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Abstract Early Mesozoic mafic volcanic rocks of the Nandaling Formation ( NFV) occurring in the Xishan area of Beijing all show
right-oriented linear REE patterns with LREE enrichment, and are characterized by LILE (e. g., Ba, K), LREE enrichment and
negative Nb-Ta anomalies as well as moderately enriched Sr isotopic compositions and obviously varied Nd isotopic compositions.
According to differences of elemental geochemistry and isotopic component characteristics, the NFV can be divided into two types of
rocks: Group I mainly is composed of subalkaline basalt with high-Ti (TiO, >1.75% ) and P (P,0; >0.75% ), Group II mainly is
composed of andesites and subalkaline basalts with low-Ti (TiO, <1.25% ) and P (P,0, <0.50% ) ; and Group I has relatively high
contents of comparative elements ( Cr, Ni) , REE and HFSE than group II, two group volcanic rocks do not exhibit gradient correlation
of magma evolution in chemical components. Moreover, Group I has different Sr-Nd isotopic compositions (¥'Sr/*Sr(¢) = 0.705939
~0.706057, gyy(t) = =7.4 ~ —7.5) from Group II (¥Sr/®Sr(t) = 0.705822 ~0.706697, ey, (t) = -12.0 ~ -13.5),
All these indicate that the two group volcanic rocks of the NFV may have been derived from different mantle sources. Comparing with
the Mesozoic mafic volcanic rocks in adjacent regions, Sr-Nd isotopic compositions and ratios of (Nb/La), and ( H/Sm) , of the NFV
are all located between volcanic rocks within the North China Block (NCB) and volcanic rocks from Hinggan-Mongolian Orogen
(HMOQ), suggesting that the mantle sources of the NFV had undergone subduction-related metasomatism except inheriting the mantle
source characteristics of the NCB. And this indicates an important role of the subducted slab in the modification of the lithospheric
mantle beneath the northern margin of North China Block during the closure of Paleo-Asian Ocean. All volcanic rocks of the NFV have
distinctive characteristics of significant depletion of Th and U relative to Ba and La, suggesting the early ancient lower crust of North
China Craton recycling into the mantle source. Combined with the volcanic distribution along major faults and regional early Mesozoic
tectonic-thermal history, the NFV were formed under extension regime as a consequence of post-collisional stress relaxation, which led
to the reactivation of deep faults and trigged upwelling of asthenosphere and decompressional melting of early enriched continental
lithospheric mantle.
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Fig.1 A simplified geological map and distribution of the Nandaling Formation volcanic rocks in Beijing area
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21 HARATEEALENER (%) MEBTEX (ppm) AFARSHER

Tablel Major and trace elements analysis for mafic volcanic rocks of Nandaling Formation

¥e 20XSH-40 20XSH41 20XSH42 20XSH-43 20XSH44 20XSH4S
Si0, 49.24 49.24 48.33 48.40 47.64 50.19
Al 0, 15.58 15.37 17.61 16.48 16.98 17.41
Fe, 0, 3.01 1.88 7.7 6.49 3.96 6.07
FeQ 7.22 8.00 3.47 5.7 6.85 5.1
MgO 5.62 6.44 3.51 4.71 5.17 3.35
Ca0 7.73 6.44 6.36 5.11 6.28 3.94
Na,0 3.11 3.82 3.47 4.14 4.12 5.37
K,0 1.63 1.47 2.75 1.57 1.51 1.88
MnO 0.15 0.16 0.16 0.16 0.16 0.14
TiO, 1.92 2.11 2.08 2.14 2.03 2.14
P, 0 0.76 0.81 0.77 0.81 0.81 0.81
LOI 3.64 3.88 3.35 3.92 4.13 3.21
Total 99.61 99.62 99.57 99.63 99.64 99.61
La 46.9 49.1 50.5 54.5 50.5 56.3
Ce 104 109 106 118 110 122
Pr 12.4 12.5 12.8 14.1 13.2 14.7
Nd 51.8 52.2 51.3 57.8 55.3 59.6
Sm 9.40 9.84 9.22 10.8 10.6 1.1
Eu 2.64 2.47 2.58 2.83 2.712 2.77
Gd 8.15 8.43 7.91 8.95 8.79 9.25
Tb 1.21 1.27 1.21 1.32 1.24 1.37
Dy 6.57 7.27 6.65 7.53 7.06 7.44
Ho 1.27 1.35 1.26 1.46 1.35 1.45
Er 3.45 3.80 3.69 3.92 3.66 3.96
Tm 0.51 0.56 0.54 0.57 0.52 0.54
Yb 3.21 3.38 3.22 3.62 3.34 3.58
Lu 0.44 0.48 0.44 0.54 0.44 0.51
Rb 24,1 19.9 46.6 26.8 22.1 30.5
Ba 978 1390 1585 950 932 1330
Th 2.30 2.40 2.54 2.70 2.49 2.75
U 0.37 0.44 0.91 0.70 0.39 0.76
Nb 17.2 18.7 18.4 19.8 18.3 20.7
Ta 0.78 0.91 0.91 0.96 0.84 1.00
Sr 1243 541 1173 702 966 548
Zr 274 286 294 310 290 322
Hf 6.43 6.96 7.23 7.60 6.73 7.58
Se 23.8 25.3 24.7 25.4 24.1 26.3
\4 200 202 156 177 174 168
Cr 113 119 107 119 132 118
Co 38.5 34.9 33.6 47.4 39.1 41.7
Ni 61.1 52.1 52.0 71.4 69.5 68.4
Y 35.7 38.5 35.2 39.3 38.1 40.3
(La/Yb) 10.5 10.4 11.2 10.8 10.8 11.3
Y REE 252 262 258 286 269 295
Ev/Eu* 0.90 0.81 0.90 0.86 0.84 0.81
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Nandaling Formation mafic volcanic rocks.
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Table 2 Sr-Nd isotope analysis of Nandaling Formation mafic volcanic rocks in Xishan, Beijing
Sample No. 20xsh-40 20xsh-41 20xsh-52 20xsh-57 20xsh-58 20xsh-59
Rb(ppm) 24.1 20.0 31.9 28.5 77.9 49.7
Sr( ppm) 1243 541 750 709 958 668
¥ Rb/% 8¢ 0.056 0.107 0.123 0.116 0.235 0.215
875r/% 5y 0.706091 0.706346 0.707029 0.706383 0.706629 0.706404
+20 14 16 17 13 17 17
7S1/%8r(1) 0.705939 0.706057 0.706697 0. 706068 0.705993 0.705822
&5 (1) 23.6 25.3 34.4 25.4 24.4 21.9
Sm( ppm) 9.40 9.84 6.16 6.02 6.19 8.08
Nd( ppm) 51.8 52.2 34.4 34.8 36.0 43.0
17 8m/ " Nd 0.110 0.114 0.108 0.104 0.104 0.114
" Nd/'“Nd 0.512149 0.512152 0.511871 0.511896 0.511907 0.511845
+20 11 13 13 13 12 11
ena(t) 7.4 3.5 12.8 -12.2 -12.0 -13.5
Tpu(Ga) 1.46 1.52 1.85 1.75 1.72 1.98
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BHARAPEHALUEREBERENBBTRISENR
LILE/HFSEF1 LREE/HFSE [t 24 34 B 1E K 1A JE#AH L,
K Th-U XN SHWAL TEEEEKLE,; R,
HSe-NdFMuBRAB WA FHRHE NG ZE, FAEXL
TR-FRAFER AT SR R X A FRI & Z A,

H1F Nb,La Hf Sm % U R R M/ R P RA
HERSHARESIBMMRET N, BALRELKEKR
PARARBME B XL TR EFERR T HRE A%
fiE. —MH, 5AFER P REREERAY
Nb.Ta 5T Zr . Hf WAHXT REE S ARHE ., MhRHN
B CO, Fifh/# i3z AA & S 08 M) R B Ze/HE SMBH Zr,
Hf #%t REE SiRAY4H{E (LaFleche et al. , 1998)

BRI 4L PR KL A B A (Nb/La) o H{H (0.22 ~
0.37) PR I (HE/Sm) (L (0.91 ~1.16) #3550 T X84
XM KA FIE ((Nb/La), = 0.20,(HE/Sm),, =1.10),
B 8 P52 K 1l A K (Nb/La) F 3515 (0.45), &
(HE/Sm) EHME(0.77) (E8), KRBT AR F XA 23
T ERWHEHZRERANE W, X ENEELHFPER
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Bt ok LA A BR AL A GE 38 S R SR R IR X O 2 B vb oy
TR XA E A B8 (Fan e al., 2003), HilL
RATAATE R AP EH LB TRI AN T LR
PR ¢ it LI B K LS B9 (Nb/La) , (HE/Sm) y HU1E
MR RARRFER M T HbB R X 24K T 4ILhR
PIHB EMI B3t 08 , 3 FL1R BT 8832 B T o T3 A48 rh ST AUFE A
MYE, X—ARSIERETE IR MM EER
L7/ R e

AR H PN KL ERERIEIL Th-U M3
Ba.La &%\ 5 #1, Blundy 1 Wood (1991) HI Reagan et al.
(1992) LR ARFHRRY Th-UERKAPHIERK
EET Ba.La, I RHEHAKARK Th-U FRBRAT M,
EH i, Hoffmann (1996) Fil Sovelev et al. (2000) {A & Hawaii
ZREN Th-U WSHERHERKARRNOKEEKESE
HWB5HX, Xuetal. (2001) FEMEBEKE L HT2 R34
WEREHN Th-U SHEHAS RS AR ERTIRFZAE
REMKABKERERKMBENB. BEMKAERX
BETRNEEERE S B ERY¥. MG P ESE
KUWEHBARAE LR MWBRILFERHE, Zhai et ol. (2001)
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BT AOLEBIRS| ARE %, 1999; NEWXILABET A Fon e
al. , 2003; N-MORB, OIB #1 P. M. & #3] B Sun & McDonough,
1989)

Fig.8 Variation diagrams of (Nb/La) vs. (Hf/Sm) for the

Nandaling Formation mafic volcanic rocks

FREZARBRENLRNETHENORBE A ER S K Nd
FIf RAEE, BRRHHB A Th-U T3 (Th = 1. 22ppm,
U=0.4ppm) , X BB G HHRBAAHBE RSB H
RS EE R, BRIEE FANEREAPEEAXLER
Th-U SHREZHLREX R, 8RR 8 W3 ARG R 0F wp
REAEP, TRARSHY TFEATHRTLAS YR
i rp B8 HX .

5.3 £RAA

KB U K LA B A R B S LW R -
WERA R, MK % EAEA (Davis and Blackenburg,
1995) %11 i M £ B3 (England and Houseman, 1989) .5 J;
#3545 (Ruppel, 1995; Liu, 2001) M HFEKENFHE
BIBALEA (Fan ecal. , 2001) %%, HPBRHABY
WX AIEEHEEIR (Tumer et al., 1996; Miller et al. ,
1999) .EEH 4 (Hawkesworth et al. , 1995) FIFEHEI
#IUHF (Fan et al., 2003) %4, HEM XA EBRET
SRR RS £ B 8 L/ T 3 08 18 o S B 434
ERL EENMMEAESRRAAS M ALENMBETR
M BRI 4$4E , iR 9 LILE/HFSE $1 LREE/HFSE HH
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BRI PV AL A RFUE % Ba K f1 LREE, 5
Nb.Ta % HFSE f1 0 % B 4 ) Sr F{K Nd & 7 % 4 &L
Hit, XEARWTRRERE: (1) i 1EBRTX
b 0B B2 BE 4> HE BE =) (Gill, 1981; Arculus, 1994);
(2) KEEAREBEERTERSAEHMBBEERIER
FE B (Hawkesworth et al. , 1995; Fan et al. , 2001, 2003),

BT BRAR 1L -3 PR - R AR 1 L1 A 7 7 OO A9 A TR R R
KB AREREMIRCERR AN EEMERNE S
A} 7 280 ~ 310 Ma ( Chen et al. , 2000; BR&ZE, 2001),
EERERURKUIBRERN—E=8L (260 ~ 208
Ma) MBMHBRABNGEES T EMFENBRE S EWL
ERRIES R (FE®%, 2000) , XEH LR KK A S
B KILATE R TR, LRI B T R R
HIEFERYR T EEMBREX ML,

R EERME TUTEMREREHRRLE R, Rl
X7E 180Ma B R & ARy g AR ZU M MAE T (BB E AR
%,2000) , LR ) ERFHEZRERETRRAER
e (BERRALERER) UEKEEREHRBER®RT £
I BPIX S RIS RN I I, X — SRR
kB SRR R G- BEXRTENHEE AEER
#H% (Davis et al. , 2001) , ZABRIGH P EH K UCEHH
W RIRR 4 0 A4 R RATA I R KIS 4Kk L B T B 3
FEJ& L A1 4305 | & R R o R A R B3R, BV el TR AR S i R
SRR AW 30 5 B A B IR 530 1 7R 0 3K 0t B
8 b AR R, YA BB RRE S SKEE M
AR ABAE , AT 5 | A2 3% 0 o FH B A9 2 B 3 08 0 FE
SHERE FITE AT EA 08 IR S K B B AL 1 4Lk g, i 1
HARIWEERIET T — Mg RERM,

6 WL

JEFEFE IR KR A R RN E R THKNEFERTE
BUHZRAE THAKLEFERTUANTRETRASA
B PIHAAERZRI Y LREE B0 A 8 B% + ig 4
X, %% LILE (0 Ba.K) ,LREE FI15#] Nb-Ta B T ER
EITHXUESEERTAXLER TI.PHETE(D
Cr.Ni) \REE #] HFSE, " & Z B A EEE R FLHaYE, 14
kI Sr-Nd B RABAE/D, EEBEAR K, T 4K
L Sr-Nd R EAHY B, MASA TR BRILEIFE
SE b A T R AL R R R K LA 28]

AR RS AP EE LSRN BERBBEX FE
k7R T LRGSR AES EMI RU08IR X, 3 H 239 T2 HH T
WEHEAR L R EEEM. LITHAXUANEXERR
[, FT BB R bl A 25— P BT B

B M- 5 R TES S R B AT R B TR -3
BRTIE I rh I A RN, BV E G N AN BER
SR KMIRIE 31 F BUE A B BEER R 35 46 8 Fn 4K o B 3th

B8 W, TS A2 R 030X B 4R 0 2 0 T St B 0 P B A0 4
1 R B

B AXBATEMFRAIVAUFTTIRERNE
(KZCX1-107) IR FRHFEHERE 973 T H (G1999043202)
R,
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