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Figs. 6A-F. Binary discrimination diagrams (A-B and D-F) for the analyzed samples from the Heddersvatnet (circle plots) and Vemork 
(line plots) Formations and a spider diagram (C) for the Heddersvatnet Formation samples. The Vemork Formation data are from 
Menuge & Brewer (1996). A) Total alkali vs. SiO2 plot (TAS). Fields after Le Maitre et al. (1989) B = basalt, O1 = basaltic andesite, S1 = 
trachybasalt, and U1 = basanite or tephrite. B) Zr/Ti vs. Nb/Y plot. The fields are from Pearce (1996). C) The mantle primitive normali-
zed spider diagram for the Heddersvatnet Formation. Normalization after Sun & MacDonough (1989). The middle and the upper crust 
reference curve after Rudnick & Gao (2003). The N-MORB reference curve after Sun & McDonough (1982). D) Ti vs. Zr plot. Fields 
after Pearce & Cann (1973). E) Zr/Y vs. Zr plot. Fields after Pearce & Norry (1979).  F) V vs. Ti/100 plot. Fields compiled after Shervais 
(1982). A = alkali basalt + OIB, B = continental flood basalt, C = MORB + BAB, D = calc-alkaline basalt, and E = arc tholeiite.
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(Fig. 2). The deposits on the west side of the fault zone 
are basaltic lava flows dominated by minor arkosic sand-
stone interbeds, whereas deposits on the east side of the 
fault zone are arkosic sandstones and conglomerates with 
minor basaltic lava beds (Figs. 2 & 4A-C). The thickness 
of the formations also varies greatly on the two sides of 
the Gausdalen fault zone. The Vemork Formation is 
aboutca. 2 km thick, whereas the Heddersvatnet Forma-
tion is aboutca. 400 m thick. 

The open question today is the lithostratigraphic division 
and nomenclature of the lowerbottom part of the Tele-
mark supracrustals, i.e. whether the Vemork Formation 
should be included in the Rjukan Group or not (see Laa-
joki et al, 2002). The sub-Heddersvatnet unconformity 
subdivides the Rjukan and Vindeggen Groups into two 
different packages. However, this study supports the idea 
that thisthe sub-Heddersvatnet unconformity contin-
ues under the Vemork Formation. This means that the 
position of the Vemork Formation as part of the Rjukan 
Group is not logical. The Vemork Formation should be 
included as part of the Vindeggen Group, and the Tuddal 
Formation should be separate, as proposed by Dahlgren 
(1990a, 1990b). It is evident that more detailed geochem-
ical and fieldwork studies need to be carried out to clarify 
the stratigraphic framework of the Telemark supracrust-
als.

According to Laajoki & Corfu (2007) & Corfu & Laajoki 
(2008), the deposition and sedimentation of the Vemork 
Formation started at around 1495 ± 2 Ma, whereas the 
felsic magmatism age of the Tuddal Formation is ca. 
1512 ± 10 Ma (Bingen et al., 2005). This age difference 
would not allow much time for the formation of an angu-
lar unconformity between the formations. However, it 
is possible that the formation and the nature of the sub-
Heddersvatnet unconformity may be rather  explained 
by rotation of fault blocks inside the rift basin rather than 
by orogenic deformation. Fault block rotation or move-
ment perhaps requires lessdoes not require much time.

The magmatic and tectonic evolution of the Hedders-
vatnet Formation may be explained by continued rifting 
and possible development of intra-rift faulting follow-
ing the late stage deposition of the Vemork Formation. 
This was accompanied by more evolved magma, with 
some crustal contamination during the deposition of the 
Heddersvatnet Formation. The termination of the volca-
nism suggests a gradual change from the syn-rifting to 
the post-rifting stage, probably in the late stage of sedi-
mentation, and deposition of marine-dominated sedi-
ments of the Gausta Formation. The end of volcanism, 
and the input of extrabasinal epiclastic conglomerates, 
indicate tectonic evolution prior to deposition of the 
Gausta Formation. This is also supported by the whole-
rock geochemistry and the difference in detrital frame-
work between the Heddersvatnet and Gausta Formations 
(Köykkä, submitted)

plate tectonic setting from other settings (Figs. 6D & 
E). These simple diagrams are probably more accurate 
than, for example, the Ti/100-Zr-Yx3 ternary diagram, 
especially in the case of transitional tectonic settings or 
non-primary magmas (cf. Pearce, 1996, Fig. 9). The com-
position of the Heddersvatnet and Vemork Formation 
basaltic lavas is compatible with a continental within-
plate paleotectonic setting (Fig. 6D & E). In the V vs. Ti 
discrimination diagram, the Heddersvatnet Formation 
basaltic lavas plot within the field of continental flood 
basalts and alkali basalts + OIB, whereas the Vemork 
Formation basaltic lavas cluster near the alkali basalt + 
OIB field (Fig. 6F). 

Discussion
This study supports the idea that the sub-Heddersvatnet 
unconformity continues under the Vemork Formation, 
and that the Vemork Formation interfingers with the 
Heddersvatnet Formation. The term interfinger is used 
here to denote a time-equivalent stratum of volcanic-
sedimentary rocks, which change laterally from one type 
to another within a zone that comprises two distinct 
types of formations. Although it is a matter of definition, 
the boundary between these formations can be localized 
to the Gausdalen fault (Figs. 1 & 2). 

The key problem seems to be the contact between the 
Tuddal and Vemork Formations, which has recently been 
considered to be more or less conformable (see Laajoki & 
Corfu, 2007 and references therein). The same contact is 
an angular unconformity between the Tuddal and Hed-
dersvatnet Formations. However, the contact between 
the Tuddal and Vemork Formations is only observable 
locally in areas where the Vemork Formation overlies 
and cuts a homogeneous Tuddal Formation porphyre. 
This means that the angular unconformity may exist but 
is may not be visible. The contact should be mapped in 
more detail at botha local and regional scales. At present, 
an angular unconformity cannot be ruled out. In addi-
tion, as stated in Laajoki & Corfu (2007), the regional 
tectonic synthesis of the Rjukan Rift Basin should be 
studied properly before the nature and  the causes of the 
different unit boundaries can be understood. The extru-
sion of abundant mafic lavas of the Vemork Formation 
reflects a change in the magmatic regime in the rift basin, 
possibly coeval with a syn-rift tectonic phase. Thus, it is 
possible that the lower members of the Vemork Forma-
tion represent post-folding felsic volcanism, i.e., the late 
stage and final inputs of the felsic magma chamber(s).

The Vemork Formation is mostly unexposed, and the 
different sedimentary units cannot be followed for any 
great distance laterally (see Laajoki & Corfu, 2007). It is 
therefore difficult to directly correlate directly smaller 
individual volcanic-sedimentary units between the 
Vemork and the Heddersvatnet Formations. The lateral 
correlation is also hindered by the Gausdalen fault line 
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Conclusions
New sedimentological observations and geochemical 
data reported in this study show that the Heddersvatnet 
Formation and the Vemork Formation interfinger with 
each other. This suggests that the sub-Heddersvatnet 
unconformity continues under the Vemork Formation 
and represents a likely angular unconformity above the 
Tuddal Formation. The stratigraphic position of the 
Vemork Formation as part of the Rjukan Group is thus 
brought into question; the Vemork Formation would be 
better treated as part of the Vindeggen Group 

The geochemistry of the Heddersvatnet Formation basal-
tic lavas are characterized by a geochemical signature 
similar to that of some continental flood basalts and the 
Vemork Formation basalt. The composition is compat-
ible with a continental within-plate paleotectonic setting.

The Heddersvatnet Formation is interpreted as repre-
senting alluvial fan sedimentation during the syn-rift 
phase of the sedimentary basin (Fig. 5 & Köykkä, submit-
ted). The volcanic-sedimentary Vemork Formation grad-
ually filled the rift, whereas the Heddersvatnet Forma-
tion was deposited in or near uplifted flank(s) of the rift 
basin. The magmatic and tectonic evolution of the Hed-
dersvatnet Formation is characterized by more evolved 
magma, with some crustal contamination during deposi-
tion. The termination of the volcanism and sedimentary 
lithofacies assemblages suggests a gradual change from 
the syn-rifting to the post-rifting stage, and deposition of 
marine-dominated sediments of the Gausta Formation. 
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