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Abstract
It is generally believed that clay minerals can protect organic matter from degradation in redox active
environments, but both biotic and abiotic factors can influence the redox process and thus potentially
change the clay-organic association. However, the specific mechanisms involved in this process remain
poorly understood. In this study, model organic compound 12-Aminolauric acid (ALA) was selected to
intercalate into the structural interlayer of nontronite (an iron-rich smectite, NAu-2) to form an ALAintercalated NAu-2 composite (ALA-NAu-2). Shawanella putrefaciens CN32 and sodium dithionite were
used to reduce structural Fe(III) to Fe(II) in NAu-2 and ALA-NAu-2. The bioreduced ALA-NAu-2 was
subsequently re-oxidized by air. The rates and extents of bioreduction and air re-oxidation were determined
with wet chemistry methods. ALA release from ALA-NAu-2 via the redox process was monitored. Mineralogical changes after iron redox cycle were investigated with X‑ray diffraction, infrared spectroscopy,
and scanning and transmission electron microscopy. At the beginning stage of bioreduction, S. putrefaciens CN32 reductively dissolved small and poorly crystalline particles and released intercalated ALA,
resulting a positive correlation between ALA release and iron reduction extent (<12%). The subsequent
bioreduction (reduction extent from 12~30%) and complete air re-oxidation showed no effect on ALA
release. These results suggest that released ALA was largely from small and poorly crystalline NAu-2
particles. In contrast to bioreduction, chemical reduction did not exhibit any selectivity in reducing ALANAu-2 particles, and a considerable amount of reductive dissolution was responsible for a large amount
of ALA release (>80%). Because bacteria are the principal agent for mediating redox process in natural
environments, our results demonstrated that the structural interlayer of smectite can serve as a potential
shelter to protect organic matter from oxidation.
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Introduction
The largest carbon sinks on Earth are the ocean and land
ecosystems, which absorb half of the carbon dioxide emission
produced by anthropogenic activities (Houghton 1996). Organic
carbon is a highly dynamic carbon repository and its turnover
time has a major impact on carbon cycling. A large fraction of
organic carbon is associated with minerals, especially clay minerals, largely because of their large surface area (Mayer 1994a),
diverse types of charges on surfaces and edges (Hedges and Hare
1987), pronounced cation exchange capacity in the expandable
interlayer region (Kennedy et al. 2002; Theng and Newman
1986), and irregular intra-/inter-granular microstructures (Bock
and Mayer 2000). Association of organic matter with clay minerals can significantly reduce its bioavailability and slow down
mineralization rate (Conant et al. 2011; Jones and Edwards 1998;
Keil et al. 1994a), thus reducing the amount of CO2 flux from the
land to the atmosphere.
Abundant evidence has accumulated over the last few decades
about the relationship between clay minerals and organic matters
in a wide range of environments, such as seafloor sediments (Keil
et al. 1994a), continental margin (Mayer 1999, 1994b; Ransom
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et al. 1998), terrestrial soils (Kaiser and Guggenberger 2000;
Mayer 1994a), and sedimentary rocks (Kennedy et al. 2006, 2002).
Several mechanisms have been proposed to explain the association between clay minerals and organic matter, such as external
surface adsorption via ligand or ion exchange, cation bridging,
Van der Waals forcing (Arnarson and Keil 2001; Bergamaschi
et al. 1997; Kaiser and Guggenberger 2000; Keil et al. 1994b;
Keil and Mayer 2014; Kleber et al. 2014; Mayer 1994a, 1994b;
Ransom et al. 1998), and particle flocculation and aggregation
(Bock and Mayer 2000). However, the fate of organic matter in
the interlayer region of clay minerals has received relatively little
attention, possibly because it is difficult to accurately characterize and quantify it (Keil and Mayer 2014). However, several
studies have identified such intercalated organic matter in clay
minerals, mostly through indirect evidence (Kennedy et al. 2002;
Theng and Newman 1986). A recent study found that the acidic
interlayer sites of montmorillonite can promote thermal degradation of interlayer organics (Yuan et al. 2013). Approximately 43
times more C1–5 hydrocarbons were generated from the interlayer
intercalated–organic matter than from organic matter alone. Thus,
it is likely that the interlayer region of clay minerals is not only
a potential storage space for stabilizing organic matter, but also
plays an important role in organic matter maturation and fossil
fuel generation. Therefore, prior to deep burial and diagenesis,

