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INTRODUCTION

In earlier papers (Robinson et al. 2002, 2004), we indicated 
that the Fe2+-Fe3+ �contact layers� of lamellar magnetism provide 
a substantial reduction in electrostatic charge imbalance along the 
(001) contact planes between adjacent hematite and ilmenite. We 
suggested (Robinson et al. 2004, p. 729) that �Better estimates 
might be obtained using bond-valence theory, which takes into 
account the fact that the cations are displaced signiÞ cantly away 
from the centers of the octahedra due to electrostatic repulsion, 
hence reducing the contribution to charge at the oxygen atom.� 
We also wrote (again p. 729) that �it is possible that� there is 
ordering of Fe2+ and Fe3+ ions within the contact layers, such 
that the Fe2+ ions would occur in octahedra sharing faces with 
Ti-bearing octahedra in adjacent ilmenite, and that Fe3+ ions 
would occur in octahedra sharing faces with Fe3+ octahedra in 
adjacent hematite. Thus, in this model, here called A (Fig. 1a), 
the shared faces in the local structures would appear identical to 
ilmenite and hematite, respectively. We have now followed up 
on charge imbalance, Þ rst using a simple linear charge-distance 
relationship, then the more comprehensive bond-valence theory.  
Bond-valence theory is itself a simpliÞ ed picture of complex 
bonding, assuming distinct Fe3+ and Fe2+ ions and ignoring 
magnetism, and represents a limiting assumption of ideal Fe3+, 
Fe2+ charge localization. The bond-valence results support the 
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ABSTRACT
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original charge imbalance reduction, but, in addition, support a 
different charge-ordering model (B) (Fig. 1b) than the model (A) 
Þ rst suggested as a possibility. The new model (B) is in agree-
ment with a new Monte Carlo simulation of the same interface, 
including both electrostatic and magnetic interaction parameters 
of ions, that is more sophisticated than done previously. This is 
presented in full elsewhere (Harrison, in revision).  

Burton et al. (2005) conducted a detailed study in the system 
hematite-ilmenite, using density functional theory (DFT) in the 
local spin density approximation (LSDA), making no assump-
tions about ionic charges. This approach predicts little charge 
localization on individual Fe cations in the contact layer, and, as 
these authors point out, wrongly predicts the system to be metal-
lic. One of their purposes was to investigate charge-ordering on 
Fe sites, which they state �is a postulate of the �lamellar magne-
tism hypothesisʼ� or �LMH�. As references for this statement, 
they cite only Robinson et al. (2002) and McEnroe et al. (2002), 
neither of which mentions charge-ordering. Charge-ordering is 
mentioned in Robinson et al. (2004, see above) but only as �pos-
sible�, certainly not as a postulate of the theory. In their results 
Burton et al. concurred with the charge-imbalance hypothesis, 
but found no evidence for the suggested charge-ordering, or at 
most a weak interaction favoring the ordering model we here 
call model B. Burton et al. (2005) also provided a useful note on 
superexchange magnetic coupling in hematite. Spin wave studies 
by Samuelsen and Shirane (1970) indicated that coupling is not 
strongest between Fe ions that share an octahedral face, as sug-


