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The behavior of K and Na in deep subducted slab

HAN Lei and ZHANG Li-fei
(Key Laboratory of Orogenic Belts and Crustal Evolution, Ministry of Education, Peking University, Beijing 100871, China)

Abstract: “’K could be an important heat source during the evolution of the earth in that it may serve as a sub-
stantial heat source in the cores of the earth, sodium (Na) should be an important element in deep subducted
slab, and subducted slab could transfer materials from the earth’s crust to deep mantle of the earth. Moreover,
garnet and clinopyroxene are common minerals in subducted slab. This paper presents a review of the progress in
natural discovery and experimental study of K and Na behavior between garnet and clinopyroxene in the past five
decades: (D the discovery of Na/K bearing garnet and its forming mechanism and significance; @ the discovery
of K bearing clinopyroxene and its forming mechanism and significance; @ experimental petrology study of K-
bearing mafic-rock system. K, as a large ion lithophile element, could be incorporated into garnet and clinopyrox-
ene under high pressure by substitution mechanisms of KX+ Si¥ = (Ca, Mg)* + AlY and MgM! + Ca™?> = AIM! +
KM? respectively. It is significant for the K recycling from the crust to the deep earth. In subducting slab, Na

could still be transferred into deeper mantle when clibopyroxene is not stable any more by the substitution of Na* +

Yk BEA: 2015-03-14; 1&iTHEA: 2015-05-29

EE&ME: HEESIEMIERERI973 WR1D(2015CB856105); K [ 4R A} 243 4 ¥ Bh I H (41330210)

EEENY: #1988~ O, Y, WL, BHCEWIFIT R, E-mail: 15201471025@126. coms

W L& 4 55 AR AT 1) : 2015 - 05 - 29; MILEHLE AR BN : hetp: //www. enki. net/kems/detail/11. 1966. P. 20150529. 1405.001. html



756 = A O W ¥ i & H 344G

Si¥ = (Ca, Mg)* + Al and the subsequent incorporation into garnet. K,O content in clinopyroxene and Na,O

content in garnet present positive correlation with pressure according to previous high pressure-temperature ex-

periments in K-bearing basalt/clinopyroxene systems under the mantle p-T conditions, while K and Na behavior

in K-bearing basic rock system under the p-T condition of subducting slab remains rarely studied.

Key words: K; Na; garnet; clinopyroxene; mantle; subducted slab

A 3 58 HP T A 2 A T S R i
T WAL R R PR R A R AR A, T
ReasfibEMNA . = BRI K A 5. EIXLy 4
b B CRO F ZER AT T8 K f s BRI A rhoa]
REtL 2 /b s (8, 1T 80 (Na) E EAFAE T % Na &)
KA R 5 I A . BE G IR PR B B S OK, A A
I Yo R AE— R A IIAHAS , K F Na 35 E07 )
Wbl KA.

Wang Fil Takahashi(1999) H K2R 1KV & # %
PEZ e E NI I 1.31% K0 F12.64 %
Na,O)TE 2.5~27 GPa & J1ia [l N AT T — R 5K
V[ AH LA S S5 S 56, 7 1 AR HB I IR s 4% 1 R K
FEFEME A v 14T S RISt O v 5 Bk v o A0 o e o
B A1 R R 48 KT R AR AT I AH AR B AR T AT AR
5 Lo TOTR A2 5 il S 00 3 2 W0 [ AT 5K 565, %440 & o
FRDEA FEAR LR IR T 17 GPa UGB R T,
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H,O 2.00% - S50 25 K W7, d AR 00 v v 52 1) Hh
RV, B 7 AT AL, 76 10 GPa BAR ABIORE
A HRE A AR SR E AT IR S0 510 GPa
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HIAHH I Na,O 7 54 0.34% 2247, AL AL E T &
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Fig. 1 Worldwide K and Na-bearing mineral exsolution in garnet from natural rocks
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PRI 4 = BECPRDAE A R I R (Zhous 1997 o d—48 A0Sk v H ty S 42 LN 5 b AR 1) R A RO b AR A (Opx) ~ S A A
(CpO A ZLF (RO LLE A I H CAmp) TE A REA R (Song et al . » 2004, 2005)

a—hexagonal prismatic basal sections of clinopyroxene rods in porphyroblastic garnet, note that each group of pyroxene crystal planes is parallel to

one group of necdle-like rutile rods Cafter Ye ez al.» 2000); b—phlogopite exsolution lamellae in garnets Cafter Zhous 1997); ¢, d—BSE images

of rutile; amphibole, ortho- and clinopyroxene exsolutions in garnet Cafter Song et al ., 2004, 2005)
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Bl R AR R T DU T A AR R L S — ELAE R
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BCAE () Y A7 B A AL T 4 S, HAR A S
B—HEAE . Bk, Dymshits 55 (20130 A4 41 14
A Em ARG AL )\ IR BCA 1Y A7 BT R R IR 4 R A
SRR R OCH L, R IR XS ¢ B, T AN B AR A
£ 5 R T Na & AR A, JIRECAT X AL E
4= Mg 78 3 (Na, M) XS A1 KA i A 65 460 (1) 56 1w A
FERE R

g LR, A T AR A R ER A A,
Na & FEATRE AT BAT B /N M 250, TR ok s 4
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b M T S LA R b 4 Y IR B Na AR A
AR — MWL) Na 6iff 5. 1 41 /£ Na,MgSisOy,
— Mg ALSHOR RN, M 8.5~20 GPa, A4
Na,O FI M 1.52% H4INnF] 12.24 % (Dymshits ez
al.» 2013). HARAE 7] DLASE B 20 GPa, fH LA
FHR R BE (2 350 ~ 650 k) HEAN & F ZE (W AH, 1
EIE AR A ] RS M A (Ringwood and
Major, 19710

76 L b8 3 (i 120 km DA B, L A A
41, %1 U1 Richterite50-TremoliteS0 [l ¥ 44, Al PLAS &
#] 3 GPa+1 000C 1 4 GPa.700C (Hariya and Tera-
da, 1973). MEATCEIWERIEAT W] g & F ) Na 2
P AR 22 A4 A A B Na 7 AR

 Na A RA AR, S RATR Na £ A A
FRITERL AR A 1) e s v P JB DS i ) 23 TR AT T8 1
IR % Na & A 3 51 (Na, MgSis Oy, ) D)
B RCLL B IR A G R St R AT ) X
T, IX AW 1) S b ) RSN ) A DL A L B A
(B A e A AR A A ) b Tl e AR A T
LI AR AP R T R St B, % Na AR A AT
TILHTAE A A Y U T fl i m) e R e n &
X

2 RN A E K SRR AR &I

WEAEIL T, PR AP AS KB R ATCE
Ko FERRERA M (1 — 2o S R TC R M2 7200 K
(138 pm ) >Na (102 pm). HIEH WL, K 15 12
LT Na PR AT (1) B 2R AR BRI M2 A7
P ICHE Na I ERIRZ, I — MRS 30~ K 251
BOMEEN RO A ) A 2. RIS ik, 78 H AR
FE ARSI 5 A 24 B E 90 (Edgar and Vukadi-
novics 1993; Prinz et al.,> 1975; Safonov et al.>
2003; Sudo and Tatsumi> 19900, #B)" 72 KI5 B
HT K SRR

I Switzer F1 Melson ( 1969 ) 7F 7 JE Roberts
Victor AR fE kb & G WA W 5 - 5 A1
WA AT I T & K e A, 1 K0 &
IR #] 0.3% . B )5, Sobolev(1970) tH 7r 4 411 )
AR A AR DRI T & K SRR AT,
K,O 7 & & =1 " 18 0.25% . Harlow #1 Veblen
CLO9ODAE G WA AR TP R BT & K R A A

7, KO ST Bk 1.5%

K BRI A AR s PR R, e R
Sobolev Al Shatsky (1990) #k i . 4] T- Kokchetav
T VR TR AR A J5T iR 2 1 A R A R M - R
Al ORI T G WA, HARS A AR AT R
HIARA TR T KO 5 HIE 1.14 % ) R
FfAE. BRIt LA, Becker Al Altherr(1992) 7E Bo-
hemian 75 74 IR KBRS TP IR A R A0 2 B AA b
BT SR R, KO ik 2 0.33%, Hoi%
R A AE T WA . Katayama 55 (2002)
TERG 57 5 T3 B Kokchetav 2% 4 1 5 & WA
RHEEE PRI T & K REMA, HIXSES K iZM A
PLES 7 L 4R 1 B 30 AF 72 Bindi 55 (2003) tH 7£
Kokchetav 2% 1A 1A R ORI A8 ORI T —
TN R 30 pm X 40 pm % SO pm (Wi #EAT, HIL
K,O F& ik 3,61 %, X0 H i CHRIE & K E
e IR R AR BB AT

Xiao 45 (20007 [l 35 A F5 45 8 i Hs b ¢ (10 1
WEA TR T & K WS . e fa S48
SCH IR AT, BT TEORIR I 2R, KL, O 5
MAZIBIT 0.01% I FL ) 1.08% XN IZE
TEART P AR T i ORI E 4 K R A .
LEARF IS 25 A h B AT 1 BRI E 2 & Na A7
A AR T S K R A . K 3T
ARt Na 22K H 5y dE A4, vl B8t T A 1)
X A7 E LEFRRIEAT M2 AL E /MR 2, B Na 80
K HE N R A AR SR A 5 IR, 1 5 5 AR 9T iR
I FR R E N . AR T M2 A BRI R R
AR, Na HE 48 K ABAHRE 28 5 B JF A H

Schmédicke 1 Miiller (2000 7E Bohemian 2% %+
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Fig. 2 Worldwide K-bearing mineral exsolution in clinopyroxene from natural rocks
a—Kokchetav 247 8 1 e KB AR 2 0k 1 2 RELE B M4 0 (1 ¥ (Ogasawara et al.» 2002); b—Kokchetav %% & Kumdy Kol
TR LR A P OB M A TR R AT (CpsO) R K A (K fs) HE 95 (Shatsky ez al . » 1985); c—Kokchetav 225 & & WIA KRS h 26k 1 = BEAE
VAT ¥ (Katayama e al . » 2002); d—Kokchetav 247 A8 w1 e KA H 4 25 RERUA DE7E B RVEAT A (1 H 9% (Zhu and Ogasawara,
20025 e 55 i 3 AR A A MRORE A o o Sl DR A RSB WA B AR AT ) HH ¥ (Chen and Xus 2005)

a—K-feldspar and phengite exsolution in diopside from Kokchetav complex Cafter Ogasawara et al., 2002); b—K-feldspar exsolution in diopside
from Kokchetav complex (after Shatsky et al.» 1985): c—phengite exsolution in diopside from Kokchetav complex (after Katayama et al. >
2002); d—phlogopite and quartz exsolution lamellae in clinopyroxene from Kokchetav complex Cafter Zhu and Ogasawara, 200205 e, f—amphibole

exsolution in diopside from Sulu UHP terrane Cafter Chen and Xu,» 2005)
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