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In situ boron isotope analysis method for tourmaline and muscovite by
LA-MC-ICPMS and its applications

XU Jie, ZHANG Gui-bin, LI Nan, LIN Meng and WANG Jia-xing
(Key Laboratory of Orogenic Belts and Crustal Evolution, MOE, Peking University, Beijing 100871, China)

Abstract: The combination of multi-collector inductively coupled plasma mass spectrometry ( MC-ICPMS) and laser
ablation provides a useful tool for tracing the geological process by analyzing minerals under microscales. As one of
the non-traditional stable isotopes, boron isotope has attracted more and more attention. In this study, the authors
developed an in-situ method for high-precision analysis of B isotope in tourmaline with high-content boron and mus-
covite with low-content boron. Tourmaline and glass reference materials were applied to correcting the mass frac-
tionation respectively, and in-situ B isotopes of two natural samples from southwestern Tianshan were also tested. In
addition, the boron isotope of the in-house standard T-PKU was calibrated as —13.07%o +0.42%0 (2SD, n =66).
The above testing results reveal that the condition of LA-MC-ICPMS is stable for a long term and suitable to produ-
cing high quality data about tourmaline with minimum spot size of 10 wm and muscovite with > 20 x 10 ~° B con-
centration. The B isotopes of tourmaline and paragonite in Tianshan samples are helpful for tracing fluids sources.
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A s BEE 4 L S ), T 3L R A 3R
2 SR S TR B0 SR X 45 B Farber et al.
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Table 1 Laser ablation system and MC-ICPMS

operational settings

ey RArfig
[NE e Coherent Geolas HD, 193 nm
RE 4 W 5~10 J/cm?
BOLHEESG  REEON 520 um
L= WA ElBr He, ~0.6 L/min
EPIES 2 ~10 Hz
(N EnTIths Nu Plasma [I
AR 4 D R 1290 W
BHR GO 13 L/min
MC-ICPMS %3 %Eﬁ%(iﬁﬁ) 0.81 L/mir?
FERMACRSD ~0.85 L/min
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Fig. 1 Overlap and shape of "B and "B obtained

by Faraday cups
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2001) .

AL HL 6 A HL AU A B AEFE il (TAEA B4,
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AN [ S 6 25 46 tH (R bR HEAE 2 25 R i 2 Y [ N
A8 (F2), Hp, IAEA B4 K (2 %Al M Tona-
rini 2 (2003) 1 Bl P-TIMS ik 75 2] (1) #E 47 15
—8.62%0 +0. 17%0; IMR RB1.IMR RB2 K H &%
18}y 43 5 A% ) LA-MC-ICPMS U 2t 73 31 1 # 77 15

~12.96%0 = 0. 97%c 1 — 12. 53%0 + 0. 57%0( {57 7] %
22, 2010); Dravite. Elbaite. Schorl & H 182 2 {H. 4y
WA AE FH P-TIMS W43 2 1 HE % 5 - 6. 60%0 +
0.10%0~ — 10. 5%0 + 0. 20%0 A1 — 12. 53%0 = 0. 57%o
(Dyar et al. , 2001), NIST SRM 612 R HINSHE N
il TIMS P45 2 1 HEF(E - 1. 07%0 = 1. T%o
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Table 2 Reference material values for B isotopes

FRUERT: i w(B )/10°¢ 3" B/ %o WA ZHRR
IAEA B4 28 700 -8.62+0.17 (28D, n=5) CHA) P-TIMS Tonarini %(2003 )
IAEA B4 28 700 -8.85+0.33 (28D, n=6) (FH) P-TIMS Tonarini %(2003)
IAEA B4 31 400 -8.71 £0.18 (SD, n=3) CFEIE) P-TIMS Gonfiantini 25( (2003)
IAEA B4 31 400 —~10.50 £3.90 (SD, n=2) CF¥{H) ICP-MS Gonfiantini %5(2003 )
TAEA B4 31 400 ~14.66 +0.18 (SD, n=3) MC-ICPMS Gonfiantini 25(2003)
TAEA B4 31 400 —-8.41 £0.43 (28D, n=53) LA-MC-ICPMS Lin %:(2014)
IMR RB1 —-12.22+1.10 (28D, n=8) P-TIMS N ZEAE(2010)
IMR RB1 —12.96 £0.97 (28D, n=57) LA-MC-ICPMS N ZEAE(2010)
IMR RB1 32 430 —13.01 £0.35 (28D, n=23) LA-MC-ICPMS Lin %:(2014)
IMR RB2 -12.10 £0.78 (2SD, n=5) P-TIMS BN ZE5E(2010)
IMR RB2 -12.53 £0.57 (2SD, n=21) LA-MC-ICPMS W] % 45(2010)
Dravite 34 284 -6.60 £0.10 (SD, n=2) P-TIMS Dyar %%:(2001)
Dravite 32 457 -6.51+0.33 (28D, n=38) LA-MC-ICPMS Lin %:(2014)
Elbaite 26 106 -10.50 £0.20 (SD, n=2) P-TIMS Dyar 2£(2001)
Elbaite 26 085 —10.66 £0.26 (2SD, n=33) LA-MC-ICPMS Lin 2£(2014)
Schorl 35 856 ~12.50 £0.05 (SD, n=2) P-TIMS Dyar 2£(2001)
Schorl 35 828 —12.47 £0.31 (28D, n=26) LA-MC-ICPMS Lin ££(2014)
GORI128-G 22.7 13.55 £0.21 (28D, n=2) P-TIMS Rosner 1 Meixner( 2004)
GOR128-G 26. 1 14.5+2.8 (2SD, n=8) LA-MC-ICPMS Tiepolo 25(2006)
GORI128-G 26. 1 13.5+1.6 (2SD, n=8) LA-MC-ICPMS Tiepolo 2%£(2006)
GOR128-G 13.5 +£0.3(28D) TIMS Jochum %5(2011)
GORI128-G 22.7 13.85 +£2.09 (28D, n=71) LA-MC-ICPMS Lin 2£(2014)
GORI132-G 15.6 7.11+0.97(SD, n=3) P-TIMS Rosner A1 Meixner (2004 )
GORI132-G 17.8 6.8+3.0 (28D, n=9) LA-MC-ICPMS Tiepolo 25(2006)
GOR132-G 17.8 8.94 £2.79 (2SD, n=67) LA-MC-ICPMS Lin 2£(2014)
NIST SRM 612 35 -1.07£1.70 (SD, n=7) TIMS Kasemann %5(2001)
NIST SRM 612 -0.29 £0.37 (2SD) MC-ICPMS Le Roux %5(2004)
NIST SRM 612 -0.80 0. 12 (2SD) MC-ICPMS Le Roux %(2004)
NIST SRM 612 ~0.56 £0.49 (SD, n=20) LA-MC-ICPMS Fietzke 25:(2010)
NIST SRM 612 34.4x1.7 0.1+0.4 (28D, n=5) TIMS Jochum %(2011)
NIST SRM 612 0.041 £1.500 (28D, n=47) LA-MC-ICPMS Lin %:(2014)
NIST SRM 612 39.0 0.7 —1.46 £0.35(SD) MC-ICPMS Kaczmarek 25(2015)

*3 ZXRENTHRERSEHERT-PKUNEETEINER wy/ %
Table 3 Major element compositions of the in-house tourmaline standard T-PKU
n=>5 n=10 n=10 n=>5 n=>5 n=5
IR EL

T-PKU-1 lo T-PKU-2 lo T-PKU-3 lo T-PKU4 lo T-PKU-5 lo T-PKU-6 lo

Si0, 10.02 0.08 9.99 0.13 9.98 0.23 9.97 0.17 9.86 0.25 10.04 0.13
TiO, 0.28 0.02 0.27 0.03 0.27 0.04 0.28 0.03 0.28 0.03 0.29 0.04
Al, 04 33.15 0.37 32.93 0.23 32.87 0.24 33.02 0.09 32.66 0.22 32.77 0.13
Cr, 05 35.65 0.28 35.37 1.06 35.16 1.05 35.53 0.05 35.03 1.23 35.51 0.34
FeO 5.07 0.17 5.07 0.11 5.01 0.19 5.03 0.09 5.02 0.12 5.10 0.10
MnO 0.26 0.06 0.24 0.05 0.25 0.05 0.28 0.06 0.28 0.03 0.25 0.02
MgO 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.01
NiO 0.01 0.02 0.01 0.02 0.01 0.03 0.02 0.03 0.01 0.01 0.02 0.02
CaO 0.35 0.05 0.36 0.02 0.37 0.03 0.36 0.02 0.35 0.02 0.35 0.03
Na, O 0.05 0.01 0.05 0.02 0.05 0.02 0.05 0.01 0.06 0.01 0.06 0.02
K,0 2.36 0.09 2.33 0.11 2.30 0.06 2.38 0.15 2.32 0.16 2.37 0.08
Total 87.21 0.53 86.62 1.08 86.29 1.24 86.93 0.37 85.88 1.80 86.78 0.38
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B, A [RIBOG RE B2 FE A1 T 5 R B AR 1) AR A0 0T BT
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O A A — 3, A 5 i A A LA-MC-ICPMS 3k 15
459 — 12. 96%0 + 0. 97%0 (n = 57) ({5 n] 445,
2010) 7E 5% 7= Y 8 — 25, UE AR IE A 3R 131 6'' B H
ANZ R AR R HE, M A KT
44 pm I, BEAE 15 5 9k B 0 0 5, A RS B2 ST
0. 03%cH IN4A 0. 08%0C I 2a), H" B/ B MK {H th
B2 B KB 2b) o X BEAR Y R 1% ) H T BB AR K
S 53 VR R e P 5 B

FANHL, EVIOG I RE R TE S J/em® AHFE2 Hazy
BB 2L 60 pulse AR MRS AE T, 20 R
1 44.60 £ 90 wm HR B EAEXS GOR 128-G #EAT T
MR, 48 F NIST SRM 612 1F A b AE ek Ik 45
FHEAT R AR IE . BB 2¢ AT LUF HY, Bl A SRBE
3R, TR AR IE JE 1) 6" B A 34—, th 5 AT A
i P-TIMS 3R75) 13.55%0 £0.21 %o(n =2) ( Ros-
ner and Meixner, 2004 ) 7£ 1% 7230 Bl N — 2.
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a IMR RE1 -y
‘ g sisol b IMRRBI o
-11.9 ﬂﬁ
’ 570} 0
5. x
e
550t ‘.ﬂ'-

12.2 + ' + o @10 pm e 44 pm
= + + = 530} 16 pm - 60 pm
= 12 * " = 510l 24 pm o 90 pm

o 32 pm « 120 pm
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Fig. 2 Effect of spot size and energy density on testing results
a— AR AR UERE i IMR RBI JRBLE A2 5 8" B IR IEJG 4 R IOC R b— /U RRAERE i IMR RB1 WU B I 1] 84k s c— S b HERE i
GOR128-G R HA2 1 8" B IRIE G 4 RIS R d—HUAPRHER:#h IMR RB2 fefb #5015 o' B I o 2 R 26 R
a—correlations between spot size with 8'"'B of standard sample IMR RBI ; b—the "' B/"B variation of IMB RBI with time; c—correlations between spot
size with 8" B of standard sample GOR128-G; d—correlations between energy density with "' B of IMB RB2
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HXT IMB RB2 dEATIA, £ ] IEAE B4 15 4y btk Af
a4 AT R RS IR . 45 R 2d) 2
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h T B A i R B0 I AR IE S5 4
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10 J/em® SHE A 8 Hz F 2 MK ECH 240 pulse [
AR 15 R, % ArvEFE B TAEA B4.IMR RBI. IMR
RB2 #EAT T 20 41311 JF 73 51 4 F§ TAEA B4 F1 IMR
RBI 1€ bRt kL 5 % IMR RB2 (9300848 HEAT 7
AL, 45 BRI H TAEA B4 X%f IMR RB2 [
MR AT T = B AR IE 5 (1 45 R C - 12. 48%0 +
0.25%¢, 2SD, n =20) F{fH] IMR RB1 X IMR RB2
(IR EAT o B AR T Ji5 R 25 R C =12, 24%0 +
0. 19%0,2SD, n =20){F % Zu i g —3CE 3a) .

a IMREB2

11k

12k

g e
a . ’.-...h......-“‘l.:’.i.ﬂ‘“."-..'....
=

- . e an 0
wwetpp g e 0

13k
§1'B=-12.24%0%0.19%0
(28D, n=20)
IMR RB1{E 4 4hbr

F'B=-12.48%0 £ 0.25%0
(28D, n=20)
IAEA B4{E 2} b7

30
b GORI32-G
20t
gor gty et gt
O A A T A A T
5'"B = 6.63% = 5.28%o "B = 6.62% = 6.02%»
10 (28D, n=19) (SD, n=19)
NIST SRM 6124F 4445 GORI128-G{E 4 Sh 4w
-20

Bl 3 AFEARMEXT IMR RB2 J GOR132-G i fit Bl
RIES R AT EE
Fig. 3 Comparisons for 3'"'B values of IMR RB2 and
GOR132-G calibrated by different standard samples

TERBEHAE K 60 pm- BERB N S J/em® S
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Fig. 6 Photomicrographs, major element compositions, boron isotopes of tourmaline and muscovite in both veins and schist
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a—mineral assemblage in the vein and tourmaline zonation, plainlight; b—Ca/( Ca + Na) variations along the tourmaline zonation; ¢—boron isotopes

variation along tourmaline zonation; d—mineral assemblage in the schist, crossed nicols; e—in-situ boron isotope value of paragonite, BSE; f—statis-

tic result of boron isotopes of muscovite in schist; Tur—tourmaline; Chl—chlorite; Ab—albite; Grt—garnet; Pg—paragonite; Qtz—quartz; Phg—
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