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Miocene fluvial sands from an outcrop at Voervadsbro in central Jutland were studied to assess 
the Fe-Ti oxides and their alteration products forming during a warm, humid climate and under 
the influence of scattered organic material. The opaque minerals and their alteration products 
were investigated by optical light microscope, reflection microscope, microprobe, scanning 
electron microscope and X-ray diffraction. The detrital Fe-Ti oxides consist of, in decreasing 
order, ilmenite, titanomagnetite, magnetite, rutile, hematite and silicified leucoxene. Degradation 
of organic matter created mildly reducing and neutral-acid conditions under which the Fe-Ti 
oxides (ilmenite, titanomagnetite, magnetite and hematite) were unstable. Ilmenite has a 
three-step alteration process: ilmenite ➔ pseudorutile ➔ fine leucoxene ➔ coarse leucoxene 
(single crystals of rutile or anatase). Alteration of titanomagnetite commonly resulted in coarse 
leucoxene in a trellis texture. Alteration of ilmenite lamellae in titanomagnetite is typically 
complete, probably because of their small size compared to ilmenite grains. Colloidal leucoxene 
is an alteration product of ilmenite and titanomagnetite. The formation of colloidal leucoxene 
seems to be related to organic matter or elements associated with it. Magnetite has been partly 
dissolved, preferentially around the rim and along fissures. Hematite is rarely a detrital grain 
due to intensive dissolution, and the exsolution lamellae of hematite are invariably more altered 
than the ilmenite host. 
Oxidising conditions prevailed locally e.g. in coarse-grained foresets without organic material and 
at the atmospheric interface of bogs. In this environment dissolved iron (originating from the al
teration of Fe-Ti oxides) precipitated mainly as goethite. 
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Titanium-bearing minerals are of major interest as 
potential exploitable ores. The degree of alteration of 
Fe-Ti oxides is important since it increases the tita
nium content in the minerals, thereby decreasing the 
extraction costs. Furthermore, the alteration products 
of Fe-Ti oxides are important environmental indica
tors, and as such they have been used for uranium 
and petroleum exploration (Yurkova 1970; Prozo
rovich 1970; Adams et al. 197 4; Reynolds & Goldhaber 
1978). 

Geological setting 

During the Cenozoic there was a large basin in the 
north-western part of Europe: the North-west Euro
pean Basin. This basin was flanked to the north-east 
by the Fennoscandian Shield and the Baltic Platform, 
to the south by the Variscan Massif and to the west 
by the Pennine Highs and the Scottish Highlands (Fig. 
1; Bijlsma 1981; Ziegler 1987, 1990). The North-west 
European Basin consisted of the North Sea Basin and 
the North German-Polish platforms (Bijlsma 1981; 
Ziegler 1990). The Baltic River System supplied ma
terial from the Fennoscandian Shield and the Baltic 
Platform to the basin (Bijlsma 1981). In the Miocene, 
central Jutland was consequently the site of braided 
fluvial and lacustrine deposition (Rasmussen 1961; 
Hansen 1985; Weibel 1993). These deposits are referred 

The purpose of this paper is to describe the differ
ent Fe-Ti oxides present in Miocene fluvial deposits 
in central Jutland, Denmark (Fig. 1), the alteration 
processes, that were active after deposition, and the 
alteration products of different detrital Fe-Ti oxides 
formed in a warm, humid climate under the influ
ence of scattered organic material. 
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