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ABSTRACT: Three high-temperature and high-pressure sintered cassiterites doped with HfO2 were produced for use as 

potential reference materials for Hf isotopic analysis of cassiterite by laser ablation multi-collector inductively-coupled plasma mass 

spectrometry (LA-MC-ICP-MS). Ultrafine milled cassiterite powder particles (d50 = 6.3 μm) produced by wet milling were doped 

with HfO2 and subsequently sintered at high temperature and high-pressure to obtain homogeneous reference material for in-situ Hf 

isotope measurements. The sintered cassiterites have a homogeneous Hf isotopic composition at the 30 μm scale, as verified by 

solution nebulizer MC-ICP-MS analyses of Hf chemically separated from multiple mircodrilled sintered cassiterites, and 1065 laser 

ablation MC-ICP-MS analyses. The analytical results indicate a strong matrix effect between zircon and cassiterite during LA-MC-

ICP-MS analysis. Due to low Yb and Lu 

contents, βHf rather than βYb was used to correct 

for 176Yb interference to obtain accurate 
176Hf/177Hf ratios. The homogeneity of Hf 

isotopic compositions observed both within 

and between different batches of sintered 

cassiterites suggests the potential utility of 

sintered cassiterite as a valuable tool for in situ 

isotope measurements and as an isotopic 

reference material. 
 

INTRODUCTION 

Over the past three decades, in situ Hf isotope determination of 

Hf-rich minerals (primarily zircon and baddeleyite) by LA-MC-

ICP-MS has been widely used in deciphering crust and mantle 

evolution of the Earth.1-5 This in situ technique provides higher 

spatial resolution and larger sample throughput compared 

to traditional dissolution and chromatographic separation 

techniques.6,7 Recently, in situ analysis of Hf isotopes has been 

extended to cassiterite,8 an accessory mineral in rare-metal granitic 

and pegmatitic rocks. 

Cassiterite, the most important ore mineral in tin deposits, has 

been used to determine the age of magmatic and hydro-thermal tin 

mineralization and tin redistribution, as well as the crystallization 

age of cassiterite-bearing pegmatites.9-16 Cassiterite has moderate 

Hf content (50 – 1100 μg g-1) and low Yb and Lu contents (< 1

μg g-1),17,18 making it a promising mineral for in situ Hf isotope 

analysis. Kendall-Langley et al.8 first determined in situ Hf isotope 

ratios in cassiterite by LA-MC-ICP-MS, which provided insights 

into Li–Cs–Ta pegmatite melts. However, the microanalytical 

results were not confirmed by traditional dissolution and 

chromatographic separation techniques. Yang et al.19 reported that 

the 176Hf/177Hf ratio can be determined with adequate precision for 

cassiterite with Hf content > 100 μg g-1. A natural cassiterite 

sample, Rond-A, collected from a placer tin deposit in the 

Rondônia tin province, Brazil, has homogeneous Hf isotopic 

composition and can serve as a reference material during LA-MC-

ICP-MS analysis.19 However, it will not meet the growing demand 
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from geo-analytical laboratories worldwide due to the limitation 

of the reference materials stocks. Therefore, developing new 

cassiterite reference materials with varied Hf contents has become 

critical to verify the accuracy of Hf isotopic ratios of cassiterite 

samples. 

A current plausible approach is the use of high-temperature and 

high-pressure sintering techniques to synthesize solid reference 

materials for LA-MC-ICP-MS isotopic analysis.20-22 Recently, 

Bao et al.22 combined the ultrafine mineral powder with the high-

temperature and high-pressure sintering technique and obtained a 

zircon reference material with homogeneous Hf isotopic 

compositions, which can serve as a reference standard with high 
176Yb/177Hf ratios to verify the accuracy of Yb interference 

corrections for natural zircon samples with high Yb/Hf during in 

situ Hf isotope analysis. Similarly, in this study, three high-

temperature and high-pressure sintered cassiterites doped with 

different contents of HfO2 were produced for use as potential 

reference materials for in situ Hf isotopic analysis. A thorough 

evaluation of the accuracy with which Hf isotopes can be 

measured in situ in cassiterite is necessary to confidently apply this 

technique. The Hf isotopic compositions of these cassiterites were 

established by analyzing both the initial ultrafine milled cassiterite 

powder and microdrilled cassiterite powder after isolation from 

matrix elements by ion exchange chromatography. The 

homogeneity of Hf isotopic composition of the sintered 

cassiterites were then evaluated by LA-MC-ICP-MS. Finally, a 

comprehensive dataset from five batches of sintered cassiterites 

allows assessment of using sintered cassiterite samples as 

reference material for in situ Hf isotopic analysis of natural 

cassiterite samples. 

PREPARATION OF THE SINTERED 
SAMPLES 

Natural cassiterite crystals were collected from the Gejiu tin 

polymetallic deposit in the west of the southeastern Yunnan tin ore 

belt, SW China. Tiny cassiterite crystal clasts, mostly ∼ 75 μm in 

size, were obtained by using an agate mortar at the State Key 

Laboratory of Continental Dynamics (SKLCD), Northwest 

University, China. These tiny crystal clasts were further milled 

using a planetary ball mill (PM100, Retsch, Germany) with a 500 

mL agate jar and agate balls. To ensure the homogeneity of the 

sintered sample, wet milling was adopted to effectively reduce the 

particle size. Deionized water was used as an auxiliary agent for 

ball-milling in suspension. The total milling time was 60 h, 

consisting of 5 min of milling and a 3 min interval to cool down 

and allow the large and heavy particles to settle. The suspension 

containing ultrafine powder and deionized water was dried at 

100 °C on a hotplate overnight. The dry cassiterite powder was 

manually milled for 1 h using an agate mortar before grain size 

analysis. After the ultrafine milling process, the final grain size was 

reduced to d50 = 6.3 μm, and most particles at d90 were less than 

17.6 μm (Fig.1a). 

Three sintered cassiterites doped with varying amounts of Hf 

(~100 to 18406 μg g-1), named CST01, CST02, and CST03, were 

made to investigate the matrix effect during in situ Hf isotope 

analysis (Fig.1b). Moreover, CST02-2 was also doped with Ta2O5 

to investigate the effect of Ta on measured 176Hf/177Hf ratio. 

Sintered cassiterites were made by combining ultrafine milled 

cassiterite powders and pure HfO2 powder. After the addition of 

HfO2 and Ta2O5, the mixed powders were ground together and 

manually milled for 30 min using an agate mortar to achieve 

thorough homogenization of each mix. A 1000t LPRU1000-

650/150 multi-anvil press (MAX VOGGENREITER, Germany), 

which has a working temperature ranged from 20 to 2000 °C and 

a working pressure ranged from 2 to 25 GPa, was used to 

synthesize the cassiterite samples for LA-MC-ICP-MS analysis at 

the SKLCD. The semi-sintered MgO and ZrO ceramics used in 

the closed high-pressure experiments, as well as the high-purity 

graphite pipes, were obtained from Alfa Aesar (China) Chemical 

Co., Ltd. Approximately 0.2 g of mixed powder was loaded into a 

5 mm-diameter graphite pipe which was pre-cleaned with alcohol. 

The graphite pipe was heated to a preset temperature at a constant 

rate of 30 °C min-1. Then the samples were kept under the target 

 

 

 

 

 

 

Fig. 1 The particle size distribution of milled cassiterite powder (a) and the high-temperature and high-pressure sintered cassiterites (b). 
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pressure (2 GPa) and temperature (600 °C) for 1 h and cooled 

down to room temperature while maintaining the high pressure. 

The sintered cassiterite samples were first cut into two halves 

using an STX-202A diamond wire saw (Shenyang Kejing Auto-

Instrument Co., Ltd) and cast into two epoxy mounts. The sintered 

cassiterite samples were directly polished three times with 

gradually finer diamond pastes. The polished mounts were washed 

first in deionized water and then placed in an electric plate and 

heated at 50 °C for 30 min. 

INSTRUMENTAL SETUP 

LA-ICP-MS analysis. The trace element contents of sintered 

cassiterite samples and initial cassiterite grains were determined 

using a 193 nm ArF excimer LA system (RESOLution S155-LR, 

ASI, US) coupled with an Agilent 7900 ICP-MS at the SKLCD. 

The analytical approach was similar to that outlined in Bao et al.,23 

with a laser spot of 67 μm, a repetition rate of 5 Hz, and an energy 

density of 6.0 J cm-2
. Helium was used as a carrier gas for the laser 

ablation process, and it carried the sample aerosol and mixed with 

argon before the squid signal smoothing device. Instrument 

conditions were optimized by ablating NIST SRM 610 in raster mode 

to achieve the best instrumental sensitivity while keeping the 

U+/Th+ ratio in a range of 0.95 - 1.05. Oxide yield (ThO+/Th+) and 

secondary ion productions (Ce2+/Ce+) were lower than 0.3%. 

Calibration reference materials included NIST SRM 610, NIST 

SRM 612 and USGS BCR-2G. Off-line selection and integration 

of background and ablation signals, and time-drift correction and 

quantitative calibration were performed using ICPMSDataCal.24 

For most trace elements in three calibrating reference materials, 

the accuracy was better than ±10% and the precision was better 

than 10% (2 RSD). Detailed instrumental parameters of LA-ICP-

MS are summarized in Table 1. 

Solution nebulizer MC-ICP-MS analyses. Thirty-two samples, 

including one initial HfO2 powder (n=8), ultrafine milled powder 

(n=12), and microdrilled cassiterite (n=12) powder, were 

dissolved for chemical purification followed the procedure 

established by Yang et al.19 For initial HfO2 powder, about 2 mg 

of powder together with 2 mL of 22 mol L-1 HF were added into 

pre-clean Savillex vials and kept at 100 °C for 2 h. Subsequently, 

the pure Hf solution was dissolved into 2 mL 2% HNO3 and used 

for Hf isotope analysis. For the synthetic cassiterite samples, about 

20 mg of powder together with 2 mL of 22 mol L-1 HF were added 

into pre-clean Savillex vials and kept at 100 °C for 2 h. Then the 

solution was transferred into 5 mL centrifuge tubes and 

Table 1. Typical instrument parameters for LA-ICP-MS and LA-MC-ICP-MS analysis 

laser ablation system 

Laser type Coherent, COMPexPro102 

Output wavelength 193 nm 

Fluence 6 J cm-2 

Pulse width 20 ns 

Spot size 30 ~ 173 μm 

Pulse repetition rate 6 ~ 10 Hz 

Carrier gas 280 mL min-1 

Ablation mode Single spot 

Agilent 7900 ICP-MS 

RF power 1350 W 

Plasma gas 13.0 L min-1 

Auxiliary gas 0.8 L min-1 

Make-up gas ~1.1 L min-1 

Sampler cone Ni orifice, 1.0 mm 

RF reflected 1 W 

Skimmer cone  Ni orifice, 0.4 mm 

Dwell time  10 ms 

Nu Plasma II MC-ICP-MS 

RF power 1300 W 

Plasma gas 13.0 L min-1 

Auxiliary gas 0.8 L min-1 

Make-up gas ~1.05 L min-1 

Cup configuration 
180Hf+(H5), 179Hf+(H4), 178Hf+(H3), 177Hf+(H2), 176Hf++176Lu++176Yb+(H1), 175Lu+(Ax),         

174Hf+ + 174Yb+(L1), 173Yb+(L2), 172Yb+(L3), and 171Yb+ (L4) 

RF reflected 1 W 

Instrument resolution Low resolution (~400) 

Analysis mode  Static 

Integration time 10 s for SN-MC-ICP-MS analysis; 0.2s for LA-MC-ICP-MS analysis 

Aridus II™ Desolvating Nebulizer System 

Membrane temperature 160 ℃ 

Spray chamber temperature 130 ℃ 

Sweep gas Ar, 3.5 L min-1 
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centrifugated for 15 min at 10 000 rpm. The supernatant was 

placed into a 15 mL vial. Another 2 mL of deionized H2O was used 

to clean the residue again using the same procedure. The combined 

supernatant was evaporated to dryness at 120 oC, and the residue 

was dissolved using 2 mL of 1.7 mol L-1 HCl. The solution 

together with 3 mL of 9 mol L-1 HBr was added into clean Teflon 

bombs and kept at 200 °C in a stainless capsule for approximate 

10 days. After the cassiterite had been digested completely, the 

solution was dried on a hotplate at 80 °C and then dissolved by 

adding 2 mL of 2 mol L-1 HNO3 and dried at 80 °C again. Finally, 

the sample residue was dissolved in 2 mL of 1.7 mol L-1 HCl for 

the chemical separation of Hf. 

The chemical preparation was carried out on class 100 

workbenches inside a class 1000 clean laboratory. A single-step 

TODGA column separation was used for Hf separation adapted 

from Connelly et al.25 The TODGA-resin with a particle size of 

50 - 100 μm was soaked in dilute HNO3 prior to use. The column 

was washed with 5 mL of 0.05 mol L-1 HCl, 2.5 mL of 3.5 mol L-1 

HNO3+0.2 mol L-1 HF, 5 mL of 7 mol L-1 HNO3, 10 mL Milli-Q 

H2O, and 10 mL saturated H3BO3 in 3.5 mol L-1 HNO3 

subsequently before loading the sample. After the samples were 

loaded onto the resin, 3.5 mol L-1 HNO3 was used to remove Ti. 

Hf was subsequently eluted with 3.5 mol L-1 HNO3 + 0.2 mol L-1 

HF. The Hf was collected in pre-cleaned Teflon beakers and 

evaporated to dryness. The fraction was gently evaporated to 

dryness at 80 °C and was dissolved in 10 μL concentrated HF, 

diluted to 5 mL of 2% HNO3, and prepared for MC-ICP-MS 

analysis. 

Hf isotopic composition measurements were performed using 

a Nu II MC-ICP-MS instrument (Nu Instrument, Wrexham, UK) 

at the SKLCD. Faraday cups of H5, H4, H3, H2, H1, Ax, L1, and 

L2 were used to collect 180Hf, 179Hf, 178Hf, 177Hf, 176Hf + 176Lu + 
176Yb, 175Lu, 174Hf, and 173Yb, respectively. The CETAC Aridus 

ⅡTM desolvation nebulizer system (CETAC Technologies, Omaha 

USA) was used to enhance the signal intensity of Hf. The solution 

was self-aspirated at an uptake rate of 100 μL min-1 through a 

standard PFA nebulizer and desolvated by Aridus system. Alfa Hf 

reference material solution was measured to monitor the 

condition of MC-ICP-MS. The data were corrected for mass 

discrimination by normalizing 179Hf/177Hf to 0.7325 with an 

exponential law. 173Yb and 175Lu were monitored to evaluate 

isobaric interferences of 176Yb and 176Lu on 176Hf. The effects of 

these interferences were corrected online using the following 

values for the stable ratios: 176Yb/173Yb = 0.78696 and 176Lu/175Lu 

= 0.02655. All the 176Hf/177Hf isotopic ratios were finally 

externally calibrated to the Alfa’s recommended value of 

0.282193.26 

Laser ablation MC-ICP-MS analyses. In situ Hf isotope 

analyses were carried out by using a RESOLution S155-LR 193 

nm ArF excimer laser ablation system (ASI) coupled to a Nu 

Plasma II MC-ICP-MS. Zircon Hf isotope results measured by 

using this instrumentation have been reported by Yuan et al.27 and 

Bao, et al.22. For in situ Hf isotope analysis of the cassiterite 

sample, ultrahigh-pure helium was used as a carrier gas for the 

laser ablation process, while argon was mixed into the sample-out 

line downstream from the ablation chamber prior to entering the 

torch. All measurements were in spot mode with a 6 Hz laser 

repetition rate and 6 J cm-2 laser energy, whereas 30 ~ 173 μm 

spots were employed to maximize the analyte signal from these 

sintered cassiterite samples according to their Hf content (30 μm 

for CST01, 67 μm for CST02, and 173 μm for CST03, 

respectively). Each Hf isotope measurement was performed in 

time-resolved mode, including a 30 s background measurement, 

40 s data acquisition (200 cycles with an integration time of 0.2 s 

per cycle), and 40 s washout. 

Nickel cones were employed, and the mass spectrometer was 

operated in the low mass resolution mode. H5, H4, H3, H2, H1, 

Ax, L1, L2, L3, and L4 Faraday cups equipped with 1011 Ω 

resistors were used in a static mode to collect 180Hf+180Ta, 179Hf, 
178Hf, 177Hf, 176Hf +176Lu+176Yb, 175Lu, 174Hf, 173Yb, 172Yb, and 
171Yb, respectively. Before in situ Hf isotope analysis, NIST SRM 

610 glass was used to optimize MC-ICP-MS to obtain the best 

peak shape and maximum sensitivity. The natural 179Hf/177Hf of 

0.732528 according to an exponential law29 was used to correct for 

mass discrimination. Due to the low concentration of Lu and Yb 

in cassiterite samples, the Yb and Lu mass discrimination 

coefficients βYb and βLu are simplified to be equal to βHf obtained 

in the same spot. Then, the natural 176Lu/175Lu ratio of 0.02655 30 

and 176Yb/173Yb ratio of 0.78696 31 were used to correct the 

isobaric interference of 176Lu and 176Yb on 176Hf for accurate 

determination of 176Hf/177Hf ratios. To assess the influence of Ta, 

the βHf calculated using 178Hf/177Hf = 1.4672 to determine the 
176Hf/177Hf ratios of cassiterite CST02-2. 

RESULTS AND DISCUSSION 

Trace element concentration of sintered cassiterites and 

starting cassiterite crystals. One hundred and forty-six trace 

element determinations of the sintered cassiterites (n=131) and 

starting cassiterite crystals (n=15) are summarised in Table S1. 

The starting cassiterite crystals contain ~0.5 μg g-1 Hf of a different 

isotopic composition from the HfO2 dopant. Hf concentrations 

range from 11092 to 18406 μg g-1 in CST01, 472 to 2303 μg g-1 in 

CST02, and 100 to 477 μg g-1 in CST03 (Fig. 2). Yb and Lu 

contents for all cassiterite samples were lower than 0.62 and 0.21 

μg g-1, with a mean value of 0.13 ± 0.25 (2s, n = 131) and 0.02 ± 

0.07 (2s, n = 131), respectively. The Hf concentration in CST01 

range from 11092 to 18406 μg g-1, yielding a mean value of 14304 

± 2001 μg g-1. The mean Yb and Lu concentrations are 0.30 ± 0.09 

μg g-1 and 0.02 ± 0.04 μg g-1, respectively, with the Yb/Hf and 
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Fig. 2 Plots of the Lu/Hf (a) and Yb/Hf (b) ratios of the sintered cassiterites tested in this study. 

Table 2. Hf isotopic compositions of sintered cassiterites by SN-MC-ICP-MS 

Sample name 176Hf/177Hfa 2se 178Hf/177Hf 2se 180Hf/177Hf 2se 

Initial HfO2 powder-01 0.282259 0.000006 1.46705 0.00001 1.88689 0.00004 

Initial HfO2 powder-02 0.282260 0.000005 1.46709 0.00001 1.88690 0.00003 

Initial HfO2 powder-03 0.282259 0.000005 1.46709 0.00001 1.88692 0.00003 

Initial HfO2 powder-04 0.282267 0.000007 1.46710 0.00001 1.88695 0.00004 

Initial HfO2 powder-05 0.282268 0.000005 1.46706 0.00001 1.88689 0.00002 

Initial HfO2 powder-06 0.282263 0.000005 1.46708 0.00001 1.88700 0.00004 

Initial HfO2 powder-07 0.282271 0.000003 1.46709 0.00001 1.88707 0.00002 

Initial HfO2 powder-08 0.282265 0.000004 1.46709 0.00001 1.88712 0.00003 

Mean (±2s) 0.282264(9)  1.46708(4)  1.88697(18)  

Microdrilled powder of CST01-01 0.282262 0.000006 1.46709 0.00001 1.88713 0.00004 

Microdrilled powder of CST01-02 0.282267 0.000006 1.46709 0.00001 1.88712 0.00003 

Microdrilled powder of CST01-03 0.282262 0.000005 1.46709 0.00001 1.88711 0.00004 

Microdrilled powder of CST01-04 0.282270 0.000007 1.46708 0.00001 1.88712 0.00004 

Initial CST01 powder-01 0.282264 0.000006 1.46712 0.00001 1.88710 0.00004 

Initial CST01 powder-02 0.282263 0.000008 1.46712 0.00001 1.88711 0.00005 

Initial CST01 powder-03 0.282263 0.000007 1.46713 0.00001 1.88708 0.00004 

Initial CST01 powder-04 0.282272 0.000006 1.46713 0.00001 1.88706 0.00004 

Mean (±2s) 0.282266(8)  1.46711(4)  1.88710(4)  

Microdrilled powder of CST02-01 0.282276 0.000007 1.46717 0.00001 1.88711 0.00005 

Microdrilled powder of CST02-02 0.282279 0.000006 1.46714 0.00001 1.88711 0.00004 

Microdrilled powder of CST02-03 0.282263 0.000008 1.46712 0.00001 1.88711 0.00004 

Microdrilled powder of CST02-04 0.282270 0.000006 1.46712 0.00001 1.88711 0.00006 

Initial CST02 powder-01 0.282273 0.000006 1.46711 0.00001 1.88706 0.00004 

Initial CST02 powder-02 0.282268 0.000006 1.46710 0.00001 1.88698 0.00004 

Initial CST02 powder-03 0.282266 0.000009 1.46711 0.00001 1.88699 0.00005 

Initial CST02 powder-04 0.282274 0.000007 1.46712 0.00001 1.88701 0.00004 

Mean (±2s) 0.282271(10)  1.46712(4)  1.88706(12)  

Microdrilled powder of CST03-01 0.282276 0.000003 1.46708 0.00001 1.88697 0.00002 

Microdrilled powder of CST03-02  0.282273 0.000005 1.46706 0.00001 1.88701 0.00004 

Microdrilled powder of CST03-03 0.282268 0.000006 1.46705 0.00001 1.88699 0.00004 

Microdrilled powder of CST03-04 0.282274 0.000008 1.46706 0.00001 1.88701 0.00004 

Initial CST03 powder-01 0.282281 0.000005 1.46716 0.00001 1.88712 0.00003 

Initial CST03 powder-02 0.282283 0.000008 1.46712 0.00002 1.88713 0.00005 

Initial CST03 powder-03 0.282276 0.000006 1.46711 0.00001 1.88711 0.00004 

Initial CST03 powder-04 0.282278 0.000008 1.46709 0.00001 1.88711 0.00004 

Mean (±2s) 0.282276(10)  1.46709(7)  1.88705(13)  

a 176Hf/177Hf values are normalized to 0.282193. 2se means 2 standard errors of the individual analysis. 2s means 2 standard deviations on the mean of 

multiple analyses. 
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Lu/Hf ratios both less than 0.00004. For CST01, the Hf 

contribution of the cassiterite powder represents <5 × 10-5 of the 

total Hf, making negligible contribution to the Hf isotope 

composition of HfO2. The Hf concentration in CST02 ranges from 

472 μg g-1 to 2303 μg g-1, yielding a mean value of 925 ± 679 μg g-1. 

The mean Yb and Lu concentrations are 0.10 ± 0.17 μg g-1 and 

0.02 ± 0.08 μg g-1, with the Yb/Hf and Lu/Hf ratios are less than 

0.00051 and 0.00025, respectively. Compared with low Ta 

concentrations in CST01(19.4 to 93.4 μg g-1), CST02-01 (2.8 to 

157 μg g-1), and CST03 (4.2 to 27.7μg g-1), CST02-2 (17495 to 

40568 μg g-1) has much higher Ta ranging from 1.75 wt.% to 4.05 

wt.%. The Ta/Hf ratios range from 14 to 53, with a mean value of 

35 ± 21. Therefore, The CST02-2 was used in the assessment of 

the effect of Ta/Hf on the accuracy of Hf isotope composition. 

CST03 has the lowest concentration of Hf, ranging from 100 μg g-1 

to 477 μg g-1. The mean Yb and Lu concentrations are 0.05 ± 0.03 

μg g-1 and 0.01 ± 0.01 μg g-1, with the Yb/Hf and Lu/Hf ratios 

being less than 0.0014 and 0.0002, respectively. 

Hafnium isotopic compositions of sintered cassiterites and 

HfO2 powder. The 176Hf/177Hf ratio in the sintered cassiterites 

therefore represents a blend of two distinct 176Hf/177Hf signatures 

in the HfO2 and cassiterite powders, mixed in various proportions. 

Solution Hf isotopic compositions, containing 12 randomly 

microdrilled fractions of sintered cassiterites and 20 fractions of 

cassiterite powders and starting HfO2 powders, were determined 

using the SN-MC-ICP-MS technique (Table 2). During SN-MC-

ICP-MS analysis, Alfa Hf yielded a value of 0.282190 ± 0.000014 

(2s, n = 19), agreeing well with the published values of 0.282193 

± 0.000011 and 0.282192 ± 0.000006 26, 32, within analytical error. 

The determined 178Hf/177Hf and 180Hf/177Hf values are 1.46710 ± 

0.00006 (2s, n = 51) and 1.88704 ± 0.00017 (2s, n = 51), 

respectively, which are consistent with recommended values.33 

The mean 176Hf/177Hf values of starting HfO2 powder and CST01, 

CST02, CST03 cassiterite powders are 0.282264 ± 0.000009 (2s, 

n = 8), 0.282266 ± 0.000008 (2s, n = 4), 0.282270 ± 0.000008 (2s, 

n = 4), 0.282279 ± 0.000007 (2s, n = 4), respectively. The mean 
176Hf/177Hf values for CST01, CST02, and CST03 microdrilled 

powders are 0.282266 ± 0.000008 (2s, n = 4), 0.282272 ± 

0.000014 (2s, n = 4), and 0.282273 ± 0.000007 (2s, n = 4), 

respectively. These analytical results show no measurable 

differences in Hf isotope compositions between ultrafine milled 

powder and sintered cassiterite reference material, indicating that 

the sintering process produces insignificant isotopic fractionation. 

Hafnium isotopic compositions of mixed Hf-Ta reference 

material solutions. Since natural cassiterites normally contain 

considerable amount of Ta, it is necessary to evaluate the influence 

of Ta on Hf isotopic analysis. We determined the Hf isotopic ratios 

of an in-house GSB Hf solution mixed with different proportions 

of Ta solution. A total of 76 analyses of the GSB Hf solution 

without Ta yielded a mean 176Hf/177Hf ratio of 0.282509 ± 

0.000010 (2s). Additional 14 GSB Hf solutions were doped with 

 

 

 

 

 

Fig. 3 176Hf/177Hf and 180Hf/177Hf values of the mixed Hf–Ta standard 

solutions. Error bars (2se) represent 2 standard error values for individual 

analyses. Shaded areas are the 176Hf/177Hf reference value of GSB Hf 

(0.282509 ± 10, in-house standard). Gray circles and yellow squares are Hf 

isotopic data for the mixed Hf–Ta solution that were analyzed without 

chemical separation but reduced offline by normalization to 179Hf/177Hf = 

0.7325 and 178Hf/177Hf = 1.4672 using the exponential law, respectively. 

Blue dotted lines are the best-fit line through the measured 180Hf/177Hf ratios 

of mixed Hf–Ta standard solutions without chemical separation. 

different amounts of Ta (Ta/Hf ratios of 1 ~ 50). Their 180Hf/177Hf 

ratios increased gradually away from the reference value with 

increasing Ta concentrations (Fig. 3), exhibiting a strong linear 

correlation between 180Hf/177Hf and Ta/Hf ratios (R2 = 0.999).  

However, the 176Hf/177Hf are relatively constant ranging from 

0.282502 to 0.282515, with a mean 176Hf/177Hf value 0.282509 ± 

0.000009 (2s), agreeing well with the determined values of the 

pure GSB Hf solution. Therefore, the influence of Ta on Hf 

isotopic analysis is quite insignificant at least for samples with 

Ta/Hf < 50. 

Hafnium isotopic compositions of CST02-2 with high Ta 

concentration. Due to the potential of significant tailing of the 

large 181Ta signal onto 180Hf and 179Hf, Tang et al. suggest that  

accurate in situ 176Hf/177Hf ratios for CGMs can only be 

determined by normalization to 178Hf/177Hf = 1.4672 rather than 
179Hf/177Hf = 0.7325, using the exponential law.34 To investigate 

the effect of Ta during in situ analysis, the Hf isotopic ratios of 

CST02-2 with high Ta concentration were determined by using 

CST01 as a matrix-matched bracketing standard and can be found 

in Fig. 4. When 178Hf/177Hf = 1.4672 with the exponential law was 

used to correct mass discrimination, the mean 176Hf/177Hf ratios of 

CST02-2 was 0.282278 ± 0.000047 (2s, n = 22), agreeing well 

with the solution-based ratios. Moreover, accurate 176Hf/177Hf 

ratios can be determined by using 179Hf/177Hf = 0.7325 with the 

exponential law to correct mass discrimination. The reason for the 

accurate determination of Hf isotope composition using 
179Hf/177Hf = 0.7325 seemed to avoid collecting the 181Ta+ ion 

beam. The determined 179Hf/177Hf ratio was 0.73244 ± 0.00007, 

which agreed well with the reference value of 0.7325, suggesting 

that the 179Hf+ was not overlapped by the tailing of 181Ta during in 

situ Hf isotope analysis. 
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Fig. 4 176Hf/177Hf ratios of cassiterite CST02-2 calibrated using 179Hf/177Hf 

= 0.7325 (black square) and 180Hf/177Hf = 1.4672 (white diamond), 

respectively. Error bars (2se) represent 2 standard error values for the 

individual analyses. Black dashed lines are the mean Hf isotope ratios using 

different corrected methods. 

 

 

 

 

 

 

 

Fig. 5 176Hf/177Hf ratios of cassiterite CST02-1 calibrated against cassiterite 

CST01 (white diamond) and zircon Qinghu (black diamond), respectively. 

Error bars (2se) represent 2 standard error values for the individual analyses. 

Black dashed lines are the mean Hf isotope ratios using different bracketing 

standards. 

 

 

 

 

 

Fig. 6 Effect of Yb isobaric interference on the determination of accurate 
176Hf/177Hf ratios. White circles and black diamonds are Hf isotopic ratios 

of CST03 that were calculated using the measured βYb and βYb = βHf, 

respectively. Error bars (2se) represent 2 standard error values for the 

individual analyses. Black dashed lines are the mean Hf isotope ratios of 

CST03 using different corrected methods. 

Hafnium isotopic compositions of CST02-1 using the Qinghu 

and CST01 as the bracketing standards. Yang et al.19 have 

revealed a strong matrix effect between zircon and cassiterite 

during laser ablation. In this study, the 176Hf/177Hf values of 

CST02-1 were determined to investigate the effect of the matrix 

effect, while zircon and cassiterite served as bracketing standards. 

The matrix effect was illustrated for CST02-1 (Fig. 5), which was 

analyzed using cassiterite CST01 and zircon Qinghu as bracketing 

standards. When the cassiterite CST01 served as a matrix-matched 

bracketing standard, the mean 176Hf/177Hf ratios of CST02-1 was 

0.282276 ± 0.000033 (2s, n = 31), agreeing well with the solution-

based ratios. In contrast, when determined against zircon Qinghu, 

the mean 176Hf/177Hf ratios of CST02-1 was 0.282346 ± 0.000039 

(2s, n = 31), heavier than that obtained by SN-MC-ICP-MS. This 

result indicates that there is a matrix effect between zircon and 

cassiterite during LA-MC-ICP-MS analysis. External precision of 

Hf isotope ratios determined by LA-MC-ICP-MS for CST02-1 

was better than 40 ppm (2s), which indicate that the Hf isotope 

composition was homogeneous at the scale of at least 67 μm for 

this sintered standard. 

Hafnium isotopic compositions of CST03 using βHf and βYb. To 

investigate the effect of Yb correction on determining accurate Hf 

isotopic compositions, the 176Hf/177Hf values of CST03 were 

determined using two Yb correction methods (βHf vs βYb). For the 

correction method using βYb, the mean 173Yb/171Yb ratio in the 

same spot was used to calculate the βYb value, and then the signal 

intensity of 176Yb was calculated based on the signal intensity of 
173Yb and the calculated βYb. Li et al.35 have shown that the low 

Yb content hampers the accurate calculation of the mass 

discrimination of βYb due to low signal intensity. Therefore, for the 

correction method using βHf, βHf was used to replace βYb, and then 

the signal intensity of 176Yb was calculated based on the signal 

intensity of 173Yb and the calculated βHf. With Yb correction using 

βYb, the mean 176Hf/177Hf ratios of CST03 was 0.282238 ± 

0.000079 (2s, n = 27; Fig. 6), lower than the solution-based ratio. 

 

 

 

 

Fig. 7 Plot of the precision of the 176Hf/177Hf ratio (2se) versus the total Hf 

signal intensity.  
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Fig. 8 Histogram of 176Hf/177Hf ratio of all LA-MC-ICP-MS analyses. (a) CST01 cassiterite; (b) CST02 cassiterite; (c) CST03 cassiterite.

 

In contrast, the data corrected using βHf yielded a mean 176Hf/177Hf 

ratio of 0.282280 ± 0.000048 (2s, n = 27; Fig. 6), which agree well 

with the solution-based ratio. This result indicated that Yb 

correction using βHf is more suitable to determine the Hf isotopic 

composition of cassiterite. Moreover, the uncertainty of the βYb-

corrected 176Hf/177Hf ratios was larger than that obtained using βHf 

correction. This is consistent with the results observed by Yang et al.,19 

verifying that the low content of Yb may cause relatively large 

uncertainty of βYb and further results in an overcorrection of the 
176Hf/177Hf ratios. 

Laser parameter setting for low-Hf cassiterites using LA-MC-

ICP-MS. The internal precision is significantly dependent on Hf 

intensity, as demonstrated by the exponential function of the 

precision of the 176Hf/177Hf (2se) versus the signal intensity of Hf 

(Fig. 7). The internal precision of 176Hf/177Hf ratio significantly 

increases as the signal intensity increases from 1 to 5 V, followed 

by much more gradual improvements at higher signal intensities. 

Enhancing the signal intensity is thus the best way to improve the 

precision of the Hf isotopic ratio in cassiterites with low Hf content. 

For our Nu plasms II instrument, when the Hf signal intensity is 

higher than 4 V, the internal precision (2se) is better than 0.00010. 

Because low Hf samples yield weak signal intensities, large spot 

sizes (>150 µm) and relatively high ablation frequency (10 Hz) are 

recommended for cassiterites with low Hf content. With a spot size 

of 173 µm and ablation frequency of 10 Hz, the Hf signal intensity 

for the CST03 sample (~200 µg g-1 Hf) is ~8V. The external 

precision was better than 60 ppm. As to the specific instrument 

used in different laboratories, the recommended laser parameters 

can be further optimized. 

Homogeneity tests for sintered cassiterite samples. Though 

different batches of sintered zircons have been proved as suitable 

in situ Hf isotopic reference material, the utility of sintered 

cassiterite as isotopic reference material needs to be further 

assessed. Therefore, different batches of sintered cassiterites were 

produced for distribution. For CST01 cassiterite, the Hf isotopic 

composition determined in four batches yielded mean 176Hf/177Hf 

values of 0.282263 ± 0.000024 (2s, n = 50), 0.282263 ± 0.000022 

(2s, n = 50), 0.282262 ± 0.000020 (2s, n = 50), and 0.282262 ± 

0.000023 (2s, n = 50), identical to the solution value within the 

reported twice the standard deviation uncertainty. The obtained 

results illustrate no systematic offset between four batches and 

yield a mean 176Hf/177Hf of 0.282262 ± 0.000022 (2s, n = 200), 

which presents a Gaussian distribution and is consistent with the 

obtained solution value (Fig. 8a). For CST02 cassiterite, the Hf 

isotopic compositions determined in five batches yield mean 
176Hf/177Hf values of 0.282273 ± 0.000029 (2s, n = 60), 0.282270 

± 0.000028 (2s, n = 60), 0.282273 ± 0.000027 (2s, n = 60), 

0.282275 ± 0.000027 (2s, n = 60), and 0.282274 ± 0.000039 (2s, 

n = 108), respectively, consistent with the obtained solution value 

and present a Gaussian distribution (Fig. 8b). The Hf isotopic 

compositions of sintered CST03 cassiterite determined in five 

batches yield mean 176Hf/177Hf values of 0.282274 ± 0.000045 (2s, 

n =90), 0.282279 ± 0.000047 (2s, n = 90), 0.282278 ± 0.000046 

(2s, n = 00), 0.282281 ± 0.000051 (2s, n = 91), and 0.282273 ± 

0.000053 (2s, n = 156), respectively, consistent with the obtained 

solution value and present a Gaussian distribution (Fig. 8c). Finally, 

the high degree of Hf isotopic homogeneity, observed both within 

and between different batches of sintered cassiterite in this study, 

suggests that sintered cassiterite can be used as a reference material 

for routine analyses of natural cassiterite samples. In particular, 

CST03 with relatively low Hf content (~200 μg g-1) is more 

suitable to serve as a matrix-matched calibration standard for 

determining Hf isotopic compositions of natural cassiterite 

samples. 

CONCLUSION 

Three sintered cassiterite samples with various Hf concentrations 

were produced as potential Hf isotopic reference materials for the 

in-situ analysis of natural cassiterite. LA-MC-ICP-MS results 

indicated a strong matrix effect between zircon and cassiterite, and 

a matrix-matched cassiterite reference material is crucial to obtain 

accurate Hf isotopic ratios of cassiterite. After instrumental mass 

discrimination corrected by 178Hf/177Hf = 1.4672 or 179Hf/177Hf = 
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0.7325, using the exponential law, the Hf isotopic ratios were 

consistent with that determined by SN-MC-ICP-MS, which 

indicates that the effects of Ta on Hf isotope analysis can be 

ignored for Ta-rich minerals when using a cup configuration that 

avoids collecting mass 181 amu in current study. LA-MC-ICP-

MS analyses of three sintered cassiterites indicate that they have 

homogeneous Hf isotopic compositions. The in situ Hf isotopic 

composition yielded mean 176Hf/177Hf values of 0.282262 ± 

0.000022 (2s, n = 200), 0.282273 ± 0.000031 (2s, n = 348), and 

0.282276 ± 0.000049 (2s, n = 517) for CST01, CST02 and CST03, 

respectively. The good consistency of 176Hf/177Hf ratios between 

ultrafine milled powder and sintered cassiterites indicates that the 

sintering processes produce insignificant isotopic fractionation. 

Moreover, the good reproducibility and accuracy of 176Hf/177Hf 

ratios in different batches also suggest that sintered cassiterite 

samples can be a viable reference material for routine isotope 

measurement of natural cassiterite unknowns. The reference 

materials are available for distribution from Hong-Lin Yuan 

(Email: yhlsklcd@126.com). 
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