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In Norway the bedrock generally is glacially polished with no appreciable signs of weathering. Little is
known about the thickness, age and composition of the weathered regolith that overlay these areas in
preglacial time. Occurrences of isolated pockets and smaller areas of deeply weathered rocks appear,
however, to be widely distributed in Scandinavia.
Mineralogical and chemical analyses of material selected from three in situ weathered gabbroic and
granitic rocks are investigated. The clay fraction of a weathered amphibolite is characterized by a high
smectite content, while the granitic material contains nearly pure gibbsite in the clay fraction.
The high gibbsite content in particular, but also the distribution of smectite and kaolinite, suggest the
weathering to have occurred in a warm humid climate. This indirectly dates the weathering back to pre
Quaternary time.
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In Norway the bedrock is generally glacially pol
ished with no appreciable signs of weathering.
Little is known about the thickness, age and
composition of the weathered regolith that over
lay these areas in preglacial (pre-Quaternary)
time. This old regolith was largely removed by
glacial and fluvial action during the Quaternary
glaciations and was to some extent incorporated
in tills and other glacial deposits. Occurrences of
isolated pockets and smaller areas of deeply
weathered rocks appear, however, to be widely
distributed in Scandinavia. These may represent
the least altered basal parts of the preglacial
weathering profiles. The remnants of weathering
may consist of gravelly sand, or whitish, or yel
lowish to red clayey material, rich in quartz,
smectite and hydromicas, but also kaolinite, alu
minium and ferroxidelhydroxides and siderite
(Reusch 1878, 1903, Goldschmidt 1928, Låg
1945, Isachsen & Rosenqvist 1949, Gjems 1963,
Englund & Jørgensen 1975, Roaldset 1978, Man
gerud et al. 1979). This composition is in accord
ance with similar occurrences recorded in other
glaciated areas (Kaye 1967, Feininger 1971,
Wang et al. 1981, Watts 1981) and with the·
generalized schemes proposed for weathering of
crystalline rocks (Keller 1957, Ronov & Mig
disov 1965, Chesworth 1973). From northern
Norway Sturt et al. (1979) described a buried
kaolinite-weathering profile of probable Car-

boniferous age, and Gjelsvik (1956) reported on
malachite and limonite bearing oxidation zones
of copper deposits, assuming the weathering to
be preglacial.
Available evidence indicates deep chemical
weathering to occur in humid temperate and hu
mid sub-tropical climates in areas being tectoni
cally stable over long periods of time (e.g. Ronov
& Migdisov 1965, Ollier 1969).
Observations in northern Europe outside Fen
noscandia show that deep-reaching chemical
weathering in situ may be attributed to a pre
Pliocene time (e.g. Fitzpatrick 1963, Storr 1975).
Weathered gneisses in the coastal areas of
western Norway have been taken as evidence of
non-glaciated areas during the Quaternary (Dahl
1954, 1955, 1961). Later investigations indicate
that at least some of these locations Iie within the
extension of the Weichselian ice sheet (R. Dahl
1972, Mangerud et al. 1979).

Description of the investigated
localities

Vågsøy
Near Movatna at Vågsøy there is a pit for road
material in weathered gabbro (Fig. 2). The weath
ering is more than 5 m deep and exhibits a gradu-
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Fig. l. Investigated weathering remnants preserved on top of mountains: Gamlemsveten, Stad and Vågsøy. Inset map shows the
location in Norway.
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Fig. 2. Outcrop of weathered gabbro, Vågsøy. Note the corestones and the erratic blocks of augen gneiss on top of the profile.
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al transition into unweathered rock. In the weath
ered material, the original bedrock structures are
still preserved, and nearly unweathered core
stones are frequent. Down-slope bending of the
structures occurs at a few places near the surface,
indicating solifluction or creep. On top of the
section there is a thin till or solifluction layer with
large boulders of erratic augen gneisses.
The described section is situated about 300 m
a.s.l., at the foot of the south-eastem slope of the
mountain Mehuken, 433 m a.s.l. At the top well
preserved glacial striae of NW-direction are
found beneath a thin cover of unweathered till
(Larsen & Longva 1979, Mangerud et al. 1979).
This is a regional direction of the last glaciation.
It is therefore obvious that the weathered site, at
least once, has been covered by an ice-sheet, and
probably as late as 13,�18,000 years ago.
From the described section a large number of
samples from different depths, across corestones,
etc. are studied (Fig. 2).

Preglacial weathering
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The mountain Kjerringa, 497 m a.s.l., on the
peninsula Stad is bounded by huge, vertical diffs
formed by recent wave action. According to Lar
sen & Longva (1979) and Mangerud et al.
(1979), the plateau around the top is covered by
an up to 10 m thick sediment layer, consisting of
in situ weathered granitic gneiss overlain by basal
tills and solifluction deposits. They also demon
strated gibbsite to be the dominant mineral in the
day fraction of the weathered bedrock, and
therefore conduded that the weathering is of
pre-Quaternary age. The samples presented in
this study were collected 438 m a.s.l. during a
short excursion during the spring of 1980. Even
though the pit was dug dose to that presented in
Mangerud et al. (1979, Fig. 5), it was difficult to
correlate the upper beds, because the till and
solifluction sediments were mainly derived from
the underlying weathered bedrock. Without a
dose examination, all beds therefore have a simi
lar appearance. The samples were collected in a
vertical sequence (Fig. 3).
Gamlemsveten

The upper parts of this 791 m high mountain are
covered by a blockfield of granitic gneiss (Sollid
& Sørbel 1979). There are large block polygons
outside the blockfield and solifluction lobes on

Fig. 3.

Sections through the deep-weathered soils at Stad to

gether with the stratigraphic interpretation.

the slopes. Three samples from a small section
from a solifluction lobe have been examined in
this study. Later L L. Kristiansen & J. Mangerud
(pers. comm. 1981) made four deep excavations
through the blockfield, solifluction lobes etc. on
Gamlemsveten, but these samples have not yet
been examined.

Methods

Laboratory analyses induded grain size analysis
by conventional sieving and settling methods, X
ray diffraction analysis of untreated, glycol
saturated and heated samples (220°C, 450°C)
and, in a few cases, analysis of selected HCI
treated samples. Major elementa! composition of
silt and day samples was determined by X-ray
fluorescence and atomic absorption. Optical and
scanning electron microscopy (SEM) of selected
samples were induded. The minerals identified
according to Brown (1961), Brindey & Brown
(1980) with further reference to Snall et al.
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The obtained grain size characteristics corre

include: smectite, vermiculite, ordered

(11.7Å), disordered vermicu
lite-illite (11.9Å), chlorite-smectite, chlorite
vermiculite, illite (lOÅ), chlorite, kaolinite, am

vermiculite-illite

phibole,

K-feldspar,

plagioclase,

spond to data published by others for the pro

1960,
1979).

ducts of gabbro weathering (Holtedahl
Clement & Kimpe

1977,

Clement et al.

gibbsite

(4.85Å, 4.39Å) and goethite (4.18Å, 2,69Å).

Mineralogy
Weathered gabbro at Vågsøy.- Characteristic X
ray diffractograms of the clay and silt fractions

Results

are shown in Fig.

Average grain size distribution curves are shown

5.

The clay fraction mainly

consists of vermiculite and vermiculitic mixed

The granitic and gabbroic weathered

layer minerals, hydrobiotite (illite) , smectite, and

soils both have very low fine silt and clay con

trace amounts of plagioclase, amphibole and

tents, although the weathered granite is slightly

quartz.

in Fig.

4.

enriched in the fine sizes relative to that from the

The silt fraction contains the same minerals

gabbro weathering. The clay content were in all

except for higher contents of plagioclase, quartz

samples below

and amphibole as well as of vermiculite, while

14.4% for

2%. The average silt contents are
8.5 and 9.7%

gabbroic samples, with

the smectite contents is lower. A weak reflection

9.2Å

is observed for a few samples and may

for the granitic ones from Gamlemsveten and

of

Stad respectively.

represent zeolite or a tale-like mineral. Illmenite

The material is poorly sorted with a median
diameter in the medium to coarse sand fraction.
A slight increase in median grain size with depth
is recorded.

is the main heavy mineral; the magnetite content
is low.
The relative distribution of the various minerals
change unsystematically with depth. This may

(1982)
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X-ray diffractograms of the < 63 J.lffi (teft ) and <

2 J.lm fractions (right)

reflect inhomogeneities in the parent material.
However, a slight downward increase in smectite
contents may originate from downwashing of
fine-grained particles from higher levels.
Weathered gneiss at Stad. Characteristic X-ray
diffractograms of the clay and silt from weath
ered gneiss and overlying sediments are shown in
Fig. 6.
The less than 63 �-tm fraction of the solifluction/
tillitic layer at Stad (Fig. 6) gave a variety of
reflections indicating the presence of vermiculite,
regular illite-vermiculite minerals (illite ca.
30%), illite, gibbsite, goethite, K-feldspar, pla
gioclase, quartz and amphibole. Chlorite and
kaolinite are only found in trace amounts. The
silt fraction in addition contains feldspar and am
phibole. The sediments on top consist of imma
ture, glacial abraded tillitic material mixed with
weathered material by solifluction.
A drastic change in mineralogy occurs at 1.5 m
-

from the weathered gabbro matrix, Vågsøy.

depth and coinCides with the lithological break
between weathered soil below and tillitic/solifluc
tion material above. The occurrence of quartz
and gibbsite together, for the sediment as a
whole, reflects a non-equilibrium state, while lo
ca!, mosaic equilibria may well exist (Chesworth
1975).
The X-ray diffractogram for the less than 2 �-tm
of the in situ weathered granitic gneiss (Fig. 6)
shows the material to consist mainly of gibbsite,
which upon heating becomes X-ray amorphous.
Minor amounts of goethite, smectite, illite,
mixed-layer minerals and plagioclase could be
observed.
The silt fraction of the weathered granitic
gneiss contains up to 45%, and the clay fraction
up to 80 to 90% gibbsite.
Solifluction soil (weathered) at Gamlemsveten.
These samples have similar mineralogical com
position as the solifluciton/tillitic layer at Stad,

-
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except for somewhat higher contents ofillite and
mixed layer minerals.

Scanning electron micrographs (SEM)
SEM-photographs of the of the 2-6 t-tm fraction
of the weathered soils are shown in Figs. 7 and 8.
The weathered gabbro matrix (Fig. 7) is rich in
smectite and also contains some plagioclase and

amphibole. The feldspar grains may have smooth
surfaces with no apparent signs of weathering.
However, by going into detail, feldspar and am
phibole crystals may exhibit etched or corroded
features. The corroded feldspar surface is similar
to features described by Keller (1978) for an
early stage of feldspar weathering.
The weathered granitic gneiss matrix (Fig. 8) is
characterized by authigenic gibbsite crystals. It

Preglacial weathering
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F�g. 7. SEM p� otographs of weathered gabbro (samplc M 19, fraction 2- 6 f!ID). A: Smcctite rich matrix. B: Feldspar erystal (left)
with no clear signes of dissolution. C: Partly dissolved amphibole crystal. D: Pitted (corroded) feldspar crystal.

contains aggregates of goethite and minor
amounts of smectite, kaolinite and illite. The
Al- and Fe-rich phases are confirmed by SEM
combined with spectrographical methods.
The pseudohexagonal gibbsite grains contain
Al- 90% and Si- 10%.

Al203 < Fe203 < SiOz; Si02 being the most mo
bile element.
According to Chesworth (1977) this mobility
range may reflect the following sequence of min
eral assemblages:
quartz

Chemical composition
The weathered gabbro matrix shows minor
chemical changes with profile depth. K20 is
slightly depleted in the upper part which may
reflect the weathering of three-octahedral phyllo
silicates. Al203 and Fe203 are slightly enriched
in upper parts of the profile as the more mobile
components have been selectively leached.
The relative changes with depth of the < 63
Jlm fraction from Stad are illustrated in Fig. 9.
The Al203 content increases from 19% in the top
sample to 37% at the base. The iron content is
rather constant, while silica is removed by leach
ing. The observed variations suggest a relative
mobility range:

+

kaolinite gibbsite
�

+

�

+

gibbsite
�

+

�

gibbsite

kaolinite goethite kaolinite goethite
goethite
goethite
of which the Stad weathered gneiss has reached
the gibbsite stage.
The analyses of the different samples are plot
ted in a Alz03- (Fe203 + MgO) - (K20 + Na20
+ CaO) triangular diagram (Fig. 10). The high
alumina content of the Stad and Gamlemsveten
samples, and the higher iron content of the
Vågsøy samples, are reflected in their position in
the diagram. This may reflect different parental
material, gneiss and gabbro, and/or varying
leaching conditions.
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Fig. 8. SEM photographs of authigenic gibbsite and goethite from weathered granitic gneiss, Stad. A: Gibbsite rich material
(sample S 11). B: Gibbsite crystals with pseudohexagonal form (sample S 11). C: Goethite aggregates and scattered gibbsite
crystals (sample S 3). D: Fibrous goethite and gibbsite crystal (sample S 3).
RELATIVE

CHANGE (%)

Weathering reactions

Based on the above data the following weather
ing reactions are considered to have occurred:

Gabbro weathering
0,5

1,0

1,5

2,0

Fig. 9. Vertical variation in Ah03, Fe203 and Si02 contents
with depth, Stad (fraction < 631J.Ill) .

Amphibole---'> chlorite + vermiculite (cf. Bas
ham 1974, SnaU et al. 1979).
2. Plagioclase ___,. smectite
feldspar�amorphous material�l:l clay mineral
H
2:1 clay mineral
(smectite)
(Briner & Jackson 1970)
3. Biotite---'> mixed layer minerals---'> vermiculite
(Reynolds 1971, Farmer & Wilson 1970,
Farmer et al. 1971)
l.

Gneiss/granite weathering
l. Feldspar---'> kaolinite---'> gibbsite
2: Fe-rich minerals-goethite + silicates
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The textural, mineralogical and chemical data
suggest the gabbro and granite to have weath
ered in situ. The high gibbsite content in particu
lar, but also the distribution of smectite and kao
linite, strongly support the assumption of lateri
tic/bauxitic weathering in a warm and humid eli
mate. At this latitude ( 62° N) favourable condi
tions have not been prevailing since Late Terti
ary.
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