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INTRODUCTION

Schwertmannite, with ideal formula Fe16O16(OH)12(SO4)2, was 
Þ rst described by Bigham et al. (1994). It is common in acidic (pH 
2�4) sulfate-rich waters where iron phases precipitate (Bigham 
and Nordstrom 2000). The characterization of schwertmannite 
as having a �modiÞ ed� akaganeite structure (Bigham et al. 1994) 
is compromised by the phaseʼs poor crystallinity, nanoscale size, 
metastability, and co-precipitation with other nanoscale iron min-
erals such as ferrihydrite. The current literature on schwertman-
nite was recently reviewed by Bigham and Nordstrom (2000). 
No studies to date have unequivocally established whether or 
not schwertmannite is an analogue of akaganeite. The aim of this 
article is to further explore the structure of schwertmannite based 
on new electron nanodiffraction (END) data. END has previously 
been used to establish the structural components of ferrihydrite 
(Cowley et al. 2000; Janney et al. 2000a, 2000b, 2001).

MINERALOGICAL HISTORY, OCCURRENCE, STABILITY, 
AND FORMATION

Brady et al. (1986) Þ rst described an unidentiÞ ed Fe3+ sulfate-
bearing compound in yellowish precipitates formed in low-pH 

drainage areas. The compound was further characterized by 
Bigham et al. (1990), and subsequently named as the mineral 
schwertmannite (Bigham et al. 1994), honoring the substantial 
contribution that U. Schwertmann (b. 1927) has made to the 
study of iron oxides and oxyhydroxides. The phases previously 
described as �well-crystallized� ferrihydrite and �glockerite� are 
now recognized to be schwertmannite, and it was postulated by 
Bigham and Nordstrom (2000) that other phases, such as dense or 
amorphous basic ferric sulfate, may also be schwertmannite. 

Schwertmannite has been widely documented to occur in 
the Americas, Europe, Scandinavia, Korea, and Japan (Jamie-
son and Shaw 1995; Childs et al. 1998; Hudson-Edwards et al. 
1999; Lintnerova et al. 1999; Yu et al. 1999; Kawano and Tomita 
2001; Dold and Fontbote 2001, 2002; Dinelli and Tateo 2002; 
Kim et al. 2002; Zanker et al. 2002). Recently, schwertmannite 
was found to precipitate as an admixture with ferrihydrite in a 
zinc-reÞ ning process (Claassen et al. 2002) and in other hydro-
metallurgical residues containing precipitated iron (Zinck and 
Dutrizac 1998).

Bigham et al. (1994) state that schwertmannite formation 
is favored by sulfate levels of 1000�3000 mgL�1 in the pH 
range 2�4, with lower or higher pH promoting either jarosite 
or ferrihydrite/goethite precipitation, respectively. Schwertman-
nite is metastable with respect to goethite (releasing sulfate in 
the process), and under the right conditions, also with respect 
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ABSTRACT

Evidence from transmission electron microscopy (TEM) and electron nanodiffraction (END) pro-
vides a new understanding of schwertmannite, an iron oxyhydroxysulfate mineral. The ball-and-whisker, 
or �hedge-hog,� morphology of schwertmannite particles makes a complete structural interpretation 
difÞ cult, but no evidence for a �modiÞ ed� akaganeite structure was found in this study. END analy-
ses suggest that most schwertmannite whiskers have a structure consistent with the maghemite-like 
structural component previously described by Janney et al. (2000a) for ferrihydrite. Some sections of 
whiskers also contain the previously described highly disordered ferrihydrite structural component 
(Janney et al. 2000a), and more amorphous regions. Under certain conditions in an electron micro-
scope, schwertmannite particles transformed to crystalline cubic and hexagonal phases. During this 
process, sulfate and OH/H2O were ejected from the structure, conÞ rming sulfate to be structurally 
incorporated. The existence in schwertmannite whiskers of such structural components may seem 
unlikely, as it contradicts previous conclusions concerning the octahedral coordination of Fe3+ and the 
location of sulfate in the structure. It has been hypothesized, however, that the incorporation of OH/
H2O and sulfate may permit an octahedral coordination of Fe3+ in a cubic-close-packed arrangement. 
Unfortunately, the thickness of the schwertmannite aggregates precludes determination of whether 
they consist solely of whiskers (containing the maghemite-like/highly disordered/amorphous structural 
components) radiating from a central point or if a structurally distinct material resides within the core 
of these aggregates. This study provides a new perspective of the schwertmannite structure, and its 
relationship to ferrihydrite, as both contain similar structural components.




