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Establishment of rapid multiple isotope measurements using zircon and apatite
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This project aimed to set up and evaluate a new method for measuring
multiple isotopes of Hf, Nd, and Sr using LA-MC-ICP-MS. Apatite as waste during zircon separation
was used for Sr and Nd measurements that (reuse of apatite) is the most important point in this
study. As the result, we got very good Sr and Nd data from standard apatite indicating the method
was set up correctly. We also measured Hf, Nd, and Sr isotopes of zircon and apatite separated from
natural granitic samples. The data are in good agreement with the data obtained from wet analyses
using TIMS.

Sr Nd HF LA-MC-ICP-MS



# X C—19, F—-19—1, Z—19, CK—19 (Hm)

1. WFIEBHAE 4O 5

— R E A B TIE, Sr, Nd, Hf [FIf7 (A
e fATicE R Svs. L LG, O
EDELAFEHBFICB W CIXEARIAIC Hf
FNCIAEAME SN 5. BHO—2F, ¥
NarPRRE T et 2 h2 BEEEL LT
kT oL Thy, BlETOYVILIC
SHLTHarhb B~ 7~ IBEREFOE
WEGDZENARERETHD. —2AN
BRKOEREEZEZ LNDN, BILEE~AIE
O ETHDH. Hf BNIKREIE, —fRicL
— IR B ER S T 7 A~ E &
et (LA-QP-ICP-MS) & L <1 &A1 A
VEESHTE (SIMS) 12X 5T, U-Pb A%
ERHELE#OC LI LT, £
BRI FHEES T 7 A~ EBOWEE
(LA-MC-ICP-MS) ZHWTHIESH, #
DML Lu - HE FAH &5 O HF RN )
EEZBEHT 5. 5o T, Y aL sy~
HiE L WO IERICT AN FEE D,
—7J7, Sr+ Nd RNIRHWAEMEEED -0
X, D) AT 0OFECTERELZIRE, SO
DOFMRE, 1CP-MS 512 X 5 & &0, x4t
FAa i, FmEBESE &R (TIMS)
2 K DIENLAR L, FARE - E Rl - [F
NARLE S BAVEEZ RO 5. 2) BEGW %
BE, AR, ot A, RN
EE AW TIMS IC L A ER, RAALS
Mr, SEMT A Y U a I LY RSERR) A
il L FEREZFRICEET 5. WTho ik
TY, SEMIBE - BAE - R &0 O RiTALER
DUBEREIR ERD. 22T, A2 TIE
UvarEEORIEY & L CTRET D TR
X4 MIHER L.

2. WO EH®

UNnar TR MNIEGMTHY, K
FERANHREFETHS. FTHUL
= 0%, BFT U-Pb 4FRS° HE RN ELRE
WCHERATHD=D, EEAFICBIT 5%
BHEIEMDO 1 DTHD. —F, T/NFA |k
FULa U SEEOBIC IS Th Y, £
< DOWGHEIIVa B ORI & L CHEE
IND. LILnRs, 7244 Mim

St/Rblt - BINd GHELEWHIEENDS, 7
Fr ot & W 2 RGBS Em W AR T > v
¥ VRO, RBFRIE, a4 EEO R
DRIFEMTHDH T NEA N EBZEH L,

J)va L &7 U-Pb 45X, Sr- Nd - Hf
FINLARTE S AT DDHESE, F DHIMED
MEEE ERLE BRI E L.

3. Mok

a7 RE A NO< VT RINAERIE
FIEEMSL, V—F kL, FNERKRD
K CRRGE L7, BRmICIx, 1) 7%
A4 FO Sr, A3 dHf RS HTIC
BiF b2 m b, 2) 782 A4 FD
Nd RN AR OSE S EiF 21T -7-. Zh
WU, SRR EuEs R 7 % 4 MR L,

F I - EITE ORGSR AR AR
B AR L, Bl OREEREN 2 TE LT,
SHITREEZRKBETED, bRV
W&tbzE Lz, £72, ZOOME&to
T, 3) HEx M L RNIRLE A E & o
ENIEREIRDT NZ A b Dar Dby
Braqitvy, TIMS OF — & & bl L7-.

4. WFFERLE

RETIIO L a o SEEOBRORIFEEY Th
LT 8B A+ D6 LA-MC-ICP-MS % AV /=
JRETAHTC X 0, Sr 36 X ONNd RIAZAREL I
EFEEMESL Uz, W E X, Mk 7 X
XA b OREEHNEESHE (TIMS) T
DI L W REEL, IEMEESRREIC
BT, AAFMICHZICE R CELIET
HHEMER L (X1-X2) .

0.714

[87Sr/868r]m MAD-1
0.711836 (155)
0.713 0711918 (67) ‘ Sl e
845 /865r=0.0567 -
0711883 (11) i I 2
| P T+ , ® == T ®
0.712 -l-*—;-,.—-&#—‘—ﬂ?“ ‘—.-!-i-I-; i;‘; T Y ;-Q
B Solution 0.711913 (44) — - ! I :
® 85um 84gr/865r=0,0564 = |
0.711- @ 85 ym Mean |
® 65um
@ 65 um Mean
@ 0 bm Mean 845y/8651=0,0566
0.710+ Al T La b,
0.714
87 86 &
[PSk/°°8r ], MAD-2
0.713]
0.711377 (118)
84Gr /865r=0,0566
11428 (42) 0.711407 (60)
0.712+ r848r, 564 845r/855r=0.0564 .
latl 85555 0d35 08301 011 r.lz{,m
!T < F gl '§'+ 14 E¢ T% I ¢
0.711 ! I ® i
0711396 (12) =
0.710- T T T T

1, BRERNOSENLEROBRO—F. 602 /70VRTHIRBENESN
TW3,

0.5116
(143N /144 MAD-1
[F*Nd/ **Nd], 0511047 (85)
0.51144 0.511067 (25) 45Nd/144Nd=0.3485
0.511059 (19) 145Nd/144Nd=0.3485
145 ,/‘4‘»-\ - 4 T )
05112] | oNd/MiNd=03485 | +l | il i.
[l r-17%a10e 11 ] To6° : .
e AL P o P P 9 S s gt -
05110{ L ~¢8%¥] @6 e 799 ”‘o 13 "’
0511059 (12) l ¢l ‘
0.5108 /M Solution
® 85um
|® gsum Mean
{® 65pum
0.5106 ? ?éi‘m Mean
@ 40 pm 145Nd/144Nd=0.3485
40 pym M .
54T e : ' |
511
05 6{[143Nd/144Nd] MAD-2
— ! 0511053 1)
X 511075 0511087 (28) 145NG/144N=0,3484
DN 03485 ON/#NG=03485 |
R ® T
0.5112 r_ 8. 4 o ' l
= I T I T (Y ) .
..Lf_+_?-44-+—.'-§-.0‘-0-7~ 31208 o0 -13:llg
0s5110{ ¢ % 117e 11111
1 ® “le ( 1
0.511069 (8) A
0.5108
0.5106
0.5104
H2 WERHONIBIINEBROBRO—F, 60370V RTHALMENBSN

ST AR CR L EEA AL, AFEE
KROH LRI L L 2 A ThD. &




RO D Sr 3 L ONNd RIfT k%, B

e

TAfE « JTLZESBER TIMS I THIEL, [

CEaaRiBtns 732 4 FRBLOV L=
oy LT, ABE L= mEE a5, Sr, Nd,
Hf FN A ZRIE L. B o ni=T — %I,
—HERDOARYE 72 Sr AR E L LT

SR AR

(REJPEMEIT Bk L7z 3 OB

DEETE D) 250EAZRNT, Sr
Nd &% TIMS THIE L7255 & P L 728
ZLOLEEHIZ (K3-X4) , HE[H
NAREEIZOW T BAF 72 B & 157,

0.720
0.715
=0.710
(2]
©w
€ 0.705
(2]
$0.700
0.695

0.690*

=3
WBRLE

61001A
Apatite-LA
< Apatite-Mean

@ Bulk-solution
T .gPe™® ::':L':wTI:LII]_:-J;EII[_-1-_:~ oFTom
EAT* 11a® ! ~ Apatite go"?
: b= 0.707345 (90)
= «Srl = 49.31
Bulk
0.707171 (10)
£Srl = 46.85

82205A
Apatite-LA
@ Apatite-Mean
B Bulk-solution

D—f. 82205AIF£ESIAIEEFU
oY

Apatite
0.511756 (31)
eNdl =-3.9
Bulk
0.511750 (9)
¢eNdl = -4.0
0.5135
; 82205A
] T ‘ Apatite-LA
I S S o Abatite-Mean
= TJTJ‘L, Rl m & liﬁ” B Bulk-solution
3‘05125143‘fdfrﬂ}11‘iﬂ {
ko] I 5T T
Z 0.51201 i3 vM?
- 61001A i B3 ﬂli LQI—‘I‘
17 Apatite-LA =
0s115| o Apleth !
B Bulk-solution
0.5110

B4, TEMERDT7INY A b ONdEIX HEBR O RO—F)

HEE e b E2ERMEL

EFERRDEZ LT,

Ol FRAEDT-DICHEELTZY
v HERBIZRBE LT X2 A4 M2V

HZ

L T Sr, Nd, Hf & T ORI 2155

ZEMHRETHDLZ L2 LT L LBIT,
ZNONR, HEAORMMAKL L IZEFFRLCTH

D )

BIR~ 7~~~ 7~ DL ORI

EEICAHThHIZEEZ DL NS,

5.

BRI

(WFgefRE . WFFE 08 L ONE R IE 4
I TRR)

(CMERE AR 3

1.

(Gt 201F)

T Em - HEM - BNLER - 8
iz - INUNEEA - RILEF (2015)
b Bt ORI A EACT &2 A ME K
IEEh &7 7 b= A, BARIMFE,
44, 69-90.

Nakano, N., Osanai, Y., Owada, M.,
Satish-Kumar, M., Adachi, T., Jargalan, S.,
Yoshimoto, A., Syeryekhan, K.,
Boldbaatar, Ch. (2015) Multiple growth of
garnet, sillimanite/kyanite and monazite
during amphibolite facies metamorphism:
implications for the P-T-t and tectonic
evolution of the western Altai Range,

10.

11.

Mongolia. Journal of Metamorphic
Geology, 33,937-958.

Akasaki, E., Owada, M., Kamei, A. (2015)
Crustal differentiation due to partial
melting of granitic rocks in an active
continental margin, the Ryoke Belt,
Southwest Japan. Lithos, 230, 82-91.
PR Z (2016) N M FAIZHMT D
ERAEFEDO SN & O RERRE. &
FIFLF, 45, 26-32.

Setiawan, I.N.,Osanai, Y., Nakano, N.,
Adachi, T., Yonemura, K., Yoshimoto, A.
(2016) Prograde and retrograde evolution
of eclogites from the Bantimala Complex
in South Sulawesi, Indonesia, Journal of
Mineralogical and Petrological Sciences,
111,211-225.

Nakano, N., Osanai, Y., Nguyen Van Nam,
Tran Van Tri (2016) Low-temperature
eclogite-facies bauxite from the Red River
shear zone in Vietnam: Its evolution and
significance, Journal of Mineralogical and
Petrological Sciences, 111, 196-210.
Owada, M., Osanai, Y., Nakano, N.,
Adachi, T., Kitano, I., Tran Van Tri,
Kagami, H. (2016) Late Permian
plume-related magmatism and
tectonothermal events in the Kontum
Massif, central Vietnam, Journal of
Mineralogical and Petrological Sciences,
111,181-195.

Otsuji, N., Satish-Kumar, M., Kamei, A.,
Takazawa, E., Tsuchiya, N., Grantham,
G .H., Kawakami, T., Ishikawa, M., Osanai,
Y. (2016) Sr and Nd isotopic evidence in
metacarbonate rocks for an extinct island
arc-ocean system in East Antarctica. ournal
of Mineralogical and Petrological Sciences,
111, 170-180.

Osanai, Y., Sajeev, K., Nakano, N., Kitano,
1., Kehelpannala, W K.V, Kato,
R., Adachi, T., Malaviarachchi, S.P.K.
(2016) UHT granulites of the Highland
Complex, Sri Lanka II: Geochronological
constraints and implications for Gondwana
correlation, Journal of Minaralogical and
Petrological Sciences, 111, 157-169.
Osanai, Y., Sajeev, K., Nakano, N., Kitano,
I., Kehelpannala, W.K.V.Kato, R.,
Adachi, T., Malaviarachchi, S.P.K. (2016)
UHT granulites of the Highland Complex,
Sri Lanka I: Geological and petrological
background, Journal of Minaralogical and
Petrological Sciences, 111, 145-156.
Kitano, I., Osanai, Y., Nakano, N., Adachi,
T.(2016) Detrital zircon provenances for
metamorphic rocks from southern Sor
Rondane Mountains, East Antarctica: A
new report of Archean to Mesoproterozoic
zircons, Journal of Mineralogical and




12.

13.

14.

15.

16.

17.

18.

19.

20.

Petrological Sciences, 111, 118-128.
Satish-Kumar, M., Kawakami, T., Nakano
N. (2016) Metamorphism and continental
growth: Introduction, Journal of
Mineralogical and Petrological Sciences,
111,47-49.

SEMR B - LA E] - BIHEE (2017)
a E W OSSR - Bl
B HEMAEE~ 7~ DA & ko
a8, #UETAHERE, 123, 599-612.
Tsukada K., Yuhara M., Owada M.,
Shimura T., Kamei A., Kouchi Y.,
Yamamoto K. (2017) A low-angle brittle
shear zone in the western Sgr Rondane
Mountains, Dronning Maud Land, East
Antarctica — Implication for assembly of
Gondwanaland. Journal of Geodynamics
111, 15-30.

Watanabe Y., Kon Y., Echigo T., Kamei A.
(2017) Differential fractionation of rare
earth elements in oxidized and reduced
granitic rocks: Implication for heavy
rare-earth enriched ion-adsorption
mineralization. Resource Geology 67,
35-52.

Imaoka T., Kawabata H., Nagashima M.,
Nakashima K., Kamei A., Yagi K., Itaya T.,
Kiji M. (2017) Petrogenesis of an Early
Cretaceous lamprophyre dike from Kyoto
Prefecture, Japan: implications for the
generation of high-Nb basalt magmas in
subduction zones. Lithos 290-291, 18-33.
/NI FEN - B - )2 SZ3ERT (2017)
Fob I\ — K[ i R B G D W TR S
IR S R AE F ORGSR, VB SR
58, 123, 879-906.

Miyahigashi, A., Hara, H., Hisada,
K.I.,Nakano, N., Charoentitirat, T.,
Charusiri, P., Khamphavong, K., Martini,
R., Ueno, K. (2017) Middle Triassic
foraminifers from northern Laos and their
paleobiogeographic significance. Grobios,
50,441-451.

Nakano, N., Osanai, Y., Nguyen V. Nam,
Tran V. Tri (2018) Bauxite to eclogite:
Evidence for late Permian supracontinental
subduction at the Red River shear zone,
northern Vietnam. Lithos, 302-303, 37-49.
Kitano, I., Osanai, Y., Nakano, N., Adachi,
T., Fitzsimons, I.C.W. (2018) Detrital
zircon and igneous protolith ages of
high-grade metamorphic rocks in the
Highland and Wanni Complexes, Sri
Lanka: Their geochronological correlation
with southern India and East Antarctica,
Journal of Asian Earth Sciences, 156,
122-144.

(Faxk] GE 474
RFEW 72 b O D HFEH

1. Nobuhiko Nakano, Yasuhito Osanai,
Nguyen Van Nam, Tran Van Tri,
Metamorphosed bauxites from the
Red River Shear zone, northern
Vietnam: inferences and geological
significance, H A<l Bk 2% 2 F} 58 5
2015 FHE A K4, 2015.05.

2. HEZ, NXbhFA, BN, FEl
HIRIZ 31 B KEEOBEAER DT 7 b
=7 ZADMEW, AARIEPFFZ 2015 4
43, 2015.09.

3. Nobuhiko Nakano, Yasuhito Osanai,
Masaaki Owada, M. Satish-Kumar,
Tatsuro Adachi, Jargalan Sereenen, Aya
Yoshimoto, Syeryekhan Kundyz,
Boldbaatar Chimedtseia, Puntsagdamba
Nomintsetseg, Boldbaatar Dolzodmaa,
Contrasting pressure-temperature records
from the Altai Range, Mongolia;
constraints from multiple growth of garnet,
aluminosilicates and monazite, H A<HIER
REFFE S 2016 FiEE K2, 2016.05.

4. HERREZ, NLNEEA, RINLER, K
FH IEHA, M. Satish-Kumar, S. Jargalan, K.
Syeryekhan, &> /L « 7L H A |,
FURLRE fib A % 3 o YR B8 il 1 O AL
FEEERCA, ARV RS K 123 [l
i K42, 2016.09.

5.  Nobuhiko Nakano, Yasuhito Osanai,
Masaaki Owada, M. Satish-Kumar,
Tatsuro Adachi, Jargalan Sereenen,
Syeryekhan Kundyz, Boldbaatar
Chimedtseie, Paleozoic multiple thermal
events in the Altai Range, Mongolia,
JpGU-AGU Joint Meeting 2017, 2017.05.

6. HEPHE - BIEE - BN - /L
WEEN, LA-MC-ICP-MS % 727 3
%A @ Sr/Nd FIALAEIIE & 18 R
FHA~DOIGH, AARGWE 72 2017 4£48
£, 2017.09.

(XF) GE o)
(P 36 U PE A )
OiEiRdL Gt o)

A4
FE
HERF
fEfH

HaG
HFEAFEH H -
EPNSk DR -

Omfskee Gt )
CANN

HUE
HEFIZ :



FiH -
HH
BAS4EA B
E NS DRI

(D)
A Bt— D

6. WFICRHAR
(D) e RFTE

F 8=  (Nakano, Nobuhiko)

JUIN K7 R Bt el w2 SUA bR RS - 3
fifi

MEEHE: 20452790

(2) Wrge oz
BHEE (Kamei, Atsushi)
AR T2 R - #id
MEEHZE: 60379691

(3) M IEH

(4) W FE b 103
( )



