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A pinkish pale-yellow to golden/honey fine-grained quartz-arenite, resting on Archaean basement south ofVarangerfjord, is probably a new litho
stratigraphic succession in the Neoproterozoic of Finnmark. The sandstones, informally called the Lattanjar'ga unit, crop out on Lattanjar'ga, lO 
km east of Veines. A maximum of ca. 12m is continuously exposed, with dips of up to 27°, but together the outcrops indicate a thickness of ca. 75 
m. Channelling, small-to metre-scale cross-bedding, ?ripples, ?sandstone dykes and lag-conglomerates occur. At one locality, the base is marked by 
rounded amphibolite gneiss boulders up to l m size. The limited data available suggest a shallow marine depositional environment. The Lattan
jar'ga unit probably underlies (and may be part of) the Veinesbotn Formation (base Vadsø Group), making it the oldest Neoproterozoic succes
sion in East Finnmark, south of the Trollfjorden-Komagelva Fault. Part of the newly discovered outcrops may belong to the Smalfjord Formation 
(Vestertana Group; base Neoproterozoic Ill). 
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lntroduction 

In East Finnmark (Figure 1), the Neoproterozoic evolut
ion of the Gaissa Basin has been studied by several aut
hors (Siedlecka 1975, 1985, Johnson et al . 1978, Edwards 
1984, Gayer & Rice 1989). However, relationships bet
ween the Archaean basement and basin fill are poorly 
understood, since early-Varangian (Cryogenian-Neopro
terozoic Ill) erosion removed much of the older succes
sion near the contact (Siedlecki 1980). Further, Pleisto
cene erosion of Varangerfjord, sub-parallel with the basin 
margin, removed most evidence of the basement-cover 
contact. Thus pre-Varangian rocks in Finnmark have 
only been found adjacent to the basement at Veines 
(Figure l) and even there the contact is unexposed. 

This paper describes new outcrops of Neoproterozoic 
sediment rocks lying on the basement south of Varanger
fjord. Sedimentological and petrographic data are given 
and the stratigraphic affinities of the succession are eva
luated. 

Regional Stratigraphy 

The Neoproterozoic Gaissa Basin succession in East Finn
mark comprises six groups (Figure 2; informal termino
logy from Rice & Townsend 1996). Siliciclastic rocks pre-

dominate (cf. Johnson et al . 1978), although carbonates 
occur at the top of the Tanafjord Group (Bertrand-Sar
farti & Siedlecka 1980) and as thin units in the Nyborg 
Formation (Edwards 1984). 

The major angular unconformities in the succession, · 
both dipping south relative to bedding, Iie at the base of 
the Smalfjord and Mortensnes Formations (Vestertana 
Gro up), both of which are generally taken to be of glacial 
origin (cf. Edwards 1984). The lower unconformity cuts 
through the underlying 2.5 km of Neoproterozoic rocks 
to the basement around Karlebotn (Figure 1). The sub
Mortensnes Formation unconformity cuts down through 
the Nyborg and Smalfjord formations into the Vadsø 
Group in the west Varangerfjord area. 

The base of the Lille Molvika Formation (Ekkerøya 
Group) is a unconformity (Rice 1994), and, in turn, the 
Tanafjord Group cuts down through the Lille Molvika 
Formation, although thinning of the latter is in part a pri
mary feature (Johnson 1978). The base of the Nyborg 
Formation is also an unconformity, resting on the base
ment west of Karlebotn (Siedlecka 1990). 

The oldest Neoproterozoic unit is the Veinesbotn Forma
tion (Vadsø Group; Hobday 1974), cropping out at Veines, 
Skjåholm and Oaibaccannjar'ga (Figure 2). This typically 
comprises purple-lilac to rarely white, cross-bedded sand
stones. On Skjåholm, beds of dark grey siltstones and white 
to pale yellow quartz arenites, with mudflake conglomerates, 
occur (Hobday 1974, Rice & Hofrnann unpubl. data). 
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Figure l. Geological map of the western Varangerfjord area. Modified after Siedlecki ( 1980 ). 

The Lattanjar' ga area 
Undeformed sedimentary rocks were found at three loca
lities on eastern Lattanjar' ga (GR 79 73, Nesseby map 
2335 Il, Siedlecka 1991; Figures l and 3). The rocks, 
which have been informally termed the Lattanjar' ga unit, 
until their place within the regional stratigraphy has been 
established, lie lO km east of the Vadsø Group on Veines 
and 7 km south of the same group north of Varanger
fjord. The three outcrops (Las'to - GR79807405; 
Urracåk'ka- GR80007375; Mak'kagåp'pi- GR80177300; 
Figure 3) all lie on or dose to steep north to east dipping 
basement surfaces, which afforded protection from ero
sion during Pleistocene and probably also Varangian gla
ciation. Bedding in these outcrops gives a mean, but very 
variable, orientation of 351/l6°E (n=20). Numerous large 
loose blocks of the Lattanjar' ga unit were found west of 
the peninsula, northeast of Byluft (Figure 3 ) .  

The northern outcrop (Las'to; Figure 3) comprises 
up to 3.5 m of sandstone, oriented 284/17° N. Beds range 
from 25-30 cm in thickness, with less common 5-20 cm 
thick packets of thinner beds or laminae. Where wet, the 
rock is golden/honey yellow, but it is paler and very 
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Figure 2. Simplified lithostratigraphy of the Neoproterozoic rocks in 
the Gaissa Basin, East Finnmark. 
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Figure 3. Map of the Lattanjar'ga area. Modified after Siedlecka (1991). 

faintly pink on dry fresh surfaces. Sedimentary structu
res are rare. Bedding surfaces are quite planar, although 
some slight rippling and low-angle east dipping cross
bedding occurs. Other possible sedimentary features 
include dendritic trace fossils, load structures and sand
stone dykes. One l OxS cm rounded gneissic cobble 
occurs in the sandstones. The contact with the basement 
is not exposed, although a window through the sandsto
nes revealing basement was observed under water; whet
her this is a large cobble within the sandstone or autoch
thonous basement is not clear. 

The central outcrop (Urracåk'ka; Figure 3) lies bet
ween 25-75 m above sea level, infilling a SSE plunging 
basement palaeodepression 85 m long by 75 m. Up to ca. 
12 m of the same sandstones are present. No evidence of 
faulting was seen at the sides of the palaeodepression, 
which was a primary irregularity in the basement surface 
during sedimentation. The mean bedding orientation 
dips northeast, but in detail the bedding on the south
west side is oriented 341/11 o E, and on the northeast side 
189/06°W. 
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The sandstones form beds 0 .2 to l m thick. Channel
ling was observed, cutting down ca. l m in some instan
ces (Figure 4A), but lag conglomerates were not found. 
Large-scale cross-bedding is common, with foresets up 
to 75 cm high (Figure 4B), and small-scale low-angle 
cross-beds were also seen (Figure 4C), some infilling 
channels. Laminations in the cross-beds are occasionally 
picked out by concentrations of coarse (mm scale or 
less) pink grains, probably reflecting a diagenetic pro
cess. Symmetrical ripples can be seen in Figure 4B, to the 
right of the hammer head. 

Although the basement contact is hidden beneath a 
few centimetres of no exposure, the basal part of the suc
cession is marked by amphibolite gneiss boulders, and a 
single <3 cm vein-quartz clast (Figures 4C, D). The 
boulders occur around the whole outcrop, some under
lain by up to l.S m of sandstone and others probably 
lying on or very dose to the basement. The sandstones 
are draped over and onlap onto the gneiss boulders, with 
dips of up to 27°. These boulders are not part of a more 
'typical' basal conglomerate and the sandstones are not 
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Figure 4. Photographs of the Lattanjar'ga unit. Hammer 36 cm lang in all cases. 
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A. Channel structure in sandstones. Horizontally bedded sands filling the channel are internally cross-bedded; Urracåk 'ka. 
B. Thick cross-bedded sandstone; Urracdk'ka; note symmetrical ripples indicated by arrow. 
C. Relatively thin trough cross-bedded sandstones overlying two rather small boulders of amphibolite gneiss; Urracdk 'ka. 
D. Hammer head Iies at the base of a c. l m thick amphibolite gneiss bo u/der, with several smaller boulders to the right; Urracdk 'ka. 
E. Contact between steeply dipping sandstones and sub-horizontal cross-bedded sandstones. A thin layer of green silt Iies along the contact; 

Mak'kagdp'pi. 
F. Atypical lithologies at Mak 'kagdp 'pi. Hammer lies on pale green conglomerate, which is underlain by red sandstones. These lie sharply 

adjacent to grey sandstones. Southwest part of beach outcrop, near basement. 
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coarser nearer the boulders. No amphibolite gneisses 
were seen in the quartzo-feldspathic basement directly 
under the sandstones, although they have been observed 
elsewhere on Lattanjar' ga. 

At Mak'kagåp'pi (Figure 3) sandstones identical to 
those described above were found and again the base
ment-cover contact is not exposed. The rocks are best 
exposed at low-tide, although overgrown outcrops lie to 
the south, near a prominent fault-scarp (Figure 3). 
About 4 m is exposed at the beach, with a mean orienta
tion at 012/12°E. Towards the west, the bedding has a 
variable strike, with dips of up to 65°, sharply juxtaposed 
(faulted) against gently dipping beds along a junction 
oriented 017/65° E, sub-parallel to the basement fault, 
and marked by a few millimetres of greenish siltstone 
(Figure 4E). A few metres to the south, the contact is gra
dual and without any sign of an offset . 

To the southwest of the beach, massive greenish-grey 
sandstones, weathering to pale grey and in beds up to 
0 .75 m thick, are exposed, only 1 .5 m from the basement. 
The contact with the yellow sandstones is not clearly 
exposed. These grey sandstones have a sharp contact 
(faulted?) against a small outcrop (0.75 m2) of 
red/maroon sandstones, lying doser to the basement, 
with common detrital muscovite and 0.5 cm green 
reduction spots (Figure 4F). This red lithology merges 
into a pale green clast supported conglomerate/breccia, 
comprising angular to rounded fragments of quartz, 
feldspar (3-4 mm size) and detrital micas. These 
grey/red/green sandstones are unlikely to be part of the 
Lattanjar ' ga unit . 

Large loose blocks of the Lattanjar ' ga unit found on 
the coast northeast of Byluft (Figure 3) often displayed 
medium-scale cross-bedding. In many cases, the base of 
the cross-beds includes a conglomerate comprising 
sub-rounded to angular vein quartz pebbles a few cen
timetres long. The conglomerates are typically only o ne 
pebble thick, suggesting a winnowing lag conglomerate 
o ri gin. 

Petrography 
Sample 24/99, from Las'to, indicates that the 
Lattanjar 'ga unit is a quartz arenite (Table 1). Grains are 
sub-rounded to rounded, and well sorted (up to O.l mm 
size ), although sphericity is rather poor. Syntaxial quartz 
is the dominant cement, with thin layers of clay mine
rals, faintly stained with iron oxides, between some 
grains. Several grains have a mylonitic texture and undu
lose extinction is ubiquitous in grains and cement. Sam
ples of the Veinesbotn Formation (samples 11/99, 
12a/99, 18/99) are also quartz arenites, but have higher 
feldspar and/or Fe-oxide cement contents. 

The grey sandstone at Mak'kagåp'pi (sample 36/99) 
is a sub-litharenite, comprising angular to occasionally 
rounded quartz grains, up to 0.7 mm size, and many 
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mylonitic lithic fragments. Although grain supported, 
there is a high clay content, but some syntaxial quartz 
cementation occurred. This lithology is both compositi
onally and texturally similar to grey sandstones of the 
Smalfjord Formation around Karlebotn (samples 2/99, 
5/99, 12b/99), although these have various formal textu
ral names (sub-arkose, feldspathic greywacke, sub-litha
renite, respectively) . 

The red and green sandstones from Mak'kagåp'pi 
(samples 34 and 35/99) are feldspathic and lithic grey
wackes respectively. Both are poorly sorted, with angular 
to sub-rounded clasts of quartz up to 2 mm, most sho
wing evidence of ductile deformation. Feldspar and 
mylonitic lithic fragment contents are high. Sample 
34/99 has a high iron oxide cement content, with some 
syntaxial quartz and is similar to red diamictites (sample 
16/95 - a sub-arkose) from the Ruos'soai'vi area (Figure 
1) . Sample 35/99 is matrix supported and without any 
syntaxial quartz cement . 

Discussion 

Depositional setting 

Little can be said about the sedimentary facies of the Lat
tan jar' ga unit, due to the limited data. The outcrops sug
gest a combined thickness of ca. 75 m, with a regional 
orientation of 351/16°E. The sedimentary maturity, both 
textural and mineralogical, as well as the homogeneity of 
the lithology, are compatible with a shallow-marine 
influence, similar to the Veinesbotn Formation (Hobday 
1974). This is not inconsistent with the sedimentary 
structures seen (symmetrical ripples, channels, vein
quartz lag conglomerates and possible sandstone dykes, 
trace fossils) 

The origin of the amphibolite gneiss blocks at Urra
cåk'ka is puzzling . The absence of a coarse matrix and 
the monomict boulder composition rules against a 
locally derived debris flow and a far-transported, exotic 
source. Indeed, the lack of coarse sedimentary rocks wit
hin the Lattanjar ' ga unit is surprising, considering the 
rugged adjacent basement topography, which must have 
been similar to that at present during sedimentation. 
Since the gneiss boulders occur around the whole Urra
cåk 'ka outcrop, they presumably also underlie all parts 
of it and must be of very local origin, being only slightly 
displaced fragments of a mafic sheet. The boulders did 
not roll down into soft sand, since no consequent soft
sediment deformation occurred. In conclusion, they 
were probably gradually eroded out and slipped gently 
down only a few centimetres to rest on previously depo
sited sand, whilst smaller basement fragments were ero
ded. 

The variable bedding orientations and local fault at 
Mak 'kagåp'pi (Figure 4E) are probably of soft-sediment 
origin. However, the fault is sub-parallel to a tectonic 
fault some 10m to the east (Siedlecka 1991; Figure 3), 



46 A. H. N. Rice et al. NORWEGIAN JOURNAL OF GEOLOGY 

Table l . Modal analysis (%) of sedimentary rocks. 
Sam p le 18/ 12a/ 11/ 24/ 36/ 35/ 34/ 51 12b/ 2/ 16/ 

99 99 99 99 99 99 99 96 99 99 95 

Formation/unit - Veinesbotn- -- Lattanjar' ga* -- -- Smalfjord --

A A A A B c c B B B c 

quartz-grains 74.5 73.1 80.2 81.6 64.0 51.1 52.9 74.3 67.3 66.9 60.0 
feldspar 03.1 03.3 00.9 00.9 02.9 03.8 07.1 02.7 03.8 03.8 04.4 
LF-shale - - - - - - - - 01.8 - 00.4 
LF-polycr. quartz - - - 01.3 14.4 14.9 02.7 02.0 02.7 02.9 -

LF schist - - 0.2 - - - - - - - -

heavy minerals 00.9 01.3 - 00.7 00.2 01.6 - 00.2 00.2 02.4 00.2 
detrital mica - - - 00.2 - 03.6 - - - 01.1 04.9 
clay minerals 02.7 03.3 02.7 06.2 11.3 21.3 16.7 15.3 12.2 06.0 01.8 
quartz-cement 14.2 17.1 12.7 09.1 06.2 02.7 - 03.9 06.7 00.9 -

calcite cement - 01.1 - - - - - 01.6 03.8 13.3 -

Fe-oxides 04.7 - 03.3 - 00.9 01.1 20.4 - 01.6 02.7 28.2 
glauconite - 00.7 - - - - 00.2 - - - -

o/oQ 96.0 95.6 98.6 97.3 78.7 73.3 84.4 94.1 89.1 90.9 92.5 
o/oF 04.0 04.4 01.1 01.1 03.6 05.4 11.3 03.4 05.0 05.1 06.8 
o/o LF 00.0 00.0 00.3 01.6 17.8 21.3 04.3 02.5 05.9 03.9 00.7 

n=450 in all cases. 
localities: 18/99 Veines; 11, 12a, 12b/99 Oaibaccannjarga; 24/99 Las' to; 34 35, 36/99 Mak'kagåp'pi; 5/96, 2/99 S. 
Karlebotn; 16/95 Ruossaoaivi. 
Q = quartz; F = feldspar; LF = lithic fragments. 
A, B, C refers to rocks which are lithologically/texturally comparable 
*samples 34, 35 & 36/99 are not part of the Lattanjar' ga unit. 

and may thus be indirectly related. This feature is 
thought to be syn-sedimentary, perhaps related to dewa
tering and compaction, with some slip along relatively 
steep primary contacts. Essentially, the rocks may be the 
upper part of a ball-and-pillow or convolute lamination 
structure. 

The petrographic data show that the grey sandstone 
and red and green greywackes (samples 34-36/99; Table 
l) are markedly different to the yellow sandstones, being 
texturally and mineralogically immature and are not 
part of the Lattanjar' ga unit; they are probably part of 
the Smalfjord Formation. 

Stratigraphic position 

Establishing the lithostratigraphic position of the Lat
tanjar'ga unit is critical if it is to be of regional signifi
cance. The rocks might be part of an existing unit, or a 
new facies of an existing unit, or a completely new unit. 
For the first possibility, the appearance of the yellow 
sandstones is dissimilar to other rocks in the Finnmark 
region, although there are thin yellowish sandstones in 
the Veinesbotn Formation. 

For the second possibility, any of the lithologies on 
southern Varangerhalvøya could have a southerly late
ral equivalent. However, one might expect interlayers 
of yellow sandstone in the equivalent unit to the north, 
but this has not been reported. 

For third possibility, a new unit could be associated 
with one of the unconformities labelled a-e in Figure 2. 
However, since stratigraphic completeness increases 
basinwards (Figure 5), most of these options can be 
discounted. Unless it li es at the base of the stratigraphy, 
which is not exposed anywhere else in this region, there 
is relatively little chance of a unit being preserved at the 
southernmost rim of the basin but not occurring fur
ther north. 

The O m (sea level) structure contour for the top of 
the Klubbnasen Formation north of Lattanjar' ga stri
kes 097° (Figure l; cf. Siedlecka 1991); an inferred 
parallel O m structure contour for the base of the Vei
nesbotn Formation, constrained only by the contact on 
the east side of the Veines isthmus, passes l km north 
of Las'to (Figure 1). Further, an average regional nor
therly dip of only ca. 3.5° in the Vadsø Group places 
the base of the Veinesbotn Formation above the Lat-
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Figure 5. Semi-schematic SE-NW oriented cross-section through the Ga issa Basin along the line Veines-Guov 'daoai 'vi-Trollfjord (Fig. 1), 
showing increasing stratigraphic completeness towards the basin centre. 

tan jar ' ga unit, assuming the top of the Klubb nasen 
Formation Iies at sea level along northern Varanger
fjord and using a combined Klubbnasen and Veines
botn formations thickness of 350 m (Hobday 1974) . 
This dip is less than the angles recorded (5-26°; Sied
lecka 1991) . Thus the Lattanjar'ga unit probably 
underlies the Veinesbotn Formation. The similar petro
graphies of the Veinesbotn Formation and Lattanjar ' ga 
unit (Tab le l) are consistent with this interpretation, 
and it may be that the latter is merely a lower member 
of the former. 

Recently, Jensen & Wulff-Pedersen (1996) have 
argued that the Veinesbotn Formation is part of the 
Smalfjord Formation, and not part of the Vadsø Group. 
If correct, this would negate the arguments in the pre
ceeding paragraph, since there would be no justifica 
tion for assuming parallel structure contours, or for 
using the Vadsø Group dips, in which case the Lattan
jar 'ga unit could also be part of the Smalfjord Forma
tion. However, Rice & Hofmann (2000) have presented 
strong arguments indicat ing that the inference made by 
Jensen & Wulff-Pedersen ( 1996) is incorrect. 

Regional implications 

A reassessment of the Gaissa Basin based on such limited 
new data is unjustifiable. Nevertheless, two points 
should be kept in mind. First, the Lattanjar ' ga unit pre
serves a considerable palaeorelief (75 m), as do the Vei
nesbotn Formation around Veines (30 m; Siedlecka 
1990) and the Vestertana Group around Lap'puluo
koai'vi (45 m; Rice unpubl. data; Figure 1). This suggests 
that Pleistocene glaciation may have only eroded the late 
Precambrian sedimentary rocks, without altering the 
basement topography much. Should this pattern of ero-

sion continue eastwards of Lattanjar' ga, then there may 
be a thick, and as yet unreported, succession underlying 
the Vadsø Gro up. 

Alternatively, if the Lattanjar ' ga unit turns out to be 
equivalent to an existing unit, then the pattern of regres
sion/transgression within the basin may be more com
plex than presently envisaged. These alternatives can 
only be constrained by further investigations east of Lat 
tanjar'ga. 

Conclusions 
The available data suggest that the 75 m thick pale yellow 
quartz-arenites of the Lattanjar ' ga unit is a new unit 
which can be taken as the basal part of the Vadsø Group; 
as such it may be a segment of the Veinesbotn Forma
tion. 

The three known exposures of the Lattanjar' ga unit 
all lie in the lee of steep north to east facing slopes in the 
Archaean basement, suggesting that it might be found in 
similar locations further east (e.g. east side of Jiettanas
bak'ti; Figure 3) . A comprehensive search is required to 
find more outcrops of both this unit, and possibly other 
new Neoproterozoic units on the southern side of 
Varangerfjord. This should improve our understanding 
of late Proterozoic basin dynamics in this region. 
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