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Abstract: Source components and genesis of continental intraplate basalts are pivotal to understanding the chemi-
cal heterogeneities and geodynamic processes of the Earth’s mantle. Since different mantle end members have
different H,O values and H,O/incompatible element (such as H,O/Ce) ratios, the H,O content of primary
basaltic magma might provide constraints on source components of continental intraplate basalts. Quenched
glasses and melt inclusions in phenocrysts are commonly used to obtain the water content of primary magma of
oceanic basalts, but they cannot provide useful information concerning the water content of primary magma for
continental basalts. On the one hand, continental basaltic glasses usually experienced highly degassing when they
were erupted at the surface due to the lack of water pressure to oceanic basalts, thus causing underestimation of

the true water content. On the other hand, melt inclusions in phenocrysts in continental basalts are rare and very
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tiny (<20 pm), which hinders accurate analysis of large quantities of samples. This paper introduces a newly

developed method for estimating the water content of primary magma of continental basalts. The H,O values of

clinopyroxene phenocrysts in basalts are determined by FTIR, and those of equilibrated melts are calculated

through partition coefficients of H,O between clinopyroxene and basaltic melt. When the effects from degassing,

assimilation and fractional crystallization during magma ascent are evaluated, the H,O content of primary magma

of continental basalts can be estimated. The feasibility of the method, the evaluation of the uncertainty and the

detailed operation procedure have been described. With this method, the H,O content of the Cenozoic alkali

basalts from Shuangliao of Northeast China and Taihang Mountain of NCC have been estimated. Combined with

other geochemical index, these new data provide additional information on the source components of basalts.
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% 3 30

FORERFE: KR LG S ah 7K 5 1 e Honh Y5 DX 417 (il 249 375

i, Ave (@, ) AT E VI - OH 1 3E f 9= 06 ¢
WCHRPE s A~ Ay~ Al A 3 A T8I TT 170 119 i 9 W A T
FACE//as by e, E NSOGB 717D, H A,
> A, > A BRAER (D, W) 58 XNSIEHIRT T 4k
57 5 7 CFE WL Sambridge et al.» 20080« %f =X
C1D i B 23 sk B A mT 19 3 K AE B W i
AU =1/2CA, + A, T I /N 3B MR P W ik
A =1/20A, + ADe EFE—K, OH LA ¥ 11 #%
) SRS (R A, A, A, BRI, Aves2 U] 7
) () SE MR N o Xia 55 (2013) WCAE T Sk HR i iE
(7= AR 5t 2 AR AT A A, FTAL,
RINEAT 2 LB T 1, BE— % 3 A Fl13 A
HRWK A u(Agu=A, +A,+A), & RERE
M2 ZRLA= (BAM™ A — 1) X 100% ]
BRI 20% L1 WL Xia & (2013) X IR 210
KR T HAFE 3 AR OH W Wi e 1 i
A1, T RO BEHLE ) 1R 3 R FH A O i ' R ) e LK
i, B A A3AM . BLEE LR A N R
£ W) 2 R R AT 2R 032 B B K IR R 22, SR H ey
AR BRI K BRI R T 30% L4
(4 3 R UE B . Xia 552013080 Liu 5(2015) 1. 7%
TR R, IX AN ZE A T R0 oy S A
WA S HAT AN 3 2840010 3 20 OH W b i £
B LW S A RT3 640 ~ 3 620 em ™ MU, FH B
BUJT W90 A A W s 1 3 A% AR 3 i IR i g i3
T E AT

25F cpx PMR-53

=2
=3
=
=
£l
R
i
E .
m
ad
=
g0
3800 3600 3400 3200 3000
i #/em™!

3 MBS AR A R 3
27 2 Fl R AR 5 VR A B CHOH SRR T Bell ez al
1995)

Fig. 3 Representative polarized IR spectra of diopside
and augite (data after Bell ez al.» 1995)

(2) S Hrin e

KH IR B RERLE [ 1) A O 3 21 40 56 1% 12 1) R
oM R AR T R . B g, KA B R
JEEA5 38 TR XTI ' O FE 3 A SIMIS 43 A1 22 3K
(1 D TR 3y, JBE B T B D A B R 1 R AR, I
DAASE K 22 H5 e ROME A B o b 1D A o R A e, —
K 120~150 pm HEEAIE, /N F 100 pm NELAME
e SR N B 2 G aatd S v s o (A == ]
Y HTIE BT HRACOR o K B e 1 v BB b
TBTF FH AR PRS2 96, o 25 R T AIR S 4R i g ET
DATELTAN G T HHEHT 7o AT K S & R
FEfl 20N IR 6 U5 6 B FIRE i 0 75 2 1 )k
AR Crrgll N, 3R 257K 50 Bl CO, 1T 25 SO IK
71, DU B AR 25 A oK VU T3t 0ok 6% 4y
BT, — 0 32 BCSORE HR 0 0 AT o D BE K /N 32 EEEL
TR OB AN, — A 30 pom X 30 pm ~ 100 pm
X 100 perms 1 SMRE i IR 438 08— ARAE 126 — 256
U0, BT AT ) K 1 v I AN 52 56 3 3 SO T 1
FRERE o ORF T RORE B8R I B R M A BE AT MR 31300 1)
HITH 3BT LA B2 A7 JE /K M H0E k. 03R48 1 6
AT HE R IE J5 CRARI R IE J7 0] 2 W, Bell et
al.» 1995), Wi vl LA Beer-Lambert fEfETHH K S
BT, JE R AR B U B A2
1.2 BHRKSEWITE

A LA A BAF it A 48 P 8 AR R 7K 5 T
PLis ik Ak 15

Cfﬁﬁi — C%{vx/D%x/‘rﬁﬁs (2)

AR B R OB SR AG K A PRI A 3RE 4 AT
Z B R R 4 B R B DY Wade 4%
(2008) =45 T R K 2 (1 DY H R0 Rl ofE 4 pk
O3 B A VY IR BT AL 22 ) R AH DG 1, o ke il T
AT DA FH AR A 11 7K R G Rl 43 4 4 B 43 i AR 5
WASLIEARIGK & e O Leary 55 (20100 18 1 525
WE T KAEBRRDE AT S & A AT & AL I 2 R
AR Z 18] 1) 43 BC 2R H IF 454 1 N R R 1L Wade
252008 JiT FH IR 208 14 e R B8R, S T
DGR R AT PR LA AL AT M A7 Ca (55
HZMPRER (B 1), KR T
In D@ = —4.20+0.2)+6.5(+0.5) XV —

1.0(£0.2) X& (3)
(3D, 0" Leary %2010 T H iHH T Wade %5
(2008) CHHIE R JLA K B Traza F1 Arenal Hu[X 5



376 = A O W ¥ ik & H 344G

2 A MK o, AN PR ARIRE A B o Dk B HH T
IR T S R RO AT 4 R B AR IR K o i AR —
. Xia 520130 1Y b R0 40 6 3 I 45 1) 5
RIFEATBE i K B RO T I AR B AR R A
K, LEH(3.4% +0.7% ) A1 Plank 5 (2013)
G BRI K S 8 (3.9% +0.4% )RR 2
YO —2. mstel WL, RGO TR 2 i R U
AT 1 SR FH S b A B0 i 2 S o M K 5 B I 7 v
JERAT .

B RLOR U, JUE R 40 A T W A3 A A B
mn K i, PRI L e g & &, 5%
ARV AT BRE T8 1) 2 QT A 1) 7K B gt ] DA
i R GIR)IRAG . TH A K & 5 A A
RZEANT 35% , IXALFE T L0 AN 43 BT K5 5 1 i
ZER I R BT SR 22 (Liv ez al . » 2015
1.3 “RIBIBIKKEEITE

RIS VIS ARARIR 1A g R 45 A 1 B S
Y84A(Chen et al.» 2014). BARTIFHL L A R
A B it~ AT 1) 2 I A D K R R R B R
R IR A T IRK S B AT A5, I 411
Shdn R 2 H AR RV A TG AN R R
PSR 2 2 ()RR #1000 B 5% i U F 55T 151 25 0T
P RIK B m I EL S N

il kAo AN S KA SN RV ST B
T THT 20 B AR A, X1 AN 5 120 A 1) S AR A B
i SR L, % e 20 A1 P B AT 1) T — e i B A R 8 1
T R R U A BT I8 e %% F
A B RV B i A AT AT TR He (HNEEH
A 20 R R T AR AR 2 s IR K
GERRE, KZHX A TR R B A A
D5 ZA 9 80 O, i e JLAS PR 25 119 52 i D) m L
W I HE T AT B S AR B R A A AL
PR RN, Bl 4 R T Wade 5520080 H H 4%}
WEATBRE A SO ) Traza T Arenal 5590 2% 5a 17K &
HAREA Mg™ {H 2 (A1 5C &, JEXT T A
AR ARG B RK SR R B, BETr
HE 2 7 FH B R A P B2 R s AR K B i, L S0 [
Fon ISR RIS K & &, B RRES
T A R PR B 2 25 A TR A5 TR 45 1 i
BRI ROK ST E. rTUVEH, R A Id% T
FIROKE AT R T R R R (B 40 F 4 A
ZAT T BN P4 i TR SRR B 4b) o 7RI PR
LT, “ 5 96 71 K = n] DL Mg ™ {8 5 =1 1)

BRIV A B & R ST
5
a
4 F [ ]
[ ] PSg
2 . iwlﬁ
S, o__-
T 2 | - K,
= @’ﬁa. %
L/

' ®

0 1 | 1

70 7 80 85 90

o

mgn ¥
5k ‘F-... u
N

4 f . .-.__ f -
- _
= 79 N
= o
ES sl .. //, LEER

2 e

1 [

0 1 |

70 75 80 85

Mg*

Kl 4 R SR A YR AR S Bk E A A
FE AR AR R EER (B R A Wade et al . » 2008)
Fig. 4 Melt water content deduced by Cpx phenocrysts
versus water content of melt inclusions hosted by Olivine
phenocrysts( data after Wade ez al.» 2008)

Chen %5(2014) & A7 Mg® fH A 65 (P E 7R
R AAR L A Mg ™ fH 35 m KARAE 65 A 4D 4
AR R WG A, BT T AR I K S Bt T
HELAAS R P4 & 4 it it T v e B (I 5D & 2R
IR, g R Mg® L RRR R 75 A4
I, BRI K S B THR 2 30 % » IX A A SO/ 2811
D53 RO R K B A R ZE R TR, FRATT
INAIEH Mg > 75 16 SR 85 A7 BE 5 BT S 3 1R 0
MK B I E R AR R a7 K & e
B . AL, 2 R AL B i P A AR AR R AT L —
e B AR AR & A R PR A BE L EAT T SIMS
JEAT A R 2 5 (Lia e al . » 2015), RILAETR]—
A B P AN [ TR SRR AT BE R A AN TR Y
SO . FEFERR T Hh 72 IR S FFE S h A2 )5, -ATTHA
A X B R A BE AR AT BB YR T A ANE 5180
AT 2R 2 BRI X, AR R T A KRG . EIX
FIE LR, B[ Mg ™ (1 50 RRE A7 5515 21 1
K PR AR RE IR S & FFEHL,
TR BRI 2R S S A TR 5, R A BE R AT



% 3 30

BORERFE: KR K S ah 7K 5 1 e onh Y5 DX 417 (il 24 377

IRIVIE Mg™ >75 [FIRTL .

1.7

] — Ol: Cpx=1:1

2 1.6 — - =0l: Cpx: PI=1.5: 1: 0.5
- = =01 Cox: Pl=1 5 1 5-

£ 15} Ol: Cpx: PI=1.5: 1.5: 1

&

E4F

B

I

4

¥ 12}

&

11}

EE

# 10 L

0.60 0.65 0.70 0,75 0.80 0.85
Cpx Mg"

5 AR TR RIS K A BB Cpx BE & Mg™
BB WESH Chen et al.» 2014)
Fig. 5 Evolution of water content in melt during the
crystallizations of different mineral assemblages versus Cpx

Mg” (modified after Chen et al ., 2014)
2 IKEER R A R D A 2

2.1 FIANITHEKRBHEZKSE

ARG H DA - 3 Ly AR B, Je AR AR LB B
FPEAR R AR ez 1], W A AT b 22 S0 B R
WEREHE A T . AT T HE BRI A R, AR AL X 1
ERERE AT AT 2, AT FN A R AE R Y
FLLE o AT RN Z b 23 B T (R 00 KL A
AR, B 8 AR KLl A R R L 2 1
N3N EE TN E A RN E VA RN TNy N
JRFE N ZRFE D) o Xu 55 Q012 R AL & i
AT T B0 Bk 22 5T, %X A BT &1 Fes Ba-
Nb I M V5 78 MR 10 1l X3 f i e 3R
wEM 15 E Rb H Ba B 0075 1A A, X LB E R R T
WA HIMU 5 5. 454 Pb A %A1 Eu/Eu”,
(LR (NE7 NI NG CFE 82 R U SB U I 0 - L 152 L S
MR e R, HLESA e se sl SR o S
Al A e AR . DR IR R B BATTEE S 1 )
125 RULHT AR L A VR IX PRyt e Ly a4 ?

PATTH I Xu & Q012X XL K L EAT KA
XIRE R AT 4250 1 B o A, I AR PR A S 1B AT
TR AT BE K R LL AR 6% 4 BT (Chen er
al.» 2014). EHRMERAMEICELSRYE Xu %
(2012)— 3. WL &, MO 2 A R " kK
TN 0.90% ~3.09% (&l 6D, & 759U 78 Hh % i
7 (BABB, 0.2% — 2. 0%, Hochstaedter et al.,
1990; Danyushevsky et al., 1993; Stolper and New-
man, 1994) A7 & X 05 (TAB, 2.0% — 8.0%

Sisson and Layne, 1993; Dobson et al., 1995; Wal-
laces 2005) IV Hl A, B 8w 1 R o8 KA
(MORB; 0.1% ~ 0.3% 1988;
Michael, 1988, 1995; Danyushevsky et al., 1993,
2000; Sobolev and Chaussidon, 19965 Saal er al.
2002; Simons et al.,» 2002; Asimow et al., 2004)
A Z A (OIB, 0.3% ~1.0% » Dixon et al.
1997, 2002; Wallace, 1998; Dixon and Clague;
2001: Nichols ez al ., 2002;: Simons et al . 2002

Dixon et al.>

IAB|

wi*BAE S K %

BABBf—

OIBf — 200

MORB}—

Wil |-

6
wiH,0)%

K6 XL K EE s s AR K S
(B A Chen et al.» 2014)
Fig. 6 Water content of primary Shuangliao
basaltic melt (modified after Chen ez al., 2014)

ML Z A H,0/Ce(134~70005 (Ba/Th), (n
R 5 8 bRAEAL, D 2 IEASEYE, 5 Ce/Pb
A ICPECE 7, SRR R IX B2 AR H,O0/Ce( ~
200 & (Ba/Th), (< 0.8)+ # Ce/Pb( >30) K F 1
PEFE (ROC) A/ 88 #51 Hbe ( DMMD 4b, 38 75 54
15 H,O/ Cen #1(Ba/ Th) & Ce/Pb [ FH H DL F 4
M5tk M7E H,O/Ce M(Nb/La), Ef# (7 L,
BUL 2 B A & BRI 51 DMM R G B0
TRE, XL 5 2 ROC M DTRR. At 3, AL X
A YR X A7 AE 3 B4l 7 : DMM. ROC RIPT LY.
AR, BATT RIS X PR B PR ) A5 5 5
JEE 5 JAL R IS T A7 EAH GV, 51 31 43 Ma, U
DX YRR (1 DT R A 220 T 18 i o 3K P T IF 1) P A BT
N BN X ORI A T REZ 2K 50 ~40 Ma W IE
TEPR P R R B . XA 7K, AR
B b ] B 2 i e R A4S AR AR X ki R B )
FE FERE
2.2 HAKITUMERBEZRE

AT Lt DX o3 A0 35 )32 BB A AR & e



378 HOROWOW ¥ k& 0344
1400
L a GLOSS El -|{G!.OSS b GLOSS c
1200 F F
1000 F 43 M4
- [ 1 Birk GLoss
g 800 & mAGLoss | [
= 600 2 I %
400 F } o % 51 Ma
% % DMM DMM %ﬁé + }
200F  DMM = &
0 ROC T . ROC S—)‘ , X ) ) JRO( ]
0.4 08 12 16 20 0 0.4 0.8 3 1.6 2.0 24
(Ba/Th), Ce/Ph (Nb/La),
B 7 B LIRAE H0/Ce f(Ba/Th),~Ce/Pb X (Nb/La), MK RE(EM A Chen er al., 2014)

Fig. 7 H,O/Ce versus (Ba/Th),,» Ce/Pb and (Nb/La),, of the Shuangliao basalts (modified after Chen et al.,» 2014)

Tang % (2006) FE I T 50 B 1Y N-MORB 4% 4
FZHE DX A7 A 07 225 A el b g A DA FH AR T 1%
M2 A 1) Sr-Nd-Pb R 2485 4iE . 10 Mg R 2 T
ECYang et al.» 20120 W3 H RAT LB AR AR L il
D5 DX A T4 PR 56 K Y5 TR 3 AH B R 2628 44
S IR A B A 0 2 A R K S R R A
BE A 1 S TR A 2 2 s EAT T (Lia et al. s
20150, AN 28 45 B R T %k s OE M e ok
W) 8180 18, &5 & JLFE L OIB M st

TG ZFHIE (HF

=N

W2 A VR X AR B AR SR A N . BN K
U R A BE 1Y 8180 2 Sy maE i T by
W22, Fan T 2 ulm R IR A e R o i o B R R A
R (10 70 2 00 5 ) B 4 B R A TR IR K 22
TIEERY R, e kAL W B Hn L
AR HO WY 0.2% ~1.07% , X F1 4
B OIB 7K & stya [ 28, AH R 1 4% H,O/ Ce fH
W5 (Ba/Tho, i 27~ BB M IEMH R, 5

yeiAH T (Nb/La), ERILHE G HIAH M, HEAh, 18 542 eNd
W& NbsTa #H%F ThoU M1 LREE H 5 45), 1) LLHE  RILH B4 5SS R (B8« 45 A 4 Al 25 4L
400 a 4‘ 400 b %
350k pokkmim O 350k
N ol BAKH LB
, 250} 8 2500
5 200} i +5 E 200} t
= o[ N-MORB j/ i \\;
I £ N-MORB
100 . 4 é 100 %\ K 3%
s Mok R é sl (}\
“( =, J . |
0 0.5 1.0 1.5 2.0 25 3.0 0 05 1.0 s 20 25
(Ba/Th), (Ba/La),
400rg %
BT = pokxsinmm
300}
% 250} ki
3 N
2, 200}
o
isol. N-MORB
100
ﬂlbk#ﬂ
sof
(1] 1 | | 1 e \
-0 8 6 4 =2 $ 10
{:Nd

K8 RAT ARG & A 1 H,O0/ Ce F1(Ba/ Th),« (Nb/La),, K eNd Z [RGB Liv er al. 2015)
Fig. 8 H,O/Ce versus (Ba/Th),,» (Nb/La), and eNd of the Taihang basalts (modified after Liu et al.,» 2015)



% 3 3]

ORI KRR XU 5 a6 7

B 1IN e K FEHIER X 243 1 £ 379

P HyO/ Ce HHE MR ICER . FAL R G R, Al LA
LRI - A% HO/ Ce 1920 i W IX A 28 1 )™
KA I 5 2O Ky 25, TR HLO/ Ce
(2 A YR XA A 5 1 K By SR AT I
RV A AE

3 4w

(1) S0 305 30 A 0 — 328 A0 oI o AP A ke 106,
RAFE ~3 640~ ~3 550 F1 ~3 460 em ™ 'iX 3 41 OH
2T ANRORC U, 2 F A i 31 21 40 o i i SR 0K R
wilt SRAT 11 45 KA 7K 1 T 1 2 AU T R 1 B
R i J 5 0 5 R0 R A R 8 3 T A R I R ZE A D
<30% -

(2) HR RN A K 5 8 DA OKAE R A
LERTUEAR A IR 43 TC 2R B0 CRE AR PR R0 RE A 1R AL 2%
W EAR 2D, v LATHE S RO A B P X
ﬁ)ﬁ%%ﬁ’w ,1ﬁ£<35%,13@%T919I~ i

W
(30 TR Tk AR PN Bk 2 e o e, A Mg ™
>75 B RRDE A BE &G, DE S5 K G a5, RETHR S
XSGR O ST 22 T R K & BUE AT
BHAEARK IR ﬁﬁ%;’ﬁﬂ’]%ﬁ%%é‘f?&%,w%ﬁ<3§% .
(4) Jghs K% B IC R AL B A R ER
%T@Eﬁtl&ﬁﬁwzﬂaﬂﬁlzéﬂhkﬁﬁﬁ%z@%o

References

Asimow P, Dixon J and Langmuir C. 2004. A hydrous melting and frac-
tionation model for mid-ocean ridge basalts: Application to the Mid-
Atlantic Ridge near the Azores[]]. Geochemistry Geophysics
Geosystems, doi: 10.1029/2003GC000568.

Bell D R» Thinger P D and Rossman G R. 1995. Quantitative analysis of
trace OH in garnet and pyroxenes| ] J. American Mineralogist, 80:
465~474.

Bell D R and Rossman G R. 1992. Water in Earth’s Mantle: The Role
of Nominally Anhydrous Minerals[J]. Science, 255: 1391 ~
1397.

Bell D R; Rossman G R and Moore R O. 2004. Abundance and parti-
tioning of OH in a high-pressure magmatic system: megacrysts from

the Monastery kimberlites South Africal J1. Journal of Petrology»
45: 1539~1564.

Chen H, Xia Q K, Ingrin J» et al. 2014. Changing recycled oceanic
components in the mantle source of the Shuangliao Cenozoic basalts,
NE China: New constraints from water content [J]. Tectono-
physics, doi: 10.1016/j. tecto. 2014.07.022.

Chen L H» Zeng G» Jiang S Y» et al. 2009. Sources of Anfengshan
basalts: Subducted lower crust in the Sulu UHP belt, Chinal J].
Earth and Planetary Science Letters, 286: 426 ~435.

Chen'Y, Provost A, Schiano P> et al. 2011. The rate of water loss
from olivine-hosted melt inclusionsl ] J. Contributions to Mineralogy
and Petrology, 162: 625~636.

Danyushevsky L, Falloon T» Sobolev A, et al. 1993. The H,O content
of basalt glasses from Southwest Pacific back-arc basins [J]. Earth
and Planetary Science Letters, 117: 347~362.

Danyushevsky L V, Eggins S M, Falloon T J» et al. 2000. HO abun-
dance in depleted to moderately enriched mid-ocean ridge magmas:
Part I: incompatible bchaviours implications for mantle storage, and
origin of regional variationsl ] ]. Journal of Petrology, 41: 1329~
1364.

Dixon J E and Clague D A. 2001. Volatiles in basaltic glasses {from Loihi
Seamount, Hawaii: evidence for a relatively dry plume component
[J]. Journal of Petrology, 42: 627~634.

Dixon ] E, Clague D A, Wallace P, er al. 1997. Volatiles in alkalic

basalts from the North Arch Volcanic Field, Hawaii : Extensive de-
gassing of deep submarine-erupted alkalic series lavas[ ] 1. Journal of
Petrology, 38: 911~939.

Dixon ] E, Leist L, Langmuir C, et al. 2002. Recycled dehydrated
lithosphere observed in plume-influenced mid-ocean-ridge basalt[ J .
Nature, 420: 385~ 389.

Dixon ] E,» Stolper E and Delaney J R. 1988. Infrared spectroscopic
measurements of CO, and H,O in Juan de Fuca Ridge basaltic glass-
esLJ]. Earth and Planetary Science Letterss 90: 87~104.

Dobson P F» Skogby H and Rossman G R. 1995. Water in boninite glass
and coexisting orthopyroxene: concentration and partitioning[ J J.
Contributions to Mineralogy and Petrology, 118: 414~419.

Fan Q and Hooper P. 1991. The Cenozoic basaltic rocks of eastern Chi-
na: petrology and chemical composition[ J]. Journal of Petrologys
32: 765~810.

Farmer G L. 2014. Continental Basaltic Rocksl M]. Treatise on Geo-
chemistry (2nd Edition), 75~110.

Gaetani G A, O’ Leary ] A, Shimizu N, et al. 2012. Rapid reequilibra-
tion of H,O and oxygen fugacity in olivine-hosted melt inclusions
[J]. Geology, 40: 915~918.

Hamada M, Kawamoto T, Takahashi E, et a/. 2011. Polybaric de-

gassing of island arc low-K tholeiitic basalt magma recorded by OH



380 = AW W

»2,

H 344G

Ju ok
b2 ST

concentrations in Ca-rich plagioclasel J 1. Earth and Planetary Sci-
ence Letters, 308: 259~266.

Hamada M, Ushioda M, Fuji T» et a/. 2013. Hydrogen concentration
in plagioclase as a hygrometer of arc basaltic melts: approaches from
melt inclusion analyses and hydrous melting experiments[J]. Earth
and Planetary Science Letters, 365: 253~262.

Hauri E H» Gaetani G A and Green T H. 2006. Partitioning of water
during melting of the Earth’s upper mantle at H,O-undersaturated
conditions[ J ]. Earth and Planetary Science Letters, 248: 715~
734.

Hochstaedter A G, Gill ] Bs Kusakabe M ez al. 1990. Volcanism in
the Sumisu Rift; 1. Major element, volatile, and stable isotope geo-
chemistry[ ] ]. Earth and Planetary Science Letters, 100: 179 ~
194.

Hofmann A W. 1997. Mantle geochemistry: the message from oceanic
volcanisml[ J 1. Nature, 385: 219~229.

Ingrin J and Skogby H. 2000. Hydrogen in nominally anhydrous upper-
mantle minerals: concentration levels and implications[ ] ]. European
Journal of Mineralogy, 12: 543~570.

Johnson E A. 2005. Magmatic water contents recorded by hydroxyl con-
centrations in plagioclase phenocrysts from Mount St. Helens,
1980-1981[J ]. Geochimica et Cosmochimica Acta, 69: 743.

Kovécs I, Hermann J, O’ Neill HH S Cs et al. 2008. Quantitative ab-
sorbance speciroscopy with unpolarized light: Part II. Experimental
evaluation and development of a protocol for quantitative analysis of
mineral IR spectral ] J. American Mineralogists 93: 765~778.

Libowitzky E and Rossman G R. 1996. Principles of quantitative ab-
sorbance measurements in anisotropic crystals[ J J. Physics and
Chemistry of Minerals, 23: 319~327.

Liu J, Xia QK Deloule E; et a/. 2015. Water content and oxygen iso-
topic composition of alkali basalts from the Taihang Mountains,
China: recycled oceanic components in the mantle sourcel J1. Jour-
nal of Petrology, doi: 10.1093/petrology/egv013.

Liu Y S, Gao S, Kelemen P, et al. 2008. Recycled crust controls con-
trasting source compositions of Mesozoic and Cenozoic basalts in the
North China Craton[J]. Geochimica et Cosmochimica Acta, 72:
2349~2 376.

Michael P J. 1988. The concentration, behavior and storage of H,O in
the suboceanic upper mantle: Implications for mantle metasomatism
[J]. Geochimica et Cosmochimica Acta, 52: 555~566.

Michael P J. 1995. Regionally distinctive sources of depleted MORB:
Evidence from trace elements and H,OLJ]. Earth and Planetary
Science Letters, 131: 301~ 320.

Nichols A, Carroll M and Héskuldsson A. 2002. Is the Iceland hot spot

also wet? Evidence from the water contents of undegassed subma-
rine and subglacial pillow basaltsL]]. Earth and Planetary Science
Letters, 202: 77~87.

Niu Y L. 2005. Generation and evolution of basaltic magmas: some ba-
sic concepts and a new view on the origin of Mesozoic-Cenozoic
basaltic volcanism in eastern Chinal J]. Geological Journal of China
Universities, 11: 9~46.

O’ Leary J A> Gaetani G A and Hauri E H. 2010. The effect of tetrahe-
dral AI3+ on the partitioning of water between clinopyroxene and
silicate meltl J ]. Earth and Planetary Science Letterss 297: 111~
120.

Paterson M S. 1982. The determination of hydroxyl by infrared absorp-
tion in quartz silicate glass and similar materials[ ] 1. Bull Mineral,
105: 20~29.

Pilet S, Baker MB and Stolper E M. 2008. Metasomatized Lithosphere
and the Origin of Alkaline Lavas[J]. Science, 320: 916~919.
Plank T, Kelley K' A, Zimmer M M, et al. 2013. Why do mafic arc
magmas contain ~ 4wt% water on averagel ] 1? Earth and Planetary

Science Letters, 364: 168~179.

Rossman G R. 2006. Analytical methods for measuring water in nomi-
nally anhydrous mineralsl J ]. Reviews in mineralogy and geochem-
istry, 62: 1~28.

Saal A E; Hauri E H, Langmuir C H, ez al. 2002. Vapour undersatu-
ration in primitive mid-ocean-ridge basalt and the volatile content of
Earth’s upper mantlel J]. Nature, 419: 451 ~455.

Sakuyama T»> Tian W, Kimura J I, et a/. 2013. Recycling and melting
of dehydrated oceanic crust from the stagnant slab and contribution
from the hydrated mantle transition zone in off-arc mantle: Con-
straints from Cenozoic alkaline basalts in eastern Chinal J]. Chemi-
cal Geology, 356: 32~48.

Sambridge M» Gerald ] F» Kovacs I, ez al. 2008. Quantitative absorbance
spectroscopy with unpolarized light: Part 1. Physical and mathematical
development[ ] ]. American Mineralogists 93: 751~764.

Simons K, Dixon J, Schilling ] Gs et al. 2002. Volatiles in basaltic
glasses from the Easter-Salas y Gomez Seamount Chain and Easter
Microplate: Implications for geochemical cycling of volatile elements
[J1. Geochemistry Geophysics Geosystemss 3: 1~29.

Sisson T and Layne G. 1993. H,O in basalt and basaltic andesite glass
inclusions from four subduction-related volcanoes[ ] ]. Earth and
Planetary Science Letters, 117: 619~635.

Sobolev A V and Chaussidon M. 1996. H,O concentrations in primary
melts from supra-subduction zones and mid-ocean ridges: Implica-
tions for H,O storage and recycling in the mantle[ ] ]. Earth and

Planetary Science Letters, 137: 45~55.



% 3 3]

FRERAE KRG 20U SR 7 S R A A IR X 4L 0 (K T 24 381

Stolper E and Newman S. 1994. The role of water in the petrogenesis of
Mariana trough magmas[J]. Earth and Planetary Science Letters,
121: 293~325.

Tang Y J» Zhang H F and Ying J F. 2006. Asthenosphere-lithospheric
mantle interaction in an extensional regime: implication from the
geochemistry of Cenozoic basalts from Taihang Mountains, North
China Craton[ J]. Chemical Geology, 233: 309~ 327.

Wade ] As Plank T, Hauri E Hs et al. 2008. Prediction of magmatic
water contents via measurement of H,O in clinopyroxene phe-
nocrystsL ] 1. Geology, 36: 799~802.

Wallace P J. 1998. Water and partial melting in mantle plumes: Infer-
ences from the dissolved H,O concentrations of Hawaiian basaltic
magmasl ] . Geophysical Research Letterss 25: 3 639~3 642.

Wallace P J. 2005. Volatiles in subduction zone magmas: concentrations
and fluxes based on melt inclusion and volcanic gas datal JJ. Journal
of Volcanology and Geothermal Research, 140: 217 ~240.

Xia Q K, LiuJ, LiuSC, et al. 2013. High water content in Mesozoic
primitive basalts of the North China Craton and implications on the
destruction of cratonic mantle lithosphere[ J1. Earth and Planetary
Science Letters, 361: 85~97.

Xu Y G, Zhang HH> QiuHN, ez al. 2012. Oceanic crust components

in continental basalts from Shuangliao, Northeast China: Derived
from the mantle transition zone[ ] 1? Chemical Geology, 328: 168~
184.

Yang W, Teng F Z, Zhang HF, et al. 2012. Magnesium isotopic sys-
tematics of continental basalts from the North China craton: Impli-
cations for tracing subducted carbonate in the mantle[J]. Chemical
Geology, 328: 185~194.

Zeng G Chen L H, Hofmann A W, et al. 2011. Crust recycling in the
sources of two parallel 852 volcanic chains in Shandong; North Chi-
nalJ]. Earth and Planetary Science Letterss 302: 359~368.

Zhang ] J» Zheng Y F and Zhao Z F. 2009. Geochemical evidence for in-
teraction between oceanic crust and lithospheric mantle in the origin
of Cenozoic continental basalts in east-central Chinal JJ1. Lithos,
110: 305~326.

Zhi X, Song Y5 Frey F A, et al. 1990. Geochemisiry of Hannuoba
basalts; eastern China: constraints on the origin of continental alka-
lic and tholeiitic basaltL]]. Chemical Geology, 88: 1~33.

Zhou X H and Armstrong R L. 1982. Cenozoic volcanic rocks of eastern
China: secular and geographic trends in chemistry and strontium
isotopic composition[ ] ]. Earth and Planetary Science Letters, 58:

301~329.



