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Abstract
Both continental crust and depleted mantle are characterized by subchondritic Nb/Ta, leading to a 

mass imbalance when compared to the bulk Earth. Even though several potential high-Nb/Ta reservoirs 
in Earth’s core and undepleted mantle have been proposed, little attention has been given to those in 
the crust. Here we present bulk-rock and rutile geochemical data for samples from a lower crustal 
pelitic granulite, North China Craton, which exhibit systematic variation in their Nb and Ta contents. 
High-temperature (HT) and ultrahigh-temperature (UHT) granulite residues exhibit Nb/Ta ratios that 
are close to chondritic and subchondritic, respectively, whereas leucosomes from UHT granulite mostly 
have suprachondritic Nb/Ta. These variations are best explained via competition for Nb and Ta between 
biotite and rutile during metamorphism, although initial bulk-rock Nb/Ta values also have an effect. As 
biotite preferentially incorporates Nb over Ta, the early stages of biotite dehydration melting produce a 
high-Nb/Ta residue and a low-Nb/Ta melt; however, geochemical modeling suggests that once biotite 
is depleted, the Nb/Ta ratio of the system is instead controlled by rutile growth, which promotes the 
formation of a lower Nb/Ta residue and a higher Nb/Ta melt, even though the volume of melt produced 
at this stage may be small. We propose that in situ and in-source leucosomes and leucocractic veins 
in UHT terranes may retain a high-Nb/Ta geochemical signature. However, residual crustal-derived 
A2-type granites that experience significant fractionation of Nb- or Ta-bearing minerals during crys-
tallization or contamination from other low-Nb/Ta sources cannot retain this high-Nb/Ta ratio, even 
though these ratios are generally higher than that of S-type granites. Anhydrous partial melting of 
metapelite can generate Nb-rich melts, such that high-temperature leucosomes, in addition to related 
A2-type granites, may represent significant Nb deposits.
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Introduction
Although the continental crust constitutes only ~0.6% mass 

of the silicate Earth, it contains a very large proportion of 
incompatible elements, which makes it a critical reservoir for 
mass-balance calculations of the Earth as a whole (Sclater et al. 
1980). Previous studies have shown that both continental crust 
and depleted mantle have subchondritic Nb/Ta (Rudnick 1995; 
Kelemen 1995; Rudnick et al. 2000), which is problematic for 
chondritic Earth models since no complementary suprachondritic 
Nb/Ta reservoirs are known. Although intracrustal Nb/Ta dif-
ferentiation has received relatively little attention, several high-
Nb/Ta domains have been proposed to exist within the Earth to 
address this issue. These include the core, the lower mantle, the 
carbonatite-metasomatized lithospheric mantle, refractory eclog-
ite formed during slab melting, and deeply crystalized high-Nb 
cumulates (Aulbach et al. 2008; Cartier et al. 2014; Münker et al. 
2003; Pfänder et al. 2012; Rudnick et al. 2000; Tang et al. 2019; 
Wade and Wood 2001; Willbold and Stracke 2006). Recently, 

Stepanov and Hermann (2013) suggested that significant partial 
melting of restitic lower crust could produce a potential high-Nb 
and high-Nb/Ta reservoir. In their model, incipient partial melting 
of mica-rich rocks during prograde metamorphism after mus-
covite incongruent melting ends, but before biotite dehydration 
melting begins, will produce a biotite-rich residue. Given that 
biotite incorporates Nb over Ta, the residue will evolve toward 
high Nb/Ta values during melt extraction. Progressive biotite-
dehydration melting would then produce high-Nb/Ta rutile and 
ilmenite, since the DNb/DTa of rutile and ilmenite are close to 
unity. Nonetheless, experimental work performed by Xiong et 
al. (2011) showed that DNb/DTa of rutile and ilmenite at condi-
tions relevant to biotite dehydration melting (850 °C) is ~0.8, 
and would be even lower during fluid-absent melting (Klemme 
et al. 2005; Xiong et al. 2011). Partition coefficients for Nb and 
Ta in different minerals are highly variable, and each is sensitive 
to pressure (P), temperature (T), and melt composition (Klemme 
et al. 2005; Xiong et al. 2011). Thus, understanding the behavior 
of these elements in the crust can place critical constraints on 
the mechanisms of intracrustal differentiation.

High-grade metamorphism and anatexis are ubiquitous in 
the lower crust, and melts that subsequently ascend through the 
overlying rock column and crystallize as granite at shallower 

American Mineralogist, Volume 107, pages 2020–2033, 2022

0003-004X/22/0011–2020$05.00/DOI: https://doi.org/10.2138/am-2022-8260       2020 

* E-mail: huangguangyu@mail.iggcas.ac.cn; chenyi@mail.iggcas.ac.cn. Orcid 
Huang 0000-0002-2062-8095
† Special collection papers can be found online at http://www.minsocam.org/MSA/
AmMin/special-collections.html.

file:///\\chenassoft\SmartEdit\WatchFolder\NormalProcess\Normalization\IN\INPROCESS\105
file:///\\chenassoft\SmartEdit\WatchFolder\NormalProcess\Normalization\IN\INPROCESS\39
file:///\\chenassoft\SmartEdit\WatchFolder\NormalProcess\Normalization\IN\INPROCESS\105
file:///\\chenassoft\SmartEdit\WatchFolder\NormalProcess\Normalization\IN\INPROCESS\39
file:///\\chenassoft\SmartEdit\WatchFolder\NormalProcess\Normalization\IN\INPROCESS\105
mailto:huangguangyu@mail.iggcas.ac.cn
mailto:chenyi@mail.iggcas.ac.cn
https://orcid.org/0000-0002-2062-8095
http://www.minsocam.org/MSA/AmMin/special-collections.html
http://www.minsocam.org/MSA/AmMin/special-collections.html



