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Introduction

Prior fieldwork conducted during the summers of 2003 
and 2004 within the Tarfala Valley focused on deter-
mining the type, distribution, and general structure of 
the bedrock units found there. Special attention was 
paid to meso-scale ductile shear zones found at a hand-
ful of localities within the valley. To date, some of this 
research is published in Baird and Hudleston (2007), 
with additional information regarding the Tarfala 
Valley found in Baird (2005), Baird (2006), and ref-
erences therein. Continued research in late July-early 
August 2008 within the valley focused on updating 
some geologic contacts; investigating some details of 
the bedrock structure; and primarily, collecting rock 
samples to provide geochronologic constraints on the 
timing of deformation and metamorphism of the rocks 
in the valley.

Geologic Overview

The bedrock found within the Tarfala Valley was pre-
dominately formed by protracted mountain building 
events during early to mid-Paleozoic time, resulting 
in the Caledonian mountains. The Appalachian-
Caledonian system (Figure 1) is a long, worldwide 
Paleozoic mountain belt extending from southeastern 
North America and northwestern Africa, through New-
foundland, the U. K., eastern Greenland, and western 
Scandinavia. In the area surrounding the Tarfala Valley 

(Figure 2; Figure 3) three major thrust nappes (thrust 
slices), the Middle Allochthon, the Seve Nappe, and 
the Köli Nappe, lie on variably deformed sediments 
(Parautohthon) and undeformed basement (Autoch-
thon). During the building of the Caledonian Moun-
tains, both the Middle Allochthon and Köli Nappe 
experienced greenschist grade peak metamorphic 
conditions during the Scandian Orogeny. The Scandian 
Orogeny is defined as the plate tectonic events that 
occurred during ca. 440-390 Ma as Laurentia (North 
America today) collided with Baltica (northern Europe 
today; Essex et al., 1997). Located between the Köli 
Nappe and the Middle Allochthon is the the Seve 
Nappe (Figure 3). The Seve Nappe experienced very 
high grade (in part, eclogite grade) peak metamorphic 
conditions during the Finmarkian Orogeny in addi-
tion to the Scandian greenschist metamorphism. The 
Finmarkian Orogeny is defined as the plate tectonic 
events that occurred prior to ca. 440 Ma (Dallmeyer 
and Gee, 1986; Essex et al., 1997).

The above description of the Tarfala Valley region 
geology suggests a very complex and not easily 
explained series of events that must have occurred 
to produce the geology observed today. That is, it is 
very difficult to explain how the Seve Nappe, which 
might have been deep into the mantle at one time, 
probably to depths of 30 km or more, is currently 
positioned between the Köli Nappe and the Middle 
Allochthon that probably were never more than 15 km 

Abstract. Continued research on the bedrock geology in the Tarfala Valley is focused on providing 
geochronologic constraints of orogenic events. Zircon from samples of lesser deformed Jåkk Mylo-
nite Gneiss and two granitoid dyke samples in the Kebne Amphibolite should provide, at minimum, 
timing of crystallization of these units. Cross-cutting relationships of these rocks with deformation 
will provide constraints on the timing of deformation of these and surrounding units.  Sphene from 
samples of the Tarfala Amphibolite and the Kebne Amphibolite should provide direct constraints on 
the timing of metamorphism of these units. Monazite from the ultramylonite Jåkk Mylonite Gneiss, the 
Storglaciären Mylonite Gneiss, and the Quartzo-feldspathic gneiss and pelitic schist will potentially 
provide information regarding the timing of Seve Nappe metamorphism and assembly, as well as 
Middle Allochthon deformation and metamorphism. This research will help define the importance 
of the Scandian and Finmarkian Orogenies to the geology of the Tarfala Valley.
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deep within the crust. It may be feasible for erosion 
to have exhumed the Seve Nappe following Finmar-
kian metamorphism prior to it having been stacked 
between with the Köli Nappe and Middle Allochthon.  
However, some evidence (Dallmeyer and Gee, 1986) 
suggests that exhumation of the Seve Nappe was very 
rapid, much more rapid than any feasible erosion rates 
could produce alone. Therefore, it may be necessary 
to include such processes in plate tectonic models 
as the buoyant return of deep rocks from the mantle 
(Chemenda et al., 1995), the extrusion of deep rocks by 
complex mantle processes involving low density and 

low viscosity mantle material (Gerya et al., 2002), or 
channel flow of partially molten lower crustal material 
controlled by surface erosion rates (e.g. Beaumont et 
al., 2001).

The key component missing from this argument is 
direct constraints on the timing of the crustal motions 
and deformation that assembled the thrust nappes as 
we see them today. Fortunately, the Tarfala Valley pos-
sesses rocks that are very conducive to providing direct 
constraints on the timing of deformation and metamor-
phism of the Seve Nappe and Middle Allochthon. Fig-
ure 4 is the geologic map depicting the bedrock units 
within the valley and the major tectonostratigraphic 
units to which they belong (Baird, 2005). Some con-
tact locations on this map have been updated with the 
findings of the fieldwork done in 2008. Locations of 
geochronology sample collection are indicated and are 
divided into those samples likely to contain monazite 
(quartzofeldspathic mylonites and pelitic rocks), and 
those that are likely to contain zircon (metamorphose 
granitoids) or sphene (amphibolite units).

Field relationships of Geochronology Samples

Below is a summary of the most important samples 
collected during the 2008 field season. Included is a 
brief description of the sample, what will be dated, and 
the expected results of the geochronology.

Figure 1. Partial closure of the North Atlantic to demonstrate 
plate configuration at the end of the Appalachian-Caledonian 
mountain building event. Shaded area depicts the extent of 
Appalachian-Caledonidan deformation (after Cook et al., 
1988). Arrow in Scandinavia indicates area of Figure 2.

Figure 2. Simplified geologic sketch map of the Kebnekaise 
area (after Kulling, 1964). Cross-section of line A-B shown 
in Figure 3. Square outlines Tarfala Valley (Figure 4).

Figure 3. Schematic cross-section from Vuolip Čoarvejávri (A) to Nikkaluokta (B). Approximately 3x vertical exaggera-
tion.  Parautohthonous sediments appear to be continuous beneath all overlying thrust nappes (Kulling, 1964). Though not 
apparent from the cross-section, the Tarfala Valley possesses rocks of the basement (Autochthon), Parautochthon, Middle 
Allochthon, and Seve Nappe (Upper Allochthon). See Figure 2 for cross-section line.
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The Jåkk Mylonite Gneiss is a variable unit ranging 
from a weakly deformed medium grained syenitic-
granitoid, to an augen gneiss, to dark green ultramy-
lonite (Baird, 2005). Sample 08-01 (Figure 4) was 
collected from a relatively lesser strained zone (Figure 
5). Zircon is usually found in meta-igneous rocks of 

this composition, so it should be possible to constrain 
the igneous crystallization age through U-Pb zircon 
geochronology. The expected result is that the protolith 
of this rock is Precambrian in age, similar in age to the 
ca. 1.8 Ga autochthonous Precambrian rocks found in 
the lower most portion of the valley (Silvennoinen, 
1987; Figure 4).

Figure 4. Bedrock geology of the Tarfala Valley. See Baird (2005) for unit descriptions.  Tectonostratigraphy outlined by 
Silvennoinen (1987). Stars indicate locations of sample collection, see text for details.  Basemap, Holmlund and Schytt (1987).
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Samples of the two amphibolite units in the valley 
(Figure 4), the Tarfala Amphibolite (08-18), and the 
Kebne Amphibolite (08-02), should reveal information 
regarding the metamorphism of these units. Both am-
phibolite units are banded medium grained hornblende-
plagioclase amphibolites ± garnet. The likely protolith 

of these amphibolite units is the meta-dolerite dykes of 
the Kebne Dyke Complex (Baird, 2005; Figure 4). Pre-
liminary petrographic work with the amphibolite units 
indicate that sphene is common (Figure 6). Sphene is 
likely the product of metamorphism and is a typical 
phase in amphibolite grade Ti-rich mafic rocks (Spear, 
1995). Recent work regarding sphene in this type en-
vironment suggests that the U-Pb ages obtained from 

Figure 5. Sample 08-01 of the Jåkk Mylonite Gneiss. This rock’s igneous origins are obvious despite the well developed 
deformational fabric. Scale bar is 1 cm.

Figure 6. Ca + Mg false color X-ray map of Kebne Amphibolite sample from the northeast side of the valley. Mineral ab-
breviations: Q+Pl=quartz and plagioclase, Gt=garnet, Hbl=hornblende, Sph=sphene.  Note that only the major phases 
are labeled. Petrographically, the sphene is optically uniform suggesting one generation of growth.
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the sphene should be the age of metamorphism (Frost 
et al., 2000), which here, should be Finmarkian in age.

Samples 08-03 and 08-06

It has been noted (Baird, 2005) that the Kebne Amphi-
bolite, directly below the thrust contact with the Kebne 
Dyke Complex, often displays complex folding of the 
unit’s gneissic layering. The wall north of the Nunatak 
at the terminus of Isfallsglaciären provides excellent 
exposures of this folding (Figure 7, 8A). Structural 
patterns observed in the wall are fairly consistent and 
suggest that the folds are produced by the rotation of 
a prior existing gneissic layering by sinistral shear 
subparallel to the face of the wall (roughly northeast 

towards southwest transport). σ-type kinematic indi-
cators (Passchier and Trouw, 1998) are fairly com-
mon and display tail asymmetry consistent with the 
presumed sinistral simple shear responsible for the 
formation of the folding (Figure 8B). The folds display 
a weak to moderately strong axial planar foliation. It 
is unknown weather the gneissic layering and folding 
are a result of progressive deformation or two discrete 
deformation phases. Continued analysis of structural 
data from this area will hopefully help to elucidate 
the details of deformation. Unfortunately, preliminary 
analysis suggests much different structural patterns 
exist between the Nunatak and the wall, so the de-
formation may be even more complex than the above 

Figure 7. Annotated westward looking photo of Isfallsglaciären taken from the ridge northeast of Tarfalastationen.
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description indicates.
Within the wall, two granitoid dykes have been 

sampled for geochronology analysis (samples 08-03 
and 08-06; Figure 4). They both show similar contact 
relationships with the country rock surrounding the 
dykes (Figure 9). The dykes are found to truncate the 
country rock gneissic layering fabric, thus suggesting 
that intrusion of the dykes occurred after formation 
of the country rock fabric. However, the dyke itself 
contains a fabric subparallel to the overall trend of the 
country rock fabric indicating the dyke was deformed 
subsequent to its intrusion. Therefore, these two dykes 
either are inter-kinematic if two discrete deformation 
phases affected these rocks, or syn-kinematic if the 
structures are formed by progressive deformation.

The composition of the dykes (intermediate to 
felsic) suggest that zircon should be common such that 
U-Pb dates from the zircon should at least be able to 
provide the age of igneous crystallization of the dykes 
and thus provide information regarding the timing of 
deformation.

Monazite Samples

Figure 4 shows locations where samples were taken for 
monazite geochronology. To date, monazite has been 

identified in a sample of the Storglaciären Mylonite 
Gneiss and the Quartzo-feldspathic gneiss and pelitic 
schist (Baird, unpublished data). Further, samples of 
ultramylonite portions of the Jåkk Mylonite Gneiss 
were collected in hopes that they will contain monazite 
as well.

Monazite is a highly favored mineral for geochono-
logic work due to its ability to grow during multiple 
metamorphic and deformation events. Electron micro-
probe dating of monazite has the ability to identify and 
unravel monazite crystals with multiple age domains 
resulting from multiple growth events (e.g. Williams 
and Jercinovic, 2002). Therefore, it should be possible 
to constrain the timing of deformation and metamor-
phism of the units from these samples.

Summary

Although there has been significant geochronology 
done in the greater Kebnekaise region (Dallmeyer 
and Gee, 1986; Dallmeyer et al., 1991; Page, 1992), 
the techniques used (40Ar/39Ar geochronology) can 
typically only provide the timing of cooling of a rock 
below a particular temperature following metamor-
phism. Although this information is very useful, it does 
not directly date when deformation or metamorphism 

Figure 8. Some features in the wall north of the Nunatak. A) Example of folding. B) Sinistral σ-type kinematic indicator, 
porphyroblast is about 3 cm in length.
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occurred unlike, ideally, the techniques employed in 
this research. The details of Caledonian metamorphism 
and deformation of the rocks that make up specifically 
the Tarfala Valley are not known. Analysis of the over-
all rock structure of the valley (Baird, 2005) does not 
suggest the presence of more than one regional scale 
deformation phase.  However, with the Seve Nappe 
being initially metamorphosed during the Finmarkian 
Orogeny and not obviously showing any overprinting 
of the younger lowergrade Scandian metamorphism, 
raises many questions as to the timing and significance 
of Finnmarkian and Scandian deformations and meta-
morphisms.

Constraints on the timing of deformation and 
metamorphism of portions of the Seve Nappe should 
be possible by dating the zircon and sphene in the 
meta-granitoid dykes and amphibolite samples respec-
tively.  Monazite in the Storglaciären Mylonite Gneiss 
and in the quartzo-feldspathic gneiss and pelitic schist 
will provide temporal constraints on the assembly of 

the Seve Nappe and whether its assembly was Fin-
markian or Scandian in age. Monazite from the Jåkk 
Mylonite Gneiss will help to establish the timing of 
final emplacement of the thrust-slices that make up the 
valley. Other results of this work will include important 
insights into the geology of northern Swedish Caledo-
nides and how thrust-slice stacks are produced.
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Figure 9. Annotated photo of the dyke contact with the surrounding country rock. Note that the dyke truncates the country 
rock fabric (to the right of the finger) indicating that the dyke is younger than this fabric. However, the dyke possesses a 
fabric sub-parallel to the overall trend of the country rock fabric indicating it has been deformed after its crystallization.
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