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Abstract

This research contributes to the understanding of the mineralogy and geochemistry of Thai acid sulfate soils
(ASS). Twenty ASS profiles representing former, actual and potential ASS located in inland and coastal
areas of the Central Plain and Southeast Coast of Thailand were investigated. Mottles of distinct colors were
separated and analyzed by x-ray diffraction (XRD), SEM/EDS and chemical analysis. The mineralogy of the
soils is dominated by quartz, feldspars, kaolinite and illite. The coastal ASS often contain more quartz,
feldspars and halite than those inland. Various amounts of hematite, goethite, lepidocrocite, akaganéite,
gypsum and pyrite (framboidal and single crystal) are also present. Using principal component and
classification analysis, it could be demonstrated that the texture of soil parent materials has the strongest
influence on variations in geochemical properties.
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Introduction

Acid sulfate soils (ASS) in Thailand cover approximately 8,800 km? (Land Development Department, 2006)
mostly occurring in sediments on the Lower Central Plain with small areas located in the Southeast Coast
and Peninsular Thailand (Land Development Department, 2006; Janjirawuttikul et al., 2010). The sediments
developed during fluctuations of sea level in the Holocene epoch (Sinsakul, 2000). The region represents a
complex interplay of alluvial, fluvial and deltaic environments of the Chao Phraya River and its tributaries
(Dheeradoloke et al., 1992; Sinsakul, 2000). The small interconnected marine and brackish water alluvial
plains of the Southeast Coast and Peninsular regions have been derived from igneous rocks including
granites (Department of Mineral Resources, 2007). The ASS are used extensively for agriculture and support
dense populations. According to their drainage status and soil morphological characteristics, these soils may
be divided into 3 types: former acid sulfate soils (FASS), actual acid sulfate soils (AASS) and potential acid
sulfate soils (PASS). The focus of this research was to develop an understanding of the mineralogical and
geochemical characteristics of these three types of ASS.

Materials and Methods

Twenty ASS profiles representing former, actual and potential ASS in the Central Plain and Southeast Coast
Thailand were collected by auger to the maximum depth of 2 meters, they were packed in sealed plastic
containers and immediately cooled to 4° C in order to prevent oxidation of sulfidic materials. A novel
preparation procedure involving a biocide was used to limit oxidation during subsequent processing.

Mottles of various types were picked from the soil profile by hand and kept at low temperature until they
were analyzed by x-ray diffraction (XRD). Their morphology and composition were examined by scanning
electron microscopy with energy dispersive spectroscopy (SEM/EDS). Before XRD analysis, the abundant
quartz particles were removed from hand-picked materials under a dissecting microscope as quartz diluted
the samples. Whole soils were analyzed using a combination of ICP-OES (aqua regia digestion) and X-ray
fluorescence (XRF) to determine chemical composition. Principal component and classification analysis
were used to interpret data.

Results

Mineralogical properties

Mottled materials from inland and coastal areas consisted mainly of quartz, feldspars and clay minerals
(kaolinite and illite) (figure 1 and 2 respectively). Coastal ASS often contain more quartz, feldspars and
halite than do inland ASS because this coastal region is associated with granite which contributes much
quartz and feldspars to sediments with halite originating in sea water (Charusiri et al., 1993). Former and
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actual ASS from both inland and coastal regions (particularly from the inland region) where liming had been
a common practice contain gypsum in the soil matrix and in some yellow and red mottles (figure 3b).

An important geochemical feature of oxidized ASS is the abundance of iron minerals, especially secondary
ferric oxyhydroxides and meta-stable oxyhydroxy sulfate minerals (Sullivan and Bush, 2004). Red mottles
contain hematite and goethite, yellow mottle and mottles in root zones contain goethite and jarosite (figure
3c). Goethite and lepidocrocite were present in topsoils from inland PASS (figure 3a) and akaganéite occurs
in salty soils. Electron microscopy showed that single crystal and framboidal pyrite are present in reduced
horizons of FASS, AASS and PASS (figure 3d).

Geochemical properties

Ninety nine ASS soil samples were analysed for thirty three elements (Al, As, Ba, Bi, Ca, Cd, Ce, Co, Cr,
Cu, Fe, Gd, K, La, Mg, Mn, Mo, Na, Nd, Ni, P, Pb, Rb, S, Sc, Si, Sr, Th, Ti, V, Y, Zn and Zr). Principal
component and classification analysis were used to identify affinity groups of elements with texture being
included in the data set (figure 4). Only 41% of the variation in data for the soils is explained by the first two
factors which is indicative of the diverse nature of these soils (figure 4a and 4b). The data from each region
were separately analyzed using factor analysis (data not shown). Attributes could be allocated into two
affinity groups. The first group consists of Si and Zr and is indicative of sand. This group is related to ASS
from the Southeast Coast area which are derived from granitic sediments and mainly consist of quartz and
feldspars (figure 4a) (Charusiri et al., 1993). The second group is diffuse consisting of clay, Al, As, Ba, Bi,
Ca, Cd, Ce, Co, Cr, Cu, Fe, Gd, K, La, Mg, Mn, Mo, Na, Nd, Ni, P, Pb, Rb, S, Sc, Sr, Th, Ti, V, Y, and Zn.
This group relates to the clay content of the soils as these elements are mostly constituents of clay minerals
and oxides. Some elements probably occur as adsorbed species and in sulfur minerals (Deng et al., 1998;
Prakongkep et al., 2008; Toivennen and Osterholm, 2011). Former, actual and potential ASS from both
regions have quite similar geochemical properties. Most coastal ASS have more Na, S and sand (Si,Zr) than
do inland ASS.

Chemical data for topsoils of inland PASS, AASS and FASS tend to be grouped together in the factor
diagram because they are relatively organic rich and contains higher amounts of rare earth elements which
may have been applied in phosphatic fertilizer (figure 4b) (Hu et al., 1998; Kabata-Pendias, 2011). It is
evident that the large variation in chemical composition of these Thai ASS mostly reflects the texture of soil
parent materials.

Conclusions

ASS from both regions are mostly dominated by quartz, feldspars, kaolinite and illite. Other minerals occur
depending on the development status of the soils as indicated by mottles and different coloured soil
materials. Red mottles, particularly in FASS, contain hematite and goethite. Jarosite and goethite are the
main secondary iron minerals present in yellow mottles and in mottles along root zones. Goethite and
lepidocrocite were present in topsoils of inland PASS. Single crystal and framboidal pyrite are present in
reduced horizons of FASS, AASS and PASS. Principal component and classification analysis of chemical
properties showed that the texture of soil parent materials has the strongest influence on chemical
compositions.
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Figure 1: XRD patterns of mottled and other soil materials separated from inland acid sulfate soils (Q =
Quartz, F = Feldspars, | = lllite, K = Kaolinite, G = Goethite, He = Hematite, L = Lepidocrocite, Py = Pyrite,
J = Jarosite, Gyp = Gypsum and Ha = Halite)
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Figure 2: XRD patterns of mottled and other soil materials separated from coastal acid sulfate soils (key as
for figure 1)
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Figure 3: Backscattered electron images of (a) iron oxide, diatom and clay minerals (kaolinite and illite) in
red surface soil horizon of inland PASS, (b) gypsum, quartz, iron oxide and clay minerals in soil matrix of
inland AASS, (c) jarosite, quartz and clay minerals in yellow mottle of inland AASS and (d) framboidal and
single crystal pyrite in a reduced horizon of an inland PASS.
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Figure 4: Factor analysis based on chemical properties of bulk samples of Thai ASS (a) distribution of

chemical properties (variables) and (b) distribution of samples (cases) (PASS = Potential acid sulfate soils,

AASS = Actual acid sulfate soils and FASS = Former acid sulfate soils)
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