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Thai Oxisols derived from mafic rocks exhibit natumagnetization due to the presence of maghemite
(y-Fe0;) and/or magnetitey{F&;0.,); however little is known of these significant raral constituents.
Eight maghemite/magnetite samples were separatadawiand magnet from surface and subsurface
horizons of five Oxisols on basalt under a tropim@nsoonal environment in Thailand to characterize
their mineralogy using XRD and Fourier transforinaned spectrometry (FTIR) techniques.
Ferrimagnetic iron oxide minerals (i.e. maghemitegmetite) were the most abundant constituents of
the magnetic fraction with appreciable amountsniferromagnetic iron oxides (i.e. hematite and
goethite) and diamagnetic minerals (i.e. kaolirgibpsite and quartz) (Fig. 1). The inclusion ofin
ferrimagnetic impurities in all magnetic samplemigrpreted as a consequence of aggregation hy iro

oxides creating stable silt size aggregates, wénettharacteristics of Oxisols.

Mean coherently diffracting length (MCD) calculatiedm the width of reflections at half maximum
using the Scherrer formula (Schulze, 1984), for meagte/magnetite are presented in Table 1. The
MCD3;; of maghemite/magnetite varies from 17 nm (Ti swilB6 nm (Nb soil). Maghemite crystal
size in Nb soil that has developed under high@falliconditions is larger than for Ti soil, whichay
indicate that microclimate exerts an influence grstal growth of the maghemite/magnetite, though
differences in the nature of their parent matesieduld also be considered. Amounts of metal
substituted in the magnetic minerals were very kamal small substitutions do not change unit cell
dimension (UCD). MCB, of maghemite/magnetite ranges from 18 — 39 nm kiesemble values
obtained from Chinese loess magnetite (e.g. 30Ciman et al., 2005) but it is rather larger thameal
the reported values for maghemite formed by dehydation of hydrated ferric oxides in a bush fire
(e.g. ~12 nm, Grogan et al., 2003) and is smédiken values for synthesized magnetite (e.g. 62 nm,
Schwertmann and Murad, 1990). There are very gosgive linear relationships of MGE3 with
MCDsy; (R = 0.80) and MClpy; (R? = 0.86) with no relationships between MCD dimensiand unit-

cell dimension.
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Fig. 1. X-ray diffraction patterns of randomly@mted maghemite/magnetite separates from Oxisols.

K = kaolinite, G= gibbsite, Q = quartz, MH = maghtfmagnetite, H = hematite and Gt = goethite.

Table 1. Unit-celb and mean coherently diffracting length (MCD) valder maghemite/ magnetite calculated
from XRD line broadening.

Sample Maghemite/magnetite
MCD MCD MCD  Unit-cell
(220) (311) (400) dimensicm

( nm ) A)
Nb1AP 29 30 22 8.359
Nb1Bt3 41 32 22 8.356
Nb2AP 36 36 28 8.354
Nb2Btol 39 35 28 8.351
Ti3AP 25 18 31 8.368
Ti3Btol 21 23 17 8.358
TilAP 18 17 16 8.398
Ti2AP 24 24 16 8.35
Average 29 27 31 8.362
s.d. 8.6 7.3 19 0.016
Magnetite reference vallle - - - 8.3455
Magnetite reference vallle - - - 8.3967

ASchwertmann and Murad (1990)
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Unit-cell dimension was calculated using the Unit@eogram (Holland and Redfern, 1997), from
corrected positions of the maghemite/magnetite(2321), (400) and (511) reflections. The unit-
cell a dimension of most maghemite/magnetite sample®se¢o 8.35 nm indicating the dominance
of maghemite rather than magnetite except for ih&d sample that has a larger unit-cell dimension
(8.398 A) that is consistent with magnetite. Therslight shift of all maghemite peaks towards éow
angles as compared to the magnetite peak (FigOW}.values of the unit-cedl dimension can be
related to values for appropriate end member misigra., magnetite (8.3967 A; JCPDS 19- 62a),
maghemited = 8.3455 A; Schwertmann and Murad, 1990).

FTIR spectra of 13-mm diameter pressed discs ($angple 1:170 mg KBr) were obtained using a
Perkin-Elmer Spectrum One Fourier transform inflg(f€T IR) spectrometry over the range 4000—400
cmi* with a 4 cnit resolution. FTIR spectra of maghemite/magnetiimsate samples indicate the
presence of hematite, maghemite and kaolinite @ig-The IR spectrum of magnetite is absent as it
would exhibit a broad absorption band at 570 (Ruased Fraser, 1994). Maghemite show a very
small broad absorption band at 694 cnHematite exhibits strong absorption bands at 430 and

540 cm' (Cornell and Schwertmann, 1996). The spectra shevdH-deformation bands at 914,
1010, 1035 and 1100 ¢hwith OH stretching bands at 3620 and 3700 imdicating the presence of
kaolinite. The absence of quartet of OH stretchiagds at 3620, 3527, 3464 and 3380 fon

gibbsite and of strongly hydrogen-bonded OH at 3d&3 and OH deformation bands at 893 and 794
cm’® for goethite (Russell and Fraser, 1994) confirmDXRsults that these minerals were not present

in the magnetite separates.

Calculation of unit-cell dimension is highly suitalfor the characterization of maghemite/magnetite
but conventional XRD is not the optimum proceduvée will next use the synchrotron XRD

technique that offers high precision, improved h&son of reflection and much greater sensitivity.
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Fig. 2. FTIR spectra of maghemite/magnetite seéparfaom Oxisols
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