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Abstract
Interpretation of chemical zoning within igneous minerals is critical to many petrologic studies. 

Zoning in minerals, however, is commonly observed in thin sections or grain mounts, which are random 
2D slices of a 3D system. Use of these 2D sections to infer 3D geometries requires a set of assumptions, 
often not directly tested, introduces several issues, and results in partial loss of zoning information. 
Computed X‑ray microtomography (microCT) offers a way to assess 3D zoning in minerals at high 
resolution. To observe 3D mineral zoning using microCT, however, requires that zoning is observable 
as differences in X‑ray attenuation. Sanidine, with its affinity for Ba in the crystal lattice, can display 
large, abrupt variations in Ba that are related to various magma reservoir processes. These changes in 
Ba also significantly change the X‑ray attenuation coefficient of sanidine, allowing for discrete mineral 
zones to be mapped in 3D using microCT. Here we utilize microCT to show 3D chemical zoning within 
natural sanidines from a suite of volcanic eruptions throughout the geologic record. We also show 
that changes in microCT grayscale in sanidine are largely controlled by changes in Ba. Starting with 
3D mineral reconstructions, we simulate thin-section making by generating random 2D slices across 
a mineral zone to show that slicing orientation alone can drastically change the apparent width and 
slope of composition transitions between different zones. Furthermore, we find that chemical zoning in 
sanidine can commonly occur in more complex geometries than the commonly interpreted concentric 
zoning patterns. Together, these findings have important implications for methodologies that rely on 
the interpretation of chemical zoning within minerals and align with previously published numerical 
models that show how chemical gradient geometries are affected by random sectioning during com-
mon sample preparation methods (e.g., thin sections and round mounts).
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Introduction
Chemical zoning is nearly ubiquitous in igneous minerals, and 

the compositions of zoned crystals preserve records of magmatic 
conditions and compositions when mineral growth occurred. 
Therefore, documenting and interpreting such zoning, as well as 
relating compositional variations to textural features, is a crucial 
pillar upon which modern igneous petrology is based. Studies of 
mineral chemical zoning provide important insights into common 
igneous processes such as magma mixing (e.g., Streck et al. 2005; 
Kent et al. 2010; Eichelberger 1975; Anderson 1976; Simonetti et 
al. 1996); frequency and origins of magma recharge (e.g.,Tepley 
et al. 2000; Davidson et al. 2001; Davidson and Tepley 1997; 
Singer et al. 1995); thermal evolution of magma reservoirs (e.g., 
Cooper and Kent 2014; Rubin et al. 2017; Shamloo and Till 
2019); and the rates of igneous processes (e.g., Costa and Dungan 
2005; Ruprecht and Plank 2013; Costa et al. 2003; Morgan and 
Blake 2006). Changes in mineral chemistry can also be used to 
understand the temporal sequence and evolution of these and 
other processes (Cooper 2017). When applied to a sufficiently 
large and representative population of grains, this approach then 
allows the long-term physicochemical conditions within a given 
magmatic system to be constrained.

Many mineral zoning studies, however, only investigate the 
interplay between chemical zoning and mineral textures using 
2D exposures (i.e., thin sections or mineral mounts). However, 
use of 2D mineral zoning patterns to represent 3D systems can 
also introduce several artifacts and other issues (e.g., incorrect 
estimates of mineral size and shape, width of compositional 
zones, modification of compositional gradients, etc.), potentially 
leading to incomplete and or inaccurate characterization and 
interpretation of igneous processes (e.g., Higgins 2000). For 
example, recent studies have numerically investigated the effects 
of sectioning 3D zoned crystals using modeling approaches for 
the purposes of documenting diffusion gradients (e.g., Shea et 
al. 2015; Krimer and Costa 2017; Couperthwaite et al. 2021). 
This shows that many 2D sections suffer from partial loss of 
zoning information, requiring a careful evaluation of each crystal 
studied to avoid a distorted view of the true concentration gra-
dient between chemical zones and obtain reliable results (e.g., 
diffusion timescales). Despite this realization, however, studies 
of 3D zoning in natural mineral examples have been relatively 
underutilized to address 2D sectioning issues.

To observe natural mineral chemical zoning in 3D, previous 
studies have used serial sectioning combined with either electron 
probe (e.g., Spear and Daniel 2003), focused ion beam time of 
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