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Abstract

Controlling factors of potassium (K) isotopic fractionation in K-feldspar remain poorly constrained. 
In this study, we analyzed the K isotopic compositions of 11 K-feldspar samples from diverse lithological 
compositions. The degree of Al/Si order ranged from 0.22 to 0.94 (1.0 = completely ordered). Analyzed 
samples are mixtures of K-feldspar (>70 wt%) and coexisting albite. The relative contribution of K2O 
from the K-feldspar phase of the sample was over 98%, indicating that the K isotopic composition (δ41K) 
derives mainly from K-feldspar and hence reflects its behavior. The δ41K values of these samples range 
from –0.710 to –0.075‰, which are slightly correlated with the degree of Al/Si order. The correlations 
of δ41K with SiO2 and Al2O3 contents and the corresponding Al/Si mole ratios reveal that Al and Si play 
a significant role in the K isotopic behavior of K-feldspar. The correlations of δ41K with SiO2 and Al2O3 
contents are attributed to the difference in K-O bond strengths. Compared to K-feldspar, the K content 
could be a better proxy for constraining the δ41K of plagioclase. Our results demonstrate that the δ41K of 
K-feldspar is dependent on its mineral chemistry, and its K isotopic composition may be insensitive to 
other factors, such as the source heterogeneity. The inference is further confirmed by comparing the δ41K 
values in this study with published δ41K values of K-feldspar from different sources.
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Introduction

Potassium (K) is a highly incompatible lithophile element and 
a highly soluble and biophile element that plays an important role 
in many biological processes (Hollabaugh 2007; Stosch 1998). 
Many analytical innovations have allowed K isotopic measure-
ments (Hu et al. 2018; Li et al. 2016, 2022; Morgan et al. 2018; 
Wang and Jacobsen 2016) that have enabled the evaluation of 
various geochemical processes (Wang et al. 2020, 2021). Whereas 
available K isotopic data have been mainly derived from whole 
rock analyses, it is imperative to emphasize that K-rich minerals 
within rocks control the overall K isotopic variations, a facet that 
has yet to receive adequate attention. Notably, studies of igneous 
rocks have indicated that the fractional crystallization of K-rich 
phases such as mica and K-feldspar holds the potential for playing 
a pivotal role in driving K isotopic variation (Ding et al. 2023; Su 
et al. 2024). The isotopic data sourced from these K-rich miner-
als have the capacity to enrich our comprehension of geological 
processes when merged with other geochemical and petrological 
tools. Moreover, K-feldspar, in which K is a major element, is a 
common mineral in the crust and plays an essential role in magma 
generation, crustal magma evolution, and subsequent alteration 
(Brown and Parsons 1994; Černý 1994; Vernon and Paterson 
2008; Yuan et al. 2019). By examining the isotopic signatures in 

K-feldspar, we may gain further insights into geological phenom-
ena that otherwise remain concealed.

To date, a limited number of K-feldspar samples, mainly from 
pegmatites and other igneous rocks, have been studied globally, 
exhibiting a wide δ41K range from –1.19 to –0.08‰ (e.g., Chen 
et al. 2019; Hu et al. 2021; Huang et al. 2023; Wilson Kuhnel et 
al. 2021; Morgan et al. 2018; Xu et al. 2019). The previous stud-
ies were mainly aimed at (1) developing a new methodology for 
high-precision K isotope measurement in K-bearing minerals and 
(2) understanding K isotopic compositions of different mineral 
phases and their role during magmatic differentiation. Morgan et 
al. (2018) analyzed a broad set of samples, but they did not provide 
conclusive evidence for any particular mechanisms responsible 
for naturally occurring K isotopic fractionation. They speculated 
that magma fractionation, along with diffusion, may explain the 
variability in the measured 41K/39K ratios. Very recent studies 
on potassium isotopes of K-rich minerals, such as plagioclase, 
K-feldspar, and mica, obtained from granitoids in cogenetic mag-
matic suites, show both large-scale intra-mineral and inter-mineral 
fractionations, which mainly depend on the K content and K-O 
bond length (Huang et al. 2023; Wilson Kuhnel et al. 2021). These 
studies highlighted the application of K isotope geochemistry as 
a new tracer due to the existence of large K isotope fractionation 
during granitic magmatism.

K-feldspar is commonly divided into three principal varieties, 
namely microcline, orthoclase, and sanidine, in the order of in-
creasing crystallization temperature from ~200 to >1000 °C (Smith 
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