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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 ( P1) 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
€O, (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%oc,av. —23.32%0) and 8" Ce
( —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 §" 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 mixes 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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400 ~800°%C F= 800 ~ 1200°C -#t a4 sk A H,0 4 £, k4 CO, #» SO, , A& A ABxT 8 & 09 He &%, MMM G 528 B 4+ K
&gk dy Ao AR H,0 A= CO, 325+ &, LB 888 AR A £ 28 2048 2 (900 ~ 1200°C) WA B8 T 7 B A 3014 5 &
B E M R AR B AR T BB | AR L SO, Fe CO, EFRALMA A £, 2 CO, 89 87 CAL( -26.21%0 ~ —20. 85%o,
34 -23.32%0) F= CH, #98" CAL( —42.35%0 ~ —38. 17%0,F ) - 40. 03%0) & T 2 i #9 6 Coo, 1 ( = 16.43%0 ~ = 11. 67%o, F
¥ —13.22%0) F7 8" oy A ( —44. 22%0 ~ —34.03%0,F 3 —39.70%0) . K F CO, #= CH, 2 B 15 & 20 % B A AR 4 3L g 4%
Ao R E R RARBELR N L2 H SO, N, F= CO,, THALR TR R AHILR K 84T & £, 3B, RAKELMAF
Fo El L A BT R Z K ERBEL T AHAREAR T RIBRAS R ER L ELTEF TMAT KE0 H0 fo

CO, & THALRRELERARERERFERRBR B EWRL; L PO BIERERE YT A T8 RAFE A AW
REGEI LIRS BT LB R R B VEIR 2 RIAAR Y B 8RR D

KA g F) N F A R E AT UG RARE R ST R E R B A%
FEESZES P588. 145;P593
1B 2 HIRHES

TG 00 S5 AR 2 1) P ZR 00—l R B AR AR AR R BT KR
o NS TR BR A 7 15 B 5 A PR (Zhang et al.
1999,2007 ;Su et al. ,2009,2010a,b,2011 ;Zou and Fan,2010;
e B4 2001 ,2004,2005,2009 ) , 3= 2 8 40 A 78 5l 44 4L
BEX5(8.7~18.3Ma, Mii%= 2 ,1994) 7 B LAFHE S (7.1
~23Ma, Wiy HURI TR AR AR, 1998 s Wiy~ HE45 , 2005 ) PG 1245
LS EE JOLE S, a0 8B FEON Ak i B
DB EE I A BRI A 25 LU R B X s (X
‘) (Lavecchia et al. ,2006; Gaeta et al. ,2011 ; Mgy =7 B 45
2003,2004 ) , 2 B - R Bl 2 Z A3 006 o | 49 3 Pl b g 7
400km S A6 AR 1 400 1) 75 B 5 & B i ( Xia er al. 20115 1y
25 ,2009) % T UG ORF A T 92 DX i 2H A
S REsh i B & X (Su et al. ,2009; Zhao et al. |
2009 ;Gao et al. ,2010;Gaeta et al. ,2011)

PEZEUE R BT A Ll s HAT @ i e Ni T Co 33 & (I 27
HUMBK AR, 1998) , @ AR AHA TC R AR 12, 77 5 =308
JUR, HA R EH B P 757 5 (W~ B55,2009) , I8 X B AT
EMI T EMIT (W 4FE , 7T B8 2 sl AR AR B R 20 iy 7 4 ,
BXEA B Jo, F1 CO, & (Foley et al. ,1986; Dunworth
and Wilson, 1998 ; Iy %% HL 45, 2001 ) , 2 5 J5E 11 B B2 1 RRCIE K
A R AR ol 45 75 T P L A T 7 ) (BLE 2
4,2007) o BT X ECA T REIR B M5 A A R L RO
V&l B 57 R 5 (1 i pE ( Stoppa and Lavecchia, 1992 ; Carlson et
al. ,2007; Chen et al., 2010; Nikogosian and van Bergen,
2010) o VAR R A EH R NS 81 XU A KRR E L
M 20 B AR 80 1 F i T F-B (Zhang et al. ,1999 ; Scordari
et al. 2012 BERLIR 45 19921996 ; F Kk % 45,2007 ) , 7] 3 —
A5 2 SRR DX oA Ak 4

AR SCR 43 25 I A BT 0 1 T 04 2 0 i A A s B
L B A RIS T U A 4 R 0 1 1 2 % ik [ o2 3R 2
Ji, AR L -BRRALE K il 58 BT e il 988 A ) 747 9880 o i A
SRR L 5 DX ) AR 2 SRR B L3 T2 3

Pa 2208 1 (LA Ak 2 40 1 DA ) ot R B T T 11—
a3 AR -ZR W RE A AT - H PR A R oty i = KA
A R A AR, R b ) 3 A7 B AL 9 PR AR L2k (AR
RN F W KBl B 22 8] o 3 A5 A AR B 2 AR He i) BRI A B
AR IR A FH 00 0 5 30T 9 R A D e T BRI AR AR
K LA DA i TR M ) JE] % B A (Zhao et al. ,2009; Chen et
al. ,2010;Xia et al. 2011 ;My“# HURIBK AR, 1998 ; M2 HU4E
2001 ; BEH 55 ,2007) . ARG —HEEARKEHANRE
R XA (F 1),

PO ZRIA B AL AR A Tk LA AR A KA M X
FPEAE A LB A SR AR, T RE
B AR THCE B DUS KA BEE =R
DRI E T . A0 B4 SRR 25, B A 3 2 MM 4 i o
RO A, AL B L T A A T A RS
PR c g v e i i e cap il 1 St I e et
BRITRVEAR 5 R , 8432 7 v (43 7Ky 20 8 L N 10 ) ]
WA A ZHE RS 5 R A 7 R AN 2 0 B il 1k
(Su et al. ,2009,2011 ; A% 2006,2007) .
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U R B SO CE NP KO, DL B RN A TS A R
B S BBEREE RFLM 18 FEC% YUk 15 55 A
AR 3 A A DG SA A A Bkl 3R Ak 2 R AR D M A
(1994 ) FIlG 2% B 45 (2001 ,2005,2009) ,

I R S A 2 B e R T R BR SRR
AyIa SRR 60 ~80 H , EX H B isE N F Tk
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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

FEAEM A R IR $h sl AR 3R 43 o I ZE AR K S S gt 2 vp
Ja MRS Br 4l 9 CH, CL, TR TR 8 75 I8 3 Bk LA B 2 3R 1
W B A BILBT 72 100°C 2R T HET o PRGN AU RE il 2 205 %
I, Zhang et al. (2007)

3.2 XLWHE

T AR AR 2 2H 53 BT R O R AR 4 25 4325 IR T 1%
BTE e BRSO IR T RE SR L R AR 2H 43 DA L R el
BRI 5 (3457546, 2000 5 Zhang et al. ,2004,2007 ) |3
b R A A 43 B8 K R A R IR AR S B IR
IR R AR, I IR E R AT 58 P i AR & 4l
B, IS CVHL 0.8 FTN B4 & AR A TR 8 %2 (Javoy and
Pineau, 1991 ; Zhang et al. ,2009) . 4325 ks & i — A4 A

BESAS TR B PR R . M 200°C FFEEEFHIE, LA 100°C 2 F+
LB, AR S R Lh, S AR S 1200°C , £ &
AT PR FH RS BIEVS VR 40 B R R TG oK S A
KAy, U0 CO, F H,0 45 A5 b L 1L T B H AR % % 103 R 5
TSN T BB 1) T 1A 45 % 93 4 ( Zhang et al. ,2007,2009) .
TR 53 B ICH B FNEGN Y 2 505 3R UL Zhang et al. (2004,
2007) ik, CO, FI H, 45 32 B4 & 0y I & A xR 22 /8N F
1% ,H,0 fiE iR 2/ T 5% (HRERAEE,2002) ,

WRIAO7 Z LL CO, A CH, Riliatxt 42, 5% FH 43 2 i #A-A
B9 FIR-GC-C-Fase [ 2 T i R Ge il 4 , CO, Al CH,
PREDCHE B PR — A~ A R AR 3 O O B R 2R 43T O
A AE 400°C i S IR AL , BF AR TR B R
(1 CO, 1 CH, 2053 Fl 53— Ui -1 0% VR W BRHUACAE , B — TR B
SUER Th 7R A0 ( ~96°C) f# M CO, F1 CH, #4
43 AR BATEL GC-C-MS R4, i 25m Ky C-2000
B4 E CO, F1 CH, 414%, He 2  # 12mL/min, 3
FEAETHRENEFE A 30 ~200°C , FHEHE 2R 10°C/min, 5351 H
AP R G AR CO, , A Delta-plus XP 35 [ {7 2 5t
P INEERR R A E 41K . 67 C {ERFH PDB bifi, RGEIR 2/
F 1. 6%0, TEARHTAEIRIL Zhang et al. (2007)
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4.1 RIFEEZDFEHEE

FEAT ARG R, PG 0T AR AR 0 T A s
A RVRH A B i SR T SRR & A T B R SR
AHIRE Aty RS T P AR 152 2 3 )RR MR RRAT Ak 2 4 L B R
IRl AN A AR (T 1 2),

HRAE 4325 in Pt 8 o o B0 5 2 R O 4 RS A
Bif fits B T () AR 2 3 () B TR AIE (18 2) , 4 200 ~ 400C
400 ~800°C 1 800 ~ 1200°C % Hi 1) i M4 ¥ & 1y 7T RE R AR
7], I B AN 4 M3k Ak 2 5 L (Zhang et al. , 2007, 2009)
(1) MY B 5 DA A 2 07 o S J0R 8E 908 FRL 5 , E 2 4 900 ~
1200°C B (K 2a, b) , /K FEELFF 400 ~ 600°C B (& 2a) ;
(2) BHE AT BE S AN S5 AR 20 43 5 85 L 7E 200 ~ 400°C 400
~800°C #1800 ~ 1200°C — A~ B B B Hh , e s L 3 3 [ A1
(F 2c, d), ERSIES MHE 200 ~400°C (FHK A7) 1 400 ~
800°C (F£f7) , 7K FZEAF 200 ~400°C Bt (8] 2¢) .

M3 B i T AR 4% % 43 7 200 ~ 600°C 600 ~ 900°C FI
900 ~1200°C =AM R BB AL (8] 2a, b) |, L5 b 08 4l 35 1A 2
BERR A 1R AR RO A 3 1A 21 43 8 1 AR AE B 2 B B AN
[ RS (900 ~ 1200°C ) B K2 /=5 F g 48 155 14 1 8
BEAR T AR T B MR 45 (400 ~ 800°C ) ( Zhang et al. ,2004 ,
2007, 2010)
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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 STP3/g, STP — ##E BE & 1 4 14) S &,
HWH €O, (265. 64mm’*/g) F1 SO, (87. 73mm’/g) o AN [FH"
Wy AHBE AR TT P I A 2 A3 2 AN TR) o ARORE A BE O
RT3 E 2K (271, 69mm*/g) , L SO, (-3 68. 72mm’*/
g) N, (F# 67.74mm’/g,) . CO, (59.46mm’/g) FI H,0
(56. 48mm’/g) Fy . BIOHE 77 BE b BRI 900 ~ 1200°C B¢
WO R L LA SO, (63.95mm’/g) Sk E, H WK N,
(20.02mm’/g) Fl CO, (17.99mm’/¢g) .

RHCABE S R BE BT AR R A & e, ¥ L) H,0 O
3, 3435 19078, 16mm* /g F1 10839. 52mm’ /g, FHEA
BEAH MY F OB R (200 ~ 400°C) i MK 4H L LA H,0
(13611. 72mm’/g) 3, Hivk Sl N, (22. 82mm’/g) 5 B Fi i 3=
AU (400 ~ 800°C) Uit ¢ 20 A 3 %k H,0 (5667. 89mm®/
g), HCH €O, (228. 09mm’/g) £ SO, (22. 62mm’/g)

PUZRUEHTAE AR 1 BT X B TR T R A A i) — 1 3
REAF 2 MR A By BB AR A B, TR HE Ry R
Hh R B 0 B 3% 7 B A, Hy 0 3 B 38 48 T35 (56. 48 mm’ /g
10839. 52 mm’/g 1 19078. 16mm’/g) o 53 4b— A 42
VRS BAT—5E S 1Y He (0 ~0. 45mm’/g) , 5t (1 P71
P HEAE A R ORUE (250Ma) AHALL( Tang et al. ,2011)

4.3 REFERBHBEMLEHK

s 43 BE S 7E 200 ~ 600°C 600 ~ 900°C il 900 ~ 1200°C
Bt CO, 198" Coo, 1H 85, 73 50 91 - 23.53%0, —
23. 30%071 —23. 11%0( 8 3a) ,8" Coypy F-H4 535 — 40. 59%0
-39, 59%0F1 —39. 83%0, HJFTE 200 ~400°C 400 ~800°C Fil
800 ~ 1200°C B it CO, (1 6" C {E A X # 8, SE 4943 5 A -
13.80%o, — 13. 52%0 Fil = 12.35%0, 8" Cyy, F- 35 H 43 51 Ky -
43.65%0, —37. 52%0F —37. 92%o , 41 T~ Hb 8 5 b 5% ) B¢ [ 37
FH{HZ M (15 3b) o

RIS A0 B i 22 0 RRCE SRR 5 vh LA S R I
P, 3L CO, 1y 8" Cp, 8 (- 26.21%0 ~ — 20.85%0, -3 -
23. 32%o0) I T S it A 5 R 1) 8 Coo, M ( = 16. 43%0 ~
—11. 67%0, V-3 - 13.22%0) . BEANFAIREE R TH , CH, 2
BN ,6° Cyy B AT,

5 Wig

5.1 REEERGHAER
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(b) Mantle F@"
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B3 R T O £ B S LT rh CO, BRIAIO 35 & i (mm®/g) (a) Fil CH, BRIFINZZE (b) A1
Rayleigh-Fiii ] 53-8 56 <t £& (B[R R BT AR (E 7 - 11%0,1000In0 = —4. 6%0)
Fig.3 Plots showing variations of §” C(%o vs. PDB)of CO,vs. CO, contents( mm’/g) (a)and §” C(%o vs. PDB)of CH, (b)in

high-potassic basalts

Rayleigh-Rayleigh degassing curve of carbon isotope (initial value of §'*C is —11%o0,1000Ina = —4. 6%0)

TRFE R A BOR A PR R 55 A Sl b it 72 vp R R W AV DR RE
B P R ) o B o o YA T s ) 28
TR RE SRR HH R AR R R A E B RIE T8 45 i B AR R
G AR R Ay, LA B s AR Pl 5 v 3 1) s 300 i A4
3, 40 e AT AR P A4 s ik 28 4 R A (B AR IRk 5, 1992,
1993 5RER NS, 2002 ; 3 75 55 ,2010) , — 35 7] BB 43 AR AT
T YRR ARG AR ) s B 5 A BRI AR A
P N

(1) JRAG AR TS R A < i B0 X s AR IR T 32 4%
Mg MO A BT R 2 R IRER A K D X A R R
PR, VA 23k I ST et ) RORSS A 6 o v 1 AR .43 7T e
WA I X B I AR AR A BT 4 ( Nikogosian and van Bergen,
2010;Su et al. ,2010a,2011 ;Gaeta et al. ,2011) , EAWFEFE
HIMIE A7 900 ~ 1200°C 1 B2 B et i TR 4 43 2R U8 T~
Wy RS BB RN 2 B R A AR, DL R A R R AR L A,
AR IE IR A H AR AR 2 A ( Zhang et al. ,2009,2010) , i 4
ER Ay EE N SO, (63.95mm’/g) N, (20.02mm’/g) FiI CO,
(17.99mm’/g) o 600 ~900°C ¢ Hi A Ji A 21 43 3 B3k 1 J5 i
TR AR BRE R, PTARR KR T A SIS 4 45 S
R LY, EFE R CO, (25.08mm’/g) FI N, (21. 25mm’/g)
DI R /b B i H,0 (8.92mm’/g) . CO (6.29mm’/g) FI SO,
(4.18mm’/g) , CO, I CH, # 8" C (%%,

(2) EAA JE AR FE R A« RHS A B S AT e Xl g
TR0 o e 14 A sl B T R rh 25 S i, b Y AR
2043 ATARER K A S A B TR A J5T 5 17 286 5T v B AR 2H 4
MARRE L RS R R Ry . — 35 1E 400 ~800°C
FEH Y U A A oy Ak 2 A A L, FEEE S HL,0 (43 Bk
5667. 89mm’ /g il 5237. 09mm’/g) , H:¥ Ky CO, (228. 09mm*/
g A 193.26mm’/g), UL K /b & 1 SO, (22.62mm’/g #
0. 11mm*/g) FI N, (8. 74mm’ /g F1 49. 85mm’/g) ; CO, FI CH,

67 C A E . HIHEA 200 ~ 600°C B i} 1 1A 41535 2 A
o1, Lh H,0(40. 48mm*/g) g 3=, Hk Ky N, (26. 47mm’ /g) Fl
CO, (16.39mm"/g) {2 6 S f B, 1T B 4y MBS 47 58 & 5
LA R B A I U A R

B TR0 55 J AR R 3 Ak 2 A B L, WA SR T R 4
Koy H20 Fi CO2 B i 4% A4 H,0 I CO, S5 Jifkds Kk
AE LR IE I 5 09 o BV A B2 7043 T5E 22 %0 ( Newman and
Lowenstern ,2002 ; Hauri et al. ,2006 ; Wade et al. ,2006) #fEH; %
RAHEAL E AR InA T K&/ H,0 #il CO, .

(3) JE MR A7y < RH A BE i T B0 5 5T 200 ~
400°C BEHL IO T L 23 AR AL, RHE A7 LA H,0 (13611, 72mm’/g)
N E L HUCOH N, (22, 82mm’/g) 5 FEF L H,0(5000. 76mm’/g)
IR CO, (43, 55mmr’ /) , 5553 E IR 5 10 2L R
A, TRE N S L R rh AR A R R K 3

5.2 REERGHIKIER

VU0 R A A 05 2 i A 4 i 0 ik [ o 2% 2 AL
W], AR K 0y 7T RE R IR T M 5 b e v e 4 A IR S
(K34),

A v fE A AR R R G S AR S A
He (Zhang et al. ,1999,2004,2007 ) , 75 Z& 4 =5 40 5 &2 1A T
PR A7y v AT ARG 85 o8 5 B B He, 55 PH AR AL — & 20 3
W I PR R KO A (250 Ma) ARRL, 5 A7 — i i ml A 00 £
He(Tang et al. ,2011) , W H AT RER IR T HOE A b . HR
B B BT 2 B R I (), B AR U R Th 457k
SPETCRIE TR R He 19 STRRAR AL, PRI 368 £ i 40
FIEE BT A4 43388 0 Y He AT RESR IR T AR IR A0 R b
W o 5 — 5 T, e B0 BT B e i EE 8 ((Stoppa and
Sharygin, 2009 ) , il 1 B & 78 1A 4 43 3 B S TRLEE (900 ~
1200°C ) Btk i o [ 2 3 b g 5 1R A0S 32 32 L g
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’ MarbleY _L.enT'800C
or -500C
-20}
=30t B ] 200°C

& 800°C PO lermogenic
=40t IEJD o] Q¢ .-
O .‘:| o 7 100C
= 500°C
©=50t Crust .7 e
JOoIv600C
—60 | A £ lmorveooc
. Microbial Bl 01v1200°C
R 0 Mtx400C
70 [ e 0 Mtx800°C
100C @ Mtx1200C
80 ,
-30 -25 -20 -15  -10 -5 0 5 10

8 "Ce0s(%o0)

K4 CO, 5 CH, B[Rl {7 Z & (4 Ueno et al. , 2006 &
o)

Microbial - AE 9 i IRl 2H 43 ; Thermogenic-F A1 5T #4 24 g A (5 21
43 s Marble- B 45 4 R 2H 43 ; Mantle-Hby 18 3 5 2H 43 ; Crust-H1 5% 5k
RS

Fig.4 Plot of §” 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 T A B & DI B 4k T A R v RO A 1 T R R
(400 ~ 800°C) ( Zhang et al. ,2004,2007,2010; Hu et al.
2007 ) , F AR — 22 M BB B T MO A Fol 9 A4 4 2 003 1) °F
R e, RIA 2R AT RE VR TR UR A s o M SR
HbER P T 0 5 VG 2R O B R 80 ~ 120km BT ZE AR,
e T K AR IR R > 90 ~ 130km (#5124 BH A5, 1996 ; Iy
2 HIAE,2001,2009 5 52 24 345, 2003 5 J3 AR ) 45,2007 ) .37
X —HEWT

M BE S €O, 9 8 C (- 26.21%0 ~ - 20. 85%o,
SEH - 23. 32%0) TR R €O, 1 8°C (- 16. 43%0 ~
—11. 67%0, VY3 - 13. 22%0) ,CO, MIBREN ZH LS5 & &
PR AE AR AR IE 28 B A 1T RS2 JB0 0V F i R (181 3a) o BTN
PR IO FHR , CH, SR, 8" C oy BA AR T 1A S, 2R
H1 CO, F1 CH, B[l 2 4 i A MU AR ARIE (R 4) 1)
CO, 1l CH, JRIEFAH I Bk Ui BV HLBT . 1% IX
P A BT AR AR R A HORR R 52 R AL RG34 R - 5. 62%o (Wi
EHAE 2003 ) PR T PR 0 i 1] 457 2R (L MBHORSE 1 50 o 38) 5 o 30 ¥
AR )R B T RE SR A R A R T R R A A IR A B
P2 BB IR 2 3 DX eI b 22 R e 1 LAY

B3 BE 5 7E 600 ~ 900°C 1 900 ~ 1200°C % i1 {14 CO,
1 8" C (53 514 - 23. 30%0 1 — 23. 11%0) W i % T4

8 CO, (19 8°CAH ( -7 +2%0) , 823k T B )ik % Hualalai — i %+
th CO, 119 8" C fH( -22%0 ~ —26%o, Deines, 1989 ) . 1 [ 4 ¥
Hu WA 1k CO, 19 8" C {H (Zhang et al. ,2007 ; 4 HLH 55 ,
1996) MG ML CO, 1Y 8" C i ( - 25%o0, Deines,2002) ,
7 5 X A] BEAEAE FRR A b 55 40 43, (B i &2 ST R Nb/U il
Nb/Ta HE 48 7R 15T 1) 5 TR Yo A A A1 ( iy 2% 355, 2009 )
EEARE K A e CO, F CH, Bk [R5 2 20 )i BLJBT 2L
FEFEAEHEIT , AH G I AR 2078 TR A4 20 43 BT 6 A AR b 72 s
DU R B2 & 1 AE FE B A 5 U8 U R 442 % 10 ( Gao et
al. , 2010;Fu et al. , 2012; FhARhEE 2006,2007) , 5 e
B A A s S AR bR B 5 3 T AR LR 1 G OC (Gao et al.
2007) .

5.3 MEERZBRIHIEI NFERN

PZR U R 0 o 2 o O A By 900 ~ 1200°C B Hi it
PRZL 5y VAL 53R 2, CO, 1Y 87 C 4R . S54EdLsodi
A B S R A (EE S CO FiH, ) ML, SO, & EEE
o, 55 L R A 307 1L A 3 A P B MRS A ( Chaussidon and
Lorand , 1990) #R3% i L1717 g 2k 1 25 M BE B 5 (Hu et al.
2007 ) FARE R Rl AR ofr 1l X Ay B 3 8 ( Zhang et al. ,2004,
2007 ) 2L, HER HIE T 38 LT L2 f,, 1 TR 202 1L YR IX B
3% ( Dunworth and Wilson, 1998 ; Nikogosian and van Bergen,
2010 ; My B4 2001)

VEZRUE 2277 22 R WR AR -l 488 1 T A0 52 T, AR 19 £
TE AL PRI B T 0 A G 2 AR BN S, B . R TR
A IO AT FIARH A B i S L BT 7E 400 ~ 800°C % Hi it 14 21
BCLL H,0 S 3, R WK TE & 8 B X A S A #E g 2
B TR B A LT R R IR Y CO, AT CH,
kIRl n 2R 2 R A i e Al BTAR M 4 e A AV HTE
AR DG FE R AR TE 9 T8 A o i v T A B g 0 5T & A
4% 1 (Avanzinelli et al. ;2009 ; Gao et al. ,2010) , 55 4 HuBk{b
FHOR A SRR R R X R A P AR TR B R A
(Avanzinelli et al. ,2009;Gao et al. ,2010) , PRI E IR Z
A AR EIVRE AR B [ BRI A [ AR vl 48 | 75 5 55 L i 2
FHo R BRI IE S IRF S B I AR (A A B A
R ) (Su et al. , 20095 55 7 it 5%, 20065 WGy °7 2L 4%,
2009) , PR 08 U5 DA FE DR i PR PR 52 4 47, 48 7R % X
AT B A A DG L i 20 )38 3

6 &L

P 2R S A A 0 5T 2 s o R A AR 4 1
P 4 Bk ) 7 2R 2L AT e A 3 ]

(1) PHZR U5 i B0 BT 2 B R A A 0y 22
SO, \N, 1 CO,. EFHEFEAFAA T KR H,0 F1 CO, .

(2) MM A B B 3 A4 2EL 073 L SO, il €O, S5 S A 2R
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B 3 FEMAHE A5y o AT AR5 o A 1 He 5 BOME £
B AL 5 , 72 0 T A U T 5V 1 M, 3
(LT L4 5 B

(3) BT30S 48 7% FL 2 S e 3 o P A AE R o
T S 53 1 TV ML AR D2 0 1 5 0 2 R 3
o IR AR S X SRR M 2 4

st ARACRAERI TS AR R O X BEAR AT
SEME TRASI AN YT SC T T ORI R Bl 5 BERLIROR 28 1 R
WFFE SO SR B R AL 1 A B )l ORI DL 5 TR I R
BB I

References

Avanzinelli R, Lustrino M, Mattei M, Melluso L and Conticelli S. 2009.
Potassic and ultrapotassic magmatism in the circum-Tyrrhenian
region; Significance of carbonated pelitic vs. pelitic sediment
recycling at destructive plate margins. Lithos, 113 (1 -2). 213
-227

Carlson RW, Araujo ALN, Junqueira-Brod TC, Gaspar JC, Brod JA,
Petrinovic 1A, Hollanda MHBM, Pimentel MM and Sichel S. 2007.
Chemical and isotopic relationships between peridotite xenoliths and
mafic-ultrapotassic rocks from Southern Brazil. Chemical Geology,
242(3 -4). 415 -434

Chaussidon M and Lorand JP. 1990. Sulphur isotope composition of
orogenic spinel lherzolite massifs from Ariege ( North-Eastern
Pyrenees, France). Geochim. Cosmochim. Acta, 54(10) : 2835 -
2846

Chen JL, Xu JF, Wang BD, Kang ZQ and Jie L. 2010. Origin of
Cenozoic alkaline potassic volcanic rocks at Konglongxiang, Lhasa
terrane, Tibetan Plateau: Products of partial melting of a mafic
lower-crustal source? Chemical Geology, 273 (3 —4) : 286 —299

Deines P. 1989. Stable isotope variations in carbonatites. In: Bell K
(ed.). Carbonatites; Genesis and Evolution. London: Unwin
Hyman, 301 -359

Deines P. 2002. The carbon isotope geochemistry of mantle xenoliths.
Earth Science Reviews, 58 247 -278

Dunworth EA and Wilson M. 1998. Olivine mililitites of the SW German
Tertiary volcanic province; Mineralogy and petrogenesis. J. Petrol. ,
39 1805 - 1836

Fan QC, Liu RX and Peng LG. 1992. The nature of the mantle fluid and
its significance in southeast China. Chinese Science Bulletin, 17
1584 - 1587 (in Chinese)

Fan QC, Liu RX and Yang RY. 1993. LREE-rich CO, fluid inclusions in
mantle minerals in eastern China and their geological significance.
Acta Petrologica Sinica, 9(4): 411 =417 (in Chinese with English
abstract )

Fan QC, Liu RX, Lin ZR, Chu XL, Zhao R and Huo WG. 1996.
Preliminary study of carbon isotope in mantle CO, fluid inclusion
from eastern China. Geochimica. 25 (3): 264 — 269 (in Chinese
with English abstract)

Foley SF, Taylor WR and Green DH. 1986. The role of fluorine and
oxygen fugacity in the petrogenesis of ultra-potasic rock. Contrib.
Mineral. Petrol. , 94. 183 - 192

Fu PE, Tang QY, Zhang MJ, Zhang ZW, Li LW and Li WY. 2012. The
ore genesis of Kalatongke Cu-Ni sulfide deposit, West China:
Constrains from volatile chemical and carbon isotopic compositions.
Acta Geologica Sinica, in press

Acta Petrologica Sinica £ %53 2012, 28(4)

Gaeta M, Freda C, Marra F', Di Rocco T, Gozzi F, Arienzo I, Giacio B
and Scarlato P. 2011. Petrology of the most recent ultrapotassic
magmas from the Roman Province ( Central Italy). Lithos, 127, 298
-308

Gao YF, Hou ZQ, Kamber BS, Wei RH, Meng XJ and Zhao RS. 2007.
Lamproitic rocks from a continental collision zone: Evidence for
recycling of subduction Tethyan oceanic sediments in the mantle
beneath southern Tibet. Journal of Petrology, 48: 729 —752

Gao YF, Yang ZS, Hou ZQ, Wei RH, Meng XJ and Tian SH. 2010.
Eocene potassic and ultrapotassic volcanism in south Tibet: New
constraints on mantle source characteristics and geodynamic
processes. Lithos, 117 20 —32

Hauri EH, Gaetani GA and Green TH. 2006. Partitioning of water during
melting of the Earth’s upper mantle at H,O-undersaturated
conditions. Earth Planet. Sci. Lett. , 248 . 715 =734

Hu PQ, Zhang MJ, Tang ZL, Li C and Wang JZ. 2007. Chemical and
stable isotopic compositions of volatiles in mantle peridotites of the
Yushigou ophiolite in Qilian orogenic belt, western China. Acta
Petrologica Sinica, 23(1): 169 —176

Hu PQ, Zhang MJ, Tang QY, Ye XR, Tang ZL and Li WY. 2010.
Noble gas isotopic constrains on mineralization of the Jinchuan Cu-
Ni-PGE sulfide deposit. Acta Petrologica Sinica, 26 (11) ; 3375 —
3386 (in Chinese with English abstract)

Javoy M and Pineau F. 1991. The volatiles record of a *“popping” rock
from the Mid-Atlantic Ridge at 14°N: Chemical and composition of
gas trapped in the vesicles. Earth and Planetary Science Letters,
107 598 - 611

Lai SC, Deng JF and Zhao HL. 1996. Volcanism and Tectonic Evolution
in North Rim of Tibet Plateau. Xi’ An: Shaanxi Science and
Technology Publishing House, 1 — 138 (in Chinese)

Lavecchia G, Stoppa F and Creati N. 2006. Carbonatites and kamafugites
in Italy: Mantle-derived rocks that challenge subduction. Annals of
Geophysics, 49(1) : 389 —-402

Mo XX, Zhao ZD, Deng JF, Yu XH, Luo ZH and Dong GC. 2007.
Migration of the Tibetan Cenozoic potassic volcanism and its
transition to eastern basaltic province; Implications for crustal and
mantle flow. Geoscience, 21 (2): 255 — 264 (in Chinese with
English abstract)

Newman S and Lowenstern JB. 2002. VolatileCalc: A silicate melt H, O-
CO, solution model written in visual basic for excel. Computers and
Geosciences, 28: 597 — 604

Nikogosian IK and van Bergen MJ. 2010. Heterogeneous mantle sources
of potassium-rich magmas in central- southern Italy: Melt inclusion
evidence from Roccamonfina and Ernici ( Mid Latina Valley ).
Journal of Volcanology and Geothermal Research, 197 279 —302

Scordari F, Schingaro E, Lacalamita M and Mesto E. 2012. Crystal
chemistry of trioctahedral micas-2M1 from Bunyaruguru kamafugite
(southwest Uganda ). American Mineralogist, 97 (2 — 3 ). 430
-439

Shi LB, Lin CY and Chen XD. 2003. Composition, thermal structures
and rheology of the upper mantle inferred from mantle xenoliths from
Haoti, Dangchang, Gansu Province, western China. Seismol.
Geol. , 4, 525 —=542(in Chinese with English abstract)

Stoppa F and Lavecchia G. 1992.
magmatic activity in the Umbria- Latium Region ( Italy): An
overview. J. Volcanol. Geotherm. Res. , 52 277 —293

Stoppa F and Sharygin VV. 2009. Melilitolite intrusion and pelite

Late-Pleistocene ultra-alkaline

digestion by high temperature kamafugitic magma at Colle Fabbri,
Spoleto, Ttaly. Lithos, 112(3 -4) . 306 —320

Su BX, Zhang HF, Xiao Y and Zhao XM. 2006. Characteristics and
geological significance of olivine xenocrysts in Cenozoic volcanic
rocks from western Qinling. Progress in Natural Science, 16 (11) .
1428 - 1435(in Chinese with English abstract)

Su BX, Zhang HF, Wang QY, Sun H, Xiao Y and Ying JF. 2007.



HIRHF

Spinel garnet phase transition zone of Cenozoic lithospheric mantle

beneath the eastern China and western Qinling and its T-P

conditions. Acta Petrologica Sinica, 23 (6): 1313 - 1320 ( in
Chinese with English abstract)

Su BX, Zhang HF, Ying JF, Xiao Y and Zhao XM. 2009. Nature and
processes of the lithospheric mantle beneath the western Qinling:
Evidence from deformed peridotitic xenoliths in Cenozoic kamafugite
from Haoti, Gansu Province, China. Journal of Asian Earth
Sciences, 34 258 -274

Su BX, Zhang HF, Sakyi PA, Ying JF, Tang YJ, Yang YH, Qin KZ,
Xiao Y and Zhao XM. 2010a. Compositionally stratified lithosphere
and carbonatite metasomatism recorded in mantle xenoliths from the
Western Qinling ( Central China). Lithos, 116 111 - 128

Su BX, Zhang HF, Sakyi PA, Qin KZ, Liu PP, Ying JF, Tang YJ,
Malaviarachchi SPK, Xiao Y, Zhao XM, Mao Q and Ma YG.
2010b. Formation of melt pocket in mantle peridotite xenolith from
western Qinling, Central China; Partial melting and metasomatism.
Journal of Earth Science, 21(5) : 641 — 668

Su BX, Zhang HF, Sakyi PA, Yang XY, Ying JF, Tang YJ, Qin KZ,
Xiao Y, Zhao XM, Mao WQ and Ma YG. 2011.
spongy texture in minerals of mantle xenoliths from the western
Qinling, central China. Contrib. Mineral. Petrol. , 161(3) : 465 —
482

Tang QY, Zhang MJ, Li C, Zhang MC, Li LW and Cong YN. 2011. The
chemical compositions of volatiles in the Siberian large igneous

The origin of

province and its environmental effects. The 11" International
Conference of Gas Geochemistry (ICGG11). USA, 110 - 111

Ueno Y, Yamada K, Yoshida N, Maruyama S and Isozaki Y. 2006.
Evidence from fluidinclusions for microbial methanogenesisin the
early Archaean era. Nature, 440, 516 —519

Wade JA, Plank T, Melson WG, Soto GJ and Hauri E. 2006. The
volatile content of magmas from Arenal volcano, Costa Rica. J.
Volcanol. Geotherm. Res. , 157 94 — 120

Wang YL, Yu XH, Wei YF and Zhu DQ. 2007. The globule segregations
in the Cenozoic kamafugite and an inversion of mantle fluid, western
Qinling, Gansu Province. Geoscience, 21 (2): 307 - 316 (in
Chinese with English abstract)

Xia LQ, Li XM, Ma ZP, Xu XY and Xia ZC. 2011. Cenozoic volcanism
and tectonic evolution of the Tibetan plateau. Gondwana Research,
19(4) : 850 - 866

Yu XH. 1994. Cenozoic potassic ultrabasic volcanic rocks and its genesis
in Lixian and Dangchang area, Gansu Province. Tethyan Geology,
18: 114 =129 (in Chinese with English abstract)

Yu XH and Zhang CF. 1998. Sr,
geochemical features of the Cenozoic volcanic rocks from west

Nd isotope and trace elements

Qinling, Gansu Province. Earth Science Frontiers, 5(4). 314 —
325(in Chinese with English abstract)
Yu XH, Mo XX, Flower M, Su SG and Zhao X. 2001. Cenozoic

kamafugite volcanism and tectonic meaning in west Qinling area,

Gansu Province. Acta Petrologica Sinica, 17 (3): 366 — 377 (in
Chinese with English abstract)

Yu XH, Mo XX, Su SG, Dong FL, Zhao X and Wang C. 2003.
Discovery and significance of Cenozoic volcanic carbonatite in
Lixian,, Gansu Province. Acta Petrologica Sinica, 19(1): 105 - 112
(in Chinese with English abstract)

Yu XH, Zhao ZD, Mo XX, Wang YL, Xiao Z and Zhu DQ. 2004. Trace
element, REE and Sr, Nd, Pb isotopic geochemistry of Cenozoic
kamafugites and carbonatite from west Qinling, Gansu Province:
Implication of plume-lithosphere interaction. Acta Petrologica
Sinica, 20; 483 —494 (in Chinese with English abstract)

Yu XH, Zhao ZD, Mo XX, Zhou S, Zhu DQ and Wang YL. 2005.
40 Ar/* Ar dating for Cenozoic kamafugites from western Qinling in
Gansu Province. Chinese Science Bulletin, 50: 2638 - 2643 ( in
Chinese)

09 e 37 AR B AT R & X B AR R R L g3 3

& L 1259

Yu XH, Mo XX, Zhao ZD, Huang XK, Li Y, Chen YF and Wei YF.
2009. Two types of Cenozoic potassic volcanic rocks in West
Qinling, Gansu Province: Their petrology, geochemistry and
petrogenesis. Earth Science Frontiers, 16(2) : 79 —89 (iin Chinese
with English abstract)

Zhang MJ, Wang XB, Liu G, Wen QB, Li LW. 1999. Fluid
compositions and carbon & oxygen isotope geochemistry of Cenozoic
alkali basalts in eastern China. Chinese J. Geochemistry, 18(3) :
276 —282

Zhang MJ, Wang XB and Li LW. 2000. Composition of mantle fluid.
Earth Science Frontiers, 7(2) : 401 =412 (in Chinese with English
abstract )

Zhang MJ, Wang XB, Li LW and Wang YL. 2002. Mode of occurrence
of H, in mantle-derived minerals. Acta Geologica Sinica, 76(1) : 39
—44(in Chinese with English abstract)

Zhang MJ, Wang XB, Liu G, Zhang TW and Bo WR. 2004. The
compositions of upper mantle fluids beneath Eastern China:
Implications for mantle evolution. Acta Geologica Sinica, 78 (1) :
125 -130

Zhang MJ, Hu PQ, Niu YL and Su SG. 2007. Chemical and stable
isotopic constraints on the nature and origin of volatiles in the
subcontinental lithospheric mantle beneath eastern China. Lithos,
96: 55 -66

Zhang MJ, Niu YL and Hu PQ. 2009.
lithosphere. In: Anderson JE and Coates RW ( eds.). The
Lithosphere. New York: Nova Science Publishers, 171 -212

Zhang MJ, Shen HF, Tang QY, Hu PQ and Fu PE. 2010. Volatile

composition and carbon isotope constraints on ore genesis of the

Volatiles in the mantle

Jinchuan Cu-Ni deposit, western China. 11" International Platinum

Symposium.  Ontario, Canada, Ontario
Miscellaneous Release-Data, 269

Zhao ZD, Mo XX, Dilek Y, Niu Y, DePaolo DJ, Robinson P, Zhu DC,
Sun CG, Dong GC, Zhou S, Luo ZH and Hou ZQ. 2009.

Geochemical and Sr-Nd-Pb-O isotopic compositions of the post-

Geological ~ Survey,

collisional ultrapotassic magmatism in SW Tibet: Petrogenesis and
implications for India intra-continental subduction beneath southern
Tibet. Lithos, 113(1 -2) . 190 -212

Zou HB and Fan QC. 2010. U-Th isotopes in Hainan basalts:
Implications for sub-asthenospheric origin of EM2 mantle endmember
and the dynamics of melting beneath Hainan Island. Lithos, 116
145 - 152

Bt HR 325 2 Sk

BEHUI, XI5, @%#.ww.&m%@%ﬁmmm@ﬁ%ﬁﬁ&
B R, 17 1584 - 1587

BEHU, XIE5HT, %mﬁ.W%.mWM%%H%¢§ﬁiﬁ%%
CO, VMR R B L BR AL 2 3 Y. A 24, 9(4) 411
-417

BERLIG, RER, ARELSR, A E, B E, FE TE. 1996, ffE R
Hub CO, MR IR BB IR O ZRI A0S, Hiskik=, 25(3) .
264 -269

BT, KRS, WEPRHA, e s, rbar, 23000, 2010, 421 Cu-
Ni-PGE BiAb¥ns" IR Bl i B A SR R (o LR . A0
2, 26(11) ; 3375 -3386

T, XS AR, RXIEFE. 1996, T i S At 2 Ol Ve H 5 0 6
fb. FE%: BREPERIEHAR AR, 1-138

BEE A, RS, SO, WeE, PRME, SEER. 2007, TG
AR T LT BRI S S0 B i AR K A A I U SE e
VREBY BT s s BACH T, 21(2) : 255 -264



1260

2k, MALE, BRZFEGE. 2003 HlE BRI IRE IR S8 i
W) S AL AL F R AR 22 AE . B M, 4 525 - 542
A, AR, T, RO, 2006, FEZRIA T BIEEE A1 Al
S A i 3 R AR AR S o R L. AR BRI, 16
(11): 1428 - 1435

A, KRR, EI, PR, H e, TR 2007, rp EREE K
PEZR 04 3 DX A=A A Bl g o A0 AR 2 A A e R R 4.
F2E, 23(6) : 1313 —1320

FoKE, WFEE, BEI, REE. 2007, HRTERE A E T
BRI A BRCIR 435 1A R a8 3 A B i IR, 21(2)
307 -316

IR 1994, H AL B B i SET A A QA B R e L Y
FRIE ORI R T, 18 114 - 129

WAE L, aRAAR. 1998, HIR PRI H AL AR B E J LZA Y Sr, Nd )
1 KR T M BRAL A E AR . H2ERTZE, 5(4) 2 314 =325

WAF L, BE 2, Flower M, Jhi I, UK. 2001, H FE 205 A 1%
PP R A JOUE I RO 1 & . A A 2R, 17(3) : 366

Acta Petrologica Sinica £ %53 2012, 28(4)

-377

WA, SR, JRME, FOW, B, ESR. 2003, HRALE R
A AR T 2 Bk R o O R B T . A A 2, 19(1) 105
-112

WA, RS, EY, FOKE, Hk, RIEE). 2004, HONTIZE
WS AU A B I A BRI A B Bl 7 0 Se, Nd, Pb [
FERHIERIL:. A2, 20 483 - 494

WA, RGP, BESE, AR, ORTES), EKE. 2005 HRTIE
W A AR B R 10 A/ A [ i 3 5 A1 B ML R 258 3L
Flefzi@ g, 50 2638 —2643

WA, SEE Y, BUESE, WATYL, AR5, BREEDY, F5ETY. 2009.
PGB PIZER A BB LS A AR L2 5. e
A%k, 16(2): 79 -89

JRERAN, EJet, AL 2000. MM GEORZE AR HAERTS, 7(2) -
401 -412

SKEAAS, Ee, 2Lk, FOKFT. 2002, MHIRG Y Hy BARRES
BRI, HBT-EA, T6(1) : 39 44



