99. 63 100. 68 100. 65 99. 10 99. 71
Mg# 0. 44 0. 49 0. 28 0.21 0. 35 0. 08 0. 32 0. 38 0. 33 0.19
ACNK 0. 83 0. 81 0. 88 0. 90 0.79 0.95 0. 82 1. 01 0. 97 1. 01
K;0O/Na; O 0. 62 0. 46 0. 65 0.62 0.70 0. 29 0. 68 0. 97 0.93 0. 47

1. 1. Mg# =Mg/(Mg+Fe) , ACNK= Al, 03/ (CaO~+Nay O+ K, O) B8 /R ¥ 2. TR ITEAMHTR A X 5896507,
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for the Late Jurassic LLanqi Formation, Beipiao area
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U & i IR R A AT
L BTAR RR I o BT R 2 i B I B MgO,
Cr.Ni 1 Co, #5 K, O, U, Th,Pb F1 Rb, {3 B # % 5
FHAR R AT B R A5 AE AR 8 R A K
ZHFERA M EE L 1L TUA K. 3k SR A i
TR R BV A. T8 s RN AL
b BB B IR L BUE I A b o S )
BUE R B s KA o e . PR, JE SR A
N T IR ST 2R AT R BB oM Rl e 7 4.
4.2 JcEFEEANLENEER

JC WA K LA HA R ena (O GEHY es (0
AR Ph [R5 R FFAE S5 T 5 4 10 i
76 EMI 204y (Zindler and Hart, 1986) 8% K [Fia 4
FE g (Fraser et al. » 1985) , 54edtvifimsE R L
45 (i L JICSE MR JFRORL A FITHE 1Ll X Rk 20 R 3%
TN i T E B B S A o 1 E (VG T O
2007)  {H B BAS ] A b X LR 2 4 B v 2 e
P i ena (O B Y ese (O RS BLE P [F7
ZHHIE (Gao et al. 5 2004; Z5{H5F-,2006). i 15K
Heklm BA B TR Ph A& & 5 m
JCE (41 Nb, Ta) #HX} 5 it (Bl 5b) LA KAL) Ce/
Pb LAE 00T 28 Ll 3t Ly i R 25 tHE L 2 i i
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SR (ZEAFAE,2007) , 5OKKE T 78 (1 ok {27 5
F (Rudnick and Gao, 2003). X & I b 22 i 4H -k
I Ey b e B A VA 1T B v e W e = RN A
fil s TR DR i PE e BPE 7R BRI IR A0 Has o Bt S
AR i ER R IR AR S 5 A Ol s TR

MK AL HER AL 27 43 A AT 0 U SR A
Bz LB BRI A B R0 v e MR A A FRAE.
B Si0, (>56 %) Fil ALOs (C>15%) & 3 1
MgO(<<4. 2270 e MMM ER TR &=
(Y<C14. 37 pg/g. Yb<<1. 58 pg/g) s Fis /018 W i
((La/Yb)x=10. 49 ~10. 59), LW & Ay Eu 11 5
W E KB TR A IGE (U Ba, Ph) il 5 1 5 50
JGE (Nb-Ta),Sr.Eu IS4 s B =1 Sr/Y (>
28). I BLARHAE 5 5 IR o B IE T VEFCHS A3 R B
BRI R 3523k 78 5 (Defant and Drummond, 1990) 5%
FEVEFCHR 3 AOE 35238 5 B (ZhF-, 2006)
FRIITHE T 1 DX (] B AR JRE I b e 2 ol A 3 s
T I 823k v 5t K g (245, 2001a, 2001b,
2001c; Yuan et al. 20065 245, 2007) FH{LL. 45
AR R AL & B AL T Bee ) A i s 5
FHEIL 1 IX MR 2 TR v o A LU AR RL. PRI 3 v
) Sr Fit s Sr/Y EMBARMER LR & &
SRR Eu f7 55, 2 W12 1 5 08 XN 5%
AR AasE L DENMING AT R A S Nb-Ta
i R X A] R 3R B A @ 4040 (Xiong ez al.
2005) B HFE IR X AT 2 5 1 A 16 A0 TN 4 217 5 R A
JE DX, RS 2211 T A R R A R 1) e (R
KF50 km). Pb 1E 575 R UG I 2 B b7 J5 XK 57
i 2. 2 1L oA BR S A i B s B Cr N, Co
MgO &, R E WA 2 Ll R TR
FeMg A EAEH.

JeEE L B 2 A SIO, LT 52% ~
62% . Al,05(==16. 6%) Na,O(=3. 8%) . K,O(=
2. 09Y0) SR F R (180 pg/) FIE M 1
JLE A & K.O/Na, O H{H (F150. 66) 3 &, Eu
55 (Eu/Eu” =0. 6~0. 8) ,Sr fi 7% . F L
FUEH AT RHC AT B4 i 53 5 s Nb-Ta 17 75
TR P IE S8 B 1) K,O U il Th 34, 3%
HITHHL 2 J52 5 2 AT RE 52 381 b7 1 DX 20 14 i) 249 CEP
DX R D) 5 #AIK MgO. Cr fll Ni & i, UM%
Jo A H R e Al e AR A .

RAE Sr it Al FREMER TR
Erit G2 Sr/Y HE (<23) B LT E S R
G RUPE RV XORTR B A A, 58 7] Resk B

RHE AT S5 3K AR L2 A J I IR B IR T %
WA, FER AR T, Tie Rl s i 2 L i
WRIE 7 A8 B A A RV A B i » R I AT
REEIE T FHb7e 5T M5 KA A1 456 Nd. Sr
F1Pb [F)57 22 20 B 28 D2 oA S A T T
T LTS X R A BB S A R ELE TR R R T
BRI UE K.

MASCHER K Yang and Li(2008) 3R45 1) 1 i
Y1211 2A R 2 55 3k 14 AR (SIO, = 5200 ~
6020 R G Sr-Nd [ R4S S0, Z A% A B
oA AH =, Nb/Ta (16. 00 ~ 19. 35) fil Z/Hf
(40. 36~49. 97) BRLRFFAL , BEH X S [l fi K 21
BRI TR A SRR T8 K B G FRE
HAETHE ALt 7 b 7 M 5 TR LA S i /N, X ke
T b DX [ S0 352 38 e B oK L1 b 3R A 2 R B
P ZEF D LW 2T B2 11 s 28 R B Bof
LA IR BRI T T 5t Z BB A 1 bl
Horp, 2 1 Broa SRR IR R TRLZ o J . AR v fE
AR T e e i Al I 1] e 52 3 b g ) 5 A 52 X
R MR 2 T S b DR T2 22 1L A SR B
J KA D3 T M e s o A

P AF R E A& 2R A 1L g LUy g AR 20 T Al s
TR (K 6) BRI b Bo & Ak, afk
B B2 52 LU /0 T 0 3 3 B A R R B o K L
BRAL FARAE (Z2{H 45, 2007 ; Yang and Li, 2008).
AL SR R L2 L 3k i B R 7R 1 R 27 1D L
AAEAL TP L S AR08 5 20 R PR Ll v i
It (ZLF-45, 20005 228 55 45, 2004 5 32 PEARAE
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2005) , FEAL KBRS A1 -7 1 St 5K 5K 11 2 PP R Pk
KALE T H g B3k v s MR AL 2 R AIE OR R 3%
BORD R IL PG SCEL M A R Sk S B Bk
A FRFAE AR PR AN [R] ({1 F- 25 20025 Yang and
Li, 2008). PR, A5 147 10 P4 AR 2 it ik
ST A B B AR 2P IR T A 1 R AR
B B2 R K O BUA BT 2% SR
ARG LI L 50 RE R ph JRE AR Y S R A
PEFRE LMl DXAS 2 [ I 4 A= 1Y A7 26 1 77 CAn sl vy b
) KA (AR DI — M AR D i) L A S8 3 Ty (4
JUHTVE LI 7Y S S A A (R AR 22 i — L
T, A L Jy CAnFEE T Ao WA T 2 35 Z 1] (i
PRI . BVl 2 ] — b DX ] 02 A 22 5 19 (A
ALV DO BB AR b7 vl e 2o o ) oo 0 B0 2
TEMR ARt — FL e e CanZ b A vg) . [m] i b
B 38 L LA A R A A0 ) e P B R AN T BT 6.

L3 LAy P AR AR e O e 5 X o
Rl D J LS [ 25 A 1. R BT DX B A R
A7 LR ARV 3 1 RS A BE 4 2 L o W R
(Z{A-45,2002; Yang and Li, 2008), 8@ AL
BEAE B R A R R E R e ) R A2
WFFE R I L J5 BF 58 AR . 2002549 6 4255 . 20035
Yang et al. , 2008) Fl7Z i ¥ 4% 6 TE L CR I bk,
1996). PRIt . Wk 27 380 1 1 S 02 e L gt 1L e o
A e A AR 1 72 T ) E e A I 4 GEX
HAE , 2004 3 2245, 2007).

(DILPEILEA MR PR 2 T AL Il s )22 22
UCEIKTE S =1 O 22 1 A HK A 2
HLZE S SR 1 2.

(2)IL VAL B OR 2 (I W AL 35022 1L B A R
T HA Bk va B 1 M BR AL 2 R AE T b AR AL 22
HANBA IR G U BRI A AR, 3 R AL
FHIE A 22 S U0 SR AS ). e 22 L s SR R
TREEBOHLZ A TR BE R T REUR T oe i I 1
o 5E L RJTUE AT IR R O A T WL 1 e e
FHELAERT L2 B0 R I8 T F e L BCa £
IS 70 .

(3) JLER W RICLH N 22 1 o BRL 2 Jo 9 119
AL » FE WAL S DX R 22 T M7 e A T ol R i
(R A [ AR B B 3 L Lty 7 A AT ) e
JERESEANTI I 2 A0 B AN ) I A T .

Hifh: o 2T RH T FAAFRS M
WIRAL B RPT Rm RFR R A MARINFER T A
REFRT R ARSI YL TR f L2k T
AZIP A By AP RALAR R T L3R E) R 69 B, R0k
— I & T R
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