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Abstract

Illitization of smectite in sedimentary systems, a process akin to “reverse weathering,” is a diage-
netic process that has significant implications for sediment paragenesis and hydrocarbon exploration. 
However, the potential influence of chemical weathering on the illitization of smectite and its pos-
sible control of the neogenesis of titanium (Ti)-oxides remain unclear. Altered volcanic tephra layers 
(i.e., K-bentonites) characterized by an interstratified illite-smectite (I-S) clay mineralogy serve as an 
excellent medium to investigate the illitization of smectite. In this study, we first investigated the fine 
structure of clay minerals and in situ nano-mineralogy of Ti-bearing minerals from altered volcanic 
ashes and then undertook a meta-analysis of geochemical compositional data for bentonites spanning 
a wide range of ages and depositional environments globally. We found that Ti mainly occurs as 
discrete micrometer-scale magmatic srilankite and nanoscale authigenic anatase crystals. During the 
weathering process, the magmatic srilankite partly dissolved under acidic conditions, resulting in a 
local buildup of Ti in porewaters. The I-S displays a platy habit and curved edges and is found closely 
associated with anatase crystals under TEM. Our compilation results combined with microscopic evi-
dence suggest that chemical weathering may potentially promote the illitization reaction by changing 
the chemical composition of the fluids through increased terrestrial inputs and by creating larger pore 
spaces through the decomposition of weatherable components. Positive correlations between K and 
Ti are especially common in (K-)bentonites that are dominated by I-S, suggesting that I-S can adsorb 
Ti during the weathering process and provide a suitable site for the nucleation of anatase. Our study 
highlights the role of chemical weathering in the illitization of smectite and their combined effect on 
the formation of Ti-oxides.
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Introduction

In sedimentary and hydrothermal systems, the illitization of 
smectite forms interstratified illite-smectite (I-S) phases, with the 
extent of illitization thought to be controlled mainly by diagenetic 
temperature and fluid composition (Schroeder and Nagasawa 
1992; Huff 2016; Wilson et al. 2016a, 2016b). The illitization of 
smectite is akin to “reverse weathering” in that it requires K+ in-
corporation into a smectite precursor (Isson and Planavsky 2018; 
Aubineau et al. 2019). The proportion of illite in I-S has been 
used as a tracer for the reconstruction of the evolutionary history 
of sedimentary basins and hydrothermal systems (Cuadros and 
Altaner 1998; Yuan et al. 2013; Bozkaya et al. 2016; Wilson et 
al. 2016a, 2016b). However, chemical weathering, a widespread 
process occurring at the water-rock interface, can alter rock 
compositions and the chemical stability of minerals. Chemical 

weathering of volcanic ashes [i.e., (K-)bentonites] is initiated 
immediately after their deposition and encompasses the entire 
range of alteration processes operating from the surface to the 
near-surface environment. These processes may exert influences 
on the illitization of smectite, shaping the type of information pre-
served by I-S, especially concerning the burial and hydrocarbon 
accumulation history of a sedimentary basin. The altered volcanic 
ashes are often linked to large explosive volcanic eruptions that 
happened in geological history (Huff 2016). Previous studies 
have demonstrated that (K-)bentonites (i.e., altered volcanic ash 
beds) are useful for stratigraphic correlation and for interpreting 
Earth’s geodynamic evolution (Huff 2016; Hong et al. 2017). 
One of the most important characteristics of (K-)bentonites is 
their clay mineralogy, which is commonly dominated by I-S.

Ti-oxides are another important component of (K-)bentonites, 
yet their origin is often unclear. The sorptive behavior of I-S 
phases produced by the illitization process creates the potential 
for interaction with Ti ions or newly formed authigenic TiO2 
particles, thereby influencing the migration and sequestration 




