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Chlorite topography and dissolution of the interlayer studied with atomic force microscopy
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The weathering of rocks is a process important for the understanding of soil formation as well as a 
general understanding of the interaction between litho- and hydrosphere. Phyllosilicates in general are 
of special importance for the understanding of weathering processes due to their abundance in rocks and 
soils. A common phyllosilicate in soils is chlorite, which has a structure composed of a combination of 
two distinct layers, the tetrahedral-octahedral-tetrahedral (TOT) and the interlayer (i.e., the octahedral 
layer between TOT layers). In this study, the morphology and dissolution of chlorite in pure water has 
been visualized using atomic force microscopy. Upon cleavage, the TOT layer shows atomically flat 
terraces and steps, while the interlayer presents strips and voids. In pure water, dissolution channels 
and equilateral, mono-oriented triangular etch pits form in the interlayer and lead to progressively 
increased solubilization. Dissolution channels are proposed to originate from structural defects, while 
a conceptual model is discussed to explain the presence of triangular etch pits. In this model, their 
formation is driven by the different reactivity of the two octahedral configurations along the etch pits. 
It is not currently known which of these is the most stable configuration, however we propose argu-
ments that point toward a specific orientation. The conceptual model is supported by experimental 
data and is potentially applicable to all mineral structures constituted by continuous octahedral layers.
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introduction

Chlorite, a mineral common in sedimentary and metamorphic 
rocks (Hamer et al. 2003) as well in soils (Glowa et al. 2003), 
is a 2:1:1 phyllosilicate that consists of alternating 2:1 layers 
and octahedral interlayer sheets, Figure 1, with a unit-cell c-
dimension of 14 Å (Bailey 1988). The 2:1 layer is named the 
TOT layer for its tetrahedral-octahedral-tetrahedral structure; it 
is also referred to as the talc-like layer because of its structural 
similarity with the talc mineral. This layer presents an excess 
of negative charge: unlike other 2:1 phyllosilicates in which the 
negative charge is neutralized by positive cations, in chlorite the 
same function is accomplished by a positively charged hydroxyl 
interlayer (Bailey 1988), also referred to as the brucite-like layer.

Atomic force microscopy (AFM) (Binnig et al. 1986) has 
been used extensively to probe phyllosilicate nano-structure 
and weathering, as it has the advantage of being able to image 
and follow alteration of mineral topography in real-time under 
ambient and elevated temperature/pressure conditions (e.g., 
Aldushin et al. 2006; Sánchez-Pastor et al. 2010; Kuwahara 
2001; Bickmore et al. 2001). While bulk dissolution studies 

provide information on reaction rates and products, visualizing 
the three-dimensional topography at the nanoscale AFM can 
add important, complementary knowledge such as: the role of 
surface heterogeneity, the mechanisms of surface complexation 
and dissolution, and the detection of secondary phase formation 
(Maurice 1996).

In this regard, chlorite represents an interesting substrate for 
AFM studies due to its composite TOT plus interlayer structure, 
which presents different surface topographies and dissolution 
processes of the two layers. As already shown by Antognozzi et 
al. (2006) and Valdrè et al. (2009), the two layers can be easily 
recognized with AFM due to their different thickness (10 Å in 
the TOT and 4 Å in the interlayer, Fig. 1) and their different 
surface potentials (TOT is negatively charged and the interlayer 
is positively charged). The latter property is revealed by the AFM 
cantilever oscillation phase signal in “Tapping” mode, which is 
sensitive to material composition and properties (Schmitz et al. 
1997). In this mode, the oscillations of the tip are affected by 
differences in the surface potential of the two chlorite layers and 
lead to a phase lag.

The only AFM study on chlorite dissolution that exists to 
date has shown that the interlayer dissolves faster than the TOT 
component, and these conclusions were based on visual obser-* E-mail: asgazze@gmail.com




