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Abstract India-Asia continental plate subduction and collision lead to widespread Cenozoic potassic-ultrapotassic magmatism in the
Tibet which provides a valuable indicator of the composition and nature of the deep mantle beneath the Tibet. The Cenozoic mantle
xenolith bearing high-potassic basalts (7.1 ~23Ma) distributed in western Qinling, western China are a window to probe the mantle
composition and geodynamics beneath north-eastern margin of Tibet Plateau. The chemical and carbon isotopic compositions of volatiles
in olivine( Olv) and plagioclase ( Pl) phenocrysts and matrix ( Mix ) of Cenozoic high-potassic basalts in western Qinling have been
determined by stepwise heating mass spectrometer to reveal volatile sources and geodynamic implications under the system of continental
plate subduction and collision. The results showed that the volatiles in high-potassic basalts were released by stage at temperature
intervals of 200 ~400°C ,400 ~800°C and 800 ~ 1200°C ,and are characterized by dominant H,O with minor CO, and SO, , as well as
detectable He. The olivine phenocrysts show higher release temperature interval (900 ~ 1200°C ) of main volatiles than those in mantle
xenoliths in eastern China and ultramafic intrusion (400 ~800°C ) in other regions,and are mainly composed of SO, (68. 72mm’/g) and
€0, (59. 46mm’ /g) etc. oxidized volatiles. The contents of H,0 and CO, increased gradually from olivine phenocrysts to plagioclase
phenocryst and matrix. Olivine phenocrysts display relatively lighter §" Ceo, ( =26.21%0 ~ —20.85%0,av. - 23.32%0) and 8" Com
( —42.35%0 ~ —38.17%o0,av. —40.03%0)than matrix( —16.43%0 ~ —11. 67%o,av. —13.22%o for CO,, —44.22%0c ~ - 34. 03%o,
av. —=39.70%o for CH,) ,which show the 8" C features of crust with thermal cracking component of organic matters. The volatiles in
primary magma are mainly composed of SO,, N, and CO,, and could be derived from a deep mixed mantle reservoir and developed in
high f,, environment. They could be mixed by coexisting carbonatite magma or assimilated by the local Carboniferous carbonate which
magma penetrated, and had been added by a large quantity of H,O and CO, during magma ascent and evolution. The chemical and
carbon isotopic compositions of volatiles suggested that a recycled crustal component derived from the devolatilization of subducted
oceanic plate or sedimentary rocks, which could be related to paleo-Tethyan oceanic plate or Northern China plate with Yangtze plate
subduction and collision under the system of India-Asia collision.

Key words Mantle dynamics ;Carbon isotope ; Chemical composition ; Volatile ; High-potassic basalts ; Western Qinling
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BHX%(8.7~18.3Ma, Mii2= 2 ,1994) 7 B BAF# % (7.1
~23Ma, W=7 ISR EAR , 1998 5 Mgy H45 , 2005 ) 074 F1 B4
I LB EEE OIS, a0 R RN 2k L B
DI BREE R A BRI A 25 LA R B X s (R
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Fig. 1
western Qinling, China(after Yu et al. ,2004)

1-Quaternary ; 2-Cenozoic volcanic rocks; 3-Tertiary sandstone, shale

Geological map of Cenozoic high-potassic basalts in

and conglomerate; 4-granite in Yanshanian period; 5-granite in
Indosinian period ;6-strata of different stages: J,,-Middle-lower Jurassic
sandy shale and glutenite, T-Triassic sandstone, slate and limestone,
C-Carboniferous limestone, shale and sandstone, D-Devonian slate,
siltite and phyllite; 7-faults; 8-geological boundary; 9-stratigraphic

unconformity boundary ; 10-river;11-sampling location
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Fig.2 The contents of volatiles ( mm®/g) released at different temperatures from olivine (Olv) (a, b) and plagioclase ( Pl)

phenocrysts and matrix (Mitx) (¢, d)in high-potassic basalts

(a, c)are total volatiles, (b, d)are the rest volatiles except for H, O

H,0(7825. 71mm’. STP/g, STP — Rk B & 1 4 14) &,
HYR N €O, (265. 64mm’/g) F1 SO, (87. 73mm’/g) . ARG
WY AHBE AR T P A 2 A3 2 AN TR) o ARORE A BE O
TRLL 53 P AR (271, 69mm®/g) , L SO, (-1 68. 72mm’/
g). N, (67.74mm’/g,). CO, ( 59.46mm’/g) F H,0
(56.48mm’/g) g £ HOHS 71 BE S 3 B4 900 ~ 1200°C B
O R 4l B LL SO, (63.95mm’/g) S F, KA N,
(20.02mm’ /g) 1 CO, (17. 99mm’/¢g) ,

RHC AT FI B TR #E R & 8w, L) H,0 O
3, 39435 19078, 16mm*/g F1 10839. 52mm’ /g, RHEA
BEAH Y OB R (200 ~ 400°C) i MK 4H L LA H,O
(13611. 72mm’/g) g 3, Hvk S N, (22. 82mm’ /) 5 H i 3=
U (400 ~ 800°C ) i 4 2H i 3= % - H,0 (5667. 89mm’/
g) , Hik o €O, (228. 09mm®/g) F1 SO, (22. 62mm’/g) ,

PYZRUEHTAE AR 0 BT X B TR R A A i) — 1
REAF 2 MR A B SR BB AR A B, TR 2 My T2 B
HH R B U B 3% 7 R A, Hy 0 3 B 32 48 T 55 (56,48 mm’ /g,
10839. 52 mm’/g 1 19078. 16mm’/g) o 53—~ 24 2
RLL 3 BAT—5E S04 He (0 ~0. 45mm’/g) | 5t (1 PG {E ]
S HiutAE B R R K A48 (250Ma ) AB{BI( Tang et al. ,2011)
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23. 32%0) & T KIS BT T 1 8" Coo, T ( — 16. 43%0 ~
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Rayleigh-Rayleigh degassing curve of carbon isotope (initial value of §'*C is —11%0,1000Ina = —4. 6%0)
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1993 5RER NS, 2002 ; B3 75 55 ,2010) , — 35 7] BB 43 AR AT
T YRR ARG ) s B a5 A BRURTR AR A A
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(1) FRAG A IR TS KA - = B0 X o AR R T 32 AR
Hiubs AN BE A R 22 R IR A I R s R
PR, VA 23k I FT et (R RORSE 4 B o v R SR AR A 93 7T 2
BB e % A H I AR A B4 AL ( Nikogosian and van Bergen,
2010;Su et al. ,2010a,2011 ;Gaeta et al. ,2011) , EAWFEFHE
WIS £1 900 ~ 1200°C T e BERE 1 1 A4 2 43 T 2R U8 T
LN et R R N D GNEE AR P S RN SN
AR ISR A H B AR A ( Zhang et al. ,2009,2010) , i 4
PR FE 5 R S0, (63.95mm’/g) N, (20. 02mm*/g) Fi CO,
(17.99mm’/g) , 600 ~900°C B Hi f F AL 43 F oK [ It
TR AR MR BB, AR KR T A SIS 4 25 e
3Ry, 3 CO, (25. 08mm®/g) FI N, (21. 25mm’/g)
IR /b ) H,0 (8.92mm’/g) . CO (6.29mm’/g) F1 SO,
(4.18mm’/g) , CO, il CH, i 6" C {H#H %,

(2) BALAE I TARIE K Oy« RHE A BE AT e L A K
TRARAE IR 5 W25 Rl b T R b 45 S i, b i i A
2043 ATARER K A R A B TRAAR A 0T 5 T 266 5T B AR A 43
MARE I B RS R R Ry . 3 1E 400 ~800°C
R Y U A A oy Ak 2 A A L, S HL,0 (4 Bk
5667. 89mm’/g 1 5237. 09mm*/g) , Hyk g €O, (228. 09mm’/
g F 193.26mm’/g), UL & /b & B9 SO, (22.62mm’/g Fl
0. 11mm*/g) FI N, (8. 74mm’ /g F1 49. 85mm’/g) ; CO, Fl CH,

6" C {4 E . MIHIA 200 ~ 600°C B H (AR 41 435 2 M
{1, A H,0(40. 48mm’/g) 2 &, Jk hy N, (26. 47mm*/g) il
CO, (16.39mm’/g) H4 5T & AR, 7T g b S £1 5 i 5
LR R R B A ) SR A R

5 BRI AR IE AR Ak 2 4 SR L, A2 2 i A 4
KAy H,0 1 CO, B 3=, MR ¥E H,0 1 CO, i ihiE &
LRI 55 W) 0V i BE R 23 B 32 30 (Newman and
Lowenstern ,2002 ; Hauri et al. ,2006; Wade et al. ,2006) #fEHi %
RAIKE L IR A T KW H,0 1 CO, .,

(3) JE RS oy A HS G B 2 B0 5 3R 200 ~
400°C BEHL I A L A3 AR AL, AHE A7 LA H,0 (13611, 72mm’/g)
hEHUCH N, (22, 82mm’/g) 5 FE B L H,0(5000. 76mm’/g)
L HRN €O, (43. 55mm’/g) | 52 SRUAASE R AR () 4L
TR, AT R8N S IS AAE R R vl 3R A R A
5.2 REEZHHKIE
PG Z3 05 0 A AR R 0 5 A TR & 0 Tk [ 7 22 4 1
FE, PRARE & A T BE S TR T M8 5 A s e 4 0 IR A
(K3.4),

A T 3 B AR AR 2R e S b A R SR A
H(Zhang et al. ,1999,2004,2007 ) , P4 Z& 04 i 80 i 2 A T
IRy P B AT A B 1 He, 55 R W — & 28 b
WA B R R K B 2 (250 Ma ) AR, 35 A — i Z5CHE w0 17
He(Tang et al. ,2011) , FAAH ] BEAC IR FHUR A HUME . B
BrA AR R R B T R ) S, S AR A U A Th %5 ik
ST R A O R He 11 STBRAR LS, DX G B6E 4 6 42
R S5 A A 2 43 18 i 119 Hee T RESI UL 2 I8 0 10 VR 3 b
W, 55— 7T, A BT X R BT A 0K IR B 41 ((Stoppa and
Sharygin 2009 ) , BiAE A1 BE & 9L 1A 41 43 32 S04 3R BE (900 ~
1200°C ) B g 55 -+ [ 7 350 b g At 35 1k AR 328 s Ly e 2 2
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K4 CO, 5 CH, #k[a i Z K (Hg Ueno et al. , 2006 &
%)

Microbial-f3 A ) 5 P 2 7 5 Thermogenic-43 AL J57 £ 24 fiff 1 P 20
53 ; Marble- K B 25 50 Y5 2H 3 ; Mantle- i 18 5 Y5 2H 43 ; Crust-}1 57 3k
TRy

Fig.4 Plot of 8°C of CO, and CH, ( after Ueno et al. ,
2006)
Microbial-microbial component; Thermogenic-thermal  cracking
component of organic matters; Marble-marble-derived component;

Mantle-mantle-derived component; Crust-crust-derived component

BB A B 4 1 B R A A R O A T R R
(400 ~ 800°C) ( Zhang et al. ,2004,2007,2010; Hu et al.
2007) , 72 I AE— 5 b A0 B AORS A 40l % AR R 40 1 T
R e, B S PT AR IR T A UR A g . bR TR TR
bR P 0 R VG 2R A O P A LI 80 ~ 120k, B2 AR,
E R X RS SR IR > 90 ~ 130km (8 0H4E 1996 ; My
2 H4F 2001 ,2009 ; 52 22 655, 2003 5 754 i@ 55, 2007 ) 3245
X —HE T

MiH A7 B S CO, 19 87 C B ( - 26. 21%0 ~ — 20. 85%o,
SEYR = 23. 32%0) (RT3 H CO, 119 8" C {5 ( - 16. 43%o0 ~
—11. 67%0, Y3k - 13. 22%0) , CO, HIBR[FEIH 24 5 & &
PR AR AEARFAE 2 B R AT RS2 I A P a8 i (181 3a) o BN
PR L TR, CH, A i i, 8" Cop, HAT AR A R 3, L
' CO, Fl CH, fil [F o 25 2 B A ML AR RRAE (1 4) R
CO, Hl CH, RIEFAH b T Bk Ui BV HLB . 1% X
P BT LE AR R RO [R5 R 4L RG34 R — 5. 62%0 (12
B4 ,2003) PRI Atk ) 437 2% (15 AR o i i 380 8 0 3
AF H G AT e R e AL AR T R IR o K BTR A B
P2 TR T IR o 3 DX ST 6 b 22 R e 1 ALY

FOHE A BE 5 7E 600 ~ 900°C 1 900 ~ 1200°C B i i CO,
) 8" C {H (E3 40318 —23. 30%0 1 - 23. 11%0) B 5. 5% F Hi

1 CO, 18 CHH (=7 £2%0) , 853 F g 35 Hualalai — #5274
W1 CO, 11 8 C{H( —22%0 ~ —26%0, Deines, 1989 ) . [E 7= 3
Hu WA 5 1k CO, 19 8" C {H (Zhang et al. ,2007 ; #E HL 45,
1996) FPLHAHLET CO, i 6" C {f ( - 25%0, Deines,2002) ,
/R IR X T BE A7 76 FHOG IR 2 A 4%, (B i on R Nb/U
Nb/Ta Lt {E 45 7~ 15 ) [0 TR 2 A 32 A1 (i 27 2452, 2009 )
GEABERIK A R CO, FI CH, % R 25 41 B LT
SRR AEARE T , FH G ) FEAIE RS R AR 20 43 1T B I b v e
DU R 45 & 0 6 FH R 1 10 52 U8 3 AR 45 & 1y ( Gao et
al. , 2010;Fu et al. , 2012; FhARHEE 2006,2007) , 5 e
i i A 5L AU R B 55 3 F AR BRI AT 56 (Gao et al.
2007) .

5.3 MEERZBEIHIEI NFERN

PHZR I R A0 i 2 i PP £ B Ay 900 ~ 1200°C B 1Y 3
RS LRI S 0 32, CO, 1 87 C i . SRt
T A P S R AR i ( F 2 CO Ml H,) A L, SO, & & #K
8, 55 L R A 307 1L A 3 A P R B MORE A ( Chaussidon and
Lorand,1990) AR %3 LA I 4 5 BB PR BT E (Hu er al. |
2007 ) F15 45K ki 55 e i 1X 25 47 P i1 ( Zhang et al. ,2004,
2007) 25l o $E7RHIB ML T3 LT |5 o, 1418 2 b e I DX 3R
3% ( Dunworth and Wilson, 1998 ; Nikogosian and van Bergen,
2010 ; iy B4 2001)

VI ZRUE 22 77 22 YR WR AR -l 488 1 Y A0 5 T, AR 1) £
T AL 1 T M 2H R Ze R AN S, B . mBR
TS A RN AR A BE A B BT A 400 ~ 800°C ¢ it A 21
BCLL H,0 S 3, WK TE & 80 B X A SR A #E b g b
M, R R R R B A AL SR R AR Y CO, AT CH,
B [R5 2R 2 R WY, ARF irpr s e Al R s TR B 422 5 OV HTIE
AR DG FE R AR TE 9K T8 A o e o T A B g 5 X
4% v ( Avanzinelli et al. ,2009 ;Gao et al. ,2010) , =44 ik ik
FRORM L SRR R R X R A AR TR TR B R A
(Avanzinelli et al. ,2009;Gao et al. ,2010) , PR E R X
TR R A I RE AR B fi) BRI A i R ool i 75 6 v Dt o B b
TSV AP sR IR T, TR i 3l b O e A Pl 3 o Je
R 8 (Su et al. , 20095 55 A it 5%, 20065 Wiy °7 2L 4%,
2009 ) , HETR 0 P X A7 AEAR i PG PR ML 72 4108, $E R iz X
AT 656 A AH OC Hbu 2 35 2 1 3 1

6 &5k

PR A X 0 5T 2 s P R o A B AR 4 R Ay
P2 45 kTR 7 28 ZE AT e A 3 ]

(1) Py i 0 i 2 i Dt e R TR AR A 0 220N
SO, \N, 1 CO, . ETHEFEFAA T KRR H,0 F1 CO, .

(2) MM A B8 0 ) B A 2L 073 LA SO, il €O, S5 S Ak 20
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0 3 PP B 5y o AT DR 5 o A 19 He 5 BOME £
B L 5 , 72 1 T U5 T VR 0 M, i
LT3 L4 5 /B

(3) BT 00 28 S48 % FL 2 S e 3 o P A2 R i
TUIAE 2 31 FR B AR T 0, 2540 2 0 243
o IR AR S K SRR M 2L

gt REMCREM Y R b R X BEAR AT
SEME TRAS AN E YT SCR T T ORI Bl 5 BERLIOR 38 1 R
WIS 530 SCRR ) s i B 3t 1 e 9 A DRI T8 L 5 7R I 2R
O
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