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DISCUSSION

Discussion of glacial or non-glacial origin for the Bigganjarggatillite, Finnmark, northern Norway

M. B. Edwar ds comments: Of all the geological occur-
rences he had seen, this was the most remarkable and
revealing. For him it wasaspiritual place, and the journey
was a pilgrimage; he used this word himself This was
now the seventh time he was making this journey. Thus
wrote Rosendahl (1945, p. 22; my trandation from
Norwegian) about the geologist Sederholm. Decades
later, after dozens more publications of innumerable
additional outcrops, the ‘Reusch’s Moraine’ exposure
of upper Proterozoic glacid tillite resting on a glacially
striated pavement (Reusch, 1891) remains unique and
significant.

Writing about this exposure, Jensen & Wulff-Pedersen
(1996) concluded ‘ There is no evidence for glacia origin
or contribution for the diamictite materia’ (p. 137) in the
Bigganjargga tillite. This discussion explains why | dis-
agreewith their conclusions.

Jensen & Wulff-Pedersen are rightly concerned with
the surface that underlies Reusch’s Moraine. Instead of it
being a portion of a major regiona unconformity as sug-
gested by previous workers, they maintain that it is just
another bedding surface in an otherwise homogeneous
succession of sandstones. There seem to be two principal
reasons for their interpretation: (1) Crowell (1964)
expressed the same reservations, and (2) the sandstones
above and below the striated pavement ‘appear identical
to the observer’ (p. 141).

In this context, | believe it isimportant to note that Dr
Crowell made his severa hours of observations during
the course of an IGC excursion in 1960 to northern
Norway. No matter how prominent the observer was (I
know and admire Dr Crowell), | think it is inappropriate
toignoreor reject other geologists’ observations (many of
which were cited by Jensen & Wulff-Pedersen) that were
based on years of field and laboratory study. Perhaps the
most notable documentation (not cited by Jensen &
Wulff-Pedersen) is in the paper by Rosendahl (1945;
Rosendahl had previously published some of these obser-
vationsin his paper of 1931). Hisfigure 5 is a photograph
of the cross-bedded sandstone that underlies the diamic-
tite. In the figure caption he states: one sees erosional
cross-bedding in the sandstones in the older formation
(my trandation from the Norwegian). In the text,
Rosendahl wrote: this surface ... is truly the most well-
defined division between one geological formation and
the overlying one that is known on the Earth. An impres-
sive photograph is also presented by Siedlecka & Roberts
(fig. 7, 1992) that al so showsthe cross-bedded sandstones
below the diamictite, and gradua truncation of a sand-
stone bed towardsthe east (right in the figure).
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The contrast between the highly stratified, cross-
bedded and rippled shallow water sandstones (of the
Veinesbugten Formation) that underlie the diamictite,
with the medium to thick-bedded massive sandstones that
overlieit hasthus been noted by many workers. Extensive
modern descriptions of the former were provided by
Banks et al. (1974) and Hobday (1974) while descrip-
tions of the latter were provided by Bjarlykke (1967) and
Edwards (1975, 1984). In this connection it should be
noted that Jensen & Wulff-Pedersen’s references to the
Vadsg, Tanafjord and Vestertana groups comprise a
progress report (Banks et al. 1971) and an excursion
guide (Siedlecka & Roberts, 1992) instead of original
publications in which the results cited were first pre-
sented (a practice which they regrettably applied for
numerous other mis-citations in their paper). | conclude
that the contention of Jensen & Wulff-Pedersen that the
striated pavement is within the Vestertana Group is not
supported by the very substantial amount of work carried
out by several geologistsduring years of study.

A second key concern of Jensen & Wulff-Pedersen was
the degree of consolidation of the substrate at the time
that the surface was striated. There are a couple of points
that come under thistopic.

First, they erred in stating (p. 138) that a maximum of
600 m of the stratigraphy is missing at Bigganjargga. The
stratigraphic relationship between the Vadsg Group and
the Tanafjord Group was not resolved until later
(Johnson, Levell & Siedlecki, 1978 provide a useful
summary of the stratigraphy) than the three references
they cited (1937-1967); avalue of about 2 km missing is
more in accordance with the current knowledge of the
stratigraphy. The greater thickness provides more over-
burden for compaction and early diagenesis. A regiona
view of these stratigraphic relationshipsis presented in a
dip cross-section datumed on the base of the Mortensnes
Formation (Edwards & Fgyn, 1981). A map of the pre-
served thickness of Vadsg and Tanafjord groups below the
sub-Smalfjord Formation unconformity was compiled
from several sources (Edwards, 1984, fig. 3).

Second, their interpretation of the imprints (depres-
sions) is questionable. Their photographs of the imprints
(figs. 8 and 9) clearly show that the imprints are
much wider than the striations. If the substrate had been
unconsolidated when the striations formed, then the
striations would have been the same width as the clastsin
the diamictite, and would have had the appearance of
much wider grooves. The difference in size indicates that
the relatively wide imprints formed as a result of post-
depositional compaction of the sediments. Jensen &
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Wulff-Pedersen also described imprints on the striated
pavement west of the diamictite that they claim rule out a
post-depositional pressure solution mechanism (they do
not consider compaction as a possible mechanism for
imprint formation). | do not agree with this because this
area of the pavement is overlain by a lag conglomerate
whose pebbles could also have created imprints. To the
contrary, the preservation of striations up to 10 m to the
west of the diamictite suggests that the substrate layers
were not unconsolidated. (This also argues against the
substrate having been frozen, unconsolidated sand at the
time of erosion). A degree of consolidation isalso consis-
tent with occurrence of numerous sandstone clasts in the
diamictite.

Rounded grain shapes from the clasts and matrix of the
diamictite were used by Jensen & Wulff-Pedersen to
question the glacial origin of the diamictite. But studies
of diamictite textures from the Smalfjord and Mortensnes
formations consistently show aclose relationship in com-
position between the diamictite and the local substrate
(Edwards, 1984). Such an inherited texture is the norm
where glaciers flow over a readily eroded and commin-
uted substrate. Thus, the rounded sand grains in the
matrix were derived from glacial disaggregation of the
eroded sandstones. The observation of quartz over-
growths in both the substrate sandstones and the diamic-
tite matrix suggests that most of the cementation occurred
following deposition of the diamictite (Barrow in
Strahan, 1897, pp. 145-6). Thus the strata of the Vadsg
Group were variably consolidated and cemented at the
time of this erosional phase. Such variability is com-
monly seen in oil and gas wells in sedimentary basins.
Thus the presence of rounded sand grains in the diamic-
tite does not argue against aglacial origin.

Several other points deserve additional discussion.
Jensen & Wulff-Pedersen suggest (p. 141) that | mistook
aprotrusion of diamictiteinto an overlying sandstone bed
for a clast of diamictite. This is not consistent with my
documentation that shows the clast to be in the intertidal
zone of 1971. The outcrop may have changed since my
observation of 25 yearsago.

Jensen & WuIff-Pedersen suggest that sandy plugs in
the upper part of the diamictite represent rigid plugs
within debris flow (p. 143). Sandy inclusions are pre-
served in subglacial and supraglacial diamictites (see for
example Edwards, 1986), and can hardly be considered
diagnostic of adebrisflow origin.

Jensen & Wulff-Pedersen disagree that the northeast
part of the diamictite represents the termination of the
diamictite. The reason for suspecting atermination in this
direction is the clear onlap and pinch-out of sandstone
beds at this end of the outcrop (fig. 11 in Edwards, 1975),
inviting comparison with the opposite end of the outcrop.

In 1944 | had the privilege of revisiting Reusch’s
Moraine on an IGCP field trip to examine the Terminal
Proterozoic system of Finnmark, lead by Anna Siedlecka.
Thefeaturesthat | interpreted as inclined beds of flow till
(Edwards, 1975, fig. 10) were aternatively interpreted as
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surfaces of shear in a basa till (Grant Young, pers.
comm.). The orientation of these features is consistent
with glacial flow toward the northwest.

Toward the end of their article, Jensen & Wulff-
Pedersen (p. 143) make two related provocative state-
ments: ‘...the geological evidence at the Bigganjargga
site is not adequate to constrain the history of this mater-
ia’ and ‘Why are fragmentslocally derived in diamictites
regarded as deposited from regional glaciations? To the
first | reply that there is no need to limit our understand-
ing of the site exclusive of its context, any more than we
would expect a geologist studying a sample of
Pleistocene glacial diamict to argue that the sample in
itself contains no conclusive evidence for glaciation and
therefore there is no reason to interpret the sample in a
glacial context. Regarding the second statement, locally
derived fragments are typical of many Pleistocene glacial
tills. Closer reading of the literature on glaciated soft-
rock terrains such as North America and the North Sea
would provide them with a better appreciation for this.

In conclusion, the avail able evidence strongly supports
the existence of a glacially-scoured palaeovalley at the
present site of Varangerfjord (Bjarlykke, 1967). The
Bigganjargga exposure is the smallest one of several out-
crops. The other outcrops do not display a dramatic stri-
ated pavement, but they do show critical stratigraphic
relationships between the Vadsg and Vestertana groups
(for examples at Mortensnes. Siedlecka & Roberts, 1992,
p. 18; and at Skj&holmen, Mortensnes and Vieranjarga:
Edwards, 1984, pp. 5-13), and critical facies relation-
ships within the Vestertana Group (Bjerlykke, 1967;
Edwards, 1975, 1984) that cannot be ignored when inter-
preting the Bigganjargga exposure. The striated pavement
at Bigganjargga is part of the regional erosional uncon-
formity at the base of the Vestertana Group. If Jensen &
Wulff-Pedersen maintain that the Bigganjargga diamic-
tite is within the Vadsag Group, then they ultimately will
be expected to offer their own interpretation of where the
regional unconformity is located stratigraphically and
geographically between the diamictite and the Nyborg
Formation (undeniably Vestertana Group) outcrops in
inner Varangerfjord.

P. A. Jensen & E. Wulff-Pedersen reply: The principal
basisfor our interpretation of the Bigganjargga diamictite
liesin the numerous pieces of evidence for anon-consoli-
dated basement. We will therefore first comment on
Edwards' discussion of thistopic. Edwards find our inter-
pretation of the imprints on the sandstone substrate
underlying the Bigganjarggatillite to be questionable. He
claimsthat if the substrate had been unconsolidated when
the striations formed, then the striations would have been
the same width asthe clastsin the diamictite. Firstly, both
clasts, imprints and grooves come in different sizes, we
have only in one case been able to refer a striation to a
particular clast (or imprint of clast). Secondly, the fact
that debris flows are literally ‘floating’ on the substrate
due to the hydrostatic pressure at the base of the flow, the
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clasts are expected to erode more deeply into the sub-
strate when the flow ceases. Thiscan beseeninfigure9in
Jensen & Wulff-Pedersen (1996) when a striation end in
an imprint. Clearly, we cannot agree with Edwards' claim
that imprints should necessarily be of the same width as
the striations. We also consider it impossible to make dis-
continuous striations that end in imprints by any sort of
compaction processes or later pressure solution mecha-
nisms. We have considered compaction processes as a
possible mechanism for imprint formation on page 142
in the original paper. We fail to see why striations on a
non-consolidated substrate, now 10 m to the west of the
diamictite, could not have been preserved as long as both
cross-beds and ripple marks are preserved in the same
sequence. The fact that both the diamictite and the sub-
strate show similar diagenesis can only be used as support
for both being of the same age and consolidated at the
sametime.

The debris flow origin is further strengthened by the
fact that the diamictite incorporates sandy material
identical to the underlying basement. In addition, the
Bigganjargga diamictite is characterized by random ori-
ented fragments, some vertical to bedding, and clear flow
structures, indicating movement from the northeast, con-
sistent with both striations and imprints. These features
aretypical for debrisflow. In our opinion, the case for the
Bigganjargga diamictite as a debris flow formed on an
unconsolidated basement is as good asthey come.

Edwards criticizes our use of references. Edwards him-
self relies heavily on some very old references, that are
far from today’'s standards, as support for the glacia
interpretation. The reason we used Siedlecka & Roberts
(1992) as source for the regiona stratigraphy is because
thiswork is an up-to-date overview of the stratigraphy in
aregional sense.

We do not reject earlier workers observations. We just
don't agree with their interpretations. The problem with
most earlier worksis that they do not discuss the origin of
the diamictites, but simply state that they are glacial.
Rosendahl (1945) clearly observed a spectacular erosional
unconformity at the base of the diamictite, as will anyone
who interpret the diamictite as atillite. However, thisis a
highly theory-laden observation based more on what the
interpretation implies than on what is actually observed.
There is, however, little doubt that there is an erosional
unconformity beneath the diamictite. This is hardly sur-
prising since the diamictite has eroded into the basement
and even incorporated some of the basement materia into
the diamictite. However, the unconformity is not possible
to identify outside the diamictite lens. The unconformity
is no more spectacular than the many unconformities in
the underlying sandstone basement due to cross-bedding.
Hence, it could be argued that the unconformity is just
another bed surfacein the succession.

It is necessary to invoke a large-scale unconformity
beneath the diamictite if the striations are interpreted as
glacial and the Bigganjargga diamictite is correlated with
other diamictites. The removal of 600 m or 2 km of the
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stratigraphy is therefore to a large extent an ad hoc
hypothesis, necessary in order to explain glacial striations
in an apparently continuous sedimentary sequence and
for regional correlation. However, if the diamictite is
non-glacial, correlation with other diamictites is not
necessarily correct. Hence, the need to remove 2 km of
the stratigraphy may therefore be a product of miscorre-
lations. We do not dispute the existence of an erosional
unconformity between the Vestertana and the Vadsg
groups. However, we do not think it is present at
Bigganjargga.

We agree with Edwards that neither rounded grain
shapes or sandy plugs can be considered diagnostic of a
debris flow. However, they are both consistent with our
interpretation of the diamictite as alocally derived debris
flow.

Edwards claims that locally derived fragments are
typical for many Pleistocene glacia tills. However, the
loca nature of fragments is symptomatic for the
Neoproterozoic diamictites in Finnmark and northern
Troms county. On alocal scale, diamictites nearly always
show fragments derived from nearby sources. Source
rocks to fragments can usually be found within aradius of
afew kilometres. Basement rocks identical to the gneissic
and granitic blocks contained in the Bigganjargga diamic-
tite, can be found in outcrop at Karlebotn, a few kilome-
tres away from the diamictite. It is reasonable to assume
that these rocks underlie the Bigganjargga site as well.
The dark sandstone fragments show similarities with part
of the ‘ older sandstone series' (Vadsg Group) described by
Holtedahl (1918) from the north side of the Varangerfjord.
According to Fayn (1937), part of the diamictite in the
Smalfjord Formation in the Tana area consists in some
cases exclusively of dolomite; erratics as well as matrix.
Fragments in diamictites in the Repparfjord—-Komagfjord
tectonic window in western Finnmark consist of rocks
derived from the Proterozoic basement exposed in that
window (Pharaoh, 1985). In a diamictite outcrop in the
southern part of this window the author has observed a
diamictite outcrop where the fragment material is exclu-
sively derived from the underlying, early Proterozoic
arkosic sandstone, athough four other basement litholo-
gies are exposed within a radius of less than 1km.
Similarly, Holmsen (1956) describes what he calls a
‘greenstone morain€’, near Masi, which lies directly on a
greenstone substrate. Less than 1 km west of thislocality,
Holmsen (1956) reports a diamictite, resting on a
quartzite substrate, where fragment material consists
amost exclusively of quartzite. These features indicate
that the sources for the clast material are almost point-like
in nature. This is more in agreement with an aluvia
fan—debris flow origin of the diamictites than regional
glaciations. A non-glacial environment may also better
explain the pronounced chemical weathering with kaolin-
iteand illite formation, in the basement rocks beneath the
Neoproterozoic succession, and also the reported occur-
rences of evaporite deposits in several levels within the
Neoproterozoic succession.
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