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Fig.9.Conglomerates in the Risgy Formation.A) Type 1 (way up towards the right); B) Type 3;C) Type 4 (Table 1). Note that clasts are rotated into the 52
foliation (N-S in the photograph).

Table 1.Conglomerate facies within the Risey Formation.

FACIES

DESCRIPTION

INTERPRETATION

Type 1
conglomerates

Clast-supported, packed, essentially medium to well sorted, upward- fining
sequences towards intercalated sand and grit layers. Upward- coarsening
beds are seen locally. Conglomeratic channels.The sandy and gritty subfacies
are massive, crudely bedded or laminated, the latter in the upper parts of the
sand layers. Unidirectional clast imbrications occur at the tops of some beds.

Braided stream conglomerates

Type 2
conglomerates

One 6-metre thick, lenticular bed which erodes underlying type 1
conglomerates. Clast to matrix-supported, poorly sorted, shows no obvious
grading and contains isolated, large blocks up to 60 cm in diameter surrounded
by cobbles and pebbles of varying sizes.

Highly viscous deposit, probably of
subaerial mass-movement origin
(Nemec & Steel 1984).

Type 3
conglomerates

Tabular conglomerate beds (<1 m) intercalated with sand and/or schist. Clast-
to matrix-supported, poorly sorted, but commonly with increasing matrix
content from bottom to top. Both upward fining and coarsening is seen

(the latter is most common), and clasts are essentially angular.

Subaqueous mass-movement

Type 4
conglomerates

Gritty conglomerate, minor pebbly beds. Layers are well sorted

(although single pebbles of larger size can occur), clast supported, packed

and laterally persistent. Pebbles are essentially well rounded. Intercalated sand
and pelitic layers are usually thinner or of the same thickness as conglomerate
layers, commonly with clasts. No grading is seen. Upwards, this facies grades into
conglomerates with carbonate matrix (no interpretation of sedimentary
structures has been possible) or sericite schists.

Beach conglomerates
(based on criteria described by Clifton (1973)
and Kleinspehn et.al.(1984))
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Table 2. Pebble population in polymict conglomerates at different localities in the Bolvaer area. X = present, XX = abundant, XXX = frequent.

* Ultramafics include actinolite-rich rocks.

SOURCE ROCKTYPE NORTH FLAT@Y SOUTH FLAT@Y RIS@Y LILLE ESJE@Y ESJEQY STOR@Y

The Bolveer Ultramafics* XX XXX XXX

Complex and Gabbro XX XX X

associated Amphibolite X XX

rocks Chert X X X

Weathering profile  Magnesitic carbonate XX X X X

Meta- Psammite XXX XXX XXX X XX XX

sediments Quartzite XXX XXX XXX XXX XX XX
Calc-silicate schist X

Other Vein quartz XX XX XX XX XX XXX

Lille Esjepy this facies and possibly subaerial mass-move-
ment conglomerates occur, while the third type is most
common on Esjegy.The beach-type conglomerates are seen
on Storgy, where they grade laterally into coarser conglom-
erates of the former types.

In common with the fine-grained clastic sediments, the
conglomerates are derived from several sources. A study of
the pebble populations is summarised in Table 2.

Not surprisingly, the Bolveer Complex is commonly pre-
sent in the pebble population. Additionally, clasts of ‘cotic-
ule’ chert containing very fine-grained, pink spessartine are
quite abundant.These rocks are not observed in the Bolvaer
area, but similar rocks are found on the mainland farther to
the east, occurring as thin bands in amphibolites (Heldal &
Hjelmeland 1987), possibly representing an up-sequence
part of the ophiolite pseudostratigraphy.

Pebbles of the metasedimentary rocks include psam-
mite, biotite psammite, quartzite and calc-silicate schists.
Evidently, these rocks were deformed and metamorphosed
prior to deposition of the conglomerates, as shown by the
occurrence of a pre-existing foliation and folded quartz
veins in undeformed pebbles. This old basement of conti-
nental-derived metasedimentary rocks is not exposed in the
area, but an obvious candidate would be the inferred
Neoproterozoic, metasedimentary succession in the
Helgeland Nappe Complex described above. The nearest
location of such rocks is in the Velfjord area to the east of
Bronngysund. Furnes et al. (1988) stated that the Leka
Ophiolite is resting on a basement of psammite, marble and
schist, observed on the islands Solsemeoyene.

The Risgy Formation: source and depositional
environment

The Risey Formation gradually filled the irregular topogra-
phy in the eroded Bolveaer Complex. A reconstructed fence-
diagram of the palaeotopography and the Risgy Formation
is presented in Fig. 10, based on stratigraphic logs at five
localities. The figure shows that sedimentary rocks at the
base of the formation were deposited in topographic lows
whereas highs were exposed to weathering. The different
members of the formation show rapid lateral and vertical
changes from fine-clastic sediments such as sandstone, silt-
stone and shale, to coarse conglomerates and breccias.

The lack of fossils, metamorphic recrystallisation and
absence of continuous, vertical sections make it difficult to
present a detailed interpretation of the sedimentary envi-
ronment. However, there are several indications that the
Risgoy Formation represents partly continental and partly
shallow-marine deposits in a coastal environment:

- In the green metasandstone member, sedimentary
structures typical of shoreface associations (Burgois &
Leithold 1984, Walker 1984, Johannesen et al. 1995,
Fjellanger et al. 1996) are found, including low-angle
cross-strata, small-scale trough cross-strata, high-angle
scours and low-angle undulatory lamination.
Furthermore, interchanging wave ripples and herring-
bone strata could indicate interactions between wave-
and tide-dominated environments (Hayes 1980). The
conglomerates in the lower part of the member could
represent channel-mouth deposits, varying from
upward-fining, clast-supported channels to matrix-sup-
ported, tabular conglomerates, probably subaqueous
mass-movements (Kleinspehn et. al. 1984). These con-
glomerates are, in part, strongly reworked, resulting in
layers with isolated boulders and pebbles.

- The chlorite schists immediately above the green
metasandstone could be interpreted as predominantly
shallow-water turbidites. This is supported by the occur-
rence of slumped conglomerate bodies and boulders
within them.

- The upper part of the Risey Formation is characterised
by pelitic sericite schist representing more finely lami-
nated clay and siltstone, reflecting a complete drowning
of the palaeotopography. Stratigraphically above these
follow carbonate deposits of the Torgnes Formation,
which are clearly of marine origin.

- The polymic conglomerates reflect a variety of facies —
interpreted as braided stream, subaerial mass-move-
ment, subaqueous mass-movement and beach, reflect-
ing an interaction between fluvial, alluvial and sub-
aquatic processes According to Houseknecht & Ethridge
(1978) and Ethridge & Wescott (1984), these are impor-
tant criteria for the recognition of fan-deltas in coastal
environments. The vertical transition from subaerial
deposits to the carbonate rocks of the Torgnes
Formation, combined with the coarse, cyclic conglomer-
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ates interchanging with possible shallow-water tur-

bidites, are indicative of a shelf-type fan delta, according

to Ethridge & Wescott (1984).

A striking feature of the Risgy Formation however, is the
extreme bimodal character of the metasedimentary rocks:
rapid transition from coarse conglomerates to clay, isolated
boulders in fine-grained sandstone and siltstone, and
slumped conglomerate bodies in the turbidites of the chlo-
rite schist member. This could indicate either extreme
storms and/or tectonism triggering a sudden influx of
coarse clastic sediments. The observations of synsedimen-
tary faults in the field are in favour of the latter. The transition
from clastic sediments totally derived from the ophiolitic
subsurface to sediments derived from a mixed and/or
exotic, ensialic source occurs in the middle part of the for-
mation, marked by the polymict conglomerates and the
boundary between the chlorite schist member and the
sericite schist member. At this stage, erosion had cut
through the ophiolitic rocks and psammites and schists
were exposed to weathering. These rocks then became the
dominant detrital source. The sudden character of the
change in source material, in the author's opinion, provides
further support to syn-sedimentary faulting as an important
factor controlling the deposition of the Risey Formation. Fig.
11 shows a conceptual model summarising the interpreta-
tion of the Risgy formation.

Mixed source
fine clastic
sediments

Ophiolite-derived
fine clastic
sediments

Ophiolite-derived
conglomerates

; r Compl
and breccias BolvE

basement
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Ca. 700 m

1) North Flatey
2) Bolvar

3) North Risey
4) South Risey
5) Lille Esjeay

Ca, 100 m

Turbidites, clay/silt (ensialic source) - sericite schist member
Turbidites (mafic/ultramafic to mixed source) - chlorite schist member
Conglomerates (mixed source)

Sandstone (mafic source) - green metasandstone member

Breccias and conglomerates (mafic/ultramafic source)
UNCONFORMITY

- The Bolvar Complex

Fig. 10. Reconstruction of the palaeotopography and the Risoy
Formation in the Bolveer area, based on logs from 5 localities (see Fig. 3).

basement

Fig. 11. Interpretation of the palaeoenviron-
ment and the change of source area during
deposition of the Risgy Formation.

Mixed source
conglomerates
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Fig. 12. Features of the Torgnes Formation. A) Folded (F2) sandstone layers intercalated
with marble; B) Calcareous sandstone beds with normal grading and planar lamination in
the upper part. Way up towards the right. The dark spots in the lighter coloured beds are

biotite porphyroblasts.

Table 3.Lithofacies in the Torgnes, Aspay and Toftsund Formations, and interpretation of depositional environments.

FORMATION LITHOFACIES INTERPRETATION

Toftsund Marble conglomerate: pebbles and matrix of calcite marble Intraformational limestone conglomerates

Formation Biotite schist Marine silt- and sandstone
Calcareous metasandstone: beds (<20 cm) intercalated with calcite marble Marine, mixed clay and limy mud
Calcite marble: banded, grey and white Carbonate platform

Aspoy Biotite schist with minor layers and horizons of calcite marble, Marine silt with minor coarse clastic

Formation psammite, gritty conglomerate and clast-bearing schists sediments and limestone (upper part)
Garnet-mica schist Predominantly marine clay

Torgnes Upper calcite marble: 15 metre-thick, yellow to grey marble with calc-silicate Hemipelagic, limy mud

Formation layers (only in the northern part of the area)

Calcareous metasandstone: planar beds of calc-silicate schist and calcareous
sandstone with thin marble layers. Generally upward coarsening (increasing
grain-size and bed thickness (<1 metre)). Decreasing carbonate content towards
the contact to the overlying Aspey Formation. Individual beds are normally
graded, and the A, B and E sections of a Bouma sequence are abundant.

Calcareous turbidites ranging from
distal (lower) to proximal (upper) part
of a submarine fan. Intercalated

by hemipelagic, limy mud deposited in
quiet periods

Lower calcite marble: grey, graphitic calcite marble interlayered with graphite
schists (lower part) grades upwards to yellow and red marble intercalated with
calc-silicate schists and intraformational, marble conglomerates.

Hemipelagic, limy mud, partly deposited .
under hypersaline and reducing conditions
(Bjorlykke & Olaussen 1981; Blatt et.al 1980)

The Torgnes, Aspgy and Toftsund Formations
The three remaining formations of the Brenneysund Group
occupy the area between Bolvzer and Brenneysund, young-
ing towards the east. Sedimentary structures are much less
common than in the Risgy Formation, and the rocks are iso-
clinally folded, and in some areas strongly sheared in the
long limbs of F2 folds.Therefore, only a brief description and
an attempt to interpret the lithofacies of these formations
are included in the present paper.

Above the Risgy Formation follows a unit dominated by
well-bedded, calcareous metasandstones; the Torgnes

Formation. An average stratigraphic thickness of 200 metres
is suggested. It contains three lithofacies: a lower calcite
marble, a calcareous metasandstone (Fig. 12) interpreted as
turbidites, and an upper calcite marble (Table 3). Both the
lower and upper contacts are sharp, but no indications are
found of any tectonic break within the succession. Grit layers
at the base of the overlying Aspey Formation may, however,
indicate a minor depositional hiatus between the two.

The Toftsund Formation comprises calcite marble (Fig.
13), calcareous metasandstone, quartz-biotite schist and
minor intraformational marble conglomerates.The last three
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lithologies are abundant in the lower part of the formation,
marking a transition zone towards the subjacent Aspoy
Formation, while the central and upper part is dominated by
homogeneous, grey marble. One cannot exclude the possi-
bility that the Toftsund Formation may represent a structural
repetition of the Torgnes Formation, displaying a lateral
change from turbidites to more proximal limestones. In that
case, the Sauren island (outcrop area of the Aspoy
Formation) would define an F2 syncline. Based on such con-
siderations, the F2 fold pattern was carefully investigated for
any indications of such a major syncline, without affirmative
results. Thus, the author regards it as most likely that the
Toftsund Formation is deposited on top of the Aspoy
Formation.

The Brenngysund Group: Tectonism
on a continental margin?

The unconformity at the base of the Brenneysund Group
clearly defines a highly irregular topographic surface
exposed to subaerial weathering. This was probably filled
with sediments during a regional transgression. The lower
part of the cover sequence shows a great variety of deposi-
tional environments, from subaerial to shallow marine. By
the time of deposition of the uppermost part of the Risgy
Formation, the palaeotopography was completely drowned,
and sedimentation was dominated by mud and fine-grained
sand and silt. There are several indications of the deposition
of the Risgy Formation being controlled by tectonism, e.g.
the observation of a synsedimentary fault and the abrupt
change in source material, reflecting a sudden, and not grad-
ual, input of ensialic material.

The Torgnes Formation marks a change in the deposi-
tional pattern.The formation is interpreted to be mainly tur-
biditic, partly derived from a carbonate platform. During this
period there was little influx of terrigenous detritus into the
basin, which could have been due to diminishing tectonic
activity. The Aspgy Formation, however, is essentially com-
posed of terrigenous material, indicating either a new
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period of tectonism or a change to a more humid climate,
increasing the sediment transport from the mainland. The
Toftsund Formation again reflects a reduction in terrigenous
detritus and/or transgression, leading to the development
of a new carbonate platform.

The rapid changes in the Brenngysund Group deviate
from that expected in a transgressive sequence on a stable
continental margin. The vertical change from terrigenous
sediments to carbonates and back, indicates either strong
climatic changes or a tectonically active margin. Given the
clear indications of tectonism in the lower part of the group,
the latter seems to be the most likely interpretation. Similar
features have been described from cover sequences overly-
ing the Lyngen Ophiolite in northernmost Norway (Minsaas
& Sturt 1985), the Leka Ophiolite Complex (Sturt & Ramsay
1995) and the Vagamo Ophiolite in south-central Norway
(Sturt et al. 1991, Boe et.al. 1993, Sturt et al. 1995). In the case
of the Vagamo Ophiolite, the cover sequence (lower part of
the Sel Group) is interpreted as a series of fan-like deposits,
relating to active fault scarps, at the margin of a Lower
Ordovician back-arc basin.

The stratigraphic problem of the HNC

For a further understanding of the history of the western
HNGC, stratigraphy could play an important role. In the pre-
sent paper, it has been shown that the Brenngysund Group
was probably deposited on a tectonically active, continental
margin. The area can serve as a type locality for the Lower
Ordovician metasedimentary successions within the
medium- to high-grade part of the western HNC, helping to
define a stratigraphic and tectonostratigraphic framework
for the region. The correlation between the Brgnnoysund
Group and similar cover sequences on Leka (Sturt & Ramsay
1994), at Terrak (Husmo & Nordgulen 1988), in the Velfjord-
Tosen area (Thorsnes & Leseth 1991) and on Redey (Bang
1985) seems obvious. Additionally, rocks occurring on the
myriad of small islets in the area between the mouth of
Bindalsfjord and Vega can be correlated with the Bolveer

Fig. 13. Marble with folded (F3) layers of
schist in the Toftsund Formation, eastern
part of Sauren.



NGU-BULL 438, 2001 - PAGE 60

Complex and the Brenngysund Group (Heldal & Hjelmeland
1987), breaking the pattern of thin, eastward-dipping, thrust
sheets seen on the mainland. The relationship between the
Bronngysund Group and the low-grade successions to the
northwest, in the Skalveer area (Gustavson 1975), remains to
be investigated.

The conglomerate facies within the Brenngysund Group
and in similar ophiolite cover sequences in the HNC shows a
mixed source of detritus, reflecting both the fragmented
ophiolites, metamorphic quartzo-feldspathic sedimentary
rocks and (at some locations) crystalline basement.Clearly, a
candidate for the second group of clasts is the inferred
Neoproterozoic succession found farther to the east in the
HNC.However, no primary contacts between the old and the
younger cover sequences have yet been found.This mysteri-
ous non-appearance of highly expected primary relations
may be explained by a lack of systematic research on this
subject, and the difficulties in locating primary contacts
between two, comparatively similar, sedimentary succes-
sions in a high-strain area.The identification of such relation-
ships and the further differentiation between the two
metasedimentary units would be of great importance for
our overall understanding of the tectonostratigraphy of the
Helgeland Nappe Complex, and should therefore be a main
target for future research in the region. Lately, it has been
shown that isotopic dating of carbonate rocks (Trennes &
Sundvoll 1995) can be a suitable method of separating the
'older’ and 'younger' successions in this region. Interesting
results from such isotopic studies have recently been
reported from areas farther to the north in the Uppermost
Allochthon (Melezhik et al. 2000, 2001). Combined with sedi-
mentological and structural work, these studies have added
significantly to our knowledge of the orogenic development
of this part of the Caledonides (e.g.Roberts et al., in press).

The Bolveer Complex was probably emplaced onto a
continental margin some time after the formation of the
Leka Ophiolite Complex (497 +/- 2 Ma; Dunning & Pedersen
1988); this was immediately succeeded by deposition of the
Brenngysund Group. Before emplacement of the Bindal
Batholith (around 450 Ma), this margin was imbricated,
deformed and metamorphosed in amphibolite facies. As
described by several authors (Bang 1985, Heldal 1987,
Thorsnes & Loseth 1991), this implies that the most signifi-
cant part of the tectonometamorphic development of the
metasedimentary successions took place during a major,
pre-Scandian event. Hjelmeland (1987) interpreted the
Torghatten Granite as a syn-D2 intrusion in the
Brenngysund Group, and not as a basement window, as indi-
cated on geological maps. Dating of this pluton and the sim-
ilar Hamneoy Granite farther to the north would clearly be of
great importance for adding to our knowledge of the depo-
sitional and tectonometamorphic evolution of this region.

TOM HELDAL

Conclusions

It has been shown that the Bolveaer Ophiolite Complex was
emplaced, uplifted and subjected to subaerial weathering
and erosion prior to the deposition of the Brenngysund
Group. The unconformity defines an irregular topographic
surface, which was gradually covered by sediments during a
regional transgression, probably influenced by active tec-
tonics. The sedimentation of the Brenneysund Group ini-
tially started with the build-up of a coastal setting, delivering
coarse and fine clastics into a shallow-marine environment.
This is stratigraphically followed by calcareous turbidites,
mica schists and carbonate rocks.

The Brennoysund Group is correlated with several cover
sequences above fragmented ophiolites in the HNC, and an
Early to Middle Ordovician depositional age is suggested.
The clast population in conglomerates and the composition
of finer clastic sediments show an exotic, ensialic source for
the detritus in addition to the ophiolite. This ensialic source
consist essentially of psammites and schists, deformed and
metamorphosed prior to the deposition of the Brenneysund
Group.

The extremely well preserved unconformity and sedi-
mentary structures in the Risey Formation make the small
islands in the Bolveer area an excellent target for field excur-
sions. This could be of significant help in the interpretation
of basement-cover relations in other, strongly deformed
parts of the HNG; or just for the pleasure of studying primary,
sedimentary features in rocks that were totally recrystallised
in upper amphibolite-facies metamorphic conditions.
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