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Pyrite crystals in the phyllite-greenschist formation at Varntresk, Röss
vatn, N. Norway, are strongly deformed according to the local stress
fields,

and later

replaced

volume-for-volume

by

cryptocrystalline

aggregates of lepidocrocite (y-FeO(OH)) and goethite (a:-FeO(OH)).

During geologkal investigations in the Caledonian orogenie zone of North
Norway, numerous loose, pseudo-isometric, and apparently trielinie crystals
were found at Varntresk east of Rössvatn. (The general geology of the area
is outlined in Fig.

1.) The crystals, having a size up to l cm or more across,

are somewhat lustrous, dark brown, and with a light brown streak. Ordinarily
they show striated crystal faces of the type common in pyrite cubes.
The crystals occur among the heavy minerals in stream deposits in Gull
steinbekken ('Gold Stone Creek'), a local name alloding to the golden
lustre of the crystals. A few of the crystals were found embedded in small
water-worn fragments of phyllite or greenschist (Fig.

2), thus indicating that

they originated from the phyllite-greenschist formation which crops out near

by. Many of the crystals exhibit imprints of the linear elements of the
metasediments.
The shape of the crystals varies, hut they all look like cubes which have

been variously deformed (Fig. 3); some are tabular and some elongated,
showing edge ratios of 12:10:2 and 9:2.5:2, respectively. The majority,
however, have edge ratios approximately l: l: l or 2:2: l. The arrgles between
the primary (100) faces have been observed to deviate as much as 20°
from 90°.
The crystals consist of lepidocrocite ('rubinglimmer'), which is the ortho
rhombic y-FeO (OH), together with a minor amount of goethite (a-FeO (OH).
The X-ray powder pattem corresponds to lepidocrocite and goethite, the
lines of the latter being much less intense. The X-ray diffraction exposures
are identical with that of lepidocrocite from Easton, Pennsylvania, used as
type material by Neumann & Sellevoll

(1955), indicating that the Baston

material is also composed of two mineral phases.
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Fig.l. General geology around Varntresk, Nordland, N. Norway. Key map of Norway inserted.
High-metamorphic rocks of the Rödingsfjell nappe overlie low-metamorphic rocks in the
Varntresk area, the latter consisting of marbles and phyllite-greenschist formations with beds
of gabbroic and ultrabasic rocks. The Rödingsfjell thrust zone proper mns into the lake Röss
vatn at the Varntresk peninsula, but probably all the rock formations as far south as the
secondary thrust zone have been involved in the thrusting. Thus the deformed and chemically
altered pyrite cubes have formed in a highly tectonized zone.

In the central part of a few of the larger crystals, some tiny, irregular
spots of pyrite 'floating' in a dense matrix were identified by eye. Optical
investigations reveal that this matrix consists of an intimate and, in part,
regular intergrowth of cryptocrystalline geothite, and lepidocrocite. The iron
oxides contain inclusions of colourless mica, quartz, and in some cases
pyrite, and traces of other iron ore minerals. The FeO(OH) is clearly a
pseudomorph of pyrite (indicated by the pseudo-isometric appearance of the
crystals and the striated crystal faces).
To transform pure pyrite of density 5.01 gfcm3 volume-for-volume to
lepidocrocite (4.09 gfcm3), and goethite (4.3 gfcm3), all sulphur has to be
extracted, while all oxygen and hydrogen have to be added, together with
some iron. Nevertheless, in the present case, quantitative calculations on
the chemical exchange should not be carried out because the alteration pro
duct is a mixture of two minerals containing sicate minerals like those of the
host (phyllitic) rock. If one assumes, however, that the alteration process takes
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Fig. 2. Lepidocrocite and goethite pseudomcrph after deformed pyrite cube in weathered green
schist fragment (4 cm Iong).

place until all the iron of the pyrite is used up, and no iron is added, an
isometric replacement of pyrite to a cryptocrystalline mass of lepidocrocite
and goethite would leave some interstitial room, which may be occupied
by other (and lighter) minerals. Consistent with this hypothesis is the
measured bulk density of the pseudomorphs from Vamtresk, 3.84 gjcm3,
which is considerably less than the theoretkal densities of lepidocrocite and
goethite crystals.
Lepidocrocite was Iong considered to be identical with goethite, but
X-ray studies have shown the separate identity of the two minerals (Böhm
1925, Ewing 1935, Deer, Howie, & Zussmann 1962, the Jast paper with an
extensive reference list).
Like goethite, lepidocrocite occurs typically as a weathering product of
iron oxides and sulphides. They are both constituents of limonite, an
alteration product which may be observed in all kinds of rocks. While
goethite is very common, lepidocrosite is reported relatively rarely.
Checks on material in the collections of the Mineralogical-Geological
Museum showed that brown pseudomorphs from Brazil, quite similar to
those from Vamtresk and labelled brown iron oxide ('brunjemsten'), were
composed of goethite intermixed with small amounts of lepidocrocite.
Coexistence of lepidocrocite and goethite within the same pseudomorphs
seems, therefore, not uncommon. Probably many limonite occurrences,
if X-rayed, will tum out to consist of a mixture of goethite and lepidocro-
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Lepidocrocite and goethite pseudomorphs after flattened (upper two ) or elongated
(lower nine) pyrite cubes (x 2).
Fig. 3.

cite. but X-ray investigations of other Norwegian brown iron oxides in the
Museum's collection gave only goethite.
Investigation

of

the

poorly-exposed

phyllite-greenschist

formation

at

Vamtresk revealed that certain horizons contain local accumulations of
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Fig. 4.

Oblique pseudomorphs after pyrite cubes (x2).

crystals identical in externa} form with the brown pseudomorphs in Gull
steinbekken nearby, but showing no visible signs of FeO (OH)-pseudo
morphism. All the pyrite crystals inspected in situ were entirely fresh and
unweathered. This means either that the exact source of the pseudomorphs
has not been found and that the physical conditions favouring pseudo
morphism have varied from place to place, or that pseudomorphism has
taken place after the deformed pyrite crystals have been removed from the
rock by erosion. The sharp edges, the weil-preserved striations on the crystal
faces, and the fact that some pseudomorphs are found embedded in rock
fragments indicate, however, that the alteration to lepidocrocite and goe
thite is earlier than the transportation and deposition of the crystals. The
alteration may be referred to a general retrograde metamorphism of the
area, or, more probably, to supergene processes.
The fresh but deformed pyrite crystals found in situ were seen to be
oriented with their longest axes paraHel to smali-seale crenulations and
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general mineral lineation of the low metamorphic rocks. While the longest
axes of all the crystals are oriented paraHel to the local tectonic b-axis, the
intermediate axis of the tabular crystals is roughly parallel to tectonic a, and
the shortest axis parallel to tectonic c. The skewness of the crystals suggests
that the pyrite has not grown directly as flattened and elongated crystals,
but that growth and deformation have taken place contemporaneously.
The actual shape of the individual crystals - elongated, tabular or oblique
- is, therefore, probably a function of the crystal's position relative to
the tectonic axes during the formation.
The roughly east-west mineral orientation of the Vamtresk area is parallel
to the axial direction of tightly pressed similar-type folds. This structural
pattem has been superposed by macroscopic to regional open folds with
about north-south trending axes. The late movements have folded the Rödings
fjell thrust zone, but have not affected the small scale lineation defined by
the linear arrangement of elongated pyrite crystals in the phyllite-greenschist
formation.

One may summarize the history of the crystals at Gullsteinbekken as
follows:

l. Pyrite crystals grew syntectonjcally in the phyllite-greenschist formation
at Vamtresk at an early deformational phase. The crystals were flattened and
elongated according to the local stress field with the longest axis of the
deformed cubes parallel to the tectonical b-axis, and the shortest axis paral
lel to tectonic c-axis.

2.

At certain places the deformed pyrite crystals were replaced in situ

almost volume-for-volume by cryptocrystalline aggregates of lepidocrocite
and goethite, in some cases leaving tiny spots of pyrite within the pseudo
morphic products.

3. The phyllite-greenschist formation was eroded and the more or less
deformed pseudomorphs were carried away and concentrated in the heavy
mineral fraction.

Mineralogisk-Geologisk Museum,

Universitetet i Oslo, Sars gate l, Oslo 5, Norway
11th December 1968
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