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Simultaneous analysis of Nb and B in rock samples using ICP-AES

Tsuyoshi ISHIKAWA!, Mitsutaka NAGAO'* and Toshikazu NAKAZAWA'**

Abstract A newly developed technique for analyzing trace amounts of Nb and B in rock
samples is described. Samples were decomposed using HF-mannitol method. Nb and B
were chemically separated from the major cations using ion-exchange chromatography and
then measured by inductively coupled plasma-atomic emission spectrometry (ICP-AES)
with analytical lines of 269.706 nm and 249.773 nm, respectively. In the whole analytical pro-
cedure, recovery yields of these elements were 97 to 100% and procedural blanks were unde-
tectable. Detection limits of Nb and B were both 0.1 ppm in rock when 0.5g of sample
was used. Nb and B concentrations determined for GSJ rock reference samples showed
good agreement with the recommended values, and the analytical errors were less than 5
9%. The present method enables us to precisely determine the B/Nb of various rocks,

which is especially useful for elucidating subduction zone processes.

Key words: analytical method, boron, niobium, ICP, rock reference samples, arc lavas.
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DxEBW, BYEERWIIHINOHF & 75, HCl
X, HIROFVERIWAHRAE (35%) % H.O THRL
TEN&EL, Vv bax CHEBIZERBREE L
bDERWE Zhb0FEBRERAEFOBDOT T v
ZEZTIT5DIZBH THEITH S (NAKAMURA et
al., 1992), 30N-HF 3 XFIZIG U THO THIRL T,
0.1N-HF, 0.006N-HF & U 7=.
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Decomposition (80 °C)
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B 249.773 nm

Fig. 1 Procedure of Nb-B analysis developed in this

study. Volumes of H.O, HCl and HF to be
used for sample decomposition and for rinse
of fluoride precipitate should be increased
when more than 0.4g sample is used for analy-
sis.
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TBERHEREBILEMEIEDLY V2 v b (CHUOs) %8
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EEEBELLEAOHNZ D, BEIT2IZE > Tz &,
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HY, ZTNIVHEVVHBEIBTHEEZZIFFNFE
NEBETILENDS. KkiZ, 770 /P%—Z 1L -
MNEXRTHLTIRED L, BEREL2BEI 5.
ZITHEEBMEKROEAE U-BEIIEBSZEBIZNSRE
BT, MER2IIHET S, RRALRIARSRITT
gavYy—%EHREZL-FET0~80CTmE L,
2 ~12B5EIBE N T THY. BEEZEAUEBOES
IZIEMBIZ3 B2 EBE ST L2 E08H5. ZOFHER, X
HO>OEEODRIZEBRBEIETH AN, FS5774 k,
Chay, rzavA r\EESUBRDBAEINHDIL
MIPBEINTIZES. FNOOTRER O ND,
BRIZEAEEEHVWLDONEND, 2E5FTOEE
BN, DWBIIEHEY5E25LEZ2ONBEBEIZ
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T E T2 - -1k, LBABEEZ0OCTERER
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(3m) i, 6N-HCl 6 ¢ THEVE LEKE L=, H.O
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Inmd, lnl, 2mlD4ENZDITTCH L, Nb, B4
IZEEXE S, BRI N-BH#E (&£516.5me) 13, 80
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7=, ZORR, ZEWMIHFIZZESIZBT32H00,
HCl, H.OTIZ—HEmB L CHIZEAEBEREL s 7z,
FHFERTHERLLZICPOXR TS AV E b —FITHF R
BTHD, BEOBVWHF 2R T 5L FNHICER
BERIEFTOHELT, ZNOLIrLOBOBER%5|X
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WOWTERET 7225, 000INXYD & EV EE
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309.418 nm

Nb 316.340 nm

Nb
-1 ppm standard

Fig. 2 Peak profiles for the principal analytical lines of Nb and B in ICP analysis.
and 10 ppm) and JB-3 solution after the whole chemical procedure in Fig. 1 are compared.

Nb 313.079 nm
— 10 ppm standard

Nb 269.706 nm B 249.773 nm

— JB-3

Standard solutions (1 ppm
Large ma-

trix effects are observed for Nb peaks at 309.418, 316.340 and 313.079 nm.

HF BEAMET X 5 & NbF,* 20K 5 U C Nb.Os D
MBEELB-DEEZBND, FHETEBEREOL
EREIICPIzHT A ELEATITH>HFEEE LT
0.005NZER L. 1B, ZOBEXBEOHOTE
DICPHITDBETERET S HF DBERETH»S. £
BEIrF02mmD A S A EMEE ZDBREOHF IZ 18
el CESEMBET CTEE L-EZA, VI XDK
BIITEH LN, -T2 Tz, FEFFRDOFETE, Nb,
BrREBEET 5, BIXICP 94280 T HF B
EHWAEBIZ, X TS5AYR L —FOEEBEE S

BHOTRAFUIEELTELBWABNR W5 (FEHA,

1986). ZHIEBMHF &EER T IVA ORVERE UK
T 5D THD, EZHFEOEAHTHSEMKILED
SFIZENTE, BOEERIEBMIE W HIZ, E
B RERET20~60% 0 HF A% FT5BIZ &
NIRZENDZEZRD, LA -1, BBBHED
FE3HHF BE T —#%I1Z0.005N L DKL 72 5.

®iZ, Nb, BOFRATELZSWEESE<IZO>NWT®
FY) v 2 REBROFMEIT - 72, JBL2 (FXEE), IB3
(ZRE), JR2 (FifE) 2NZEh0.58 8B DFIHE
2R S THME L, 0.005N-HF 5 mdiz B L7=d DI
WTEBBKREDHB 21T -7-. JB3 XA W H%
Fig. 2R L7,

Nb ©309.418 nm, 316.340 nm, % & *313.079 nm ®
BHMIROBRENABNEINTNEHDTHH,
FNODOFBIZIE O IR L EHE LB O RNE
&, TiORKEENFEET S, JB-2, JB3ZHAW-ER
T, oL ToOEEIZEL T, EREEIZEX
CTELWNy 2759 Y NEOLERE, MOBKE—
2EDERVAED BN, ITNHOEEETAVES
ETIE (HE, 1980 ; HY) - HEAE, 1988), Ny 22 TS
YV FREET - TCOLBERESRTCEDELY I HE~
HHEEWNb DFHENEOLNTNWADIZZDIZHTH
235, —7F, 269.706 nm O HIRIIBRE Z 2004 5
HOD, JB2, JB3, JR2ELTIZHLTNv 275

VIMED FRBLIMEOEY -2t DELDNELED
Sy AN AT N

BIzBIL CIImHBEEDE249.773 nm D 5 ¥ #7112
SONWTKRE &7 - 7=, JB-2, JB-3, JR-2DWWThiZxt
LTy, N 2739V FEOLRBSIUMOE -2
EOERVIZLLBDHENT, 2HTFHEREIT Fe
A F URBEIT L > TRLESIIBEINTW DDA R
Ihiz.

ExtoER LY, Nb, BOSHEE LTEZENENR
269.706 nm, 249.773nm%EFER L7z, Nv s TF37 v
FREDHETCERENLEDLLRNWZENG, Ny
5y v FREERTbRNIEE L, BEEETO
RE*EEL T, BHEEOHIBHEIICCEDD S
BEl, SEEVELTZOFEHEXRIZEMBE L.
COEXMET, A—REOBRVELAEESTT-/2E 25,
Nb, BEOYEXBERILZELTWDHDD, NPEE
OFIZEBEIZHEE L CRAXO)Ippm DXR—ZX 54 VD
BEZE EEIN-. 22C AHoE®RIZT S v
B E 0l ppm BEBEREZMEL, N—XF714 V0D
BRI EARfTH> Z & & Lz,

Nb, BORE, JIERE, BRHRBRR

ICP-AES iZz&17 %5 Nb, BOKE®R% Fig. 3IZ7RL
7=. Nb, B& iz 0.01 ppm A 510 ppm O #EEH BE T
BEHORFRERELSZED S

Fig. 41X, Nb, BiRE L, SHIEMEDOHENEERZE
(%) EOBARERLZHDOTHSD. ZORNIZIZEED
ERRBORAETF -7 b MAbNTW5., HEBEIZ
THRB R RBREREFESZED b, Nb, BE& &IZHEXY
EREZEZ lppm LA ET 2 LT, 0.2ppm T#5 %,
0.1ppm THRI0% & 25, LiA-T, HEDRVEIE
TS =D BB O N, BERE 42 & 301
ppm, TEIUE02ppm LA ETHBZ EFEE LW,
N, EWFROEREZEIEOESE, lppm D Nb, B&E
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Fig. 3 Calibration lines of Nb (upper)and B (lower)
in ICP analysis.

BEREYHOELEEERLS 2T 5729213048l E
DREDRDETHHIETERT S,

— I BHBRIIN—-25 (4 YVOEEOERRED
SFEICHYTIRETHIEEREINT VS, FFR
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HIZFE50.005 ppm (N=20) THo7z. LA - TH
HIERIZXN A E Hi20.015ppm & 725, Nb, BOFR L
STEICT AKREMBRA L L TiE, 0.020 ppm, 0.002
ppm BAENFNHEEIN TS (FH, 1986). HHRE
OMEIZ NDIZBIL TR XBEE — BT 50D, BIZH
LTz lsdy. Zhix, £RTFEAL TS HF
BHEFETIIBEF EDEEMNEREIZRZDIZ, 75
XN TOBOETFAL « 4 4 bDEEH, —HKIZH
WHENTWAH08%, HClBHEOBELVHETT
Bz, Linic,

B2EHELTOHOND BHBRHERBRRE, FHATLSHABOE
IHRFEL, 028084, 03ppm, 0.5gD%HE, 0.1
ppm, 1 gD¥HBAE, 0.06 ppm &725b. —RRIZEHD Nb,
BatRIN VI vEEBRWT0lppm LETHBHD
T, KREEOHEZHEREOEFDIZE A EIZHER
BEThHBENWR D, 2, INHOKREERIT, HE
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Fig. 4 Diagrams showing concentration dependence of
analytical precision of Nb (upper) and B
(lower) in ICP analysis. Note that Xb and B
concentrations greater than 0.1 ppm are neces-
sary for sample solution in order to obtain
sufficient analytical precision (RSD < 10%).

IFHEDEETHLOD, BOEBEAINEDLLD
EREOFEES TS XABEESE (ICP-MS) TH
EXNTWAIE (72& 2 IENbIZxd L T0.02 ppm: HALL
and PLANT, 1992) 12853 DTH 5.

757, BIRE

ELERBERANVTREOLRTL TOERBEEZITL,
BEREEZ 2ne Lz 4 BRHZOWTIND, BORIE%R
2ETSFTF-mE A, HJEMESE L T0.001, 0.002
ppm (Nb) 3K 0r0.015 0.000ppm (B) =HFHiz. Z
NEDERLTHREBRRLUTTHS. L) > THRH
FTIZHBITANb, BOKRTZ /7 EIZEHIZ0.03uglh
FT&id ZOBOITZVIZERBOSBREELTT
NH ) BEREE AW RRDOHE (0.3~ 1 ug: Ryan
and LANGMUIR, 1993) IZHRTA 72 < & & —HES,
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Table 1 Concentrations of Nb and B in GSJ rock reference samples.
Nb (ppm) B (ppm)
Sample name | This study 1o R.V.* lo |Thisstudy 1o R.V.* lo
JB-1a 26.8 7.67
26.4 7.68
26.3 7.33
26.6 7.56
Average 26.5 03 26.9 1.9 7.56 0.16 7.88 3.02
JB-2 1.28 30.2
1.35 30.2
1.23 31.2
1.31 30.7
1.19 31.6
Average 1.27 0.06 1.57 1.09 30.8 0.6 30.2 53
JB-3 2.68 20.0
2.60 20.5
2.79 20.5
Average 2.69 0.10 2.47 0.85 20.3 0.3 18.0 3.1
JA-1 1.75 23.2
1.75 23.0
1.85 22.8
Average 1.78 0.06 1.85 0.75 23.0 0.2 21.0 33
JA-2 9.12 9.47 1.2 21.2 20.7 33
JA-3 3.35 3.41 0.8 26.2 24.8 2.9
JR-1 14.3 15.2 1.7 134 117 34
JR-2 17.3 18.7 2.8 154 145 8.6
JR-3 511 10.1
JGb-1 2.75 3.34 1.33 531 4.03 1.35
JGb-2 1.17 5.09
JG-1la 10.3 11.4 0.98 5.07 395 1.21
JG-2 14.9 147 14 2.09 2.18 1.39
JG-3 5.86 5.88 0.85 1.95 2.15 0.06

* Recommended or proposed value (Imai et al., 1995)

HF—~ = v P fBEERWZHELORIZS Hbh
T, ThH)BERETAVWCHETEIBOEEE
TSV OMBEERT I ENDLEERDAN, FHET
ZNb, BEHIZZFDLD RHERBTLETHS.

F7-, BEORPHVIZ10ppm Nb BB | g %4
FEL, 2FEBRBEEZT->23DIZ >0 TERER%AIE
L& ZA97.0~1002% Th -7=. Zhid, ICP DI
EEECBHAKEZERTHEMETZ SETH .

HELERRHMON,, BEHE

AHFE D Nb, BOWEIZH T HREEOFRE, #
Exariiy 572, #EAENROREESHFA [ KK
By —X] 14BIZOWTNb, BOREZEIT - -
(Table 1). fEALHBOERIF0.05~058 TH 5.

JB-la, JB-2, JB-3, JA-lD4fEIZo>W\ i, TEH»
HEaeO TE T OERFEFEZFIEIZIT - 2 3EBU LI
DWTHIEZIT -7, TNHOREMEIIWTHE BIF
EBMEEZR L. NbIBREAMEV JB-2 T Nb ORIE
EIZRI5 % DX 62& (RERZE) A oNnks, it
DHDIZDWTIEND, BEBIZ3IXEUTTH 7.
KHFFEOREME & BERER OHIEME (IMAI et al,
1995) & EZHBT HEH/RRANUDERNHDH, HE
EDREZZRBIZAND EFELZEIRL2ICI—HTD
(Fig. 5). £7, JB-2, JB3, JA-1 ODBEEHEX, &
LEREOBVWEMEFERETCRHEINE (2%
n31.2, 20.3, 23.8ppm: ISHIKAWA and NAKAMURA,
1994) & 4 %LADET—HKT D, Lzh > TEHE
DHEMBOHEE IR EEX BILD. JB-2, JB-3, JA-
1, BV JASWENbEEFXRDOEWAIMW SN KW
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Fig. 5 Measured concentrations of Nb (upper) and B
(lower) in GSJ rock reference samples plotted
against the recommended or proposed values
by IMar et al. (1995). Error bars represent
standard deviations for each value.

BETHDHP, ENOHIINLTLERRDOFTEIERE
DEVWNEEEZE5EX 52 EMNTE .

ICP-AES & XRF D Nb RISE{ED ¥

FHREDHEDEBEDIAGIE LT, =) T7+llo
K ONbRIZEME % Fig. 61277 L7z (ISHIKAWA and
TERA, RKAET—%). £H L-HKEL, WooDHEAD
(1989) THEOLNI-LDEB—THY, XRFIZXBNb
DI ENBEICHRE I N TV B, Fig. 612i%, HEDND
EHEXRY, WMOMEF-CHED PO DEE ) Nb & B
BV Ce (ICP-AES Iz XV HilmEid . Woob-
HEAD, 1989) iz LCFa v b LTHB. £WREDSH
BTRIEININbEEXRE Ce EEXRORBIZIEE 2L H
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Fig. 6 Diagrams of Ce vs Nb for lavas of the

Mariana arc. Nb concentrations were deter-
mined using the method of this study (upper)
and XRF (lower) for the same samples. N\b
data by XRF and Ce data by ICP are from
Woodhead (1989). A tight linear correlation
observed in the upper diagram indicates the su-
periority of ICP for measuring a trace
amount of Nb compared with XRF.

VYR (R LEBOKLOEREZR VTS O TEL
BT 1243 A B 2 /EBE A EE s H AL, 3 ppm
25 0.5ppm KEAEBEDNb N EHIZEESN T
BZENbMDE (Fig. 6 £). iz LT XRFIZ&
57 =713 Ce EHBIITAHODIESDEMNKE <,

1 ppm LLFTHIZZOERNFEF LY (Fig. 6 F). L
=N T, TOEIREURNVEBTIE, XRF TNb%
BERLOWTA2DREEBTHEZ MDA S, BT
BIEXNZ, BIMKILED B/Nb AW SHERI/LFH
FiE (Ismikawa and NAKAMURA, 1994) 1%, o8&
KANbOEWAIEREZ LEELT 5. XFEDOFEIR
ZDEBIZFTDIEEZONEDLDTH S,
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WEHRHHD B/Nb MHRI-BFDKREDORKRN

WHREMOBREELRBIZIAXENOZSRED X
BENEENTEHEY, Nb, BAEFXRLB/Nb D&fEm
REEERTOIERTH A, Fig. 712, XHETHE
BN-EREREHOND, BEFEEXRE®Tuy b LI,
F &I kKiE (IsHIKAWA and TERA, 1997), = U 7
Fal kilE (ISHIKAWA and TERA, RARFT— %),
MORB (RYAN et al., 1993; 1996), OIB (RYAN et
al., 1993; 1996) ORIHELHHOETCRLTH B,
<Y MVOETEEOT I OEREDIIER OB, Nb
EBIZBERCEME AN 2B BEERERTOT
(RYaN et al, 1996), ZORETIX, —#HOv I/ <i
MORB iZ& 65 & 5 IZIZIF—ZE D B/Nb #H-.

JB-2 (FEKE=FKIL), JB3 (EX), JA1 (55
i), JA-3 (BREIL) I MORBEREEEDNbEHE
KE, MORBXD I A»ZEWB/NbIE (>7) %
FOHRMYEENKILETHS. JR-1, JR-2 (FomEkE)
HEE v 72O LIZ M2 Nb, B&ERETRT
INGLDEM~ /7L, MHALRX T TREOBIZEL
fluid IZ & > THRI N/ MORB &< v M VDS

BRI L > THEBEELREEZ D ENTED (-

SHIKAWA and NAKAMURA, 1994). —75, JB-la (it
W) BEFEOBNZRELIVIEVNDEEXREEN
B/Nb &L, OIBOfFEHOILL T, L LEMKILEX
DWOBRRIZTay FENE. Zhik, JBla &L HE
HMHEADBE=RT V) ERED, RS TOREEHK
WIZZT- OB MR KB HOEN THBE N HE 2
(NAKAMURA et al., 1995) IZ—%¢ 5. JR-3 (E#E
) I 7NH ) FAETHHA, FEEICEH N NbEaEX
EFIERIT/EV B/ND L% R T OIB By i #h % #
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Fig. 7 A diagram of Nb vs B for GSJ rock reference
samples. Data fields of Kurile lavas

(Ishikawa and Tera, 1997), Mariana lavas
(Ishikawa and Tera, unpublished), MORB
(Ryan et al., 1993; 1996) and OIB (Ryan et
al.,, 1993; 1996) are also shown. Since
solid/melt bulk distribution coefficients of Nb
and B are close, B,/Nb of magma remains
nearly constant during differentiation. Arc
lavas are characterized by distinctly higher
B,/ Nb than MORB, OIB and continental crust,
indicating the involvement of slab-derived fluid
in arc magmatism.

b, HEGIZEKRE, JG-1la, IJG-2, JG3 DIt e
T KBE#RBZOBRIF 2 B/Nb (0.3~0.6 : TAYLOR
and McLENNAN, 1985; Leeman et al., 1992) 12584
fExRT.

Fig. TTEEARZ »iZ, BEMKLUENZDE B/Nb
IZ& - T, MORB, OIB, kBEEHZHDW\TILE & BHEE
ZRAIENAZETHAD. ik, B/NbEREWLNIT,
BN~ /77iINT 3525 TWBOEEY, OBy~ v
FMVDEFEEOKEMBRWBOBICFROZE I XBIL
TEEMICRBEL D2 EMNTERZEEEKR LTV A,
X5z, B/Nb & &ERAMGE (B, Sr, PbE) *»6tH
FTHEZZ TREOD fluid DB ZHET S Z & & e
& 7% (IsHikAwA and NAKAMURA, 1994; ISHIKAwWA
and TERA, 1997). XKWHFETCHEIZINT:, EE5FH0H
BEODONb, BT HEEEOEVHER, ok
HERIEFEOF LWFEOILRIRBIIELET L EE
Z b5,

HEF : FRAREBFFHOBST BEHIFIZIZICP 2
By oazbEx T ciZ&, /-, BETRAFE
#72 JB-la, JA-1 ZREEL T o2 0z, BEAFHE
FHORE EHFIIERBEHOFEEEN > TH
727z, dB-la, JA-1 DS OBREE LR EHIHE A
B HBCFERIZREEL T2, ThbnF
WERIRBOEZET D, XHFTO—IMICILLH LR
RS CERHHRA) 2EH L.
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