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[This Data Repository provides the Methodology, and the additional Figures used in 
the present study (Figures DR1 to DR3)] 

Gao, P., et al., 2021, Preferential dissolution of uranium-rich zircon can bias the hafnium isotope 
compositions of granites: Geology, https://doi.org/10.1130/G49656.1



Part I: Methodology 

 

1. LA(SS)-MC-ICPMS zircon analyses 

Zircon grains were extracted, mounted and polished to expose grain 

centers for microbeam analyses. Cathodoluminescence (CL) images are taken 

for inspecting internal structures of individual zircons and selecting positions 

for U–Pb and Lu–Hf isotope and trace element in-situ analyses. 

In situ zircon U–Pb dating and trace element analyses and Lu–Hf isotope 

analyses were performed using a Geolas Pro laser-ablation (LA) system 

simultaneously coupled to a Neptune Plus multiple-collector (MC) ICP-MS and 

a 7700x quadrupole ICP-MS at the Key Laboratory for the study of focused 

Magmatism and Giant ore Deposits of Ministry of Natural Resources, in Xi'an 

Center of Geological Survey, China Geological Survey. A stationary laser ablation 

spot with a beam diameter of 44 μm was used for the analyses. The ablated 

aerosol was carried by helium and then combined with argon via a T-connector 

before being introduced to the ICP-MS plasma. After smoothed, the sample gas 

will be split into two lines, one goes into quadrupole ICP-MS for zircon U-Pb 

dating and trace element analyses, the other goes into multiple-collector ICP-

MS for Hf isotope analyses after combined with a bit of N2 (4 ml/min) for 

sensitivity improvement. 

During this study, zircon 91500 was used as primary (calibration) reference 

material for the U–Th–Pb isotope analyses. GJ-1 was used as the monitor 



standard. Synthetic silicate glass NIST-610 was used to calibrate the trace 

element concentration data. Si was used as internal standard to correct for 

differences in the ablation yields between zircon and glass standards. Trace 

element concentrations and U–Pb isotopic ratios and ages were reduced and 

calculated using Iolite 4 (Paton et al., 2011), and Hf isotope was calculated using 

a in house software Hfllow 3.4. Details of the instrumental conditions and data 

acquisition procedures are similar to those described by Yuan et al. (2008). 

Fifty-four analyses of GJ-1 yielded a weighted mean 206Pb/238U age of 604.0 

± 3.2 Ma (2σ, MSWD = 1.03), which is in agreement with reference values 

obtained through ID-TIMS measurements reported in Jackson et al. (2004). Lu–

Hf isotope data quality was monitored by the frequent analysis of reference 

zircons GJ-1, 91500, Plešovice and MUN-3 (a synthetic zircon doped with 

hafnium and rare earth elements). These reference zircons have a very wide 

range of 176Yb/177Hf ratios (0.005–0.22) and thus provides the best indication of 

the veracity of 176Yb and 176Lu interference corrections on 176Hf. These 

176Yb/177Hf values covered those measured from 100% of the zircons in our 

dataset. Values of 176Lu/175Lu = 0.02658 and 176Yb/173Yb = 0.796218 were used 

to correct for 176Lu and 176Yb isobaric interferences, respectively (Chu et al., 

2002). Instrumental mass bias was accounted for by normalizing Yb isotope 

ratios to 172Yb/173Yb = 1.35274 (Chu et al., 2002) and Hf isotope ratios to 

179Hf/177Hf = 0.7325 (Patchett and Tatsumoto, 1980), using an exponential mass 

fractionation law. The mass bias behavior of Lu was assumed to follow that of 



Yb. For details on the mass bias correction protocols, see Fisher et al. (2011). 

Only a subset of dated GJ-1 have been analyzed for Lu–Hf isotope. The 

determined mean 176Hf/177Hf ratios of GJ-1, 91500, Plešovice and MUN-3 was 

0.282008 ± 0.000009 (n = 38, 2SD), 0.282296 ± 0.000024 (n = 18, 2SD), 0.282488 

± 0.00009 (n=6, 2SD) and 0.282134 ± 0.000018 (n = 19, 2SD) respectively, which 

is in agreement within errors with reference values recommended by Morel et 

al. (2008), Wiedenbeck et al. (1995), Slama et al. (2008) and Fisher et al. (2011). 

The isotopic ratios and ages reported for U-Pb isotope with 2σ propagated 

uncertainties are calculated by iolite and are uncorrected for common Pb. Only 

analyses with <±10% discordance between their 206Pb/238U and 207Pb/235U ages 

are considered in our interpretations. The metadata for zircon U-Pb and Lu-Hf 

isotopic analyses of this study are provided in Table DR1 following the 

recommended format of Horstwood et al. (2016); U-Pb isotopic compositions 

of zircon standards used in this study are listed in Table DR2; Lu-Hf isotopic 

compositions of the zircon standards used in this study are listed in Table DR3; 

zircon trace element and U–Pb and Lu–Hf isotope data for samples are listed in 

Table DR4. 

 

2. Whole-rock major-trace element analyses 

Whole-rock major and trace elements were analyzed at the ALS Chemex 

(Guangzhou, China) Co., Ltd. Major element oxides were determined using an 

X-ray fluorescence spectrometer (XRF). Analytical precision of major element 



oxides is better than ±2-5%. Trace elements were determined using PerkinElmer 

ICP-MS with the analytical precision better than ±5% for most elements. Whole-

rock major-trace element analyses are listed in Table DR5. 
 

3. Detrital zircon data compiled from literature 

Ages, Th and U concentrations, and Hf isotopic compositions for detrital 

zircon of the Himalayan sedimentary strata were compiled from Spencer et al. 

(2012) and Wang et al. (2016), and are provided in Table DR6. 

 

4. Modelling of garnet and zircon Hf isotope ratios 

To evaluate the potential role of a high Lu/Hf minerals in the source and 

their impact on melt extracted from the source (from which autocrystic zircon 

crystallized), we conducted a simplified mass balance model. At 20 Ma, zircon 

is assumed to have a 176Hf/177Hf ratio of 0.282412 and a 176Lu/177Hf ratio of 

0.00143; these are medians of the values in this study for inherited zircon (Table 

DR4). This zircon is assumed to have a Hf concentration of 12,000 ppm (average 

of this study; Table DR4) and make up 0.01 wt% of the model source rock 
(equivalent  to 50 ppm  Zr  in bulk,  lower bound  for metapelite;  c.f. Yakymchuk and 

Brown, 2014). Garnet is assumed to make up 10 wt% of the source (approximate 

abundance  for  Himalayan metapelite,  the  potential  source  of  Himalayan  granite, 

according to Patiño Douce and Harris, 1998 and Bartoli, 2021) and has an assumed 

concentration of 0.1 ppm Hf, which is an average of the values for Greater 

Himalayan garnet reported in Anczkiewicz et al. (2014).  

Four scenarios are modelled for radiogenic ingrowth of Hf in garnet, which 



represent the known range of 176Lu/177Hf values in garnet from the greater 

Himalaya (Anczkiewicz et al., 2014) using model 176Lu/177Hf ratios of 5, 10, 20 

and 30. At 20 Ma, we model the 176Hf/177Hf composition of garnet assuming 

that various amounts of time have passed since garnet growth (i.e. garnet 

residence time); these vary from 0 Myr before 20 Ma—a approximation for 

garnet growth at the same time as melt extraction—up to 30 Myr before 20 Ma, 

which is an extreme scenario where garnet resided in the crust for 30 Myr before 

melt was extracted at 20 Ma to form the granites in this study, i.e. garnet with 

ages of 50 Ma that have been reported from the Tibetan plateau (Smit et al., 

2014). We assume that the starting composition of the source from which the 

garnet grew has a 176Hf/177Hf ratio of 0.282412, which is the same as the 

inherited zircon at 20 Ma. 

This modelling assumes that all garnet dissolves during partial melting, 

which is unrealistic as garnet is a peritectic mineral during partial melting, i.e. it 

is stable and growing during partial melting (Yakymchuk  and  Brown,  2014). 

Furthermore, the duration of garnet residence assumes garnet resides in the 

crust and accumulates radiogenic 176Hf for millions of years. Partial melting, 

garnet growth and melt extraction are generally not expected to take tens of 

millions of years in the Himalayan system (c.f. Ayres et al., 1997). Therefore, our 

modelling represents an extreme scenario for radiogenic ingrowth of 176Hf in 

metasedimentary migmatites in the Himalaya.  
 

   



Part II: Figures 

 

 

 
Figure DR1. CL  images of representative zircons from the Nariyongcuo granites. The 

red circles are analytical positions, with diameters of 44 μm. Analytical No., analytical 

results of U–Pb ages, εHf(t) values and Hf and U contents are also labeled. 

   



 

 

Figure DR2. (A) Plot of zircon (zrn) Th/U ratios versus εHf(t) values for the Nariyongcuo 

granites, compared with zircon from other Himalayan granites (Zeng et al., 2015) and 

detrital zircon from Himalayan strata (Spencer et al., 2012; Wang et al., 2016). Errors 

are in 2σ and smaller than the symbol when not shown. (B) Plot of Ti concentrations 

versus εHf(t) values of zircon for the Nariyongcuo granites. Errors are in 2σ. 



 

 

Figure DR3. Mass balance modeling results showing the influence of garnet dissolution 

on the isotopic composition of the system for four scenarios where garnet has different 
176Lu/177Hf ratios (i.e. different amounts of radiogenic 176Hf ingrowth). Also plotted are 

the median values of autocrystic and inherited zircon (at 20 Ma) from Table DR4. For 

the median value of inherited zircon to reach the median autocrystic zircon, an 

extreme 176Lu/177Hf ratio of garnet >20 is needed, as well as >20 Myr of 

residence time in the crust prior to complete garnet dissolution.  
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