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ABSTRACT: The selection of an appropriate reference material is crucial for correcting instrument-induced mass 

discrimination and validating B and Sr isotopic determinations in laser-ablation multi-collector inductively coupled plasma mass 

spectrometry (LA-MC-ICP-MS) analyses. This study investigates the potential of a natural tourmaline as a reference material for B 

and Sr isotopic determinations. Major and trace element data showed that the HGL-3 tourmaline can be classified as dravite and 

belongs to the alkali group tourmaline. The HGL-3 tourmaline has high B contents (36830 to 43700 μg g-1), moderate Sr contents 

(216 to 260 μg g-1), and low Rb/Sr ratios (< 0.0013). In-situ LA-MC-ICP-MS analyses of the HGL-3 tourmaline yielded a mean 

δ11B value of -12.83 ± 0.38‰ (2SD, n = 485) and a 

mean 87Sr/86Sr ratio of 0.70835 ± 0.00019 (2SD, n = 

515). These values are identical to those of powder 

samples determined by thermal ionization mass 

spectrometry (TIMS), which gave a mean δ11B value 

of -12.56 ± 0.24‰ (2SD, n = 6) and a mean 87Sr/86Sr 

ratio of 0.70833 ± 0.00004 (2SD, n = 8). The elemental 

and isotopic homogeneities suggest that the HGL-3 

tourmaline can be used as a suitable reference material 

for LA-MC-ICP-MS B and Sr isotopic determinations 

in tourmaline.  
 

INTRODUCTION 

Tourmaline is a widespread borosilicate mineral in the continental 

crust and is common in many types of hydrothermal ore deposits 

from different tectonic settings.1,2 The extensive P-T stability and 

the high chemical variability promote tourmaline as an ideal target 

for tracing magmatic-hydrothermal evolution,3 ore-forming 

processes,2,4,5 and the environmental conditions in its host 

environment.6 Boron (B) is a rare element in the Earth’s crust, 

comprising only 0.0011% of the total mass of the continental crust. 

However, tourmaline is usually a B-rich borate. Boron comprises 

two stable isotopes: 10B (19.9%) and 11B (80.1%). The large 

relative mass difference between the two isotopes leads to 

substantial B isotopic fractionation in natural processes.1,7-10 Due 

to the significant variations and strong fluid partitioning, B isotope 

analysis has been widely applied to trace crust-mantle 

interaction,11-16 fluid sources,17,18 fluid-rock interaction,19,20 

evolution of ore-forming fluids,2,21 and magmatic-hydrothermal 

processes. Due to changes in physical and chemical conditions, 

internal elemental and isotopic growth zonings are common in 

tourmalines.2,3,22,23 In this case, secondary ion mass spectrometry 

(SIMS) and laser-ablation multi-collector inductively coupled 

plasma mass spectrometry (LA-MC-ICP-MS) are the two widely 

used in-situ analytical methods to determine B isotopic  
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Fig. 1 Statistics of Sr content in different tourmalines. 

 

 

 

Fig. 2 (a) Photograph of the HGL-3 tourmaline, (b) representative polished 

epoxy mount, and (c) BSE images of the HGL-3 tourmaline. The dashed 

line denotes the traverse B isotope analysis on the HGL-3 tourmaline. 

compositions in tourmalines.24-31 

Besides the stable B isotope ratio, the radiogenic Sr isotope ratio 

has contributed significantly to the petrogenesis of igneous rocks 

and the evolution of the Earth.32-34 Strontium is able to substitute 

in the tourmaline structure as a minor or trace element.35,36 

According to our statistics of Sr content in different tourmalines, 

tourmaline is also enriched in Sr with extremely low Rb/Sr ratios 

(Table S1). Approximately 40% of tourmalines have Sr content 

higher than 100 μg g-1 and no less than 26% of tourmalines are 

characterized by Sr content higher than 200 μg g-1 (Fig. 1). Such 

considerable Sr content and extremely low Rb/Sr ratio suggest that 

tourmaline is also a suitable target for in-situ Sr isotope ratio 

analysis. The combination of in-situ stable B and radiogenic Sr 

isotope ratio analyses of tourmalines have also been applied to 

decipher the origin of fluids in iron oxide-apatite deposits and trace 

the melt/fluid-rock interactions in continental subduction zones in 

recent years.37,38 However, currently available tourmaline 

reference materials (e.g., IAEA B4, IMR RB1, IMR RB2, Dravite, 

Elbaite, and Schorl) are mostly used as instrument-induced mass 

discrimination correction standards only for B isotope 

analysis.26,39,40 Although the Dravite tourmaline (# 108796) is 

characterized by high Sr content (718 μg g-1), there is no reported 

Sr isotope data, and the crystal size is limited. The XJ-1 tourmaline 

is currently the only available tourmaline reference material for 

both microbeam B and Sr isotopic determinations.41 

In this study, we examine the homogeneity of the HGL-3 

tourmaline by electronic probe microanalysis (EPMA), LA-ICP-

MS, bulk-rock and microbeam B and Sr isotope ratio 

measurements. Our results suggest that the HGL-3 tourmaline is 

sufficiently homogeneous and can be used as a new reference 

material for microbeam B and Sr isotope ratio determination 

worldwide upon request. 

EXPERIMENTAL 

Sample description and preparation. The HGL-3 tourmaline 

was collected from the Huanggangliang-Hanzhuermiao Sn-

polymetallic deposit belt, southwestern Xing’an-Mongolian 

Orogenic Belt. As the main part of the Central Asian Orogenic Belt, 

this region comprises Mesoproterozoic-Paleozoic Xilin Gol 

Complex, Carboniferous-Jurassic strata, and Quaternary cover. 

The Carboniferous-Cretaceous felsic magmatic rocks are 

widespread in this region with the magmatic flare-up in the Late 

Jurassic to Early Cretaceous as well as coeval Sn-polymetallic 

deposits.4,42 Tourmaline megacrysts were identified both as 

nodular and pegmatite pocket tourmalines. The HGL-3 tourmaline 

megacryst takes the form of a short columnar crystal with 

triangular cross-sections and is black in color (Fig. 2a). Four 

randomly selected megacrysts were mounted in the epoxy mount 

for the following measurements (Fig. 2b). Back-scattered electron 

(BSE) images show that the HGL-3 tourmaline is homogeneous 

with many zircon and apatite inclusions (Fig. 2c). 

Major element analysis by EPMA. Major element analysis was 

completed using a JEOL JXA-8230 microprobe analyzer housed 

at Hebei Key Laboratory of Earthquake Dynamics, Institute of 

Disaster Prevention, China, using a 20 nA electric beam defocused 

to 5 μm with an accelerating voltage of 15 kV. Jadeite (Na, Si, Al), 

Orthoclase (K), Olivine (Mg), Diopside (Ca), Durango Apatite (F), 

Tugtupite (Cl), Rutite (Ti), Bustamite (Mn), and Hematite (Fe) 

were used as standard minerals and metals for calibration of 

elemental X-ray intensities. The data obtained was ZAF-corrected 

using proprietary Shimadzu software. A summary of the measured 

major elements (wt.%) is listed in Table S2. 

Trace element analysis by LA-ICP-MS. Trace element analysis 

was conducted randomly using an Agilent 7900 ICP-MS coupled 

with a RESOlution LR/S155 193 nm (Australian Scientific 

Instrument) excimer ArF laser ablation system at the Mineral 

Laser Microprobe Analysis Laboratory (Milma Lab), China 

University of Geosciences, Beijing (CUGB). The beam size, pulse 

repetition rate, and energy density used in this study are 33 μm, 6 

Hz, and 3 J cm-2 respectively. During the experiment, helium was 

used as a carrier gas, and nitrogen was added to enhance the signal 

intensity. NIST SRM 610 reference glass was used as a tuning up 

standard to aquire the high U intensity and low ThO/Th ratio. 

BCR-2G and BHVO-2G were analyzed as unknown samples to 

assess the accuracy of the measurement. Each analysis consists of 

18 s for blank signal and 40 s for ablation. Detailed instrument 

parameters were given by a previous study.43 The raw data were 

reduced by ICPMSDatacal software.44 A summary of the measured 
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Table 1. Detailed parameters of the laser and Neptune Plus for in-situ B and Sr isotope determination at the Milma Lab 

MC-ICP-MS (Neptune Plus) 

RF power 1200 W 

Plasma Ar gas flow rate 16.0 L min-1 

Auxiliary Ar gas flow rate 0.83 L min-1 

Ar makeup gas flow rate 0.90-1.15 L min-1 

Helium carrier gas flow rate 0.30-0.40 L min-1 

Interface cones Jet sample cone + X skimmer cone (Ni) 

Resolution Low resolution 

Cup-configuration 

(1) B isotope:  10B+ (L3), 11B+ (H3)  

(2) Sr isotope: 83Kr+ (L4), 167Er++ (L3), 84Sr+ (L2), 85Rb+ (L1), 86Sr+ (C), 173Yb++ (H1), 87Sr+ (H2), 
88Sr+ (H3)   

Intergration time 
(1) B isotope: 0.131 s 

(2) Sr isotope: 0.262 s 

Analysis protocol 
(1) B isotope: 1 Block, 450 cycles 

(2) Sr isotope: 1 Block, 250 cycles 

Laser ablation system (RESOlution LR/S155) 

Laser type ArF excimer lasr 

Wave length 193 nm 

Carrier gas Helium 

Ablation mode Single spot 

Spot size 
(1) B isotope: 33 μm 

(2) Sr isotope: 90-130 μm 

Laser frequency 
(1) B isotope: 6 Hz 

(2) Sr isotope: 10-15 Hz 

Energy density 
(1) B isotope: 4 J cm-2 

(2) Sr isotope: 5-6 J cm-2 

trace elements is listed in Table S3. 

B and Sr isotope ratio analyses by TIMS. Bulk-rock B isotope 

ratio analysis was conducted using a Phoenix TIMS (Isotopx Ltd, 

United Kingdom) at the Analytical laboratory of Beijing Research 

Institute of Uranium Geology. About 100 mg of the HGL-3 

tourmaline powders from the same tourmaline for microbeam 

analyses were weighed and then mixed with 1% mannitol solution, 

H2O2, and 24 M HF in the pre-cleaned PFA beaker. The sample-

containing Teflon® beaker was agitated using an ultrasonic bath 

until the mineral powders were almost disappeared. The mixture 

was put on a hot plate at a temperature of 60℃ for one day. Then 

2 mL Milli-Q water was added to the beaker. The solution was 

transferred into a pre-cleaned polypropylene (PP) tube and then 

diluted with Milli-Q water to make an HF concentration of 3 M 

for ion-exchange purification. The AG1-X8 anion exchange resin 

of the Bio-Rad company was selected for ion-exchange 

chromatographic purification. Each new 0.3 ml AG1-X8 resin 

with 100–200 mesh in size was loaded into a 20 mL polypropylene 

column. The resin was cleaned and conditioned with 30 mL of 

Milli-Q water, 6 mL of 24 M HF, and 15 mL of Milli-Q water. 

After loading the sample, matrix was rinsed by 9 mL of Milli-Q 

water and 10 mL of 0.1 M HCl. Boron solution was collected by 

adding 6 mL of 6 M HCl. During B isotope analysis determined 

by TIMS, NIST SRM 951 was measured to monitor the 

instrument stability which yielded 11B/10B ratio of 4.04669 ± 

0.0014 (2SE), consistent with the published value.45 The granite 

standard GSR-1 yielded δ11B value (bracketed by NIST SRM 951) 

of -13.50 ± 0.02 (2SE), identical to the published value.46 

Bulk-rock Sr isotope ratio analysis was conducted using a 

Triton TIMS (Thermo Fisher Scientific, Germany) at the Isotope 

Geochemistry Laboratory in CUGB, following the procedure 

reported in a previous study.47 All chemical procedures were 

performed in laminar flow hoods (Class 100) in a clean room 

(Class 1000) with filtered air. Distilled acids and 18.25 MΩ cm 

water were used for sample dissolution and purification. Sample 

powders (100 mg) were dissolved completely using a mixture of 

HF-HNO3-HCl acids in PFA beakers (Savillex®). Strontium was 

purified on 2.8 mL of pre-cleaned Bio-Rad cation resin AG50W-

X12 (200-400 mesh chloride form; USA) by eluting 11 mL of 4 

M HCl. The purified solutions were evaporated to dryness and 

then dissolved in 3% HNO3 for isotopic analysis on the TIMS. The 

Sr isotope was corrected to 88Sr/86Sr = 8.375209 for instrument-

induced mass discrimination correction. Two standards BHVO-2 

and BCR-2 yielded 87Sr/86Sr ratios of 0.703479 ± 0.000015 and 

0.705013 ± 0.000015 (2SE), respectively, identical to the literature 

data.48 

In-situ B and Sr isotope ratio analyses by LA-MC-ICP-MS. In-

situ B isotopic composition analysis was conducted using a 

Neptune Plus MC-ICP-MS (Thermo Fisher Scientific, Germany), 

coupled to a RESOLution LR/S155 193 nm laser ablation system 

at the Milma Lab with a beam size of 33 μm, laser pulse repetition 

rate of 6 Hz, and energy density of 4 J cm-2. The Neptune Plus was 

equipped with eight ion counters and nine Faraday cups. During 

the experiment, L3 and H3 Faraday cups, equipped with 1011 Ω 

resistors, were used to collect 10B+ and 11B+, respectively, at an 
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Fig. 3 Chemical compositions (a) and classification (b) of the HGL-3 

tourmaline. 

integration time of 0.131 s. The X-skimmer cone and Jet-sample 

cone were mounted on the interface to enhance sensitivity. The 

carrier gas (helium gas, He) was mixed with the makeup gas 

(argon gas, Ar) before the signal-smoothing device by a T-branch 

pipe prior to introduction into the MC-ICP-MS. The carrier and 

makeup gas flow and other parameters were optimized by a line 

scan ablating on NIST SRM 610 with spot size of 33 μm and scan 

speed of 5 μm s-1 to obtain the 11B intensity higher than 0.15 V, 

respectively. The detailed instrumental parameters are 

summarized in Table 1. For each analysis, integration times of 18 

s and 40 s for gas blank and signal collection were set up 

respectively for a total of 450 cycles of raw data. The standard-

sample bracketing technique (SSB) was used, and standard 

reference Elbaite (HS#98144) was employed as the matrix-

matching standard. Tourmaline standards Schorl (HS#112566), 

Dravite (HS#108796),39 IMR RB1 and IMR RB226 were analyzed 

as unknowns. Raw data were converted by Neptune Plus software 

and then processed using Iolite software.49 The B isotope ratio was 

expressed as follows: 

11

10
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Elbaite 11

10

Elbaite

B

B
B  =  - 1 1000

B

B

  
  
  

  
  
   



     (1) 

The final B isotope ratio data were bracketed by NIST SRM 951 

with δ11BNIST SRM 951-Elbaite values of -10.5 ± 0.2‰,39 using the 

following equations: 

11 11
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 (2) 

The within-run precision for each single spot analysis was 

calculated using the following equation: 

( ) ( )
2 2

NIST SRM 951 Elbaite NIST SRM 951 = −+ Elbaite  
  (3)  

Tourmaline reference materials Schorl, Dravite, IMR RB1, and 

IMR RB2 yielded mean δ11B values of -13.37 ± 0.15‰ (2SD, n = 

30), -6.49 ± 0.41‰ (2SD, n = 30), -13.22 ± 0.23‰ (2SD, n = 30), 

and -12.53 ± 0.23‰ (2SD, n = 30), respectively, which were 

consistent with other study findings within uncertainty.26,29,31,39 

In-situ Sr isotope ratio analysis was performed using the same 

LA-MC-ICP-MS instrument at the Milma Lab with a beam size 

of 130 μm, laser pulse repetition rate of 10 Hz, and energy density 

of 5 J cm-2. Makeup gas of argon and carrier gas of helium with 

the addition of nitrogen mixed in a T-branch pipe prior to 

introduction into the MC-ICP-MS. The interface of Neptune Plus 

took an X skimmer cone and a Jet sample cone configuration to 

enhance the signal. Before the experiment, carrier and makeup gas 

flow and other parameters were optimized by a line scan ablating 

on NIST SRM 610 with spot size of 90 μm and scan speed of 5 

μm s-1 to tune the peak shape and obtain the maximum signal 

intensity. In the experiment, L4 to H3 Faraday cups were used to 

collect 83Kr+, 167Er++, 84Sr+, 85Rb+, 86Sr+, 173Yb++, 87Sr+, and 88Sr+, 

respectively, with an integration time of 0.262 s. The signal 

intensity of 83Kr was monitored and then the interferences of 84Kr 

on 84Sr and 86Kr on 86Sr were removed from the samples by using 
83Kr/84Kr = 0.20175 and 83Kr/86Kr = 0.66474.50 The interferences 

of 168Er++ on 84Sr, 170Er++ and 170Yb++ on 85Rb, 172Yb++ on 86Sr, and 
174Yb++ on 87Sr were corrected by the measured 167Er++ and 173Yb++ 

signal intensities and the natural isotope abundances. The isobaric 

interference of 87Rb on 87Sr was corrected by monitoring the 85Rb 

signal intensity and 87Rb/85Rb ratio of 0.38571. Mass fractionation 

of Sr isotopic data was corrected by normalizing to 88Sr/86Sr = 

8.375209 with the exponential law. For each analysis, 25 s 

integration for gas blank and 45 s integration for signal collection 

were set up with a total of 250 cycles of raw data. These raw data 

was converted by Neptune Plus software and then performed 

using Iolite software.49 Reference materials Durango and NW-1 

apatites were analyzed as unknown samples to verify the accuracy 

of the calibration method for in-situ Sr isotope ratio analysis. 

These two standards yielded 87Sr/86Sr of 0.70636 ± 0.00028 (2SD, 

n = 45) and 0.70255 ± 0.00022 (2SD, n = 45), respectively, 

consistent with the reported values within analytical uncertainty.51 

In order to test the homogeneity under small spot size, we 

conducted in-situ Sr isotope ratio analysis on HGL-3-3 with a 

beam size of 90 μm, laser pulse repetition rate of 15 Hz, and energy 

density of 6 J cm-2. Reference material Durango apatite yielded 
87Sr/86Sr of 0.70639 ± 0.00006 (2SD, n = 10), consistent with the 

reported values within analytical uncertainty.51 

RESULTS AND DISCUSSION 

Major and trace element compositions of the HGL-3 

tourmaline. A total of 55 EPMA results on the four grains yielded 

indistinguishable major element compositions. According to the 

structural formulae calculation52 and X-site occupancy 

classification,53 the HGL-3 tourmaline belongs to the alkali group 

tourmaline and is classified as dravite (Fig. 3). Sixty LA-ICP-MS 

trace element analyses were performed randomly on the four 
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single grains. The measured B content ranges from 36830 to 

43700 μg g-1 with the mean B content of 41453 ± 1388 μg g-1 (SD).  

Table 2. Bulk-rock TIMS B and Sr isotope composition of HGL-3 

tourmaline 

Sample δ11B (‰) 2SE 87Sr/86Sr 2SE 

BHVO-2   0.70348 0.00002 

BCR-2   0.70501 0.00002 

GSR-1 -13.50 0.02   
HGL-3-1 -12.58 0.01 0.70835 0.00002 

HGL-3-2 -12.65 0.01 0.70835 0.00002 

HGL-3-3 -12.60 0.01 0.70832 0.00002 

HGL-3-4 -12.66 0.02 0.70831 0.00001 

HGL-3-5 -12.51 0.03 0.70835 0.00002 

HGL-3-6 -12.33 0.05 0.70832 0.00002 

HGL-3-7   0.70830 0.00002 

HGL-3-8   0.70834 0.00001 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Bulk-rock and in-situ B and Sr isotopic results of the HGL-3 

tourmaline. Purple circles represent data obtained by TIMS. Blue and 

yellow circles represent data obtained by LA-MC-ICP-MS. The red dashed 

lines and gray shades represent the average values and 2SD for average 

values, respectively. Error bars are 2SE. 

 

 

 

 

Fig. 5 Frequency histograms and relative probability density curves for B 

and Sr isotope data obtained by LA-MC-ICP-MS. 

 

Furthermore, the HGL-3 tourmaline has Sr and Rb contents 

ranging from 216 to 260 μg g-1 and 0 to 0.28 μg g-1, respectively, 

with Rb/Sr ratios lower than 0.0013. Er and Yb contents are also 

low with most values lower than the limit of detection. These 

features suggest that the HGL-3 tourmaline has the potential to be 

used for the correction of instrument-induced mass discrimination 

for B isotope ratio and also as a validation reference material for 

Sr isotope ratio analysis. 

TIMS measurement results of the HGL-3 tourmaline. The 

randomly selected grains were determined by TIMS for B and Sr 

isotope ratios analyses and the results are listed in Table 2. The 

measured six powders from six tourmaline grains yielded 

consistent δ11B values ranging from -12.33 ± 0.05‰ to -12.66 ± 

0.02‰ (2SE) with a mean δ11B value of -12.56 ± 0.24‰ (2SD, n 

= 6, Fig. 4a). The measured eight HGL-3 tourmaline powders 

yielded consistent 87Sr/86Sr ratios ranging from 0.70830 ± 0.00002 

to 0.70835 ± 0.00002 (2SE) with a mean 87Sr/86Sr ratio of 0.70833 

± 0.00004 (2SD, n = 8, Fig. 4b). 

LA-MC-ICP-MS measurement results of the HGL-3 

tourmaline. In-situ B and Sr isotope ratio measurement results for 

reference materials and the HGL-3 tourmaline are presented in 

Tables S4 and S5. 

Randomly selected spots were performed on grain HGL-3-1, 

HGL-3-2, and HGL-3-3. As shown in Fig. 4a, one hundred spots 

from HGL-3-1 yielded mean δ11B value of -12.67 ± 0.33‰ (2SD). 

Ninety and seventy-five spots from HGL-3-2 and HGL-3-3 had 

mean δ11B value of -12.81 ± 0.45‰ (2SD) and -12.84 ± 0.42‰ 

(2SD), respectively. In addition, the transect analysis along the 

megacryst HGL-3-T yielded mean δ11B value of -12.90 ± 0.25‰ 

(2SD, n = 220) without any systematic trend along the line profile. 

A total of 485 spots conducted for LA-MC-ICP-MS B isotope 

analysis conformed to a Gaussian distribution and gave a grand 

mean δ11B value of -12.83 ± 0.38‰ (2SD, n = 485, Fig. 5a). 

Similar to in-situ B isotope ratio analysis, randomly selected 

spots were also performed for Sr isotope measurement. HGL-3-1, 

HGL-3-2, and HGL-3-3, with spot size of 130 μm, yielded mean 
87Sr/86Sr ratios of 0.70833 ± 0.00015 (2SD, n = 90), 0.70837 ± 

0.00021 (2SD, n = 80), and 0.70831 ± 0.00016 (2SD, n = 90), 

respectively (Fig. 4b). A total of 168 spots (spot size of 130 μm) 

were conducted for transect analysis with 87Sr/86Sr ratios ranging 

from 0.70815 ± 0.00016 to 0.70858 ± 0.00022 (2SE). These ratios 

showed no systematic variation and had a mean 87Sr/86Sr ratio of 

0.70835 ± 0.00021 (2SD). A total of 87 spots (spot size of 90 μm) 

on HGL-3-3 yielded mean 87Sr/86Sr ratios of 0.70838 ± 0.00019 

(2SD, n = 87). As shown in Fig. 5b, all 515 87Sr/86Sr ratios 

followed a Gaussian distribution and gave a mean 87Sr/86Sr ratio 

of 0.70835 ± 0.00019 (2SD). 

The analytical feasibility of HGL-3 tourmaline. The randomly 

selected grains of HGL-3 tourmaline determined by TIMS yielded 

δ11B value and 87Sr/86Sr ratio of -12.56 ± 0.24‰ (2SD, n = 6) and 

0.70833 ± 0.00004 (2SD, n = 8), respectively (Fig. 4). The average 

δ11B value and 87Sr/86Sr ratio obtained by LA-MC-ICP-MS on 

four HGL-3 grains were -12.81 ± 0.19‰ (2SD, n = 4) and 0.70835 

± 0.00006 (2SD, n = 5), respectively, consistent with bulk-rock 

TIMS data within uncertainty. These features suggest that the 

HGL-3 tourmaline is homogeneous in B and Sr isotopic 

composition at among-grain and within-grain scales under the 
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present analytical uncertainty. The mean squared weighted deviation (MSWD) of the HGL-3  

Table 3. Summary table with the values from all measurements in this study 

Sample Measurement δ11B (‰) 2SD n MSWD 87Sr/86Sr 2SD n MSWD 

HGL-3-1 LA-MC-ICP-MS analysis for Grain 1 -12.67 0.33 100 0.37 0.70833a 0.00015 90 0.35 

HGL-3-2 LA-MC-ICP-MS analysis for Grain 2 -12.81 0.45 90 0.68 0.70837a 0.00021 80 0.41 

HGL-3-3 LA-MC-ICP-MS analysis for Grain 3 -12.84 0.42 75 0.60 
0.70831a 0.00016 90 0.24 

0.70838b 0.00019 87 0.45 

HGL-3-T LA-MC-ICP-MS analysis for the transect analysis -12.90 0.25 220 0.21 0.70835a 0.00021 168 0.26 

HGL-3 total LA-MC-ICP-MS analysis -12.83 0.38 485 0.49 0.70835 0.00019 515 0.35 

HGL-3 TIMS analysis -12.56 0.24 6 3.50 0.70833 0.00004 8 1.60 

T represents the transect analysis on HGL-3 grain. 

a: The analyzed spot size is 130 μm.  

b: The analyzed spot size is 90 μm. 

 

tourmaline was also used to test the homogeneity.54 All 

measurement data were processed using Isoplot 4.15, and the 

results are summarized in Table 3. The MSWD of HGL-3 

tourmaline for LA-MC-ICP-MS B isotope ratio ranges from 0.21 

to 0.68, suggesting that the HGL-3 tourmaline has a homogeneous 

B isotopic composition at 33 μm scale. However, the higher 

MSWD for TIMS B isotope ratio of 3.50 may result from the small 

uncertainties for individual measurements. For both LA-MC-ICP-

MS and TIMS Sr isotopic analyses, the MSWD of HGL-3 

tourmaline ranges from 0.24 to 1.60, indicating that the HGL-3 

tourmaline has homogeneous Sr isotopic composition with respect 

to the analytical uncertainty. During microbeam isotopic 

determinations of tourmalines, the HGL-3 tourmaline has the 

potential to be a suitable matrix-matched reference material for the 

correction of instrument-induced mass discrimination of B isotope 

ratio and also as a validation reference material for Sr isotope ratio. 

CONCLUSION 

In this study, we present a new natural tourmaline as the 

microbeam B and Sr isotopic determination reference material. A 

large amount of microbeam measurements suggests that the HGL-

3 is homogeneous in major and trace elements, B and Sr isotopic 

compositions. The measurement precisions of HGL-3 tourmaline 

determined by LA-MC-ICP-MS for B and Sr isotopes are 0.42‰ 

and 0.00019 (2SD), respectively. These features suggest that the 

HGL-3 tourmaline is suitable to serve as a bracketing reference 

material for stable B isotope determination and a validation 

reference material for radiogenic Sr isotope measurement. We 

recommend the δ11B value of -12.56 ± 0.24‰ (2SD, n = 6) and 
87Sr/86Sr ratio of 0.70833 ± 0.00004 (2SD, n = 8) determined by 

bulk-rock TIMS as the preferred values for the HGL-3 tourmaline. 
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